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Ab.trAct 

A 
1\' 

multichannel detectlon system based on a llnear . 

photodiode array (PDA) is described. The deslgn 

construction the detection system and a rapid slew-scan 

computer~contro~led stepping 
. \1 

motor grat1ng drive system is 

detailed. The theoret1cal performance of an opt1m1zed PDA 

" system is contrasted with the performance of 
1 

photomultiplier 

tubes. A technique 15 descr1bed WhlCh allows the dynamic range 

of the PDA to be extended by one order of magn1tude towards 

higher light levels. A wavelength cal1bration procedure 1S 

outlined which results in a wavelength prediction accuracy of ± 

0.003 nm. A theory fpr high resolutlon spatial image 

positioning is presented and the abil1ty to detect varying 

degrees of spectral overIap lS eyaluated. Applications of the 

PD~ to the measurement and characterization of transient signaIs 

1S described. 
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Un 'système de d;;tectlon à canaux multlples, 
, 

concu a 
!> 

base 

d'un vecteur d"lé~ents photodiodlques (PDA) , est d~cri t.- Les 

d~tails de la,conceptlon et de la constructlon de ce syst~me de 

dêtect i on et d'un spectromètre ~ ré'seau ut i Il sant un moteur ,pas-

"-a-pas sous commande d'ordlnateur pour le balayage rapide sont 

,., '" presentes. Une comparaison du rendement thèorique d'un systeme 

PDA optlmls' et d'un système à tubes photo-multiplicateurs est 

,., ..-
presentee. Une "technique pour l'accroissement, vers des 

i ntensi tI~s- lumlneuses 

PDA est décrite. Une 

laquelle une préclsion 

être ob enue. Une 
, 

, . 
superleurl!'!s, du champ linèaire utile du 

" \- ,,' 
procedur~ de cal,~br.ation est decri te par 

1 

de ± 0.003 nm d~ns la longeur d'onde peut 
\ 

\. ~ " théorie ~otlr la haute resolution de 

1 . empl acemeht d'ïmages ~ ..-est presentee et 
\ 

la possibilit~ 

d 'ldentifler 
\" 

dlvers niveaux de superpositions spectrales est 

evalu~e. L' appl i catI on du 
\ ... 

PDA ',a 1 a mesure et 

,,, . / . t 
cnaracterlsation de signaux transients est decrl e. 
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~" " OriQinal Contributions 

1. A dete~mination of the best theo~etical pe~formance of a PDA 
b 

fo~ inductlvely coupled plasma (ICP) atomlc emissl.on 

" \ 

spect~o~et~y compa~ed to that of photomultlpller tubes, based on 

fundamental cha~acte~lsics of the device a~d the lCP sou~ce • 

. :; 

2. A methad which can be used ta select and configure a data 
{l, 

acqui si ti on system optiml zed,)\ for operation wi th the PDA 
• 

de~ector. 

3. 
~ 

A calib~ation technique that furnishes a wavelength 

prediction accuracy of ± 0.003 nm uSlng only one calibration 

1 ine. 

4. A theo~y fo~ spatial resolution enhancement and expe~imental 

veriflcation. The use of this theory to detect partial and 

direct spectral ove~làps which cannot be resolved by the PDA 

di rectl y. 

5. The application of the PDA te temporally characte~ize 

multielement'spect~a produced by a transient sample introduction 

"" method. Enhancement of measurement precision of transient 

signaIs using the method of lnternai standardlzation. 

iii 
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PrefAce 

In the mlddle 1970's there was a·great deal of inter est 

among spectroscoplsts regarding the use of electronic i~aging 

sensors, like the television camera, as detectors for 

multlelement spectroscopy. The number of publications in this 

area have diminished somewhat in recent 'yeafs, partly due to the 

fact that these systems are now weIl characterized and, perhaps 

more Importantly, instrument companies are getting lnvolved to a 

slgniflc~nt degree. The linear photodiode array (PDA) has 

emerged as a preferred detector for atomic emission spectrQscopy 

and sever-al instrument companies are marketing or contemplating ,'" 
1 , 

production of detection systems bas.ed on this technology. 

When we first started worklng with a PDA lh 1980 much of 

the basIc characterization of the device for atomic and 

molecular spectroscopy had been done. However, the more we 

contemplated'its features and limitations, the more we realized 

that sever al unexplored 'avenues of research remained. This 

thesis is a collectIon of several projects which explore 

capabilities and features of the PDA not yet addressed ln the 

1 i terature. 
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a heck of a lot of ·fun. 1 would also llke to thank Robert Sin9, 
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""-
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1~ Introduction 

Inductively coupled plasma\. (lep) atomic emission 

spectrometry (AES) has been established as a superior method for 
\ 

multiel~ment and trace element analysis for many sample 

and is urrentIy in a state of rap1d maturation [1]. 

primary vantages of the ICP are its convenience , 

ty~S 

Th 

for 

multielement analysis and" a minimizatlon of certain types of 

matrix effects~ Both of these advantages stem~ in part, from 

the hlgh energy nature of the plasma. Because it is a high 

energy excitatIon source, the plasma provides~an environment in 

which many elements are excit~d with a subsequent emission_ of 
\ 

radiation. This excitation takes place without the use of 

additionai radiation sources, thus providing an apparent 

simplic1ty of apparatus and theory that is not present with 

multielement absorption or fluorescence techniques. The plasma 

aiso provldes sufficlent energy for the complete decomposition 

of many sample matrices, thus reducing the sample to an atomic 
i' 

state sUltable for analysis without elaborate compensation ,or 

digestion techniques. 

While it might appear' init~alîy that the lep has provided 

an almost ideal source for multielement analysis, the reality 

has yet to match the rhetoric. There exist several major areas , 

WhlCh still 1eed substantial work for the lep to reach ItS 
, 

full 

potentiai • These deficiencies exist in the areas, of sample 

introduction [2,3] and detectIon systems [4]. The focus of this 

thesis is the exploration of a new detection system for ICP 

atomic emission spectroscopy which utilizes a solid state 

1 

\ 



photodiode array imaging detector as the sensing device. Bef ore 

detalling the research, It would be usefui to reVl ew the 

development of atomlc spectroscopic detection systems. 

The characteristics of the plasma WhlCh màke lt such a good 
" 

emlsslon source are aiso responsible for 'many of the' problems 

inherent ln .its application. The plasma achieves a very high 

excitatlon temperature and thus causes emlssion from man y , if 

not most, of the components of the sample [51. This can cause a 

large number of spectral lines and bands to be emitted by the 

plasma and the sample. Nitrogen from the atmosphere, argon from 

the plasma, and hydroxyl bands ,from water are just a few of the 

sources of non-analyte radIation which may appear ln the 

analy~t's spectrum [61. Intense radiation from a component of 

th~ sample may cause extraneous (stray) light to appear at the 

, detector [71 and, ~inaIly,. overiap of spectral lines from sample 

components is far more likely ln a high energy environment which 

can cause numerous Iines to appear from only one element. 

~The analyst is therefore confronted with the problem that 

certain desired spectral information is convoluted with 

unwanted Information or other desired spectral information. 

With most common arrangements for atomic fluorescence, emission 

and absorption measurements, analyte radiation from the atom 

cell (flame, plasma, etc.) travels the same optical path as 

radlation from the background and other analyte(s). Therefore, 

a deconvolution of the radiation following the opticai path 

must be made. ThIS process is carried out by the detection 

system. A detection system converts radiation from the 

2 



experiment into a di rect'l y measurable signal, usually 

electrical ln nature. The system may consist of several 

different subsystems including one or more computers to carry 

-out the functions of control and data acqulsltlon. 

1.1 D.tection Stratagi •• / 

The b~sic strategies for multlelement detection can be-

categorized as follows: 
1 

1. temporal <single channel) 

2.~:-'S~ti al (mul ti channel) 
1 

3. multiplex (single channel) 

.' 

For e~ch of the ab ove detection approaches a dispersive or 

nondispersive optical system may be employed. Table 1.1 

illustrates the breakdown of detection schemes. 

Detection Scheme DispersIve Nondi'spersi ve 

Temporal Sequential Linear .Sca~ Rotatlng Fi 1 fers 

Sequential Slew Scan 

Image Dissector PMT 

Spati al Spectrograph Resonant Detection 

Di rect Reader 

Vidicon Image Tubes 

Semiconductor Arrays 

Multiplex Hadamàrd Transform Fourier Transform 

Correlation 

Table 1.1 1 Detection 'Techniques for Atomic Spectroscopy. 

3 



TJ!mporal devici:!~\ extract indi vidual spectral features f'rom 

the entlre spectrum and record this information in the time 

domain. This is commonly achieved. by dispersing a slit image of 

the polychromatlc radl.at'ion, using a grating or' prl.sm, into 

multiple monochromatic slit images. The term monochromatic in 

thls sense refers to a very narrow range of wavelengths as o. 
opposed to a single wavelength. By rotating the dispersi~g 

optic, the monochromatic radiation can be scanned across an exit 
l 

• J 

slit to be recorded by the detector. In non-dispersive systems 

the encodlng may be done by rotating a series of bandpass 

filters into the optical ppth. This results in a time,dependent 

isolation of the wavelength bands of interest. The image 

dissector 'photomultiplier tube (IDPMT) is fundamentally a 
, 

temporal devlce; however, it possesses the ability to rapidly 

interrogate a spectral region by'electronic. scanning and is 

often,referred to as a spatial, multichannel detector. 
( 

c 

Spatial detectors are those which are abfe to 

simultaneously monitor entire spectral regions (sometimes call~d 
't,." 

windows), or sever al discreet wavelengths. Direct readers and 

resonant systems are examples of the 'latter. The direct reader 

usually ,consists of a long ~ocal length spectrometer iô which 

the dispe~?ing element is held stationary. At several positions 

along the exit foçal plane, corresponding ~o t~e analytical 

wavelengths of interest, discrete 'detector modules ar~ placed. 

Resonant detectioQ system~ are, non-dispersive and employ 

multiple light sources such as hollow cathode lamps which are 

multiplexed in the time domain. Thi~ approach can be applied to 

4 
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atomic fluorescence and atomic absorption spectrometry. In 

contrast, photographic systems, Image tubes and semiconductor 

arrays interrogate a contiguous wavelength window. If the 

detector is not phys1cally wide enough to monitor the window of 

interest then the d1sperslng optic must be repositioned for the 

aCQuis1tion of a new w1ndow contalning the additional spectral 

information. 

Multiplex systems use a single detector and 'are capable of 

simultaneous multielement detect10n. This 1S ach1~ved [81 by 

encod1ng the spectral 1nformation in the frequency domain using 

-Fourier transform methods or as a'matrix of N eQuat10ns ln N 

unknowns uSlng the Hadamard transforma The obvious advantage of 

the multiplex approach is that a single detector llke a 

photomultiplier tube (PMT) can be used. other advantages 

include the fact that absolute wavelengths can be determined and 

'a very h1gh degreè of resolution is theoretically possible. 

AIso, if the measurement system lS detector noise limited the 

Fellget [9] advantage can be realized, but this is not normally 

the case ln atqmlc spectroscopy. 
'-

In-fact, ,if background or 

",nalyte noise is dominan~ then multiplex methods are 

di,sadvantageous because an i nherentl y poorer si gnal ta noi se 

ratio (SNR) results when compared ta multichannel or temporal 

systems [10]. Another problem ln applylng multiplex methods to 

atom1c spectroscopy is that severe aliasing can occur which can 

cau~e more overlap than existed before the encoding step. For 
1 0 

thJ above reasons conventional detection systems have evolved 

around the temporal or 

5 



.. 1.2 Convention.l TttmpOl'"al Dltt.ct1on Syst ... 

Earll er scanning systems consisted of a conventional 

monochromator with a sIne-bar grahng drtve Hhi(ct1 could be 

drlven at varlOUS rates or stopped at a particular 
'\ 

Have 1 engt h _ 

The detector was normal 1 y a PMT which was si tuated at thé ex i t 

slit of the monochromator. The gratlng could be positloned at a 

wavelength of interestl or scanned in a linear fashion to produce 

a complete spectrum of the sample. 

Modern scanning systems titi lize much faster and more 
/' 

precise scanning hardware such as stepping motors, synchronous 

motors and galvanlc drive mechanisms. The rapid and accurate 

movement of a dIspersion element, usually a gratlng, 

--- ---------
spectrometer is a non-tr i vi al probl em. Modern computer-

---~~------_ controll ed 
~- î 

rapid slew scan spectrometers often utillze stepping 

molors or synchronous motors to positIon the grating. stepping 

motors offer thè advantage that they are .easi 1 y i nterfaced to 

di gi tal systems whi ch ,èan be control 1 ed dl rect 1 y by computer • 

. The precision and accuracy of wavelength selectIon is enhanced 

if some sort of feedback is employed ,th-at 1S independent of the" 

driving motor. ThIS is often accomplished by u!:png an optIcal 

or electromagnetic encoder coupled ta the drive shaft which 

generates a stream of electrical pulses as the grating is 

rotated [11] .. Without this feedback the precision of the drive 

system is dep~ndent on the characteristics of the mot or and the 

errors' introduced during acceleration and deceleration. In 

either case, conSIderable care must be exercised to ensure that 



backlasl1 in the threads or gears of the drive mechanism is 

compensated and that steppIng motor pul ses are not "'lssed by 

accelerating or decelerat.ing t.he drive too rapidly. ThIS caUs 

for relatl vel y SOphlSti cated software. Gal vanl c dri ve systems 

are extremely fast and preCIse for the posltIoning of relatively 

small dlsperslng optIcs. One commerCI al spectrometer can cover 

400 nm ln about one second (12] WI th a very hlgh" degree of 

preci sion. 

These more modern systems are designated sequential slew 

scan (SSS) spectrometer-s because they can r-api dl y 51 ew from one 

wavelength to another- • In addition to their rapid scanmng 

abllity these spectrometers can reduce thelr scannIng speed 

radi calI y as the wavel ength of inter-est approaches so that the 

11ne may be slowly profiled or- slmply centered on the exit slit. 

Because these systems are sequent i al 1 n nature, they cannot 

obser-ve mor-e than one translent sIgnal simultaneously or utillze 

certai n rati OIng or- Inter-nal standard technl ques (13] to enhance 

analytical precIsion. The anal ySl s tI me can be est i mated to be 

T=N(S+A), where T is the total analysis time, N is the number of 

1 i nes to be recorded, 5 lS the average slew time and A is .the 
, . 

average anal ySIS time including any tlme required for background 

correction. Por many analytical applIcations sample throughput 

is of prIme importance and the analysis r-ate of temporal 

detectlon systems is Inadequate. Of course, the prIme advanta'ge 

of SSS systems i s that any wavel ength can be selected for 

anal ysi s. For unknown samples addi tlonal l1nes can be measured 

to ensUre 
., 

spectral overlap 

confIrmatIon of qualitative analysls. 

7 
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Mul tlchannel detectors are systems whl ch are capabl e of 

recording multlwavelength informatlon simultaneously,' or, are 

capable of scanmng a multlwavelength region sa qUlckly that the 

readout time can be considered to be vlrtually instantaneous. A 

number of publlcatlons have appeared [4,10,14-22] which discuss 

the potential applications of these systems or review thelr use 

in atomlc spectrechemlcal analysis. Two books devoted to 

mul tichannel image detectors [23,24] have been edi ted. by Talml, 

and Pardue has publ i shed a book ehapter [25] outlining 

appllcatlons of imaging devices for analytical spectroscopy. 

The first multichannel detector used in atomic spectroscopy 

was the photographlc pl ate. In fact, ether than naked eye 

measurements, the photographie emulsion was the first detector 

type ever emp 1 oyed _ Followlng the development of the PMT in the 

194·0' s [26] dlrect reader spectrometers were developed. They 

used a serles of PMTs arranged as discrete detectors al,ong the 

focal plane of a spectrometer. Modern lmaging detectors such as 

the vidicon camera tube and linear photodi-ade arrays arê 

electronlc analogs to the photographie plate. These devi ces 

have been developed wi thi n the 1 ast 20 years and are most li kel y 
~;. 

ta develop as the mul ti channel detectors of the future. 

1.3. 1 Spectrograph Systems 

The earliest multiwavelength detection syst~ms dispersed 

the input radlation using a prism or concave grating and 
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focussed the rad1ation onto a focal plane. The surface of a 

photographlc plate or fIlm was posltloned to cOlnclde with this 

focal pl ane. The active detectlon area could be made large 

enough to cover' the entlre, spectral region normally Interrogated 

in atomi c work. The spectrograph is still actlvely ln use in 

sorne laboratories, partlcularly for qualItatIve analysls. 

The fIne grain emulslons used today provlde more than 

enough spectral resolutlon for ?pectroscoplC applicatIons. The' 

b1ggest advantage of photographlc detectlon is that an extremely 

wlde spectral window can be monitored. If the requlred region 

lS too wide for one plate then a series of plates can be placed 

side by slde in the detectlon focal pl ane. Alternatlvely, 

plates of Suf+lclent width can be prepared as needed. The 

photographlc plate IS an integrating detector and can be exposed 

for as long as is needed ta obtaln a usable spectrum. Another' 

attractive feature of photographlc plates IS that they are quite 

inexpensive, however the cost accumulates depending on the 

number of spectra acqulred and th~ assoclated quantity of film 

or emulsion used. Typically 5 to 40 sp~ctra are recorded by one 

plate. Thls is done by exposing the emulsion as a serles of 

horizontal strips stacked in the vertical direction. 

Sorne of the major drawbacks to photographlc detection are 

ION efficiency (sensitivity> , limited dynamic range and 

nonlinearity. Sllver halide emulsions are sensitive to blue, 

violet and ultraviolet light. Sensltizlng compounds must be 

added to the emulsi~n to detect light at wavelengths in the 

green and beyond. The spectral range of photographlc plates 

using sensitized emulslons is from 240 nm to about 1300 nm. 
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Although the silver halide emulslon is sensitive down into the 

X-ray reglon, the gelatin surroundlng the graIns is op~quP to 

radiatIon at shorter wavelengths. The spectral response of 

these emulSlons lS relatlvely fIat from 250 to 450 nm WhlCh lS 

hlghly desirable for atomic work. The dynamlc range of 

photographlc emulsions lS between 1 and 2 orders of magnltude, 

which severely limits the ability to quantitate ~aflfp,l e 

components \WhlCh are present ln widely varying concentrations. 

The total dynamlc range spans approximately 8 orders of 

magnitude when dlfferent lntegration times are used. The 

response of the Emulsion to a given wavelength of light is 

nonlinear, therefore, calibratIon plots for response vs. 

intensity and respdnse vs. integration time must be prepared for 

quantItatIve- appllcatidns involving very high and very low 

intensity lines. 

Perhaps the greatest disadvantage of photographic detection 

is the development and processlng tlme. The exposure of the 

Emulsion may only consume a few minutes, but the plate or film 

cassette has to be physlcally removed from the spectrometer and 

developed. After development, the emulslon may be scanned by a 

mlcrodensitometer which quantitates the line spaclngs and 

corresponding intensities. Computer controlled 

microdensltometers have been used for many years [14], however 

the number of~steps required to transform lnformation from the 

spectral domain to a human readable format lncreases the 

analysis time to weIl over 15 minutes per spectrum. 
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Following the commercIal availability of reliable, high gain 

PMTs ln the 1940's, Instrument manufacturers started to employ 

photoelectrlc detectlon for atomic spectroscopy. A direct 

reader spectrometer IS simllar to a spectrograph except that the 

photographie plate lS replaced by a series of PMTs. The 

location of spectral hnes on the focal plane lS very accurately 

determined, and, at those locatIons, individual deteetor modules 

are posltl0ned. Each detector module consists of a slit 

assembly and a PMT. The exit Sllts are usually larger than the 

entranee 511 t to accommodate hne shifts caused by thermal 

expansion or contraction of the instrument. 

The greatest asset of the di rect reader 1 s that i t i s the 

most sensitive multlchannel detection system available. This is 

due to the very hlgh sensitlvlty of PMTs which exhlbit an 

internaI gain of up to 10
7 depending on the bias voltage. The 

best detectlon llmlts for multielement atomie emi ssion 
. ~ 

spectroscopy are usually obtained using direct reader systems 

and they have al so been used to advantage ln atomlc absorption 

Hork [27]. The llnear dynamlc range of a PMT IS about 107 

HhlCh i s another one of i ts superi or characteri sti cs. Cooled 

PMTs are commoni y used for photon eountlng measurements. The 

PMT is inherently a low noise detector due to its internaI gain 

characterlstlc [28]. Spectrometers employing PMT detection for 

atomi c spectroscopy are sel dom detector noi se 1 i lI\.i ted. 

The spectral response of a PMT i s dependent on the 

composi ti on of the photocathode. There are over 30 different 

photocathodic materials ta choose from, many of which were 
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classified by the ploneering work of A.H. Sommer during the 
tI. 

1950'5 and 1960'5 [29]. The most commonly used PMTs for atomic 

spectroscopy employa cesium antimonide or a blalkall antimonide 

photocathode. The quantum efficlency of these materlals is just 

over 10% at 250 nm and 450 nm and reaches a maximum of 16% at 

350 nm. The quantum effIcI~ncy refers to the ratio of 

\ 
generated by the photocathode to the photon flux photoelectrons 

InCIdent on the detectpr. The spectral response drops off very 

rapIdly below 250 nm and above 450 nm. Gallium ar5enide 

phatocathodes exhibit a fIat spectral response from 300 nm to 

800 nm but the absolute sensitivity of this material ta UV 

radiation 1S not as hlgh as alkali antlmonide photocathodes. 

One disadvantage of the direct reader is that It does 'not 

moni tor the entlre spectral wlndow, rather, each PMT moni tors a \ 

single narrow reglon of the spectrum. This means that there is 

1 i mi ted fl ex i bill t Y of wavel ength selectIon since the 

repo51tionlng of a detector,module can be a tediou5 and time 

con5umlng process. Therefore, alternate linè selection 15 not 

an available recourse to quickly resolve spectral interference 

problems. Secondly, simultaneous background correction is not 

possible. To correct for background contributions sorne systems 

employ a refractor plate in the optical path, usually between 

the entrance sllt and first internaI optic of the spectrometer. 

By rotatlng the refractor plate through a small angle the 

spectrum can be shifted from side to side. The amount of 

spectral shlfting is dependent on the angle of rotation and the 

thickness of the plate. If the angle of rotation is large or a 
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relatively thick plate is used the focal length of the 

spectrometer will be slightly changed. This will defocus 

radiation impingIng on the focal plane as weIl as decrease the 

1 ight throughput of the spectrometer. The slmplest 

implementatlon of thls method of background correction is ta 

place a sIngle refractor plate Just behlnd the entrance sllt. 

ThIS means that aIl detector channels will slmultaneously view 

the same degree of spectral shIftlng. Another method of 

spectral shiftIng involves moving the entrance slit from side to 

side. ThIS also has the effect of slmultaneously shiftIng the 

spectrum by the same amount at aIl detector modules but is nat 

as mechanlcally simple as the refractor plate technIque. 

The output from a PMT is a current which 15 usually in the 

nanoampere ta mIcroampere range. Often, the output from each 

channel is integrated by a storage capacitor. 1 f a computer i S 

used for data acquIsition thlS integrated charge must be 

converted to a voltage before being dlgitized by an analog to 

digital converSIon (AOC) system. The PMT has a fast response 

time of about 1 ns and each channel can be independently 

addresseçl by the computer. ThIS allow5, wIdely varying 

integration times to be distributed among the detector channels 

as requi red. 

One of the greatest disadvantages of direct reading 

spectrométers is theIr high cast. This cost is related to tbe 

number of elements which are ta be simultaneously measured since 

a separate PMT and exit slit assembly is needed for each 

spectral 1 ine. Most direct reader systems are physically large 

with focal lengths of 0.75 meters or more. Large focal length 
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spectrometers provide a higher degree of dispersion than smaller 

focal length systems using gratings or prisms bf similar 

dispersing,power. High dispersion spectrometers are requlred to 

"-

ensure that spectral llnes are far enough apart te accommodate 

the relatively bulky detector modules. 

1.4 Ideal DetectiDn System Require • .nts 

Although 555 and direct reader systems currently enjoy wide 

application in atDmic spectroscopy, t~ey lack certaIn feature~~ 

which would define an ideal system. What is needed for lep 

emission spectroscopy ta realize its full patential is a 

detection system which boasts the following capabilitles: 

1. Simuitaneous integratlon of multIple wavelengths; 

2. Wide spectral coverage with adequate resolution; 

3. High uniform spectral response; 

4. High signal to noise ratio; 

5. Large dynamic range; 

6. Linear response; 

7. FleXIble channel addressing; 

8. Ease of implementation; 

9. Rapid data readout; 

10. Stabi 1 i ty; 

11. Durabllity; and 

12. Law cost. 

Obviously these criteria can only be satisfied by a multichannel 

detector system. 
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multielement analysis, there are other advantages to monitorIng 

informatIon in addition ta the elemental line durlng a 

determ1nati on. A multlchannel detector can provide Intensity 

informat1on for spectral regions adjacent to the analytical I1ne 

of interest and lS therefore Ideally sUlted for background 

correction procedures. In sorne cases it 1S posslble to correct 

• for,wing or direct Ilne overlap uSlng ratioing techniques. 

The use of internaI staQdards in atomic spectrometry has 

been popular for at least half'a century [30]. When the 

,excitation cond1tions during analysis change 1rreproducibly, 

such as those of a direct current (OC) arc experiment, then the 

exci tation conditions can be monitored by simultaneously 

observing the emisslon from an element which has been placed in 

the sample at a known concentration. ThIS technique has been 

used for many years with spectrometer systems which r~cord 

entire spectra on photographie plates. , 

It is also advantageous if the multlchannel dete~tor 
( -

measures energy (integrates current> rather than power~ (outputs 

c:urrent> . The~SNR of Integrating detectors is superior to that 

of power detectors of the same type because signal averagi,:,g 

occurs simultaneously over aIl channels. ) 

1.4.2 SpectrAl Range and R.solution 

The spectral resolution must normally be adequate to 

resolve the differen~ signaIs of analytical interest bath fram 
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each other and from other signaIs which are not of interest. 

f The spectral requlrements will vary wlth the experiment. 

Multielement atomic fluorescence experiments usually produce --------------- , ~-+-ew----lines, prlmarlfy those of the species of interest, 
, ~----

thus the resolution requirementsof ~a-fluor:-e~c_en~~expertment .. ----~-

are usually not inordlnately strlngent. One generally observes 

that the resolution requirements of atomic absorption are 

hi gher ,than those of atomi c fluorescence though usuall y not 7 as 

demanding as those of high energy atomic emlssion spectroscapy. 

Atomic emlssion spectroscopy with high energy excitation sources 

such as the lep, De and microwave plasmas, arcs and spar~s will 

often generate tremendous numbers of spectral lines from many 

of the elements found in the sample. 

CertaIn photosensltive subsystems lend themselves weIl to a 

geometric characterization. In this case the photometrically 

responsi ve surface area can be considered ta conslst 6f-a--number 

of independent, indiv.idually addressabl~ ~reas. These areas are 

i ndependent if radl ati on fall i ng on a 91 yen sllr::-i-ace regi on does 

not cause a signal to be generated in an adjacent region. 

For any flxed geometry multlchannel detector there is a 

trade-off between resolution and wavelength coverage. The 

degree of disperSIon must be carefully matched to the sehsor ( 

geometry to provide adequate resolution. The ideal detectlon 

system for lep analysls would exhibit a resolution of 

approximately 0.003 nm over a spectral window at least 400 nm 

wide. 
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A detec-tor system should provide the analyst with the 

potential for u,bliZlng all of the spectral lnformation provided 

by the experime'lt.. In atomi c spectroscopy th1 s regi on extends 

from 800 ta below 200 nm. The spectral response of a detector 

Dr detector element is dependent on the material used à,s' the 
/ " 

photoel ectric transducer. A unlform response is de~le9 but 
~// 

not absol utel y requi red 9 because i t. wi 1 ~--lôw the conveni ent 
~ 

absolute determination of the spectp-~radiation level from the 
------------~ --------- , I~~ is uniform,//cl single cal ibration at any , -source. 

------- /-
wavelength will suffice; however, if this is not the case the 

~ 
dev1ce must be cal~ted over the desi red spectral regi on. ...------..---

~~_~~naIYtl_C&_analYSiS' the i-nstrument i\ usually 

cal,ibrated using standards and absolute spectral power leveis 

are not determlned or required. 

1.4.4 Si gnal ta Noi se Rati a 

The SNR 1S a very important measurement,cr~terion hecause 

it Indicates the preCIsIon of a determination. For the purposes 

of this 

adversel 

si gnal 9 

there are two major categories of noise which / 
~ 

detecti on li mi ts and measurement p-recj_s-i-~ 

erated noise and detector system n01se. 
"", 

These nOIse sources can be further characterized as being 

shot noise or flicker noise. Shot noise consists of random 

fI uctuat i onS' and i s due to the quantl!m- nature of matter and 

energy. It has uni form i ntensi ty over the frequency spectrum 

'-and i 5 often calI ed whi te or quantum noi se. Flicker noise is , 

nonfundamental noise and its cause is not generally weIl 
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understood. It is called pink or l/F noise becau'5e it often 

dlsplays an intensi ty WhlCh i s i nversel y proporti onal to 

frequency. 

·One might argue that the ideal detector system should - be 

noi seless; this is, however, not necessary. It is on1.y 

necessary that the Ideal system be able to detect a s,~gl e 

photon wi th a reasonable degree of conflde'1ce. If the noi se 

introduced , lnto the experiment by the detector system is much 

small er than the noi se of the lowest 1 rttensi t y si gnal , then the 

detector system will not be a limlting factor in tl1e analysis 

procedure. 

1.4. 5 Dynami c Range 

The ideal multichannel detector system should be able to 

~i mul taneousl y eval uate small si gnal sin the presence of large 

signaIs so that it will be able to provide in-formation about the 

trace, minor and major constltuents of a sample. Only the 

most ideal of sampI es woul d have anal y te concentrations " which 

result in slgnal~ of the same Intenslties, and ln many cases' it 

is not unreasonable to observe signal levels which differ by 

sever al ord~rs of magni tude. 

There are essentiall y four di fferent dynamlc range 

definltions that are used ta describe multichannel detection 

systems. Jhe ~ost comman definition is that which is applied to 
.r 

singl e channel detectors. This i 5 the range of Intensi ti es that 

c~n bEf detected by a singl e sensor el ement (pixel) with a gi ven 

degree of llnearity and is called the single pixel dynamic 
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rang~~ \ For mul tichannel detectors the o "intraspectral" or-

"intrascenlc" dynamlc range is a.more useTul criterion [311. 

T~is is the ratio of the most intense to the least Intense 

spectral feature that can be slmultaneously detected within a 

si ngl e readout. For an ideal muitichannei detector this would 

be the sam~ as the single pIxel dynamlc range. 

In some commercIal systems the data is acquired Tram the 

detector and stored for oscilloscope viewing or subsequent, 

processing by an opticai multichannel analyzer (O~A). If the 

OMA has a flxed word length then we may define the "sum" dynamic 

range as the 1 argest number that can be represerited by a channel' 

of the OMA's memory. If the OMA IS interfaced to a general 

purpose computer, then the sum dynamic range can be increased by 

employing multIple word storage and processing techniques. 

For integrating detectors there is the "time" dynamic 

r;:ange. Thls is the ratlo of the longest ta shortest integration 

periods that can be employed for a given sensor. The shortest 

integration time may be Imposed by the readout rate of the 

'sensor or the maximum rate of data acquisition. The longest 

period may be limlted by the dark current of the detector or its 
".... 

. long term stability. 

1.4.6 Li near;i ty 

While not a requirement Tor Tunctionality, the, ideal 

detector system should hAve a llriear response. AI linear 

response will be one in which a change in the number OT photons 

at a given wavelength will result in a" dlrectly proportionai 

change in the measured output. 

1 
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detect~r system will 

reQUiJ(ments of the 

'minimize the calculation and calibr.tion 

analysis and may allow rapid realization of 

instrumental mal functi ons. If the instrumental response lS not 

llnear, then calibratIon over the dynamlc range used will be 

required. 

1.4.7 Channel Addressing 

Detector addressing refers to the methods available to 

interrogate Indlvldual sensor regions, or pixels ln the case of 

discreet multichannel systems. An ideal detector would be able 

~o randomly access Any region at a given point ln time. This 

would allow an efficient readout of spectral information which 

is confined to a small fraction of the total sensor region. 

Furthermore, these regions should be accessible in Any order. 

This would prove valuable for transient analyses ln) which 

various analyte lines appeared ~t different points in time. 

1.4.8 Ease of Impl ement.tian, 

Ease of implementation can be -s~ivided into three 
~, 

dlfferent domains: . '\ electrlcal, mechanical and data. If the 

detector can be controlled and read out by simple electronics, 

or better, by a small computer then the system will be easy to 

install, maintain, and repair. Mechanical ease of use refers to 

the physlcal ease with whlch the detector system can be set up 

ànd maintained. One must take into consideration the physical 
-

changes, that must be made when analysis' conditions change and a 

new set of analytical lines must be examined. Data domain ease 
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of use relateg to both the size of the data set generated by 

the system and to the manlpuiatlon of thls data. If numerous 

difficult calculations are required by the operator, then the 

instrument is not easy to use and sample throughput - will be 

operator dependent if the procedure cannot be conveni~ntly 

automated. The detectar system may be automated and yet still 

requIre actIve intellIgent ~onitoring by a well-trained 

operator to supervise elther the mechanlcal or data handling 

aspects of the system. 
r 

This type of system cannot be 

consldered easy ta use. 

1.4.9 Speed of Operation 

While certain measurement time requirements may be placed 

on the total experlment due ta the SNR requirements of the 

experimen~, the ideal detector system will not be the limiting 

factor in the sample throughput rate. The calculational real-

time requirements of the system must be such that they can be 

quickly satisfled~ If the detector readout and data acquisition 

phase is fast compared with the integration times used then the 

sample throughput rate WIll not be hampered. If complex and 

time cansuming calculations are required to furnish an 

analytical result, then it may be necessary ta store the raw 

'data for future processing or employ parallel pracessing 

techniques. 

1.4.10 Stability, Durability and Cast 

The ideal detector system will be stable with respect ta 
, 

time. If this is not the case, then recalibration will be 
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necessary at a time interval determined ?y the aeeuraey' 

requlrements of tne experiment and the rate of change of the 

system. 

The detectlon system should be rugged enough to survive in 

the environment ln Whlch it IS going to be used. Laboratorles 

are usually relatively hostile enVlronments with corrOSIve 

fumes and electrical transients. Instruments may find 

themselves in hot foundrles with a high solids content in th~ 

air or ln satellites or aircraft operatlng at low temperatures. 

In addition, one should be able to install and maintain the 

instrument wlthout a high probability of damaging either the 

electronies or optics of the system. 

Both the cost of the Initial pur chase and the subsequent 

operation and maintenance of the system must bf? taken into 

account. One must also conslder the consequences of system 

breakdown with respect to 1055 of revenue and required time to 
'\ 

return the sys~em to a fully operatlonal status. Support 

electronics and other ancillary components should be considered 

,~ part of the detector syst~m; these peripherals often account for 
/ 

a significant portion of the total system cost. 

1.5 Review of Electronic Multichannel Detector Applications-

Presently, the ideal multichannel detector does not exist; 

however, there are a few devices which incorporate many of the 

required features. Essentially, what is needed is an electronie 

analog of the photographie plate. The photographic plate can be 
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physically wide enough to coyer the entire atomic spectral 

regl0n with adequate resolutlon. Unfortunately, the response 

characteristics and processing time of photographie emulsions 

clearly elimlnate them from consideratlon. 

The flrst electronic detectors were 

il essentially televlslon cameras which were based on 1 DPMT or 

vidicon technologies. Within the past ten years solid state 
" 

photodiode arrays (PDA) , charge-coupled devlces (eeD> and charge 

injection devices <CID) have been applied for spectroscopic 

-
measurements. Systems based on the above sensors will probably 

evolve as the multichannel detectors of the future. 

1.5.1 Image Dissector Photomultiplier Tube. 

The image dlssector photomultiplier tube (IOPMT) is 

actually a scannlng detector and not a true simultaneous, 

multichannel imaging device. The IDPMT is consi~ered to be an 

imaging type detector because it lS capable of scanning the 

actual lmage formed on its photocathode in 100 microseconds or 

less. At such high scan rates the IDPMT should be able to 

monitor translent signaIs from furnace sample introduction 

techniques, flow lnJection analysis, high performance liquid 

ehromatography, and other direct sample introduction 

methods. The first practical image dlssector was 

developed in 1928 by Philo T. Farnsworth [32], The name 

stems from the process by WhlCh the optical image was eut up, 

or dissected, for time sequenced electrical transmission. In 

1935 Farnsworth added an electron multiplier stage to the 

image dissector which enhanced its sensitivity tremendously. 
'-
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The IOPMT quickly became one of the most widely used television 

cameras. 

The operation of an IDPMT, as shown in Fig. 1. 1, is very 

similar to that of a conventlonal PMT. 

lWHp focut 
confrol control , 

~~ 
photon 
lmaQI -

photo -colhode 

-HT 

Figur,e 1.1: Image dissector photomultiplier tube <IDPMn 

" 
Phôtons which strike the front surface of the photocathode 

cause photoelectrons to be ejected from the other side. 

These photoelectrons are accelerated toward the aperture plate 

which is held at a positive potential of between 200 

" 
600 volts with respect to the photocathode. In 

center of the aperture plate is a circular or 

and 

the 

slit 

shaped aperture and photoelectrons which drift through this 

aperture WIll strlke the first dynode of a conventional .PMT 

electron multiplier dynode chaIn. By varying the voltages on 

the focus and sweep coiis which sur round the drift tube 

vregion of the IDPMT, photoelectrons WhlCh aFe emitted from 
" , 

any region of the photocathode can be steered through the 
~. ' 

, 0 
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aperture. If a spectral region is focussed onto the front 

surface of the photocathode, any portIon of the Image can 

be interrogated by setting the appropriqte voltages on 

the control cOll s. In addl tl on, the entire optlcal 

Image be reconstructed electronically by" 

repetltlvely ramplng the control voltages and monItorIng the 

output current w1th respect ta photocathode pos1tl0n. 

Spectrometer systems based on the IDPMT have been around 

since the m1d 1960'5 [33]. An important feature of the IDPMT is 

that lts photosensltive region IS two-d1mensl0nal. for this 

reason a number of researchers have coupled the IDPMT to echelle 

optical systems [33-37]. An echelle spectrometer is one in 

which a grating blazed for high orders 15 used to disperse 

radiatIon in, say, the horizontal directIon and a prism is used 

to separate the different overlapping orders in the vertical 

dIrectIon. What results is a two-dimensional "echellogram" 

whi ch can be focus'sed onto the' rel ati vel y small sensor area of 

the 1 DPMT • 

Wlth an echelle IDPMT system a widf spectral 
1 

coverage of 

600 nm has been achleved wlth reciprocal dIspersions of 0.16 

nm/mm at 200 nm and 0.63 nm/mm at 800 nm [35]. This dispersion 

15 generally regarded as adequate for med1um resolution atomic 

spectrometr y. GOI1ghtly et. al. [38] reported on the usé of an 

IDPMT as a replacement for the PMT-slit assembly of a 

conventlonal direct reader. The advantage of this approach is 

that the IDPMT can provide background information and can 

period1cally re-center the analytical line wh1ch will drift 

across the focal plane slightly with thermal expansion of the 
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spectrometer • 

.. 
1.5.2 Vidicon 1 •• 0- Tub •• 

The silIcon vidicon (SV) is a semiconductor based two-

dlmensional lmaglng deVlce WhlCh was lnltlally designed for 

use as a televlsion camera tube. It belongs to a group of 

deVlces WhlCh can be classlfled as electron beam Imagers. 

Two comprehensive reVlews of TV-type detectors have been 

written by Talml [18,19] WhlCh describe the 

i nstrumentati on and applicabllity of these devlces for 

~ spectroscopic measurements. 

Signal generating electron beam i~àgers can be divided 

into two groups. ~he first group of devices utilizes a 

" which j\ranSduces the photon image into 

electron Image that 1 lntensifled and stored on a target. 
, , 

The target is subse uently read out by an electron beam 

photocathode an 

furnishing the electro IC signal. Image tubes that operate 

in thi 5 fashion includ the orthicon, (soc on , secondary 

electron 'conductIon (SEC) tube, silIcon lntensified target 

<SIn vidicon and electrostatic camera systems (ECS). The 

other group of devices utilize a target which functions 

as the photoelectric transducer and the charge storage 

medium. The vidicon, plumbIcon and SIlicon VIdicon 

belong to this second group of imagers. The earliest use of an 

electron beam imaglng tube for spectroscopiC measurements was 

reported in 1949 [39,40]. Orthicon tubes have been used [41-43] 

" but these detectors have an Inherently low SNR and limited 
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dynamlc .... ange. 

The fi .... st vidicon came .... a tube was int .... oduced in 1951 

[44] , but It wasn't until 1967 [45] that Bell Labs .... epo .... ted 

on a vidicon WhlCh used a silicon based ta .... get. The , 

ta .... get mate .... Ial oi a vld~con must exhiblt a .... elaxation 

tlme of about 1/30 second [46,47] if it is to "sto .... e" the 

optlcal image long enough to be .... ead out by the scanning 

elect .... on beam. Mate .... ials wlth bandgaps below 1.8 eV 
, 

cannot meet thlS specifIcatIon at .... oom tempe .... atu .... e and 

silicon by itself, with a bandgap of 1.08 eV, is six o .... ders 

of magnItude too low ln bulk .... esistivity at .... oom tempe .... ature 

to be used as a photoconductive ta .... get [48]. Fo .... tunately, 

a .... eve .... se-blased p-n junction diode can be designed which 

p .... ovides a .... oom tempe .... atu .... e cha .... ge sto .... age time long enough to 

be used as a vldicon ,came .... a tube element. The silicon p-

n photodiode has a wlde spect .... al .... esponse, high quantum 

efficiency, linea.... t .... ansfer cha .... acte .... istlcs and a .... esponse 

time of less than 10 microseconds. Ingenious fab .... ication 

technIques have alded in the desIgn of targets which exhibit 

imp .... oved cha .... actEristics [49]. Other mate .... ials with bandgaps 

too low to be used as target elements can be used as long 

as they can fo .... m junction diodes. Vidicon came .... a tubes 

/) employing photot .... anslsto.... sto .... age elements have also been 

designed and constructed [50]. 

The ope .... ation of the SV is illust .... ated in Figu .... e 1.2. 
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Figure 1.2: Silicon vidicon (SV) image tube. 

The target is analogous to th~ photocathode of a 

~ 

~ 
~ 

output 

'" 

PMT and 

consists of a wafer of n-type silicon, one side of which is 

popul ated by a two-dlmenslonal mosaic of p-type silicon 
, 

islands. Typically the p-n junctions are organlzed as a two-

dlmensional} array with a center to center spacing of the diodes 

of about 10 micrometers. During normal operation of the 

vidicon an electron beam is swept over the p-type islands and, 

charges them to a negative potential. The n-type substrate is 

held at ground potential and the reglon between the islands 

is shielded from the electron beam by a coating of silicon 

dioxide. Therefore, the charged islands fo'rm a ' two-

dimensional array of reverse-biased photodiodes 
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Wh1Ch act 

photod10des 
"-.~~ 

as 

can 

miniature storage capacitors. These 

be discharged by electron-hale pair 

prqduct10n in the n-type substrate. The two mechanisms for 

el ectron-hol e producti?n ln the semIconduc:tor are thermal 

populat1on of the conduct10n band (leakage or dark current) and 

absorptIon of photons of energy greater than 1.1 eV (ie. 

wavel engths les? than 1100 nm). 

The electrons generated by either of these two 

mechan1sms discharge rapidly to ground but the hales migrate 

ta the negatively charged p-type islands where they are 

annlhllated. This electron-hale recomb1nation process 

serves to deplete the charge stored on the p-type islands. 

The more lntense the photon flux is on one side of the wafer 

the greater is the charge depletion of the photod10des on 

the OppOS1 te side. Statistically, ma st of the holes 

that reach a particular diode will have travelled the 

shortest distance across the wafer 50 that an 1ntensity 

distribution of photons on the irradiated n-type side will 

generate a corresponding charge pattern on the photodIode 

surface. When the electron beam is systematically scanned ove,.-

the p-type islands the amount of current required to recharge 

the photodiodes is a measure of the intensity 

d1stribution of the image. 

The above discussion assumes that only one sweep is 

required to fully restore the pixels. In fact, the 
\ 

vidicon suffers from a phenomenon called lag whÙ:h refers 

to the incomplete recharg1ng of the photod10des after a 
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scan. To completely recharge the photodiode mosaic, 

several scans may be requIred. ThIS is a technIcal problem 

WhlCh IS Inherent ln the operatIon of the v~dicon detector and 

15 one of its drawbacks . 

The desIgn, . constructIon and ~valuatl.on of detection------

. ~ystems- -emploYlng 'vldIcon cameras has been discussed ------ by many 

\ 

, 

resE'arch groups (51-64] • It w~s qUIckl y reallzed that the 

limlting resolutlon of the SV was determlned by the width of the 

electron beam [51] which covers several pixel s at any g1 ven 
j) 

time. 

Felkel and Pardue evaluated a vidicon based echelle 

spectrometer system [52] for multielement flame atomlc 

absorption spectrometry. In contrast to a previous report [53], 

where a conventional optlcal system was used, the detection 

limits for lines below 300 nm were relatively poer. The 

discrepancy was ascribed, in part, to the decreased light 

throughput of the echelle optics. A cemparison between an IDPMT 

and an SV [54] revealed that the IDPMT was shot-nolse llmited at 

low light levels while the SV was essentially preamplifier nOIse 

limited. Based on the inherently greater sensItIvity of the 

IDPMT, its detection limits were a factor of 20 lower than those 
\ 
\ 

of the vIdIcon ~etector. 
\ 

In an attempt ta gaIn improvèd sensitivity using vidicon 

systems Howell and Morrlson employed a silicon intensified 

target (SIT) vidicon [55]. A SIT vidicon 15 a SV tube with a 

phatocathode based electrostatlc intensifIer prior ta the 

sIlicon photodiode mosaic. The photocathode is operated at a 

bias voltage of 5 to 10 kIlovolts and forms an electron image 
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which is stored by tbe silIcon photodiode array. The gain of 

the SIT tube IS controlled by the photocathode blas voltage ___ -li --.. -----was determi ned that the" SIT was a factor of tOO more- responsi ve 

than a conventlonal SV below 350 nm.----~~arison of detection 
---~ 

Il.ml-ts·-----ror--23 Elements revealed that the SV results were about 

lOt 1 mes hl gher than those f or a PMT, wh lIt:! ab ove 380 nm the 
'1 ' 

detectlan llmlts for the SIT vidIcon were essentially the same 

las for the PMT. 

A SIT vidicon has been used for ICP emission spectrametry 
. , 

[56]; however, slnce the ICP produces such càmplex spectra, a 

high resalution spectrometer was required. the detector window 

was only 5 nm wlde but spectral Interferences were minimized 

while still allowing for slmultaneous background correction. 

The fact that It was unreasonable ta expect that the' entire 

atoml c regl'Ofl- coul d be vi ewed si mul taneousl y usi ng conventi anal 

optical systems prompted Bush et. al. [57] to suggest that 
~ 

perhaps the best solution would be to rapidly slew from one 

wavelength region to another. The electrostatic Image 

intensification stage of the SIT VIdicon provldes the capability 

of tlme gating the optlcal informatIon impinging on the 

photocathode. Th i s ab i li t Y , in conJuction with the two-

dimensianal nature of the detector has enabled the measurement 

of tlme and space integrated spectra [65]. The readout 

fleXlbility of the SIT vld1con allowed time gating for 

submlcrosecond periads and time integration for up ta 20 

seconds. Spatial information was Integrated over distances of 2 

mm or resolved on the order of 100 urn. 
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Several accounts haVe been published descrlblng analytlcal 

determlnatlons of "real sarPles" [66-69]. 

electrolytes in serum [66,~7] was found to 

The determlnation of 
l 

be a good application 

of a SV detecter becaus~ the analysls"llnes for sodIum and 

potassium are in the viSIble reglon of the spectrum where the 

vidicon 15 more sensItIve. A further advantage was galned due 

to the rapid sample throughput affo~ded by multichannel 

operation. A jUdlCIOUS selectIon of the wavelength window (66) 

~ 
enabled two Na lines te be vlewed in the first order and a Ca 

and twe K Ilnes to be vlewed ln the second order slmultaneously. 

Other real sample measurements include a determination of trace 

metals in lubri~ating ails (68] and potable water [69]. 

A series of papers detailing novel applIcations have 

illustrated the capabllities of imaging detection systems 

employing SV hardware [70-76]. The enhancement of analysis 

preciSIon has been demonstrated using spectral strippIng ~70] 

and InternaI standardization [71]. Combining both techniques 

has resulted ln reducing a posItive error of 40 ta 50% in the 

analysis of Mg ln blood serum to less than 3% uSlng Mn as the 

internaI standard. 

Innovative instrument modificatIons have enhanced certain 

systems [72,73]. In one case [73] a high frequency sIgnal was 

superimposed on the lower frequency horizontal ramp scan which 

resulted ln the generatlon of first derivatlve spectra directly. 

The same authors tackled the trade-off problem between spectral 

range and resolution [74] by stacklng 6 mlrrors at different 

~ngles in a Czerny-Turner monochromator. The result was a 

resolution of 1 nm from 200 to 800 nm, however, the dynamic 
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range was severely degraded due to stray light from the multiple 

Inirrors. A totally different solutIon to the same 'p?oblem 

employed multIple entrance sllts [75J to slmultaneously focus 

several 40 nm wlndows onto a SIT vidicon. 

1 • ~. 3 Li n •• r S.l f -ScAnn i n'il Photodi ad. Arr .Y. 

The silicon photodiode array (PDA) was Introduced about 20 

years ago and since then has under-gone consider-able development. 

It was apparent that if these new solld state arrays were to 

-~ompete' with vidicons and other electron- beam imagers, they 

would have ta be able to integrate llght flux in a comparable 

manner. Weckler was the first to describe a photodiode array 

operating in the char-ge stor-age mode and later published a 

description of arrays of MOS transistors which eould integrate 

• 
photon flux [77J. Even at this early ~tqge of development it was 

reali zed that these SOlld state devices eould exhibi t a ",ide 

dynami C range. A comprehensive reVlew of silicon photodiQge 

arrays which discusses the historieal development of thése 

1 sensors, thelr theor-y of operation, and various non-

spectroscopie applications has been published by Fry [78J. 

A schematlc diagram of a linear PDA is shown in Figure 1.3. 

The eha;ge lntegration pix~ls of photodiode arrays are reverse 

biased p-n junctions wh~ch operate in an analogous fashion to 

the pIxel elements of the vidicon. However, instead of being 

~h~rged to an inItial potential by a scannlng Electron beam, the" 

photodiodes of the PDA are individually charged v~a metal-oxide-

semiconductor (MOS> transistor sWltches. 

1 
1 
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Figure 1.3: Linear photodiode array (PDA). 

the charglng process is controlled by an on-chip shift register 

which sequentially connects eac~ photodIode to the charging 

potential by turning on the MOS switches in ~ linear sequence. 

Oné'e the reverse-biased diodes are primed there are two ways in 

which the storedocharge can leak across the junction. At room 

temperature a small number of electron-hale pairs exist in the 

conduction band which serve to deplete the stored charge. This 

process is called dark leakage. In addition, photons wi th 

e~ergy greater than 1.1 eV Cwavelengths less than 1100 nm) which 

are absorbed by the semiconductor are capable af populating the 

conductIon band wlth electron-hole pairs. The greater the flux -, 
impinging on a charged photodiode the greater the photon-induced 

current across the junction. Therefore, the quantity of charge 

requlred to reset "the photodiode to its Initial potential 15 a 
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measure of the amount of light which was integrated in the 

preVlOUs scan frame. The PDA readout conslsts of a seriaI train 

of charge pul ses whl ch are produced as the shi ft reg1 ster 

sequentlally accesses the photod1odes. Due to the sequentlal 

self-scannlng nature of the PDA, it is not posslble to randomly 

address the varlOUS pixel elements as 1S possible wlkh scanning 

electron beam imagers. 

The maX1mum Integratlon tlme of the PDA pixels is limited 

by the magnltude of the thermally Induced dark current and the 

capacltance of the p-n junctions. At room temperature charge 

depletlon, or saturation as lt is commonly referred to, occurs 

in about 1 second for a typical PDA device. Slnce many 

spectroscopie applicatlons requir~ Integration perloes of 10 

seconds or more, it is often necessary to cool the PDA ta reduce 

the darI< eurrent. PDA s~nsors used for astronom1cal 

spectroscopy have been cooled to llquid nitrogen temperature 

perml ttUIQ integrabon times of several hours [79]. For atomic 

measur~ments simple thermoelectric refrigeration is generally 

adequate. For one of the commonly used PDAs.it has been found 

that the dark current decreases by a factor of 2 for every 6.7 C' 

of cool1ng [31]. 

The maXlmum spectral response of silicon photod~odes occurs 

'between 700 nm and 800 nm depending on the particular devlce 

[78,80] • ThIS is related to the fact that the absorption 

coefficIent of silIcon is lnversely proportlonal ta wavelength. 
\ 

High energy photons are absorbed very near the surface of the 
- '\ 

silicon ln the p-type region of the PhOtOdiO~\ Electron-hale 
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pairs generated ~n this region produce a photocurrent only when 

electrons, the minorlty'carrler~, flow from the p- to the n-type 

sIlicon. Since there already exist a large number of holes ln 

the p-type ~illcon the photon Induced current IS reduced"due to 

recbmbinatlon of generated electrons with already existing 

hol es. Low energy photons WhlCh penetrate deeper, Into the n-

type SIlIcon, produce a phot?current only when generated holes 

cross the junction Into the p-type silIcon. Recombl nat 1 on 

" 
dIminlshes this ~rrent ln exactly the sa me manner as above. 

\ 
Photons of medl~m energy }600-S00 nm~ penetrate Into the 

depletlon reglon and Immedlately give rise to a photocurrent· 

WhlCh IS not hampered by recomblnation effects. 

One-ef the first studies of solid state multichannel arrays 

for atomlc spectrometry was publlshed by Boumans and Brouwer 

csf!-.:- PhototranSl stors were used i nstead of- photodi odes because 

of their gain characteristIc; however, Inàtead of belng used ln 

the charge storage mode like the Retlcon self-scanned PDA, the 

phototranslstors were forward bl ased. The resulting 

photocurrent was passed through.a high resistance to p~ovlde an 

output voltage. This phototranslstor techn~J9qy was iater 

abandonedby the same authors in favour of a photodiode array 

[82] because the transistor output was non-Ilnear with respect 

ta Incident llght flux. The photodIodes were also forwa~d 

biased 3 
an~ exhlbited a SIngle pixel dynamic range of 10 

synchronous amplification was employed. 

when 

The flrst evaluatlo~ of a~commercially available self-
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scanning PDA for spectrochemical analysls was presented by 

Horllck and Codding [83]. They used a 256 element llnear array. 

The IndIvldual pIxels were only 25 by 25 mlcrometers ln Slze, 

however, the photodIodes were desIgned to operate ln the charge" 

storage mode. USlng varIable IntegratIon times in conJunction 

with neutral density fIlters the Ilnear dynamlc'range was found 

to be 3.5 orders of magnitude when the 632.8 nm emlssion of a 

~He-Ne laser was monltored. 

In 1976, with the availabllity of 256, 512 and 1024 element 

arrays, Horlick pubilshed a more comprehenslve characterization 

[84] of PDA sensors for atomlC spectrometry. For"thls study the 
~ 

arrays were cooled using a PeltIer cooler to about -15 C. The 

~ 
electronic bAckground was determined to consist of the expected 

dark current comblned with a flxed pattern sIgnal. Fortunately 

thls pattern was highly reproducibl~ and could be elimlnated by 

simple background subtraction. The ~DA sensors dId not exhibit 

lag or bloom. two problems inherent to vidicons. 

One of the best dIScussions of the operational 

characteristics of earlier'arrays was an evaluation of a 1024 

element device for hIgh dlspersion panoramic astronomical 

spectroscopy by Vogt et. al. [79]. This paper includes an 

excellent discussion of the prominent nOIse sources and 

furnlshes a detailed descrIption of the detector system 

components with special attention to design conSIderations for 

optlmizing the electronIc performance of the PDA. 

Recently, E.G. and G. RetIcon Corp. has marketed a new 1024 

element linear self-scanning photodiode array which was designed 
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expressly for spectroscoplC applIcations. The new devlce y an 

RL1024S· PDA IS similar to earller products wlth the Important 

exception that the he1ght pf the diodes has been 1ncreased to 

2.5 mm. S~nce the pIxel Elements are 25 mlcrometer5 wlde thls 

results ln an aspect ratIo of 100:1, WhlCh 15 comparable to that 

of a conventional polychromator entrance Sllt. ~h15 devlce was 

first evaluated for its multichannel spectrometrlc utillty by 

Talml and SImpson [31] using an E.G. and G. PARC optical 

multichannel analyzer. The UV response of the PDA was excellent 

with a quantum efficiency of 35 to 50% from 200 to 400 nm. The 

new PDA was found to be lag-free: each dIode was fully recharged 

ln less than 1 microsecond. No slgnificant blooming was 

observed when two adjacent images with a 1000:1 intensity ratio 

were recorded. The geometric accuracy of the 1ndivldual diode 

spaclngs was so good that the wavelength accuracy of a 

measurement would be llmlted by the stability of the source. 

The PDA was found to be linear over 4 orders of magnitude. The 

intrascen1c dynamlc range appeared to span 3 orders of magnitude 

and was limited by stray llght caused by a combination of the 

wedge filter used for the experiment y the focussing lens and 

reflections between the surface of the PDA and the quartz~ 

faceplate. 

SImpson has produced equations [85] for the random noise of 

self-scannlng arrays which Includes the shot nOIse of the dark 

current, preampllfier nOIse and the resét nOIse of the pIxels. 

,The fixed pattern nOIse was not consldered because it can be 

removed by background subtraction. The results of applying these 

calculatlons indicate that the taller S-series array is onl~ 
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slightly nOiSler than earlier devices and, due to its larger 

aperture, IS theoretically capable of detectlng much smaller 

intensi t i es. 

It is possible to enhance the sensltlvity of a PDA by 

coupllng a microchannei plate Image IntensIfIer to the face of 

the sensor. systems exhlbi tlng 

adJustable gaIns 

Commerclally developed 

of 103 ta 10
4 

[86,87] are available. The 

IntensifIer WIll degrade the resolution of the PDA but the 

resultlng resolution is not strongly dependent on the magnitude 

of the gaIn. 

Several publications have addressed the applicablilty of 

PDA detectors for atoffilc absorptIon spectrometry [88-90]. It 

has been pointed out [88] that the combined absorbance 

measurements from aIl analyte llnes of a partlcular element 

found ln a glven window can be used ta generate an analytical 

curve. In addition, the Ilnear concentratIon range can be 

extended if two llnes of different sensitlvities for a given 

element fall withln the spectral range of the detector [89]. 

The more sensi ti ve 1 i ne wi Il exhi bl t 1 i near behavi or t'owards 

lower concentrations whlle the less sensitIve lihe WIll extend 

the linear range towards the upper concentration reglon. A 

detailed examlnation of the noise characterlstics of a PDA based 

atomic absorption spectrophotometer by Coddlng et. al. [90] has 

revealed that the system was readout nOIse limlted for aIl 

elements studied except one. However, the PDA was used in 

c:onjunction 

manufacturer 

with an evaluatlon board supplied 

whic:h does not employ the highest 
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electronlc components and may have contributed to the detector 

readout nOIse. Normally aIl of the diodes ln the peak are 

summed to obtaln the peak intenslty: however, If the wing dIodes 

are less than 1/(2)1/2 the height of th~ peak diode(s) then they 

WIll contrlbute proportlonately more nOIse than SIgnal and 

should therefore be excluded from the peak. 

The flrst applIcatIon of a PDA to slmultaneous multielement 

emlssion analysls (91) involved the measurement of 7 elements by 

DC arc spectrometry ln 1974. lt was found that an InternaI 

standard was not requlred ta produce llnear calibration curves 

because the slmultaneous background correctIon capabillties of 

the PDA were effectIve. The slopes of log-log plots of 

Intenslty vs. concentratIon deviated from unIt y Whlch suggested 

that conSIderable self-absorptIon was occurring. A qualItative 

study of C,H,N and 0 emiSSlons ln the red and near Infrared has 

been made [92] using an ICP as the excitation source. PDA 

detectors should be able to prov~de good detection limlts for 

these species because their analysls wavelengths lie in the 

reglon where photodIodes are,most senSItIve. lt was pOlnted out 

that a spectral window of 80 to 100 nm could be viewed because 

the spectra were. falrly SImple and spectral overlap was not a 

problem. 

The most comprehensive diSCUSSIon of PDA detection for 

multlelement ICP emlssion spectrometry has been published as a 

book chapter by Grabau and Talmi [93]. Three multichannel 

detectors were used includlng a SIT VIdIcon, an RLI024S 

photodiode array and a microchannel plate intensifled pho}odiode 

array. The PDA systems were computer controlled and employed 
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very high quality amplification electronics. The SIT was not 

cooled whlle the PDA detectors were cooled ta -20 C with a 

prec1 S1 on of 0.002 

dynamlc range of 

C. US1ng a 14-blt ADC the 

the PDA was found to be 1.6 

pixel 

When " 

variable IntegratIon times were employed an overall dynamic 

range of 1.6 X 107 was achleved which lS simllar in magnItude to 

the dynamlc range of the lCP. 

The sa me authors demonstrated a spectral stripping 

technIque identlcal to that dlscussed by McGearge and Salln 

[94] WhlCh can correct for direct spectral overlap. The 

detectlon 11mits for 17 elements whose analysls 11nes ranged 

from 193.7 nm ta 403.0 nm were determlned using the three 

multIchannel detectors and contrasted wlth PMT values WhlCh were 

obtained using a 10 S Integration perlod. SIT detection limits 

were about one order of magnitude worse which is expected based 

on the fact that the SIT w_as not cooled: The intensified PDA 

detector provlded vlrtually identical detection lim1ts for 

integratlon perlods of 16 5./ However, the most striking result 

was that the unintenslfied PDA aiso Ylelded comp~rable PMT 

detection when varIable integration tlmes were used. 

Integration times as long as 164 ? were requlred for Iines below 

220 nm and 16.4 s integrations were adequate ab ove 300 nm. The 

explanation for thlS PDA performance was based on the SNR 

consideratlons for both detectors. The ICP/PMT detection Iimits 

are relatlvely wavelength independent because the measurements 

are always either source shot or flicker nOlse limlted. In 

cantrast, the ICP/PDA detectl0n limits get worse at lower 
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wavelengths because the line intensity decreases but the noise 

1S readout Ilmited, or essent1ally constant. ~ortunately, a 

nearly linear improvement in SNR can be obta1ned by inc:reasi,ng 

the integrat10n t1me. 

,One of the most w1despread uses of the PDA sensor for 

appl i cat1 ons other than mult1wavelength spectroscopic 

measurement involves rotating the detector by 90 degrees in the 

focal plane 50 that the array of photodiodes 1S parai lei and 

coincident with the dispersed line image. This enables the 

measurement of vertical spatial profiles w1th very hlgh spatial 

resolution. While vert1cal profiles of analyte Emission ln 

flames have been studled [95], most profiling work has been 

carried out using the lep as the source. 

Profiles obtained for atom and ion lines ln the ICP have 

shawn that ion lines generally peak higher ln the plasma than 

atom 11nes [96]. Lines which peak low ln the plasma were found 

to be spatially affected by forward power and nebulizer flow 

rate and have been categor1zed as "soft" lines [97]. Lines 

which peaked high in the plasma and were spatially insensitive 

to ,operating parameters were called "hard" lines. An 

understanding of analyte spatial behav10r has helped td clarify 

a number of inconsistencies between results publ1shed by 

different laboratories Wh1Ch have tried to categorize intens1ty 

variations as a func:tion of varying operating conditions [98]. 

Matrix effects_are also important [99,100] which is illustrated ~ 

by the dramatic enhancement of the Ca 422.7 nm atom line when 

high concentrations of an easily ionizable Element such as Li, is 

present wh1le the 393.3 nm ion line is affec:ted minimally. 
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Radial profiles have been obta'ined by Blades and Horlick 

[101 J after converting lateral o ~ ntensI t y measurements into 

radial informati on using the Abel inversIon techni que. These 

experi ments S~ 
~ve shown that the reg~on of maX1mum analyte 

Intenslty in the lep 15 conflned to a doughnut s~~ped regIon 

WhlCh ranges from 0 to 1 mm radlally outward from the center of 

the dlscharge. 

Other novel appl i catI on.s of 1 i near PDA detectors i ncl ude ....... 

spectral characterlzatIon after i~plementing AND and XO~, 

<exclusive OR) 10gic operations [102] and spectral enhancement 

uSlng cross~correlation techniques [103,104] • Temporal 

information has also been obtalned for DC arc transient signaIs" 

[105] enabling the selection of an optImal observatIon tlme. 

TranSlent spectra have also been measured for laser microprobe 
- J 

[106] and high energy laser ablation [107] samplIng methods. 

1.S.4 Charge Coupl.d and Charge Injection Deviees 

The concept of charge coupling was Introduced in 1970 [108] 

and has since developed into a weIl defined technology which is 

very amenable to Imaging applications. The charge coupled 

device (eCD> 1S comprised of ,a one or two-dimensIonal array of 

gate electrodes on a semlconductor substrate. The el ectrodes 

can be Indlvidually charged to a potentlal. This attracts • 

charge carrIers to shallow regions below the gate in the 

semiconductor substrate. Light incident on the device is 

absorbed and generates electron-hole pairs. Holes (or 

eleetrons) are attracted to the regions under those gates which 

1 
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are held at an appropriate potential. The pockets of 

accumulated charge can be shifted fram one gate to another by 

multiphase clocking of the gate Electrodes, WhlCh eventually 

./ resul ts 1 n poc kets of charge bel ng sh~ fted onto the vi deo 

readout line of the devlce. Detalled descriptIons of the 
, 

operation of eeDs [109,110], their sensItlvlty and resolution 

characteristics [111] and design considerations [112] have been 

published previously. 

Ratzlaff has described a spectrophotometer based/on a eeD 

detector (113] which Incorporated a linear array of 1728 

Elements on 13 micrameter centers. The device dld not exhibit 

lag or bloom, ~nless saturated, 

the ~Vi ce was 

and could be read out ln 8 ms. 

Unfartunately relatively insensitive to UV 

radlation severely 11mlting Its applications to atomic 

spectroscopy. 

The limited sensitivlty of eCD arrays lS weIl understood 

[114] and IS due to the fact that UV photons are absorbed at or 

near the gate Electrode surface. This inhibifs minority carriers 

from reaching the Electrode potentlal wells. Commercially 

available "backslde" devices are i llumlnated fram the 

semiconductor side, but these arrays normally include a glass 

window which is opaque below about 350 hm. Denton has 

experlmented with a custom prepared eco [114] WhlCh had the 

glass window etched away and found that the quantum efflciency 

was enhanced from less than 5% to about 30% at 300 nm. Various 

sensitization techniques have been discussed [115] for 

i mprovement of eeD UV response, ., but applications to atomic 

spectroscopy have not been presented in the literature. 
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CCOs are capable of hlgh ~~armance. especlall y 

.Pl xels are grouped together to form a "super pixel ". This 

necessarily results ln a degraded spatial resolution WhlCh ma..,.. 

be undeslrable If complex spectra are belng measured. The 
\ 

dynamic range of eco arrays is Ilmlted by the on-chip 

preampl fIer. ThiS 1S d1sadvantageous for wlde d~namic range 

spectral sources .. 

Recently, the charge. injection device (CID) 

demonstrated as havlng excell ent characterlsti cs for atomlc 

spectroscopy [116]. The CID'offers a quantum efficlency ranging 

from 8 ta lOf. ln the UV. Two dimensianal CIDs can be fabricated 

provlding for random pixel addressing. ThIS poses a direct 

ad~ant4ge over most solid state Imagers where the entlre device 

must be read out in a sequential fashion. However, the single 

most attractive new feature of the CID lS that selected pixels 
, 

can be read out nondestructlvely. Therefore It ~5 pOSSIble to 

\ 
moni tor the SIgnal accumulating on a pIxel sa that it can be 

read out Just before IS saturates. The SNR can be further 

Increased .by repeatedly readlng out the plxel nohdestructively 

to gain a signal averaging lmprovem~nt If the readout nOise 15 

random. 

The dynamlc range of the CID can be extended by mixing 

destructive with nondestructlve readouts. Prellminary detectlon 

li ml t data show that for wavel engths longer than 400 nm the CID 

is as good as a PMT when used ln the same spectrometer 
, 

confIguration. For wavelengths in the UV the detection limits 

f'or the PMT are about a factor of 10 l ower. 
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Since the CID is normally manufactured in a tw?-dimensional 

format, echelle dlspersion systems can be employed to provide a 

wide spectral wlndow. Using an echelle system wi th a 244 X 248 

plxel CID [116] a resolutlon of 0.1 nm has been achieved over a 
<.' J' 

spectral wlndbw ranging from 200 to 800 nm. 
1 

expected to offer up ta 500 X 500 pixels. 

Newer devices are 

Thi s will provide 

enough detector area ta achleve medium ta high resolution for 
" 
atomlc spectroscopy. 

. " 1.6 Summary of Multichannel Detector Characteristics 

.. 
The charaateristlcs of the detectors dlscussed above are 

summarized in the following sections. The discussions are based 

on the ideal detector criterIa outllned ln'sectlon 1.4. 

1.,6.1 Image Di lisec:tor Photomul ti pl i er Tubes 

The IDPMT has been shawn ta be an acceptable imaging 

detector for atomic spectrometry. It is not capable of 

simultaneous multlwavelength lntegratlon; howe~~r, uSlng an 

echelle optical system wide spectral coverage , with adequate 
, 

resolutlon can be obtalned. The important trade-off between 

resolution and spectral range is determined primarlly by the 

si ze and shape of the photoe1ectron aperture. A small cif-cul ar 

aperture provides the most electronic resolutlon elements but 

may requlre longer lntegration tlmes for photon shot noise 

1 i mi ted measurements. 

The IDPMT exhibi ts excellent sensi ti vi ty based on the fact 

that it emp10ys the hlgh galn, 10w nOlse electron mul tipI i er 
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dynode chain of a conventional PMT. The dynamic range of the 

image dissector can match those of 'standard PMTs spanning e 6 or 7 

orders of magnItude. This is mlsleading however,' because lt 

refers ta the least Intense and most Intense single Image that 

~~n be detected accordlng ta the inherent transfer functIon of 
1 

the devlce. The Intrascenic dynamlc range of the IDPMT can be 

as low as 100:1 dependlng on the amount of velling glare and the 

physIcal proximity on the photocathode of Images of di fferent 

intensity. 

The IOPMT can statically address any reglon on the 

photosensltlve surface or continually scan over a portion of it. 
l 

Unfortunately, the image dissector is not an Integrating device 

and can only accumulate spectral information whIle it lS 

addressed by the deflection coils. This shortcomlng is 

partially offset by the excellent s~nsItivity of the device 
e 

compared to-other unintensIfied detectors. Partial integration 

can be achleved uSIng what is called a smoothlng dlssector [18j~ 

A detection system based on the IOPMT will be relatively 

expensive compared wIth other alternatIves. The cost of the 

tube itself is about $Jç,OOO. This does not include the 

scanning and data acquisition cIrcuItry and computer hardware. 

1 f" spectral InformatIon is encoded as an echellogram the 

software requIred ta Interpret the spectrum will be complexA 

This ellminates the possibilit~ of usin9 a small lnexpensive 

microcomputer as the maIn processar. Most of the IOPMT systems 

ta date have employed minicomputers for data acquisition and 

control •. Using multIple IDPMTs in a direct reader con~iguration 

, 
o 

;J 
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wouid be prohibltlvely expensive. 

1.6.2 Vidicon. 

An important feature of the vldlcon which ,distinguishes it 

from the IOPMT is that It 1S an integrating detector. 

Therefore, unlike the IDPMT, the vidicon is a true simultaneous 

multichannel sensor. Whlle the speed and sensitivity of the 

IDPMT may compensate ln some clrcumstances, it lS reasonable to 

that under certain conditions true slmultaneous 

muItiwavelength informationl collection will be advantageous. 

One example of this lS an application where translent spectra 

were recorded by a carbon-cup sample Introduction and vidicon 

detection system [76]. Imaging detectors that are Integratlng 

ln nature are particularly suited ta the measurement of 

transient SignaIs and many sample introduction methods now exist 

for atomic spectrometry which produce such time dependent 

spectra: 

With conventional linear dispersion spectrometers vidicons 

have been used to~imultaneously monitor regions from 5 ta 40 nm 

in width. The only way to coyer the 200 to 400 nm range, where 

most atomlc llnes are found, with moderate resolutlon appears to 

be by using an echelle dispersion system. Unfortunately, the 

decreased light throughput can severely degrade detection 

limits. The spectral response of an SV ha~ been shawn [55] to 

start at about 250 nm and rise sharply ta a maximum near 400 nm. 

From 400 ta 800 nm the response curve is relatively fIat and 

then drops off to zero at 1100 nm. The spectral response of a 

SIT vidicon is Iess constant but is one to three orders of 
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magnitude higher than the unintensified device above 350 nm. 

The photocathode of a 511 vid1con 1S curved sa an optical fiber 

faceplate 1S required. This faceplate sever~ly attenuates light 

below 350 nm [117J. Sensltlv1ty ln the UV reglon can be 

enhanced by coating the faceplate wlth an organi~ fluorescing 

compound (sclntlilator) wh1ch will result ln a quantum 

efficiency of 1 to 2% down to about 100 nm. The response of a , . 
typical SV is I1near over abouto4 orders of magnltude [60]. 

The quantum efflciency of silicon ranges from 10 to 801. in 

the UV to near IR reglon. ThlS lS superior to that of typlcal 

PMT photocathodlc surfaces in this reglon. However, because the 

readout noise of a vidlcon lS about 1800 electrons RMS, the 

smallest detectable signaIs are a few thousand photons in 

magnltude [20]. The SIT Vidicon, with a gain of 2000 to 3000, 

can deteèt a few photoelectrons. Using this device lt is 

possible to approach the detection limits achieved using a PMT 

for lines WhlCh are in the visible region of the speçtrum. For 

the majorlty of analytlcally useful lines WhlCh occur in the UV 

the SIT has been shawn to be 1 ta 2 orders of magnitude inferior 

to conventional PMT detectors. It should be possible to 

approach the detection capabilities of a PMT using th~ 

intensified SIT (181T) vldicon but this has not yet been 

sufficiently explored. 

The Imaging resolution of aIl vidicons IS limited by 

the dlameter of the scanning electron beam and the size of the 

target. At any given instant in time the beam partial1y 

or fully impinges on about 10 pixels. In practice a number 

\ 
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of pixels are gr.ouped together by selective addresslng 

where each group represents a channel. The addressing 

ac:curacy of a typlcal SV lS better than 3% of the sensor 

area wi th- a preCl!ii,lOn of better than O. li. [54]. The power 

and fleXlbility of a system IS related to the powerful 

addresslng capabilities of the device when coupled to a 

l computer system. The channels can be scanned sequentially, 

randomly or by any mixture of the two modes. Random acc:ess 

addressing poses the advantage of read1ng out only thos~ 

spectral regions of Interest, 1 ignoring aIl other 

information. The resolutlon of the detector can be sever el y 

degraded by.a phenomenon called bloomlng. This occurs when a 

h1gh 1ntenslty image causes charge deplet10n over a 

much larger. area of the photodiode mosaic than the 

actual ar-ea of the image. This IS part1cularly disturblng 

If an Intense spectral line is adjacent to a weaker but 

analytically useful line. 

The silicon target 1S the major source of dark current in 

aIl types of vIdicons and therefore the detector must b~ cooled 

if Integration perlods longer than about 100 ms are to be 

employed [20]. Unfortunately vIdicons are mechanically 

difficult to cool [93J and exhibit degraded linearity at lower~. 

temperature. If the detector 1S successfully càoled, the lag is 

greatly Increased [117]. ThIS requires careful signal 
. 

erasure 

and target preparatIon. Attempts have been made [118l to 

ellminate lag by employlng pulsed lilumlnation techniques. 

Unfortunately, vidicons exhiblt lag by nat~re and no degree of 

readdut control can eliminate this effect. 
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Llke the IDPMT the vidicon rèquires rather sophistlcated 
"-

control circultry compared to the slmpler self-scannlng SOlld 

state arrays. This Increases the cost and complexity of the 

computer. interface, Although it lS feasible to use a 

microcomputer system, mast interfaces to d~te have relled on 
(/ 

minlcomputers. The readout fram the vIdIcon can 
\ 

be very 

rapid but can be conveniently digitized using conventianal 

amplificatIon and acqu1s1tlon electronlcs. To avoid being 

readaut Ilmlted It lS wIse ta use an ADe with at least 12-bits 

of resolution. A packaged vidicon system lncluding the 

detector, a cantroller, and an OMA configured for operation 

without an external computer system wIll range in prlce from 

about $30,000 to $50,000 (U.S.> depending on the actual 

components selected. 

1.6.3 Linear Photodiode Arrays 
0' 

Linear self-scannlng photodiode arrays satisfy some of the 

characterlstlCs outllned earller for an ideal muleichannel 

detector. One of the major advantages of PDAs is that they are 

SOlld state devlces. For thlS reason they are more compact and 

rugged than detectors incorporatlng a tube structure. AIso, 
,.' 

bécause PDAs are fabrlcated the same way as other large scale 

integrated <LSI) circuits, they should be less expensive. 

Unfortunately, unt~l the demand for these deVlces lncreases they 

will remain expensive. A 1024 element PDA for spectroscopic 

applications costs between $2000 and $4000 (US) • With a 

commercially available OMA and detector controller, a packaged 

53, 



PDA system will range in cost from about $2Q,000 to $50,000 

(US) • 

PDA sensors exhibit true slmultaneous mul tl chan'nel 

Integrating characterlstics ln much the same way as vidicon 

image tubes. The geometrlc registratlon of the indlvidual 

photodIodes is extremely precIse, and, because the pIxels do nct 

bloom, the spectral resolutlon of the array is dependent only on 

the optical fldelity of the spectrometer. However, since 

photons which fall between diodes can be collected by either 

pixel the best resolutlon/ls about half that of a conventional 

system WhlCh uses a PMT and eXIt slit arrangement. 

The one-dlmenslonal nature of llnear PDAs does not permit 

the use of conventional echelle disperSIon, which llmits the 

spectral coverage ta a maximum of about 20 nm if medium 

resolution in the atomic sense is ta be achieved. For lep 

spectrometry It has been argued that the spectral range should 

be 11mited to about 8 nm [93] to minimize spectral overl ap. 

Recently, Retlcon has started to manufacture a 4096 element PDA 

which increases the range by a factor of four; however, the 

aspect ratlo of the plxels lS only 34:1 which reduces the 

sensitivity and SNR of the array when compared to the RLI024S 

device discussed ln th1S report. 

The spectral response of the PDA is superior to that of 

vidicon and eCD detectors ln the UV with a quantum efficiency of 

40 to 50% from 200 ta 400 nm. Although PD~ systems are 
1 

generally readout noise limited, their hlgh spectr~l response 

coupled with on-chip integration has resulted in detection 

limits for lines in the UV which match those obtained uSlng a 
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PMT [933. A discussion of PDA noise considerations [119] has 

indicated that the RL1024S devlce readout nOIse Wl\l degrade 

detection llmits below 225 nm if the lep flicker factor 

(preCISIon) 15 3% or below 300 nm If the flicker factor is 0.2% 

compared to a PMT for 1 second Integrati ons. Greater 

senSl tl VI ty can be achleved uSlng commerclally available 

ml crochannel plate intenslflers WhlCh result, ln ,PMT-Ilke 

detectlon llmlts for slmllar Integration periods. 

The sIngle pIxel dynamlc range is at least 104 while the 

tlme dynamlc range can be as high as 107
• Unfortunately the 

intrascenic dynamic range lS Inherently less than the single 

pIxel value due to velling glare wlthln the detector enclosure. 

Stray light can be reduced by removlng the PDA window and 

placlng the detecter in a sUltable enclosure which IS coupled 

directly to the spectrometer. Good linearity can be achieved 

over the full dynamlc range of the devlce. 

One of the disadvantages of linear self-scanning PDAs is 

\ 
that the pIxels are not Independently addressable. Thus, the 

enti re array must be r:ead oul to access the spectral regi ons of 

interest • .. There IS no reason why future PDAs cannat be designed 

di fferentl y te allow for addressing fleXlb111ty. A method for 

pseudo-random access has been dlscussed [120] which invalves 

rapidly clacking out the pixels that are not of interest and 

then swltchlng ta a siower clock for data acquisition. ThIS 

technique aIse increases the dynamic range of the PDA toward 

higher ~ight levels by an order of magnitude. 

Of aIl the muitichannei systems discussed sa far, the PDA 
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'----lS the most easily controlled by a small computer. Single board 

mlcrocomputers are relatlvely Inexpenslve compared to the 

detector itself and can therefore be made an integral part of 

the detectlon system. Data can be read out at rates ranglng 

from 10 to 50 kHz depending on the central processor used. 

CertaIn real-tlme and delayed resldent pracesslng can be carrled 

on the mlcracomputer by both high and low level software. 

1.b.4 Charge Coupled and Charge Injection Deviee. 

CCD imagers are not sensItive enaugh in the UV ta be 

serlously consldered for atomlc spectroscapy, but CID deVlces 

exhiblt much impraved respanse characteristics. The spectral 

response of ClOs is stIll lnferlor to that of PDAs; however, 

CIDs are salid-state two-dimensional detectors which provide 

random pIxel addresslng. Therefore, using echelle disperslon, 

CID based detectlon systems can coyer a much larger spectral 

wlndow wlth adequate resolutlon. An additional advantage stems 

from the nondestructive readout mode which can provlde square 

root of N SNR improvement. A great deal of work remains ta be 

done using CID sensors, however the future of these devices for 

atomlc spectroscopic applicatIon is very promising. 

J 

1.7 Thesis Approach 

A number of prellminpry detislons were instrumental in 

determining the direction of subsequent research. An RLI024S 

PDA was selected as the·multichannel detector. Th~ .1 DPMT ",as 

considered too expensive and was not capable of slmultaneous 
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multic:hannel integration. The vidlc:on has been successfully 

used for atomic: spectroscopy but inherent problems such as lag, 

bloom, cooling efficiency and c:omplex readout requirements 

promoted the lnvestlgation of solid state sensors. CCD 

detectors were not considered because they are not very 

sensItlve to UV radIatIon and CID sensors were viewed as a 

relatively new tec:hnology with Many unknown characteristlC:s. 

The llnear PDA c:hosen has been designed expressly for 

spectroscopic appllcations. It has a wide sensor area, exhibits 

hlgh quantum efficlenc:y ln the UV region and lS a SOlld state 

device which is rugged and does not inc:orporate a tube 

struc:ture. In addItion, a precIse geometric registration and 

,unamblguous readout m~thod provide for exc:ellent resolution with 

no lag or bloom. During the past four years several detec:tion 

sytems based on the RL1024S PDA have emerged as c:ommerc:ially' 

vlable products. 

restric:ts the width 

The one dlmensional n1ture of 

of the wavelength wlndow whic:h 

the PDA 

can be 

slmultaneously monitored. This fac:t led to the development of a 

hybrid detection strategy that inc:orporates a rapid slew scan 

spectrometer. The origlnal synchronous motor drive system, on a 

one mete~ Czerny-Turner spec:trometer was replac:ed by a computer 

contrelled stepping moter drive system which can slew at speeds 

ranging up ~o 6 nm/s. Chapter 2 describes the exerimentai 

1 

conf l'guratl on, spectrometer modifications, and the hardware and 

software designs which were integrated to assemble the detection 

system. 

The first stage analog processing of the PDA video signal 
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is accomplished using an evaluation board purchased from 

Reticon. .This board does not employ the low noise electronics 

available w1th some commerclally ava11able PDA ensembles. These 

systems range ln cost from $15,000 to $50,000 (US) as opposed ta 

the $4400 (US) priee of the PDA/evaluatlon board combinatlon. 

The deSIgn of a new PDA board was beyond the scope of the 

intended research. ~61tunately, the noise characterlstics of 

the PDA ·are quantltatlvely known, and It was possIble to 

theoretlcally determine the expected SNR performance of POA 

detectlon systems ln comparison ta conventlonal PMT based 

systems. Chapter 3 deals.with this evaluation and includes a 

discussion of data acquIsitIon considerations. 

Other aspects addressed by this thesis include dynamic 

range extension towards hlgher light levels, spatial resolution 

enhancement and the detection of transient sIgnaIs from sample 

IntroductIon methods such as the dIrect sample insertIon device 

(OSlO). These topics are pursued in the final chapters with an 

emphasi.s on the spatial resolution theory WhlCh is potentially 

the most important development. 

56 



2. Instrum.ntation 

The exper1mental apparatus compr1sed sever al commercially 
l 

ava11able p1eces of equ1pment and sorne custom designed 

1nstrumentat10n. A complete equipment 11St w1th assoclated 
J 

suppl1ers 1S co tained ln Appendlx A. A block diagram of the 

exper1mental conflguratlon is shawn ln Flg. 2.1. 

\ 

hterfoce 
Electronlcs 

Secondory 
Storage 

Figure 2.1: Black diagram of experimental configuration. 
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Radiation is collected by a quartz lens situated at a 

distance of 2F (40 cm) from the spectral source and entrance 

slit of the monochromator. The d1ffracted rad1ation lS focussed 

onto the PDA by a swing-in m1rror situated prior to the exit 

sI i t. The PDA lS mounted on a positioning mechanism that 

prov~des the adjustments necessary to focus the line radiation 

on the sensor surface. 

Selection of a spectral region to be viewed by the detector 

lS carried out by a slngle-board Rockwell AIM-65 mlcrocomputer 

(AIM1) • Software runnlng on this system accepts commands from 

the user and translates them inta digital control signaIs to be 

sent to the stepping motor interface. The interface is 

responsible for convertlng the digital information received from 

the computer into the synchronous 4-phase pulse sequence used to 

drive the power transistors supplying current to the st~pping 

motor wind.ings. The interface is also responsible for recording 

- the wavelength on a 6-digit n4meric display. 
\, 

Control of the PDA and data acquisition is pe~formed by a 

second single-board AIM microcomputer (AIM2). This system has 

been expanded to accommodate additional memory and input/output 

hardware. AIM2 is responsible for 1nitializing the IPDA 

interface, controlling the readout of the detector, providing 

the integratian period, detecting the presenre of valld analog 

data" and triggering the analog to digital converter (AOC) to 

dlgitlze the data. The bidirectional paths between AIM2, the 

PDA interface and the PDA detector i llustrate the 

control/feedback network. The unidirectionai path from AIM2 to 

the ADC represents the trigger to initiate a conversion of the 
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data from the PDA. 

The digitized data is routed to one of two possible 

dest~nations. Initlally, data was collected by AIM2 where it 

could be processed before being sent to the disk based 5-100 

Iaboratory computer. While the AIM is capable of acqulrlng 1024 

spectral points ln less than a second, the traosmlssion of 1024 

pOInts to the 5-100 computer takes about one minute using a 

seriaI RS-232 link. 

This "throughput" limitation was salved by routing 

dlgitized data directly to the 8-100 computer. AIM2 triggers 
c.. 

the ADC when valid data is sent from the PDA. The 5100 system 

waits for an "end-of-conversion" signal from the AD~ and then 

reads the data directly into memory. An additional advantage is 

gained because the AIM computer is na longer required ta read 

the data. 5ince the functians are p~rtitianed between the tW9 

camputers the readout rate can be increased from 10 kHz ta 18 

kHz. The PDA is natic~ably more stable at this higher readout 

rate. 

The 5-100 provides other functions including development 

and disk storage of programs to be executed ~y the AIM 

computers, processing of spectral information, plotting of data 

on a video sereen or X-y p~hotter, and word proeessing for the 

generation of reports and documentation. 
", . 

. ' 
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2.1 Optical System 

2.1.1 Optical Rail 
~ 

The foundation for the optlcal components is a four-rail
j 

(quadJ optl~al rail system based on a previous design by Walters" 

et. al. [121]. The stainless steel rails were purchased ln 17! 

ft. lengths with a dlameter of 2.5 in. Each rail rests on 5 

equally spaced supports. Each support conslsts of a U-shaped' 
1 

bracket and two cyllndrical pieces of aluminum. The rails res~ 

between, and parai leI to, the cylindrical alumln~m supports 

which can be independently moved at rlg~t angles ~o the rail 

length .. Movlng both supports laterally by the same amount 
v 

shifts the supports 
\ 

the rail in the same direction and moving 

toward or away from one another raises or lowers the rail. The' 

support brackets are bolted ta I-beams which are perpendicular 

to the rai 1 s. The I-beams dre supported by the frame of a 

Jarrell-Ash 3.4 meter monochromator which had previously been 

" scrapped and salvaged for useful parts. Th~ frame is extremèly 

rigid and provldes the torsional stability of the entire optical 

system. Finally, the frame is held off the floor by two 

supports constructed out of channel iron and w,elded in the 

Departmental MachIne Shop. 

Optical components are mounted on stainiess steel riders 

that have a trapezoidal groove cut at one end- and a fIat cut at 
! 

the other. The riders follow the contour of the rail,that is 

mated with the grClove. The riders are 18 in. long and are 

either 3.875 or 2.875 in. wide. The top surface of each rider 

consists of a two-dimensional matrix of 1/4-20 tapped ~oles with 
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center {o center spaci ngs of one ,i nch. 

2.1.2 Optical Rail AliQnm.nt 

The advantage of the rail system over methods that support 

optical compo~ents Independently IS ~hat once the raIls are 

"-
properl y al i gned é'omponents can be moved along the rai 1 s on the 

rlders wlthout dlsturblng their relatIve allgnment. It i salsa 

possible to remove a rlder from the ralls and ~eplace It without 

disturblng the optical alignment because the groove-and-flat 

de.sign 1.S a' self-centering kinematic system. However, alignment 

pf the rail system is a nantrivial task. Ideall y, aIl four 
, 0 

rails shauld be level~a~ng their lengths to within a few 

tho~sandths of an M Inch. Equall,Y important is the specIfication 

th'à.t the raIls are straight and do nèt "snake". Thi sis 'ldery 

important if lateral alignment lS to be retained while sliding 

riders along the rails. 

The rail system was aligned with the help of Prof. D. Selby 

of the Civil EngineerIng Department of HcGill UniverSIty. He 

suggested that we choose one of the four rails, level and 

straighten It first, then proceed with the rest of tbe system. 

The rails were labelled 1 to 4 from left to right when vlewed 
, , 

from the north end of the laboratory. Rail 2 was designated as 

~ th'e starting point. It is important ta note ~ 
that ralls 2 or 3 

werr-' the best starting points because a rider would later be 

used to stralghten the outside rails. This point will become 

clear later in the discusslon. 

A theadollte was used to measure the horizontal level 
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the system. The procedure was ta mount a verti cal surveyar 's 

target on one of the riders. The target was essentlally a rulery 

scaled ln inches wlth clear, sharply contrastlng marklngs. The 

rIder was then positloned abave each of the rail supports and 

the raIl maved up or dawn dependlng on the theadollte reading. 

This process was repeated in an Iterative fashion untll the 

entire rail was level to about 5/1000 ln. This same procedure 

\ was used ta level the other three rails. 

Once the rails were level they had to be stralghtened. 

Prof. Selby suggested that we have the shap manufacture twa V 

~supports ta be mounted next ta the support brackets at each end 

of rail .., 
L.. The v wasl accuratel y mi Il ed along a 1 

rectangular block of aluminum. It was imperative that the 

bottoms of the V grooves were the same distance away from the • 

center of rail 2. A length of uninsulated Ni-chrome WIre was 

strung between the grooves and pulled taut by weights hanging at 

both ends. ThIS resulted in a straight reference line running 

the length of rail 2!' FIgure 2.2 lliustrates the configuration. 

Some 
( 

of the hidden views have been omltted 

illustratIon to simplify the diagram. 

from this 

To stralghten the rail a rider was placed between rails 2 

and 3 such that the groove ln the rider mated with rail 2. A 

bracket and rod assembly-was maunted over the edge of ,the rider 

such that the bracket was elec~rically lnsulated from the rider. 

The rider, raIl, V grooves and wire were aIl electrlcally 

connected and fàrmed a path for electrical current. A digi tal 

ohmmeter was cannected between the rad and the rider. Wh en the 

rad contacted the wire the circuit was closed as indicated by 
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Figure 2.2: Optical r~il alignment configuration. 
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the ohmmeter. Since the rod followed the contour of the rall it 

was possible ta move the rider ta each of the rail supports and 

adJust the rai 1 from si de to S1 de unti 1 the rod just barel y 

touched the Wl re. Rall 2 was straightened and relevelled 

iteratlvely untll a satlsfactory al~gnment resulted. 

It was not necessary to employ thl s procedure for the other 

ra1ls. Instead~ the shop manufactured a spacer of alum1num that 

was 2.0 ln. wide, 0.5 in. th1ck and exactly 12.500 ln. long. 

This latter dimensIon 1s the specifled center to center distance 

between the ra,ils of 15.0 in. minus one rail diameter. 

Therefore the spacer should fit between the rails with no gap. 

By posi t i onl ng the' spacer between rai 1 s 1 and 2 and 2 and 3 

along their lengths, rails 1 and 3
1were straightened. Rail 4 

was straightened last, using rail 3 as a reference. It was 

necessary ta iterate between the leveling procedure and 

straightening procedure to arrive at a weIl aligned system. The 

result was that aIl four rails were level and stra1ght to about 

5/1000 ln. After loadlng the rail system with heavy optlcal 

equipment the rail separations were checked with the spacer and 

no slgnificant side ta side devlations were observed. 

2.1.3 Spectroscopie Radiation Sources 

The lep was the primary source of radiation for analytlcal 

applicat10n experlments. This system consists of a 2.5 kW, 

27.12 MHz crystal-controlled RF generator with an automatic 

impedance matching unit and conventional torch enclosure. 

different torch designs were employed. Two standard 18 mm 0.0. 

Fassel-type torches were used; one was the original torch 
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supplied wlth the lep and the second was made in the 

glassbloHlng shop of the Depa~tment of Chemlstry at MCSlll 

University. The second type of torch was a MAK low flow design 

which was used exclusively with the M~K nebulizer. The third 

torch desIgn was a standard torch that had the central aerosol 

inJector removed. This torch was used for ail studles 

• 

lnc~orating the direct sample insertIon device (DSID). 

fl~es and other commonly employed operating parameters 

listed in Appendix B und~r "Standard Operating Conditions". 
\ 

Argon 

are 

For sorne experiments other radiation sources were adequate. 

A Helium-Neon laser was employed for optical allgnment and for 

~hose studies requiring an intense, monochromatic beam of light. 

A mercury pen-Iamp was used as a multiple-Ilne source and was 

very useful/ for calibrating the drIve system of the 

monochromator. Wh en a stable, narrow line width source 
~ 

was 

required several hollow cathode lamps could be selected, 

depending on the'wavelengths or elements of interest. 

2.1.4 SAmpI. Introduction Syat.ma 

THO methods of sample Introduction were used Hith the lCP. 

Conventlonal pneumatic nebullzers were employed for the analysis 

of most liqUld samples. 'A pneumatically driven OSID was used 

for microsample introduction. 

Three dlfferent pneumatic nebulizer and spray chamber 

combinations were available. Meinhard concentric nebulizers 

were coupled to a standard Scott spray chamber. A Jarrell-Ash 

(JA) fixed cross-flow nebulizer,was used with a JA spray chamber 



that was slightly modified 50 that it would fit Into the torch 

enclosure. ThIS modification required that the aerosol delivery 

tube be moved from ItS position at the end of the chamber to a 

positIon 2 cm towards the nebulizer. In addition, the ground 

glass Joint WhlCh mates wlth the torch was changed sa that It 

would couple with the torches used. The third system was a MAK-

200 assembly whlch Included a MAK-I0 flxed cross-flow nebulizer 

and a MAK spray chamber. The MAK spray chamber, like the Scott 

chamber, employs a double pass baffle while the JA chamber 

utilizes an impactor type baffle. 1 A dISCUSSIon of the DSID used 

in thlS work has been published [122]. Operating details 

cpncerning the application of the DSID are dealt with in Chapter 

6~ 

2.1.5 Spectrometer Optics 

Light emanating from the lep or other optical source is 

collected by a quartz lens 4.8 cm in diameter with a focal 

length of 20 cm (Na D line). The lens is normally placed at a 

distance corresponding to 2F, or 40 cm from the monochromator ~o 

that an Inverted 1:1 image is focussed on the entrance 51it. 

The monochromator lS a 1.0 meter Czerny-Turner design with a 

sWIng-in ffilrror prior ta the exi~ slit enabling spectrum viewing 

at the photographic focal plane at the side of the instrument. 

The photographlc plate racking mechanism was removed and 

replaced by the multichannel detector system. 

spectrometer specifications are listed ln Appendix C. 

The basIc 

The 

grating. 

spectrometer was originally 

This was replaced by a 5 in. 

equipped with an IR 

X 5 in. holographlc 
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grat1ng' opt1m1zed for UV operation. The groove spac~ng of 1200 

g/mm results in a rec1procal dispersion of approximately 0.8 
\ 

nm/mm ln the f1rst order UV reglon. The monochromator is 

approx 1 m<;ltel y 15 years 01 d and 1 t ",as di scovered that the 

coll1mating and camera m1rrors had corroded slightly. These 

m1rrors were recoated with Al and overcoated with magnesium 

fluarlde by 3B Optlcal Co. (Si bsom a PA). When the recoated 

mirrars were recei ved i t was necessary ta refocus the 

spectrometer. Generall y the procedures out 1 i ned in the 

instruction manual (123] were followed except for the following 

changes. 

The method for collimating the mirrors called for 

illumination of the mlrrors, cross-hairs and "normal holes" from 

outs~de the spectrometer through the exit and entrance 

apertures. This method did not produce enough optical contrast 

for thls procedure ta be effective. Instead, a 100 W light bulb 

was placed at the gratlng access port to 111uminate the inside 

of the spectrometer directly. The resultlng contrast was 

excellent and both mirrors were coillmated with no problem. 

The foc~s of the collimating mirror is critical for high 

resolution spectroscopy. No matter hcw weIl the camera mlrrar 

i s focussed, the resulting image fidellty is limlted by the 

focus of the cclilmatlng mlrror. Unfortunately, the instruction 

manual did net provlde a method for this adjustment. The 

followlng procedure for focussing the collimating mirror was 

suggested by H. Zeeburg of Jarrel1-Ash. 

The lmage for this adjustment was provided by the end of a 
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flber OptlC bundle WhlCh had been cleaved with a razor. bl.de te 

ensure that aIl of the Individuai light gUIdes were flush with 

one another. The slits were opéned to abo~t 1.5 mm and the end 

of the bundle was placed flush agalnst the slit Jaws. Then the 

grating was rotated ta the zero order 50 that it reflected the 

Image of the flber optlC bundle back to the entrance slit. The 

fiber optic was placed at the bottom of the sllt aperture so 

that the lnverted image appeared at the top of the aperture. 

ThIS wIll occur If the mirror has been callimated properly; 

otherwl se the verti cal mi rror adjustment can be adjusted ta 

correct the vertical positioning. 

A microscope was placed in front of the entrance slit ta 

view the image of the fiber bundle. The mIcroscope was adjusted 

50 that the siit jaws were in sharp focus. By movi ng the 

collimating mirror back and forth It was possible to bring the 

image of the optlcal flber bundles into sharp focus as weIl. 

Initially the Image was viewed with an optlcal comparator. This 

did not work weIl because the eye focusses independently of the 

comparator and one cannot trust ones Judgment that both the slit 

Jaws and the image are cOlncidently focussed at the exact same 

spot. The microscope produces an objectIve image which WIll 

focus at one point irrespective of the eye. 

It was found that the image was, focussed 'outside af the 

spectrometer. ThIS meant that the mirror wa!:> too close to the 

entrance sI i t. Movement of the mirror must be carried out very 

carefully, otherwlse collimatIon of the mirror'can be lost. Ta 

move the mirror away from the slit, the center screw on the 

mirror assembly was turned counter-cleckwlse bet~een 1/16 and 
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1/32 of a turn. Then the horizontal and vertical screws were 

turned the same amount. Two people should carry out the 

adJustment; one ta move the -mIrror and one to monitor the image 

movement. -ThIS observatIon was made with an opticai comparator 

because the microscope provlded tao much magnIficatlon. To move 

the mIrror 1/2 mm the screws had to be turned approxlmately 1/2 

a revolution. Thus a large number of ~ndlvidual adJustments 

were requIred to move the mlrror the approprlate distance. 

2.1.6 Stepping Motor Drive System 

The reclprocal dlspersIqn of the spectrometer coupled wlth 

the 25.6 mm wldth of the PDA sensor Ilmlts the spectral window 

to 20.5 nm. To achleve hlgh sample throughput and fast access 

ta different windows the conventianal synchronous motor/gear 

traIn drive was replaced by a stepplng mot or gra~ing drive 

system. lhe stepplng motor system was desl gned ta scan faster 
~---= 

than the origInal drive system but the prime advantage, computer, 

control, was realized by dedIcating a powerful Single-board 

computer ta the , control of the spectrometer enabllng 

sophistlcated control 0+ the scanning process. 

The complete drive system consists 0+ four major 

components: the stepping mator and reduclng gear, the current 

switching drive unit, the logic Interface and the computer. The 

stepping motor speCIfIcatIons and related teehnical information 

are shown in Appendix D. USlng an 8-step sequence 400 steps are 

require~ ta produce one full revolution 0+ the motor shaft. One 

complete turn of the sine bar drIve serew corresponds ta a 10 nm 
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wavelength change. I~ the motor had been coupled directly to 
~ 

the SIne bar a resolution of 0.025 nm/step would have resulted 

WhlCh was conSI dered i nadequat.e. Instead, a 1:8 gear rat.lo was 

chosen resultIng ln a resolut.len of 0.0031 nm/st.ep. The large 

gear is coupled directly te the sine har drIve serew. ThIS gear 

communlcates with the smaller. gear on the motor drIve shaft VIa 

a triple-wlre nylon coated belt. 

The mater 15 drlven by t.he custQ.m built switching circuit 

referred to as the drIve unit. The sWltehes are controlled by 

the stepping motor logic Interface designed and const.ructed by 

Dr. W. Alex Whltla of Mount. AlIson Universit.y as a sabbatical 
1 

research proJect. Schematic diagrams for the.drive unIt and 

logic interface are lncluded in Appendix D. The 8-step sequence 

generated by the logic ioter~ace turns on the drive unit power 

transistors supplylng approximately 1.3 A of eurrent ta the 4 

moter wi ndi ng • 

of ~bout b nm/s, 

At full speed, cprrespending to a slewing rate 

the' power transistors switch thls current at 

313 Hz. The tran stors'dlssipate about 23 W each through a 

single, large heat., sln~, coaled by a fan blowing 52 cu.ft./min 

-of ambient air dlrectly av r the drive unit. From time te tlme 

_one of the power transi stors ils and has ta be replaced. The 

diagnosls and replacement prace re is described at the end of 

Appendix D. 

The stepPIng rate and dlrection 0 mot.or shaft rotat.lon is 

di ctated by AIMI. The computer can also ead and madify the 

wavelength displ ay, slew from one wavel gth ta another 

~utomatically and accelerate and decelerate the mator in a 
,\ 

highly cont.rolled fashion. A complete ~escriptia of the 

\.1 
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c:ontrol progr am wi Il be di sc:ussed 1 ater, in the software 

development section. 

2.2 Detec:tion System 

) 
The heart of the detection system 1S an E.G. l!.c G. Retlcon 

RL10245 
, 

1024 element 1 inear self-scannlng 
\ 

photodiode array 

[124] • The 5-5er~~s PDAs were developed expressly for 

applications in spectrascopy. The pixels conslst of diffused p-

type silicon bars in an n-type silicon substrate. The p-type 

regions are, 13 microns wide and 2.5 mm high with a center' ta 

center spacing of 25 microns. The pixels operate in a reverse-

biased charge-storage mode. 
l 

Therefore, the PDA is an energy 

detector, capable of integrating photon flux over time. The PDA 

is packaged as a 22-pln dual-in-line integrated Circuit. The , 
electra-optical char~cterist1cs of the array are listed in 

Appendix E. The sensor was originally purchased wlth a 

removable quartz window. This windaw was later permanently 

attached in a dry nitrogen atmosphere ta prevent condensation of 

water onta the sensor surface when the PDA was cooled. 

An E.G. & G. Reticon RC-I024SA evaluation board was used to 

provide the first stage analog processlng of the video signal • 

. This circuit does not incorporate the low-noise electronlcs 

necessary to pravlde the best SNR that can be achieved with the 

RLI024S PDA. It was decided that in-house -design and 

çonstruction of an optimlzed analog processing cirCUit was 

beyond the sc ope of the 1ntended research. High quality 

, p 
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commercially avallable electronics for the RL1024S ~lready exist 

[125-127] but these systems are costly. Therefore a decision 

was made to modify the evaluatlon board for computer control and 

pur sue other Interesting avenues of research using 
~ 

this 

detector. 

2.2.1 Modifications to the RC-1024SA EVAluAtion Board 

The operatlon of the unmodifled evaluatien board E1281 is 

illustrated in Fig. 2.3. 

Master 
Clock 

~----- -* .. IntegrQJion Sttrt POt\. Vid -- Counters Clock 

"" 
Control AnaIog 

~ Oock Video 
Generotor P.rocessin9 

1 
1 
1 
1 

+ 
Somple $tort VIdeo 

Figure 2.3: Block diagram of RC-1024SA evaluation board 

operation. 

'The integration counters are preset using on~board switche~ to a 

value corresponding to the desired integration time of the PDA 

at a particular master clock freQuency. During the integration 

period the control clock generator continues te run but the PDA 

does not begin reading out until the integration counters reach 
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zero and the Start si gnal i S asserted. After recaiving the 

Start pulse the PDA beglns reading out 'pixels at a rate 

determined by the control clock generator. The processed video 

Signal IS presented as a serlal stream of "sampled-and-held" 

voltage levels. USlng the Start pulse as a trlgger the PDA 

readout can be easi 1 y vi ewed by an oscllloscope and mi ght appear 

as shawn ln Fig 2.4. 

~art~~ ______________________ ~u~ ______ ~rl ___ ~, 
Video - - - - - - - - -( - - - -- ---- - - - -

-
Flgure 2.4: Example osci lloscope trace of Start and Video lines. 

Each "blip" on the Video line corresponds to the signal 

gener-ated by a pixel. FIg_ 2.4 illustrates an>example where 

diodes 5, 6 and ':;z..are integratlng slgni~icantly more llght flux 

than the other pixels. The video output slgnal ranges from 0 to 

approximately 3 volts full scale using the RC-I024SA circuit. 

The first modi f ication was simply / to' extend the 

potentiometers used for adjustlng and optlmizing the video 

output from their origInal positIon on the printed circuit board 

ta a platform attached to the top edge of the board. This was 

necessary to allow for the adJustment of the video output while 

the detector was lnstalled in the focal plane of the 

spectrometer. 

13 
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The second modiflcabon i s' ill ustrated by the dashed lines 

in Fig 2.3. Two changes were required to provide fbr computer 

control aru;f data acquisitIon. Flrst, the on-board inaster clock 

was dl sconnected sa that the clocking of the array coul d be 

controlled by a computer generated clock. The integrat10n 

î 
counter:s were permanently set at the minimum value of 258 [128]. 

Vanable integrat10n was achieved by slmply stopplng the clock 9,) , 
< 

for the des1red penod of time [1291. This method of signal 
( 

integr,atlon 1S superior ta thEtl original method because one of 

CP 

the major sources of. readout nOl se i s S1 gnal cross-tal k frorn the 

clockl ng s1gnal S [85]. The stopped e,lock method only 

contributes clock noise during the readout period when it is 

unavoi dable. 

To enabl e computer data acqui si tion a method was required " 

to dete'rmi ne when to sample the vi deo 1 i ne for a pixel si gnal. 

This Informat10n was nct present on the edge connector of , the 

eval uatlon board but was ,present wi thln the ci rCUl t. The video 

signal actually consists of the combined odd-even pixel readout, 
" 

so odd and even sampI i ng pul ses were brought out to the edge 

connector. The clock modlfi cation and sample pulse extraction 

technique is described in Appendu( E. 

The last board modification was needed,lto accommodate the 

cool i ng", system f Dr the detector. It was decidéd that the most 

, , 
efficient method would be to bring the coollng system in contact 

wi th the PDA through the back of the printed circui t board. The, 

~ 

machi ne shop mi Il ed an oblong hol e underneath the PDA and 

r-emoved the middle portion of the PDA socket. The wiring t,rac~s 

" occupled this space were rerouted using small gauge wire. 
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2.2.2 Cooling Sy.t~ 

The amount of charge that can be i ni ti aIl y Il stored Il on a 

reverse biased photodiode of the RL1024S PDA 1S reported~y the 

manufacturer to be about 14 peoul. This 1S often called the 

saturation charge. At 25 C the dark leakage current of a 

typi cal photod1ode 1. s 5 pA. Therefore complete charge 

deplet1.on, termed saturat1.on, will occur for an integration time' 

-
of 2.8 seconds. It has been demonstrated [93] that Integration 

1 

periods as long as 160 sare required for trace analysis of some 

elements with an unintenslfied RL1024S PDA. Talmi and Simpson 

.have measured the dark current as a function of tem~rature [31] 

and found that the dark current drops by a factor of 2 for every 

6.7 C decrease in temperature. Cool1ng the PDA to about -30 C_ 

will Increase the dark current saturation time ta about 12 

minutes. This is not an inordinately stringent cooling 

criterion because the dark current will still contribute 107. of 

" the full scale signal for 1ntegration periods of only 
; 

1.2 

minutes. 

The cooling system is based on the 4-stage thermoelectric 

heat pump illustrated in Fig. 2.5. The first stage IS a water 

cooled, hollow core brass heat sink. The surface of th~ brass 

heat slnk was ~achlned as fIat as poss~ble so that it would make 

efficient thermal contact with stage 2. Stages 12 and 3 are 

Peltier thermoelectr1.c cooling modules. Technical data for the 

Peltier modules is listed in Appendix F. These modules can be 

thought of as thermocouples running ln reverse. The Il cool i ng 

coup 1 es Il are made of n-t ype and p-t ype Bi smuth Tell ur i çle. The 

quantity of heat pumped from the hot junction to the cold 
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Figure 2.5: Schematic of four stage Peltier cooling systRm. 

junction is proportional to the current passing through the 

device and the number of couples [130]. Stage 2 has a higher 

capacity than~stage 3. This arrangement is necessary because 

some heat is generated by the electrical current passing thr-ough 

the device and two coolers of the same capacity.offer no further 

advantage. 

Between stage 3 and the stage 4 miniature Peltier elements 

is a SOlld copper heat sink constructed with two pillars tall 

enough to pass through the printed circuit board. The two 
c 

pillars have the sa me cross-sectional area as the. stage 4 

miniature cool ers. A rectangular co~per plate forms the fourth 

stage heat sink and ultimately makes direct coptact with - the 

bottom of the PDA integrated circuit. This copper plate is held 
1\ 

down~' on the third stage heat sink using thermally insulating 

fiber standoffs. AlI thermal junctions were coated with heat 
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sink 

the 

,compound to optimlze the heat transfer ef,f1iency. When 

cooling system 1S mounted, the fourth sta9~heat sink l~es 
about 1 mm hlgher than the top of the PDA ~ocket. The clamping 

for;ce of the socket receptacles is sufflcient to hold the PDA 

firmly agalnst the heat slnk. ,. 
1 

The cool ers are driven by a dual, adjustable 1.25 to 15 V, 

10 A power supply. Stages 2 and 3 are dr1ven in series as are 

the two mIniature Peltier'elements ,compris1ng stage 4. The 

three Pelt1er stages can be dr1ven separately if the appropriate 

connecti ons are made to the termlnal ~trip adjacent to the 

cooling system. The maximum voltage that can be appl ied to each 

of the larger Peltier modules lS 8.6 v. The maximum rating of 

the miniature cool ers is 0.97 v. 

2.2.3 Detector Mount 
r,' 

The PDA lS positioned in the focal plane of the 

monochromator by the mounting mechanism i Il ustr ated in Fig. 2.6. 

A 15 in. square plate was machined from 1/4 in. aluminum with a 

2 ln. by 4 in. rectangular hole cut at a position corresponding 

to the viewing region of the focal plane (FP). Four 1/4 in. 

stainless steel rods (R1-R4) were attached at rlght angles to 

the plate on which the entire mounting assembly eventually 

rests. The PDA sensor resides on the side of the RC1024SA 

printed c1rcu1t board (PCB) facing the focal plane. The PCB was 

bolted to the static mount (SM) with alum1num standoffs (dotted 

lines). The coollng system was also mounted on the static plate 

(see Fig. 2.5) and the standof~s were c~t such that the fourth 
, , , 
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Figure 2.6: Expanded view of detec.tor mount. 
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stage heat sink passed through the PCa to make contact wlth the 

PDA: '> 
tt 

. The statlc mount was connected to the adjustment mount (AM> 
,... 

using three spring loaded screws (dash-dot-dash llnes) With~ 

knurled heads to facilltate manual adjustment. These adjustment 

screws provid,e for fo"ward/backward and si de-to-si de pi tch. The 

~djustment mount was bolted to the rail mount (RN) ln one place 

(dash-dot-dot-dash line). This allows the adjustment mount ta 

be'rotated using the sel screws Indicated at the right hand side 

of the rail mo~. The position of the rotation hole was 

chosen sa that the center of rotation corresponded to the center 

of the PDA. The rai 1 mount i s sI id anto the f9,=\r rai 1 s such 
: .. ./7 

that the PDA 15 situated nea~ the focal plane. 
" 

The detector was focussed by scann1ng the grating to a 

position such that an intense 11ne appeared at the focal plane 

withln the boundary of the PDA. The rail mount was then moved 

back and forth to achi~ve a rough foçus. The spring loaded 

screws were then used for ,fine focussing. In additior. ta the 

stralght forward and backward movement of the detector, four 
, 

additlonal degrees of freedom are available for alignment as 

shawn in Fig. 2.7. The top and side views indicate how the PDA 

and printed circuit board can be rotated about the vertical and 

horizontal axes to place the detector parallel to the 2-

dimensional focal plane. These adjustments were made using the 

spring loaded screws. Once the PDA was parai leI to the focal 

plane 'it was rotated ta orient the diodes paraI lei to the 

vertlcal line image furnished by the spectrometer. The PDA can 

aiso be moved from side to side because the static mount has 
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Figure 2.7: Spatial degrees of freedom for PDA detector ln 

spectrometer focal plane. 

slotted holes where the the circuit board connects to it. This 

additional degree of freedom is not crucial to the alignment of 

the detector. 

2.2.4 PDA Interface 

The PDA Interface is a custom designed circuit that 

contraIs the readout process and detects pixel data from the 

array. The clock·ing portion of the system is summarized by the 

block diagram shawn in Fig. 2.8. The complete schematic is 

included as Appendix G. 

The only control variables applied to the PDA detector are 

the readou~ rate and the integration time. The PDA interface 

was designed to provide for a wide range of clock frequencies . 
... 

A crystal controlled 88000 MHz Master Clock is generated on the 

interface board and .is subsequently fed into a Frequency Divider 
\ 

consisting of a simple 4-bit binary counter. The master 

frequency is di vided by powers of two ta provide clock 
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Figure 2.8: Black diagram of clocklng portion of PDA lnterface. 

" 
frequencles of 4, 2, 1 and 0.5 MHz. Another clock 

. 
source is 

provided by AIM2. The AIM is configured with five 6522 

VersatIle Interface Adapters (VIA) which are multifYrction 
, 

input/output (1 /D> devl ces. The 1/0 devices each- contain two 

l6-bit tlmers; one of WhlCh can be programmed to produce an 

output frequency of 1 to 250 KHz on bit 7 (PB7) of ope of the 

1/0 ports. ThIS clock source contraIs the readout prbcess 
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during data acquisition periods. The six cl·ock sources and 'a 

,g~ound line are connected to the Clock Switch, a,standard 8-1ine 

ta l-line decader. At a given time only one clock source is 

passed through thlS switch to the PDA board. The çlock 

frequency suppl 1 e~ ta the PDIA board i s transI ated 1 nto a four­
\1 

phase 

clock 

four. 

clock ta drive the PDA so the àctual 'readout rate IS the 
\. 

frequency~ passing thrbugh ~n~ Clock Switch divided by 

Therefore, the max i mum readot:.t"t-rate that can be provi ded 

by the interface is 2 MHz. The practical limit is 1 MHz\t (4 MHz 

ma5ter clock). This limitatIon 15 Imp05ed by the circultry of 

\ the RC1024SA evaluation board. 

Integration IS achleved by switching to the ground llne as 

• the clock source. When the clock is not running the PDA pixels 
..., 

dlscharge at a rate proportional to the production of photon 

generated and thermally generated electron-hole pairs. The 

Integration period specified by:~he user is determined by 

software running on the AIM. Restarting the clock causes the 

POA to resume the readout process. The control sOf~2 ensures 

that the cl,ock is .only stopped at the end of a readout He. 

after t~e 1024th pixel). The selec ion of the clack source for 

routIne situations is carried out b Clock Select A which ~is 

dlrectly controlled by AIM2. 

The remaining interface circuitr is used ta implement a 

fast access readout method called the "Blurt mode" [t20J. The 
• 

maximum lb-bit data a~qulsitl0n rate of 5mall computers i5 

generally between 20 an~ 50 KHz. Therefore the minimum 

integration time is between 50 and 20 ms. These integratian 
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i 
1 

tImes will be fast enoug~ for mos~ analyses; however, strong 

emitters like calcIum and magneslum will cause pIxel saturation 

in concentrations of 10 to 100 ppm when the lep 1S used ais the 

spectral source. The Blurt mode lS 1 appr,eciated one 

consi ders that' usually dnly a small percentage of '1024 

'photodiodes provide useful spèctral information w1thin a iven 

readout. Using a 25 um entr~~ce slit about 5 pixels per ine 

Image are 

selectkd 

excited. ,If 5 pl xel s ei ther si de of the line 

, 1 
for background correction then a total of 15 pixels 

1 
\ ~ 

requlred to quantitate a single line. 

by sWltching to a fast,~lock 

containing unwanted spectral informati 

1 

of ai deSlred group is reached the c 

The Blurt mode functlons 

the readout of pixels 
\ 

When the first pix~l 
, \ 

i s swi tched to the\ 
"", 

>.". 

acquiSItion rate and the desired pixe sare collected via the 
1 
\ 

data acquiSItion system. 
\ 

If 15 pixels a 

20 KHz ,and the remain,ing 1009 pixels are 
1 

at a rate of 
, 

1 MHz (using 

~ the 4 , Hz source fram the interface) the 

, 1 

\ 

ti me wi 1 

~ transl,ate, 

level s of 

The 

aid of Fig. 

peak is 

pi xel s 

number 

The 

be about' 2 m!;>_ 'fh.,i s decrea!;>e integration time 

Ilnto,a dynamic range extension owards higher light 

of 25. 

Blurt mode can be 

i 
lnitially the PD~ is read 

system ifoftware 

\ 
by the user and ~he computer 

to the peak and a~sociated 
to 19nore is 'loaded~into the 

the 

AIM at 10 

• ~The saturate8 

which 

The 

Counters. 

clock source to be u,ed for the f st clock is 

loaded into Cloc Select B while the P~ is still under 

1 83 

" , 

J 



\ 
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the AIM generated clock indicated by Clock Select A. When the 

la~t 

\ 
pIxel of the group of interest is read out the AIM causes 

the Clpck SWltch to reeognlze Clock Select B as the indicator of 

the desired clocv source. The clock rate is switched from"l,the 
"(~ 

readout source to the Blurt source 

When the fast clock lS â~t~~ed 
in a matter of microsecontls. 

the Blurt Counters start' to . 
count pIxels but no data aFqu!Sit~on occurs. The Blurt Counters 

will reach zero after th~ pl els f~llowlng the peak gro~p are 

read out, the PDA' "wraps asou dU to the beginning of the àrray, 

and the pi xel 5 b'efore the Pfak group are read ou't. When the 

, BI urt '. Counters reach zero CIock,Select A is chosen,as the clock 

source identifier, the readout clock fs switched back to the 

nomlnàl readout rate and the pIxels corresponding t4le peak group , 

are recorded via the data acquisition system:" Specifie examPl.es 

of dynamic range extension uSing h~ Blurt mode are glven ~ 

Chapter 4. 

The interface is aise responsi le for detecting sample 

pu~ses generated by the PDA board indicating when valld analog 

data 

data 

is present on thg videq,lin~., Fi!Ure 2.9 illustrates the 

detection and acquisition ,port'Ïon of the PDA Interface ln 

relat;'ion to the entire det,ettion system. The PDA is a self-
, 

scanning device and therefore provides information in a 
, 1 

èontin~ous, ,sequential fashi6n as long as 't is supplied with 

the appropriate clock pulses. Wh en the on-chi'p scanning 

VI 

circuitry flnishes accessing the last pho±odio e it is reset and 

sta~ts scanning from the beginning of the arra~ again. At the 

beginnlng of the readout period a digital Start pulse is 
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Figure' 2.9: Block dlagram of detectlon system configuration. 

generated. Thi~ signal is passed unmodified through the 

interface to the AIM computer. 

The actual "diode array" is organized as twa separate 

circuits: odd and even. The odd and even charge pulses produced 

when the array is read out are combined in't'o a single stream of 

charge pulses and subsequently voltage pulses by the 'RC1024SA 

board. The odd and even sample pulses extracted from the PD~ 

board are "ORed" together at the interface and the resulbng 

Single stream of digital pulses i s sent ta the AIM computer. 

Figure 2.10 indicates the wavaforms produced. 
./ 

When the computer detec:ts a Start pulse, it begins ta 
1 

monitor the Sample 1 ine. When the voltage level on this line 

makes a low (ground) to high (5 volts) transition, the computer 

activates the ADC system. The computer instructs the - ADC to 

digitize the Video signal by asserting a "convert pulse" (Canv). 
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FIgure i.10: SIgnaIs used to interface RC-I024SA"'evalu'S:tlon 

,board with remaining detection system hardware. 
/ 

J 

The 'Sample' pulses are produced by DRing the 

'Odd' and 'Even' SIgnaIs extracted from the 

evaluation board. 

ThIS signal causes the AOC to perform a successive approximatIon , 

analog to digItal conversion which takes approximately 30 

microseconds. When the conversion is completed, the ADC asserts 

the "end of conversion" (EOe) signal. This signal may be 

detected by the AIM computer or the 5100 computer, depending on 

the applIcatIon software chosen by the user. The EDe signal 

indlcates that a val~d binary data value is available and the 

computer simply reads this value Vla an input port. 

The ADC Input range IS 10 volts but the full scale video 

output is only 3 volts. Therefore, the video signal IS 

amplified to match the input range of the ADe.' The precision 

instrumentation amplifier illustrated in Fig. 2.11 provides a 

variable gain ranging from 2.3 to 3.7. 
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Figure 2.11: 0 Wlring diagram for preci~ion instrumentatlon 

amplifIer used ~o amplify PDA vIdeo signal to . , 
produce 0 to 10 Volt output. 

2.2.5 Detector Enclosure 

The PDA must be maintained in a dry atmosphere while'lt is 

cooled ta avold 1 molsture condensation on the window surface and 

surrounding electronic components. This was acco~plished by 

building a detector enclosure consisting bf a simple 5 ~lded 

'0 

box. The sixth $lde 1S the focal plàne plate which is bolted to 

the monochromator. 'The box was fabricated out of 1/.4 in.' 
o 

aluminum plate becau!se a sturdy enclosure and a firm support for' . 

1 t "· 1 .,' tt \ e ec rlca connector~ and plumbing fi 1ngs ~as desired. Water· 
1 
\ 

i s c'onducted into an~ out of the enclosure via two 1/4 in. 
1 

Swagelok bulkhead 
1 

~ 

receptacles located at the bottom of the 

enclosure. The d~y nitrogen inlet i5 also located at the 
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bottom. AlI of the remaining eIectr.icaI connectors, indlcAtors 

and adjustments are located on the le+t hand side of th. 

enclosure. Th~s panel includes the following: 

1. Power ~ndicators (+15, -15, +5 V); 

2. Raw vIdeo and amplified video outputs; 

3. Start slgnal, clock in and clock out connections; 
.:; 

4. AmplIfier gaIn control; 

5. Supply voltage inputs for cooling system; and 

-6. Temperature monito~. 

The power source for the detector system iE> a triple 

output, overvoltage protected supply. Technical data for this 

power supply and a schematic of the laboratory constructed 

cooler power supply are included as Appendix H. The raw video 

signal can be connected to an oscilloscope and using the Start 

pulse as a trigger, the output of the detector can be viewed in 

real time. The ampllf~ed video signal is ccnnected to channel 1 

of the AOC. 

The temperature monitor is based on two AD594 thermocouple 

ampl ifier chips. These integrated ~ircuits incorporate internaI 
. " 

éold Junction compensation and furnish 10 mV per degree C as an 

output. One of the devi ces was i ntended
O 

to mon i tor the 

temperature of the PDA and tbe other was configured to act as a 

set point alarm. If the temperature of the PDA rises above 30 
l, 

C, indlcating cooler failure, the device sounds an audible alarm 

located at the bottom of the enclosure. Un+ortunately, the 

temperature monitor does net function properly Whe~~~he lep is 

r'uhning. This may be due to the fact that the AD594 must 
>\' 
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~mpIlfy the sub-millivoit sIgnaIs produced by the thermocouple 

by a large amount. Electrlcal nOIse generated by the lep is 

also amplified by the same amount effectively washlng out the 

small sIgnal from the thermocouple. .Temperature measurements 

were subsequently made uSlng a tradltional two junction 

thermocouple with ice water as the reference. 

The top, front and right hand side of the enclosure were 
) 

not used as component supports so that they could be completely 

removed to provide clea~ access to the detector mount, interface 

electronics and adjustment potentlometers. A ribbon cable 

descends from the lower right hand slde of the enclosure. This' 

cabl~ connects th~ PDA Interface to the AIM2 computer via the 

Port 2 50-pin connector on the expansion board. 

2.3 D.ta Acquisition Sy.t.m 

The data acquisition hardware conslsts of a laboratory 

built 3-channel differential 12-bit analog to digital conversion 

system. The ADe chip IS an Analog Deviees AD574KD integrated 

-
~ircuit that can produce a successive app~oximatlon digitization 

in approxi~ately 30 microseconds. Four analog Input ranges can 

be switch selected from the front panel of the ADC module: 0-10 

V, 0-20 V, +/- 5 V and +/- 10 V~ The system was rewired so that 

the SNe connector deslgnated to input an analog signal ta . 
channel 4 cauld be used ta input a remotely generated convert 

signal. ThIS posed no real disadvantage because one analog 

input was sufficient for virtually aIl experiments. A block 

diagram of the ADe system is shawn in Fig 2.12. The 
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Figure 2.12: Block diagram of AOC system. 

specIfications for the AOC chi'p and the analog multiplexer chip, 

and the schematic for the entire circui~, IS contained in 

Appendi x' 1. 

The ADC module consists of a wire-wrap circuit board 

enclosed ln a rectangular aluminum box. ThIS box plugs into a," 

"Vector cage" which can accommodate up to 7 other modul es at a ;, 

gi ven time. Other modules Include a digital to analdg converter 
( , 

and numerous amplifiers. At the rear of the Vector c~ge, 8 44-
j 

pin edge connectors are mounted. The 44-pin'card edge of ea~h 

module extends through the back of the modulè so that when the 
\ 

module is, plugged into the Vector Cag~\the ~ard edge inserts 

into an edge connector. The 8 edge connectors are wired in 

parallel to form a 44-wire "bus". The bus provides power to the 

modules and was inltially intended to provide a communi~ation 

path to a remote computer system. This latter feature has not 

been implemented, but could be 6y simply providing a sUltable 

connector, connecting the systems and wrlting appropriate 

software for the remote computer. 

The ADC was designed sp that twe cemputers could 
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communlcate with the system. 
1 

At present the remote computer CAn 

only generate a conver~ sIgnal. ThIS signal is not conduc~ed by 

the bus; lnstead It 1S conducted VIa the channel 4 BNC connector 

on the fron( panel of the ADC moduJ~. The remote"communication 

path is enabled uSIng the BUS switch on the front panel. At the 

back of the ADC m6dule a 25-pln D-type connector lS mounted 
~ 

adjacent to ~he point where the card edge protrudes. This 

provides a communication path to the host computer: The host 

can initiate a conversIon, detect the end of a conversion and 

• read the 12-bit data produced. The host communIcatIon path is 

"enabled uSlng t~e 'EXT sWltch on the front panel. 

for comblned host/remote computer 
J 

interaction 

evolved wh~n large amounts of spectral informatIon were required 

to bè stored on the 5100 machine. The expanded AIM computer is 

ideal for control of the PDA syste~ because it has a weIl 

" ' developed 1/0 capability and can be completely dedicated to the 

detection system. The 5100 computer has too many important 

resources to be dedicated to the detection system. The AIM 

~~mputer was orlginally configured as the host computer for the 

ADC system. Spectral Information was transferred to the 5100 

system for disk storage and further processing using a 

reiatively slow seriaI network [130]. This configuration was 

adequate for the acquisition of up to 200 pixels .. ~owever, when 

it became necessary to transfer multiple sets of 1024 pIxels the 

serIaI transmission rate produced an unacceptable bottle neck. 

The solution was to continue to use the AIN computer for 

detector control but directly acquire the data using the 5100 
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system. The AIM computer h~d to be use~'to generate convert 

pulses because it was singularly capable ,of detecting the 

p~sence of valid analog data. The 5100 computer was configured 
, . 

as the host machine wlth respect to the ADC system. Durlng the 

data acquiSItion perlod the 5100 simply waits for the end of 

conversion- status from the ADC before reading in data. This 

configuratIon enables the acquisition of an entire spectrum and 

storage on disk in a matter of seconds. Hardcopy plots can also 

be generated much more quickly. This IS an Important advantage 

when real-tlme observation of a spectrum is impossIble. 

When data acqUisitIon is to be carried out by the AIM 

computer alone a 25-wlre ribbon cable is used ta connect the ADC 
1 

module to ! an 1/0 connector on the expansion 
• J 

board • The AIM 

computer is connected to the 5100 system for network 

transmission using a similar ribbon cable. The System 1 

software famlly can then be used to operate the entire detection 

system. 

The alternate mode of operation involves connecting the ADC 

module to the 5100 system via a 25-wire ribbon cable that 

terminates with two 25-pin D-type connectors at one end. These 

connectors plug lnto the rear of the 5100 mainframe. A coaxial 

cable connects a control line and ground from the AIM to the 

channel 4 BNC connector on the front of the ADC module. Both 

the BU5 and EXT switches must be enabled to allow the AIM to 

generate converSIons and the 5100 to acqulre the data. The 

5yste~ 2 family of sqftware routines can then be used to operate 

th~ detectlon system. 

In either case, the convert pulse and analog channel select 
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-line are asserted virtually s1multaneously. The analog signal 

is passed through a unit y gain amplifier so that the impedance 

of the multiplexer <MUX) does not degrade the voltage. The 

voltage appear1ng at the analog input of the AOC chip 1S 

converted to a 12-blt number in 25 to 30 mlcroseconds. At the 

beginning of a conversion the ADC sets the Status Ilne (STS) 

high Indicating that a conversion is ln progress. Dur1ng the 

conversion the data lines are disconnected (tristated) from the 

rest of the cIrcuit by the ADC Internally. Wh en the conversion 

i S,t'l' compl eted the ADC sends the Status 1 i ne low and presents the 

converted value on the data lines. This signaIs the host 

computer that data is ready and can be read VIa the 1/0 system. 

2.4 System Software 
/;1 

The desIgn and implementation of software was integrally 

linked to the hardware confIguratIon. In the beginning it was 

declded to dedlcate small single-board microcomputers to the 

spectrometer and detection system. A more powerful disk based 

microcomputer could then be used to store programs and data, and 

perform more complex manipulations of the data. The advantages 

of such an arrangement is that the small computers are 

inex~enSlve yet more than powerful enough ta fulfill their 

dedlcated functlon. In addItion, the small machines are modular 
'" 

\ 
and can eà~ily be replaced i.f a failure occurs. Finally, by 

distribuhng 'ttrek rather::.., complex control tasks to "slave" 
-" 

computers the main system is freed to perform other functions. 
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The development 0+ software for each machine followed a 

• stralght forward path once the hardware con+ 19uratl on was 

specl f i ed. In general the interaction hlerarchy was as 

i 1 1 us t rat ed 1 n FIg. 2. 13. 

User 

/ 
,d 

High, 
.. Level 

Language 

Assembly 
Language 

. ' 

Hardware 
Interferee 

Target 
System, 

Fi gure 2.: 13: Hi er?rchy of system interfaces • 

. , 
In aIl cases the user interacted with the detection system or 

scanning sy,stem via d' l'llgh level language routine. This 

1 anguage was i nterpr;eter BASIC f or the AIM computers and Pascal 
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for the 5100 system. The high level language was responsible l 

for lnvoking the assembly language routlne requlred ta perform 

the specified operation. Fbr the spectrometer drive syste~ and 

for 
• '1 

sorne detection system operatl. ons the hi gh l evel 1 anguage 

routines communicated with the associated hardware lnterface 

directly. The ~ hardware i nterf aces, WhlCh have already been 
, 

di scussed, were then responsible for the final translation 

the orl gi nal operati on into concrete function. Documented 

listIngs of System 1 and System 2 so~tware are presented in 

AppendlX J. 

2.4.1 Natwork 

The laboratory network was used to transfer programs from 

the 8100 computer to elther of the AIM computers and sometimes 
., 

ta transfer data from AIM2 back to the S100 machine. Programs 

were developed on the S100 machine because of the availabllity 

of a powerful text edltor (Wordstar> and because of the disk, 

storage facll i ty. The hardware for the network conslsts of a 

simple RS-232 llnk connecting either of the AIMs ta the 

auxillary port of the 8100 terminal. Software residlng in read 

only memary (ROM> of the AIM computers is capable of information 

transfer to or from the 8100 computer using stand,ard CP/M ~:, 

operatlng system calls. The network hardware and software 

resides in an expansion box for AI Ml and on one of the expansion 

boards for AIM2. Access ta the network ts made via specialized 

instructions from withln programs or from the operatlng system 

of ei ther computer system. 
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2.4.2 Sp.ctrom.ter Waval.ngth Drive System r 

The software responsible for driving the 5pectr~e~er 

scannIng syst~m resides ln ROM memory on AIM1. This software 

was placed ln ROM so that it would not have to be down loaded 

from d1Sk every tlme the spectrometer system was turnêd on. 

Except for a very short timIng routIne written in 6502 assembly 

language, the entire program was written ln AIM BASIC. A full y 

. , documented ~ersion of the program is listed in Appendix J. , ""-

Throughout the following discussion commands to be typed by 

the user are enclosed in s1ngle quotes (') wh11e computer 

responses are enclosed in double quot~s (U). The system i s 

init~alized by the user as follows: 

, N ' , 'ESC' , , N ' 

The computer responds with: 

"COUNT UP OR DOWN" 

The user replies with: 

'UP' - to scan towards higher wavelengths 

'DOWN' - to scan towards lower wavelengths. 

The system responds with: 

"COMMAND?" 

to which the user may respond in one of the following ways. 

'RESET': Thls command causes the spectrometer to scan toward 

lower wavelengths untll the Slne bàr reaches the end of travel. 

T.he wavelength display is set to 000.000 and the stepping motor 

interface is primed to begin scanning in the positive direction. 

With the grating in this posItion the m~O line is roughly 

centered on the photodiode array. 
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\ 
" , '\ 'U': ~\~f the motor IS not running the Up command causes tt)e motor 

" 
ta st~rt scanning the spectrometer at a rate of about 0.05 nm/s. 

'! [0 ~ \ 
Each ~uccessive Invocation of the Up command 'causes the speed to 

be 

~ , 

) . 
In~reased bytroughly a factor of 2. , , 

" , . 
Table 2.1 lists the 

scanni~g rates as a functlon of the number of times the 'U' 
'i 

command is used from the stopped 

N 

1 

2 

3 

4 

5 

6 

7 

8 

9 

o 

Scanning Rate'Cnm/s) 
1 

0.0473 

0.0939 

0.185 

0.359 

0.678 

1.22 

2.03 

3.05 l' 

6.09 

vs. usage of 'U' command. 

Any at tempt to i ncrea,se the speed beyohd 6.09 nm/ s wi II t';ésui t 
////. 

in the message "AT MAX SLEW". 

'D': The Down command decreases thé'motor scanning rate by the 

same factor employed for the 'U' commando ,If~e motor is 

"""<> Attemp,ts ta i nvoke scanning at the slow speed, it is stoppëd. 

the 'd' command when the motor is stopped results in the messag~ 
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,. 

"MOTOR I5 STOPPED". 

'RU': The Ramp Up command causes the system to ramp the scannlng 

\ \ ' 
~ate from the curre~t speed to the maximum, rate of 6.09 nm/s. 

\ 

\, 

'RD': The R~mp Down command slows the scanning rate from 'the 
\ 

1 

current speed to zero. 

~C': The direc~ion of H velength sc~nning is changed from 

posit'ive to negative or vice versa using the Change commando If 

the motor is runnin , th~ Ramp Down routine is executed first to, 

avoid jamming the 

restarted until the 

\ 
motor. In such a case the motor is 

r provides he appraprlate commando 

not 

'SCAN' : When 
~ ~~ 

the Scan 0 t,i on' i s sel ècted the computer prompts 
. -

with "SCAN RATE (NM/S)?". The user may enter any value between 

0.0239 (minImum rate) and 6.0 6 (maximum rate). The system will 

respond by ramping up or 'down to the desired scanning speed 

automatically. 

'S': This' cammand is used in emer encies to stop the mator 

i mmedi atel y. A~ternatively, the reset button on the AIM can be 

'activated; however, thlS WIll cause the p agram ta be exited. 

. L' : The Load command is used to enter a ne wavelength 

into the displ"ay. The user supplies the appr\iate value 

response ta the prompt "WAVELENGTH CNNN.NNN)?". 
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... 

,1 

\ 

'R': This command lnstructs the system to read the current 

wavelength 

display and 

from the dlsplay and print the value on the comput~~ 

printer. Thls routlne is aiso Inveked by o~er ~ 
routines to acquire posltional information. 

, 

'p' : The Pulse 
1 

instruction provides a methQd of moving the 
1 

grating by stepping the motor ~ dlscreet numb1r of steps. This 

w 1 

is especially useful for rotating the grrti ng very smaii __ J' 

! 
distances to center Ilnes on the exit slit or. on a particular 

photodiode. 

'SLEW' : This routine causes the system to 'slew from the current 

wavelength to any other wavelength automati cali y. After 

prompting the user for the new wdvelength the routine determines 

the current wavelength a'nd hence, which dlrection to scan. 

Then, if the new wavelength is far enough away the system ramps 
. 

up then-down to a pOint just prior te the new wavelength. The 

Pulse routine is then used ta achieve the final posi tion. If 

the new wavelength is very ~lose to the current value then the 

Pulse routine is used to perform the entire task. This i50 not 
, 

an absolute wavelength positioning routine, but rather, an 

efficient method of rapidly scannlng from one point ta another 

with the ml~imum amount of user interaction and attent;on. 

\ \ 'Q': The Quit cornmand is used to exit from the program and 

return to the BASIC environment. 
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System" 1 consists of a user interface wri tten in AIM BASIC 

and a '"series of assembl y language routines that interact 

d1rectly W1t~ hardware. The object- ~ode for the assembler 

routines is concatenated into a s1ng1e flle ca11ed PDASYSl.HEX 

and 1S stored ory the 5100 computer. This permits aIl of the 

assembler routines to be ~own loaded from the 5100 computer in 

one block. ' The following discussion will maintain tbe 

convention of enclosing user responses in siflgle quotes', and 

computer responses in double quotes. 

The user interface is called PDASYSl.BAS· and, like the 

assembler routines, is down loaded from the 5100 computer. Upon 

1nvocation, PDASYSl.BAS prompts the user for general 

information. The first question 

"DATA DISK ?" 

requires that the user type 'A' or 'B' to indicate the disk 
, 

drive spectra are to be stored on. The next prompt 

"DATE (MONDD) -?" 

requi res a date code normall y consi sti ng of a three' 1 etter date 

and two digit day, tie. APR07). This string may be'up to 8 

characters in 1ength but must start with a 1etter. The date 

code forms the first part of the filename. The question 

"DATA ACQ (YIN) ?" 

requires a response of 'Y' if data acquisition is requir~ 
~ 

\ 

and 

'N' if not.: The 'N'option is only u?ed for system debugging 

and development. It causes the generation of an infinite loop. 

when the PDA is scanned using the stopped clock. integration 

method. 
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The response to the question 
" 

U# OF PIXELS ?" 

should be an integer indlcating the number of ,photodiodes to 

acquire from the·beginning of the array. Normally the value 

1024 i s used, to acquire a full "spectrum. If a direct sample 

Insertion device (OSlO) experiment IS to be monitored then 'V' 

should be input in response to 

1 

"DSIO WAIT REQ'O ?". 

If a steady state signal is expected then 'N' w~ll signify that 

no o wait is required. Following this response the system 

is initialized by the assembler routine PDAINIT1.ASM. 

PDAINIT1.ASM: The initialization routine is responsible for 

setting up the versatile interface adapters (VIA). These are 

extremel'y powerful 1/0 chips with two a-bit bit-programmable 

ports, two lb-bit ti~er/counters and 4 programmable contr 1 

1 Ines (132J. Three separate VIAs pre used by the softwa e 

s interface. The VIA resident on the main computer board 
, "> 

designated VIAO. Thi s . chi pis oreserved to run the st'eppi 9 

motor if AIMl malfunctions. Four more VIA~ are located on 
. . 

PlO expansion board and are designated VIAl ta VIA4 from top 

bottom. Each VIA is accessed via a 50-pin header. 

VIAl is programmed to act as ~ timing device. Timer 1 

programmed to gen~rate ~ 1 KHz square wave on the eighth bit of 

port B (PB7) • Timer 2 is programmed to count pulses on the 

seventh bi t of· port B (PB6). PB7 and PB6 are connècted 

externally. This arrangement is used to'determine period~ from 
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1 to 65536 ms by simply loading timer 2 ~th 
zer~ 

\ 
"t 

the appropriAte 

value and wa1ting for it to count to The' integratipn 

per10ds are determined with a prec1sion of 1 ms in thi s manner. 

VIA2 1S used ta 1nterface to the ADC system. AlI 8 bits df 

port A and the low order 4 bits of port B are programmed as 

inputs to accept the 12-blt diglt1zed data. Port B bits 4 and 5 

are used as outputs to select one of the four multIplexer 
..... 

channels as the analog input to the ADC ch1p. Channel 1 is 

always used for this purpose. Control line CB2 is programmed to 

generate the Convert pul se and CoBl i's used to detect the end p_f 

~ 

converS10n status SIgnal. Automat1c data latching lS enabled so 

that when the end of conversion slgnal 1S detected, the data is 

automat1cally read into the VIA. The program can then read the 

data at 1 ei sure. 

VIA3 is responsible for intera~ting with the' PDA interface 

hardware. AlI 8 bits o~ port A and PBO and PBl are programmed 

as outputs. These lo-bits are used by the Blurt software ta 

load the blurt caunters. Port B bits 2, 3 and 4 are programmed 

1... 

aS outputs to provide a three digit clock code to the clock 

control hardware.' The three dig~t code selects one of eight 

possible cloek sources (includîng ground) to drive the PDA. 
, 

Port B bit 5 lS used ta select the readout clock s9urce or the 

Blurt clock source. If PB5 1S l'ow, then the clock code supplied / 

by PB2-4 1 s i nterpreted as the readout clock sel ector. If PBS 

Ifs high then PB2-4 is interpreted as the Blurt clock select~r. 

Ti mer 1 of VIA3 °1 S programmed ta generate a square wave on 

PB7. The clock sa produced is invariably used as the' readaut 

clock. ~The frequency output on PB7, and hence the readout rate, 
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is set using another rou~ine called CSELECT. Tiller 2 i s 

~rogrammed to count pulses on PBb. Sampling pulses are input ~o 

PBb, therefore 15 capabl e of counting 2 timer pixel,ji'" 
j 

automatlcally (without a so+tware loop) as they ar~ read out by 
, 

the PDA. Control line CBl is used ta detect sample pulses so 
\ 

that the ADC can be instructed to initiate a converS1on. 

Control line CAl is responsible for detectlng the Start pulse 

"'~ 
from the PDA board. Control line CA2 functions as a "load 

enabl e" si g'nal, for the BI urt counters whi 1 ë CB2 i s used to 

enable the rapid clock.swltching for Blurt operation. 

After the execution of the init1alization routine, control 

15 passed back to PDASYS1.BAS. The user is subsequently 

prompted wi t.h 

Il' "COMMAND?" 

for WhlCh severa~ opti ons exi st. 

./ 

'CSELECT' : This response invokes a subroutine that prompts the 

user for the desired readout +requency in kHz: 

"READOUT FREQ (KHZ> ?" 

o 

The system is initialized +or a readout rate of 9.615 kHz. 
, 

Slower operat1on results in a less stable PDA signal. the 

availabl~ readout rates are listed in Table 2.2. 

\ 

\ 
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Readout Rilte (kHz) Application 

9.615 , System l readout clock 

10.417 Not used 
" 

" 11. 364 Il 

12.500 Il 

13.889 Il 

. 
.... 15.625 Il 

17.857 System 2 readout clock 

20.833 Not used 

A' 25.000 Il 

31.250 Il / 

" 1 41.667 Il J __ 

" '1 

62.500 Il 

125'.000 Blurt clack 

250.000 " 
500.000 Il 

1000.000 Il 

Table 2.2: Readout rates available above 9.~15 kHz. 

The maximum readout rate for data acquisition under System 

1 i s 9.615 kHz. This relatively slow rate is due ta the amount', 

of software overhead requlred by the AIM to control the detector 

and ADC system. If a readout rate is selected that is not 

listed in Table 2.2, but less than 62.5 kHz, the system selects 

the next slowest rate and displays the value. If an 

intermediate rate in the Blurt range is selected the system 
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, ' 

prints the warning 

.. FREQ NOT AVA 1 LABLE" • 

When a satisfactory selection IS made~he ,stlbroutine Invokes 

CSE~ECT.ASM, an assembler program that performs 'the clock 

sel ecti on. 

'SCAN' : The scan op,tion is used to ",cquire a spectrum. The 

desired integration time is Input in response ta the message 

"INT. TIME(SEC)?". 

Any value fraffi 0 ta 65.535 seconds IS val id. The minimum 

integration time is defined as 

THIN = 1038/ (F*1000Y ~ 

where F is the readaut frequency in kHz. The number 1038 is the 

sum of 1024 pixels and ,the 14 extraneous sample pulses produced 
'1 

between readouts. Table 2.3 shows the minimum integration times 

for various readout rates. 

The main program IS always aware of the current readout 

rate and minimum integration time. If the user enters a value 

below the minimum, the' system assumes the minimum, prints the 

value, and prompts with 

"CONTINUE?". 

A 'N' response results in another request for the integr~ian 
.' 

time. 

105 



" 

<> 

v 

Readout Rate (kHz) Minimum Integr .. ti on Time (ms) 

.9.615 108.0 

10.417 99.64 

11.364 91.34 

12.500 83.04 

13.889 74.74 

15.625 66.43 

17.857 58.13 

20.8,33 49.82 
~ 

25.000 41.52 

31.250 33.22 

41.667 24'\0 91 

62.500 16.61 ... 

125.000 8.304 

250.000 4.152 

500.000 2.076 

1000.000 1.038 

Table 2.3: Minimum integration times vs. readout rate. 

If a DSID wait period was requested at the beginning_ of the 

program, the prompt 

"DSID WAIT PERlOD CS}?" 

appears. The wait ,period was designed ta allaw the DSID probe 

time to enter the lep discharge and come up to temperature 

before allawing the detection system ta record a spectrum. 

Details of this will be discussed in the section outlining 
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System 2 software because System 2 employs a more 50phisticated 

DSID interface. 
,';r.:-

In response to the message 

"RUN LETTER (A,B, ••• )?" 
"'",---

a sIngle character must be entered. The run letter is used 

along with the date code to create a filename for the acquired 

dafa. The prpmpt "1 

.. SCAN TYPE? ,. 

instructs the user to enter a string of .uP to 20 characters 

describing the nature of the data or experiment. This is not a 

functional parameter, but rather, a short description that will 

bè placed in the data flle for future reference. Strings 5uch 

as 'DARK' 
J 'BLANK' , 'SAMPLE', etc. are normally used. 

The next input parameter is requested as 

"# OF PRESCANS? Il • 

Any integer between 0 and 255 may be entered. When ,the PDA i s 

not being u5ed to acquire data it i5 continuously clocked out at 
J' 

the current readout rate with the minimum integration time. 

This allows the user ta monitor the spectrum'in real-time on an 

osei Il oscope. The prescan option forces the PDA to be read out 

up to 254 times successively, uSlng the proposed integration 

time, before ~ctually acquiring the data. This feature was 

installed as a testlng procedure to see if better results could 

be obtained by allowlng the system to "stabillze" at the 

proposed Integration time before taking data. The resul ts of 

this test are presented later in the System Performance section. 

107 ,. 



The fInal system request is 

·PIXELS FOR XFER?" 

which requlres two values to be entered. The values entered 

correspond to the pIxel data that the user wants transmitted to 

the 5100 computer. The number of pl X el s actuall y ac qui red I s 

determlned at the begInnIng of the program and IS usually the 

maxImum of 1024. If the above prompt IS answered with '15,970', 

for example, then data for diode 15 through 970 wi 11 be 

transferred to the 5100 machine and stored on disk. 

Most of the responses to the above system requests are 

stored ln the upper portIon of page zero memory <locations 224 

to 255). ThIS memory is reserved for system parameters ta allow 

other routInes to acquire status information and access 

parameters needed to fulfil thelr function.' A llst of reserved 

memory locatIons used by System 1 and System 2 software is 

located in" Appendlx K. When the parameter entry segment is 

completed, the SCAN subroutlne passes control ta PDASCAN1.ASM. 

PDASCAN1.ASM is an assembler routine responsible for 

acquirlng a spectrum under the conditions specified by the user. 

AlI of the pertinent parameters are accessed f~Qm their reserved 

locations in page zero memory. The detalled operatIon of this 

routine is sufficiently documented in the program listing. The 

operatIon can be summarized as folloHS. 

First, the routine synchronizes with the free-running PDA 

by waltlng for a Start pulse. Then, Timer 2 (VIA3) is primed to 

count pixels as they are read out • At the end of the readout .. 
the clock source lS switched from PB7 ta the grounded input. 

Within 20 microseconds timer 2 (VrAi> is loaded with the 
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integratlon count. When the integration period"is over, the 

clock source is switched back to PB7. This causes the PDA to 

start reading out agaln. When the next Start pulse is detected, 

the routine monitors the Sample line. At every sample pulse the, 

ADC is triggered produclng a digltized pixel value. This value 

is stored ln a data array startlng at hexadeèimal location 3000. 

When the approprl.ate number of pixels have been acquired control 

is returned ta the SCAN subroutlne of PDASYS1.BAS 
1 

The user is then prompted with 

"CONTINUE?". 

If th~ answér is 'Y:~ another spectrum is a~quired. The same 

parameters specl.fl"l éd for the fi rst scan are used, except the new 

~P7ctrum IS stbred at a new array location. This process can be . 

repeated up to 99 tlmes and IS a very efficient method of 

obtaining multiple spectra for signal averaging purposes. 

However, the 24 kByte memory of the AIM limits the number of 

1024-point spectra that can be slmultaneously stored in 
. 

memory 

ta 6. If the user wlshes to take a se~enth spectrum the system 

automatically transfers the existing,6 spectra to the 5100 

compu;ter. -
When 'N' is finally entered as a response, any ramaining 

, 
spectra are transferred and the subroutine terminates. 

\ 
is passed back to the main program and the prompt 

"COHMAND?" 

i~ issued. 

' .. 
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The filenames created by the data tran&fer routine hAve the 

format 
· ' 

D: MONDD. Rnn 

where - D lS the data disk (A or B), 

- MONOD 15 the date code 7 

- R lS the run letter, 

- nn i5 a two d1git number from 00 to 99 indicating the 

spectrum number. The user doe5 nct have to keep track of the 

number of spectra acqulred; th~ system does this -automatically. 

The format of the resultlng data .flle is as follows: 

DATE RL EXT 

F 

SCAN 

Wl .. 
IT 

O(m) 1 (m) 

o (m+1) 1 (m+1) 

o (m+2) 1 (m+2) 

O(m+n) 1 (m+n) 

where DATE is the date code, 

RL is the run letter, 
t-

- EXT is the extension (spectrum number), 
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F is the readout frequeney used to aequire the speetrum, 

- SCAN 1S the descrIptive strIng input by the user, 

- IT lS the IntegratIon tlme, 

- D(m) to D(m+n) are the dIode numbers, 

- 1 (m) to 1 (m+n) are the eorresponding i ntensl ti/es 

deteeted by tha5e dIodes. 

2.4.4 System 1 Support So~tware 

(i) Graphi cs 

Data fIles produced by System 1 are text files and can be 

plotted on a video sereen or printer uSlng the program 

PDAPLOT. ASC. This 
, 

1 S a BASIC program that runs ln the""'" PBASIC 

env1ronment. PBASIC is a modifl~ version of the standard 
.:: : 
\è-

MBASIC Interpreter that ~an make use àf the Mi croangel 0 gra~es 
'",f' 

system. PDAPLOT.ASC i5 a menu oriented pragram. A doeumented 

listing is included in Appendix J ineluding a flow chart 

deseriblng the varlOus menus. 

The main menu consists of the following selections: J 

.P 

"CHAN~ PLOTTING PARAMETERS" 

" "VIDEO PLOT" 

Il PR INTER PLOT" 
, 

Il SAVE SPECTRA" 

"SUBTRACT SPECTIiA (1-2)" 

.. AVERAGE SPECTRA Il 

Wh en the program is Initiated the termInal sereen i5 el eared , 

the menu is presented and a bllnking eur;-or 

// 
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is posltioned ta the 

l, r . \ 



right of the first optlDQ. 
1 ! 

A menu option is selected by typing 

the Down or Y~r"ow ftnti,l the cursor is beside the d.sired 
'- ~.-./ 

item, foll)owed ~ ETURN·. 

The first opbon selected should be "Change Plotting 
"-

Parameters" because, ùpon lnitlali:zatlon, no data has been,read 

into memory from disk. The menu describing the plotting 

parameters is organlzed as follows: 

"PLOTTING PARAHETERS" 

"TITLE OF PLOT : Il 

«> "DISPLAY <5 OR D> : .. 
0 . 

"X-SCALE (DHIN,DMAX) : ,. 

"Y-SCALE <YMIN,YMAX) : JI 

"POINT PLOT <ON/OFF) : JI ,~ 

"BAR GRAPH <ON/OFF> : .. 
"DATA FILE NAME 1 : .... 

",DATA FILE NA ME 2 : Il 

The cursor is positioned to the right of the first option. To 

change of modify any option the same selection process used for 

the main menu is employed. If data entry is required by the 

user, the appropriate prompt appears at the lower left hand 

corner of the screen. 

t i t 1 e of Plot: This option may be ignored, otherwise, the 

string input by the user is centered at the top/of the plot. 
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Dlsplay: The plotting pac~age was designed ta allow either one 

or two plots ta be displayed. Dual plot~ing is very usefui for 

comparing spectra. The '5' (Single), option causes the system ta 

use the entire screen to plot the data fiIe,'.while the 'D' (dual> 
~r . 

option SpiitS the vertical dimension ln half and plots twO,-:-1 data 

" fi les. This IS a Itog9le" option; if one mode is current, then 
a 

typing 'RETURN' the cursor IS 'properly positioned 

automatically switches t the other mode. The currently active 

display mode 15 indlcat on the menu. Tbe default ~ode is the 

single plot option. 

X-Scale: The user can se ect the spectral segment ta be platted 

by enterlng the apprapriat valves as the X-scale. 

cons1sts of the first ~nd ~as~ pixel to be plotted. 

scal e, i 5 1 ta 1024. ',,--~ 
1 , 

'1 

t _"'-, 

This e,ntry 

The default 

Y-Sca~e: This parameter defines the full scale intensity range 
[,) 

to be platted. 
i 

,"-

If the dual display mode is selected the Y-scale 

is applied ta bath halves of the plot, resulting in a factor of 

2 lpss ln vertical resolution. 

Point Plot: If this toggle option is turned on then the 

spectrum IS plotted using small dots. 

Bar 6raph: If this toggle is turned on, the spectrum,is plotted 

as a series of verticâl lines extending from the minimum 
l 

intensity value ta the measured intensity value for each pixel. 
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" Data File Name: Data files to be plotted are read into melDOry 

when a file name is associated with file naIDe 1 or 2. If the 
f 

single plot mode is selected, file 1 is plotted: If the dual 

plot mode 1S selected, file 1 ~s plotted on the top hal~ of the 

screen and file 2 is plotted on the bottom half. The fil enames 

entered remain unchanged until modified by the user or by the 

SUBTRACT or AVERAGE options available from the main menu. 

When the plottlng parameters have been set, control may be 

passed back to the main menu by typing the 'ESC' key. The data 

may be d1splayed, modified or stored by selecting one of the 

following options. 

Video Plot: The VIdeo plot subroutine utilizes the plotting 

parameter information ta furnish a plot on the screen. After 

viewing the plot it is often wor,thwhlle to return" to the 
() . 

plotting parameters menu and modify some of the values. For 

example., It may be desirable to "zoom in" on ,a spectral region 

or modify the intensity scale ta get a better representation of 

the data. Each data file contains information pertaining ta the 

scan type, readout frequency, integration time, etc. (see 
r 

section 2.4.3). This information is reproduced at the top 

right of~the video plot. 

~ 

Pri nter Plot: At any time an exact copy of the information on 

the video screen canobe sent to the printer. The resulting dot 

matrix plot is useful for spectrum comparisons and for future 

reference. 
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Subtract Spectra: This rautin~ giVesithe user the option of 

using two curren~.~y available spectra or two spectra resident on. 

If the current ,spectra are used, the second file is 
~ 

subtracted from the first. The resul ting spectrum 1S stored as 

data flle 1, e~fectively erasing the orig1nal data 'file 1. This 

i 5 necessary because the PBASIC system and the plotting routi ne 

consume a large portlon of the availab1e 64 kBytes qf'RAM. 

If disk resident spectra are chosen the first action is ta 
<1 

read ln the data and then proceed with th~ subtracbon. The 

co .... rected spectrum is automatically plotted on the video screen. 

The. intensity axis is adjusted 50 that it bounds the smallest 

and largest val ues produced as a resul t of the subtraction. The 

n~e assigned to the corrected spectrum has the form: 

D: MONDDab. COR 

where - D !s the data disk, 
;..., 

- MONOD is the date code common to both spectra, 

- a 1S the run letter of the first spectrum, 

- b 1S the run letter of the second spectrum, 

- "COR" indlcates that the file is corrected. 

For example, if the blank file B:NOV26.BOl i5 subtracted from 

the anal y te fi 1 e B: NOV26. AOl, the resul ting 5pectrum would' be 

named B: NOV26AB. COR. This data is nct saved on disk until the 

SAVE optlon 1S selected from the main menu. 

Average Spectra: When a number of similar spectra have been 

coll ected for si gnal averagi ng \ purposes, an average spectrum 

can be produced by selecting this option. The "user i s asked 

whether to place the averaged spectrum in data array l "br=2, as 
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weIl as the data dlSk, date code, ru~ letter And the number of 

repllcate spectra. Followlng these entrles, the program reads 

ln the multlple files producing an average spectrum. The 

resultlng flle'is named uSlng the conventlon 

D: MONDDa. AVG 

-1' 
where a lndicates the common run letter of the files used ta 

produce the averaged spectrum, 

- "AVG" lndicates that the file is an averaged spectrum: 

The subtract option can be used on AVG files. The progr am i s 

capable of convertlng from one filename type to another. For 

example, if an averaged d~rk file called JUN24N.AVG is 

subtracted from a spectrum called JUN24C.AVG, the resulting data 

'wauld be labelled JUN24CN.COR. 

Save Spectra: After modifying spectra using the averAging or 

subtracting optIons the save option can be used ta store the 

data ~bn dl sk. The user is glven the choice of retaining the 

currently assigned names or providing new ones. In addition, it 

is possible to store spectrum 1, 2 or bath. 

Only the points bounded by the X-scale values set in the 

plotting parameters section are saved under the specified 
\ 

'f il ename." It is therefore pos?ible ta use the system ta find 
,,' 

peaks and save onl y those pi xé'IJ~ ofe i nterest. This simplifies 

the, software necessary to perform peak height, peak area and 

noise calculations. 
, 

The plotting program is terminated by typin"g the 'ESC' key 

from the main menu. 
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(i i) P •• k Quant.i t.ti on 

The fixed pattern specÜ-a produclld osing the SUBTRACT 

opt,lon of the plottlng package are amenable to quantitâtion 

using a relatively sImple algorlthm. This algorl thm was 

• Incorporated lnto a program called PDACALC. ASe. The 

documented lIsting is ln Appendix J. 

PDACALC.ASC 1S a BASIC program that runs ln the MBASIC or 
\ 

PBA5IC enVlronment on the 5100 computer. The program prompts 

the user for the data disk and fllename and then reads the 

entire file. The header lnformation included at the beginning 

of the data file lS listed on the printer. Thl s program wi Il 

onl y quantI tate the 1 argest peak in the spectrum. If mul tlple 

peaks requlre anal yS1 s, the plotting package must be used to 

extract the indivldual spectral regions and save them as 

indi vldual fi 1 es • ... 

Wh en the program finds the peak pixel it 1 ists the 10 

pi x el s ei ther si de of the peak. The user 1 s th en asked whether 

to use one or two si ded background côr-recti on. If one slded 

correctIon 1S speci-fie~ a prompt will be issued t?pi determine 
\'1 /~ 

P 
The background regions encompass five pixels where which side. 

the closest pixel is at least SIX diode~ away from the peak. 

The quant i tah on a190r i thm fi nds the sum and the sum of 

squares of the background diodes. The average background and 

"the sample standard deviation is then calculated. A threshold 

value equal to the average background pl us fi ve standard 

deviat/ions is used to identify those pixels' to be used to find 

the peak area. A typical report might appear as follows: 
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FILE: B:SEP26AB.COR 

READOUT )='REQ _ = 9. b 15 

SCAN TYPE: COR A - B 

INT. TIME = .059 

2 5IDED CORRECTION 

BACKGROUND = 1 _ 3 

BACKGROUND NO 1 SE = 2.869 

PEAK DIODE = 33 

PEAK HEIGHT = 249.7 

3 DIODES IN PEAK '( 32 - 34 

PEAK AREA = 355. 1 

SBR = 193.077 

2. 4. ~ System 2 Interface and Support Software 

System 2 evol ved because of' the lengthy transmission times 

dictated by the serIaI network. System 1 was, and still is, 

very useful for the acquisition of up ta about 200 pixels, 

however; the need for a much more rapid acquisi tion method was 

evident when the full spectral range of the PDA was expl oi ted. 

One way to improve the transmissIon rate would be to dedicate a 

high speed paraI leI link between AIM2 and the 5100 computer. 

However, a simpler approach involved modifying the configuration 

sIightl y so that the 5100 'computer acqUlred the data di rectl y. 

Software had already been wri tten by Robert 51ng ta 

interface completely with the AOC system for the acquisItion of 

PMT data. The conversi on tri gger portion of thi s soft.ware was 

removed and the ~apabi lit Y of acquiring a 1024 point data set 

was i ntroduced. The acquisition routIne was written in Z-80 
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assembly language and the user interface was written in PascAl. 

Further additions ta the System 2 family were coded ait ov~rlaY5 

i.n the Pascal 1 anguage. 

The modifIcations ta System 1 software were also relatively 

minor. The data acquIsitIon portIon of the PDA control program 

PDASCAN1. ASM was sImpl y deleted. However, because the 5100 

computer would be connected as the hast ta the ADC system, an 

al ternate electrical path was requlred for AIM2 to transml t the 

Convert pul se. This was provIded by the CB2 control llne of 

VIAL A coaxial cable was used ta connect C82 to the fourth 

channel 1 nput of the ADC- modul e. ThIS input was internally 

rewi red sa that i t coul d be recognI z ed as a Convert pul se. 

It IS important to note that this modification does not 

aff,ect the operation of System 1. System 1 is enabled by 

raislng the toggle switch labelled EXT. 

raisIng the switc:hes labelled EXT, BUS, 

System 2 IS enabled by 

AO, Al and A2. The 

network is still used to transfer software between computers. 

Two user interfaces were required to implement System 2; 

one to operate each computer. The 5100 program is called 

PDASY52. COM. ThIS is the load module produced from the source 

Pascal program PDASYS2.SRC located in AppendIx J. A uni que 

feature of the Pascal system is the possibility of using 

overlays. An overlay is a program segment that can be loaded 

-f rom di sk automat i calI y when i t i s needed. The need for 

overlays results from the IImited memory provIded by a 64 kByte 

system. The advantage of overlays IS that aIl routines 

enviSloned to provide a desired function can be accessed from a 
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single program. 

( i) PDASVS2. COM 

Before inltializing Syst~ 2, a program disk containing 

PDASYS2.COM, PDASYS2.001, PDASYS2.002 and PDASYS2.003 should be 

inserted ln drive A and a dlSk to receive data should be placed 

in drlve B • The system is Invoked by typing 

.. '- 'PDASYS2' 

from the S100 console ln response to the CP/M prompt liA)". The 

~irst prompt from the program is 

"Enter date code :" 

requiring a response of 1 to 8 characters to define the 

fi lename. As with aIl CP/M files, the filename must beg1n with 

a letter, a typical example being 'JAN29/85' or 'FEB14A84'. A 

list of aIl of the avallable options is then issued: 

f, 

"Enter function (Acqui re,Load ,Save,Plot, Cal ibrate,Display, 

Restart,Quit) :" 

A selection is made by typing the first letter of the desired 

function followed by 'RETURN'. 

Acqulre: Selection of this option results in the prompt 

"Dar k or Arlal y te : Il 

A single letter is input to ~efine the ,data type. A "dark" 

spectrum i s any spectrum to be subsequentl y subtracted from 

another spectrum. For example, a simple dark subtraction 

results in a fixed pattern, dark signal corrected spectrum. On 
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the other hand, a blank subtrac~ion may be used to ellminat. ~he 

f,i xed pattern si gnal, the blank level, and any other features 

furnished by the spectral source while running the blank. The 

program transfers control ta the assembl y 1 anguage data 

acquisltion routIne GETPDA. MAC , the software Interface ta the 

ADC system. 
< 

If the 'A' option is selected, the program simpl y 

transfers control ta GETPOA.MAC. 

When the data has been collected and if the '0' option was 

selected, the spectrum lS automatlcally stored using the ".DRK" 

extension. iherefore If the date code was MAV19/B2, the "dark" 

spectrum would be stored on disk B as MAY19/82.DRK. If the 

spectrum is "analyte" data., it is slmply 1eft ln a data array to 

be accessed by other routines. The "dark" data i5 also 1eft in 

a data array for rapid access. 

Save: This option is used to save " analyte" spec~ra on disk. 
-

The 'message 

"Extensi on :" 

requires a response of three characters. Normally a series of 

numbers such as 001, 002, 003 etc. are used ta depict a series 

of spectra. The data residing in the data buffer are stored on 

disk using the date code and extenSIon. 

Load: If the data to be manlpu1ated are already stored on disk 

the Load opti on ca~ be used ta copy fi 1 es into the data buffer. 
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The prompt 

"Dark or Anal y te : Il 

asks whether a dark fil e or anal y te fil e i 5 ta be 1 oadEPd. 1 f 

the user types . D • , the progr am loads the ". DRK" fil e 

correspond1 ng to the current date code. 

prompt 

If . A' is selected the 

"Extension :" 

is givEPn and the user 15 expected to supply the 3 charactEPr' 

extenS1'i,On i ndlcating the desi r"ed file. 

'Plot: The onginal plattlng routine Has wntten by Robert Sing 

to plot multiple spectra, in a three dlmensional perspective, on 

a Hewlett Packard 7074A pIotter. The three dimensional plotting 

pac kage wa s used to VI ew the tempor aIl y resol ved spectr a 

produced from DSID experiments and will be described, in Chapter 

b. 

The plotting package lncluded in PDA5YS2 is a siropi ified 

version of the three dimensional program. This routine Has 

coded as an overl av. When the 'P' option lS selected from the 

maIn menu, 

executed. 

port of 

the overlay is automatically brought ln from disk and 

The pIotter must be connected to the seri al aux i 1 iary 

the terminal. ThIS WIll require temporarily 

disconnecting AIM2 from the 5100 machine, however, at this poi~t 

aIl software shoul d have been do ... n loaded ta the AIM' s. 

The number of points to be plotted is entered in response 

, to the prompts 

"Enter fi rst poi nt ta be plotted :" 

"Enter 1 ast poi nt to be plotted : Il 
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ThIS permits the generation of ~ plot of the whole spectrum or 

any segment thereof. The routine automatlcally subtracts the 

dark spectrum from the analyte spectrum. Befor-e sending data to 

the pIotter, the routine asks the user to enable the auxiliary 

port: 

"Turn on aux port and hlt return ll 

The plottlng tlme for a 1024 pOint spectrum IS about one 

minute. This rs an adequate rate considerlng the excellent 

quality of the graphical InformatIon produced. 

graphies system was not eonsidered to be necessary. 

The video 

When the 

plotting is finlshed, the user must turn off the auxiliary port 

and type 'RETURN' ta return to the main pragram. 

Callbrate: The wavelength calibratIon overlay is described 

in the Chapter 5 discussion of calibration and high resolution 

characterl sti cs. 

Display: The display overlay provides the capability of viewing 

the data ln numerical form on the terminal screen. When invoked 

the routine prompts wlth 

"Displ ay Wavelength or Diode region ?" 

If the character 'D' is typed, the system responds with 

"Enter peak di ode : Il 

The value entered in response ta this question is treated as the 

center diode. The value entered in response to 

"Enter number of diodes ta display:u 

instructs the program how many pixels to display in the vicinity 
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of the "peak" diode. The output from this ro~tine conslsts of 

the dIode number, the dark value, the uncorrected analyte value 

and the corrected vplue. ~he values are printed on the terminal 

screen 19 rows at a 'tlme. The user contraIs the scrollIng 

process by typlng 'RETURN' after a full screen is presented. 

The output sent to the sereen can be routed to the printer by 

answering 'V' to the question 
1 

"Print results (VIN) ?" 

The user can add a titie to this printout by entering a string 

in response to 

"TitIs for listing ?" 

If the calIbration routIne has been used to determine ' the 

spectral window corresponding to the data, the 'W' option may be 

sel ected. 
In this case the program asks 

"Enter wavelength of line :u 

If a wavelength value IS entered that is not within the window 

bouhdaries, the error message 

"Wavelength not in current window" 

i s presented. After the program determines which diode 

most closely corresponds to the wavelength of interest, the user 

lS asked for the width of the wavelength region to be displayed. 

Restart: This function allows the user to change the active 

date code so that another series of spectra can be examined or 

processed. ~. 
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Quit: Entering 'Q' from the maIn program exits PDASYS2 and 
o 

retur~s ta the CP/M operating system enyironment. 

(ii) PDASVS2.BAS 

, The user interface for the AIM computer is almost identical 

to the user interface for System 1. The System 2 program does 

not prompt for the data disk or date code because this 

responsibllity IS taken up by the S100 computer. The readout 

frequency IS set to 17.857 kHz by PDAINIT2.ASM. Therefore the 

default minimum Integration time under System 2 IS 58.13 ms. In 

additi~n to changing the default readout rate, PDAINIT2.ASM sets 

up VIAl sa that CB2 can be used to initiate the data acquisition 

process. 

In response to 

"COMMAND ?" 

the user may respond with one of 

'SCAN' 

'BLURT' 

'CSELECT' 

as in System 1. These routines are slmilar to those implemented 

by System 1 and only relevant changes will be documented below •. 

Howeyer, aIl of the System 2 software is included intact in 

Appendix J for completeness. 

'SCAN': There are essentially two differences between the SCAN 

routine, and the associated assembler routine PDASCAN2.ASM, and 

their predecessors. The System 2 software provides for 

Integration times of up to 5.46 mi~utes whfle the previous 
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routine is only capable of 1.09 mlnute integrations. Secondly, 

-the implementation of the OSlO interface is slightly more 
, 

SOphl Stl cated. PDASCANl.ASM 1S capable of detecting the trigger 

of the OSlO 50 that a delay can be lnserted before acquiring the 

data. However, there is no guarantee that the DSID will be 

triggered by the user such that the delay period ends at the 

moment a readout IS about to begin. Therefore, the delay psriod 

can be exactly as speclfied or longer than specified by one f~ll 

integratlon perlod, TMIN. Accurate synchronization between the 

computer and the 0510 lS imperative when the low mass wire loop 

is employed as the sample substrate because . signal evolution 

occurs ln the mlilisecond time frame. Synchronization was 
, 

achieved by having the computer trigger a solenoid that releases 

the sample holder 50 that it can be driven up into the lCP 

discharge. PDASCAN2.ASM walts for the end of a readout, 

triggers the DSIO and then waits for the user specified delay 

period. In this way, a resolutlon of a few mliliseconds is 

achieved, providing a reproducible method for the 

multiwavelength characterization of a transient signal. The 

solenoid is controlled by the CA2 interface line of VIAl. 

'Blurt', 'CSELECT': The Blurt software will be discussed in the 

section devoted ta dynamic ran~e extension. The clock select 

routine is the same as the verSIon implemented for System 1. 
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The performance characteristics of the RL 10249 linear 

photodiode array have been weIl documented [31,79,80,85,93]. It 

is the purpose of thlS discuss~n to briefly outline the 

characterlstlcs of the detectlon syst~m-used in this work so 

that 1tS performance can be contrasted with other systems. 

2.5.1 D~rk Currant 

The maximum Integration tlme that can be employed is 

dependent on the magnitude of the dark current. The dark 

current is dependent on the temperature of the device. The 

~emperature of the PDA was measured using a copper-constantan 

(Type T) thermocouple referenced to 0 c. The lowest temperature 

~ 

9btainable when the PDA~was runnlng was approximately -20 C. To 

achieve this temperature, the voltage across the series 

cannected stage 2 and stage 3 Peltier elements was set to 7 V 

and the ,voltage applied to the series connected miniature 
/ 

Elements comprising stage 4 was 1.0 V. These voltages are only 

about half of the specified maximum values. Evidently, 

increasing the voltage beyond these 'values results in the 

generation of heat within the thermoelectric elements. 

The measurement of the dark current produced by the cooled 

PDA was complicated by a characteristic of the system when 

longer Integration times were employed. When 'the PDA is 

integrated for longer than about 0.2 seconds, the baseline video 

signal drops below the nominal value of 0 V. This drop-off is 

linear with respect ta integration time. For an integration 

time of about 120 seconds at -21 C, the average dark signal is 
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about -10 ~ after amplification. Fortunately, the full scale 

saturation signal drops off at the same rate. This anomaly has 

'been observed by others [133]. The cause of the problem has nct 

been Identified; however, the PDA chip itself 1S nct thought to 

be at fault [134]. 

The 0 to 3 V signal range produced by the PDA board is 

amplified by 3.3 to produce a full scale range of 0 to 10 V. At 

the minImum integration time CO.058 seconds at 18 kHz) the 

readout range is 0 to 10 V but at 120 seconds the range is 

approximately -10 V to 0 V. Fortunately, the reciprocity of 

integration time vs. light level is mainta1ned providing a 

linear dynamic range. 

This characteristic poses several problems. The first one 

is that the analog input range of the ADC must be set to +/- 10V 

to accommodate the SIgnal range at aIl integration times. 

However, S1nce the full scale range is only 10 V within a 

readout, only half of the ADC range is exploited., Therefore, 

the effectIve preCISIon of the ADC is lI-bits. The readout 

noise is sufficient to randomize the least significant bit 50 

the system 1S not readout limited. 

Secondly, the maximum integration time was limited to about 

100 seconds. 

applications. 

This is not a severe limitation for most 

Finally, a measurement of the dark current could 

not be made by simply integrating for a,long period and back 

calculating to determine the result. The rate of baseline drop­

off must be known to do this. This drop-off cannot be 

determined using a plot of dark signal vs. integration time 
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because bath the drop:off rate and the dark current conttibute 
J 

to the sIgnal, albeit ln dlfferent directions. However, the 

saturation signal should paraI leI th~ drop-off rate because it 

1S determlned cy the fixed pixel saturation charge of 14 peoul. 

The measurement of the dark current was made by plotting 

the saturation signal for 3 pixels and, the dark signal for the 

same pixels vs. integration time. The resuJt is shawn in Fig. 

2.14. The upper curve corresponds to the average sig~al of 

diodes 547-549 when completely saturated by the m=O line of an 

Fe hollow cathode lamp. The lower solid line corresponds to the 
\ 

average dark signal of diodes 547-549. The slopes of these tHO 

lines is linear from about 10 seconds onward. 

The slope of the dark line is less severe than the slope of 

the saturation line because the dark signal increases with time. 

The dashed line was extended from the dark point at 10 seconds 

with a slope equal to that of the saturation line. This is the 

proposed baseline video drop-off rate. ' The shaded region 

corresponds to thè dark signal which will increase linearly with 

tlme. At 120 seconds the extrapolated baseline value is -538 
.. 

counts. The dark signal is 141 counts and the saturated signal 
J 

is 1340 counts. Therefore the full scale s~turation charge is: 

Q = 1340 + 538 = 1878 coun~s s 

The dark charge is: 

Qd = 538 + 141 = 679 counts 

If 14 peoul is used for the saturation charge per pixel, then 

the dark charge at 120 seconds is 5.1 peoul or 36~ of full 
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scale. ThlS corresponds to a dark current of 0.0425 pA. 

The temperature of the PDA can be deter.ined fra. the 

following equation: 

where 

Id (25C) 
Id = 2(6T/6.7) , 

Id is the dark current; 
, 
~ 

I d (25C) i5 the specified dark current at 25 C; 

AT is the temperature differential. 

This equation can be rearranged to yield 

AT = (In[Id (25C)] - In[IdJ) X 6.7 
In(2) 

Using the manufacturers dark value of 5 pA at 25'C and the\ 

experimentally determined value of 0.0425 pA the temperature 

differential was found to be 46 C. This corresponds to a 

temperature of -21 C which 1S very close to the' value determined 

using the thermocouple of -20 C. 

2.~.2 Detector Nois. 
v 

The ideal detector does not have to be noiseless; it merely 

has to contribute significantly less noise than the experiment. 

One of the common methods of signal measurement using single 

channel detectors involves taking multiple readings of the blank 

signal followed by multiple readings of the analyte (total) 

signal. 

signal 

The net analyte signal is simply the average total 

~~ 
m~nus the average blank signal. 

~ 
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provide a measurement of the st.tistical significance o~ the 

averaged values. Also, if the noise "seen" by the readout 

deVlce ha~ a large random component, 
'~..l 

multiple readi ngs wi Il 

improve the measurement precision by a factor of the square root 

of 'the number of measurements. Another method involves 
" .. 

, Integratlng the signaIs over tlme Instead of collecting discreet 

measurements. Single readings of Integrated intenslties do not 

furnlsh statistical. information but do provide true signal 

averaging. 

WhSQ a multichannel detector is used, background and 

anal y te information is present in a single measurement, or 

readout. An Integrating multichannel detector like the PDA 

provides on-chlp signal averaglng. 

The total analyte signal can be chosen as the value 

provided by the peak diode (peak height) or the sum of diodes 

that collect radiation of the analysis line (peak area). The 

diodes on either side of the peak diode(s) provide a measure of 

the background that has to be subtracted from the total signal 

to obtain the net analytlcal signal. Assuming that the 

background i s compri sed of uni form continuum radi àtion in the 

region of the analyte line, the background diodes should aIl 

report the same intensity if the detector is totally noiseless. 

Of course this IS not the case; the diode values fluctuate and 

therefore provide a measure of the detector noise. 

There are essentially three contributors ta these diode ta 

diode fluctuations. Dark current shot-noise can be reduced to 

negligible proportions by cooling the detector. Readout noise 
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produced by signal cro5st~lk between the digital clocking 

circuitry and the analog circ~itry [SS] is inherent te the 

device and cannot be el1mlnated. The major contributor ta the 

diode to diode variations wlthin a given readout lS the flxed 

pattern 51 gnal. Th1s results because the PDA is organlzed Into 

odd and . even pIxels, wi th separate readout clrcuits. 

Fortunately, the flxed pattern signal is hlghly reproducible and 

can be virtually eliminated by subtracting two spectra, pixel by 

pixel. /' 

The simplest metnod of remo/ing t~e fixed pattern involves 

acquiring a dark spectrum, or averaging a series of dark 

spectra. The dark data can be stored as a special flle, as is 

done wlth System 2, and automatically 5ubtracted from aIl 

subsequent spectra. This is not a background correction 

procedure, although the dark contribution will be removed as a 

consequenc e. 

Two methods were used ta evaluate the readout noise. The 

first method l~volved acquiring a dark spectrum to be subtracted 

from subsequent dark spectra. A total of lb dark spectra were 

then acquired. The first dark spectrum was subtracted from each 

of the lb spectra yielding lb fixed pattern corrected spectra. 

Since coollng the array effectlvely eliminates the dark current 

shot nOise at short integratlon times, the diode ta diode 

variations of each of the fixed pattern corrected spectra should 

indicate the magnitude of the readout noise. A simple computer 

program was written to calculate the population standard 

deviation of aIl 1024 pixels for each of the 16 fixed pattern 

corrected spectra. The average standard deviation of these 16 
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measurements 1S termed "av~rage 1ntriiilspectral noise". To 

eliminate the possibillty that the subtrahend spectra was not 

representative, the whole process was repeated 5 times using 

randomly selected spectra from the group of 16 as the 

subtrahend. The results for these determInations are presented 

ln Table 2.4 for integratlons times of 0.058 seconds and 1.0 

seconds. 

.. 

Trial Average Intraspectral Readout Nbise 

1 

-2 

Average 

Std. Dev. 

Table 2.4: 

3 

4 

5 

6 

IT = 0.058 5 

1. 61 

1.40 

1.57 

1.46 

1.38 

1.47 

1.48 

0.09 

1 

IT = 1.0 s 

1.16 

1.15 

1.17 

1.21 

1.09 

1.13 

1.16 

0.04 

Intraspectral readout noise in digital counts for 

integration periods of 0.058 and 1.0 seconds. 

The second method was to utilize the same lb spectra for 

the two integration times and find the variation of each pixel 

from spectrum to spectrum. ThIS lS a more valld represen~ation 

of the readout noise because it eliminates the necessity of 

performi~g the fi xed pattern correcti on; a procedure that wi Il 
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Qf itself add some noi6E. For aach 5at of lb apactra the 

variance of each of the 1024 diodes was determined. The 

resulting 1024 variance values were then averaged to produce an 

estimation of the average pixel readout nOise, called the 

average Interspectral readout nOise. The results are presented 

ln Table 2.5. 

Integration Time (5) Average Interspectral Noise 

0.058 1.31 

1.0 1.03 

Tabl e 2.5: Average interspectral readout noise in digital 

counts for integration periods of 0.058 and 1.0 

seconds. 

The interspectral (spectrum to spectr~m) noise is slightly less 

than the intraspectral (within a spectrum) nOise because the 

fixed pattern correctIon procedure adds a small amount of 

vari ance. The readout nOise at the longer integration time of 1 

second appears to be slightly 19wer than the noise at an 

integration time of 0.058 seconds. Data for other integration 

times was not taken to establish whether or not this was part of 

a trend. 

The readout noise was converted to electrons using the fact 

that the full scale saturation signal of 14 peoul, or 8.7 X 107 

electrons, corresponds ta a digital value of approximately 2048 

using the bipolar analog range. Therefore a dIgital readout 
, 

noise of 1.2 counts corresponds to about 51,000 electrons. This 
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is a factor of 5.7 higher than the lipecified readoLA noise of 

the RCI024SA evaluation board of 9000 electrons. 
\ 

T"'E!. reason for 

the discrepancy is unknown, however, i t may be a resui t of the 

modihcations to the circuit board. 

The RLI024S PDA provides a linear response over 

approximately 4 orders of magnitude for a given lntegration time 

[31J. This range extends to upwards of b orders of magnitude if 

variable lntegration periods are employed [93]. For the system 

used'in this work the fixed integration time (FIT) linearityand 

the variable integratian time (VIT) linearity was verified under 

conventional experimental conditions • 
• 

The lep was used as the spectral source. Sample 

introduction was carried out using a MAK fixed èross-fiow 

nebullzer coupled to a MAK low flow torcha The candi tians 

specified ln Appendix B were employed vis a vis the MAK system 

in addition to the following: 

Slit width: 25 microns 

Viewing height: 11 - 14 mm ab ove the load coii 

Readout: System 2 

The 324.754 nm Cu line was monitored for ail measurements. 

Solutions wère prepared from a 1000 ppm stock soluti on 

originally prepared by dissolving an appropriate quantity of Cu 

wire in 0.5 N reagent grade nl~ric acid. 
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the Cu 324.754 nm emission line for concentrations ranging from 

1 to 40 ppm for an integration tlme of 5.0 seconds. Five 

replicate measurements were made at each concentratIon. The 

quallty of the llnear fIt IS lilustrated by FIg. 2.15. The 

correlation coeffIcients are 0.9996 and 0.9998 for the peak 

height and peak area data respectlvely. 

VIT Lineari ty: The VIT Ilnearity of the detection system was 

measured for lntegratlon perlods spanning 3 orders of magnitude. 

Plots of peak height and peak area, normalized ta concentration, 

vs. Integratlon tlme are shawn ln log-log format in Fig 2.16 . 
... 

The log-log slopes for the peak height and peak area data are 

1.02 and 0.994 respectively. 

2.5.4 Detection Limits 

The detection limlts for 4 elements with analysis· lines 

from 200 to 400 nm were determined anq cantrasted with those 

obtained with a PMT under identical experimental conditions. 

For the PDA, IntegratIon tlmes o~ 10 and 100' seconds were used: 

the 10 second data serves as a direct comparison to the PMT 

results whlle the 100 second data illustrates the best results 

obtainable wlth the PDA system as It is presently ~onflgured. 

Standard operatlng condition~ were employed for the MAK sample 

Introductlon system. The slit ~Idth was 25 um and the PDA 

vlewed the region of the plasma 11 to 14 mm above the load cOll. 

For the 100 second data, a blank spectrum was used to subtract 

... 
bath the flxed pattern signal, 
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anal ysis 1 ines. The detection Ilmits shown in Table 2.6 were 

calculated as the analyte concentratloo that would produce a 

single pixel signal eq~al to 3 standard deviatlons above the 

backgr,ound Irl. 
Analysls Llne (nrn) Int. Ti me = 10 $ I[lt. Time = 100 5 

PDA PMT PDA 

Zn 202.551 4.0 0.004 0.8 

Fe 259.940 l,,1- 0.5 0.02 0.1 

Cu 324.754 0.02 0.01 0.004 

Ca 393.367 0.001 0.001 

( 
T~ble 2.6: Detection limit data ln ~g/ml. 

This data lilustrates that at wavelengths gr~ater than 325 nm 

the PDA is capable of matching the detection limits provlded by 

a PMT . 

.. 

. \ 
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Application of Lin •• r Photodiod. Array. for Inductively 

Coup l.d PI •• ma Emi •• i on Sp.ct'rotlHltry 

Detalled evaluations of PDA sensors as detectors for 

spectrochemi cal measurements have bee~ made prevlously 

[31,79,83,84,88-90,93,135]. 
~~I 

However, the true potenti al ëif 

these sensors has not been evaluated from a fundamental 

standpoi nt. There is sufflcient technical information available 

to theoretically predict the best performance obta1nable with 

the RL1024S PDA if the characterlstics of the spectral' source 

are known. 

The ,f i rst part of th1 s chapter deal s wi th two of the most 

important characteristics of a detector for ICP atomlc emlssion 

spectrometry: detection limits and signal to noise ratios. In 

this discussion the nomenclature and methodology of Ingle 

[136,137] and Bower [138] will be followed. The second portion 

is concerned with data acquisItlon considerations for the 

application of the RL1024S sensor ta wide dynamic range spectral 

sources like the ICP. Most of the content of this chapter will 

bè published'~s two, separate manuscripts [119,139]. 
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3.1 SiQnal ta Nai •• Ratio Th.ory Applied ta Lin.ar S.lf-. 
Scanning Photadiod. Arr.y. 

The electrl cal nOIse characteristics of the RLI024S PDA 

have been determined by Simpson [85] and the noise 

characteristics of ICP systems emp~oying a variety of sample 

introduction systems have been evaluated by various groups 

[13., 140-145]. The only addltional informatIon required to 

theoretically determine detectlon Ilmlts for any element i5 the 

lep background flux seen by the detector at the wavelength of 

interest and the intensity of the analytical line as a ~unction 

of concentration. 

The PMT i s a rel ati vel y "noi sel ess" detector because the 

noise generated by the photocathode and dynode chain is usually 

weIl below the level of the noise intrinsic ta the experiment. 

As the ensulng discussion shows, uSlng the PMT as a "benchrnark" 

detector, the relative performance of the PDA can be evaluated 

knowing only the blank flux as a function of wavelength. The 

absolute spectral radiaQce of the background emission of an ICP 

has been measured by Tracy and Myers [146J frOIn 200 to 600 nm. 

However, to determlne tl;le relative detection limlt performance 

of the PDA detector the b 1 ank flux seen by the detector i s 

required. 

3.1.1 Experimental 

Photon fluxes were determined using a subset o~ the 

equipment described in Appendix A and the conditions specified 

in Appendix B with the ~ollowing exceptions. 
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The plasma and auxilia .... y gas flows were 12 and 0.2 L/mln. 

'A Mei nhard TR-20-Bl concentri c nebul i zer, a standard Scott spray 

chamber and a s'tandard Fassel type torch were used ta aspirate 

distiIIed, delonlzed water into the lep. The nebullze .... Has 

operated at 20 psi providlng a nebulizer gas flow ef 0.55 L/min. 

The i mage of the lep was focussed onte the entrance sI i t 

with 1: 1 

length. 

height of 

imaging using aCquartz lens with a 12.8 cm 

The entrance and exit slit widths wé .... e 100 pm. 

fec:al 

The 

the entrance sI i t Has 2 mm. The re~ion of the 

discharge from 14 te 16 mm ab ove the load coil was viewed fo .... 

aIl measurements. 

These condi ti ons were chosen te compl y wi th those used by 

Tracy and Myers 50 that the .... esul ts coul d be compared. The onl y 

major difference between this work and that .... eported by Tracy 

and Myers i s that thls study was performed te measure the photon 

flux 'reaching the detecter when a blank solùtien ,",as being 

asplrated 

cal ibrated 

charfnel) • 

whlle the other measurements were made uSing 

light sou .... ces and a dry plasma (i e. no anal y te 

A 4-1/2 digit multimeter connec:ted to the 0 1 V output 

of the plcoammeter ,",as used as the readout device. 

3.1.2 Calcul aU on of Photon FI u)( 

The photon flux reachl ng the photecathode of the PMT can be 

determined ,by back-calculation using the measured photoanodic 

current as a startlng pOInt. The picoammeter furnishes a 

vol tage proporti onal ta the cu .... rent suppl i ed by the PMT, 
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therefore the magm tude of the - anodi c current was .asi 1 y 

determined knowing the gain setting of the p1coammeter. The 

photocathodic current was determined using 

i c 
= , 

G 
, 

" 

(3.1) 

where i B is the photoanodlc current produced by the blank flux; 

is the dark current; and G lS the gain of the PMT dynode 

chain. The galn was determined to be 1 X 10
5 uSlng the method 

of Bower and Ingle [147J. The photon flux was calculated 

from 

, 
where 

" . i c 
4'> = K e' 

À 

K is the wavelength dependent quantum efflciency of 
>.. 

<3.2) 

the 

photocathode from the 'manufacturers li terature; and e i s the 

fundamental unlt of charge equal to 1.602 X 10-
19 Coulombs. 

This flux 1 s the number of photons striking the 

photocathode per unit tlme. The area of a pixel is much less 

J than' the area of the photocathode 50 the flux per uni t area was 

determined '-;Ising 

= 4'> 
WH' 

'j 

where W is the slit width; and H is the slit height. 

emanating from the lep can be estimated by 
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(3.4) 

. 
where S IS the spectral bandpass; fil is the solid ilngl e coll ected 

by the optics; and T 16 an estimate of the spectrometer triilnsfer 

functlon. The bandpass was 0.08 nm, fil was about 1 X 10-2 

steradians and the transfer functi on was estimated to be 207.. 

The factors used te estimate the transfer function were the 

gratlng effic1ency at 350 nrn, and the reflectance lasses due te 

the lens and the mlrror surfaces. The results are shown in 

Table 3.1. 

- ~, 

~ 

~(nm) K~ ''''(10
6

/5) 
6 2 cfI

A 
<10 Is·mm ) 

92. 
t' <10 Is·mm ·sr·nm) ct * It' 

200 .04 1.6 0.8 5.,0 5.0 

22S .06 6.8 3.4 ~. 21 / .3.2 
V· ". 

250 .10 14 7.0 \." 44 4.2 

275 .12 33 16 100 3.2 

300 .14 56 28 17() 2.8 

,K.. 325 .• 15 84 42 260 2.5 

350 .15 120 60 370 2.3 

375 .15 130 64 400 2.6 

400 .14 200 100 640 1.9 

425 .12 300 150 920 1.5 

450 .10 380 190 1200 1.3 

Table 3.1: Background flux from an lep aspirating blank solution. 
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The flux per umt area,' denoted by cl>A' will be of use later ln 

the dIScussion when the flux per diode 15 needed to determ1ne 

the magni tude of vari ous spectral n01 se sources. The last 

column of Table 3.1 illustrates the rat10 of the data presented 

by Tracy and Myers (4) *) to the esti mated absol ute flux 

del~r m i ned f or th i 5 wor k • The major reason why the absol ute 

flux est1mates for th1S work are universally low is that the ICP 

was operated Hl th a central aerosol channel punched through the 

discharge. The reason for the di vergence of the two data sets 

at shorter wavelengths could be due to the fact that the ICP 

image was focussed using the focal 1 ength of the 1 ens stated for 

the VI SI bl e reg1 on. Recent experiments indlcate that the 1055 

of radiation in the 200 nm region due to defocussing 1s as much 

as a factor of S. In any event, the agreement of the data i s 

suff1cient for the purposes of the following dIScussion. 

-., 

3.1.3 General Emission Expressions 

The general si mpl i f ied expression for emission 

spectroscopy assumes that a direct llnear relationship 

betHeen the analytical signal and the anal y te 

concentratIon, c, ex i sts. Expressed in a very general 

format where the si gnal , s, could be a vol tage, current 

or a number of Integrated electrons, the anal ytical 

si gnal, SA' i s 

(3.5) 

where k i s a const.ant. THO measurements are usuall y requi red 

for a single p01nt on an emisslon spectroscopie cali~ration 
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curve: a total analytical signal (sample or standard), ST' 

and a total blanl< signal, Then a more complete ,worki ng 

expression wauld be 

(3.6) 

This can be further broken down to lndicate the two 

major components of the total blank SIgnal, the blank 

emiSSlon signal, Sb' 

the noise from the 

and the dark signal, Sd' which is 

detectlon system: 

s = B 

Then the total analytical signal cah be expressed as· 

3.1.4 Photodiode Expre.aiona 

(3.7) 

(3.8) . 

There are also several expressions which'are appliiable 

to photodiodes. The rate of electron-hale pair generation, 

r e' ·[J48] is descnbed by: 

(3.9) 

where ~ is the photon arrivaI rate (flux) and and K~. is the 

quantum efficlency. For photodiodes operated in the charge 

storage mode the 

generated, ne' is 

total number of elèctron hale 

n == r t, e e 

where t is the integration time. 
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If no correlation exists between noise sources, then 

propagatIon of error techniques permit the addition of variances 

in the followlng manner. Slnce two measurements must be 

made to extract an analytlcally useful value, SA' then 

(3.11> 

where is the general term for rms Croot mean square) 

noise expressed in the units of S. These n'oi se sources can 

be further broken down. The total blank noise signal aB can 

be parti ti oned into its major components; shot noise, 

flicker nOIse, 

noise can be calculated from 

(3~ 12) 

The total signal noise, 2 
a T , i5 comprised of the following 

components: 

(3.13) 

where noise 

component5 of the analyte emisslon SIgnal. 

In a shot noise situation, whether it be from the 

quantum nature of 1 ight or any other shot noise 

~ources, Poisson stati5tlcs apply. Then the shot noise 

related variance (nD)~ for any source D (i.e. blank, analyte), 

producing a discrete number of events n D during the 

measurement interval, can be shown to be 
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'. 2 
(nO)s = n 0' (3.14) 

" 
no 

electron-hole 

where is the average number of photons, electrons or 

pa1rs produced in a given time interval [149] _ 

Flicker n01se evolves from non-fundamental sources and 1S 

sometlmes calI ed 1/f nOise because it often has a 

frequency distribution displaying this character. lt has a 

f1xed direct relationship to the signal and must be 

determlned empirically. olt i s expressed in the general 

format by 

(3.15) 

where So IS the signal from any source D. X is called a 

fllcker factor and is dimenslonless. Specifically XB and 

are the blank and analyte flicker factors. It is 

expected that XB = XA in the _ case of lep spectrometry if the 

n01se source or sources (e.g. nebullzer, gas flows) are the 

same. If the signal, i S measured as a number of 

even~s, nD' then the more speciflc flicker noise expression is 

\ (3.16) 

3.1.6 Photodiod. Noi •• Expr ••• ion. 

In the case of photodiode detection, the ,detector 

noise sources can be speciflcally related ta a semicanductor 

detector 

dark nOise 

operated in the charge storage mode and the total 

variance is 

= ft 2 
ar 
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where a 1S the analyt1cal measurement readout noise or 
ar ~ 

( 

Î 
preci sion; and G"R is the dark current shot noi se; 

the detector readout nOise. The anal ytical readout nOIse, 

aar' 1 s the uncertai nt y 1 ntr'oduced by the resolution of the 

final readout devl ce, whether i t be a digital d1splay, 

analog d1splay or analog ta digital converter. It is 

significant only if n01 se from other sources is not 

observed in the final readout. Now that dIgital high 

resolut10n readout is available, it is not the problem that it 

has been with aIder instruments uSlng analog needle type 

readouts usually only good ta about 1'l. resol uti on. For the 

pur poses of thlS d15cussion lt is presumed that the system 
. 

is not analytical readout llmi ted. 

A certain amount of n01 se wi Il be present whenever 

the photodiode array is read out. T~e noise per readout, n R, 

can be used with the number of readouts, m, to calculate 

the total readout noise contr1buti on, a
R

, as follows: 

2 2 (3.18) (a
R

) = m (n
R

) • 

For an emiss\on measurement with one analytical and one 

blank or dark measurement, m would minimally be 2 and might 

easily be as high as 100. The diode-to-d1ode fixed pattern 

variatIon IS not a noise source, because no fI uctuati on i s 

evidenced by a given diode in succeSSIve readoufs other than 

those sources a.l ready menti oned. The dark c~rrent leakage 

no.i se i s a shot noi se and 50 wi Il be symbol i z ed 

for convenient grouping with other shot nOIses. 

and Talmi [31J have presented excellent discussions of 
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the characterization and control of PDA dark current and 

[84] has discussed dark current wlth respect to 

atomlc spectrochemlr-al measurement systems. 

USlng the manufacturers speclfied dark current of 5 pA at 

25 C 1 t can be shown that a coollng temperature of -25 C will 

-2 
Feduce the dark current tD about: 3 X 10 pA, 5 or 2 X 10 and 

2 X 106 electrons for 1 and 10 second Integration times 

uSlng a factor of 6.7 degrees for each factor of 2 change in 

dark current. The predi cted dark current shot noise, 

will then be the sq~re roots of these numbers, 400 and 1000 
, 
electrons" 

Using the minimum readout noise of 1000 electrons reported 

by Slmpson for an RLI024S PDA and the dark current shot noise a\t 
-25 C, the combined nOIse WIll be 1100 and 1400 electrons for \ 

second and 10 second ln~egrations respectlvely. Th~ analytica~\ 

measurement readout uncertainty, ~ , can be eliminated by the ar 

proper cholce of analog ta dIgital converSIon system. For the 

discussion pertaining ta predicted performance, the total 

minlmum readout noise, nR' will be set to 1500 electrons for aIl 

integration times. This is a semewhat conservative value, 

however; the nOlse values reported above were obtalned under 

ideal conditions, or using ideal parameters. Therefore, 

<3. 19> 

where 1500 electrons wlll be used for n R" 
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The general simplified form of an emission SNR expr.s~on is 

derlved from equat10ns 3.6 and 3.11: 

5 SA 's 
A (3.20) = = 2]~ • N CFA [-2 o""r + CFa 

'\ 
Using equations 3.12 and ;s. 13 the SNR expression becomes: 

s --= 
N 

(3.21) 

:the 'first two noise terms in the denOlnlnator at"e the analyte 

emission terms and appear only once because the analyte emission . . 
1S only measured once. The blank noise terms appear twice-

because the source of these terms 1S measured twice. 

Substituting numbers of integrated electrons for a PDA 

operated in the charge storage mode in this general expression 

and uS1ng Equations 3.14, 3.16 and 3.19 the SNR expression 

becomes: 

where 

5 
N = 

= nT - nB· 

(3.22) 

The components have been grouped from 

left to right as shot noise, analyte flicker, blank flicker 

and readout noise. 
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3.1.8 Application of Expr ••• ion. 

An Instrument desIgner would prefer that the limiting 

noise ln an experlment be a nOIse intrinsic ta the 

phenomenon béing measured and not f,rom the measurement 

InstrumentatIon. If thlS 15 not true then the 

experlment may b~. "instrument nOIse 1 i mi ted". The PMT 

has obtalned a high degree of popularity, because it allows 

the measurement-: of light intensities which vary over many 

orders of magnItude withaut the introductIon of 

instrumental noise in the form of "detec:tor noi se". 

In the followlng sectIon the use of the photodiode~array 

with the relatively hlgh intenslty ICP source will be 

discussed. ICP spectrometry is an emiSSlon technique, 

therefore the lo~est light levels measured will be those 

of the bl ank. If the detector lS not a major source of 

/ 
noise at blank level intensities, be a then i twill not 

major source of nOIse at higher operated levels if 

optimally. Salin and Horlick [13] have already demonstrated 

good di9de array performance at higher lntensities. The most 

serious question is whether the unintensified photodiode 

array can provide performance comparable ta a PMT over the 

wave~ength range used for lep measurements at the lowest 

intensitles likely to be encountered. 

The PDA will not be limiting under any circumstances 

if the sum of the detector related variances is much less 

than the variances from the experiment. In the general format 
1 • 

this is expressed as 
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2 (,,' ( ) 2 
mer R ~ er A s (3~23) 

-and in an electron format 

(3.24) 

At. the detection limit SA will be smaI.l compared to SB' and the 

SNR expression illustrated by eq. 3.22 will simplify to 

5 
N = 

or, in electron format 
1 

(' A 

5 nA 

~ = [(2na) +,2<x
8

n
B

)2 + m<n
R
)2]\' 

(3.25) 

(~.26) 

This will simplify the eval~ation of eq. 3.24 50 that the PDA 

will not be limiting at the detection limit or under a~y other 

circumstances in em15sion spectrometry if 

(3.27) 

or in electron format 

(3.28) 

3.1.9 Detection Limit Performance 

The performance of the PDA at the detect i on 1 i mi t can 

be estlmated by comparing the predicted experimental noise 
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of an lep and the added noise using a POA. The predi cted 

noise uSIng a POA is the denominator in equation 3.26, 

and the .experi mental nOl se i s that same term wi th the 

readout nOIse removed. The data is presented as a degradation 

~actor , OF. This is the ratIo of the . blank noise 

calculated with a PDA based system to one assuming a 

noiseless {PMT} based system. 

~\ 
OF 

= (2nB ) ... 2 (XSnB) 2 + m (nR) 2] ~ 

[(2ns ) + 2(XBnB)2]~ • 
<3.29) 

m i's se~ equ~l to 

1 imi t formthas 

a 21/2 1h 

1 in these calculations because many detection 

use only the noise of the blank and include 

term to account for the fact that the blank is 

measure:

r 

~:'C:~ No degradatlon - in detection li mi t is 

represent~ by a OF of 1.0, and a degradation by a 

two produce~~ DF of 2. o. 
"-. \ 

Table 3.2 ~istS. the lep backgro~nd flux per 

quantum efficlenc~ and the number of electron 

generated, as a f nction of wavelength. 

( 
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a 

À(nm) :, b ne (10 /s) 

200 .027 

225 .21 .54 .12 

/ 

250 .4~ .4t;/ 
rY' 

.18 

275 1 .• 0 .38 .38 

300 
i 

1.8 .~ .75 

325 .47 1.2 

350 3.8 .50 1.9 

375 4.0 .58 2.3 

, 400 6.4 .62 A.O 

425 9.2 .64 5.9 

450 12 .65 7.7 

Table 3.2: ICP blank photon flux per diode <tp >' PDA quantJm 

efficiency (K~), and rate of electron-hole pair 

production (nB) as a function of wa~elength. 

A compari son of several types of nebul i zers [150] for (CP 

spectrometry has yielded percent relative standard devïations 
l 

(ZRSD> of 2 ta 0.1 corresponding to flicker factors of 0.02 

to 0.001 respectively. It shl;lUl d be noted that 

these precisions was obtained using an 

\" 
a techni qlle for woi ch the PDA i s weIl 

1 

internaI 

sui ted 

the be~> 

standard, 

[13]. It 

appears ,that the best unratioed precision was 

approximately 0.2 ZRSD. We have observed 'ZRSDs as hi gh as 3 

with certain nebul izers, particularly ultrasonic 

nebul izers. Consequently for this Hork we will consider ~RsDs 
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to range from 3 to 0.2.' Table 3.3 lists the degradation f'actdrs 

calculated from eq. 3.29 for flicker factors of 37. and 0.27. and 

integratlon periods'of 1 and 10 secpnds. The readout noise was 

fixed at 1500- electrons. 

FI i cker Factor (X) -+ .03 .002 .03 .002 .03 .002 . 
. 

Integrati on (s) -+ 1.0 1.0 10 10 100 100 

).(nm) 
0. 

200 1. b 6.2 1 1.7 1 1 

225 1 2.7 1 1.1 1 1 

250 1 2.1-- 1 1 1 1 
" 

275 1 .1.5 1 1 1 
} i$, 1 

300 1 1.2 1 1 1 1 . 
, 1 

325 1 1. 1 1 1 1- ) 1 

~1 
/ 

350 1 1 1 1 1 

375 1· 1 1 1 1 .~ 1 

400 1 1 1 1 1 1 
c; 

425 1 1 1 1 1 1 

450 1 ,1 1 1 1 1 

Table 3.3: Degradation factors,for flicker factors of 37. and 

.027. and integrations periods of 1, 10 and 100 
, . 

seconds. Readout noise (n
R

) is 1500 electrons. 

It is apparent that the detectlon limits will be degraded 'at 

shorter wavelengths for integration periods of 1 second or less' 

only for ,an lep system providing êxceptional precision., 
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'These results can be contrasted with those expected for the 

PDA system that is the subject of thlS thesis. Table 3.4 lists 

the degradation factors for a PDA detector contributing 50,000 
1 

ele~rons as the readout noise • 

Fllcker Factor (X) ~ .03 .002 .03 .002 .03 .002 
. 

Integration (s) ~ 1.0 1.0 10 10 100 100 

).<nm) 
"" 

,200 43 200 4.5 47 1.1 ~.3 

225 9.8 84 1.4 13 1 1.8 
T 

250 ""-u 6.6 64 1.2 9.3 1 1.4 

275 3:'3 36 1.1 4.6 1 1.1 
~ 

300 1.9 20 1 2.5 1 1 

325 1.4 13 1 1.8 1 1 

350 1.2 8.8 1 1.4 1 1 

375 1.1 7.4 1 1.3 1 1 

400 1 4.4 1 1.,1 1 1 

,'- 425 -1 ~.1 1 1 1 1 
"1 

450 1 2.5 1 1 . 1 1 

\ ( 

Table .3.4: Degradation factors for fI icker factors "of 3X and • 0.02% and Integration periods of 1, 10 an 100 

1 

seconds. Readout noise (nR) is 50,000 electrons. 

(j> 

Integration periods of 100 seconds or more must be used if 
, 

the detection limits at low wavelengths are ta comparable ta, 

those) of a PMT. This is corroborated in part by the detection 
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, 
llmit data shown at the end of ChApter 2. However, at an 

v 

" integration time of 100 seconds the flicker noise at 300 nm will 

be about 6 5 2 X 10 electrons and 2 X 10 electrons for fi i c:ker 

~actor5 of 0.03 and 0.002 respectively while ~he shot noise will 

4 
be about 1 X 10 electrons. This corresponds to a fllcker noise 

llmlted sItuation where no advantage lS gained by Integrating 

for a longer period of tlme. 

It should be noted that increases in intensity 

provlde exactly the same effect as an equivalent Increase in 

Integrati on time, If aIl other factors remain unchanged. 

An Increase of Intensity of a factor of 5 or even 10 i5 not 

r-at aIl unreasonable. 
~ 

Ultrasonic nebulizer systems obtain 

superlor detection limits by piacing more analyte into the 

pl asma. The resulting increase in ana~yte signal level is 

of the arder af a factor of 10. Bath Falres (151] and 

Demer5' [152] have discussed top down viewing of the plasma 
u 

and their work Indicates that there are advantages to this mode 

of oper at ion. Faires reports an increase in intensity 

ranging from 3 to 8 for different elements in the ICP 

operated under normal conditions. Vogt [79] used a 

cylindrical lens i mmedl atel y before the PDA to increase 

light collection efficiency by a factor of 4.5. Finally, 

the flux measurements reported above were made with an F 8.7, 

1 meter focal length spectrometer using a 1200 g/mm grating 

and a reciproc~l ,dispersion of 0.8 nm/mm. An F 3.9 system with 

similar characteristics is qUlte possible, and the 

collectIon efficiency change would praduce an Increase in 

intensity of a factor of 5. It appears qui te, .. 1 i kel y that i t 
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is possible to obtain an Increase of an order of magnitude in 

int~nslty beyond that measured for th~s Hork. 

3.1.10 Par~crmanca Above the Detection Limit 

In order to make an evaluation of the effect of the PDA 

at signal levels greater than those found at the detection 

llmlt, equatlan 3.30 has been used ta prepare the Information in 

Tables 3.5 ta 3.9. These tables describe the expected 

degradatlon ln performance, as measured by signal to nOIse 

ratio, under a wide variety of clrcumstances. The ratio, DF, lS 

determlned by calculatlng the SNR that Hould be obtalned with a 

"noise free" detection system and ratlolng this with ,the' SNR 

obtained wlth a PDA array system. The resultlng expression is 

DF (3.30) 

. , " 
For these calculatlons m = 2 because two diodè ~easurements must 

be made. These two measurèments may be made by acquiring two 

separate scans, one of the analyte and one of the blank, and 

uSlng the same diode for the calculatlon of analyte and blank 

i ntensl ty. Alternatlvely, a Single analyte scan may be used. 

The peak diode represents the analyte intensity while a diode ta 

the slde of the peak represents the blank level. This procedure 

assumes a fIat continuum level. 

USlng the data of Table 3.2 for a fllcker factor of 3%, an 

SBR of 0.1 and an integratlon perlod of 1 second, the SNR 

1bO 
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degradatlon at 200 nm for a PDA detector having a readout noise 

of 1500 electrons would be: 

DF = 2.1 

where nA = 2700 electrons; nB = 27,000 electrons; X = .03; and 

n
R 

=-1500 electrons. 

Signal to background ratios (SBR) have been used as 

Intensity indlcators, because thlS measurement is commonly 

used \ ta report relative analyte signaIs. 
\ 

Tables 3.5 and 3.6 

1 

i Il ust'r ate 
\ 

f 

degradatlon factors for a 

exhlbiting 1500 electrons readout noise. 

low noise PDA system 

" SBR values of 0.1, 1 

and 10 lndicate the relative intensity of the analyte signal 

with respect to the background. 9Integration peripds of 1 and 10 

seconds have been used and the same fllCker factors used for the 

deteèt:ion limit evaluation were employed. ,,') 

'.-y 
/ 
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( 
Flicker Factor ()() .. .03 .. 002 .03 .002 .03 .002 

Signal to Background -t 0.1 0.1 1.0 1.0 10 10 

Integratlon (5) -t 1.0 1.0 1.0~ 1.0 1.0 1.0 

>. (nm) 

200 2.1 BoOS 1.8 7.2 1 2.9 

225 1.1 3.6 1.1 3.1 1 1 

250 1 2.8 1 2.4 1 1 

275 1 1.8 1 1.6 1 1 

300 1 1.3 1 1 .. 2 1 1 

325 1 1.1 1 1. 1 1 -~ 1 
<1 

350 I- Ll 1 1· ; 1 1 

375 t 1 1 1 1 1 
((;. ~ 

400 1 1 1 1 1 1 

.. 425 1 l 1 1 1 1 

450 1 1 1 1 1 1 

Table 3.5: Signal to noise ratio degradation for flicker factors 

of 0.03 and 0.002; SaR values of 0.1, 1.0 and 10; and 

integratlon pèrlods of 1 second. Readout noise set 

to 1500 electrons. 

( 
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Flicker Factor (X) ... .03 .002 .03 .002 .03 .002 

Signal ta Background ... 0.1 0.1 1.0 1.0 10 10 

Integratlon (s) ... 10 10 10 10 10 10 

>. (nm) 
'~ 

200- 1 2.2 1 1.9 1 1.1 

225 1 1.1 1 1.1 1 1 

250 1 1 1.1 1 1.1 1 1 

275 1 1 1 1 1 i 

300 1 1 1 1 1 1 

325 0 1 1 1 1 1 1 

350 1 1 1 1 1 1 

375 1 1 1 1 1 1 

400 1 1 1 1 1 1 

425 1 1 1 1 1 1 

450 1 1 1 1 1 1 
ot 

Table 3.6: Signal ta noise ratio degradation for flicker factors 

of 0.03 and 0.002; SBR values of o. l , 1. 0 and 10; and 

integrati on periods of 10 seconds. Readout noise set 

ta 1500 electrons. 

For integration periods of 1 second the readout noise of 

the PDA will degrade the SNR signlficantly for low light levels
l 

at wavelengths below 250 nm when observing the signal from a 

high preClslon lep source. For an Ili;P exhibiting an RSD of 37. , 

the SNR is not affected by an appreciable amount. If the 
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integration period is extended to 10 seconds, the PDA noise will 

degrade the SNR only by a small amount at 200 nm for low light 

level slg~als and an RSD of 0.2%. 
\ 

Tables 3.7 to 3.9 illustrate the SNR degradatlon for a PDA 

system contrlbutlng a readout noise of 50,000 Electrons. The 

extra Integration time of 100 seconds is lncluded to indicate 

the conditions requlred to match the SNR of a relatively 

noiseless detection system. 

\ 

1 

c' ~; 

,,~'-
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Flicker Factor (X) .... .03 .002 .03 ,.002 .03 .002 

Signal to Background -t 0.1 0.1 1.0 1.0 10 10 

l ntegr at l on (s) -t 1.0 1.0 1.0 1.0 1;;0 1.0 

~(nm) 

200 60 290 49 240 8.7 90 

225 14 120 11 97 2.2 26 

250 • 9.3 B9 7.6 73 1.6 18 

275 4.5 <, 51' 3.7 42 1.2 8.9 

300 2.4 29 2.1 24 1 4.7 

325 1".7 19 1.5 16 1 3.1 

350 1.3 12 1.2 10 1 2.1 

375 1.2 10 1.2 B.S 1 1.8 

400 1.1 6.1 1.1 5.1 1 1.3 

425 1 4.3 1 3.5 1 1.2 

450 1 3.3 1 2.8 1 1. 1 

- Table 3.7: Signal to noise ratio degradation for flicker factors 

of 0.03 and 0.002; SBR values of 0.1, 1.0 and 10; and 

integratlon perlods of '1 second. Readout noise set 

to 50,000 electrons. 

'"" 
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Fl ic:ker Factor (X) -+ .03 '.002 .. 03 .00,2 .03 .002 

Signal to Background -+ 0.1 '0.'1 1.0 1.0 10 10 

Integrabon (5) -.t, 10 10 10 10 10 10 

>- (nm) 
, 

" 200 6.2 66 5d .'" 55 1.3 12 

225 !> 1.7 19 1.5 16 1 3.1 

250 '1~ 4 13 1.3 11 ~, 1 2.2 

275 1.1 6.4 1.1 5.3 1 1.4 

300 1 3.4 1 2.9 1 1.1 

325 1 2.3 1 2.0 1 1 

350 1 1.6 1 1.5 1 1 

375 1 1.5 1 1.3 1 1 

"'" 
400 1 1.2 1, 1. 1 1 1 

425 1 1.1 1 1.1 1 '1 

450 1 1.1 1 1 1 1 

Table 3.8: Signal te noise ratio degradatien for flicker factors 

o~ 0.03 and 0.002; SBR values of 0.1, 1.0 and 10; and 

integration periods of 10 seconds. Readout noise set 

te 50,000 electrons. 

o 

166 



- • 
Flicker Ftilctor 00 -+ .03 .002 .03 .002 .03 .002 

5.1 gnal to Background -+ 0.1 0.1 1.0 1.0 10 10 

IntegratIon (s) -+ 100 160 100 100 100 100 

).(nm) 

209 1.2 8.9 1.1 7.3 1 1.6 

225 1 2.3 1 2.0 1 1 -

250 1 1.7 1 1.5 1 1 

275 1 1.2 1 1.1 1 1 
{~ 
u 

300, 1 1.1 1 1 1 1 

325 1 1 1 '1 1 1 

350 1 1 1 1 1 1 

315 1 1 1 1 1 1 

400 1 1 1 1 1 1 

425 1 1 1 1 1 1 

450 1 1 1 1 1 1 

Table 3.9: Signal tG noise ratio degradation for flicker factors 

of 0.03 and 0.002; SBR value~ of 0.1, 1.0 and 10; and 
. 

integration periods of 100 seconds. Readout'noise set 

to 50,000 electrons. 

3.1.11 Summary and Conclusions 

Biven the intensity of the lep, it appears that the linear 

PDA should be capable of performance comparable to that provided 

by PMT detection systems for wavelengths longer than 225 nm 
.~ 

! 

using :ystems with collectIon ,efficiencies and integr~tion times ~ 
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systems. Fo~ wavelengths less than 225 nm, the ICP/PDA 

pe~fo~mance at the detection limit may be deg~aded; howeve~, the 

{ performance weIl above the detection limit wIll be comparable to 

that obtalnable with a PMT based system. Pe~formance of the PDA 

can approach that of PMT based systems for wavelengths down to 

200 nm if the InCIdent flux on the PDA is lncreased by 

àpprox i matel y one o~de~ of magni tude. 

Fo~ a weIl optlmlzed lep and 1 second Integratlon periops 

the detection limit will be deg~aded by a factor of 6.2 at 200 

nm. If the Integ~ation perlod IS extended to"10 seconds then 

the deg~adation is only a facto~"of 1.7. Integration periods 
,p 

longer than 10 seconds may Int~oduce long term drIft and should 

not necessarlly be used ta enhance performance. At 

concent~ations above the detectlon 11mit the degradatlon of SNR 

is 8.5 at 200 nm fo~ an optimized lep If the SBR is 0.1 and the 

integ~atlon perlod i5 1 second. If the SBR 15 increa5ed ta 10, 

the degradation 15 only a factor df 2.9. , 

.... 
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Optimal use of a detectl0n system normally requlres that 
~. 

the ystem be operated in a manner such that the noise from the 

detect r system IS small compared to the total nOIse observed at 

the etector during an·experiment. If thlS is the case then 

measurements are not detector nOIse 11mited and essentially aIl 

the noi'se measured IS from the experimen~ rather than the 

transducer monitoring the experlment. In many experiments it is 

possIble to vary the noise contribution of the detector by 

operating It in a specifie manner. In the prevlous discussion 

the applicability of a linear PDA as a detector for atomic 

emlSSlon spectrometry with an inductively coupled plasma was 

di~cussed. This section will lntroduce some of the more general 

aspects of data acqUISItIon Wlth a PDA. Many of the results 

have applicability ta other experiments which employ integration 

in elther the experimental transducer or its electronlcs. 
, 

If an experlment always produces a signal of approximately 

the same Intenslty, then confIguration of the detector and data 

acquls1 ti on system IS straightforward; however, many 

. 
spectroscoplC experiments produce sIgnaIs that change over many 

orders of magnitude. The optimal conditions for a large signal 

may be completely inadequate for a small signal and vice versa. 

The optimization procedures discussed herein are based on 

straightforward calculations using e)(perimentally measur'able 

parameters. THese parameters can be acquired in real time or 

pre-programmed into a data acquisition system. 

In this discussIon it iS.,assumed that the experlment is 
0> 
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flicker noise dominated to simplify the expressions~ however 

the basi'c: 
. 

philosophy 1S completely unchanged if a more 

compllcated nOlse expression including shot noise terms ,must be 

substl tuted. lep spectrometry is often flicker noise dominated 

over a wide wavelength range [140]. If this is the sItuation 

the noi se from the experl ment can be expressed as 

where ~E 1S the noise from a flicker noise dominated experiment 

E· , SE is the signal from the experiment for a given integration 

perlod or electronic bandpass; and XE is the flicker factor. The 

unlts WIll be electrons in this dIScussion but could be voltage 

or current_ 

\ , 
3.2.1 MinimulP Signal Calculations , 

'f, 

The fi rst requi red val ue '--i s the mi ni mum si gnal ~ S 
E-min' 

that can be measured Wl th "mIni mal" degradation by the detection 

system. A detection system will always have sorne noise, ad' 

associated with its readout. -.. In thlS context it will lnc:lude 

the noise generated by the detector and supporting analog 

electronics and is assumed to be lndependent of the signal levei 

produced by the experiment. This noise is the mlnimum noise 

which must appear in every reading of the detection system. In 

PDA systems this nOlse remalns fixed and eQual to the readout 

noise if sufficlent cooling 1S provided sa that the dark current 

noise contribution i5 minimized. The dark noise can be easiIy 

mea5ured by blocking,~ incoming radiatlon and making 
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repetitive p measurements under the experimental conditions. 

Using standard propagation of error mathematics, the total noise. 

measured at any readout of the detection system will be 
~ 

where IS the to~al measured noise and 

Introduced by the experi ment. 
, 

(3.32) 

i s thé noi se7,i 

• 
, , 

If the detection system is ta affect the measurement of the 
Q' 

'" experlment "mlnlmall y", then the cr i ter i a f or mi ni mal must be 

establ i shed. ThIS can be done by specif,ying a factor f' which 

must aSSume a value between I.Q and 0.0. If f = 0.15 then 
Q 

would be allowed to contribute a maximum of 15% to the total 

measured noise, 6
T

• The experlmental noise, 6
E

, will then 

conshtute a mi'nimum of a (1-f) fraction of the total measured 

noise. If the exp~rimental noise, a E , is proportlonal to the 

experlmental signal, SE of eqUatlon 3.1, and 6 d 15 fixed in 

ma,~nltude, then ad WIll be a more significoant contr-ibutor to the 

tptal measured noise, a T , at low signal levels. To solve for 

the mInimum signal, S <;l special case of equation 3.32' can E-min' 

be used ta solve for a othe minimum total noise, 
T-min' 

and a
E

_ 

. ,the mInimum noise from the experiment at low signal "levels. 
mIn 

It clS mast convenient to use (1-f) a
T 

. 
-mIn 

equation 3.32 can be rearranged as 

2 
aT-min 

2 2 = ad + [(l-f)~T ]. -mIn 

= 6
E 

. • -mIn 

(3~ 33) 

Since 6
d 

can be measured experlmentally Or obtained trom the 

i i terature, 1f T- min can be cal culated. Substi tutien of aT-min 

j nte eq. 3.32 Will produce a
E 

• Equati on 3.31 'can th en be , -mIn 
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used ~o calculate the minimum signal, S that can be E-min' 

recorded wi th on1 y -an f factor of degradation. ' 

USlng 1500 electrons for ad and eQuation 3.33 a is 
~ E-mln 

2400 electrons. A 3% RSD for atomic spectroscopy would be 

consldered relatlvely poor while a 0.3 i.RSD would be 

·considered very go~. Using a compromise value of 1% = 

·5 0.01) as an example and equation 3.31, SE would be 2.4 X !O -mln ' 

electrons. Therefore, 2.4 X 105 electrons is the signal that 

wêu1d generate a noise of 2400 electrons if the flicker factor 

were 0.01. USl~ the manufacturers specified' saturation 

charge of 14 peoul It.IS stralghtforward to calculate that the 

saturatlon charge of the PDA is 9 x 10
7 electrons. This is' 

the maximum signal that can be recorded, SE • -max 

3.2.2 ,Dynarnic and-Usable Range Calculations 

Oynamic range is normally defined as the largest signal 

that can be measured, before a degradatlon (or saturation) \ 

occurs, divided by the smallest signal that can be measured 

--~76re 
!range, 

the SIgnal bec ornes buried in detector noise. The usable 

. U, i s the 1 argest si gnal that can be measured without 

significant'degradation introduced by the detector system (ie. 
o 

saturation) divided by the smallest signal that can be 

measured without significant degradation by the detection 

system as quantified by the factor f. The upper limits of the 

dynamic range and U definitions are identical, however the 

lower limits and consequ~ntly the meanings of the two 

"-------------def i m-tiEns are qui te d"ifferent. Expressed mathematicall y the 

~--~---~.~ 
72 
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intrascenlC usable ~ange, UI , is 

= 9 E 7 
2.4 E 5 

= 380, (3.34) 

where intrascenic refers to the smallest an et, largest spectral 

features that can be measured withln a sIngle readout without 

degradati on. 

USlng the saturation data and substituting into eq. 3.34 UI 

lS found to be 380. It is Important to note that the more 

precise (smaller RSO) the experlment 1S, the smaller the usable 

range. ThIS should be contrasted wlth the intrascenlc dynamlc 

range, can be 5 
10 and does not vary wi th the 

experiment. 

3.2.3. Time Dynamic Range 

An integrating detector system like the PDA has 1tS own 

"tlme" dynami c range. The smallest integration time may be 

Imposed by the data acquisition system~ wh11e the largest tlme 

interval will be Imposed by the experiment If long lntegratlon 

periods are pOSSIble without adding signlflcant dark noise. 

The experiment imposes a limlt when longer integration periods 

resul t in a degradation or plateau of the SNR o~ the 

experi ment. This oecurs when low frequency noise components 

from the experiment dominate. In anycase, two limits will 

usuall y ex i st 

time, t min , and a 

is 

wlth any real system, a mInimum acquisition 

maximum time, tmax The time dynamic range 
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= 
t max 
r-' mIn 

(3.35> 

and describes the range of. signaIs that. can be acquired by 

~aryi ng i ntegrat ion ti mes. The maximum usable range for a 

detector syst.efTl becomes 

<3.36) 

where U 
max i 5 t.he max i mum range of si gnal s whi ch can be 

monitored before slgnificant degradation oecurs. 

'To provlde a basis for:- comparison it is approprlate to 

apply these equat.ions to a potential syst.em ta evaluate their 

utllit.y. The dynamic range of a single diode of an 5 series 
1 

PDA is stated by the manufacturer [124] to be 105 , however it is 

critical that this not. be confused with usable range. ln 

section 3.1 integration per-lods ,of 10 seconds were 

demonstrated to be adequate for performance at or near the 

detection limit for a large portIon of the spectrum. Ten second 

integratlon periods are common for .both plasma and flame 
\ 

spectroseopy and therefore provide the upper 1 imi t, t . Talml max 

has employed integratlon periods of up to 180 seconds [93] for 

analysis lines below 250 nm; however, Belchamber and Horlick 

[ 143] and McGeorge and SalIn [153) have demonstrated that large 

low frequency components may ex i st in lep spect.ral outputs and 

consequently long integratlon tlmes may result in performanc~ 

degradati on. This is especially true 'if multiple spectra 

and/or samples are ta be analyzed. 



-" 

Data acquisition rat~s of 20 kHz are easily obtained using 

microprocessor based systems [154]. This will provide a minimum 
) 

integration tlme of about 50 ms for a 1024 element PDA. THere 

are techniques to produce shorter integration tlmes including 

computer direct memoryaccess (DMA) [155J or a technique called 

the "Blurt" method [120] which rapldly clocks through the PDA 
'1, 

Hi thout taki ng data until the diodes of interest are reached. 

Both methods have thelr advantages, and either can produce a 

mInimum integration time of approximately 5 ms. Therefore the 

time dynamlc range, DT' IS 10/0.005 = 2000. Using eq. 3.36 and a 

U f 380 Ù lS 6 x 10
5 if DMA type technIques are used or 1 0 , max 

4 f. 6 x 10 u~ing conventional computer readout techniques. This 

illustrates that the e~periment and i ts requirements must ibe 

kept in mlnd when specifying the detector and its method of 

oper.tion. 

It is possible to have widely varying intensities fall on 

the PDA. Obvlously ..... If the intensity dlfferences exceed U
I
., 

several integratlon tlmes must be used. d The following 

relationship can be used to determine the number of integration 

periods requlred te accommodate the full time dynamic range, DT: 

ln DT 
= lr1 U • 

1 
(3.37) 

If T
ADD 

is a non-integer valu~, it must be rounded up to the 

next largest integer. 

3.1. 

A graphical ~xplanation of eQ. 3.37 is illustrated in Fig. 

5 
ln thlS example Ut = 10 and DT = 10 • 
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logS 
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o 

5 4 2. 1 o 
logT 

Figure 3.1: Demonstration of TADD calculation. 

the-integrated signal must be at lèast 10
5 electrons to achieve 

" the minimum allowable SNR. Since the integrated signal is the 

product of the flux and time, the solid I1ne of Fig. 3.1 can be 

constructed such that it passes through the minimum light flux 

leve~ for the range of integration times. The shaded area above 

each integration time on the line corresponds to the usable 

range UI • The vectors originate from the optimal. integration 
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1 tlme cholces for a minimum number of 1ntegration tlmes given the 

U
1 

of 10. Each integration time choice covers a unIque flux 

range. Then 

In this example the result is an integer, however this will not 
,0 

; 

always be the case. Non-lnteger values shQuld be rounded up te 

the next largest integer. The total nu~ber of integratlons will 

be T
ADD 

+ 1 which is 5 1n this example. 

3.2.4 Acquisition Hardware Dynamic Rang. 

The selection of "an electronic signal acquisition déVîce is 

integrally linked to the rate of acquisition and the requlred 

measurement precision. Data acquisltion rates of the magQJtude 

of 20-200 kHz clearly indlcate the use of a rapid sampling ADC 

rather than an integratlng device. Fast and relatively 

inexpensive ADCs with up ta 14 bits of resolution and other 

suitable specifications are presently available. The minimum 

resolution required of an acquisition must be of the order of 

the experimental noise te avoid quantizing error. The usable 

range provided by an ADC system, UADC ' must match or exceed that 

of the PDA detect'or to take advantage of the full PDA usabl e 

intrascenic r,ange, Ur. The usable range of an ADC, UADC ' when 

used in conjunction with an experiment which requires a minimum 

resolution of RHIN is 
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(3.38> 

where RADC is the resolution of the ADC expressed as the number 

of resolvable elements. Pt 12 bit ADÇ<ha~ a resolution of 2
12 or 

409b. The required minimum res?lu~ion of a system limited by a, 

fhcker factor of 0.:"01 will be the ,lnverse; of that fI icker 
t 

factor, 100. Since the smailest resolvable element< is 1 the 

correspqnding signal must 'be foo. With a 12 bit converter: . 

U
ADC 

= 
4096 

= 100 = 41. 

In this case UADC is less than UÏ" requir~g ~ha~ addi Uanal 

circuitry, perhaps,in the form of an autoranging circuit, is 

required ta utilize the full UI " 1 f one does not take 

advantage of the UI~ the~ 

necessary if signaIs of 

addiflonal integration t~mes may be 
1 

differing intensity are falling on 

the PDA. The number of total ADC'rahges, RT reQui~ed of such 
'.' 1 

a system can be calculated from the expression 

ln Ur ' 
= ln UADC ' 

where RT must be rounded up to the next largest integer. 
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For exampl e, if the maximum signal to be measured is 1000 
(1) • 

/ Carbltrary 1 unit»), the flicker :factor: is 0.2 and the ADe r:an 

/ resol ve one part in 32 then 

U1 
:;: .1000/(1/0.2) = 200 

, 
and r:-

UADC = 32/(1/0~2) = 6.4. 
'\ Il 

If the electronlr: gaIn is adjUste~ 50 that the minimum noise of 

the experlment IS approximately equal to the smallest resolution 

el ement, 1, then the experiment is optimized, and the last bit 

or digit will be randomized by this noise. If the noise is 

1, then the ~ignal that produr:es this noise is 1/0.2 = 5 and 

the largest $ignal that r:an be recorded, based on RADC ' is 32. 

the ADC can m~asure correr:tly (Inr:luding the noise) aIl 

si gnals ranglng in value from 5 ta 32. If a signal greater 

than 32 must be rer:orded another ADC range is needed. A signal 

of magn i tude slightly greater than 32 would have a noise of 

approximately O.Z X 32 = 6.4. The electronic gàin must 'be 

adjusted for the next range ta bring a si~nal of magnitude 6.4 

to be magnItude 1 on the ADC. Using the origlnal units, the 

new range will be 32 to 6.4 X 32 = 204.8. Similarly the last 

range will be roughly 204 to 1306. The number 1305 exceed~ 

1000, 50 tne design requirements have been satisfied with 3 

ranges with gains of 1, 6.4 and 204. This is illustrated in 

the applîcation of equation 3.39 producing a real number whir:h 

must be rounded uR ta the next largest integer value: 

RADD = ln 200/1n 6.4 = 2.8 ~ 3. 
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3.2.~ poncluaionS 

Care must be taken when designing the software and hardware 
~ 

for a data acquIsition system for any 
(:0 

detection system. 
'. 

It is 
,; 

especlally important in the case of the 

/' 
array and slm~lar devlces whll:h provide a 

'. 

of detector noi se. It IS aiso quite clear 

operatIon of data acquIsition hardware and 

linear photodiode 

si gni f i cant amount 

that the chai ce or 

sof tware must be 

Integrally linked ta the th,e experiment Itself •. This 1.inkage 

must 1 ne 1 ude a knowl ~dge of the range e.,f magni tude of the 

experimental signa,ls as weIl as the noise of these signaIs. In 

situatIons where the nOIse tharacteristics of the signal -are 

not known prior to the experiment, it may be possible to 

determlne t~~m by short preliminary measurements, and then 

have the software optimize the acquisition process using the 

expressIons above. 

For an S-series array with a usable range of 380, based on 

a 1% expenment RSD and a 157. noise contribution by the 

detector, a lb-bi t ADC-·wl. I-l be requi red to provi de ad@quate 

digitiz~tion of aIl signaIs wlth only one range setting. 

, . 
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4. Contro~ and Qynamic Range Extension of 

Linear Photodiode Arrays 

\\ 
It is often the case with atomic spectra that 'only a 

very llmlted portIon of the spectrum contains analytically 

us.eful Informatlon. This fact has been used to advantage by 

researcher-s uSlng vIdicon and i~e dlssector photomul tipi 1er 

tubes [54] WhlCh have"the capabllity of· directly addressing'-the 

of tH'e detector surface contalnlng the - spec;J:ral 

informatIon of 1 nterest. The self-scanning RDA does not have 
j 

thlS capablil ty . arrd is normally' used ta record the entlre 

spectrum falllng on t'he detector surface.'1 Th i s chapter 

demonstrates a technIque of data collectlQn using 9n inexpensIve 

single board computer 0 to collect atomIc 1 ine spectral 
.. 

informatIon of interest wIthout the Inclusion of unnecessary 

data. In addItion, the collection technique provldes a dynamic 

range extensIon Whlch is very Important for the application of , 

photodiode array detectors ta atomic emlSSlon s,Pectrometry. The 

substance of thls chapter has b~e8 publ~shed prevlously [120]. 

J 
4. 1 EX'peri mental 

The equlpment used in the~e ey.perlments is a subset of that 

Il sted ln Appendl x A. This work was carrled out prior to the 

completion of the present PDA detection system. The detector 

was'mounted ln the fo~al plane of the 1 meter spectroffleter using 

the apparatus descrlbed in section 2.2.3. The PDA interface is 

shown ln Fig. 4.1 and a full schematlc is included in Appendlx 

G.' 
\ ' 

Thl~ cIrcuit is a simpllfied version of the present 
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interface and has served aS,an important development step. 

( 
- l 

-Ra -15V STATUS CA1 œr 
~Ri II ~J- lSB -
Ri ... ~ PORT , 

.- .. 20V A 

~~ 
IN 

;--f: AD574 - ....... 1- .. 

PORT 

'T MSS B 

RIe function 
, -15V t 

ë 6522 ~ 
, 

STB 

5V" ~~ 2V -
IV ~~ 1 .. PB7 

" 
SEL 7.1~7 

CA2 

PB6 
~ 

3Op~: ~ Jt.5V 
T Y100K 

Cin Fext'bt t.. 

"--;- B ... CLOCK 
r 

74123 A 

~ START 

, 
.- EVEN. RC1024SA 

""-
000 - .. _--Y.ur::\. 

1 r 

" 
Figure 4.1: Simplified schematic diagram of hardware 

configuration used for Blurt mode study. 
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The Re 1024SA modul e corresponds to the PDA detector and 

evaluation board combination. 
4 

Th,e, 6522 i s a Versati le 

Interface Adapter (VIA) Whlc:h was located on a stiindard AIM-65 

single board computer. Onl y one VIA was required for thlS 

interface while 3 are utilized in the present implementation. 
", 

The remaiOlng components: 74123 monostable, ?4157 data sele~tor, 

AD574 analog ta digItal converter (AOC), and ADS42 precision 

operati.onal amphfier; were mounted and wired on a breadboar'd. 

The sof.tware used to operate the system was stored on 

cassette tape. 011;1 keeping with the hlerarchlcal design 

philosophy discussed in Chapter 2, user commands were submitted 

to a BA~IC pr-ogram whu:;h invoked an assembly language routine.? 

The assembly language routine provided simllar functions ta" 

those suppl ied by the present cloc:k frequency 

selection, clock source selection ~~d data acquisition. The 4 

kByte 
~--~"ô -

read-wri te memory of the ~iM computer was 
\ 

just large 

enough to aècommodate the sOftware\~nd one complete 1024 pixel 

spec:trum. However, using the Blurt mode described below several 

.spectra could be acquired because only the pixels furnishing 

data were collected. To provide spectral li~e images on the 

photodiode array, various light sourc~s were used includlng a 

He-Ne laser, tungsten filament lamp, hollow cathode lamps and an 

Iep. The laser did not provide the - stability required :':or 

quantitative work and the ICP was used for ~ll high i~tensity 

guantitative measurements. 

neutral densi ty fi 1 tersa 
/' 

Intensities were varied using 

The neutral density filters were 

recalibrated at the wavelength of use. 
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4.1.1 Circuit Description 

The VIA 15 a very powerful 1/0 devi ce [156]1 and i s used to 
p 

provlde the l.nterface to the external electronics. As Fi g. 4. 1 

i ndlcates, very 1 i ttle supportin~ electronlcs are needed when 

operatlng wlth the RCI024SA evaluatl0n board. The minimal hardware o 

requlrements result from sof~ware exploItation of the 6522 VIA. In 

fact, the 74157 can be eliminat'ed If one IS willing ta be limited to 

convent i anal operatIon of the RCI024SA. During conventional 

operatIon of an RCI024SA system an onboard clock: lS adJusted to 

provlde an~tput clock rate (readout,rate> wlthin the range of the 
/ 

1. 
compyter acquisitIon system. The integratlon tIme can be varied by 

manuall y changi ng a val ue . pr-eset on several counters on' the 

Evaluation board. 

The system illustrated in Fig. 4. 1 uses the power of the-
- " 

VIA extensl vel y ta ellffilnate manual control requIrements and 

slmpl if Y hardware and software. The onboard cloc~ generatl0n 

clrcultry 15 bypassed allowing an externai clock signal to be 

Input called the InputO clock. The input clock can be selected 

ta be ei ther an e'xter,nal' 51 gnal such as a function generator (or 

the 1.0 MHz computer system clotk> or the output clock .<Tl> from 

PB7 of the 6522 VIA. The sel ect i on 1 s under sof tware ~control 

and i 5 made by th~ CA2 control 1 i ne. The 74157 quadruple 2-

o 

llne-to-l-l ine data select-or is used to select WhlCh clock 

sIgnal will appear as the input clock ta the evaluation . board. 

" \ 
A secondary functlon of 'the 74157 15 that ~t cOnnects and 

<.J Ir! \ 
\ 

dlsconnetts the 
1 

1 

Evaluation board output clock 
, , from the ADC. 

ThIS eliminates, the 
i " 

possibillty of any undesirable effects that 
, 

ffilght result from sendlng ln an acquiSItion frequency rate 
, 
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higher than that for which the device is specified. The video 

sIgnal from the RCt024SA is fed to the AD574 12-bit ADC. The 

Status signal from the ADC is an end of converSlon signal and is 

used to latch the converted data into both 1/0 ports of the 6522 

VIA. 'The latchlng process also alerts the computer by sethng 

an ihterrupt bit in the 6522 VIA. The output clock from the 

RCI024SA is available at PB6 which is the counter input of the 

6522 VIA. Thi s allows the 6522 VIA to count the number of 

diodes which have been read out after the Start signal from the 

evaluation board has been recelved. 

The Tl VIA clock output can be used ta provide a stable 

signal which is derived from the computer crystal controlled 

clock. A very important feature of thi s configuration i s that 

it allows the user to either select variable clock rates or ta 

simply'stop the, clock entirely. Thi 5 gi ves the user ef fecti ve 

software control over the l'ntegration time without the us'e of 

external ,switches and counters. The clock stopping technique 

was suggested by Horlick [129] and provides a > slgnifiçant 

i mprovement 

adjustment. 

over manual or computer 
(> 

controlled counter 

This arrangement allows the user to vary clock 

rates\ and consequently integration times, by simple software as 

required by the experiment. There are two ways in which this 

capability can be used. If the readout rate of the diode array 

i 5 1 oweLred, then the ti me between readouts and the total 

integration time will be increased proportionally. This"f may be 

incpnvenient in that the pulse shape from the electronics and 

capaciiive readout noise [85] are readout frequency dependent. 
, \,. 
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To provide a more reproducible dark signal, i t i s more 

convenient to always read out at the same rate and to vary the 

integratioo hme by changing the interval between readouts~ 

If thlS timing Is'entlrely under the control of t"e computer 
\ , 

ht1rdware, then the process is vastly simplified and completely 

under sof twar-e control. The tl me requlred for a computer to· 

carry out a g1 ven function i s often rreferred to as the "software 

overhead". Software overhead can be a si gni f i cant factor in tl}e ,>' 

control of 1magi ng devl ces. The software overhead in this 

applicatIon can be reduc:ed sigmficantly by uSlng the timer-

counter (TC2) -.Qf the 6522 VIA as a counter ta count the number 

of clock pulses, and consequently the number of photodiodes, 

which have been read out. This enables the user ta, c~nvenient1y 

collect data onl y from those d10des which contain the spectral .-
informatIon of interest. 

4.2 Dynamic:: Range Extension 

The use of the 6522 VIA as a clocking, control, timing and 

counting deVlce has enabled the development of software which" 

wlth a small amount of suppl emental hardware, can ~ provi de an 

arder of magni tude, i mprovement in the aljli 1 i t Y of the PDA to 

monitor high intensity signaIs. Strong emi tters such as Ca, Mg 

and Sr saturate the PDA for integratlon periods longer than 

about 50 ms, the minimum integration time at the nominal readout 

rate, at concentrations ranging from 10 to 100 ppm. Since the 
1 

useable (but not necessarily linear) concentration range extends 

weIl beyond this level, sorne method of data acquisition is 

necessary which will oprovide the dynamic range extension 

1Bb 

, 

// 
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-----~~~~--­ ", 

required. ~Q order o-f magni tude increase in the dynamic range 
~ . 

can be achieved by ~ conflguratIon described above in an 

--------unconvenbonal mode. Wi th thi s'î:onf i gurat i on the clocl< rate can 
----- ---~ ~ 

-----~ to much hlgher rates than the --maximum acquisition 

-----~------
be al tered 

-~ 

frequency that would be ailowed by either the computer~oftware 
~ 

ThIS moêle of operabon requires that the pIxels ~~ or the ADC. 
'-

the array be clocked at a high rate unbl the spectral regi on of 

i nterest 15 reached as determi ned by the count set in the 6522 

VIA TCl counter. The array IS then clocked at a normal rate and 

the data 15 collected and stored ln the computer. The dock is 

then returned ta the onglnal high rate for the rest of the 

dIode readout and integration, penod. Th15 mode of ,operation is 

calI ed the "BI urt" mode" because a major portion of the data is 

"di vul ged wi thout thinki ng", i. e. not reçorded. 
" 

Figure 4.2 illustrates the dynam~c range extension that can 

be obtained using the Blurt Mode. The Blurt input cIock,was set. 
, , 

ta 1.0 MHz with a resulting pixel output rate of 250 kHz du~ to· 

the di VIde by 4 operation of the internaI circui try.' The 

desi red di ode data was obtai ned at 17.86 kHz. The PDA would be 

saturated by the spectral 1 ine at a relati ve intensi,ty of 

approx i matel y 0.1 if conventional acquisition procedures were 

used. It can be seen that an arder of magnitue i mprovement ln 

dynamic range is obtained. The slopes o-f the Ca II 393.4 and 
, 
l'. 396.8 llnes of the log-log plot were 0.995 and 0.994 with .' 

respective r-squared coefficents o-f 0.9989 and 0.9992. This 

, level of i mprovement coul cl probab 1 y be obtai ned on c:ompu±er 

5!ystems usi ng DMA <Direct Memory Access) t?chni ques;. however, 
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Fi.gure 4.2: Dynamic range extensIon. Open syll'lbols indicate 

signal l ntensi ti es tha\' woul d cause det~ctor 

saturation with 18 kHz readout rate. 

, ' 

th,e present AIM-65' implementation is entirely in software 

without the addition of any further significant hardware, and 

the storage space necessary for the data i s 1 i mi ted to the 

actual information desired. With conventional DMA acquisition a 

complete PDA spectrum would be stored. 
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The present PDA interface i s capable of produc:i ng the 

max i mt.yn c: l oc: k rat e toI erated by the RC1024SA c:ircuit of 4.0 MHz 

..t 1 t- readout rate of 1 MHz. This is factor wlth a resu 1ng a of 4 
1 

-: 
1 mpr ovemen t over the previ ous system and was made possible by 

d 

reduclng the software overhead ta an absolute minimum by 

Impiement1ng th~ pIxel counting and cloc:k switch~ng ln hardware. 

Table 4.1 presents data calculated using an acquisition time of 

17.86 kHz and assumi ng that 10 di odes would be ac:quired for a 

spectral peak whlle the rest of the diode array would be 

Blurted out. 

Blurt Rate Blurt Time Acquisition Integrati on Range 

(kHz) Time (ms) Ti me (ms) Extemsion 

125 8.2 0.6 B.B 6.6 

250 4.1 0.6 4.7 12 

2.7· 21 

1.6 36 '--~~~~~> 
( ~~---------------------------------------------------

500 2.1 0.6 

1000 1.0 0.6 

It 

Tab~~adout times for various Blurt frequencies with 
-~ 

. correspondîng_~namic range extension fac:tor. 
~~ 

-~ 

~--.... ....... ---...----

----- ----. 
-~~-

is Interesting to note that the more ha~dware intensive DHA 
~-----------

approach, runni'1g at 200 kHz, would have a minù;::;m---ï-n~egration 

Ume of 5.2 ms. No slgnificant improve~ent can be gai:~~~ 
combining Blurt re9dout with DMA acquisition. 
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For many applications modern photodiode arrays, do not 

requlre elaborate electronic or computer support. !;)i mpl e 

techniques of the type described can be used to optimize 

performance uSIng low cast equIpment. SelectIve acquisltlon of 

data will minimize'the memory required and may eliminate the 

need for computer acquisitIon systems wlth mass storage . devices 

in certaIn applicatlons. The 1 ntegrated ci rcUl ts used for 

interfaclng during these experlments are particul ar ta one 

famlly of microprocessors, however most microprocessor families 

offer components which can be used ln combination te provlde the 

same functionality. Therefore, it is reasonable to expect. that 

the performance gaIns produced by these experiments can be 

achieved wlt.h many mlcroprocessor based systems. 

Further Increases of photodiode array dynamic range are 
1".1 

theoretically technically feasible and will be necessary for the 

utilization of t.hese devlces in applications requiring the 

monit..oring of light fluxes which vary over many orders of 

magni tude. Extension of the dynamic range by electronic means 

i s preferabl e t.o the use of opt.ical met..hods such as neutral 

density filters because of the speed, reliability and simplicity 
., 

of electronic arrangements. 
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5. Enh.ncem~nt of Wavelength Prediction Accuracy 

and Image Positioning 

Accurate wavelength cal}b~ation and a high degree of 

spatial resolutlon 15 required of a multichannel detector for 

ICP spectroscopy. The energetic nature of the lep producEj!s 

complex spectra for many samples and lt is Imperative that an 
, , 

unknown llne be correctly Identlfled. 1 t 15 equall y ~ mportant 

that llnes to be used for quantI tati v,e determi nation be 

spatlally resolved from other spectral features/ The f irst 

secti on of thls Chapter descrlbes a wavelength calibration 

~ 
technique based on sub-dlode interpolations. Onl y one known 

. 
peak wavelength lS requlred ta predlct an unknown line wlth an 

accuracy ranging from ± 0.003 to ± 0.009 nm. The second section '. 
describes the theory, and offers experlmental support, for the 

. enhancement of spatial resolution uSlng an image translation 

techni que. 

5.1 Wavelength Calibration 
~ 

The Identification of unknown lines in an ICP-PDA spectrum 

can be a difficult task If the spectrum consists of lines from 

elements llke Iron, chromium and other'spe~les WhlCh are capable 

of an extremely large number of -diff~rent spectroscoplC 

transi tIans. It 1 s often the case that 1 i nes are observed that 

are not llsted in common lep wavelength tables C157,158J and a 

comprehenSIve listIng like the MIT Wavelength Tables [159] mùst 

be consul ted. The MIT Tables llst vlrtually aIl of the known 
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atomic llnes of significant intensity ln the UV-visible ragion, 

however the relative Intenslty data for each line .. as obtained 

from arc and spark experi ments and i s therefore not necessari 1 y 

the same as the relatIve Intensity observed .for 'the lep. Given 

that there is a general slmilarity between the relative 

intensities produèed by the arc, spark and lep sources Cie. a 

strong !lne for one source is a strong line for the other 

sources) an unknown line can usually be unamblguously identlfied 

if the wavelength predIction IS accurate to ± 0.01 nm. The MIT 

Tables often list 10 or more lines wlthln a 0.02 nm range, but 

the intenslty data is usually sufficient to deduce the identity 

of the unknQwn. 

A prediction accuracy of ± 0.005 nm at 200 nm and ± 0.01 nm 

at 400 nm has been achieved [54] using an image dlssector PMT 

<IOPMT) and an echell e spectrometer. Using the same 

spectrometer configuration, the prediction accuracy was ± 0.003 

nro at 200 nl'l and ± 0.006 nm at 400 nm when a vidicon was used as 

the detector. Both of these performances can be attributed to 

the high degree of dispersion achieved using the echelle 

spectroroeter. The wavelength calibration accuracy of a vldicoli' 

detector can be qui te poor [51,93] compared to that of a POA 

[93] when used wi th a convent i anal linear dispersion 

spectrometer. This is due to the fact that the spati al 

resolution of the vidi con is llmi ted to tt;le preci SIon and 

accuracy of the electron beam scanning and pas! ti oni ng 

el ec:::tronlcs. The spati al precision of the PDA is dependent 

on1 y on the geometry of the photodi odes and, si nce the PDA i 5 
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fabricated 
. Gr 

uSlng preCIse microelectronic \ techniques,", the 

'" 

registration of the photodi odes i s excell ent [31] • 

;, 

.A wa'ielength predi ct i,on accuracy of ± 0.02 nlll has been 
L . 

reported [93J for an RL1024S PDA moni toring a 21 nm spectral 

1" 

window. ThIS is based on a techni que which employs any two 

'known spectral llnes to determlne the reciprocal .dispersion of 

the spectral window. The prediction accuracy results from 
l , 

multiplying the reciprocal disperSIon of 0.825 nm/mm by the 

pitch of the pixels of 0.025 mm [93]. It is clear that a 

prediction accuracy of ± 0.01 nm or better can only be aChieved 

if c sub-diode image posltioning can be establlshed with a 20 nm 

windaw. lt would also be·advantageous if only one known line 
, . 

lias required 'for calibration of the spectral window. 

5.1.1 Experimental 

The lep was used as a source for calibration data. The MAK 

sample introduction system was used and the conditions specified 

in Appendlx B were employed. A serIes of elght 20 nm windows, 

each containing sev'eral umformly dispersed 1 ines, were 

collected ranging from 200 ta 400 nm. Elements were carefully 

selected such that as few elements as possIble were - used to 

proVI~e prominent lines acrass a given window. This minimized 

the possibilty a{ spectral 'overlap. The concentrations of 

analyte solutions were adjusted such_ that aIl calibration lines 

were sufflciently intense for the integration periad employed. 

Solutions were prepared from reagent grade saI ts ,in 

deionlzed/distilled water. The SIl t wi dth was set ta 25 pm. 
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5.1.2 Preliminary Calibration Resulta 

The reclprocal dlsper~lon for a conventlanal grating 

spectrometer is .wavelength dependent as indicated by the 

. 1 
relatlonshlp [160] 

dco5S = lm IF ' 
C5. 1) 

where Rd 15 the reclprocal dispersion; d is the groove ,spacing 

of· the"grating; 8 ii the angle of diffractlOn"with respect ta 

the gra~lng normal (a function of wavelength); m IS the order; 

and F is the focal length of the optlcal 1 
system. Since the 

calIbratIon must be accurate to at least 0.01 nm and the 

parameters of the ab ove equatlon were not known ta this degree 

of 'precision, an empirical appraach was used ta determine Rd as 

a functlan of wav~length. 

A serieS of 8 calibratIon wIndows (wavelength regions) were 

Each used ta determlne the average Rd for each 20 nm reglon. 

calibratIon Ilne exclted 5 diodes with the 25 ~m sllt width. A 

second arder polynomIal fit was performed an the 3 most intense 

pixels of' each peak [1611. A typical result is shown ln Fig. 
Q . 

5.1. ThIS curve fit was coded ln the Pascal overlay CALMOD.SRC 

(see Appendi x J) where it cauld be accessed by the control 

program PDASYS2.SRC. The reclprocal dispersibn glven'by a knawn 

line paIr in nm/dlode was calculated uSlng 

(5.2) 

where À represents the wave~ength of the lines; and, D represents 
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Figure 5.1: Demonstration of second arder fit to 3 peak diodes. 

the sub-dlode posi tl on ,of the llnes obtai ned frofRM'the pol ynomial \' 

fit. 'Table 5.1 lists the calibration linE}5 and the average Rd 

values obtained from reference 159 . 

. 
1 

, 
Window Range Calibration Lines Average Rd 

(nm) (nm) 
2 . 

(10 nm/diode) 

200-220 Zn 202.551 , 2.02785 

Zn 206.191 

Zn 213.856 

Pb 216.999 

Pb 220.351 
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220-240 Ag 224.641 2.02301 0 

Cu 224.700 

Ag 241.319 

A«1 243.779 

~ 

240-260 Ag 241.319 2.02184 

Ag 243.779 

. Pb 247.638 

Zr 257.139 

Pb 261.418 

260-280 Mn 260.569 2.01066 

Mg 279.553 
'" 

Mg 280.270 

280-300 ,Mg 279.553 2.00708 

Mg 280.270 

Mg 285.213 

V 290.882 

V 292.402 

V 292.464 

Hg 296.728 

310-330 V 309.311 1.99727 
":~...:..--

V 310.230 

V 311. 071 

Ca 315.887 
.I~rJ 

Ca 317.933 

Ag 328.068 
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330-350 Na 330.232 1.98880 

Zr 339.198 

Zr 343.823 

Zr 349.621 

390-410 Ca 393.367 1.96321 
-- . - \. 

Ca 396.847 

Sr 407.786 

Table 5.1: CalIbration windows, elements for calibration and 

calculated reciprocal dispersion data. 

Figure 5.2 Illustrates the change in reciprocal dispe~ 
as a function of wavelength • 

2.020 

Ci) 
"C 
·.2 2.005 
~ 
E c 

'b 1.990 
.::::; 

1.915 

. ~ 
............. 
.~ . .. ~ ." • 

o 

1.960 ...... __ ---'------""-____ -'-____ ...u 

200 250 300 

Wavelength (nm) 
350 

Figure 5.2: Rd vs. wavelength for average of 20 nm windows. 
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The data 0+ FIg. 5.2 were fit uSlng another seçond arder 

polynomial resulting in the equation 

Rd = 2.0503 X 10-2 + ~(9.4204 X 10-8 ) 

where h lS the wavelength of the known line within a given 

window. Thi s equatl,on program was inserted ln the Pascal o. 

PDASYS2. SRC. Using the sub-diode positioning information 

provlded by the overlay CALMOD.SRC, unknown lines could be 
1 

determlned using only one'known line for any window in the 200-

400 nm range. Table 5.2 illustrates the results obtained using 

thi s method. 

Many of the calibratiops of Table 5.2 are within the 0.01 

n'm cri ter'i on establ i shed previ ousl y. However, a trend can be 

seen 1f this data is carefully inspected. In several cases ~n 

error of more than 0.01 nm is ob'served if the "unknown" 1 ine is 

more than 15 nm away from the calibration line. Possible 

sources for this type of error include the calibration method 

itself, noise giving rise ta - apparent peak shifting, the 
, 

positIon of the PDA in the focal plane, 1naccurate photodiode 

geometry or incorrectly reported ~avelengths in the literature. 

The latter factor was not considered ta be thè probabl~'cause. 

\ 
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. Window Range "Known Line" IIUnknown Lines ll Error 
,.' , 

(nm) Actual Une Calculated line (nm) 
-:! 

200-220 Zn 202 .. 551 Zn 206.191 206.198 .007 

Zn 213.856 213.857 ~001 

Pb 216.999 216.990 -~009 

Pb 220.3505 
" 

220.348 -.003 

220:-240 Ag 224.641 Cu 224.6995 224~697 -.003 

" Ag 241.3188 241.311 -.008 

" Ag 243.7791 243.777 -.002 

260-280 . Mn 260.5688 Mg 279.553 279.570 .017 

Mg 280.2695 280.291 .022 

280-300 M~ 279.553 Mg 280.2695 2aO~267 -.003 

" ' Mg 285.2129 285.208 -.005 
t. 

V. 290.882 290.881 -.001 

V 292.402 292 .. 404 .002 

V 292.464 292.463 -.001 
, 

/ 

Hg 296.728 296.738 .010 

310-330 V 309.3U V 310.2299 310.229 -.001 

'- V 311.0706 311.069 -.002 . 

----------
Ca 315.8869 315.884 -.003 

Ca 317.9332 317.935 .002 

Ag 328~'O683 328.093 .025 

~=i30-350 Na 330.2323 Zr 3~9.1975 339.191 -.007 , 

Zr 343.823 343.826 .003 

\ Zr 34~.621 349.645 .024 :\r 
390-410 Ca 393. 36.66 Ca 396.8468 396.843 -~004 

,- Sr 407.786 407.785 -.001 

" Table 5.2: Prediction accuracy for preliminary calibration. 
r> 
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~.1.3 Calibration Error Analy.i. J 
The data of Table 5.2 indicate unacceptabl e 

cal 1 br-at'l on er-r-ors occur- on1 y when the unknown 1 ine is a long 

distance away fr-om the calibr-ation Ilne. Two possibilitles wer-e 

welghed as causes of this phenomenon. If the PDA was sltuated 

at an angle with respect to the focal plane, then this type of 

er-r-or- could occur-. Secondly, if the Rd changes slgniflcantly 

withln a window (ie. over- 20 nm), then the fur-ther the unknown 

line lS from the calibr-ation line, th~ larger the error would 

be. Both of these causek would give rise to ~ monotonlc error 

propagation along the PDA; a fact il1ustrated by sorne of the 

windows ln Table 5.2. 

The magnitude of the error induced by assuming a constant 

Rd within a window can easily be calculated. Using eq. 5.3 the 

Rd is 0.02029 nm/diode at 200 nm and 0.02024 nm/diode at 220 nm. 

At 300 nm the Rd is 0.02000 nm/diode and at 320 nm it 0.01993 

nm/diode. These ar;k relatively small differ-ences corresponding 

ta 0.25% and O.35Y. respectlvely. To determine the effect on the 

calIbratIon accuracy the 310 nm to 330 nm window was used as an 

example. The Rd at the V 309.311 nm calibration llne is 0.01997 

and ch,anges ta 0.01990 nm/diode at the Ag 328.0683 nm line. The 

peak sub-diodes were 54.00 for the V line and 994.55 for the Ag 

1 ine. The calculated wavelength for the Ag line is therefore 

328.093 nm as reported in Table 5.2. Using an average Rd of 

0~Q1994 nm/diode instead, the calculated Ag wavelength is 

328.066 nm. Theerror has been reduced by an arder of magnitude 

from 0.025 nm to -0.002 nm~- -~ 
------------------------... 

Bef ore proceeding with the deveÎOpm~f an algorithm to 
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Incorporate variable Rd éalculations, two experlments were 

performed to ascertain the reproduclbility of r.epeated 
\ 

calIbrations wlthln a wlndow and the quallty of the calIbration 

:--~ if the spectrum is shifted along the Wlnd~~""">' The former 
-~ ~ 

,------------ " 

--1 

--:--_experlment tests for the posslbility of lndependent peak 
-----------
posltl-on-~iability due ta readout nOIse wtule the latter tests 

--~-~ 
for potentlal dlode-~eometry varIatIons. 

~~ 
The spectrum shown ln F~.3 was used for these tests. 

<~ 

V 309311 

1/310.230 

V 311 071 

Co 317932 

Co 315887 

-----
Cu 324.754 

A0328.068 

Cu 327.396 

Figure 5.3: Spectrum of 310 to 330 nm wlndow used for 

calibration error analysls. 

For the hrst test 5 sp,ectra were acqulr-ed Wl thout moving the 

grating. Each spectrum was callbrated using 3 "known" lines: 

one at the low wavelength end of the spectrum, one ln the middle 
." 

and one at the hlgh wavelenqth end. The results are tabulated 

in Table 5.3. 
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Calibration Llne Unknown Lines Eri'"ors for Replicates 

(nm) (actual >..) 1 ~ 3 4 5 

V 309.3108 
V 310.2299 -.001 -.001 -.001 -.-001 -.001 

V 311.0706 -.002 -.002 -.002 -.001 -.002 

Ca 315.8869 0 .001 .001 .001 .001 

Ca 317.9322 .003 .003 .003 .003 .003 
) 

Cu 324.754 .014 .014 .014 .014 .014 

Cu 327.3962 .024 .024 .024 .024 .024 

V 309.3108 .010 .010 .010 .010 .010 

V 310.2299 . .008 .008 .008 .008 .008 

V 311.0706 .006 "OOl, .006 .006 .006 
l!-

" Ca 315.8869 0 .001 .001 .001 .001 
Ca 317.9322 

pu 324.754 0 0 0 .001 .001 

-Cu 327.3962 , .007 .006 .006 .007 .007 

Ag 328.--0683 
~----------

.009 

----
.009 .009 .009 .009 

" 
V 309.3108 .036 .036 .036 .036 .036 

V 310.2299 .032 .032 .032 .032 .032 

V 311.0706 .029 .029 .029 .029 .029 

Ca 315.8869 .014 .015 .015 .015 .015 

Ca 317.9322 .010 .010 .010 .010 .010 
~~ 

Cu 324.754 - .. 002 -.003 -.003 - .. 002 -.002 

Cu 327.0683 - .. 001 -.002 -.002 -.001 -.001'-
Ag 328.0683 

~~' 

Table 5.3: Calibration errors fer replicate spectra àbtained 

with static positioning. 
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~~ 
These data c~~ndicate that the spectrum to spectrum 

~ . 
reprodu~lbillty of the calibra~~~SSociated errors, is 

very hlgh. It is aiso apparent that the èncl-to-end" errors are 
--------

reduced by a factor' of two if a line in the cent;;~tQê PDA is 

--------~~-
used as the calibration wavelength. This follows from ~~ 

prevlous discusSIon regard1ng Rd changes wlth1n a window. 

The second test involved acquirlng 5 spectra where each 

spectrum was shifted sl1ght,ly so that a different group of 

photodiodes were exc1ted by the spectral llnes. Each spectrum 

was shlfted by approximately 0.2 nm (10 diodes) from its 

previous position. The same cal ibration procedure us~d for ~ 

replicate test was usèd and the results are shown in Table 5.4. 

The error for a given line is slightly worse as a result of 

the spectrum translat1on. The majorlty of the error appears to 

be associated with the change in Rd and/or the positioning of 

the PDA in the focal plane. It lS expected that the pr.ecision 

of the calibration could be degraded if long 1ntegration periods 

are employed due ta mechanical effects like thermal expansion 

an,d vibration. The data shawn here was obtained using 

relatively short integratlon periods. 
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Calibration Li ne Unknown Lines Error~ for Replicates 

tnm> (actual >.> 1 2 3 4 5 

V 309.3108 
V 310.2299 -.001 -.001 -.001 -.001 -.001 

"V 311.0706 -.002 -.002 -.002 -.001 -.002 

Ca 315.8869 0 -.003 -.002 .002 -.004 

-.-~----- Ca 317.9322 .003 .003 .003 .002 .001 
~---
~ Cu 324.754 .014 .014 .014 .014 .• 012 ----

Cu 327.3962 .024 .023 .024 .023 .020 

V 309.3108 .010 .010 .010 :011 .013 

V 310.2299 .008 .008 .008 .010 .011 

V 311.0706 .006 .005 .005 .008 .008 

" Ca 315.8869 0 -.003 -.002 .003 -.001 , 
Ca 317.9322 Cl 

Cu 324.754 0 0 0 .001 .001 

Cu 327.3962 .007 .006 .006 .006 .004 

Ag 328.0683 .009 .008 .009 .010 .004 

V 309.3108 .036 .037 .037 .037 .044 

"V 310.2299 .032 .034 .033 .034 .040 

V 311.0706 .029 .029' .029 .031 .036 

Ca 315.8869 .014 .012 .013 .017 .017 

Ca 317.9322 .010 .011 .011 .010 .015 

Cu 324.754 -.002 -.002 -.002 -.002 .003 
- . 

Cu 327.0683 -.001 -.001 -.001 -.002 .001 
Ag 328.0683 

-~ 

--------
Tabl e 5.4: Calibration errors for replicate spec:tra obtai ned 

with spec:trum shifting. 
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5.1.4 Modified Calibration Procedure 

The solution to the vari.able Rd problem ",as envisioned as 

an algorithm WhlCh would independently calculate the reclprocal 
~ 

dispersion between the calibration Ilne and each unknown line. 

The change ln Rd 15 nonlinear with respect to wavelength; 

however, over the relatively small range of 20 nm it approaches 

1lneari ty. The spectral series used to determine the Rd vs. 

wavelength plot shown in FIg. 5.2 was employed for the modified 

procedure. However, instead of averaging the Rd values 

calculated for the llnes in a given window, separate plots of Rd 

vs. d.ode pos' hon were constructed for 7 20 nm window. 

Figure 5.4 illustrates a typic~l plbt for the 350 ta 370 nm 

region. 

1.981 

-Q) 
-0 

~ 1.980 

E c: 
'b - 1.979 

'0 a:: 

1.978 

o 

-400 
.. 
400 -200 0 200 

Peak Position (Diode) 

Figure 5.4: t10t of Rd vs. diode position within a.window 

as a function of wavelength. 
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Because we are deal i ng wi th ex'tremel y small changes in Rd the 
"-

data pOInts begin ta show the limit of the measurement technique 

as eVI denced by errati c, non-monotonl c behavi or. Nonetheless~ 

a 1 i n'ear regresslon provi des a 51 ope and 1 ntercept 
) 
'\ whi ch ,does 

approXlmate the data over the window. 

It 15 Important ta note that the abscissa axis is scaled in 

diode position from a central calibration diode. Aline near 

the center of each window spectrum was chosen as the reference. 

The other line poslti on~ rel ati ve ta the central .H ne were then 

used to produce the R~ data. ThIS means that the calibration 

technique 15 optlMlzed for calibration lines which will appear 

near the center of the PDA. However, the ~echnlque still 
\ 

prelimlnary method, if lines at either end 

,/ 
cOipared 

of 1 the PDA 

ta ,the produces superior calibration results, 

are used 

for cal ibration. 

The preliminary calibration method involved plptting the 

average Rd wlthin a window as a function of wavel~rigth. For the 

modified procedure the linear functions pertaining ta the Rd 

change withln a wlndow were described as a function of 

wavelength. This was done by plotting the slopes and intercepts 

for each Rd vs. diode position plot for each ",indow as a 

function of wavelength. Figure 5.5 shows the intercept of the 

Rd vs. diode data for each windo", as a functlon of \he reference 
Il 

wavelength. A second arder p~!ynomial fit was performed on this 

data glving rise ta the indidated curve~ The equation of the , , 

curve was found ta be 

y (5.4) 
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Figu~e 5.5: Plot of the intercept of each window calibration 

illustrated by Fig. 5 .• 4 as a function of wavelength. 

Figure 5.6 shows the slope of the Rd vs. diode position plots as 

" 

a function of wavelength. 

algorithm. 
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350 400 

Figure 5.6: Plot of the slope of the windoH callbrations 

illustrat~d by FIg. 5.4 as a -function of wavelength. 

The i mplementation of the algorithm was coded in 

PDASYS2.SRC (Appendix J) within the Calibration routine.' The 

operation of the algorithm'is as folloHs. 

1. A dark and analyte spectrum is loaded into memory Trom 

di sk or acqui red from the PDA. 

2. The user invokes the 'C' command from t'he function list 

provlded by the program. 

3. The system prompts for the threshold value. This is a 
" 

value in absolute ADC counts. To determi ne the basel i ne 1 evel , 
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~nd hence the threshold, the D(isplay) command mA~ be used 

before invoking the calibration routine. 

4. The ma1n program loads the overlay CALMOD and performs 

a peak search for aIl p1xels above the threshold v~lue. 

5. The 3 most intense dlodes of each peak are fit using an 

optimlzed second order polynomial algorithm and the resulting 

sub-dlOde maximum is stored in"an array to be passed back to the 

main program. 

6. The peaks are listed on theJterminal as sub-diode 

values and the user is promptedoto select one of them as the 

reference, or calibration, line. This may be a 'simple matter if 

the user 1mmediately recognizes a pattern or a prominent line. 

Alternatively, complex spectra may dictate that several attempts 

be made ln conjunction with appropriate wavelength tables' to 

identify a line. 

7. The system calculates the intercept of the Rd vs. diode 

position plot using Eq. 5.4. 

8. The sub~diode position of aIl peaks is now known as 

weIl as the wavelength of one peak. The Rd in nm/diode is 

calculated for each unknown line using 

R = b + m(D - Dc>' d u (5.5) 

where b is the intercept from Eq. 5.4; D is the subdiode 
u 

position of an unknown I1ne; D is the subdiode po~ition of the c 

known line; and m is the average slope of the Rd vs. diode 

position data (a constant). 
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9. The unknown wavelength is deteçmlned'using 

<5.6) 

The results using this modlfled algorithm are shawn in 

Table 5.5. The number of lines tested was increased ta provide 

a better indication of the effectlveness of the method. The 

llnes denoted by 'C' indicate calibratIon waveleQgths at 
, . • 

different posItIons along the PDA. The error subscripts 1, c 

and h correspond ta the errors resuiting from the use of a 

calibration llne at the low, center and high wavelen~th regipn 

of the PDA. 
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240-260 Fe 238.863 C -.007 -.026 

Fe 239.563 .002 -.004 -.022 

Fe 239.933 -.006 -.011 -.030 

Fe 240.488 .002 -.004 -.021 

Fe 248.327 -.002 C -.010 

Fe 248.815 -.003 -.001 -.010 

Fe 252.282 -.002 .003 -.003 

Fe 258.588 -.011 0 C 

260-280 Mn 260.569 C -.007 -.025 

Cr 266.342 .002 .003 -.013 
, 

Cr 266.602 .001 .002 -.014 

. Cr 267.716 -.002 C -.015 

Cr 267.879 -.003 0 -.015 

Cr 276.259 - .. 006 .002 -.004 

Cr 276.654 - .. 004 .004 -.002 
;:, 

Mn 279.482 - .. 007 .003 0 

Mn 279.827 -.008 .003 C 

280-300 Mn 279.482 -.001 -.003 -.015 

Mn 279.827 C -.001 -.013 
• ~J , 

Mg 280.270 .. 003 .002 -.009 

Mn 285.213 -.001 C -.007 

Mn 293.306 - .. 008 .003 -.003 

M'1 294.921 - .. 008 -.003 0 

Hg 296.728 - .. 010 -.004 C 
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·' 
310-330 V 309.311 C -.004 -.015 

V 310.230 0 -.003 -.014 

1 V 311.071 -.001 -.004 -.014 
J" .-

1 ff 

V 311.838 -.002, -.004 -.014 

V 312.528 -.001 -.003 -.012 

. 
Ca 315.887 -.004 -.004 -.011 

Ca 317.933 -.002 C -.006 

Cu 324.754 -.007 -.001 -.002 , 

Cu 327.396 -.00.7 .001 .001 

Ag 328.068 -.009 -. 001' e 

330-350 Zr 330.628 C .003 -.008 

Zr 335.609 -.002 .004 "':.004 

Zr 339.198 -.008 C -.006 

Zr 343.053 -.006 .004 0 -
: -

Zr 3'43.823 -.008 .Oq2 -.001 
Ir -

) 

Zr 347.939 -.008 .004 .003 

~ Zr 348.115 -.005 .003 .006 

Zr 349.621 -.007 .006 .007 

Zr 350.567 -.015 -.001 e 

\ 
350-370 Zr 349.621 C '0 -.009 .' 

) Zr 350.567 -.007 -.007 -.016 

Zr 355 .. 195 -.005 -.003 -.009 

Zr 355.660 -.004 .009 -.007 

Zr 357.685 -.004 C -.005 

Pb 3q3.958 -.007 -.001 -.003 
0 '; 

Co 

Pb 368.347 -.008 0 C 
/ 

~ 
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~) 

\ 390-400 Mg 383.231 C '.005 -.003 

Mg 383.826 
( 

.001 .006 -.002 

Sa 389.179 -.006 .001' -.005 

Ca 393.367 -.009 C -.005 

Ca 396.847 -.012 -.001 -.005 

Mn 403.076 -.011 .002 c 

Table 5.5: Calibration results for modified algor'ithm. o 

, 
~.l.S Conclusions 

The average absolute error for the low, center and hi gh 

calibration trials 15 .006, .003 and' .009 nm respectively. In 

gene~al the modified procedure yields errors about one half the 

magnitude of those produced by the prelimlnary method. Wh en a 

line near the center of the PDA IS used -for calibration, aIl of 

the lInes" ln the window can be predicted wi th an accuracy 

~ 
exceeding 0.01 nm. However, the previously observed end-ta-end 

errar is still apparent. This may be due to the pasitloning of 

the PDA in the facal pl ane. The end-ta-end e~ror is slightly 

HorSe If 'the calibration Ilne is at the high ra~her than the low 

end of the PDA. This is understandable since the PDA was 

-focussed with the ald of an OSCilloscope using the start pulse 

as a trigger and only the first 50 te 100 photodiodes could be 
, 

viewed ln real-time with sufflclent resalution ta achieve a 

focus. If the detecter IS situated at an angle with respect te 
t 

the focal plane and the low end of the PDA IS properly focussed 

the~ the high end is nat. -Choosing a calibration line in the 
.\ 

center of the PDA s,i mpl y resul ts 1 n a reducti on of the errar by 
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... 
a factor of 2. It would be possi. ble ta cOfllpens.ate for these 

errors using fu,-ther empiric:al techniques; however, the bltst 

solution would be to focus the sy5tem better. Focussihg the 

detector 50 that the wavelength prédIction accurac'y is optimized 

WIll requl re a method whi ch reports on the qual i ty of the image 

at both ends of the PDA in real-t i me as the user QIan i pul ates the 
. 

posltionlng adjustments • 
. . 

r,) 
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One of ,the major limitations of linear multichannel sen50rs 

when used as detectors for atomic spectroscopy is that a 

wàvelength coverage vs. resolution trade-o+f must be made. The 

majority of atomic lines Ile in the 200 ta 400 nm range for lep 

emlsSl0n spectroscopy. The maximum practical window wldth for 

1 a 1024 element sensor with a 25 ~m pitch is limited ta between 

10 and 20 nm for medIum resolution atomlc work. It has been 

argued [93J that if tre PDA is to achieve the same degree of 

spatlal resolution as conventlonal entrance/exit slit sy~tems 

<-
using SIngle channel detectors, the maximum spectral range 

covered by 1024 pixels should be 8 to 10 nm. Thi s secti on 

presents the theary and sorne experlmental support for ~ a 

techm que that can be used to accuratel y determi ne image 

posi tians, deduce image dimensions and aberrations, and 

patentially increase the resolution of the PDA by a significant 

amount. 

The wavelength calibration technique presented in section 

5.'~ dJJ rel ies on a curve fi tt1ng approach to determine sub-diode 

image positions. The true capability of this technique is 

masked by the probab'ility that the detectoris nat accurately 

positioned ln the focal plane. If a wavelength calibration 

accuracy of 0.002 nm can be achieved, the corresponding sub-

diode ipterpolation accuracy will be ± 0.1 diodes assuming a Rd 

of approximately 0.8 nm/mm. This is· adequate for unlmown 

identification purposes. The question that remains 1S whether 

this image positioning accuracy can be improved upon, and if 50, 
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how can the 1nformati on be used to advantage. 

A key advantage photod1ode arrays maintain over sorne 

charge-coupled dev1ce sensors is that the semlconductor reglon 

d10des 1S Il gh t senS1 t 1 ve. The """ geometr1c response ----
--------------functlon (GRF-r--f-~S-Series photodlode is 111ustrated ln Fig. 

5.7. 

2.5mm 

-13pm~ 
...... I------25j1m ----. .. 

position 

/ 

Figure 5.7: segme~t of PDA shawn with corresponding GR~. 
\ 
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The ,GRF across the enbre array is comprised of n overlapping 

t .... apezo1ds. where n i 5 the total number of photodi odes. The 

response of a particular photodiode to a photon flux Implnglng 

dlrectl y on the 13 jJ.m ... ide p-type island lS constant as 

Indlcated by the fIat top df the trapezoid. Electron-hale pairs 

generated in the region between photodiodes have a probability 

of ml grat i ng ta a part i cul ar photodIode based on thei r prox Iml ty 

ta that diode. This gives rise to the downward sloping edges of 

the GRFs which Intersect ,at a pOlnt halfway bet ... een photodiodes. 

_ Arrays exhibiting a rectangular GRF such ~s g«~-side 

~ 11luminated CCDs are subject to severe aliasing errors in the 

~al domaln because intensity information bet ... een plxels is 

------lost ~_~th the PDA GRF aIl Intensity information is 

------------
retained, albeit dîst~buted between pixels. If the spatial 

'~ 

~~ 

frequency He. Image features per~~~ is high enough then the 

~ 
resol ut ion i s 1 i mi ted by the pl tch (spac i ng fâncl ... i dth of the 

--.......----.-------

sensor elements. However, the fact that the GRF is a-~ti-a1ly 
~~-

defined funcbon impl ies that It can be used to extract spatial 

(position) informatIon. Since the geometric registration of the 

photodiodes is excellent, it should be possible to determlne 

image posi tians wit\ an accuracy far greater than that 

by the pl tch and width of the sensor elements. 

imposed 

, 5.~. 1 Resol ut! on Enh .. ncement Theory 
" 

\ 

Fi gure 5.8 i Il ustrates 3 photodi odes wi th thei r GRFs 

normal ized ta the posi b on of,tne dIodes. The shaded reglon 

corresponds ta a spectral 1 ine image. For the purposes of the 

remaining discussion the GRF of a given pixel 1S defined as 
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Flgure 5.8: Segment of PDA shown wi th superposi tian of ideal 

image. 

having a respanse of 1 wlthin the boundary of a pixel and a 

llnearl y decreasing value on ei ther side of the pixel 

terminating at zero at adjacent diode boundaries. A uni forml y 

illuminated rectangular- image is assumed glvlng rise to an image 

prC!file, P(x), that i5 equal to 1 within the image boundary and 

zero everywhere el sJ. Bince the ~mage impinges on the n-type 

o , 

silicon on bath sides of the central diode, aIl three diodes 

WIll integrate a portIon of the electron-hole pairs produced. 

~l equatibn for the calculation of the integrated 

response <IR) of~iode is 
. ~ ------------~ 

RIB ." 

IR ~ fG(X)P(X)dX, 

LIB 

-----
(5.7) 

where LIB is ttte left image boundary; RIB i5 the right image 

boundary; G(x) is the .GRF as a function of x (distance along 
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, 
PDA); and P()() is the image intensity profile as. ~ funetion of 

x. The GRF is a dHicontinuou$ functlon comprised of the two 

sloplng reglons and the constant value re&ion •. The IRs for the 

three photodIodes of Flg.- 5.8 are calculated using 

B c D 

C5. e) 

"here d defines a particular diode; left-hand 

slpplng portion of the GRF for diode d; 
Cl 

right-hand 

slopIng portion of the GRF for diode d; and the let~ers A-D 

deflne the boundaries of the photodiodes. The constant region 

of the GRF, 
o 

Gd' has been def i ned as equal ta 1. 

S.2.2 aeneralized Determination of Geometrie Respon •• Functions 

AlI of the information is available to represent GRFs as a 

funct.ion of poslt.ion along the PDA. It i s useful t.o define a 

frame of reference at the exact center of an arbi trary di ode. 

The diodes on either side of the reference are identified by the 

subscript ± n where n IS an integer and the positive sign 

represents di odes to the right of the central di ode (1 e. toward 

the hi gh end of the arr ay) and the negati ve si gn refers to tl:te 

opposite direction. A zero ,(0) subscript denotes the central 

diode. 

Using Fig. 5.8 as a reference and defining the center of 

the mi ddle dIode as the posi ti onal reference poi nt, equal to 

zero l'm, Tab~e 5.6 describes the di stance from the reference 
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poi nt ta the boundaries of the 8RFs -for the central diode and 

( t""o dibdes el ther side of the central diode. 

" Diode Boundary Dl"SP 1 ac emen t s from Reference ln pm 

A B C D 
'!! .... .~ 

-2 '-6B.5 -56.5 -43.5 -'31.5 

.... ~~ -1 -43.5 -31.5 -18.5 -6.5 

0 -lB.5 -6.5 6.5 18.5 

1 6.5 18.5 31.5 43.5 

2 31.5 43.5 56.5 6B.5 

:r 
Table 5.6: Posi tians of GRF boundaries wHh respect to central 

diode. 

The pattern displayed ln Table 5.6 IS a dIrect result of 

the equally spaced, overlapping trapezoldal GRFs. Since the 

abscissa coordinates for the GRF boundaries are established, and 

the ordinate values at the boundaries are defined (0 or 1> it is 

possible ta calculate the GRFs for a central diode and the 

diodes on either side uSlng a simple 2-polnt linear fit. The 

le-ft-hand port i on of the GRF i s denoted by a 11_" superscri pt 

..,hi le the right-hand portion 1S denoted by a ,u+u superscript. 

,-
The subscript aSfiignments are the same as previousl y defined. 

-
/ G -2 = O.0833x + 5.708 

st = -O.OB33x - 2.625 -2 

S = 0.0833x + 3.625 -1 
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+ 
6_ 1 = -0.0833x - 0.542 

6
0 = 0.0833x + 1.542 

6+ = 'OO.0833x +1.542 
0 

6
1 

::;: 0.0833x - 0.0542 

+ 
6

1 = -0.0833x + 3.625 

-
6

2 = 0.0833x - 2.625 

6+ = -0.0833x + 5. 70S '") 

" "-

The 
0 

6
d 

GRFs are aIl equal to 1- AIl of the slopes of the 

GRF functions are equal ln magnitude and di -ffer only in 

pol an ty. The -slapes and intercepts, can be understood wi th the/' 
/ 

,aid of Fig. 5.9. 

t, , 

, , , . 
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, , 
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Figu\e 5.9: Extrapolation of GRFs ta illustrate slopes and 

intercepts. 
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" , 

Figure 5.10 is a plot of the intercepts for the Gd and 
o 

functions as a Tunctlon of dIode displacement from the central 

diode. The plots are linear and can be used to f'ormulate 

generalized versions pf the 6RF5: 

Gd = 0.0833x· + (-2.083d + 1.S42) 

G~' = -o. 0833>< ':t.-2.:0~ + 1. 542 

(5.9) 

(5.10) 

where x is the displacement in um from the center of the central 

dIode and d is the signed integer value ~escribing a particular 

diode (d=-2,-1, ••• , 1 ,2) • 

GRF Intercept 
6 

+ 

.... -_2 ______ +-"".,...... ___ +-_____ ~+_----...... 2 Diode 

/ + 

-2 

Figure 5.10: Plot of GRF intercepts as a function of diode 

number from central diode for l~ft-~and and 

, 0 right-hand GRF regiDns. 
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S.2.3 InteQrat.d R •• pon •• Calcul.tian. far SinQI. l''Q •• 

The calculation of a diode's integrated response involves 

the evaluation of up ta 6 different boundaries. Tc provide a 

notation which 1S more descriptIve than that offered by Fig. 5.8 

and ta provide meaningful variable names for programm~d 

solutlons the followlng definltions WIll be adopted. These 

definitions ~re relative ta the photodiode that 15 being 

evaluated (ie. dO>' 

Left Diode Boundary (LDB): The baundary of the diode ta the 

left of the diode belng evaluated. (A of Fig. 5.8). 

Diode L.ft Boundary (DLB): The left-hand b~undary of the 

diode being evaluated. (B of Fig. 5.8). 

Diode Right Boundary (DRB): The right-hand boundary of the 

diode being evaluated. (e of Fig. 5.8). 

Right Diode Boundary (ROB): The boundary of the diode to 

the right of the diode being evaluated. (0 of Fi~. 5.8>. 

Image Left Boundary (ILB): The left-hand boundaryof the 

image. 

Image Right Boundary (IRB): The right-hand boundary of the 

image. 

The following example assumes that the.ideal image of Fig. 

5.8 i s 25 J.lm wi de and i s centered on the cent,.. al di ode. 

Therefare the ILB and IRB are -12.5 ~m and 12.5 J,lm respectively.' 

. ) 
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Equat ion 5.8 C<iln be u~ed to eval uate t.he rel a!i ve response of 

the central di ode usi ng the generalized GRF Eq. s 5.9 and 5.10. 

DLS ORB 1Re ;: 

IRo = fG~(X)P(X)dX + f G~P(X) dx + f G~ (X) P ( ) dx 

ILS OLB ORB 

DLS' ORB IRB 

= J<0.0833x+l.542)dX + fdX + J(-O.0833X+l.542)dX 

ILS OLB ORB 

Substituting values for the boundaries from Table 5.b, 

1 [ 2 ] -6.5 
IRO= O.04165x +1.542x + 

-12.5 

Q 

r ] 6.5 + 
l)( -6.5 

r 2' 12.5 
L -o. 04165x +1. 542X] 

6.5 

IRO == 22.0 

It i s usef ul to normal i ze t.he IR t.o the image wi dth so that. 

Slmilarly IR_
1 

and IR1 evaluate to 0.06. 

symmetry IS expected" considering that the image is cent.ered on 

The 22.0/25, = 0.88. 

the cent.ral di ode. Therefore, for a uni form 25 pm image 

cent.ered on a partlcular photodiode, 887. of t.he signal should be 

collected by that photodiode. Each i mmedi ate nei ghbor shoul d 

coll ect 67. of t.he si gnal. Thi s resul t, of i tsel f, i s not very 

significant; however, lf the image is shifted ta theright by 1 

~m the integrated responses are: IR_t = 4.2X; IRo = 87.67.; and 
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IR 1 = 8.2X. A change in positIon of o~ly 1 J!m, or 0.004 diodes, 

ef f ect s a change in nei ghbor i ng diodes of about 2X. 

5.2.4 Integrat.d R •• pon •• Ratio. 

The posItion of an image can be characterized by the ratio 

of a peak dIode to one of i ts neighbors. For thi s Hork the 

integrated response ratio (IRR) ",as defi ned as 

- (5.11) 

To study the effect of image translation on the IRR far a 

variety 0+ image widths a Pascal program was written to perform 

_a simulation. The code for PROFILE1.SRC is Included in Appendix 

L:. The progr-am assumes that the image i s 1ni ti aIl y centered on 

a diode and calculates the IRR for each translation of 1 Ilm to 

the ri ght. Image wldths ranglng -From 5 to 50 JJm were simulated, 

in i ncrements of 5 J!m. These images were assumed to be i deal 

He. P(x) = 1 for ILB < x < IRB). 

Figure 5.11 i Il ustrates the resul ts of the PROFILE1 

sImulation. The ordinate axis is scaled as log <IRR>:- Two 

significant features of this family of sigmoid plots are that a 

very small change in spatial position yields a relatively large 

change in the IRR, and each curve uniquely defines a particular 

image width. The curves si mui taneousl y cross the Log (IRR) ::; 0 

point at a posi tion 12.5 JJm from the center of the central 

diode. Thi 5 i s the necessary candi bon for a photodIode pi tch 

of 25 J!m: when the image is in thïs position it is halfway 

between the' tHO di odes and the IRR i s equal ta 1. 
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Figure 5.11: IRR plots .for translati on of images rangi ng from 

5 to 50 )lm in wi dth. 

It follows that if the profi'le, P(x), of an image is known 

inc:luding its width, then its position can be determined by 

simply measurlng the intensity of the peak diode and its 

neighbor. ThIS provides a more rapid, and potentially more 

accurate method of achievlng sub-diode position lnformation. 

Conv~rsel y, if the image proflle is unknown it can be inferred(J 

by translating the lmage tp produce a c:haracteristic sigmOld 

curve which can be analyzed ta extract P (x) • Anather 

passlbility for this tethnique may include image fidelity 

anal~sis since an asymmetrlcal curve lmpl ies an asymmetrical 

image. 

Methods already eXlst for' precIse Jspectrum shifting 

including refractor plates and moving entrance sl..its. These 

methods were not avai labl e for this Hork; however, the stepping 

mator based spectrometer drive system has a resolution of about 
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0.003 nm corr:esp'onding ta a translation of 3.7 J,;'m. 

~.2.~imental Verification 

The procedure used for verIfIcation involved the 

translation of an Image by repeatedly puls1ng the stepping motor 
'r 

and alternately rpading out a port1on of the spectrum. This'was 

accompllshed uSIng the expanded AIM (AIM2) to control both the 

spect~ameter drIve system and the detection system. Subsets of 

the System 1 user interface, PDASYS1.BAS, and the stepping motor 

control program, STEPPER. BAS, were combined into a single 

program called PDARES.BAS. This routine invoked the standard 

initlalization routine, PDArNIT1~ASM, and readout routine, 

PDASCAN 1 • ASM , to perfor~ Initial 1mage positioning. An 

addi tianal assembler routine, PDARES.ASM, was used ta 

alternately pulse the motor and perform readouts. 

and PDARES.ASM are included in Appendix L. 

rt was necessary ta Shlft the image as quickly as possible 

because the belt connecting the stepping motor drive shaft to 

the sine bar gear exhIbits an irreproducible relaxation if the 

motor 1S simply pulsed and the system allowed to settle. The 

maXImum readout rate using System~is about 10 kHz permitting a 

'stepping rate of 9.6 Hz. The light source for this experiment 

was the 632.8 nm 11ne of a He-Ne laser. This source was chosen 

because it was intense endugh ta produce a large peak at the 

maximum readout rate and, more importantly, it would require 

that a rel~tively un-u~ed portion of the sine bar drive screw 

was engaged. Nonetheless, it was expected that the drive screw 
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would ,introduce some error because the pitch of the threads is 

only accurate to between 5 and 101. [162]. 

An entrance slit width of 10 um was used for ail 

translati ons. The 632.8 nm Ilne was roughly centered on ddiode 

60. The motor was pulsed 32 times af 9.6 Hz and the 15 pixels 

surroundlng the peak were collected for each pulse and stored in 

the AIM memory. The 32 sets of 15 pixels were subsequently sent 

to the S100 system ~ia the network. The 32 steps produced an 

image translation of approximately 5 diodes, sa after\ the first 

translation series the peak was roughly centered on diode 65. 

This process was repeated '9 more times eventually invoking diode 

107 as the maximum. 
, 

The image was then returned ta diode 60 and the entire 

process was repeated a second, and finally, a third time. 'This 

resulted in 3 replicates of 10 translation series where each 

group of 3 translations used the same portion of the sine bar 

drive screw. This minimized the propagation of error due to 

thread pitch changes. Since 320 steps corresponds ta one 

complete revolution of the drive screw, the 10 translations of 

32 steps effectively utilized the entire diameter of the screw. 

Figures 5.12 through 5.21 illustrate the results. The 

scale of Fig.s 5.13 to 5.21 are the same as for Fig. 5.12. 

Generally the slgmoid shape exhibited by the theoretical curves 

i s produced. For a glven run (symbol), the data are usually 

monotonie and trace out a smooth curve. The three sets of 

curves per plot were normalized ta produce the superposition 

because the three replieate passes were not initiated from 

exaetly the same position with respect to diode 60. 
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Tc attempt to evaluate the actual image width and the 

quality of the Image the data of Fig 5.16 (identified by the 

_ symbol .> were plotted on the same scale as the theoretical 

curves for a 45 and 50 pm image. ,The results are shown in Fig. 

5.22 where the .'symbols represent tHe experimental data. The 

IRR axis IS scaled llnearly to produce a slightly expanded 

vertical dimension compared W1 th a Log scale. 

2.5 

2.0 

1.5 

IRR 

1.0 

0.5 

, 
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\ , 
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~, , , 

\451' 
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TrCl'lsiotion (p) 

30 35 

Figure 5.22: Data of Fig. 5.16 plotted with theoretical 

curves for 45 and 50 ~m wide imag~s. 

The experimental data follows between the theoretical data 

up to the hal fway mark at 12.5 um at which point i t di verges. 

This suggests two things. Fi rst, the 10 pm entrance sli t did 

not result in a 10 pm image. Thi s coul d be due to the 
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spectrometer and/or detector focus. It is also Possible that 

the quartz. faceplate of the PDA is responsible for some image 

. 
degr ~dat i on. Secondly, it ap'pears that the image is 15lightly 

asymmetrl c based on the deviatlon from the theoretical plot. If 

the left-hand slde of the image Has broader than the right-hand 

slde thls deviatlon Hould be seen. 

~.2. 6 lnt:agr.ttad R •• pons. Calc::ulations .for THO 1"'.9 •• 
, l, 

Some of the most di fflcul t, problems in lep emissi on 

spectrosc:opy are those resul ting from partial or direct spectral 

overlap. Spectt-al overlaps can be mlnimized by provldlng a high 

degree of dIsperSIon; hOHever, thi s reduces the Hi dth of the 

spectral ""indoH. Another approach i s to successfull y detect an 

overl ap si tuati on and then ei the,- choose an al ternate anal ytical 

llne or perform a spectral stri pping procedure. The spatial 

resolutlon enhancement theory provi,des t.he potenti al for 

dete~,itng 

devjI opment . 
spectral overlaps. At the present 

the theory is not capable of deconvoluting 

1 
o~erlaps, but this will be addressed in the future. 

state of 

spectral 

Two-l ine IRR calculations are a simple extension of the 

slngle line general approach. The widths of both images will be 

the same If a single entr~nce slit is used. The Image 

seOparation as weIl as the relative intensities will affect the 

--------IRR. A computer progra.1n--called PROFILE2.SRC was written to 

simulate multi-image IRRs as a function of t .... anslation. Ideal 

images were again assumed and both Images wer~ defined to be of--

equal intensi ty. PROFILE2.SRC generates ~ series of IRR values 
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for 50, l ",m translations. The user specifies the image width 

and the center oto center image -separatlon. Another versi on of 

thu; program, called PROFILE3.SRC~ was usedo to provide IRR 

tables for image widths of 5 to 30 "m in increments of 5 pm. 

For each image wldth, 1mage separations rang1ng from 2 to 50 "m 

were employed in increments of 2 ",m. The output from this' 

program cons1~ts of 150 pages of IRR tables and 15 far too 

extensive to be reproduced here. Sorne noteworthy excerpts,:are 

. ' di scussed below . 

As an extreme example, using a relatively small image width 

of 5 "m, the lRR values for image separations CS) of 2 and 4 "m 

are llsted in Table 5.7 as a function of image pair translation. 

It is important the note that these images are overlapping. The 

data indicate that small differences in image separation produce 

IRR patterns that are signHicantly different from one another. 

Thelie image separat.i ons correspond te wavel ength di fferences of 

.0016' and .0032 nm respect1vely with a reciprocal dispersion o~ 

0.8 nm/mm. Ta distlnguish these situations It is necessary ta 

make at least 2 measurements. Thi scan be contrasted wi th the 

sangle image case where one measurement yi..elds positional 

information. In a real °i mpl ementation i t may be necessary to 

develop a sign1ficant port~on of the sigmoid. 

, J 

1 
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TransI ation (pm) Integrated Response Ratios 

S = 2 pm S = 4 pm 

4 236.6 58.,7 

.5 SB. 7 25.6 

6 22.9 14.0 

" 7 11.0 8.2 

8 '6.0 5.1 

9 3.7 3.4 

10 2.4 2.4 

Table 5.7: IRR values vs. image translatIon for 5 pm images. 

The data of Table 5.8 illustr~te IRR values for two 5 ~m 

lmages separated by 48 and 50 pm. The pat terns are c:ompressed 

c:loser together, however, the di fference between them should be 

measuratile using a c:onventional readout system. 
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<> , Translat.ion (J.Im) Integrated Response Rat i 0 1 

S = 49 Ilm- S = 50 Ilm 

4 .009 0 

i' 5 .034 .009 

6 .076 '~035 

7 .139 .082 

8 • 226 . .155 

9 .,337 .264 

10 .474 .412 

11 .647 .600 

.1 12 .866 .846 

Table 5.8: IRR values vs. image translation for 5 J.Im images. 

Tables 5.9 and 5.10 indicate IRR values for 30 J.Im images. 

Two IRR values were used to describe the data. IRRO is the 

ratio previously. defined as the signal integrated by the central 

diode (do> divided by the sIgnal integr~ted by the right-hand 

neighboring diode (dl>. IRRl is the ratio of dl to d2 and, in 

the first ~xample, amplifies the dif~erence between the IRR 

patterns. 
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Tr.ansl ati on <",m) 5 = 2 um 5 = 4 pm 

IRRO IRR1 IRRO IRR 1 

16 .622 3560 .624 394 

17 .540 416 .542 149 .. 
lB .467 151 .470 79.4 

19 .401 70.2 .404 49.4 

20 .342 39.8 .344 32.2 

21 .288 25.6 .292 22.2 

22 .240 17.8 .246 16.1 

Table 5.9: IRR values vs. image translation for 30 "m images. 

TransI ati on (um) 5 = 48.J.1m S = 50 "m 
IRRO IRR1 IRRO 0 IRR1 

16 1.56 .716- 1.61 .623 
1fT 

17 1.76 .628 1,. B5 .540 

18 1.97 .553 2.13 .471 

19 2.19 .491 2.42 .413 

) 20 ' 2.42 .441 2.74 .365 

21 2.65 .399 3.08 .325 

22 2.86 .365 3.424 .292 ~ 

Table 5.10: IRR values vs. image translation for 30 um images. 

\ 
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The spatial resolution enhancement theory suggests that a 

simple measurement of diode ratIos can be used to determine the 

position of an Image with a high degree of accuraC)'. The 

experimental results demonstrate the trend descrIbed by theory. 

For a practical implementatlon It will be necessary to achieve a 

very fIne focus or callbrate the Image profile, P(x). Spectrum 

shifting can be implemented using' a preclsely controlled grating 

rotation mechanism, or p~eferably, a refractor plate in the 

optical path. If the profile of an image is known then its 

position can be determined with a single measurement. "If the 
-,,/ 

prof i 1 e of the image i s not known, then i t may he ---- deduced by 

translatlng the image to produce a characteristic sigmold plot. 

The image pair data indicates that overlapping or near 

overlapplng llnes can be detected using the translation method. 

The separation of the images has a significant effect on the 

lntegrated response ratios. It may be possible to deconvolute 

overlapped or closely spaced images, even though the PDA'reports 

a si ngle image, by spectrum shifting ln conjunction with ~the 

application of the IRR theory. 

\ 
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6. Applic&ti"ons of A Lin.Ar Photodiode ArrAy A.S A Det.ector for 

Integrating mul t i channel' detectors are capable of 

simultaneously capt.uring multiwavelength Information produced by 

transient signal experiments. This cannot be done using single 

channel detector systems or sequential access Imaglng systems 

like the image dissector PMT. Salin and Horlick [163] and 

Sommer and OhIs [164] were the first to describe dIrect sample 

insertion devIces <DSID) capable of introducing solids or 

liquids dlrectly Into the ICP dlscharge. This method of sample 

introduction has the advantage of requiring Ilttle or no sample 

preparatIon when,~ compared to traditional nebulizer based 

systems~, Other methods resulting ln the production of transient 
o 

SIgnaIs include laser ablatIon [106,107,165], flow injection 

analysis [166] and electro~hermal atamIzatian [167]. 

There have been several reports publlshed WhlCh .discuss the 

applIcation of imaging detectors ta transient si gnal 

measurements. FrIcke et al. [76] used a vidIcon to monitor the 

signaIs produced by electrothermal atomization of 5 ~L samples 

into a mlcrowave induced plasma. TaI mi have 

investigated the use of a vidicon and a PDA as detectors for 

multielement laser-mlcraprobe anal ysi s [106] • Laser 

vaporizatlon of metal dlSk samples with subsequent excitation by 

an ICP has been reported by Carr and Horllck [107]~ 

This Chapter deals with sorne applications of the PDA system 

as a detector for micro~ample llqUld analysis using a tungsten 

wire-loop DSID. This DSID was developed in the labor~tory by R. 
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Sing and has been described previously [122]. The wire-loep 

support has a very low mass compared with other commonly 

employed supports like carbon electrodes. As a result the wire-

loop rapidly achi eves a high temperature and sample 

volatili~atlon occurs ln a relatively short perlod of time. The 

DSID IS pneu~atlcal1y driven by an lndependent argon gas 
.f 

cylinder. ThIS is quite different from the stepping moter and 

drlve screw system employed by LI-Xing et al. [168] . The 

pneumatic system provides the very fast insertion into the 

plasma which i s essentlal for the "nre-loop· DSID techni que to be 

successf ul . Detecti.on limits for 10 J.lL .samples using PMT 
( 

detectIon are 50 ta 100 tImes better than those reported- in the 

Ilterature [122] for ·furnace vaporization and conventional 

nebullzer sample introductIon. 

6.1 Systèm Operation 

The l' DSlp experiments were performed using the PDA control 

software comprlsin~ System 2. This enabled the DSID to be 

triggered by the computer, as descrIbed in Chapter 2 section 

2.4.5 (ii), and synchronlzed with the PDA readout. When the 

" DSID 1S lowered, the wlre-Ioop is weIl below the bottom of the 

torch enclosure enabling sample applicatIon while the IC~ is 

running. For aIl exper1ments a 10 ~L sample volume was used. 

After application of the sample, the loop is manually 

raised ta the first stop posItion and held in place by opening 

the gas valve controlling the DSID Insertion pressure. In thi s 

j 
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pOSItIon the loop IS approximately 15 mm below the bottom of the 

dlscharge where the heat from the plasma is sufficient to dry 

the sample in 10 ta 15 seconds. Durlng the drying time commands 

are 1 ssued to both computers to prepare for data acqui si tion: 

For the temporal resolut10n studles POA3D.SRC was used ln place 

of PDASY52. 5RC. The code for PDA30.SRC is included in Appendix 
\ 

M. In either event, the S100 system 1S fully pr1med and waiting 

for data before the AIM2 computer is Instructed to trigger the 

DsID. 

The mechanical stop preventing the loop from entering the 

plasma is disengaged by a solenold switc::h. When the fInal AIM2 

prompt 
, 

" .. OF SCANS" 

is answered by typing the value fol 1 owed by 'RETURN', AIM2 

monitors the PDA for the end of a readout cycle. At thi s poi nt 

the solenold 1S triggered, allowing the wlre-Ioop ta be driven 

into the plasma by the pneumatic transport mechanism. If the 

used had specifled a DSID delay penod, data ac;:quisition is 

postponed until the appropriate time. If the PDA3D software i s 
" 

lnvoked on the 5100 computer, up to ten 1024-polnt spectra can 

• 
be acquired' where each spectrum must be recorded using the same 

integration tlme. This capability was useèl~o mbnitor the 

temporal behavior of DSIO signaIs. 

For the acquisition of single spectra the standard PDASYS2 

control program is used. The optimal time period for spectrum 
\ 

acquisition IS determlned first, by runnlng several samples 

using the PDA3D control program to produce time resolved 

Emission profiles. Figure 6.1 illustrates the Start and Video 
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START 

VIDEO~' __ ~_ 
~ 1 

1 

TRIG 
OSlO 

,\ 

Figure 6.1: PDA signal sequence for multiple ~pectrum 

acquisition. 

signaIs as a function of time as they might appear during'one of 

these runs. 1 Before the 

read out coftinuallY at 

DSID is triggered at point A, the PDA is 

its maximum rate. At any time during a 

readout the user may Invoke the data acquisition software. When 

this happens the software waits for the end of a readout and 

then tri ggers the sol enoi d whl ch allows the wi re loop to be' 

drlven into the plasma. A serles of 10 readouts are collected 

at the user specified integration time. The video trace of Fig. 

6.1 illustrates the onset, peak and disappearance of a spectral 

line. The resulting 3 dimensionai plot i5 then u5ed to 

determine how long to wait before starting a PDA integration and 

ho ... long to Integrate the signal such that the peak 1S captured 

as a "snap-shot" in time. 

When a single spectrum is,,:to be acquired for analytical 

purposes the user specifies the DSID wait period and the 
'. 

integration period to be employed. Fi~ure 6.2 illustrates the 

Start and Video SIgnaIs for this mode of spectrum acquisition. 

The interval between points A and B is the DSID wait period. It 

is not pOSSIble to simply stop the PDA during this perlod 
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START 

VIDEO_ 

-, 

. ~~----'iB~1 ~r--

-i~ ~ 
1 , 

TRIG. 
O$D 

Figure 6.2: PDA slgnal sequence for tranSlent signal 

aC,qulsi tion. 

because the photodiodes would still continue to integrate light 

flux. In additlon, there is no guarantee that the DSID wait 

peridd wlii be an Integral number of 58 ms readouts. 

Fortunately a simple solution exists. Starting at point A, when 
, 
the DSID lS trlggered, the PDA is Integrated for a period of 

time equal to the specified DSID delay mlnus one full 58 m~ 

" readout. When this Integration period has elapsed the PDA is 

read out to reset aIl of the pixels in preparatlon for the 

acquisit10n of the spectrum. No data lS acquired during the 

reset period. At pOlnt B the user ~specifled integration period 

is Invoked followed by a s1ngle readout of the analyte spectrum. 

The time resolution of the snapshot is ± 1 ms. 

6.2 Temporal Volatilization B~havior of Some Speci •• using 

• Tungsten Wire DSID 

.-

One of the most striklng features of the tungsten wire DSID 

is that selective, highly r~producible volatiIization occurs for 

Using the D51D described ln this work Sing and 
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Salin [122] have measured volatilization times of 270 ms for Zn 

and 310 ms for ·Cu. The standard deviatlons for the peak 

evolutlon tlmes are between 3 and 4 ms. Selective 

volatillzation can be used to advantage if spectral overlap is a 

problem. The tungsten Wlre is fairly resistant to corrosion in 

the Ar atmosphere of the plasma; huwever, a small amount of W 

does enter the plasma durlng each insertion. Tungsten provides 

an abundant number of spectral lines and consequently, spectral 

overlaps can result. One such overlap occurs between the Zn 

213.856 nm line and the W 213.815 nm line. Fortunately the 

different evolûtion tim~s of these Elements results in baseline 

resolution in the time domain. 

The PDA detection system was employed to demonstrate the 

ability tQ monitor the multiwavelength behavlor of transient 

Emission signaIs in the time domaln. It had ' already been 

demonstrated [122] that many Elements vaporlze after a residence 

time of 200 ms or more ln the plasma. In addition, trace 

J quantltles of several elements produced emission signaIs lasting 

in excess of 100 ms. These facts indicated that the 58 ms 

minimum integration time of the PDA detection system would be 

adequate ta temporally characterize the multiwavelength Emission 

profiles if sever al sequen~lal scans could be acquired. The 

ability te acqulre up te 10 spectra was provided by the 

PDA3D.SRC control program for the'SIOO system. 
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6.2.1 Experimental 

The standard operating conditions for DSID experiments are 

llsted in Appendlx B. Solutions were prepared from reagent 

grade salts ln delonized/distilled water. Some solutions were 

stabillzed by the addltlon of small quantlties of HN03 , but this 

was avolded if posslble to prevent oxidatlon of the W Wlre. 

Tungsten emission is greatly enhanced followlng alr and/or 

chemically induced oxidation. 

Temporal information was recorded by acquiring 10 

sequential scans wlth integratlon perlods set to multiples of 58 

ms. This was done for experiment-to-experiment comparison 

purposes. The PDA scans were plotted wlth a 3-dimensional 

perspective using a routlne written by R. Sing (see Appendix M). 

This routine was embedded in the PDA3D.SRC control program. 

6.2.2 Re.ults and Discussion 

Carr and Horlick used ~~24-element PDA to monitor the 

temporal behavior of multielement slgnals produced by laser 

ablation of metal samples into an lCP \(107]. Their temporal 
\ 

resolution was limited to 100 ms per sc~; however, this was 

adequate to demonstrate that emission signaIs for several 

elements in the sample matrix reached a maximum intensity in the 

same tlme frame. 

The situation is. quite different for the W wire DSID. 

Figure 6.3 illustrates a 3-D plot of the temporal behavior of Cu 

and Ag. A 10 ~L aliquot of a 5 ppm solution was deposited on 

the loop. Each scan frame corresponds to an integration time of 

58 ms. This data illustrates that Ag is vaporized from the wire 
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Figure 6.3: 3-D spectrum of 5 ppm Cu and Ag using 58 ms 

readout peri ods. 

one scan frame before Cu 1 s vapori zed. For bath elements the 

peak duration is approximately 200 ms. 

The spectral wi ndow of Fig. 6.3 covers the region frdm 

about 323 nm to 343 nm. Other el ements W1 th prom1nent li nes in 

this window are V and Sr. When an attempt was made to record a 

spectrum of ail 4 elements USlng 58 ms' scan frames, an Identical 

spectrum to that shawn in Fi g. 6.3 was obtai ned'.. Aft~ 
increaslOg the 1ntegration time ta 174 ms, exac:tly 3 times the 

mini mum of 58 ms, the spectrum of Fi 9 6.4 was recorded. This 

plot clearly ~hows that the Sr emission occurs weIl after the Cu 

and Ag emission. 

Figure 6.5 shows\àn expanded view of the region where the V , 

emi ssi on occ:urs. The stipple pattern identifies the Cu 327.4 nm 

line while the diagonal pattern identifies the Ag 328.1 nm line. 

The V tnplet peaks at about the same time as the Sr signal, and 

weIl after the Cu and Ag si gnal s. Furthermore, the V emissio 
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Figure 6.4: 3-D spectrum of Cu, Ag, V and, Sr using 174 ms 
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Figure 6.5: Enlarged segment of Fig. 6.4 showing V lines 

appearlng after Cu and Ag lines. 

is prolonged with respect to the other élements. 'Ihe V tri plet 

is still visible 700 ms after the Sr signal has disappeared. 

The temporal behavior illustrated by these plots is highly 

reprodUClble. 
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Temporal information is useful for two reasons. First, i t 

permits the tlme dependent evaluation of multielement sampI es 

using a translent sample introduction technique. Secondl y, i t 

lnforms the analyst of the optimum time perlod for spectrum 

Integration. 1f the spectrum is integrated during the time 
"-

~frlod before and/or after the evolutlon' of the signal, the SBR 

will be lower and excess noise will be lntroduced. If spectral 

overlap is not a major problem it would be advantageous ~f aIl 

sp~cies peakedJ at the same time enabling the shortest possible 

Integration tj~e to be used. Unfortunately, sorne elements 

èxhibit signiflcantly different volatilization times. Therefore T 

an attempt was made to force aIl elements to enter the plasma at 

the same ti me. 

The procedure. involved coating the wire with tungsten 

ox ide. ThiS technIque had been used routlnely by R. 51ng to 

a induce intense W emission for several of his experiments. This 
1 -

I~ done by lowerlng the Hire from Hithin the ICP discharge into 

an air atmosphere. The oxide layer produced was clearly visible 

as the bright metallic-blue coating characteristic of W20S or 

W
4

0
11

. The small peaks seen throughout the spectra of "Figs. ~.3 

a~d 6.4 are due to W emission following the vaporization of the 
\ ( 

oxi de. This emiSSlon occurs in the same time frame as the Cu 

and Ag emission and weIl before the V and Sr SIgnaIs. , It was 

hO~' that 
\ 

by coating the wire with a uniform layer of oxide 

first, the sample components would be simultaneously vaporized 

,int.o ,~he ICP. 

This ' ~ypothesis w~s tested ,by depositing 1~ pL of 
.j 

\ 
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solution on an oxidIzed wire loop. The time dependent spectra 

of Fig. ~.6 Indicate that the Sr emlSSlon occurred 2 full 174 ms 

scan frames after the evolutlon of the tungsten oXlde. ThIS is 

the same volatIllzatlon tlme observed uSlng a "clean" WIre. 
, \ 

ThIs experlment was repeated several ti~es with Sr and then wlth 

V with the same result. 

SronW2~ 
IT·,74ma 

-] 

c , 
: 

-

-

l' 51381 
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/ 1 
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JI 1 1 \ J :1 J 1 
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Figure 6.6: 3-D spectrum of Sr after flrst coating W wire 

wIth an oXlde layer. 

Sever al other interesting phenomena were observed using the 

PDA detection system for time-resolved studies. Figure 6.7 

shows the behavlor of Fe and Co uSlng scan frames of 116 ms. 

The emisslon from thes~ elements IS observed as two distinct 
" , 

events (,;. separated by about 100 ms. Figure 6.8 ~llustrates the 

behavlor of Mn. The vaporizatl0n occurs ln about one half of 

the time but the same double peak is observed. The high 

• 
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Figure 6.7: 3-D spectra of Fe (top) and Co (bettom) showing 

double peak phenomenon in the time domain • 
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Figure 6.8: 3-D spectrum of Mn showing' similar double peak 

phenomenen as for Fe and Co. 
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temperature, electron rich ~tmosphere of the lep suggests that 

complex surface interactions are possible between analyte 

species and the tungsten wire. One possibillty for the behavior 

of these specles is the temporary formation of compounds of 

different oXldatlbn states wlth dlfferent vaporization 

temperatures. These phenomena were" not pursued and no 

explanatlon for these events 15 currently avallable. 

The last series of 3-D spectra were obtained while trying 

to determlne detectlon limlts for Ca. The procedure was to 

'decrea5e the concentration of the analyte to the point where the 

background noise was prominent. Single readouts were employed 

for t~ese measurements. In the course of running the standard 
o 

solutions severe memory effects were observed. Figure 6.9 

illustrates a 3-D series for a 10 ~L injection of 0.1 ppm Ca. 

).. 
+J 
'PI 

Ca 
3934 

~ !J-----......&+ ! i,.'" J-------"IIN 
l: 
~ 

O.lppmCa 
IT"348ms 

Co 396.8 

Wavelength 

Ar4046 

Figure 6.9: 3-D spectrum of Ca illustrating memory effect. 

The entire series spans 3.5 seconds and indicates t~at after an 

initial Ca evo'lution ln the second scan frame, the Ca emission 
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-------stabillzes at a constant and relatlvely intense level. A series 

of water blanks were then run, resultlng ih the series of Fig. 

6.10. Agal n, an lnitial Ca signal is observed f~Llowed by a 
------

constant emlssion signal. 

).. 
+J 
'1"'1 
/11 
c: 
llJ 
+J 
c: 

1-1 

l' 
/...""t 

Water 
IT-348ms 

Wavelength 

Figure 6.10: 3-D spectrum of blank showing Ca retention. 

These-data Indicated that Ca was being strongly attached to 

the surface of the W wire. The Ca solutions w~re prepared from 
/' -

The bOlling point of CaC1 2 is 11sted [168] as greater 

than 1600 C. To try to deduce whether the Ca retentlon wa~~ue 

to the high boiling point of CaCl 2 or some other influence a 1 

ppm solution of SrC1 2 was ~un immediately following the water 

blank series. The result is shown in Fig. 6.11. The bOlling 

point of S~CI2 is only 1250 C [169] and is weIl below the 

boiling . point of W2 05 of approximately 1530 C. However , the 

same retention phenomenon observed for CaCl 2 was observed. In 

addition, the in1tial splke of the Sr slgnal ln the third frame 
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Sr 407.8 

Figure 6.11: 3-D spectrum of 1 ppm Sr acqulred immediately 

after the water blank spectrum of FIg. 6.10. 

appears to have induced a similar spike of the Ca signais. The 

magnitude of the Ca signal cannot reasonably b~ attributed to 

the 1 to 2 1. Ca impurity in the SrCl 2 used to prepare the Sr 

solutIons. The cause of these puzzling results has not been 

disc;:overed. 

The PDA has been demonstrated as, a useful diagnostic tool 

for the evaluation of anal y te temporal behavior for fast 

tranFient signaIs. Some potential problems in using tungsten as 

a sample support material were discovered which prompted the 

se~ection of the more chemically inert tantalum as a future 

support material. The detection of these problems would have 

been delayed if a single channel detector like the 'PMT had been 

used. 

" \ 
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6.3 Precision Enhanc .. ent using th. Method of Internal 

Standardization 

The method of internaI standards has been a popular 

technlque in spectroscopy Slnce its introduction in 1925 (30]. 

This technique is particularly valuable for transient signal 

analysis because perlodic changes in the experimental parameters 

resuItlng in ~ large fluctuatIon of the signal cannot be 

compensated for by the traditional method of sign~~eraging. 

The effect of lnternai standardization on measurement precision 

was determlned using the w1re-loop DSID as the ~ample 
',...,-

introduction system. 

6i3.1Experimental 

The "analysis lines used for the precision study were the Cu 

324.8 nm and 327.4 nm llnes and the Ag 328.1 nm and 338.3 nm 

lines. A solution of 1 ~g/ml Cu and Ag was prepar~d from their 

reagent grade nitrate salts ln 1 ï. HN0
3

• 

described in Appendix B were employed. 

The DSID conditions 

A DSID wai t period of 

174 ms seconds followed by an integration period of 290 ms was 

used for aIl acquisitions. 

6.3.2 Results and Discussion 

Figure b.12 shows bath Cu lines " the Ag 328.1 nm line 

for 3 out of lÔ repl i cate measurements. The amount of sample 

deposited on the loop was varied intentionally to produce the 

unequal peak intens1ties from sample to sample. Table 6.1 lists 

the sample precision of the unratioed Cu lines and the precision 
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Figure b.12: Spectrum segments showing Cu 324.8". Cu 327.4 and 

Ag 328.1 nm lines for 3 of 10 insertions. 

enhancement when both Ag lines were used as internaI standards. 

Poor preclslon values are calculated for the unratioed Cu 

intensities. Thi 5 i 5 the resul t of i ntent i.onall y varyi ng the. 

sampie volume. Combining both Cu intensitles improves the r. RSD 

markedly, but a dra~atic improvement is realized by ~atioing the 

Cu intensitles wlth those of the Ag lines. A precision of 2 % 

or bet ter i s achi eved usi n9 pèak areas as opposed to peak 

heights. 
"" .... The rati 0 of the Cu 327.4 nm peak hei ght to ei ther of 

the Ag peak heights is relatively imprecise. This may have been 
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the result of the fact that the line was roughly centered 
. i 

\ between diodes, and a reduced SNR was produc:ed.' T'he 'error was 

compensated for by uti 1 izing the peak areas. The ratio of the 

sum of Cu and Ag Intensities did not pro~uce a slgnificant 

1mprovement. 

Line or Ratio Peak Height Peak Area. 

èu 324.8 17 18 
", 

Cu 327.4 19 18 

Sum of Cu 13 13 

Cu 324.8/Ag 328.1 3.1 1.7 

Cu 324. a/Ag 338.3 3.1 2.0 

~,{ 
/'" 

Cu 327.4/Ag' 328.1 10.8 1.9 

Cu . 327. 3/Ag 338.3 5.5 2.2 

Sum Cu/Sum Ag 3.9 1.8 

Table 6. 1: ï. RSDs for unratioed and ratioed peak heights and 

peak areas. 

Another experiment was cprried out to see if the precision 

could be improved,': by elimlnating contrlbutions from the W 

emission. For these results the sample was applied to the loop 

using a precision 10 ~L syringe. Figure 6.13 shows a spectrum 

of the 1 ppm Cu/~g solution. This spectrum has had the fixed 

'pattern signal removed by simple dark subtraction. A relatively 

large contr1bution from W is evident in the spectrum. Figure 
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Figure 6.13: Spectrum of 5 ppm Cu and Ag ~fter si.ple dark 

subtraction. 
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Figure-6.14: Spectrum of Fig. 6.13 with Tungsten background 

removed by spectral stripping. 

6.14 shows the same spectrum when a tungsten blank was 

subtracted from the analyte spectrum. An apparent improvement 

in the quallty of the spectrum results. Table 6.2 shows the 

unratloed preclsion of the Cu lines for 5 replicate measurements 

for uncorrected and corrected spectra. 

0 

"" • 
/ 
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Line Peak Helght Peak Area ~, 

Uncorrected Corrected Uncorrected Corrected 

Cu 324.8 2.6 4.2 2.4 3.6 
\ . 

Cu·327.4 4.0 . 6.5 1.7 4.3 

Sum of Cu 2.2 3.5 1.7 
\ 

2.8 

. , 

Ag 328.1 4.8 19.7 5.3 16.0 

Ag 338.3 6.3 18.1 7.0 19.3 

Sum of Ag ·3.8 14.9 4.2 12.4 

.? 

Table 6.2: RSDs for peak heights and peak areas. Uncorrec:ted 

spectra (Fig. 6.13) and corrected spectra (Fig. 6.14 

Tungsten emission removed by blank subtraction). 

It is interesting to note that the precision is actually 

degraded by perform~,ng the tungsten correction. The effect is 

most pronounced on the Ag lines but no significant W overlap is 
• 0 

1 i sted for thes\ 1 i nes [158]. No significant improvement was, 

obt~ined by ratioing the results. 

6.3.3 Conclusion. 

The multichannel nature of the PDA provides theO advantage 

of internaI standardi zati on. Dramatlc improvements in the 

sample ta sample precision can be achieved by ratioing peak 

intensities. Care must be exercisêd if spectral stripping 

procedures are employed since removal of background features can 

degrade the precision. 

, <> 
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6.4 D.t~tion Liait. 

The PDA is severpl orders of magnitude 1.55 sensitive than 

a PMT and detection limits are worse as a result. One of. the 

consequences of tf,ansient SIgnal analysis is' that extended 
----"'"1-

Il 

Integration periods cannot be used to lower' the detection 

limits. However, slnce the wire-loop DSID introduces 

proportionatel y more anal y te into the plasma [122] than 

conventional pneumatic nebulizer systems, the detection limits 

for many elements are lmproved to the point where they may be 

adequate for many analysis sit~ations. The PDA detection limits 

for Cu and Ag are contrasted with those obtained using other 

methods in Table 6.3. 

Method Cu Detection Li~it Ag Detection Limit 

ng/ml pg ng/ml pg 

Nebul izer [158] 10 , 7 

PDA/DSID 60 52 520 

. p'MT /DSID [122] .2 2 .04 0.4 

Table 6.3: Detection limits for several sample introduction 

techni ques. 

These data indicate that the detection limits for the PUA/DSID 

system are ,in the same region as thosê obtained using 

conventional nebulization but are a factor of 50 to 100 times 

poorer than those using t~e same DSID with a PMT. 

Il 
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lep generator, model HFP2500D. Plasma Therm Inc. 

( Route 73 

Kressdn, NJ ,. 

Automatlc impedance matchlng unit, Plasma Therm Inc. 

mode! AMN2500E. 

Torch enclosure, mode! PT2500. Plas~a Therm Inc. 

SampI. Introduction Systems 

MAK nebulizer, spray chamber and torch Sherritt Research 

comb1natlon, model 200. Analytical Services . 0> 

Fort Saskatchewan, Alta 

Melnhard glass concentric nebulizer, J E Meinhard Assoc. Inc 

model TR-30-C2 and Scott spray chamb~r. 1900-J East Warner Ave. ' 

Santa Ana, CA. 

~ ~/ 
JA fixed cross-flow nebulizer. Jarrell Ash Co. 

\ r 

Division of Allied Ind. 

590 Li ncol n St. 

Wal tham, MA. 

Direct sample insertion device, 

-1 laboratory constructed by R.L.A. Singe 
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Optical System 

20 cm focal length quartz lens. 

One meter Czerny-Turner monochromator, Jarrell Ash Co. 

model 78-462. 

1200 groove/mm holographie grating. 
o ~ 

American Holographie 

8 Harris St. 

Acton, MA. 

Spect~ometer mirrors recoated by: 3B Optical 

3806 Gibsonia Rd. 

Sibsonia, PA. 

Stepping motor, model M062-FC04 • Superior Electric Co. . -
38 Torlake Cres. 

Toronto, Ont. 

DrIve belt, model 3DCF-130~E. RPM Mechanical Products 

9575 Cote de Liesse Rd. 

Dorval, Que. 
1 

Stepping motor drive unit and logic ~ 
interface, laboratory constructed using 

commonly available digital and analdg 

electronic components. 

Neutral density filters. MeIl es Si rot 

1770 Kettering St. 

Irvine, CA. 
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Mi.e.ll.n.ou. Light Soure •• 

Helium-Neon laser, Spectra Physics Inc. 

1250 West Middlefield Rd 

Mountai nvi ew, CA. 

: 
Mercury pen lamp, Fisher SCientifiC Ltd. , 

8505 Devonshire Rd. 

Montreal, PQ 

Hollow cathode 1 amps, ' , Perki n El mer 

Norwal k, eN. 

1 

Photodiode Array Detection System u 

Linear self-scanning photodiode array, E.G.&G. Reticon Gorp. 

model RL1024S. 
--j'ô 
" \ 345 Potrero Ave. , 

v 
Sunnyvale, CA. 

Photodiode array evaluation board, E.G.&G. Reticon Gorp. 

model RG-I024SA-03, modified in 

1 aboratory. 

Instrumentatidn amplifier, laboratory Analog Deviees Inc. 

constructed uSing AD521KD. 
1 

One Technology Way 

Norwood, MA. 

Tempera,ture monitor, laboratory Analog Devices Inc. 

constructed using AD594CD. 
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Photodiode array interface, laboratory 

constructed using commonl y avai 1 able , . 

TransIstor-TranSIstor LOgIC (TTL) dIgital 
o 

integrated circuIts. 

Power supply for photodiod~ array Condor Inc. 

system, model BAA-40W. 4880 Adohr Lane 

Camari 110., CA. 

Photomul tipI i sr Tuba Detaction Sys1:em 

Phot9~ultiplier tube, model 1P28B ReA Solid State ,Div. 

Lancaster., PA • . 

Hl gh vol tage power suppl y, model Hewlett-Packard Co. 
, c 

6525A. palo Al ta., CA. 

Mi licell aneous Me.sur.ment Electroni Cil 

Pi coammeter, model ,410A 

Digital multimeter, model 179 TRMS 

Oscilloscope, model DM63 
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Keithly Instruments Inc 

Cl evel and t OH. 

{ 

Keithly Instruments Inc 

Tektronices Canada Ltd. 

Montreal, PQ. 

\ 
\ 
\ 
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Coaputer System. 

AIM 65 single board mlcrocomputer Rockwell InternAtional 

with laboratory but1t me~ory expansion 3310 Miraloma Ave. 

and network interface. Anaheim, CA. 

'" AIM 65 wi th: 

ex pans'l on motherboard, Seawell Marketing Inc. 

EPROM programmer, expansion memory P.O. Box 17170 

board, expanslon I/Ooboard and Seattle, WA. 

laboratory bUllt network interface. 

, 5100 20-slot mainframe wi th: Cromemco Inc. 

280 Bernardo Ave. 

Mountainview, CA. 

zao central processing unit board, , SD Systems 

model SBC-200. ' P. O. Box 28810 

~ Dallas, TX. 

256 kBy~ memory board, SD Systems 

model Expandoram III. 

Disk control 1er board, model SD Systems 

({ Versafloppy II. 
~ 

~ 110 board, model TUART. Cromemco Inc. 

Microangelo gniphics board. Scion Corp. 

12310 Pinec:rest Rd • 
..... 

Reston, VA. 
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Dual 8 ln. single ~i ded, double Shugart 

densi ty, model B01R. 475 Oakmead Parkway 

Sunnyvale, CA. 

( 
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Nebul izer System 

Meinhard Jarrell-Ash MAK 

Plasma gas flow (L/mi n) 14 14 8 

Aux i 1 iary gas f low (L/min) 0.4 0.4 0.5 

Nebulizer pressure (psi) / 36 30 200 / 
Liquid uptake rate (ml/min) 1.5 2.2 1.9 

Forward power (kW) 1.25 1.25 0.75 

Source imaging: 1:1 

PMT bias: -600 V 

PMT readout: PMT --) Picoammeter --) Instrumentation amplifier 

(gain of 10) --) Analog to digital converter. 

PDA readout: Evaluation board video --) Instrumentation 
Q 

ampllfier (gain of 2.3 to 3.7) --) Analog to 

digital converter. 

OSlO SampI. Introduction 

Plasma gas flow: 16 L/min 

Auxiliary gàs flow: 0.8 L/min 

Central channel gas 

Forwa~er:1. 75 kW 

~~e imaglng: 1: 1 .f 

_______ ~ PDA readout: same as above • 
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App.hdix C - Spectrom.ter Specifications 

Focal length: 1.0 meter 

Reciprocal Ilnear dispersIon ~t exit slit (first order): 

1200 groove/mm - 0.8 nrn/mm 

Concave mirrors: 

6.0 in., slabbed 

Camera - 6.0 in., clrcular 
" 1 

1 . 
Effective aperture ratio: f/S.7 using 10.2 X 10.2 cm grating. 

Spectral ~ange: Zero order to 1600 pm (1200 groove/mm grating). 

Driv~ screw accuracy: 4 in. tr~vel, 1/40 in. pitch error less 

than +1- 30 micrometers. 

Slit assembly: Dual unilateral entrance and exit slits 

with single ganged micrometer control. Model 

78-472. 

-----------------------
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St~pinQ Mater Sp.cifications 

Madel number: M062-FC04 

Motor type: Slo-Syn dc with 1.8 degree stepping angle. 

Ac:curacy: 3 /.. 

'Time for single step: 2.8 ms with 24 Vdc drive. 

Current rating per winding: 1.9 ~. 

Nominal Resistance per windlng: 2.2 Ohms. 

Nomlnal voltage drop per wlndlng: 4.2 v. 

Noml nal inductance per pha~e; approx i matel y 5.9 mH. 

Torque: 65 ounce-inches. 

Steps per revolution: 

200 (4 step sequence), 

400 (8 step sequ_enc;:e) • 

--------------~ 

( 
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St.pping Motor Logic: InterfAce 

-9 R R Q 
r 1 ---------- -

() 
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~ +CA2 

+ PAO 

tPAI ~ .... 
UI 1 174L~k 1 U4 U~ U6 U7 +PA2 ::J 

f74LSI93 74LSIO 74 LS151 74LSI51 74LSI51 74LSI51 t+ • +PA3 CI , 
+PA4 Il 

rt 
+PA6 Il 

~ Q. 

+~A6 n .... 

174~gl~1 1 1 74titfSi 1 
+PA7 , 

t-.l 
+PB7 n ID 1 UIO 1 1 Ull 1 1 UI2 1 1 Ul3 1 l ,U14 1 &: CD 

74LSI92 74LSI92 74LSI92 74LSI92 74LSI38 ~. 

+PB6 t+ 

• 1 l 1 1 1 .. 1 1 1 1 +PB5 r ) 1;. • Il 
'< 

+PB4 0 c 
+PB3 rt 

B UI8 ~ ~ lJ.21 
+P82 -1. UI5 1 1 UI6 1 1 UI7 1 0 

74LSI!51 74LSI~1 74LS22 1 74LS 74LS~ 74LSoe 74LS04 +PBI ~ 

+PBO <: .... .. 
+CB2 t 

+ + + + + + + + + P4 P3 P2 PI RESET CSI CAl SV GND 
(NC) 

" 
ft' .. Note: Ol.play (01-06)" TIL311 
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Tr ansf armer: 

QI, 93', Q5, 

Q2, 94, Q6, 

Q9: LM 350K 

r--z ,', 

St~pinQ Mator Drive Unit 

+ luF 

, 

DI 6 

IOR 
50W 

02 6 

Hammond 167P50 

Q7: 2N3904 

Q8: 2N6101 
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From time to time one,of the power transistors situated on 

the drIve unIt fa1ls. When thlS happens, or 'lS about ta 

the motor behaves ~ratlcally and may' actually Jam 
'1 , 

scanning. The reason for the failure appears to be 

breakdown, however, the transistors are rated for the 

that they conduct during normal operatlon. 

h~,pen , 

tile 
therma~F 

curreri<-. 

Refer to the drive unit schematic for the remaining 

" discussion. 

Troub 1 eshoot i ng : 

,. Turn off 'the stepping motor power 5upply. 

2. Disconnect the motor frcm the drive unit by unplugglng the 

9-pln D-type connector. 
r­, 

3. Short pin~ 1 and 6 using medium gauge wire. 
'\ 

effectively slffiulates the first motor wlnding (Wl). 

This' 

4. Connect an oscilloscope probe to the terminal of one of the, 

50W power transistors where a white wire terminates. The 

ether termi nal i s ground denoted by the bl ack wi re. "\;' 

5. Turn on the 5tepping moter power supply. 

6. Prom the AIM keyboard Invoke the U (Up) command a few times 

and view the signal across the power transistor with 

the oscilloscope. If no signa~ is present then connect 

the scope probe to the white termInal of the other 

power transistor. Adjust the time base and voltage axis 

of the scope sa that a square wave 15 visible. 
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7. If a sharp square wave is present then the torresponding 

power trqnSlstor is working properl~. 
1 

If a dl storted 

waveform IS observed 7 then the correspondlng power 

transIstor has falled or IS about to fail. 

8. Repeat steps 3 to 7 shorti ng pIns: 

3 and 6 for transIstor 2 

5 and 2 for transistor 3 

4 and 2 for transistor 4. 

Do not short more thAn two pin. At A tim •• 

/ 

Replacement Procedure 

1. Di"sconnect the drive unit from the rest of the system. 

2. Carefuli y separate the large heat slnk from the component 

bo~rd by unscrewing the fastening screws. Note that the 

\ 

smaii guage Wlres running from the component board to 

the power transistors are easily broken. 

3. Desoider the 3 Wlres from the faulty translstor(s). There 

is a sticker with a number 1 on it beside transistor 

number 1. The other 3 tranSIstors fpliow ln sequence. 
o 

4. Remove the faulty transistor(s) from the heat sink and 

replace with new components. Take car~ to replace 

the electrical insulator on the backside 'of the n'ew 

component<s) and apply the mInimum amount of thermal compound. 

5. Resolder the wires previously removed taking care ta observe 

the correct order. 
\ 

6. Ensure that the heat sink is electrically insulated from aIl 

three transistor terminaIs. This is eHtremely importAnt. 

7. Assemble the drive unit, install, and test using the motor. 

291 



,8. If the sllghtest problem is observed when ~ctivating the 

mot or 7 turn off th~'stepping motor power supply immediately 
l 

and check ail connections. 

\ 
l, 

, 

, 
:, \ 



AppendiK E - Elactrc-Optical Charact.ristics of PDA 

Center-tc-center spacing: 25 micrometers 

" ,Aperture Wl dth: 2.5 mm 

Responslvity: 2.8 X 10-4 Coul/Joule/cm2 

Non-unlformity of response: +/- 10 r. 

Saturatlon exposure: 50 nJoules/cm2 

Saturation charge: 14 pCoul 

Average dark current: 5 pAmp 

Quantum efficiency at 750 nm: 75 r. ~ 

Peak spectral response: 750 nm 

Spectral response range: 250 - 1000 nm 

RC-1024SA EVAluAtion Board Modifications 

1. The "even sample" signal.was extracted by connecting pIn 6 

of U7 (5610) to the Y, contact on the edge connector. 

2. The "odd sample" signal was extracted by connectlng pin 5 of 

U7 "to the X contact on the edge connector. 

3. The internaI clock was disablèd Uy cutting the trace between 

pins 5 and 10 of U1 (9602). The clock signal from AIM2 was 

brought in on the W contact of the edge connector and connected 

ta pin 5 of U1. 
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Appendix F - T.chnical Data for Peltier Cooling Modul •• 

Stage Catalog Number Max. Current Max. Voltage 

(A) CV) 

2 CP-l.4-71-06L 6.0 8.6 

3 CP-l.4-71-l0L 3.0 8.6 

4 FC-O.6- 8-06L 1.1 0.97 

( 

Stage 1 is the water cooled heat sink (see Flg. 2.5>' Stage 4 

is comprised of 2 element:.s. Stages 2 and 3 are operated in 
~' 

.( 

serres as are the tHO elements of stage 4. 

294 



Appendix G - PDA Interface Schematic 
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The PDA 'power supply is a comme~cially avai(able triple output 

module make by Condor Inc. (see Appendix A) . The specifications 

are 1 isted beloN. 

AC input: 115/230 vac ± 10~ 47-440 Hz > 
, 

DC output: + 5.0 V at 3.0 A 
l' ' 

± 12 at 1.0 A or ± 15 at 0.8 A 

Line regulatlon: ± 0.05 % for 10 % i~ut change. 

Load regul.ation: ± 0.05% for a 50% load change •. 
• II! 

Output rlpple: 3.0 mV Pk-Pk maximim, 0.4 mV RMS. 

Overvoltage protection: Set to 6.4 V for 5 V supply. 

Set to 33 V for tandem ± 15 V supply. 

) 

. "'-. 
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SchemAtic for LAborAtory Built Cooler Power Supply 

IN!20fA 

f2fR 

LM396 VA 

!N120fA .05F 4.7uF 25uF 

4.7tlF 25uF 

.05F 

LM396 

/21R 

-
1 

Note: VA used to drlve stages 2 and 3, VB used to d~iv~ stage 4. 
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ADC SpecificAtions 

Resolution: 12-bits 

Nonllnearlty.error: ± 1/2 LSB 

Analog lnput ranges: -5 te 5V 

-10 to 10V 

± 5V 

± 10V 

Power supplIes:. VI . 4.5 ta 5.5V 
OglC 

V 13.5 ~o Ib.SV c:c 

V dd -13.5 to -16.5V 

Power dissipation: 450 MW typ. 

Conversiorl time: 25~Sec:onds typo 

An.log Multipl.~er SpacificAtion. 

R : 170 0 typ. on 

t ft ff: 0.8 psec:onds typo on 0 , 

Power supplies: ± 17V maximum. 

Power disslpation: 450 mW typo 
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1 REM.t.l.tl.I.I"II •• II.fflllll •• llfl.I.I.lf.I.lffl.ll.Ifl.I.I. 

2 RE" 
HHI 
4 REM 
5 REH 
b RE" 
7 REM 

PROGRAK: STEPPER. BAS (NOT EXECUrIBLE IN THIS FORKI 
BY; S.IiI. HC6EDR6f 

DATE: DEC 1982 
KOlllFlEO: AUGUST 19B4 

8 REt! THIS PROGRM ruNcnoHs AS THE USER INTERFACE ra THE 
10 REM STEPPIH6 KOTOR NAVELEN6TH DRIVE SYSTEM. A BRIEF ASSE"BLER 
Il REM ROUTINE CALLED PCOUNT.HEX MUST ALSO BE LOADED IF THE "SLEW" 
12 RE" COMMAND 15 TO BE USED. 
13 RUI 
14 RE"lt ••••• ttf •• tttffl.ftt.tf.tltffffff.fffff.t.lff ••• 'fffff •• 

15 01/'1 CIb) ,HBI9l ,LBW,DE (9) 
16 F2=O 
17 PCR=40m 
19 TL:40964:TH~40965 

_, J,20 LL=409bb: LH~40967 
, "21 POKE 40%2, 191 

22 POKE '40963,7 

23 POKE PCR! 204 

25 INPUTuCOUNT UP OR DOWN"jA$ 
30 IF A$='UP' GOTO 45 
35 IF A$='DONN' GOTO 60 
40 SOTO 25 
45 POKE 409bO,32 
50 FI=l 
55 GOTO 70 
60 POKE 40960,0 
65 FI=O 
III! 5=0 

70 LB (JI =240 
71 LB121=220 
72 LB(31=200 
73 lBW=IBO 
74 LB (51=160 
75 LB(61=140 

BO HS (1) =129 
81 HB (2) =64 
82 HB(3)=32 
83 HB(41=16 
B4 HS (51 =9 

:REM O=/'IOTOR STOPPED I=KOTOR RUNNINS 
:REN PERIPHERAL CONTROL REGISTER 
:REM TIMER 1 ADDRESSES (LO,HI BYTE) 
:REK TIMER 1 LArCH ADDRESSES 
:REK IN 1TI ALI ZE DATA DIRECTION 

RESISTER FOR PORl D 
:RE~ INITIALIZE DATA DIRECTION 

RESISTER FOR PORT A 
:REI'I CA1,CBI TRI66ERED DY NES. TRANS. 

CA2,CB2 HElD LON (LOAD AND READ 
OF COUMTERS DISABLED) 

:REM POSITIVE SCAN 
(FilS DIRECTION INDICATORI 

:REK NEGATIVE SCAN 
:REII S INDICATES /lOIOR RATE. EVERY 

TillE THE RATE INCREASES BY FACTOR 
OF 2, S IS INCREIIENTED. S=O IF 
STOPPED. 

:REK LB(N) ARRAY CONTAINS VALUES TO 
BE STORED IN lOW BYTE OF mER 1 
LATCH DURINS RAKPINS PROCESS. 
THE 16-BIT CONTENTS OF TIllER 1 
CONTROL THE FREQUENCY OUTPUT 
OH PB7 AND HENCE THE KOTOR SPEED. 
THE RATE DETER"INED iY THE LON 
BYTE CONTENTS IS REFERRED Ta AS 
THE ""INOR" RATE 

HB(NI ARRAY CONTAINS VALUES TO 
BE STORED IN HI6H BYTE OF TIltER 1 
LAlCH DURIN6 RAIIPING PROCESS. 
THE RATE DETERIIINED DY THE HISH 
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B5 HB (6)=4 
B6 HB (7)=2 
B7 HB(8)=1 
BB HB(9)=0 
90 DE (! ) = 128 
91 DE (2) =64 
92 DE(31=32 
93 DE141=16 
94 DE(5)=9 
95 DE(6)=4 
96 DE (7)=2 
97 DE(B):1 
98 DE(9)=0 
100 INPUT"COHHANO'jQS 
101 IF QS="SLEW' THEN SOSUB 3000 
102 IF QS='U' THEM SOSUB 200 

BYTE CONTENTS IS REFERRED TO AS 
THE ""AJOR" RATE. 

:RE" DE (N) ARRAY CONTAINS THE DELAY 
VALUES PROVIDING THE PAUSE 
BETWEEN SPEED CHANGES. OTHER-
.. 1 SE RA"P WOULD BE TOO FAST AND 
PULSES COULD BE "ISSED 

103 IF QS='RESET" THEN,SOSUB 4000 
104 IF OS:'D' THEN 60SUB 300 
105 IF OS:'P' THEM 605UB 2000 
106 IF OS='S· THEM POKE 40971,32 
lOB IF Q$='RU" THEM 60SUB 400 
110 IF O$:'RO" THEN SOSUB 700 
112 IF Q$='C' THEtl SDSUB BOO 
114 IF QS='g' THEN STOP 
11p IF O$='L" THEN SOSUB 500 
LL8 IF O$='R' THEM SOSUB 600 
119 IF Q$='SCAN" THEN S05UB 900 
122 SOTO LOO 
123 RE"'tftff't'tffff"'fff'fff'ff"'fllt""lfl".fllfff'flffff 

L24 RE" 'UP' SUBROUTINE 
125 RE" 
20,0 IF S(9 SOTO 215 
205 PRINT'AT "AX 5LEW' 
210 SOTO 260 
215 IF F2=1 SOTO 250 
220 POKE TL,255 
225 POKE 40971,224 
230 POKE TH,HB(I) 

235 F2:1 
240 SOTO 255 
250 POKE LH,HB(S+I) 
255 S:S+1 
260 RETURN 

:RE" IF KOTOR 15 NOT RUNNINS THEN 
LOAD TI"ER NlTH VALUE 
CORRESPONDINS TO LONEST "AJOR 
RATE. 

:RE" SET FlAS INDICATING KOTOR ON 

:REIf IF KOTOR RUNNING INCREASE SPEED 
BY APPROX. FACTOR OF 2 USING 
"AJOR RATE VALUE. 

270 RE"lflllflllfl.II ••• I.I' ••• I.flf ••• II.lffff'I.II.lfff!flffll 

280 RE" "DONN" SUBROUTINE 
290 RE" 
300 IF F2:1 GOTO 315 
305 PRI~T'"OTOR 15 STOPPED" 
310 GOTO 345 
315 IF S)1 GOTO 335 
317 POKE LL, 255 
320 POKE 40971,32 
325 F2=0 
330 SOTO 340 

:REIf IF "OTOR RUNNING AT SLOIIEST SPEED 
STOP HOTOR (DISABLE FREQ. ON PB7) 

:RE" SET FLA6 INDICATIN6 KOTOR OFF 
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335 POKE LL, 255 :RE" IF "OTOR RUNN\N6 AT ANY OTHER 
337 POKE LH,HBIS-I) SPEED THEN DECREASE BY APPROX. 
340 IF S}O 60TO 344 FACTOR OF 2 USIIIG IIAJOR RATE 

VALUE. 
342 S=O : 60TO 345 
344 S=S-l : RE" SET SPEED 1 MD 1 CATOR FLA6 
345 RETURN 
350 REllfffffff'flf'lfflf'fiff'fffflffl"lffl"'flll'ff .. ~tlIfffl 
360 RE" • RA"P UP' SUBROUT INE 
370 RE" 
400 IF S(9 60TO 415 " 
405 PRINT"AT "AX SLEW· 

1 

4JO 60TO 470 
\ 
1 

415 IF F2=J 60TO 445 
1 

420 POKE TL, 255 :RE" IF "DTOR STOPPED, START AT 
425 PO~E 40971,224 SLOMEST R~TE. 
430 POKE TH,HBII) 
435 FOR J=l TO DE(ll : Nm J : RE" DELAY TU ALLaIl A FEil PULSES. 
440 F2=1 
445 POKE LL, 255 
447 FOR I=Stl TO 8 : RE" RAPIP SPEED TO "AJOR RATE B. 
450 POKE LH,HB 1 Il ALLO~ PULSES BETNEEN SPEEO 
455 FOR J=l'ro DE(IJ : Km J CHANGES. 
460 Hm 1 
4b5 S:B :REII SET SPEED INDICATDR FLA6 
470 RETURN 
480 REII.ff ••••• ff.fftlf •• ffflllt,llfl.IIIIII.I'f" ••••• ff.ffllli 

490 RE" ·LOAD DISPLAY· SUBROUTINE 
495 RE" 
500 IF F2=O 60TO 510 
505 GOSUB 700 :REII IF PlOTOR RUNNINS, RA}fP DDIIH 
510 INPUTiWAVELEHGTHINNN.NNN)I;Wl, 
515 C(6)=INTINI/IOO) :REII CALCUlATE VALUES TO LOAD 
520 CIS)=INTI(Wl-C16)flOO)/lù) INTO DISPLAY COUNTERS 
525 C(41=INTINHI6) flOO-C(5)flO) 
530 C (3)=INT 1 IN1-CI6" 100-(15) t1 o-c 141 )110) 
~35 X=INT( INH (6)1100-C (5) fIO-C 14H(3) 10.1) /0.003125) 
540 C(2)=IHTIXf16) 
545 C(1)=[NTlHI2)flbtO.5) :REH THE 2 LEAST SIS.FIS. IN HEX 
550 ,FOR 1=1 ra 6 
555 POKE 40961,11-1) :REPI LOAD PORT A VITH COUNTER t 
560 TENP=PEEK 1 40960) AND 32 
5bl POKE 40960,CII) OR mp :REPI LOAD PORT B NITH VALUE 
565 POKE PCR,236 
570 POKE PCR,204 :REI1 PULSE CB2 TO IIRrTE COUNTER 
575 NEXT 1 
580 RETURN 
590 REHIUIUIIUUffflffUHfflflfUfUfffffHHIHHfUHHlff 

592 RE" "READ DISPLAY· SUDROUTINE 
594 REPI 
600 IF F2=0 SOTO 605 
602 GOSUB 700 :RE" IF, "DTOR RUNNING, RAPIP DO~N 
605 FOR 1=1 TO 6 
610 POKE 40961,1-1 :RE" LOAD PORT A NITH COUMTER 1 
612 POKE PCR,206 :REK EHABLE OISPLAV READING USIHG CAl 
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613 TE"P::PEEK (40961) AND 120 
614 POkE PCR ,204 
615 C(i)=INTlTE"P/B) 
620 Hm 1 
630 C=INHC (2) 12) 
635 C (2) :/C (2HtCltlb 

: REt! READ COUMIER VALUE 
:REIt DI5ABLE DISPLAY READING 
: RE" SHIFT BI NARY VALUE 3 BITS 

: RE" CALCUL/HE WAVELENGTH POSITION 

640 IIl=C (6) f 100+C (51 f 10+C W +C (3) *0. 1 + (C(2>tC (1 J )f0. 003125 
b45 PRIHT'WAVELEN6TH='; iii; 'NI1' 
650 RETURN 
b60 RE"IHffHflfllHlffHfulHffflfHfHIIHfufluullfllHff 

tJ7ü m 'RAtlP DO~N' SUBROUTlNE 
680 RE" 

700 IF F2=J GOTO 715 
705 PRINT'"OTOR STOPPED' 
710 GOTO 7M 
715 IF S>l 60TO 735 
717 POKE LL,255 
720 POKE ~0971,32 
725 5=0 : F2=O 
730 GOTO 760 
735 PO~E LL,255 
737 FOR 1=5-1 TO 1 STEP -1 
740 POI:.E LH, HB (1) 
745 FOR J= 1. TO DEll J : HEXl J 
750 Nm 1 . 
755 GOTO 720 
760 RETURN 

: RE" IF "DTOR AT SLOWEST SPEED 
STOP Bt DISABLING FR€~. ON PB7 

: REt! SET SPEEO AND "OTION FLAGS 

: REt! IF "OTOR AT ANY OTHER SPEED THEN 
RAKf DOWN 10 0 USING APPROPRIATE 
DELAYS 

770 RE"HIHIUfHflffHHffflffHUflHtflllffHflllHfffflHff 

780 RE" 'CHANGE DIRECTION' SUBROUTINE 
790 RE" 

BOO IF F2=0 60TO 811 
BIO GOSUB 700 
BI J GOSUB 605 

BIS IF FI=! 60TO 835 
820 mp:PEEK (40960) AND 255 
B22 mp=TEI'IP OR 32 
824 POKE 40960, mp 
825 F 1=1 
830 60TO B42 
835 TE"P=PEEK (40960) AND 223 
837 POKE 40'160 , mp 
840 Fl:Q 
B42 GOSUB 515 

845 RETURN ' 

: REt! IF KOTOR RUNNINS RA"P DOWN 
:REI1 READ DISPLAY /CHAM6IN6 DIRECTION 

CAN CAUSE DISPLAY TO CHAN6E) 

: REt! READ CONTENTS OF PORT A AHD 
CHANGE PB5 FRO" 0 TO ! / NEG. 
TO POS. SCAN J 

:REt! SET DIRECTION FLA6 

: RE" READ CONTENTS OF PORT A AND 
CHAN6E PB5 FRO" 1 TO 0 . 

:REt1 SET DIRECTION HAS 
: REt1 REL DAO COUNTERS TO mURE CORRECT 

DISPLAY READIN6 

850 RE"tfflftfffHffllttllfttUtttflffttttllltfttfltftfUtttfftl 

860 RE" 'SCAN' SUBROUTIHE 
870 m 
900 INPUT'SCAN RATE IN"J51' jR 
902 IF R(6.086 GOTO 907 
904 PRINT""AX RATE=b.08b" 
906 GOTO 900 
907 IF R>Q.0239 SOTO 910 
908 PRINT""IN RATE=.0239" 
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909 SOTO 900 
910 H=((3125/RJ-3.51t2 
920 N=IHTIN+O.5J 
930 NH=INTIN/256J 
9.0 NL=H-INHI2561 
942 T1::0:T2::0 
950 IF NH=O GOTO 982 
960 FOR 1=1 TO 9 
970 IF NH(HB(!1 THEN NEXT 1 
980 TI=I-1 : GOTO 1020 

962 H=9 . 
990 FOR I=} 10 b 
1000 IF NL,La(l) THEN NEXI 1 
lOLO T2=1-1 

1020 T=Tl+T2 

1030 IF F2=1 60TO 1225 
lQ.O IF T)O GOTO 1090 

1050 POKE rL,NL 
1060 POKE 40971,224 
1070 POKE TH,NH 
1080 SOTO 1560 
1090 POKE TL,255 
1100 POKE 40971,224 
1110 POKE TH,255 
1120 FOR 1=1 TO TI 
1130 POKE LH,HBIJI 
1140 FOR J=1 TO DE(l) : NEXT J 
lU5 Nm 1 
1150 IF T2=0 60TO 1540 
1160 FOR 1=1 Ta T2 
1170 POKE LL ,LB mt 
1180 MEXT 1 
1200 GOTO 1550 
1225 IF T=5 60TO 1380 
1230 IF T}5 GOTO 1.00 
1240 IF 5(9 GOTO 1330 

1250 IF T<9 GOTO 1300 

1260 FOR 1=5-9 TO T+l STEP -1 
1270 POKE LL,LB(I) 
1280 Nm 1 

1290 60TO 1550 
1300 FOR 1=5-9 TO 1 STEP -1 

. 

:REIf CALCULA TE 16-BIT VALUE REQUIRED 
JO PRODUCE DESIRED SCANNIN6 RATE 

: REIf NEM MJOR RATE VALUE 
:RE,. NEU!NOR RATE VALUE 
:REIf T1="AJOR, T2="INOR RATE FLA6 
:RE/1 IF NEM RATE )= 9 ... 

: REM FIND NEN MAJOR RATE FROK HB ARRAY 
:REIt SET TI=RATE JUST BELOII DESIRED 

"~JOR RATE. 
: REM EL SE SET Tl =RATE 9 

AND FIND 
NEN MINOR RATE FRO" LB ARRAY. 

:RE" S~T T2=RATE JUST BELOII DESIRED 
"INOR RATE. 

:REH T=SUM OF "AJOR AND "INOR RATE 
INDICATORS. T WILL BE USED JO 
RA"P FRO" THE OLD RATE leURRENT) 
TO A RATE NEAR THE NEW RATE. THE 
VALUES NH AND HL WILL BE STORED 
IN TIllER 1 TO PROVIOE THE NEll 
RATE. ... 

:REP! IF HOTOR RUNNINS ... 
:REP! IF MOTOR STOPPED AND NEil RATE )= 

0.0473 ••• 
:REPI IF P!OTOR STOPPED AND NEW RATE 15 

lE55 THAN 0.0473 THEN SET NEIt 
RATE WITHOUT RAItPINS. 

:RE" START ImTOR 
AT SLOWEST 
SPEEO. 

:REI'I RA"P UP 
TO NEN 
MAJOR RATE. 

:REI'I FOR RATES) 9, 
RAKP UP 
USINS IIINOR RATE VALUES. 

:RE!'! IF NEI//OLO RATE INDICATORS = ... 
:RE!'! IF NEW RATE> OL» RATE ... 
: RE" IF NEW RATE ( OlD RATE AND 

OlD RATE < 9 •.. 
:REP! IF NEil RATE < OLD RATE AND 

NEJ/ RATE < 9 AND 
DLD RATE) 9 ... 

: REP! IF NEil RATE < OLD RATE AND 
NEM RATE } q AND 
OLD RATE ) q RAI1P UP USING 
"INOR RATE VALUES. 

: REP! RAHP DOWN 
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- 1310 POKE Ll,LB(I) 
1320 MEIT 1 
1325 S=9 
1330 POKE ll,255 
1340 FOR 1=5-1 TO Tt 1 STEP -1 
1350 POKE lH,HB(I) 
1360 FOR J=1 TO DEll) : NEXT J 
m5 MEn 1 
1370 60TO 15)40 
1390 IF S/B SOTO 1550 
1390 60TO 1540 
1400 POKE lL. 255 
1410 IF T<9 SOTO ISOu 
1420 FOR I=Stl TO 9 
1430 POKE LH,HB(j) 
1440 FOR J=I TO DEllI: NEXT J 
!45û NEE 1 
1460 FOR 1=1 TO T-9 
1470 pon LL, LB (1) 

1480 NEXl 1 
1490 GOTO 1550 
1500 FOR I=S+1 TO T 
1510 POKE LH,HB(I) 
1520 FOR J=1 TO DE(II : NEXT J 
1530 NEXl 1 
1540 POKE LH,NH 
1550 POKE lL ,HL 
15bO S=T 
1570 F2=1 
1590 RETURN r-

USIN6 "INOR 
RATE VALUES. 

:RE" SET "INOR RATE TO "INI"U" 
:RE" RA"P DONN TO 

"AJOR RATE JUST 
ABOYE NEW RATE. 

:RE" IF OLD RATE>B ADJUST "INOR 
RATE ONLY. . 

:RE" ELSE SET "INOR RATE TO "IN1"U", 
AND 
RA"P UP TO 0 

RATE 9 USING 
"AJOR RATE 
VALUES, 
THEN RAKP UP 
TO RATE JUST BE~OW 
NEW RATE USIN6 MINOR VALUES. 

-: RE" RAt1P UP FROK OlD RATE TO JUST 
BELON m RATE 
USINS "AJaR RATE 
-VALUES. 

:RE" FINAL ADJUSTI1ENT OF "AJOR RATE 
:REI1 FINAL ADJUSTI1ENT OF KINOR RATE 
:RE" SET SPEED FLA6 TO INDICATE NEil 

RATE AND SET RUNNINS FLA6. 

1590 •••••• 1 •• 111 ••••• ' ••••••• ,1 ••• 1111'."111.1' •••••• 1.11111.11 

1592 REK 'PULSE SUBROUTINE 
1594 RE" 
20~0 INPUT" OF STEPS';NS 
2005 NS=NS-1 
2030 IF F2;1 THEM 60SUB 700 
2040 HB=INTINSJ25b) 
2050 LB=NS-HBf256 

2060 POKE 409bB,LB 
2062 POKE 40969,H8 
2070 POKE TL,255 
2072 POKE 40971,224 
2074 POKE TH,255 
2090 WAIT 40973,32 
20B5 POKE 40971,32 
2110 RETURN 

:RE" IF KOTOR RUN~INS, RA"P DaWN 
:REH CALCULATE lb-BIT VALUE TO STORE 

IN TI"ER 2. TI"ER 2 COUNTS 
PULSES AND IIILl BE USED TO 
DETER"IHE IIHEN THE DESIRED 1 OF 
PULSES HAVE BEEN SENT TO KOTOR. 

: RE" STORE COUNT 
IN TIllER 2 

:RE" STARl KOTOR 
AT SlOWEST 
SPEED. 

:REK liAIT FOR TIllER 2 TD COUNT DDWN 
:REII STOP IIOTOR 

2115 RElltttflt'ftffftf •• tftfflffffttttlfff'lfff'fffll'.lf.'flfff 

2120 RE" 'SLEW' SU~ROUTINE 

2130 RE" 
3000 Gosun 600 :REII READ DISPLAY 
3010 INPUT'NEW Il'iW2 
3020 DII=1I2-1I1 :RE" CALCULATE WAYElENGTH DIFFERENCE 
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3030 IF DW=O 60TO 3200 
30:>0 IF DW)O AND Fl=O THEN SOSUB 800 :REH CHANGE SCAN DIRECTION 
3060 1 F DW< 0 AND FI = 1 THEM GOSUB 800 IF NECESSARY. 
3070 IF ABS(DWI)0.3 60TO 3076 :REH IF DIFFERENCE)0.3 N" 

3072 NS=INT(ABS(DW)t320+0.5) 
THEN SLEW 
OTHERWISE èALCULATE 

3073 POKE 40971,0 THE HU"BER OF STEPS 
3074 sosun 2020: GOTO 3200 AND USE THE PULSE ROUTINE 
3076 IF DW>O THEN DN=DW-O.3 :RE" DECREASE DIFFERENCE BY 
3078 IF DW<O THEN DW=DWtu.3' 0.3 H" (AVOlD OVERSHOOT) 
30BO NS=INT(ABS(DWlt320+0.5) :RE" CALCULATE 1 OF STEPS 
3100 LAPS=INT(NSf655361 :RE" CALC. MULTIPLES OF 16-

BITS (TIHER 2 IS 16-BIT 
COUNTER) 

/' 

3110 COUNT=NS-LAPSt65536 :REH LEFTOVER COUNT 
3120 HB=lNT{COUNT/256) :REH BREAK LEFTOVER COUNT INTO 
3130 LB=COUNT-HBf256 LOW AND HISH BYTE 
3140 POKE 254,LAPS+l :REH STORE LAPS IN PASE ZERO. 

PCOUNT SUBROUTINE WILL 
ACCESS THIS VALUE DURIN6 
mM. 

3145 POKE 40971,224 : RE" ENABLE SCAN 
3150 POKE 4096B,LB: POKE 40969,HB :REH LOAD TIHER 2 NITH 

LEFTOVER COUNT. (PROSRAH ( 
COUNTS LEFTOVER FIRST, 
THEN MULTIPLES OF. 65536) 

3170,POKE 4,0; POKE 5,31 :REI1 ADDRESS OF PCOUHT ROUTINE 
31SO BOSUB 415 : REM RA"P UP USINS STD ROUTINE 
3190 X=USR ({I) :REH JUKP TO PCOUNT 
3195 60sua 715 : REI1 RAIIP DOWN 
3196 60sua 600 :REI1 READ DISPLAY TIT FIND OUT 

CURRENT WAVELEN6TH 
3197 NS=INT(ABS(N2-WIJt320+0.51-1 :RE" CALCULATE tlOF STEPS 

REQUIRED TO ACHIEVE NEW 
POSITION. 

3198 SDSUB 2040 :REI1 JUKP TO PULSE ROUtINE 
3199 Nl=N2: 60SUB 515 :REI1 ENS URE DISPLAY IS LOADED 

NITH CORRECT NAVELEN6TH. 
3200 RETURN 
3990 REllllttttltttttlttttlllfftftttttttfftftttttttlfftfttl1tlltl 
3992 RE" 'RESET' ROUTINE 
3994 m 
4000 IF F2=1 THEN GOSua 700 :REH IF HOTOR RUNNINS, RAl1f DOWN 
4010 IF FI:l THEN BOSUB 800 :REH IF SCAN DIRECTION POSITIVE 

CHANSE DIRECTION 
4020 R=2.0: 60SUB 910 : RE" RAI'IP TO SCAN RATE OF 2NI1/S 
4030 NAIT 40973,2 :REH NAIT FOR CBl TO TRI6SER 

IHDICATINS END OF SINE BAR 
TRAVElo 

4040 60sua 800 :REII CHANGE SCAN DIRECTION TO POS. 
4045 Nl=O: GOSUB 515 :REII LOAD DISPLAV WITH 000.000 
4050 RETURIt 
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; ft ..... tfff ...... ffffU .. Uff.fff ..... fffffU .... tIH ..... lff .. 

-; PR06RA": PCOUNT.ASK 
BY: S.M. "CGEOR6E 

DATE: AUGUST 1984 
; 
; THIS PROGRAK IS USED IN CONJUNCTION NITH STEPPER. BAS ON THE AI" 
;USED TO CONTROL THE ST~PPER l'IOTOR. THIS ROUTINE COUNTS PULSES 
iSENERATED DV THE KOTOR WHEN THE '5LEN' FUNCTION 15 SElECTED 

t=$1FOO 
LDX $FE 

N~lT lDA $A009 
ORA $AOOB 
ONE liAIT 
LM UFF 
STA $A008 
STA $A009 -
DEX, 
ONE liAIT 
RTS 
END 

; STARTING ADDRESS 
; LOAD X-REG. NITH NU"BER OF LAPS 
; liAIT FOR TIHER 2 TO 
; COUNT DONN LEFTOVER 
; VALUE LOADED FROI'I BASIC PSI'I. 
; LOAD 65536 INTO ACCU"ULATOR 
; STORE 65536 INTO TII'IER 2 LOW BYTE 
; STORE 65536 lNTO TlnER 2 HI6H BYTE 
; DECREI'IENT X-REGISTER DY 1 
; IF X-RESlSTER () 0 CONTINUE TO NAIT 
j RETURN TO BASIC PR06RA" 
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1 REII.f ............. fffff •••• ffffff .. fu ... f.ff.uff.Hf.uf .... f .. fffffffff .. f 

PR06RA": PDASYSIB. DOC 
BY: S.M. "CGEORGE 

DATE: 1 FEBRUARY 1985 (OoeU/IENTA fION 1 

2 REl! 
3 REl! 
4 REl! 
5 REM 
9 RE" 
10 REl'! THIS DOCU"ENTATION DESCRIBES THE USER INTERFACE FOR THE 
15 RE" m COI!PUTER ~HEN THE PDA DETECTOR IS OPERATED UNDER 5YSTEI1 1. 
20 RE" THE PROSRA" FILE IS CALLED PDASYSl.8AS. ROUTINES CAllEl) BY 
22 REl'! PDASYSl.BAS INCLUDE THE ASSEI!BLER PR06RAHS PDAINITl.ASII, 
25 REl! CSElECT 1. ASN, PDASCANI. ASI'! AND PDABLURT. AS". 
30 REM THE DATA ACI.lUIRED VIA THE INIT ADe SYSTEM IS TRANSFERRED 
35 REl'! ro THE 5100 COMPUTER VIA THE 5ERIAL NETNORK. IN ADDITION, 
'40 REl'! THIS PR06RA" AND THE ASSEMBLER ROUTINES ARE DONN LOADED FROK 
45 REIi THE 51QO COHPUTER USIN6 THE NETIIDRK. THE ASSEPfBLER ROUTINES 
45 REM ARE CONCATEHATED IN THE FllE PDASYS1.HEJ., 
46 REH HOST OF THE PARAIiETERS REQUESTED BY THIS PR06RAH AR.,E STORED IN 
47 REIi' RESERVED PASE ZERiJ LOCATIONS (22H55f Ta BE ACCESSED BV THE 
48 RE!! ASSEI1BLER ROUTINES, 51NeE THESE ROUTINES CARRY OUT THE ACTUAL 
49 REIt FUNCTIONS. 
50 REl! 
55 REltlf ••••• ff ••• f ••••• ff •• f •••••• f.ff ••••• f.f •••••••••• f ••••• fff •••• flflfl.ff 

60 RE" 
62 RE" MIN PROGRAM 
64 REl! 
6b INPUT"DATA DISK'jD$ 
68 INPUT'DATE (HONDO)'; DATE$ 
70 INPUT'DATA ACQ.IY/Nl ";9$ 
75 IF Q$='Y· GOTO 100 
BO POKE 249,255 
90 60TO 110 
100 PDKE 24il, 0 
110 INPUT" OF PIXELS"jP 
120 PH=INT(P12561:PL=P-25b'PH 
130 PDKE 246,ElL:POKE 247,PH 
140 INPUT'OSID WAIT RHi' D'jUDf 
150 IF GD$="H' SOTO J90 
160 POKE 224,255 
170 60TO 200 
190 POKE 224,0 

:REI! DISK TD RECEIVE DATA 
:REIt DATE CODE lE. JAN23 
:REI'! "Y' FDR ACQUISITION 

:REI! KEK LOCATION 249 IS ACQ. FLAS 
:REr'f ,m CAUSES INFINITE lODP NITH 
:REH NO DlITA TAKEN, 0 TAKES DATA 
:REH NUKBER OF DIODES TO READ OUT • 
: REl! 24b,247 ARE HBYTE, LOYTE OF PAGE 
: REl! ZERO LOCATIONS C

c
ONTAINrH6 PIXEL COUNT 

:RE" m LOCATION 224 IS DSIO NAIT FLAG 
: RE!! 255 l'!EANS MAIT 15 REQUIRED, 0 "EANS 
:REK NO WAil REQUIRED· 

200 POKE4,0:PO~E5,32:I=USRtOJ 

204 POKE240,8 

:RE" JUlfP TO rHITIALIZATION ROUTINE !PDAlH1T1.ASlfJ 
: REl! IIEII LDCAI ION 240 l S CLOCK CODE 1 

205 RE" 
20b T"IN=0.108 
208 F=Ç,615 
210 REH 

CODE a SELECTS AI'" SENERATED CLOCK 
: REK "rN. INTEGRATION TIIIE=.IOB SECONDS 
:REIt WHEN DfFAULT READOUT FREa. = 9,615 KHZ 

530 IHPUr"COHHAND'jC$ :RE!! PRDHPT FOR CD~I!AHD 
540 IF C$:"SCAH' THEM GOSUB bOO 
550 IF C$="BLURT" THEM 60SUB 1410 
560 IF C$="CSELECT' THEN SOSUB 2000 
580 IF Cf="QUIP THEM STOP 
590 GOTO 530 
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595 RE IffUHtftfflttttUfttfl .. tfttftttffltftttffffffftttU .. 

596 Il "SCAN" SUBROUTINE ACGUIRES SPECTRU" AT GIVEN INTEGRATION 
597. RE" TillE. INVOKES ROUTINE PDASCANl. ASII. 
S RE" 

00 INPUT"INT. TIIIE(SECI';IT :RE" ENTER DESIRED INTEGRATION TIllE 
630 IF H>nIlN THEN T=(!T-TIIINIt1000:60TO b8û :REII T=1I5 EXCEEDINS TIIIN 
640 PRINT"TIIIN::'jTIIIN/I000 :RE" IF mTIIIN ASK USER IF 
650 INPUPCONTlNUE'jQi :REM TIIIN SHOULD BE USED. 
660 IF Qf="N' SOTO 600 
670 T=O 
680 IH::INT(T/256) 
690IL::INTIT-IHt25b+.5) 

Q 700 POKE244,IL:POKE245,IH 
710 IF QD$="N' GOTO 7 bO 

:REII T=O IF T"IN USED 
:REH CONVERT T TD lb-BIT VALUE 
:REH FOR TI"ER2 OF VIAl 
:RE" HE", LOC. 244,255=LBYTE,HBYTE OF INT. COUNT 

720 INPUrDSID liAIT PERIOD (S)"; IiP : REM INPUT DSID WAIT IN SECONDS 
730 Iip::IiPf 1 000 : REM CONVERT TO MILLISECONDS 
740 WH=INTlIiP/256J: IiL=WP-NHf256 :REII STORE lb-BIT VALUE IN PAGE ZERO 
750 PO~E 225,IiL: POKE 226,IIH :REII LOCATIONS 225,226 
760 INPUr"RUN lETTER(A,B, .. )';R$ ) 

- 762 RE" 1 COUNTS THE TOTAL NUIIBER\,»! SEQUENTIAL SPECTRA 50 THAT THEY IIAV BE 
764 RE" ASSI6NED EXTENSIONS. J :: 1 TO 6. IiHEN J::6 AVAIlABlE IIEIIORY IS FILLED 
766 REM IitTH DATA AND "UST BE TRAN5"lTTED TO 5100 VIA NETIIORK. BASE IS THE 
768 RE" FIRST lOCATION OF EACH OF THE 6 AVAIlABLE DInA BUFFERS. 
770I=0:J=O:EXT=lQO:BASE=12288 
780 INPUT"SCAN TYPE";SCANf 
790 INPUT"I OF PRE5CANS';PS 
900 POKE253,PS+I 
BIO INPUPPIXELS FOR XFER'iPB,PF 

:RE" STORE 1 OF PRESCANS IN 253 

820 PB=(PB-llt2:PF=<PF-IJf2 :RE" CONVERT PIXEL POINTERS TO INDEX 12-BIT DATA 
830 DVEC=BASE+Jf2048 :REII J CONTROl5 CURRENT 2048 BYTE DATA BUFFER 
840 DH=INTlDVEC/25bl: DL=DVEC-DHf256 :RE" CONVERT BUFFER ~;rART ADDRESS TO 
850 POKE254, DL :POKE255 ,DH : RE" 16-BIT VALUE USED DY PDASCANI.AS" 
860 POKE4, 0: POKE5, 34: X=USR (0) : RE" JUIIP TO PDASCAN1. AS" 
870 I=I+ 1: J=J+I 
990 IF J}5 THEM 60SUB 960 
890 INPUT"CONTINUE';Q$ 
900 IF Q$:"Y" GOTO 830 
910 IF J=O 60TO 930 
920 SOSUB 960 
930 RETURM 

iRE" IF J=b TRANSFER DATA BUFFERS 
: REM AcaUI RE ANOTHER SPECTRU"? 

: RE" TRANSFER RE"AINIMS SPECTRA TO S100 

940 RE"ft"ftttfftfft" •• ft.tftftttfftttttfft'f'fttttfttfttttttft.tt.tf.,t.ff.f 
950 RE" SUBROUTINE TO TijANSFER SPECTRA TO 5-100 SY5TEII 
955 RE" 
960 FOR K=O TO J-l :RE" K SELECTS DATA BUFFER 
970 FD$=D$+':'+DAJEh". '+R$tRI6HT$(STR$(EXT+K+l),2) :RE" BUIlO FILEMAflE 
.9SO DVEC=BASE+K'2049 :RE" SELEC~ KTH BUFfER 
990 POKE4, 0: POKE5, 122 : RE" NETIIORK SOFTWARE ADDRESS 
1000 Z=USR(o) :RE" ACTIVATE ~mORK. PRIIH CAUSES TRANIIISSION 
1010 PRI~T DATH;' '; Rf;EXTfK-99 : REII SEND HEADER INFORIIATION 
1020 PRINT F 
1030 PRINT SCAN$ 
1040 PRINT 111 
1050 IF IHT"IN THEM IT=Tm 
1060 PRiNT Ii 
1070 FOR L=PB 10 PF STEP 2 
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1080 PRINT 1I2tljPEEK(DVEC+Ll+PEElClbvEC+l+llf25b :REK SEND PIXEL DATA 
1090 HEH L 
1100 Z=USR(3): Z=USR( 1) :RE" DEACTIVATE NET~ORK 1 

1110 NEn le 
1120 J=O : RE" RES ET J WHEN ALL SPECTRA TRANSmTED 
1130 EXT=EXT+I :RE" INCREKENT EXTENSION NU"BER 
1\40 RETURN 
11:ïO RE"tfttHtUfftUfHtlHftttttttfttfHfttltttHHtfHHfffflf'ffttfHfffft 
1160 RE" BLURT SUBROUTINE 
1170 RE" 
1410 INPUI"BlURT FREt!. (KHZ)';BF 
1-420 IF BF:! THEM POKE 241,56: GOTO 1470 
1430 IF BF=.5 THEN POKE241,52: GOTO 1UO 
1440 IF BF=.2:ï THEN.POkE 241,48: GOTO 1470 
1450 PRINT BFj' 15 NOT A BLURT FREQ.' 

:REI1 SELECT BlURT FREQ. AND 
:RE" STORE CODE AT LOCATION 
:RE" 241 OF PAGE ZERO 

1460 GOTO 1410 
1-470 INPUT'RUM LETTER"; R$ 
1480 1 NPUT' SCAN TYPE U j SCAN$ 
1490 INPUT" OF BLURT REPS'jBR 
1500 IF BR>48 GOTO 1490 
1510 PDKE 243, BR 
1520 INPUT'PEAK OIODE"jPD 
1530 INPUT't OF DIODES TO ACQ."; ND 
1540 IF ND>lZ8 GOTO 1530 
1550 IF NDOS SOTO 1530 
1560 NP=PD~rHTIND/2+.5) 

: RE" • OF CONSECUTIVE BLURT READOUTS 
: RE" CANNaT EXCEED 48 
:RE" STORE BLURT COUNT AT LOCATION 243 

: RE" lb TO 128 DIODES SURROUNDINS 
: RE" PEA~ CAN BE ACQU 1 RED. NORtlALLY 
: REII 16 CHOSEN FOR FASTEST READOUT 

1570 PH=INHNPI256): PL=NP-PHf256 :RE" CALCULA TE LBYTE,HBYTE PIXEL COUNT 
1580 POKE 246,PL: POKE 247,PH :REII AND STORE AT 246,247 
1590 B=1035-ND : RE" B 15 NUIIBER OF PIXELS TO BLURT OVER 
1600 BH=INHBI256): 8L=B-BHJ256 :REII CALCULATE LBYTE,HBYTE BLURT COUNT 
1610 POKE 249,BL: POKE 25ô,BH :REII AND STORE AT 24~-l250 . 
1620 POKE 251,0 :RE" 251 CONTAINS INDEX TO DATA BUFFER 
1630 POKE 254,0: POKE 255,4B :RE" 254,Z55=LBYTE,HBYTE ADDRESS OF DATA BUFFER 
1640 POKE 252,ND ,':'RÉII ND 15 NUIISER OF DIODES TO ACQUIRE 
1650 POKE 4,0: POKE 5,35 :REII LBYTE,HBYTE ADDRESS OF PDABLURT.AStI 
1660 X=USR (ô) : REII JUIIP TO PDABLURT. ASII " 
1670 DVEC= 12288 : REII DVEC POINTS TO BE6INNINS OF DATA BUFFER 

/"' '11,80 EXT=100 :REII INITIALIZE EXTENSION 
1690 FOR 1=1 TO BR : RE" 1 COUNTS THE 1 OF BLURT REPETITIONS 
1700 FDS=D$+": "+DATE$+'. '+RhRI6HU(STRl (EH+Il ,2) :REK BUILD F1LENAI'IE 
1710 POKE 4,0: POKE 5, 122 : RE" lBYTE, HBYTE ADDRESS OF NETNORK SOFTNARE 
1720 l=USRIO) :REII ACTlYATE HmORK 
1730 SCAN$="BLURT' : REK TRANSFER HEADER INFOR"ATIDN 
1740 PRINT DATES 
1750 PRINT BFt 1000 
1760 PRINT SCAN$ 
1770 PRINT III 
1780 IT=O 
1790 PRINT IT 
laoo D=PD-IHT (ND/2) 

: RE" SEND DUKKV INT. TIllE (NOT USEDJ 

1810 FOR J=DVEC TD DVEC+IND-I)t2,STEP 2 • " 
la20/PRINT DjPEEW)+PEEW+llf256 :REtI TRANS FER PIXEL DAn_ 
la30 D=D+1 
1840 NEll J 
1850 DVEC=DVEC+256 : RE" EACH BLURT DATA BUFFER CONSISTS OF 256 LOC. 
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.S60 Z~SR(3): Z=USR(l) 
lB70 Hm 1 
19BO INPUT'REPEAT' ;QS 
1890 IF Q$:'V' 60TO 1410 

IRE,. )EACTIVATE NETMORK 

IRE" BLURT ASAIN? 

19,00 RETURN 
, 191 0 RE~ffffffffHffffffUffffffHHHff"ffHfff"Hffffffffnfl"ftu"f"H' 

1920 RE" CSELECT SUBROUTIHE TO CHANGE READOUT FREQUENCY 
IJ30 REM 
i600 INPUT'READOUT FREQ(KHZ) 'jH :REII INPUT FREQ AS STRING 

" 2010 FLA6:Q 
2020 IF YAUF$) < 125 soro 2100 
2030 IF F$='1000' THEN PDKE 240,24 : SOTO 2200 
2040 IF H:'SOO' THEN POKE 240,20 : SOTO 2200 
2050 IF F$='250' THEN POKE 240,16 : 60TO 2200 
2060 1 F F$='12S' THEN POKE 240,12 : GOTO 2200 

:RE" COI1PARE DESIRED FRED. 
lm" TO AVAILABlf ITAL 
: RE" CONTROLLED VALUES 

2070 IF F$='EXT' THEM POt.E 240,4 : SOTO 2200 :REM NOT CONNECTED 
20BO IF F$='SND' THEN POKE 240,0 : SOTO 2200 :RE" FOR STOPPED CLOCK INT. 
2090 60TO 2000 
2100 F"YAUF$) : REM CONVERT STRINS TO NU "BER 
2110 FlA6=1 
2120 H=INTf125/F-I.5) :REM IF FREQ IS W1THIH RANSE OF PB7 VALUES CALCULA TE 
2130 IF N>=O 60TO 2160 : REM HUIIBER ra BE PLACED IN TIlfERI OF YI~3 
2140 PRINT 'FREQ NOT AVAIlABLE' 
2150 60TO 2000 
2160, IF N > 255 SOTO 2140 
2170 POKE 242, N : REl! STORE HUIIBER CORRESPOHDIH6 ra DESIRED FREQ, AT 242 
2180 F=125/iNt21 : REl! DETERIIIHE ACTUAl FREQUEHCY TO BE OUTPUT 
2190 POKE 240, B : RE" CLDCK CODE 1 SElECTS PB7 AS PDA ClOCK SOURCE 
2200 IF FLAG=1 SOTO 2220 
2210 F=YAUFS) 
2220 PRINT 'ACTUAL READOUT RATE:: -jFj "KHZ' 
2230 IF F (= 10 SOTO 2290 

: RE~ PR r NT ACTUAL READOUT RATE 

2~40 PRIHT'READDUT RATE 15 TOO' :RE/1 READOUT RATES HISHER TH AN 10 KHZ CANNOT 
2250 PRINT'FAST FOR DATA ACQ.' :RE/1 6E USED FOR DATA ACQUISITION 
2260 INPUT'CONTINUE IY/Nl";Q$ :RE" IF HISHER RATE STILL DESIRED, ENTER "Y· 
2270 IF OS = 'V· 60TO 2290 IRE" OTHERWISE INPUT ANOTHER READOUT FREO. 
22BO 60TO 2000 
2290 POKE 4,0: POKE 5,33 
2300 X=USRIOl 
2310 T"IH=103BJ (FfIOOOI 
2320 RETURN 

: RE/1 LBYTE, HBVTE ADDRESS OF CSELEC T 1. ASM 
: RE" JU"P TO CSELECT 1. AS" 
: RE" CALCULA TE T~IN FOR NEM READOUT RATE 

2325 RE"tfl~ffHHffffffHffffffHffffffffffffflffffHfflfffHlffHIHfffffffff 
2330 END . 

312 

li ," 



( 

if •• flillffff.ffffl.f.f.fff.lfff •• flltillff.ff.fffffi.ffflfflfit 

. , 

PROGRA": PDAINITI.AS" 
BY: S. Il. "CGEORSE 

DATE: 29 aCTDBER 1984 (lfO&IFIED) 

THIS PROGRAII INITIALIZES THE PDA AT FORA READDUT RATE DF 
; ,10 KHZ. . , 
; fHUllllff fUf ffflllHffH IllIHlffflllllffUf Iffllffffllflfif 

f = $2000 jPROGRAIf START AT moo 
i 
; VIA RESISTER LOCATIONS 

; 

TCIl! = $9004 
TCIHI = $9005 
ACRI = $9008 

DDRB2 = $9012 
DDRA2 : $9013 
ACR2 = $9018 
PCR2 : $901C 

DRB3 : S90Z0 
DDRB3 : $9022 
DDRA3 : $9023 
rCIU = $9024 
TCIH3 : $9025 
ACR3 : $9028 
PCR3 = $902C 

i IHITIALIZE YIA 2 FUNCTIO~S 

LOA UBO 
STA ODRB2 jPBO-3 FOR INPUT 1 PB4,5 FOR OUTPUT. 
AtjD tOO 
STA DDRA2 jPORT A FDR INPUT. 
LDA UAO 
STA peR2 iC82 TO GENERA TE CONYERT PULSE. 
LDA 1$03 
STA ACR2 jENABlE AUTO LATCHIHG. 

j 

; INITIALIZE VIA 3 FUHCTIONS 

LDA UFF 
STA ODRAl jPAO-7 FDR OUTPUT 
LDA UDF 
STA DDRD3 jP80-5 FDR OUTPUT 
LM UEO 
STA ACR3 jPB6 FOR PULSE COUNTING, PB7 CLOCK SEN. 
LDA USC 
STA PCR3 JCA2 SET LON,CB2 PULSE "ODE 
LDA UOD 
STA TCIL3 
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LDA I~OO 
STA TC1H3 ;START 9.615 KHZ CLDCK ON PB7 
LDA 1$08 
STA DRB3 ;SELECT PB7 AS CLOCK SOURCE 

; 
j INITIAlE VIA Il FOR GENERATION AND COUNTIN6 OF 1 "S INTERRUPTS 

lDA 
SlA 
LDA 
STA 
LDA 
STA 

RTS 
END 

mo 
ACR1 
1$F2 
TCIU 
1$01 
TC1Hl 

;PB7 TO~E~ERATE 1 "5 INTERRUPTS 
jPBb TO COUNI INTERRUPTS 

;START PULSES 

" 

314 

r, 



, 

;"1 

) 

; """ff"""""f""'f""""""""""""""f"" 
PROGRA": PDASCAN1.ASH 

BY: S.W. "C6EORGE 
DATE: 17 "AY 1984 

; THIS PROSRAH IS CALLED BY PDASYS1.BAS NHICH ACTS 
• ; AS THE USER INTERFACE. THE PROSRA" DETECTS A START PULSE, 

; COUNTS OUT il USER SPECIFIED NU"BER OF DIODES, TURNS OFF THE 
; READOUT CLOC~ FOR A USER SPECIFIED INTEGRATION TI"E, AND 
; FINALLV REAoS OUT THE PDA PERFORI1ING 12-BIT A/D CONVERSION. 
j 
jflfflHffff •• HU .. UffltH ..... 'ffHUflft.'fftfffffU ... 

; 
; YI~ REGISTER LOCATIONS 

TC2U = $9008 ; T2 OF VIAl COUHTS 1 "5 INTEGRATIDN 
TC2Hl = $9009 PULSES FOR STOPPED CLOCK "ODE. 

; 

ACRI = $900B 
IFRI = $900D 

DRB2 = $9010 
DRA2 = $9011 
IFR2 = $901D 

DRB3 = $9020 
DRA:; = $9021 
TC2U = $9028 
TC2H3 = $9029 
IFR3 = $902D 

; PAGE ZERO LOCATIONS 

STRTl 

CCI = $FO 
INTL = $F4 

INTH = m 
PIXLO = $F6 
P1XHI = m 
RFLAS = $F8 

PSCAH = m 
DATA = SFE 

• = $2200 

LDY 100 
LDX PSCAN 

LDA DRA3 
LDA IFR3 
AND 1$02 
BEg STRTl 
LDA DRA3 

LDA PIXlO 
STA TC2L3 

i PORT B CONN. 10 t2-BIT ADC 
; PORT A'· 

j PORT B CONN. TO PDA LOBle 
j PORT A • 
; T2 OF VIA3 COUNTS SAI1PLE PULSES 

GENERATED DY PDA 

; CLOCK CODE (PB2,3,41 
; LOW BHE OF INTEGRATION COUNT 
; HIBH • • 
; LOW BHE - NUMBER OF PIXELS TO READOUT 
j HISH BYTE 
j REPEAT FLAS (=0 FOR ACQ, =$FF FOR LOOP) 
j NUMBER OF PRESCANS BEFORE DATA ACQUISITION 
j LOW BYTE FOR INDIRECT INDEXED ADDRESSING 
; TO DATA VECTOR UFF CONTAINS HISH BYTE) 

; INITIALIZE y INDEX REGISTER 
; LOAD X RE6. NlTH • OF PRESCAHS 

j CLEAR CA 1 FLA6 

jWAIT FOR FIRST START PULSE 
j CLEAR CAl FLAG 

.. 
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LOA PUHI 
STA TC2H3 ;LOAD TC2 VIA3 mH PUEL COtINT 

i 
SCAN! J LDA 

AND 
BEg 

IFR3 
1$20 
SCANI ; CHECK FOR END OF READOUT 

LOA DRB3 
AND m3 ; SELECT CLUCK CODE 000 <6ND) 
STA DRB3 ; STOP CLOCK 

IN~L 
TC211 
INTH 

LOA 
STA 
lOA 
STA TC2Hl i LOAD lI"ER 2 VIAl NITH INTEGRATION COUNT 

i 
INT LDA IFRI 

1$20 

j 

AND 
BEQ INT ;NAIT FOR END OF INTEGRATION PERIOD 

LOA ORB3 
DRA CCI 
STII DRBl ;RESTART CLOCK FOR REAOUUT PERIOD 

LOA RFLA6 
AND UFF 
BNE STRTl; IF RFLAG > 0, LOOP INDEFINITEL y 

DEl 
BNE STRTl; 1 F X>O RE -SCAN 

" 

STRT2 lDA IFR3 . 
1$02 
STRT2 
DRA3 

; 

AND 
BEQ 
lDA 

lOA 
STA 
LDA 
STA 

SA"Pl LOA 
AND 
BEg 
STII 

AND 
STA 

CONV lOA 
AND 
BEg 

pmo 
TC2l3 
PUHl 

; NA 1T FOR SECOND STAIIT P.UlSE 
; CLEAR CA 1 FLAG 

TC2H3 ilOAD TC2 YIA3 mH PIXEL COUNT 

IFR3 
1$10 

J ' 

SA"PL ;NAlT FOR Il SAftPLE PULSE (PIXEL READoun, 
IFR3 ; ClEIiR CS 1 FLAS 

100 
DRB2 
IFR2 
1$10 
CONV 

. 
; TRISGER CONVERSION ON CHANNEL 1 OF AOC 

;NAII FOR END OF CONVERSION 

LOA DRA2 
STA (DATAJ,Y 
INY 
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LDA 
AND 
STA 
INV 
BNE 
INC 

CONT LDA 
AND 
BEg 
RTS 
END 

DR82 
"OF 
(DATA), Y jSTORE DISITIZED PIXEL VALUE. 

CONT ; CONTINUE IF IIITHIN CURRENT PAGE-
DAT A+ 1 ; OTHERIII SE, TURN PAGE. 
IFR3 
1$20 
SA"Pl ; CHECK FOR END OF ~CAN 

, J 

" 

.) 
o 
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jftftttfttfttft •• ftftftlftffftff'lf' •••• "lflf'f."'"f.f •• f.,t, 

PR06RA": CSELECTI.AS" 
BY: S.W. "C6EORGE 

DATE: 13 "ARCH 1984 
"ODIFIED: 8 APRIL 1984 

; THIS ROUTINE IS CALLED BY PDASYSl.BAS THE USER INTERFACE 
j FOR SYSTE" 1 OPERATION OF THE PDA. THIS ROUTINE READS THE 
j CLOCK CODE AND SELECTS THE CORRESPONDINS CLOCK SOURCE FOR " 
j READING OUT THE PDA. 
i 
jttftttftttff •• t.ttftft.tfttttttttt'ttttft'fttt'tftft'ttt.f.tttt 

j 

t = $2100 

DRB3 = 19020 
TL1L3 = $902b 
CCI = $FO 
TC 1 VAL, = $F2 

j PR06RA" START AT $2100 

; PORT B (VIA 31 LOCATION 
i TI"ER 1 LOW BYTE LATCH LOCATIDN 
i VARIABLE 'CLOCK CODE l' 
i LOCAT!ON OF !I"ER 1 LOW BYTE FREQ COUNT 

j PERFOR" CLOCK SELECT SEQUENCE 
ï 

LDA TCl VAL , 
STA TLIL3 j LOAD TI"ER l~lDN lATCH NITH FRE9 COUNT 
LDA CCI 
STA DRB3 i SELECT ClOCK USINS CB2 AUTO PULSE "ODE 

RTS 

END 

j RETURN TO CALLIN6 PR06RA" 

" , 
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/~t.lflf.tf •• 'H'.,U.If".Uf".'''.fH·of''''I.tfU''U''U. 

; -

• 
PROGRA": PDABLURT.AS" 

DY: S.W. ftC6EORGE 
DATE: 1 OCTOBER 1984 

THIS ROUTINE IS'CALlED FRO" PDASVSl.BAS NHEN THE USER 
i SELECTS THE BLURT 1t0DE OF OPERATION. THE USER SUPPLIES 
i THE PEAK POSITION, THE NUKBER OF DIODES TO ACOUIRE, AND 
i THE 8LURT FREQUENCY. WHEH THIS ROUTINE IS ACTIVATED IT 
; SETS UP THE CLOCK IIU~ LATCH AND LOAOS THE BLURT COUNTERS 
; NITH THE BLURT COUNT. 

THE PDA IS READ OUT AT NORKAL RATE UNTIL THE LAST 
; DIODE IN TH~ PEAK SEQUENCE IS REACHED. THE BlURT 
; CLOCK IS SNITCHED IN AND UNNANTED INFORltATION IS BLURTED. 
; NHEN SAIIPLE PULSES ARE 6ENERATED ONCE "0 RE" BLURT IS 
i FINISHED AND THE ROUTINE ACOUIRES THE DIODES OF INTEREST. 
; 
j ••••••••••••••••••••••••••••••••••••••••••••••••••••• fff •• 

; 
j VIA RESISTER LOCATIONS 

i 

DRB2 = .9010 
ORA2 = $9011 
IFR2 = $9010 

DRB3 = $9020 
DRA3 = $9021 
rC2U = 59028 
TC2H3 = $9029 
PCR3 = f902C 
IFR3 = $9020 

; PASE ZERO LOCATIONS 

; PORT B CONN. TO 12-BIT ADC 
; PORT A 

i PORT B CONN. TO PDA LOGIC 
j PORT A • 
; T2 OF VIA3 COUNTS SAKPLE. PULSES 
; 6ENERATED BY PDA 
j PCR OF VIA3 

• 0 

CCI = fFO 
CC2 = $FI 
REPS = fF3 
PIXLO = $F6 
PUHI = fF7 
BCLO = $F9 
BCHI = SFA 
INDEX = SFB 
ACIlU = fFC 
DATA = SFE 

i ClorK CODE 1 (~B2i3,4 - MORltAl OPERATION) 
i ClOCK CODE 2 (PB2,3,4 - BLURT OPERATION) 
i 1 OF SEQUENTIAl BLURTS 

• = $2300 

i lDW BYTE - HUHBER OF PIXELS TO READOUT 
; HISH BYTE 
j BlURT CDUNT lDN BYTE 
i BLURT CDUNT HISH ORDER 2 BITS (TOTAL=IO) 
; INDEX INTO DATA VECTDR 
; ACQUISITION DIODE CDUNT 
; lDW BYTE FOR INDIRECT [NOEXED ADDRESSING 
; TD DATA VECTOR ($FF CONTAINS HISH BYTE) 

, ' 

LDY INDEX; INITIAlIZE y INDEX RESISTER 
LDA UFC 
STA PCR3 ; CB2=1 IDISABLE CB2 PULSE "ODE) 
LDA BClO 
STA DRA3 ; lOAD BLURT COUNT LOW BYTE 
LDA BCHI 
DRA CC2 
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STA DR83. ; LOAD 8LURT CDUNT H[ B[TS DR'D MITH CC2 

LDA UFE 
STA PCR3 ; CA2=l 
LDA UFC 
STA PCR3 ; CA2=0, LOAD "UX LATCH AND BLURT COUNTERS 

LDA CCI 
TAX ; SAVE CCI IN CPU FOR FAST ACCESS LATER 

LDA DRAl ; CLEAR CAl FLAS 
, STRTl LDA IFR3 

AND 1$02 
8EQ STRTI ; NA[T FOR F[RST STARl PULSE 
LDA BRA3 ; CLEAR CAl FLA6 

" 
LDA pmo 
STA TC2L3 
LDA PUHI 
STA TC2H3 ; LOAD TC2 VIA3 NITH PIXEL COUNT 

j 

SCANI LDA IfR3 
AND 1$20 
BEQ SCANt i CHECK FOR END OF READOUT 

; 
BLURT LDA UDC 

STA PCR3 j S~ITCH TO BLURT CLOCK 
LBA , UFC 
STA PCR3 ; C02=1 (RETURNED TO NORHALLY HI6H POSITION) 

HA i RELOAD CCt AND SET -
STA DRB3 ; WORD SELECT=O FOR RETURN TO READOUT FRED. 
LDX ACDU ; X RESISTER COUNTS ACQUISITION DIODES 

j 

SA"PL LDA IFR3 
AND 1$10 
BEQ SA"PL i WAIT FOR A SA"PLE PULSE (PIXEL READOUT) -

i FIRST PULSE 15 END OF BlURT 
STA [FR3 ; CLEAR CBI FLAS 
AND 100 
5TA DROZ j TRI6SER CONVERSION ON CHANNEL 1 OF ADC 

CONV LDA lFRZ 
AND 1$10 
8E9 CONV ; WAIT FOR END OF CONVERSION 

lDA DRA2 
STA (DATA), Y 
IMY 
LDA DRB2 
AND UOf 
STA (DATA),Y ; STORE DIGITIZED PIXEL YALUE. 
INY 

CONT on 
(' BNE SA"Pl ; CHECK FOR END OF ACQUISITION 

DEC REPS 

3~O J' 



BEQ DOHE 
LDA CCI 
TAI 
lDA BCHl 
DRA \ CC2 . 
STA DRB3 
LDA I$FE 
STA PCR3 
LDA UFC 
STA PCR3 
INC DATAi! 
LDY INDEX 
m BLURT 

DONE RTS 
EHD 

/ 
1 

/ 

j IF REPS=O BlURT FIHISHED 

ELSE, LOAD COUNTERS A6AIN 

; LOAD "UX LATCH AND BlURT COUNTERS 

i RE-8lURT 

" 
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10 RE" 
20 R'E" 
30 RE" 
35 RE" 
3b RE" 
40 RE" 

PROGRA": PDAPLOT. ASC 
SV: S.II. "CSEORSE 

DATE: 15 AUSUST 1984 
REV 2: 13 SEPTEIIBER 1984 
REV 3: 24 SEPTmER 1984 

50 RE" THIS PLOTTIN6 PACKA6E 15 USED TO PLOT PDA SPECTRA U5INS 
60 RE" THE MICROAN6ELO HARDWARE OH THE VIDEO 5CREEN AND THE PRINTER. 
70 RE" REFER TO THE IIEHU'S PRODUCED AT RUN TillE FOR FURTHER INFO. 
80 RE" C 

100 RE" DECLARE PLOT ROUT! NE ADDRESSE5 
110 110VE=m031: DRAW=IIOVEt3: 1110VE=DRAWt3: IDRAW=IIlOVEt3 
120 PLOT=IDRAWt3: XAXIS=PLOI t3: VAXIS=XAXI5't3: LABEL=YAXIS+3 
130 CPLOT=lABEL +3: CDRA~=CPLOT+3: 6CLEAR=CDRA~+3: DEFAULT=GClEAR+3 
140 ERAS=DEFAULTt3:SCALE=ERAS+3: XHAIR=SCAlE+3: XIIOVE=XHAIR+3 
150 HA IROF=XIIOVE t3: P1XON=HAI ROF+3: CDES=P IXONt3: INIT=CDES+3 
IbO HAPO=INlTt3: IIX80=HAPO+3 
170 DEFINT 1 
172 DI" ZSPECU1024) ,ZSPEC2(1024) 
175 WIDTH 255 
180 RE" A55I6N DEFAULT PLOTTIN6 VALUES 
190 TITLE$=": DFNl$=": OFN2$=": OIS$='S': PP$='ON': BG$='OFP 
200 ,X"IN=I: XIIAX=1024: YIfIN=O: YIIAX=4095 
210 REM ASSI6N ASCII DECIML CODES 
220 VT=l1: FF=12: CR=13: OCl=17: DC2=18: ESC=27: FS=28: TILDE=12b 
230 REM OEFINE If AIN IfENU IIESSA6ES 
240 DI" 1f5SI$(6) 
250 I1SSU(1l='CHAN6E PLOTTIN6 PARAIIETERS' 
260 "S61$(2l='VIOEO PLOT" 
270 "SS1$(3l='PRIHTER PLOTa 
280 "SS1$(4l='SAVE SPECTRA" 
290 "SSU<Sl='SUBTRACT SPECTRA (1-2)" 
300 IfSG1$(6l='AVERAGE SPECTRA' 
310 60SUB 1000 : REII OUTPUT PlAIN HENU 
315 VCI=O: VCY=23: 60SUB 2000 
320 END 
998 RE"ffffHHffffffftffffffffffHfff 

999 REl'! SUBROUTINE TO OUTPUT "AIN IIENU 
1000 PRINT CHR$(TILDE) jCHR$ (FS) jCHRf !TILDE) j CHR$/D(2) j:RE" CLEAR,HO"E 
1002 VCI=O: VCY=O: 60SUB 2000 • ' 
1004 PRINT'TYPE 'ESC' TO RETURN TO SUPERVISOR PR06RAH'j 
1010 VCI=36: VCY=5: YTE"P=O 
1020 60SUB 2000 : REII POSITION CURSOR 
1040 PRINT"IIAIN "ENU"; 
1050 VCX=28: VCY=7 
1060 FOR 1=1 TU 6 
1070 60SUB 2000: PRINT "561$ Cl) j: REIf PRINT HAIN "ENU 
10BO VCY=VCH1 
1090 NElT-I 
1100 VC~=27: VCY=7: 60SUB 2000: JE" CURSOR TO START OF HAIN "ENU 
1110 C$=INPUT$(I) /' 
1120 IF C$:" 60TO 1110 ELSE IF ASC(C$)=T1LOE THEN C$=INPUT$(l) 
1125 C=ASC(Cf) 
J126 IF C=ESC TH EN RETURN 
1130 IF C=CR GOTO 1200: RE" CHECK FOR CR 
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1160 IF COFF SOTO 1170 
1161 IF yeY=7 THEM VCY=12 ELSE VCY=YCY-I 
1162 GOSUB 2000: GOTO 1110: RE" SCROLL UP OR IIRAP 
1170 IF COVT GOTO 1110 
1171 IF YCY=12 THEM VCY=7 EL SE YCY=YCY+l 
1172 GOSUB 2000: SOTO 1110: RE" SCROLL DOWN OR IIRAP 
1200 IF VCY=7 THEN GOSUB 3000: GOTO 1000: RE" CHANGE PLOT PAR"S 
1210 IF YC'1=8 THEN GOSUB 4000: SOTO 1000: REI't YIDEO PLOT 
1220 IF VCY=9 THEN CAlL l'Ilao: 60TO 1000: REI'I PRIMTER PLOT 
1225 IF VCV=10 THEN 60SUB 5000: 60TO 1000: REl'! SAVE SPECTRA 
1230 IF VC'r=l1 THEN SOSUB 6000: 60TO 1000: REI'I SUBTRACT SPECTRA 
124u IF VC·~=12 THEN 60SUB 7000f GOTO 1000: REl'! AVERAGE SPECTRA 
1260 VCX=ü: VCY=O: 60SUB 2000 
127U PRINT·'fENU SELECT ERROR' 
1280 GOTO 1000 
1998 REHuHtftHtftHfftfHt 
1999 REM CURSOR POSITIONIN6 SUBROUTINE 
2000 IF VC).)=O OR VCX<=79 GOTO 2030 
201il G05UB 8018: 60SUB 2000 
2020 PR!NT-VCX ERROR': GOTO 2055 
2030 IF VCY>=O OR VCY(=23 SOTO 2060 
2040 60SUB BOI8: GOSUB 2000 
2050 PRINT" VCy ERROR· 
2055 FOR 1=1 TO'71: PRINT" ': NEXl 1: STOP 
2060 IF VCX>31 60TO 20BO 
2070 XPOS=VCX+96: SOTO 2090 
20BO XPOS=VCi ~ 
2090 YPOS=VCY+96 
2100 PRINT CHRHTILDEI jCHR$(DCl 1 ;CHR$(XPOSI ;CH~SI j 
2110 RETURN 
2998 REHHHffftHfftHfHfftH <'J 

2999 REM SUBROUTINE JO CHANGE Plof PARtiS 
300e PRINT flHRWlLDEI jCHR$(FS) iCHRWILDEljCHR$!DC21; 
3002 VCX=O: VCY=O: 60SUB 2000 
3004 PRlNT"TYPE 'ESC' TO RETURN to HAIN l'tENU"; 
3010 VCX=30: VCY=5: GOSUB 2000 
3020 PRINT" PlOTTlN6 PARAIIETERS'; 
3030 VCY=7: 60SUB 2000 , 
3040 PRINT" T IlLE OF PLOT :" j TITm; 
3050 FOR 1=1 TD 2HENnITlE$): ~INT' 'p MEn 1 
3060 VCY=VCY + 1: Gosua 2000 
3070 PRINT'DISPLAY (S OR DI : "jDIS$; 
3080 YCY=VCY+l: GOSUB 2000 
3090 PRIHT'X-SCALE WIIllf,DI'tAXI: "; 
3091 fRIHT R I6HT$ ISTR$ IXHIMI ,LEH (5TR$ nltINI H);' ," j STR$(XftAXI ; 
3100 YCY=VCY+1: 60SUB 2000-
3102 PRINT"Y-SCALE (YltIN, YI'tAXI: "j 
310~ TEHP=lEN(STR$(YI'tIHII 
3106 IF YI'tIN}=O TH EN TEltP=TEIIP-l 
3111 PRINT RI6HU(STR$(YI'IINI ,Ttl1Plj'l'jSTR$(yI'tAXlj 
3112 YCY=VCY+l: 60SUD 2000 
3113 PRINT "POINT PLOT (ON/OFFI: 'jPP$;' 'j 
3114 VCY=VCY+l: 60SUB 2000 
3116 PRINT'BAR GRAPH (ON/Dm: ";BS$;' "j 

~=VCY+I: Gosua 2000 
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3120 PRI~T"DATA flLE "AlfE--l : 'i~NUi' l, , 
3130 VCY=VCV+l: 60SUB 2000 
3140 PRi~T'DATA FILE NAKE 2 : 'jDFN2$j' " " , 
3150 VCX=50: IF YTE"P=O THEM VCY=7 ELSE VCV=YTE"P 
3155 SOSUB 2000 

, 3160 C$=IMPUT$(f) 
3165 If C$:" THEN SOTO 3160 ElSE IF ASCIC$)=TIlDE THEM C$=INPUT'(I) "' 
3170 C=ASC(C$I 
3180 IF C=tR SOTO 3260 
3190 IF COFF SOTO 3220 'T 

3200 If VCY=7 THEM VCV=14 ELSE VCY=VCY-l 
3210 60SU& 2000: GOTO 3160 
3220 IF COVT SOTO 3250 
3230 IF VCY=14 THEN VCY=7 ElSE YCY=VCY+l • 
3240 60SUB 2000: 60TO 3160 
3250 IF C=ESC THEH RETURH 
32bO IF VCY>7 60TO 3300 r __ 

V 3270 SOSUR 8018 
3280 INPUT'TITLE OF PLOT: ',TITlE$ 
3290 SOTO 3000 
3300 IF VCY>8 60TO 3340 "'----. 
3310 If DI5$="S' THEN DIS$="D' ELSE DIS$="S' 
3320 nm=B 

,... --

3330 60TO 3000 
3340 IF VCY>9 60TO 3380 \, 

3350 60SUB 8018 
3360 INPUT'X-SCALE (DKIN,D"AXI: ',X"IN,X"AX 
3370 60TD 3000 1 3380 IF VCY>10 SOTO 3420 
3390 SOSUB 8018 
3400 INPUT'Y-SCALE (YKIN,YKAXI: ',Y"IN,Y"AX 
3410 GOTO 3000 

! 3420 IF VeY)11 SOTO 3460 -
3430 IF PP$='ON' THEN PP$="OFF" ELSE PP$="ON" 
3440 ymp=l1 
3~ SOTO 3000 
3460 IF YCY)12 SOTO 3500 
3470 IF B6$='OH" THEM 8S$='OFF' EL SE BSf:'ON! 
3480 YTEnp=12 
3490 GOTD 3000 
3500 IF VCV)13 soro 3540 -~ 

3510 60SUB 8018 1 

3512 INPUr"DATA nLE NAME 1: ',DHU$ 
35 14 C~OSEIl 
3515 FOR 1=1 TD 1024: ZSPECI(I)=O: MEXT 1 
3516 OPEN '1",l,DFN1$ , 
3518 INPUTll,DATE1$,Fl,SCAN1$,Wl,ITI 
3520 CNPUr't,D,TEtfP 

-~./; 

/'/ 

3521 I=D: rSTART::D: ZSPEC1!l I=TE"P / 
3522 WHILE NOT EOF (j) // 
3524 1=1+1 ./ 
3526 INPUTtl,D,ISPECl(l) // 

/ 

3528 NENO -,/ 
/' 

3529 CLOSEII 
./ 

! 1 /' 
, 

0 

3530 HPI=l ,- ; 
, (f 

/ 
0, 

r'- ~ 
" /' 324 

v 

- ~ ~ 



/ 
/ 

----

'. 

3532 VCX=O: VCY;23: 60SUB 2000 
3534 PRINT NPl;' POINTS FOUND IN FILE 'jDFNI$; 
3535 FOR 1=1 rD 500: NEXT J 
3536 IF SKIP=I 60To 3542 
3538 GOTO 3000 
3540 60SUB 8018 
3542 INPur'DATA FILE "AME 2: ",DFN2$ 
3544 CLOSE.2 
3545 FOR 1=1 TO 1024: lSPEC2II)=0: NEXT 1 
3546 OPEN 'J',2,DFN2$ 
3548 IHPUT'2,DATE2$IF2,5CAN2$,~2,IT2 
3550 IHPurll,D,TE"P 
3551 I=D: lSPEC2(!)=TE"P 
3552 WHILE NOT EOFI2l 
3554 I=It 1 
355ô INPUTI2,D,ZSPEC2lI1 
3558 MEND 
3559 CLOSEt2 
3560 NPi=! 
3562 VCX=O: VCY=23: 60SUB 2000 
3564 PRINT NP2;' POINTS FaUND IN FILE 'jDFH2$j 
3565 FOR 1=1 ra 500: HEn 1 

1 

3566 IF SKIP=! THEM SKIP=O: RETURN: RE" RETURN TO SUBTRACT ROUTINE /' 
3568 GOTO 300it / / 
39~B RE"tfffHfffUtlfHfffHflfftlflff / 
3999 RE" VIDEO PLOT SUBROUTINE /~ 
4000 CALL GCLEAR p:;/ 
4010 XDIFF=XHAX-X"IN 
4020 XTICK=XDIFFfl0 
4030 LEFT=XHJN-.07fXDIFF ~ 
4040 RI6HT=X"AXt.05fXDrFF~ 
405Q [F DIS$='D' T~HAX=Y t2-Y"IN 
4060 YDIF~AXqHIN ' 
4070 15$='0' THE~mCK=YDIFF f20 ELSE YTICK=YDIFFIIO 

/ 

oso TOP=VKAXt.O~IFF 
4090 BOTTOK=Yff!H-.05fYDIFF 
4100 CALL/S(ALEILEFT,RISHT,BOTTOK,TOP1 
4110 CAt'L XAXIS(YMIN,XTICK,1HIN,XHAX) 
41 O/X=XHIN: Y=BOTTOK ' 

130 FOR 1=1 TD 11 
4140 CALL HOVE(X,YI 
.150 X$=STRW) 
4160 A=INSTRIXS,".·): IF A)O THEN Xf=ftIDffXS,2,A-2) 
4170 CX=LEN(X$lf-2: CY=O 
41S0 CALL CPLOTICI,CY): CALl LABELIXS) 
4190 X=X+XTlCK 
4200 NEH 1 
4210 CALL YAXIS (X"IN, YTICK, Y"IN, V"AX) 
4220 YHID=YMINtYDIFF/2 
4230 IF DIS$="D' THEN CALL XAXIS(YHID,XTICK,XHIN,X"AXI 
4240 I=IH[": Y=Y"IN 
4250 CY=-.5: F=1 
4260 FOR 1=1 Ta Il-F 
4270 CALL HOVEIX,Y) 

'. 4~SO IF F=I THEM Y$=5.TRS IV> ELS~ YS=STRUY-YDIFFI2) 
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4290 A=INSTR(Y$,·.'): IF A}O THEN H=I1ID$(Y$,2,A-2) ~ Î\_/-_ 
4309 CX=-LEN(Y$): CALl CPLOTlCX,CYl ~ ., 
43JO CALL LABEUVS) ~~ 
4320 V=V+YTICK ~~ 
4330 NEH 1 ~ 

4340 IF F=O 6010--4355 
4350 IF- OIS$='D' THEN F=O: Y=Y"ID: 60TO 4260 

~55~IF TITLE$=II 60TO HOO 
~ 4360 X=LEFhifiI6HT -LEFTl 12: Y=10P 

é 
~ 4370 CALL HOVEIX,Y) 
~ 4380 CX=-LEIHTITLE$)I2: CY=-1 

~~ 4.390 CALL CPLOHCX, CV): CALL LAB~ 
4400 X=RI6HT: Y=YHAX: CX=~-1 
4410 SOSUB 4880 ~ 
4420 -

30 C~LL LABEUSS): CALl lABEL(DFNlSJ 
4440 CY=C y -1: GOSUB 4980 
4450 5$="DATE: ': CALL LABEL/SS): CALL LABElIDATE1$) 
4460 CY=C l' -1: 60SUB 488u 
4470 S$=·FREQ.: ': CALL LABEUS$) 
4480 S$=STR$ (FIt. CALL LABEUS$) 
4490 CV=CV - t: 60SUB 4880 
4500 S$="SCAN TYPE: ': CALl LABEUS$): CALL lABELCSCANlf) 
4510 CY=CY-l: GOSUIi 499û 
4520 S$='STARTIN6 N.L.: ': CALL lABEUS$) 
4530 S$=STR$ (Wll: CALL LABEUSS) 
4535 CY=CV -1: 60SUB 4880 
4540 S$=" INT. TillE: ': CALL LABEUS$) 
4550 S$=STR$ (lTll: CAU LABELCSS) 
4560 IF DIS$='5' GOTO 4730 
4570 Y=VHID: CY=-I 
4580 60SUB 4880 
4590 S$='FILE: ': CALl lABEUSSI: CALl LABElIDFNW 
4600 CY=C y -1: 60SUB 4880 
4610 S$='DATE: ': CALl LABEUS$): CALl LABEUDATE2$) 
4620 C1=CY-1: GOSUB 4880 
4630 S$=' FREQ.: ': CAll LABEUSS) 
4640 S$=STlU(F2): CALL lA~US$) 
4650 CY=CY -1: GOSUB 4880 
4660 S$='SCAN TYPE: ": CALl LABEUS$): CALL LABELCSCAN2$) 
4670 CY=CY -1: 60SUB 4880 
4680 S$='STARTIN6 N.L.: ': CAlL LABEL!Sfl 
4690 S$=STR$(N2): CALL lABEL!Sf) 
4700 CY=CY-I: GOSUB 4880 
4710 S$="INT. mE: ': CAL~ LABEUS$) 
4720 S$=STR$ (2): CALl lABELlS$) 
4730 FOR l=xHIN TO XI1AX 
4740 If 015$:ID' 60TO 4790 
4750 Y=ZSPECI (j) 
4760 IF PP$='ON' THEN CAlL PIXON(I,Y) 
4770 IF 8S$='ON' THEN CALL tlOVE(I,YtlIN): CALL DRAlm,Y) 
4780 60TO 4850 
4790 IF PP$='OFF' SOTO 4820 

( 4800 Yl=YItID-YHIN+ZSPECI (Il: V2=ZSPEC2(!) 
4810 CALL PIXONU,Vll: CALL PIXON(I,Y2) 
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4820 IF 8G$='OFF' 60TO 4850 
4830 CALl IfOVEII,Y"IDl: CALl DRAW,Vl) 
484() CALL IIOVEII,Y/lINI: CALL DRIIN(l,Y21 
4850 NEll 1 
4860 IF DI5$='D' THEN YlfAX;(YttAXtVlfINII2 
4861 IF SFlAS=O SOTO 4870 
4862 X=X"IN: Y=O 
4864 CALL /lOVE IX , y) 
4866 X:XIIAX 
4868 CALl DRAlm,Yl 
4869 SFLAB=O 
4870 RETURN 
4880 CALL /lOVE / X , YI 
4890 CALl CPLOT(CX,CYl 
4900 RETURN 
4998 RE" •• 'IIII •• "ffflff'.lllft.lff'fl 

4999 RE" SUBROUT INE TO SAv.E SPECTRA 
5000 VCX=O: VC'r:14: SqSUB 2000 
5010 INPUT'SAVE 1,2 OR BOTH'jQ$ 
5020 IF Us='I' 605UB 5100: GOTO 5060 
5030 IF Q$="2" 60SUB 5200: GOTO 5060 , 
5040 IF U$:'BOTH' BOSUa 5,100: 60SUB 5200: 60TO 5060 
5050 GOTO 5000 
5060 RETURN 
5100 INPUT!USE CURRENT FNA"E';Q$ 
5102 IF Q$="V' THEN FO$=DFNU: GOTO 5106 
5104 INPUT'OUTPUT FNAKE /D:FN.EXTl'jFOS 
5106 OPEN'O',3,FO$ 
5110 PRINTl3,DATm 
5120 PRIHTt3,Fl , ~ 
5130 PRINTt3,SCANU 
5140 PRINTI3,IU 

, 5150 PRINTl3, IT1 
5160 FOR I=I"IN Ta X"AX 
5170 PRIHTl3,X'UNtH,ISPECI (J) 

5180 Hm 1 
5190 CLOSEI3 
5195 RETURN 
5200 INPUT'USE CURRENT FNAKE" j Q$ 
5202 IF Q$:' Y' THEM FO$=DFN2$: GOTO 5206 
5204 INPUT'OUTPUT FNAI1E (D:FN.EXTl'jFO$ 
5206 OPEH'O',3,FO$ 
5210 PRINTt3,DATE2$ 
5220 PRINm,F2 
5230 PRINTt3,SCAN2$ 
5240 PRINTI3, W2 
5250 PRINTI3, IT2 
5260 FOR I=UlIN TC K"AX 
5270 PRINTI3, 1I1IN+ I-1 , ZSPEC21Il 
5280 Hm 1 
5290 CLOSEI3 
5295 RETURN 
5998 RE"tftfHlftfltfflflfttfffflffftU 

5999 RE" SUBROUTINE TO SUBTRACT SPECTRA 
6000 VCX=O: VCY=14: GOSUB 2000 
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11010 INPUT'USE CURRENT SPECTRA' j QS 
11020 IF Qf='V' GOTO 6040 
11030 SUP=!: SOSUB 3512 
IIOBO VCX=OlVCV=O 
11090 IF F!=F2 GOTO 6140 
11095 60SUB 2000 
6100 PRINT'READOUT FREQ, "IS"ATCH 
6110 PRINT'FI='jFlj' AND 'j'F2="jF2 
6120 INPUT'CONTINUE';QS 
6130 IF Q$='N' GOTO 6410 
6140 IF SCANIS=SCAN2$ GOTO 6190 
6145 GOSUB 2000 
6150 PRINT'SCAN TYPE "IS"ATCH 
6160 PRINT'SCANI = 'jSCAH1Sj' AND SCAN2 = 'jSCAN2$ 
6170 INPUT'CONTINUE'jQS 
6180 IF QS:'N' GOTO 6410 
6190 IF NI=W2 GOTO 6240 
6195 GDSUB 2000 
6200 PRINT'WAVELEN6TH "IS"ATCH 
6210 PRINT'SPECI NI ='jll1j'AND SPEC2 NI =';112;' 
6220 INPUT'CONTINUE'; Q$ 
6230 IF US:'N' GOTO 6410 
6240 IF ITl=IT2 60TO 6290 
6245 GOSUB 2000 
6250 PRIHT'INTE6RATJON TI"E "IS"ATCH 
6255 G05UB 2000 
6260 PRIHT'SPECI IT =' j ITl;' AND SPEC2 !T ='; !T2;' 
6270 INPUT'CONTINUE'jQ$ 
6290 IF US='N' GOTO 6410 
6290 FOR I:ISTART TO NPI+ISTART-l 
6292 ZSPEC1(IJ=ZSPECIlI)-ZSPEC2(IJ 
6294 NEXT 1 
6300 TITLE$=OFNI$+'-'+DFN2S 
6310 IF RISHUlDFN2$,3J='AVS' THEM INDEX=8 EL SE INDEX=9 
6320 RL2$=HIO$ (DFN2$, INDEX,I J 
6330 IF RI6HTSlDFN1$,3J='AV6' THEN INDEX=8 ELSE INDEX=9 
6340 RLI$="IO$(DFNIS,INDEX,IJ 
6350 DFNl$=LEFT$(DFNl$,7J+RLl$+RL2S+','+'COR' 
6360 DATElf=LEFT$lDFNlf,7) 
6370 SCAHU='CORRECTED"+" '+RUSt" - '+RL2$ 
6380 DIS$:'5' 
6385 V"IN=lSPECl(ISTARTJ: V"AX=ZSPECI(ISTART) 
6386 FOR I:ISTART+J TO NPl+ISTART-1 
6387 IF ZSPECIII)(Y"IN THEN V"IH=ZSPECI(I) 
6388 IF ZSPECIIIJ)Y"AX THEN Y"AX=ZSPECllIJ 
6389 NEH 1 
6390 SFLA6=1 
6392 GOSUB 4000 
6410 RETURN 
6998 RE"llffffffffffffffff'fffffffff'f' 
6999 RE" SUBROUTIHE TO AVERAGE SPECTRA 
7000 VCX=O: VCV=14: 6DSUe 2000 
7005 1 NPUT"USE ARRAY 1 OR 2' JAN 
7010 INPUT"DATA DISK'jD$ 
7020 INPUT"SFr'jGFC$ 
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7030 INPUT"RUN LETTER"jRL$ 
7040 INPUT". OF REPLICATES"jNR 
7050 FOR 1:1 TO 1024 
7060 If AH=I TKEN ISPEC1(I)=0 ElSE IF AH=2 THEM ZSPEC2(I)=O 
7070 MEH 1 
7090 EXT=100 0 

7090 FOR 1=1 TO Hft 
7100 FI=OSt':I+SFC$+",'+RL$+RISHTS(STR'!EXT+I)) 
71100PEN'I",I,ff 
7120 If AN=! THEN INPUTtl,DATE1$,Fl,SCAN1$,NI,ITI 
7125 IF AN=2 THEN INPUTII,DATE2S,F2,SCAN21,N2,IT2 
7130 J= 1 
7140 WHILE HOT EOF(l) 
7150 IHPUrtl,D,S 
7160 IF AN=1 THEN ISPECI(J)=ZSPEClIJJ+S 
7165 IF AH=2 THEN ZSPEC2(J)=ZSPEC2(J)+S 
7170 J=J+l 
7180 WEND 
7190 CLOSEtl 
7200 IF AN=1 THEN NPl=J-l ELSE IF AM=2 THEN NP2=J-l 
7210 VCX=O: VCY=23: sosua 2000 
7215 IF AN=1 THEN NP=NPI ELSE IF AN=2 TH EN NP=NP2 
7220 PRINT NPj' POINTS FaUND IN "jFS;' "i 
7230 MEXl 1 
7240 FOR 1=1 TO NP 
7250 IF AN:l THEM ZSPEC1(I)=IHTIZSPECl(I)/NRtO.5) 
7255 If AN=2 THEM ISPEC2(II=INTIZSPEC2(II/HR+O.S) 
7260 MEXl 1 
7270 IF AN:l THEN DFNl'=DI+":"+6FC$+RL$+I,"t IAVS" 
7280 IF AN=1 THEM DATE1,=SFC,+' "+RL$: SCANl$="AVERA6E" 
7292 IF AN=2 THEM DFN21=DI+":"+6FCI+RLI+",I+"AVS" 
7284 IF AN=2 THEN DATE2$=6FC$+' "+RL': SCAN2$=IAVERAGE" 
7290 RETURN 
7998 REKttffttfffffttfftftfftttttttflft 
8009 REK SUBROUTINE TO POSITION CURSOR AT LOMER LEFT 
B018 XTEKP=VCX: YTE"P=VCY 
8028 VCX=O: VCY=22: GOSU8 2000 
8038 RETURN 
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1 RE"lftlf.l.fl'ffff.ff."ft.".'.ff"'t"'f' .............. f.tf' 

5 RE" PR06RA": PDACALC.ASC 
10 RE" BY: S.~. "CGEOR6E 
15 RE" DATE: 26 SEPTE"BER 1984 
20 RE" 
25 RE" THIS PR06RA" IS USED TO CALCULA TE PEAK HEI6HTS, PEA~ 
30 RE" AREAS, AND PEAK HEIGHT TO BACKGROUND RATIOS. DATA FILES , 
35 RE" CREATED BY THE PDASYSl FA"ILY THAT ARE FIXED PATTERN CORRECTED 
40 REM ARE EXPECTED AS INPUT. 
50 REM THIS ROUTINE WILL FIND THE LAR6EST PEAK IN THE DATA SET 
55 RE" FOR CALCULATIONS. IF HORE THAN ONE LINE IS REQUIRED TO BE 
60 RE" ANALYZED, THE PDAPLOT.ASC PACKAGE SHOULD BE USED TO CREATE 
65 RE" TWO SEPARATE FILES. ONE OR TWO SIDED BACKGROUND CORRECTION 
70 RE" IS PERFORHED. THE BACK6ROUND 15, CALCULATED U5INS 5 OR 10 
75 RE" POINTS. THE DIODES USED FOR BACKGROUND CORRECTION ARE AT 
80 REM LEAST 6 DIODES ANA Y FROM THE PEAK DIODE. THE PROGRAM 
85 REM INCLUDES ANY DIODES IN THE PEAK AREA WHICH ARE 5 STANDARD 
90 REM OEVIATIONS HIGHER THAN THE BACKGROUND NOISE. 
98 REM 
99 REMlt.fftfffftffffffftffffff.fffffffffffff ••• f.ffffffff.tt"~ 

110 Dl" ZI(1024l,l2(I024l :REH li FOR DIODES, Z2 FOR INTENSITY 
120 INPUT"DATA DISK"jDS 
130 INPUT'FILENAHE'jFIS 
210 FI$=D$+":"+FI$ 
2200PEN"I",I,FI$ 
230 INPUTtl,DATE$,F,SCAN$,N,IT :RE" READ HEAD ER INFOR"ATIDN 
240 LPRINT"FILE: 'jFI$ :RE" AND PRINT ON PRINTER 
250 LPRINT"READOUT FREQ.="jF 
260 LPRINT"SCAN TYPE: "jSCANS 
280 LPRINT"INT. mE ="j IT 
290 LPRINT 
300 J=( 
305 NHILE NOT EOF{I) 
310INPUTII,ZI(J),Z2(Jl 
315 J=J+l 
320 WEND 
322 CL05Etl 
325 NP=J-l 
330 V"AX=O 
335 FOR J=I TD HP 

:REM READ IN DATA • 

. :RE" FIND PEAK DIODE 

340 IF 12{J)}V"AX THEN V"AX=Z2(Jl: D"AX=Zl(Jl: INDEX=J 
345 NEXT J 
352 FOR I=INDEX-IO TO INDEX+IO 
354 PRINT ZI(ll,Z2(1) :REM OUTPUT +1- 10 DIODES EITHER 
356 NEXT 1 :REM SIDE OF PEAK DIODE 
358 INPUT'I OR 2 SIDED CORRECTION"jS 
360 IF 5=1 THEM INPUT"L OR R SIDE"jS$ 
362 Bl=INDEHO 
364 B2=INDEX+6 ' 
366 SU"'=O: 55gt=O 
368 IF 5=1 AND S$="R" 60TO 382 
370 FOR 1=81 TO 81+4 
372 SU"I=SU"t+Z2{I) 
374 S5Q'=SSQI+12(!lh2 
378 NEIT 1 

:RE" SUH BACKGROUND ON LEFT SIDE 
:RE" SU" SQUARES ON LEFT SIDE 

::r:::;o 
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380 IF 5=1 GOTO 390 
392 FOR 1=82 TO 82+4 
384 SU"'I=SU"ItZ2Ul 
386 SSPI=S5Qlt12(I)A2 
JBB MEH 1 
390 IF 5=1 THEM N8=5 EL SE MB=IO 

. 
.:RE" SU" BACKGROUND ON RIGHT SIDE 
:RE" SU" SQUARES ON RIGHT SIDE 

392 BAV6=SU"I/NB :RE" CALCULA TE AVERAGE BACKGROUND 
394 SD=SQR {(SSQI-SUllt"21NB) / (N8-1 ) ) : RE" CALCULATE BACKGROUND NOISE 
398 TH=5JSD '. :REI't THRESHOLD 15 5 STO. DEV'S 
400 J=INDEHO 
410 NHILE Z2(J),BAV6+TH 
420 J=Jt 1 :REIf SEARCH FOR FIRST OroOE IN PEAK 
430 NEND 
435 PI=ZI (J) :REII PI iNDIèms FIRST DIODE IN PEAK 
440 PA=ü 
450 NHILE Z2IJ)BAV6+TH 
460 PA=PAtZ2IJ)-8AV6 : REIf CALCULATE PEAK AREA 
470 J=Jt 1 
480 NEND 
490 P2=Z1IJ-1l :RE" P2 15 LAST DIODE tH PEAK 
492 REM 
494 REM OUTPUT RESULTS TO PRIHTER 
496 REM 
500 IF 5=2 THEN LPRINT "2 SIDEO CORRECTION" : 60TO 590 
510 IF S$='L' THEN LPRIHT'LEFT SIDED CDRRECTION~ : GOTO 590 
520 LPRINT'RIGHT SIDED CORRECTION' 
590 LPRINT 
600 LPRINT'BACKGRDUND :'jBAV6 
605 LPRIHT'BACK6ROUND HOISE :';50 
610 LPRINT . 
615 LPRINT'PEAK DIODE =";D"AX 
620 LPRINT'PEAK HEI6HT =8 j Y"AX-BAVG 
630 LPRINT P2-Pl t l;'DIDDES IN PEAK (';Pl;"-';P2;'" 
632 LPRINT 
640 LPRINT'PEAK AREA =';PA 
650 LPRIHT 
652 LPRINT'SBR :ljYlfAX/BAVG 
660 LPRINT 
670 LPRINT'~fflfffff.tfffffffflllllf· 
730 END 
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proqrll PDASYS2; 

( ••• f.ftt.fttt.ff.f.tf.tt • .,ttttftffftf.tfff •• ftft.tt.ffftt'ff'f'ff'f'ff't"ft'ft'ff 

PR06RAII: PDASYS2. SRC 
DATE: AUGUST 198~ 

BY: S.W. IICGEORGE AND R.t. 5IN6 

ThIS progral aets as the user Interface when the PDA detectlon systel IS 
operated under Systel 2. This routine and the BASIC progm PDASYS2. BAS run 
concurrentIy, theJatter on the extended Alli cOlputer. Ali of the relevant 
Syste. 2 routines for analysis and dlsplay on the 5100 systel can be Invoked 
frol thlS progral because they eXlst as overlays that are auto.atlcally brought 
lnto lelory frol dlSk "hen they ire needed. The syntax for llnklng the separately 
cOlplled lodules 15 as follolls: 

llnk syntax for PDASYS2: lIHKIIT 8:PDASYS2,B:6ETP,DA,FPREAlS/S,PASlI8/S/D:9000/Vl:8000 
llnk syntax for lodules: lINKIIT B:PDASYS2:B:PDASYS2/0:n,B: '/lODn' ,PASLIB/S/P:BOOO 

Nhere n refers to the lodule nUlber that deterllnes the re5ul'bng overlay 
nu.ber ilOd 1I0Dn 15 the fllenale of the lodule. 

tf.f.ftt.fftfft.tfttfffftftf.f.ttf.tt.fff •• fftf.ffffftftftftffffffftffffftft.ffft.t) 

const 

SLOPE = -5.05E-B; (, Siope of the reclprocil dispersion vs. Navelength 
funcbon. fl 

type 

DATA_ARRAY = arrive 1 •• 10241 of jnhger; 

Vir 

1 l, 
IOJES, 
PEAKJU", 
POINT, 
PEAK_COUHT : 

(1 General counhng varuble Il 
(. Reports status of 1/0 operations ., 
(f IdentIfies the peak to be used for calibration ,) 
(f Used ta Index dark Dr data array t) 

Integerj (f Provldes i count of the nu.ber of peaks above the 
speclhed threshold that Nere found. 1) 

THE}ATA : DATA.ARRAYj (f Array ta hold "analyte" spectru. f) 

TEHP JATA : arrayII .. l0241 of lnhge,.; 
DARK array[1 •• 102~] of Integer; 
TEKPJIST : array[l .. 51 of Integerj 

(t Te.parary array used by CaJlbrate routine tl 
(f Array ta hold "dark· spectrui fI 

(f Te.porary llst of peak diodes used 
by Cahbrah routine fl 

RD, 
INTERCEPT, 
CAlJIODE, 
IIINJAVELEN, 
"Al JAVElEN , 
CAL.NAVElEN : real; 

(f Reclprocal disperSion - changes Nlth "avelength ,) 
(f Intercept of retlp. dlSp. vs. wavelength plot fi " 
(t Interpolated fractlonal diode correspondlng ta calibration .avelength fi 
(f Navelength falling on diode 1 f) 

(f Navelength fallinq on diode 1024 fl 
(f Navelength used for calibration of spectru. '1 
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PEAk-_LIST : irriyU •• 5] of reil; If FriChonil diodes corrl!spondlng ta pl!iks ibove thr,l!5hald f' 
INTENSITYJIST : irny(1 •• S] of rui; Il List of lnterpolited put lntenslhes fI 

DATA_FILE : hle; If FJlenile il5Slgned ta inalyte spedrui f) 
DARKJILE : hlei Il Flhnill! issigned ta dirk spl!ctrui Il 

QUERY : char; Il Variable for singie letter responses f) 
DATE : stnng[Bl; If Date code used ta creite fllenale f) 
EXl \ : strlng(3Jj If Flle extension Il 

external procedure SET }DA HHEJATA: integer;NU"}TSnnteger); If Z80 rouhne to acqulre data frai PDA f' 

external [1] procedure HP_PLOT; If Procedure to piat spectri on piotter Il 

external C2] procedure CALIBRATEj If Procedure ta callbrate spectrui Il 

externai [3] procedure DISPLAYj If Procedure to dlsplay spectri nUlerlcilly 
by diode nUlber Dr wavelength fi 

begin 

mtel'Enter dite code: 'Ii 
readl n (DATEI; 
INTERCEPT := 0; (f !lportant to set INTERCEPT ta zero 50 thit Ol5play routine knolls that the 

Cillbrate routine his not been run. Therefore, wavelength dlsplay IS Ilpossible fI 
repeat 

wntel'Enter funchon Hkqune, Load, Save, PlDt, Cahbrate'~ OlSplay, Restirt, QU1t) : 'lj 
reidinlQUERYlj 

me IIUERY of 

T, 'a' : begln {I Acquire dark Dr anal y te spectrui fI 

mtel'Dark or Anilyte: 'Ij 
reildln(QUERYlj 

if (QUERY = 'D') or IQUERV = 'd') then 
begln 

SET ]DA(addr lDARK) ,10241; 1'1 Acqulrl! 1024 point spectrui Il , , 
\ 

iSs1gn (DARKJILE,cDncat( 'B: ' ,DATE, 0 .ORk' 1); 
rewrltl!tDARK_FILE)j 
blockwriteCDARKJILE,DARK,IO_RES,204B,-llj If Nnte spectrui to dlSk uSlng 

clDseIDARK_FILE,IO_RESlj 
end 

elsl! 

",DRK' extension +1 

SETPDAladdrCTHE_DATAI,10241; If Acqulre 1024 pOlnt spectrui Il 
end; 
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'P', 'p' : HP_PLOT; (f Plot datil nSldlng ln dah ifnys f) 

'S', 's' : begln (f Save analyte spectrui under user deflned extension f) 

IIrlte('@enSlon: '1; 
readlnl~T) i 

'9 
asslgn(DATAJILE,concat ('B:' ,DATE, " ',En) Ji 
rellnte(DATAJILEI; 
bl ilckllrl te (DATAJILE, THEJATA, IO_RES,204B, -1); 

close(DATAJIlE,IOJES) ; 
, endj 

'L','l' : begln If Load dark or analyh spectrui frOI dlSk lnto lelory 1) 

Ifn tel 'Dark Dr Anal yb : ') i 
readln(QUERY) ; 

if (DUERY = 'D') Dr (QUERY = 'd') then 
begln 

i551gn (QARKJILE,contat( 'B: ' ,DATE,' ,DRK') 1; 
reseUDARKJILE) j 
blocKread (DARK]ILE,DARK, to_RES,204B,-I); 

closeIDARKJJlE, 10_RES); 
end 

else 

end; 

begin 
IIrite('Extenslon: 'li 
mdlnlEXTl; 

asslgn (DATAJILE,concat ('B:' ,DATE, '. ',EXTI 1; 
reset IDATAJIlEI; 
blockread (DATAJ!LE, THEJATA, IO_RES,2048,-1); 

tloselDATAJlLE, Hl_RES); 
end 

'C', 'c' : begln Il Cahbratlon routine f) 

, 

r 

CALIBRATE; Il Transfer to CaIibrate routine for peak findlng and interpolation of 
fractlonaI dIodes fI 

1 f PEAk_COUtH ) 0 then 
begln 

IIntelnl'Peak NUlber Subdiode'); 
for 1 := 1 to PEAK_COU~T do 

Ifr~ teln(! :6,PEAK_LISHI1: 14: 2); 
(f Type peak nu.bers and fractil1nal diodes 

correspondlng to slgnificant peaks 1) 
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IInhl'Peik to cihbrih : LI; 
r~adlnIPEAKJU"); , ft Idl!nhfy plat to uhbrit!! 1) 
lin hl 'Wivelfngth : ') j 
readln(CAL_WAVELENlj If Enter knolln lIavelength tl 

CAlJIODE := PEAK_LISHPEAK.NÜKlj (f CAL_DIODE 15 friChonil dIOde correspondlng 
... to CAL JAVEL EH fI 

If Calculite Intercept of reclp. dlSp. vs. wavelength plot uSlng experl.entally. 
deter'lned second order polyno'lal fit f) 

INTERCEPT := 2.0b5151E-2 - CAL_WAYELEH t 6.8S4592E-7 - sqr(CAL_WAVELEN)f4.776324E-9j 

RD := INTERCEPT + (1.0 - CAL_DIDDElfSlOPEj 
KIH_MAVELEN := CAL_WAVELEN + RDt(l.O - CAL_DIODEI; 
RD := INTERCEPT + 1 1024-CAl_DIDDE)tSLOPEj 
HAX_NAVELEN := CAl_WAVELEH + RDt(1024.0 - CAL_DIODEI; 

(f Reclp. dlsp. at diode 1 fI 
(f Wavelength at diode 1 fI 
(f ReClp. dl5p •• t diode 1024 Il 
(f Wivelength at diode 1024 fI 

wrlteln('Peak Nu.ber Wavelength'lj 
for 1 := 1 to PEAK_COUNT do ·11 Print puk nu.bers and correspondlRg lIivelengths 

on screen f) 

end 

If 1 = PEAk~HU" then 
~rlteln(I:6,CAL_MAVElEH:16:J) 

élse L, 
begln 

RD := INTERCEPT t {PEAK_LIST[ll - CAL_DIDDElfSLDPEj 
,wrltelnl}:6,CAL_WAYELEN + RDf(PEAK_LIST[}l - CAl_DJODEI:16:31 

end 

'D' ,'d' : DISPlAYj If Disphy diode or llivelength reglORs -fI 

'R', 'r' : begln ft Restart by redeflnlng dite code fI 

lin te ( 'Enbr dat!! code : '1; 
reidln(DATElj . 
INTERCEPT :,= 0 

endl 

'II' ,'q' eXIt (f Return to CP/" énvlron.ent fI 

end; 

until (IIUERY: 'II' 1 or (IIUERY = • q' ) 

end, 
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Flle: SETPDA.HAC 
8y: R.L. 51ng 

This routine 11111 icqulre iny nu.ber of 12 bit dit. frol the 
12 bl t analogue to dlgl hl converbr, store thl!l .t the user 
spl!cihed locahon. " The aCQUIsItion IS extl!rnally tnggered. 
The progr al acqui rl!5 data when the EOC 1 S detected. 

This routine 15 designed to be used as a Pascal subroutlne luth 
th~ followlng declaratlon: 

e-xternal procedure GET JET ( DESTINATION: "DATA_DUF; 
NuttPTS : Integl!r); 

Where DATA)UF IS an array(l.:NtiIl}TSl of Integer. 

-
The TUART pmllel ports are u51!d ln the hardllire Interhtl!. 

Equates 

PORTA EaU 
PORTB EQU 
INTREGA EQU 
TII1ERl EGU 

014H 
024H 
013H 
O15H 

Parallel port A 
Parallel port B 
Port A Interrupt reg~ster 
Port A tuer 1 .-

SENS Eau 
T rtlEHSK Eau 

ODlH 
OClH 

SENS aask for Interrupt regi ster 
Tller 1 .ask for Interrupt reglSter 

NAtlE ('SErDAT') 
PUBLIC GETPDA 

.Z80 

SETPDA: 
POP DE 
POP BC 
POP Hl 
PUSH DE 

INIT: LD A,04 
OUT (INTREGA) ,A 
IN A, ([ NTRE6A) 

LD A,OO 
OUT IPORTAl ,A 

LD D,SENS 
WTEDe: IN A,IINTREG) 

CP D 
JR Nl,IHEDC 

IN A, (PORTA) 

Pop return address 
8C hol ds nUlber of pOints 
Hl has addres5 for storage 
Restore return addres5 

ThiS 11111 enable SENS 
ta sholl 1 n 1 nterrupt regi ster 
Ta clear any pr.enous Interrupts 

, 
Use channel Oi 

, 

Get SENS .ask 1 nto D 
Get Interrupt reglster 
Check III th lask 
Wal t ti 11 Sail! 

Get 1011 bl ts 
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: _ ~odull! PLOT; 

1 fffffl.IfIf .. U ... Ufttfffff .... ffffU .. flfltfflffff ... ffffftlfftffffflfltttlttfllffltt1 

"odul e: PLOTtfOD. SRC 
By: S.N. "cGeorge IAdilpted fro. PDA3D.SRC by R.L. Slngl 

hte: August 19B4 
, 

ThIs lodule IS an overJay "hlCh 15 lnvoked when the option 'P' (PloU 15 
~electl!d frai the lenu of PDASYS2. This procedure plots a dirk corrected 
~pectrui on a Hewlett-Packard pIotter attached to the o1uxllllilry port of the 
5100 cOlputer '5 tmn~l. 

'''fltftttnU ttltftlt U tttfttttHlftt~ttttntttttffltttttfffttt fftftfttttt .. ftfttHfftf 1 

var 'If SI!!! def101tlons ln PDASYS2 source code fi 

DARK, 
THE)ATA, 
TE"P.DATA : external array[1 •• 10241 of integer; 

procedure HP _PLOT; 

var 

POItH, 
FlRST_TO]LOT, 
LAST JO_PLOT 1 

YJIN, 

(f Index ta dah arriys fi 

(l Flrst pout ta plot fi 
(1 LiSt point ta plot Il 
t, "101 lUI Y value fi ' 

("AX, (f "axilui Y value fi 

XJANGE : Integer; (1 Range of pmls to plot fi 

begin 

, 0 

y _"At := 2548; (f Set Y"AX to the AOC full stale of 2048 plus 500 fi 
Y_"IN := 0; ,0 

"rib('Enter first pOint to 'be plotted : '1; 
J readlnIFIRSJJO'pLOTl; 

.. nb('Enter la5t pOint le be plottl!~ : '1; 
readln(LAST _ TO]LOTl; 

for POINt : = 1 to 1024 do 
TE"P )ATA[POINTl : = THEJATA[POINTl . DARK[POINTl • 500; (1 Generate dirk correded spedrui ., 

X_RANGE: = lAST)O}LOT -FIRST _ TO}LOTj 

.. n te (' Turn on au~ PDrt and hl t return' 1 ; 
reidlnj 

. -
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If S.t ploUer IUle 1) 

' .• n telchr(27) , '. IBl;; 17: ' ,chrI271 , ' .N; 19: '); 
.n hl 'SC' ,-5 1 I.RANGE dl v 100 ,',', X)~ + 5 f X_RANGE dl v 100,',', y _"IN -5 f (V _"AI-Y."INI div 100,',', 

V)IAX + 5. (V-'tAI-V"lNI dIV 100,';'); 

If "ove pen to hrst pOInt and lolfer to piper fI 
.ritenU, '1; 
.n tl!lFlRST _ TO}LOT, ' , ' , TEIIP JATMFIRST)O_PLOTl, " '); 
ln tenD, ') j . 

for POINT := FlRST)O_PlOT to LAST)O}LOT do· 
wnte(POINT,' ,',TE"P _DATA[POINTl,', '); 

Inte<'PU,'lj (f lIft pen'I 
ln teln; 

(f Plot dit. fI 

readln (f Read carnage r!!turn input dbr aux port is turned off f) 

end; 

lodend. 
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.odule CAL; 

IfffffftlftffftffffffffUfffffffffff .. fUffffffffUffffffffflflfffffHftfffflfffftfftffff 

"adule: CAL"OD.SRC 
By: S. W. "cGeorge 

Dite: August 1984 

This .odule IS in overlay Invoked ln mponse tD the 'C' ICilIbratel option 
frol PDASYSb AHer pro.ptIng the user for a threshold value the progru hnds , 

• any pea~s 'I!xcel!dlng that threshold. A second order pol ynollil fi t IS perforled 
on the three peak diodes of each peak and the fractlonal diode (also referred to 
as subdlode) correspondlng to the curve laXllUI IS calculated. The peak subdl0dl!s 
are,recorded ln an array called PW,_LlST IIhlCh IS a global amy varuble. ThiS 
list IS subsequently used when control IS transferred bac!: to the PDASYS2 to 
callbrate the spectrul and report the lIavelengths of the 1ln~s found. 

The algorl th. for the orthogonal pol ynoilai curve fit Nas based on the lethod 
descnbed ln 'DeSign and Analysis of Experllents' by D.C. "ontgolery John Nlley and Sons, 
Hell Yor~ (1976). (CalI nUlbèr 9A279.1166) 

Q 

ffffffffUfffffffffflffffffftffffflfffffffffffflffffffffffffffffUfffffffflffffUffUlff) 

const 
,~)J 

FACTOR = 0.66666667; If This factor IS a constant deri ved frai the equation used to 
calculate orthogonal lodel parileters fl 

m If See dehOlhons ln PDASYS2 f) 

PEAK_COUNT : external Integerj 

THE_DATA, 
TE"P _DATA, 
DARK : I!xternal array[1 .. l0241 of Integerj 
TE"P _LIST: external array(l .. 50J of Integl!rj 

PEAK_LIST, 
INTENSITY JIST external arr.y[l .. 501 of rul; 

(4 This functlon furmshes an estuate of the InteRSIty of the lnterplohted subdlode fl 
funchon YJSTI"ATEISUBJIODE,POLY_O,POLY),POLY_2: ml) : real; 

begln 
YJSTl"ATE := POLYJ + POLY)fSUB_DIODE + (POLY_2'3)f(sqr!SUBJIODE) - FACTOR) 

end; , 
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procedure CAlIBRATEj 

Vir 

POINT, v 

Y_KAX, 
THRESHOlD, 
l,Ji 
SU", 
COEFF) , 
COEFF): Inte'ger; 

(f Index to dah arrays fI 
(1 Used ta deter'lne liKl'U' dIode of ea~h pur fI 
(t Threshold value above ba5ehne for peak search tl 
(1 General countlng variables f) 

(f Su. of dIode Intenslttes for a glven peak f) 

(t Inter.edlate coefflclents for orthogonal paraleters fI 

LI NE AR : array[l .. 31 of Integer; (f Llnear coeffiCIents of polyno.tal fI 
QUADRATIC : array[l .. 31 of Integer; (f Quadr,itlc coefflnents of polynolul fI 

POL Y _0, 
POLY) , 
POLY_2" 
SUS_DIODE, 
OLD_ESTIHATE, 
NEN_ESTIHATE : real; 

(1 POLY_O - POLY_2 ire Iode! paraleters for polyoollal fI 

(f Frachonal diode used to deterllne Ileak subdlode fI 
(f OLDJSTlHATE and HEIi_ESTIHATE are used ta flnd peak subdlode f~. 

for POINT : = 1 to 1024 do 
TEKP JATAiPOINTl := THEJ>ATArPOINTl - DARK[POINTlj Il Generate dark corrected spectrui fI 

IInte( 'Enter threshold:' 1 i 
readl n ITHRESHOLD) i 

PEAK_COUNT := Oi 
POINT := 1; 

IIhlle POINT ( Hl24 do 
begln ~ 

Nhile TE"P _DATAIPOINTl ( THRESHOLD do (f Search for diod~ > THRESHOLD Il 
POINT := POINT + 1; 

V"AX := TE"P JATA[POINTJj 

IIhl1e TE"P _DATArPDINT + II > Y"AX do It Flnd laxilui vilul! for this peak Il 
begln 

POINT: = POINT + 1; 
V";H := TE"PJATAIPOINTl 

endj 

1 f POINT ( 1024 then 
begln 

PEAKJOUHT· := PEAK_COUNT t 1; If Increunt peak count 1) 

mp JISTCPEAK_COUNTl := POINT If Retard put dlode fI 
end; 
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----1 f PEAK.COUNl ( 50 then (f Continue If lili than 50 puks found 50 far 1) 

_hile TE"P _DATArPOINl t Il > THRESHOlD do 
POINT : = POINT. 1 

ehe 
POINT := 1024j 

POINT := POINT + 1 
end; 

1 f PEAK JaUNT = 0 then 
mteln('No puh found'l 

else 
begln (-~ -

for 1 := 1 ta PEAK COUNl • 1 do 
If TE"PJISTCIJ ) TEKPJISHI + tJ • 5 then (' Report potêntui Dverlaps Il 

IInteln('Pontenhiil overlip beb.een peak ',l,' and peak ',1 + Il" 

(1 Asslgn orthogonal coeffiCIents to arrays tl 
li NE AR [! 1 : = -1 i lINEAR[21 : = Oi LlNEARm : = 1; 
QUADRATiC[1] := li OUADRATIC[2J := ·2; QUADRATICm := 1; 

lor 1 := 1 to PEAKJOUHT do 
begln 

COEFF) := Oi COEFF.2 := 0; SU" := Oi 

for J := 1 ta 3 do (1 Beterlue Interledute polynolial p-arileters fI 
hglD 

POINT := lE~P .L1SHI] +J • 2i 
SU" := SU~ t TEKPJATA[POlNTli 
COEFF) := COEFF J + LINEAR(JJ 1 TE"P JATArPO INTI i 
COEFF):= COEFF) + QUADRATlCrJJ f TE"P.DATACPOINTli 

end; .. 

(f Calculate orthogonal lodel paraleters fI 
POLYJ := SU"/3; 
POlY.1 := COEFf.1/6i 
POlY) : = COEFF)/18j 

(1 Start peak Interpolation one full diode before peak diode fI 
SUBJ[ODE := ·Ii 
OlDJSTIHATE := 0; 
NEN.ESTIMATE := V.ESTlltATE(SUB.DIODE,POlY.O,POlY.1,POlY.21j 

_hile NEIIJSTlHATE > OlDJSTl"ATE do Il Incment subdlode by 0.1 until laxillli lntensity 
estilate 15 reached f) 

begin 
Olll_ESTIHATE ::: HEN.ESTHIATEj 
SUD.DIODE := SUBJIODE + 0.01; 
NEN.ESH"ATE := YJSTlltATEISUBJIDDE,POlY J,POlY J ,POlY)) 

end; 

PEAKJISTCI1 := TEltPJISHIl + SUB}IODEj (I Record peak subdiDde f) 

IHTENSJTYJISHIJ := OLDJSTIltATE (f Record eshlatl! Df peak intenSlty fI 

end 
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lOdule DIS; 

(tttttttlt'tt'tft.'tft""tttf.tt'tf'ttt.tttt'tft ••• ,,f'fftt't".'t'ttt •• 't'ff'f"tff';ft 

"adule: DIS"OD.SRC 
By: S.W. "cGeorge 

Dite: August 1984 

Tlus averlay IS Invoked by the option '0' 10lSplayi frOI POASYS2. The procedure 
perllts the 11shng of dark, m analyte and corrected anilyte data by diode ar by 
wavelength. To use the wavelength option the Callbrate routine .ust be run flrst 
or an error IS fi agged. The output frol thls rouhne 15 sent to the screen, 
howev~r, ~ copy of the output can be routed to th~1 nter by respondlng appropnatel y 
to the prolpt at the end of the lodule. 1 
fttttttttf.tfffftfffftt."ttf.f.ttt,tttttftttttt •••• t •• 'ttttft."ttt •• t.ttt'ttfftt.ttfft' 

var (. See deflnltlons 10 PDASVS2 fi 

CAL_DIODE, 
INTERCEPT, 
"IN_WAVELEN, 
"A X_WAVELEN , 
CAl..,wAVELEN : ext'ernal rul; 

DARK, , 
THE}ATA : external 'arrayCI •• 1024] of \Integer; 

edernal procedure PRINTIFOR"AT:chujFIRST_DIODE,LA?T_DIODE:intègerlj It Procedure to send inforlaUon 
to the printer fi 

procedure DISPLAV; 

con st (. See PDASYS2 • 1 

SlOPE = -5.05E-8; 

var 
POINT, 
JO_RES, 
PEAK_DIODE, 1$ 

NU"_DIDDES, 
LASTJIODE, 
LlNE_COUNT, 
FIRST)IODE : Integerj 

RD, 
REGION, 
WAVELEN, 
LOII_IIAVELEN, 
HIGHJ'AVELEH : reali 

(. Index to data arrays t' 
(f Status of 1/0 operations .) 
Ct Center diode to be dlsplayed Mhen D(iode) option selected fi 
Ct NUlber of diodes surroundlng center diode to be dlsplayed fi 
(, Last diode to dlsplay tl 
(f Keeps track of the nu.ber of Ilnes of lnforlatlon sent to screenf) 
(f Flrst diode ta dlsplay fi 

(t Rl!Clprocal disperSion fi 
(f Wldth of Mavelength reglon to dlsplay when W(avelengthl option selected fi 

(f LOM boundary of Mavelength reglon fi 
(f High boundary of wavelength reglon fi 

QUERY, (f Variable for Single letter responses f) 

FORKAT : char; (t For.at='D' for diode dlSplay, ='W' for lIivlength dlSplay f) 
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bl!gln 

Mn tel 'D1SpliY liivel.ngth or Diode re910n ? '); 

rtidlniQUERY) ; 

If (UUERY = 'II') or IQUERY = 'II') then 
begln 

If INTERCEPT = 0 then (1 INTERCEPT 15 non·zero only If C.librlh hu been emuted fI 
begln 

IInteln( 'Error: Run cailbrahon procedure hrst. '1; 
eXl t 

end; 
FORKAT : = 'II'; 
wntel'Enter !lavelength of hne : ')i 
readlnlliAVELENlj 
1 f INAVELEN ( KIN.IIAVElENI Dr (WAVELEN ) KAX.WAVElENI then 

begln 
mteln(,Error: Navelength not ln current !llndow. 'Ii 
eXit 

end; 
wntel'Enter lildth of region ln n. : '); 
readlnlRE610N) i 

LOII. NAVREN : = NAVELEH • REG 1 OH/2; 
HI6H.IIAVELEN := NAVELEN t REGION/2i 

If LDN.IIAVELEN ( CAL.IIAVElEN then If Flnd diode correspDndlng tD LOW.IIAVELEN fI 
If LOII.IIAVElEH ( "IN.IIAVELEN then 

FIRST.DIODE := 1 
els~ 

FIRST.DIODE := round(CALJIODE • (CAl.IIAVELEN • LONJAVElENI/o.o21 
els!! 

FIRST .DIODE : = round (CAL.DIODE + (LD(IIAVELEN • CAlJAVELENI 10.02); 

1 f HI6HJAVELEN } CAL.IIAVELEN then (t Flnd diode correspondlng ta HI6H.WAVELEN fI 
If HJ6H.WAVELEN > "AX.IIAVELEH then 

LAST.DIODE := 1024 
else 

lAST.DIODE := roundICAl.DIODE + IHIGH.IIAVELEN • CAL.IIAVELEHI/O.021 
eIse 

LAST.DIODE := roundICAL.DJODE • ICAL.IIAVELEN • HI6H.IIAVELEN)/O.02Ij 

end 
else 

begln 
FDRnr : '" 'D'; 
wnte('Enter peak diode: 'Ii 
readln(PEAK.DIODE); 

~_lIn tee 'Enter nu.ber of diodes ta d15phy : • 1; 
readlnINU"JIODES); . 

FIRST.DIODE := PEAK.DIODE • NUK.DIODES dl~ 2; , 
If FIRST.DIODE (·0 then 

FIRST.DIODE := 1; 
lAST)IODE := FlRST.DIODE + NUK.DIODES • 1 

345 

c 



endj 

(f Output dat.J ta screen. Include lIiVelength Inforutlon if requlsted tir 11 Ir fi 
Mrlteln; 

end; 

Mn te ('DIode: 1 j 
1 f FOR"AT : 'II' th en 

Nrlte(' lIivelength'l; 
Nnteln(' Dirk Value Ra .. Value Corrected Villue')j 
Nnteln; 
LINE_COUNT :: 0; 
POINT := fIRST_DIDDEj 
Nhlle POINT (= LAST_DIODE do 

begln 
Nhlle (LINE_COUNT ( 19) and (POINT <= LAST_DIDDEI do (1 Data is li~tèd 19 llnes at il tlle fi 

begln 
Nrlte(POINT:5)j , 
If FDR"AT = T then 

begln 
RD := INTERCEPT + (POINT - CAL_DIOD~)fSLOPE; 

NrlteICAL_IIAVELEH + RDflPOIHT - CAL_DIODEI:ll:31 

en~ Nrlt 'nIDARK[POINT1:I0,THE_DATA[POINT1:II,THE_DATA[POINTl - DARK[POINT1:14)j 
POl := POINT + 1; , 
LIN _COUNT ; = LINE_COUNT + 1 

end; 
Nn te('Hit return to conhnue'); 
readln-j 
LINE .. COUNT := 0 

end; 
lin teln; 

Mrite('Pnnt results IY or NI? '1; 
readln IQUERYI i 
1 f (QUERY = 'Y' 1 or (QUERY = 'y') then -

PRINTIFOR"AT,FIRST_DIODE,lAST_DIODEI 

IDdend. 
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.adule LIST; 

I ••• tfftftf.fffffftftffftftfftftffftfltffffftfffftfftff~lltffffffttfftffffffff'fff"ffffl 

"odule: lST"OD.SRC 
Dy: S.N. "c6eorge 

Dite:' AugUlit 1984 

ThIS lodule IS Ilnked ~Ith the dlSpliy overliy DIS"OD ind perllts the prlnting 
of the sue lnforut'lon furmshed by the 'D' IDisphyl ophon on the pnnter: 

ffffttftfttttfttttt'ttftfttttfltl •• ttfffltftfffftfftt.fttttfttft ••• fftt •• ffffftfffff.fff) 

'var Il See PDASVS2Î fi 

DARK, 
THE_DATA: external array[I •• l0241 of lnteger; 

IHTERCEPT, 
CAlJIODE, 
CAl_NAVElEN : external real; 

procedure PRINTIFOR"AT:chirjFIRST_DIODE,lAST_DIODE:lnteger); 

const 

SlOPE = -5.05E-8; 

var 

POINT : integeri l' Index to data irriys t) 

RD : reilj (. Reclprocal dIsperSIon f) 

LIST_FILE: texti (f 'Fllenale' of lIst devlce f) 

TITLE : stringmOl; If Tltle for pnntout f) 

iSSlgn(LISTJILE, 'lST: '1; 
rewrlteILIST_FILEI; 

wrltel'Titls for lIstIng? ')i 
reidln (TI TlE) ; 
wrltelnllIST_FILE,TITlEli 
wrltelnlllST_FILElj 

" 
wrltelLISTFILE,'Dlode'lj 
If FDR"AT = 'W' then 

writellIST_FILE,' Navelength')j 
IIntelnILISTJllE,' Dark Value Ra. Yilue, Corrected Value')i 
wrlteln(LIST_FILElj 
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( 

for POINT := FIRST_DIODE to lAST_DIODE do (1 Prlnt diti Il 
blgln 

wrlte(lIST_FIlE,POINT:Slj 
If FORftAT = 'II' then 

begln 
RD := INTERCEPT + (POINT - CAlJIODEllSlOPEj \ 
wrlte(lIST_FILE,CAL_IIAVELEN + RDI(POINT - CAl_DIODEI:ll:31 

endj 

.rlteln(LIST_FILE,DARK[POINT1: lO,THE_DATACPOINT1: 11,TH E_DATACPOINTl - DARK(PDINT1:l~l; 

wrltelnILIST_FILEI 
end 

end; 

lodend. 

... 
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1 RE" •• f., •• f"'f" •••••••••••••••••••• ff ••••••••••• "".f •••••••••• tt.",.,.", 

2m 
3 RE" 
4 RE" 
5m 
6m 

PR06RA": ~DASYS2B.DOC 
BY: S.W. ftC6EOR6E 

DATE: 4 FEBRUARV 1985 IDOCU"ENTATIDHI 

7 RE" THIS OOCUI1EHTATION OESCRIBES THE USER INTERFACE FOR THE AI~ CO"PUTER 
8 RE" IIHEH THE POA DETECTOR 15 OPERATED UNDER SYSTEI1 2. THE PROSRAK FlLE IS 
9 REM CALLED PDASYS2.BAS. ROUTINES CALLEO DY POASYS2.BA5 INCLUOE THE ASSEMBLER 
10 REM PR06RAI1S PDAINIT2.A5H, puASCAN2.ASH, CSELECT.AS" AND PDABLURT.AS". 
11 REM THIS PROSRAH 15 AUIOST lDEHTICAL TO ITS PREDECE5S0R PDASYSl.BAS. 

, 12 REM THEREFORE ONLY THOSE ASPECTS UNIQUE TO THIS PROSRA" ~ILL BE DOCU"ENTED 
13 REM BELON. 
14 REII 
15 REllttf.I,.,,'t.f'ft ••• f ••••• f ••••••••• , •••••• f.f •• ffffff •• ff •• ffff.ff.f.f.f. 

( 

20 REM 
30 RE" "AIN PROSRAK 
40 m 
60 INPUT· DATA ACQ. (Y/N)'jO$ 
70 IF Q$="Y" GOTO 100 
BO POKE248,255 
90 60TO 110 
100 POKE248,0 
110 INPUT'. OF PIXELS'jP 
115 P=P-l 
120 PH=INTCPf256):PL=P-256tPH 
130 POKE 246,PL:POKE 247,PH . 
140 INPUT'OSIO WAIT REQ'D';QO$ 
150 IF QD$="N' 60TO 190 
160 POKE 224,255 
170 SOTO 200 
190 POKE 224,0 
200 POKE4,O:POKE5,32:X=USR(Ol :REH PDAINIT2,~S" 
204 POKE240,B 
206 THIN=0.059 
209 F= 17 • 957 

;~~ ~~~UT·COIUIAND· ;C$ ( 
540 IF C$='SCAN' THEN SOSUB 600 
550 IF C$='BLURT" THEM 60SUB 1410 
560 IF C$:'CSELECT" THEM 60SUB 2000 
580 IF C$=IQUlr" THEN STOP 
590 SOTO 530 

'\ 

\ 

592 RE"fffttftffffffftfffffff.fffftf'f •• ttfttf,t'ftttff'ft •• 'tt'fflfffffffffff' 

594 RE" 'SCAN' SUBROUTINE ACQUIRES 1 OR "ORE SPECTRA AT GIYEN INTEGRATION TI"E 
59b RE" USING PDASCAN2.ASH 
599 RE" 
600 IHPUT'INT. TIKE(SECI"jIT 
630 IF IT>TnIN THEM T=(IT-mNlfIOOO:GOTO 680 
670 T=O 
6BO FOR C=1 TO 5 
6BI IF T fC ) 65535 THEN NEXl C 

692 T=INHT ICI 
b83 C=498fC 
684 CH=INT[C/2561 

:REN THIS SE6HENT ADJUSTS THE 
:REN FREQUEHCY THAr CONTROlS 
:RE" THE RANGE Of INTEGRATION 
: RE" TI"ES THAT CAN BE USED. 
:REN THE NAXI"U" INTE6RATION 
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, ( 

695 Cl=C~CHt256 
686 POKE 36868,CL 
687 POkE 36869,CH 
689 IH=[NT Ir 1256) 

:REII TIPtE ALLONED IS 5.46.IIINUTES. 
:REIt 36868,36869 ARt THE LBYTE,HBYTE LOCATIONS 
~REII OF TIllER 2 OF VIA 1. 

690 [L=INT(T-IHt256+.51 
700 POKE244, IL: POKE245, Th 
710 IF QD$='N' GOTO 790 
720 INPUT'DSID MAIT PERIOO';NP 
725 IF NP, 0.058 THEN IIf':O,05B' 
730 NP=NPt 1000-5B 
HO WH=INT lilP/256) :II.L=WP-WHf256 
750 POKE 225,Nl:POKE 226,WH 
790 INPUT" OF SCANS'; NS : REl! PDASY52 CAN SENERATE IIlll TIPLE SCANS 
aoo POKE243, NS 
860 POKE4, 0: POKE5, 34: X:USR (0) 

a90 INPUT " CONTINUE' j Q$ 

:REI! JUltP TO PDASCAN2.ASII 

900 IF Q$= 'Y' 60TO 600 
930 RETURN 
1400 RE~H fffffttf ff ffffffffffffffffffffff ffffffffffffftffffffff Iftffffffflffff 
1402 RE~ BLURT SUBROUTI NE. ACCESSES PDABLURLASI! 
1403 REM ,"-
1410 IHPUT'BLURT FREQ. (ItHll';BF 
1420 IF BF= 1 THEN POKE 241,56: 60TO 1470 
1430 IF BF=.5 THEN POKE241,52: 60TO 1470 

" 1440 IF BF=.25 THEN POKE 241,48: 60TO 1470 
1450 PRINT BF;' [5 NOT A BlURT FREQ.· 
1460 60TO 141 0 
1470 INPUT"RUN lETTER"jR$ 
1480 INPUT" SCAN TYPE" i SCANS 
1490 INPUP. Or'BlURT REPS"jBR 
1500 IF BR }4B SOTO 1490 
1510 POKE 243,BR 
1520 INPUPPEAK DIODE"; PD 
1530 INPUT"' DF DIODES rD ACQ." i ND 
1540 IF ND>128 GOTO 1530 
1550 IF ND< 15 60TO 1530 
1560 NP=PD+ INT (NO/2+. 51 
1570 PH=IHT<NP/256): PL=NP-P.Hf256 
15BO POKE 246,PL: POKE 247,PH 
1590 8=1035-ND 
1600 BH=lNT(B/2S6): BL=B-BHf256 
1610 POKE 249,Bl: POKE 250,BH 
1620 POKE 251,0 
1630 POKE 254,0: POKE, 255,48 
1640 POKE 252,ND 
1650 POKE 4,0: POKE 5,35 
1660 X=USR(O) 
1670 DVEC=122BB 
1080 EXT:::I00 
1690 FOR 1=1 TD BR 
1700 FD$:::DSt': '+DATE$+" • '+RS+RIGHTf ISTRUEXT +1) ,21 
1730 SCAN$='BLURT" 
1740 PRINT DATH 
1750 PRINT BFflOOO 
1760 PRINT SCANS . 
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1770 PRINT lU 
1790 H=O 
1 HO PRINT IT 
1800 D:PD-IHTCNDf2l 0 

1810 FOR J=DVEC TO DVECtCND-1I'2 STEP 2 
1820 PRINT D;PEEK(J)+PEEkWll.256 
1830 D=D+l 
1840 NEn J 
1850 DVEC=OVEC+256 
1870 HEH 1 
18BO INPUT' REPEAT' jQf 
1890 IF QS='Y." SOTO 1410 
1 900 RETURN 
1990 REMfttffffttffffffftftf'UtftfftfffHHff'ttflttfftftffflttttftfttflttftf. 

1992 RE" CLOCt: FREQUENCY SELECTION SUBROUTlHE. [NYOKES CSElECT. Asti 
1994 RE" 

, 2000, INPUT"READOUT FREQ(KHZ)'jF$ 
2010 FlAS=O 
2020 If VAL (Ff) < 125 60TO 2100 
2030 If F$='1000' THEM POKE 240,24 : 60TO 2200 
2040 If F$="SOO' THEN POKE 240,20 : SOTO 2200 
2050 If H="250' THEN POKE 240,16 : 60TO 2200 
2060 If F$="12S' THEM POKE 240,12 : 60TO 2200 
2070 If F$="EXT' THEN POKE 240,4 : 60TO 2200 
2080 If F$="SNO' THEN POKE 240,0 : SOTO 2200 
2090 SOTO 2000 ' 

",21PO F=VAUF$) 
2110 FlA6=1 
2120 N=INTI 125/F-!.5) 
2130 If H )= 0 60TO 2160 
2140 PRINT "FREQ NOT AVAILABLE' 
2150 60TO 2000 
2160 IF N ) 255 60TO 2140 
2170 POKE 242,N 
2180 F=1251 (N+2\ 
2190 POKE 240,8 
2200 IF FlA6=1 60TO 2220 
2210 F=VAUF$) _ 
2220 PRINT "ACTUAL REAOOUT RATE::; • j Fj "KHZ· 
2230 IF F (= 10 GOTO 22QO 
2240 PRINY"READDUT RATE IS TOO" 
2250 PRINT"FAST FOR DATA ACQ:' 
2260 INPUT"CONTINUE (y IN) ";0$ 
2270 IF Q$ = "Y" SOTO 2290 
2280 GOTO 2000 
2290 POKE 4,0: PDKE 5,33 
2300 I=USR (0) : RE" CSELECT. AS" 
23Hl rm=1038/ (F'IOOO) 
2320 RETURN 
2325 RE"Hfftf.ufUUtfHuu.nuuttUfHHufu .. ntu ...... ttff ...... HUt 

2330 END 
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if.fffff •• ffttfffl ••••• fffff •••••• f •• f ••••••• fff •• f •• 1'ftffttff' , 

PRDSRA": PDAINIT2. AS!! 
BY: S.Ii. ~CGEORGE 

DATE: 4 NOVE"BER 1994 

. i THIS PRUSRAIf INlTlALIZES THE PDA AT FOR A READOUT RATE OF 
j 17.85 KHZ AND SETS UP VIAl TO CDUNT INTEGRATION PULSES AS NELL AS 
i GENERA TE START CDNVERT PULSES. VIA3 HANDLES THE PDA LOGIC 
; INTERFACE AS IN PDAtNIT 1. AS". 

~ j, .J 

~ffflfflffffffHfffftfffffffff.fffffffffffffHfffHflfffffffffft . . 
t = 52000 ;PROSRA~ 'Slf'\RT AT 52000 

1 
j 

j VIA RESISTER LOCATIONS 
! 

DORBI = $9002 .. 
TCIU = $9004 J 
TCIHI cl $9005 È 

AtRI = $900B f' 
r PCRI = $900C 

0 

; 
DRB3 = $9020 
DORB3 = $9022 
DORA3 = $9023 
TCIL3 = $9024 ~ 

TCIH3 = $?025 
-( ACR3 = $902B 

PCRl = $902C 
,. 

j 
\. 
,t 

i 
i INITIAL IZE VIA 1 FUNCTIONS 

'", 

LOA UBO 
STA DDREl ; PBO-3 FOR INPUT, PB4, 5 FOR OUTPUT. 
LOA I$AI ; CAl DETECTS RISIN6 ED6E, 
STA peRl ; CB2 TO GENERAlE CONVERT PULSE. 
LDA mo 

c, "\ STA ACRI jENABlE PB7 PULSE SEN., PB6 PULSE COUHT 

'" i " i INITIALIZE VIA 3 FUNCTIONS 
;1 

LOA ISFF 
STA DORAl ;PAO-7 FOR OUTPUT • LDA UDF 
STA DDR83 ; PBO-5 FOR OUTPUT 
LDA mo '1 

r" STA ACR3 jPBb FOR PULSE COUNTIN6,'PE7 CLDCK 6EN. 
LUA UBC 

a . STA peR3 iCA2 SET LD~,CB2 PULSE "ODE , 
LDA 1$05 

.' a 
STA TelU 

,0 LDA 1$00 
(~ , STA TCIH3 j START 17. B57 KHZ CLOCK OH PB~ , 

L~A 1$08 . ' 
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STA DRB3 jSELECT PB7 AS CLOCK SOURCE 
j 

; INITIATE YI~,ll FOR âENERATION AND COUNTIN6 OF 1 "S INTERRUPTS 
o ( 

LDA tfF2 
-STA relU 
LDA 1$01 
STA TelHl JSTART PULSES 

RTS 
END 

( 

, 1 
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'1 

jlllllfll.lllltt •• tl •• I.ttffflllflt •••• I.ffl'lfffffffffffff 

i, fROGRA~: PDASCAN2.AS~ 

DY: S.N. "CSEORGE 
DATE: ~ NOVEIIBER 19B4 

; THIS PROSRAH IS CALlED BY PDASYS2.8AS WHICH ACTS 
; AS THE USER INTERFACE. THE PROGRAK DETECTS A START PULSE, 
; COUNTS OUT A USER SPECIFlED NU~BER OF DIODES AND FIRES THE 
; DSID SOlEHOID. THE RFADOUT CLDCK IS THEH TURNED OFF FOR 
; A USER SPECIFIED PERIDD NHICH ALLONS TIllE' FOR THE 
; SAKPLE PROBE TO STABILlZE IN THE PLASM AND HEAT UP TO 
; THE TEKPERATURE REQUIRED FOR VAPORIlATlON OF THE SAltPLE. 
; AFTER THIS DSID WAIT PERIDD THE PDA IS READ OUT TO RESET 
j AlL PlKElS AND THE CLUCK 15 ASAIN TURNED OFF, THIS TIllE FOR 
j AN INTEGRATIO~ PERIOD TO CAPTURE THE TRAHSlENT SI6NAl. THE 
; WAIT PERIOD AND INTEGRATION PERIOD ARE OETERIIINED BY 
; EIIPLOYIN6 IIULTIPLE READOUTS WITH ZERO WAIT AND INTE6RATION 
; PERIODS AND PLDTTINS IIULTIPlE SCANS USIN6 PDA3D, A PR06RAII 
; t/HICH DIsPLAYS WAVELEN6TH VS. INTENSITY vs. mE IN A 3-
i DIIIENSJONAL PLOT. 

THE 5-100 SYSTEII RUNNIN6 UNDER R.L. 51N6'5 SOFTWARE 
; DETECTS END OF CONVERSION STATUS AND ACQUIRES THE DATA 
; DIRECTlY USIN6 THE 12-BIT ADC 5UBSYSTE~. THE AOC HARDWARE 
j HAS BEEN l'IODIFIED SU CH THAT BNC CONNEC TOR 14 15 CONNECTED 
; TO THE START CONVERT UNE ENABLIN6 THE AIl'! TO GENERA TE 
j CONVERSIONS AT THE APPROPRIATE TillE USIN6 VIAL THIS ROUTINE 
j ALSO DJFFER5 FROII PDASCAN1.ASII IN THAT UP TO 255 CONSECUTIVE 
j sCANS CAN BE 6ENERATED 50 THAT TEIIPORAl DATA CAN BE ACQUIRED 
j FRD" THE DSID nPERr~fNT. 
, 
jllffffffflfffffffilfflf •• lllffflfl •••• ffflfttff.t'fttItfft 

; 
; VIA RESISTER LOCATIONS 

; 

ORBI ::: $9000 
TC2L1 ::: $9008 
TC2Hl ::: $9009 
ACRI = $9008 
peRl ::: $900C 
IFR1 ::: $9000 

DRB3 ::: $9020 
DRA3 ::: $9021 
TC2U ::: $9028 
TC2H3 ::: $9029 
IFR3 ::: $902D 

i PAGE ZERO LOCATIONS 

.. AlTF ::: $EO 
NAITL ::: $El 
NAITH ::: $E2 
CCI = fFO 
REPS = $F3 

. 
; T2 OF VIAl COUNTS, 1 "5 INTEGRATION 
i PULSES FOR 5TOPPED CLOCK "ODE. 

j PORT B CONN. TO PDA L06Ie 
j PORT A • 
j T2 OF VIA3 COUNTS SMPLE PULS[S 

SENERATED 8V PDA 

; OSlO NAIT FLA6 (=255 FOR WAITI 
j lO BnE, MAIT PERlon 
; HI BYTE, MAIT PERlon 
j ClOCk CODE IPB2,3,41 
; • OF COHSECUTIVE SCANS 
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INTL : $F4 ; LON BYTE OF INTEGRATION CDUNT 
INTH = fF5 j HI6H • • 
PIlLO = $F6 ; LON BYTE - NU"BER OF PIXELS TO READOUT 

( PIXHI = SF7 ; HISH BYTE 
RFLAS = $Fa ; REPEAT FLA6 (=0 FOR ACQ, =$FF FOR LOOP) 
PSCAN = $FD ~ NU"BER OF PRESCANS BEFORE DATA ACQUISITION 
DATA = $FE j LON BYTE FOR IND 1 RECT IHDEXED ADDRESSINS 

;" TO DATA VECTOR ($FF CONTAINS H[6H BYTE) 
• : $2200 

LDX PULO ,\ 

sn TC2L3 
LDY PUH! 
LDA DRA3 i CLEAR CA 1 FLAS 

STRTl LDA IFR3 
AND 1$02 
BEll STRlI jWAIT FOR FIRST START PULSE 
LDA DRA3 jCLEAR CAl FLAS 

$ 

STV TC2H3 jLOAD TC2 VIA3 W!TH PIXEL COUNT 
t ; 

SCAN! LDA IFR3 
AND 1$20 
BEll SCAN! jCHECK FOR END OF READOUT 

LDA UAC 
STA PCRll iF1RE DSID 

LDA WAITf 
<- BEll LOOP j IF NAIT FLA6=0 SKIP WAIT ROUTINE 

LDA ORB3 
AND UE3 j S~LECT CLOCK CODE 000 (6NO) 
STA DRB3 iSTOP CLOCK 

! 
LDA MAITL ,v· 

STA c Te2U 
LDA MAITH 
STA TC2Hl jLOAD TI"ER 2, VIAl NITH DSIO NAIT PERIOD . , 

lIAIT 'LOA IFRI ... 
AND 1$20 
BEg MAIT JMAIT FOR END OF liAIT PERIOD .~ 

LDA ORB3 
ORA CCI 
STA DRB3 jRESTARL CLOCK FOR REAOOUT PERlOD 

; 
STRT2 LOA IFR3 

,rçJ AND 1$02 
BEll STRT2 JMAIT FOR SECOND START PULSf, 
LDA ORA3 j CLEAR CA 1 RAS 

( 
LDA emo-' 

/ 

STA / TC2L3 
/" ,.. 
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, LDA PlIRI 
~ STA 1C2H3 ;LOAD TC2, VIA3 WITH PIX~L COUNT . " , 

( RDOUT LOA IFR3 
AND U20 
BEQ RDOUT jRESET PDA PIXELS . , 

LOOP LOA ORB3 
AND UE3 ;SELECT CLOCK CODE 000 (&NOl 
STA DRB3 ; STOP -CLOCK 

LDA II/TL 
STA TC2L1 
LDA INTH 
STA TC2HI jLDAD TC2, VIAl MITH INTEGRATION TllfE 

j 

INT UA IFRI 
AND 1$20 r " 

BH INT ; NAIT FDIt END OF INTEGRATION PERIOD 

UA ORBl 
DRA CCI 
STA ORB3 ;RESTART READDUT CLDCK FOR DATA ACQ, 

sn 1C2L3 r' 

• i 
" STRTN LM IFR3 

AND 1$02 
i BEg STRTN j ItA IT FOR NEXl START 'PULSE , 

LOA DRA3 j CLEAR CAl FLAG 

sn \ 1C2143 jLOAD TC2 VIA3 tlITH mEL COUNT 

LDA ORBI 
SA"PL LDA IFR3 

AND IUO /"-.. , BEg SAKPl jI/AIT FOR A SAKPlE PULSE (PIlEl READOUTl 
STA IFR3 jCLEAR CBI FLA6 . 

AND 100 
STA DRB! iTRIG6ER CONVERSION 

CONT LDA IFRJ 
AND 1$20 
BEQ SA"Pl ; CHECK FOR END· OF SC~N 

'-.) 

DEC REPS 
SNE lODP j RESCAN [F REPS>O, ElSE RETURN 
LDA UAE 
STA PCRI 
RTS' 
END 

( 
( 
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Flow Chart o~ System 1 Support So~tware 

Plot Parameter Menu 

Ti tle of plot 

Display (S or D) 
-' . \ 

X-scale 

Y-scale Produce video plot Copy vIdeo graphies 

Point plot (on/off) on screen. ta printer. 

Bar graph (on/off) " 
file 1 

fi le 2 

, 

.) 
Change Plot Parameters VIdeo Plot Printer Plot 

• 

Main Menu SelectIon 

Save Spectra Subtraet Spectra Average Spectra 

" 
Save spectrum 1 Subtraet spectrum 2 Aver age a ser i es 

" and/or spectrum from spectrum 1 and of spectra. 

2 on dl sk. display the result 

on the video sereen. 

( 
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Appendix K - Page Zero Locations 

ADDR Function System 

Hex Dec 

EO 224 DSID wait flag (O=no: 255=yes) SYS2 

El 225 Law byte of DSID walt perlod. .. 

E2 226 High byte of DSID walt period. .. 

FO 240 Clock code 1 -.Readout clock. SYSl/2 
~ 

FI 24~ Clock codé 2 - &lurt clock. .. 

F2 242 Law byte of timèr 1, VIA 3 DetermInes PB7 Freq .. 

F3 

F4 

F6 

F7 

FB 

F9 

FA 

FB 

Fe 

"'.FD 

FE 

FF 

243 Number of sequential scans or Blurts. 

244 Law byte of IntegratIon count. 

245 

246 

247 

24B 

249 

250 

251 

252 

253 

254 

255 

Hlgh byte of integration count. 

Low byte of number of pixels ta readout. 

eH1gh byte of number of pIxels ta readout. 

Repeat flag (O=Acqulsitlon; 255=Infinlte loop) 

Law byte of Blurt caunt. 

High byte of Blurt caunt. 

Index lnto data vector for spectrum storage. 

Number of diodes to acquire for Blurt mode. 

Number of prescans. 

Law byte for Indirect addre?s of data~ctor. 

Hlgh byte for Indirect address of ~ata vector. 
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• Appandix L - Image Translation Simulation Software 

-. 

prograa profllelhnput,outputl; 
(f This progral calcuJates Integrated response proflles for an· 

Ideal liage ~hose Nldth IS anyNhere fro. 1 to 50 lierons. 

1he Image IS flrst centred on a diode and the response IS 

calculated for diode 0,1 and 2. DIodes -1 and -2 are nat 
dealt Nlth because thel r response Will Just be the 'Jrror 
l.age of diodes 1 and 2. 

After each set of diode responses has been deterll ned, the liage 
15 translated to the 'nght' by 1 Ileron. 

The output con515ts of reportl ng the responses for each diode 
as il functlon of I.age translatIon, as weIl as the ratio of 
response 0 to response J. fI 

{onst .1=Q.04165; (f ails the result of Integratlog 0.08331 dx 
whlch 15 the slope of the geoletry functlon 61x) 1) 

const 12=2.083; If.2 15 slope of y-Intercept vs. diode plot for Six) f) 

const b2=1.542r (f b2 15 Intercept of y-lntercept vs. diode plot for 
G 1 Y,l. The y-I ntercept f or a diode Idl 15 

+-)1II2fd+-b2. 12 15 -VI!· for left zone, +';e for 
nght zone. f) 

var il',b,c:real; 
var l,n,dIOde: lnteg~~_ 
var llage_wldth:realj 
var left_lIàge_boundary,rlght_lugeJoundary:real! (t dellllts uage 1) 

var dloq.eJeft_boundary,dlodeJlght_boundary:real; Il delIlJts diode Il 
var left_l1lode_boundary,rlght_dlodeJoundary:real; (t edge of left/nght 

adjacent diode 1) 
var bl)eft,blJlght:real j 
var Iteratron:array[o .. 2,O .. 5!JJ of real: (f records Integrated response of 

diodes over ail lIage pOSitions i) 

ex ternal functl on 1 eft_zone (11,1 eft_lIage _boundary ,ri ght _lIage_boundary , 
left_dlode_boundary,dlode_left_boundary,bl_left:reall:real; 

external functlon central_zonelleft_l.age_boundary,rlght_llage_boundary, 
dlode_left_boundary,dlode_rlght_boundary:realJ:real: 

external functlon rlght_zone(ll,left_llage_boundary,rlght_llage_boundary, 
rlght_dlode_boundary,dlode_rlght~boundary,bl_rlght:real):real: 

begln 
wrlte('lIlage IIIldth ln Illcrons') ')j 
readl n Ir.age _ 1111 dth) j 

\\ "rlte('nu.ber of Iterations? ')i 

readlnlll; 
left_llage_boundary:=-llage_Nldth/2; 
rlght_llage_boundary:=llage_Nldth/2j 
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far 0:=0 to 1 do 
beqln 

for dlode:=O to 2 do 
beglo 

dlode_left_boundary:=dlode f 25.0-6.5j 
diode_rlght_boundary:=d[ode~2S.O+b.S; 
left_dlode_boundary:=dlodef25.0-1B.5: 
rlght_dlode_bo~ndary:=dlodet25.0+1B.S; 

bl_left:=-12 t dlode+b2; 
bl_rlght:=12tdlode t b2j 

a:=left_zonelll,left_llage_boundary,rlght_lllage_boundary, 
left_dlode_boundary,dlode_left_boundary,bl_1eftlj 

b:=central_zonelleft_llage_boundary,rlght_llage_boundary, 
~ dlode_left_boundary,dlode_rlght_baundaryli 

c: =nght_zone (/11,1 eH _liage Joundary, r 1 ght _liage Joundary , 
rlght_dlode_boundary,dIQde_rlght_boundary,bl_rlqhtl i 

Iteratlon(dlode,nl:=a+b+Ci 

endj (f End of 'diode' loop. f) 

left_Ilage_bounqary:=left_llage_boundary+l: 
nght_lllage_boundary:=nght_uage_boundary+l; (1 Shlft luge 1 Ilcron. Il 

end; II End of 'Iteratlon' )oop. fl 

Hrlteln('lteratIon':JO, 'diode 0':9, 'diode 1 ':9, 'diode 2':9, 
'diode O/dlo?,~1':18lj 

for nI::\) to 1 do 
begln 

HrIte!n:5,' 'J: 
for dlode:=O to -'2 do Mn te (1 terat! on[dlode,nJ/lIlag~_wldth: 5:3, ' ",====­
If Iteratlon[L,nJ } 0 then' 
Mrlteln(lteratlon[O,nJ!lteratlon[1,nJ:ll:31 
else mteln(' 'li 

end; 
end. If End of prograa 'profIle1'. Il 

0' 

360 

v. 

• 



( 

," 

ladule lzone!; 

If Thls .odule calculates the Integrated response of the Ieft 
zone of a glven dlode. AlI varlables are declared ln the 
lalnllne progral. f) 

functlon left_zonell!,left_llage_boun~arYlrlght_llage_boundary, 

left_dlode_boundary,dlode_left_boundary,bl_reft:reall:real; 
begln 

end; 

left_zone:=O: 
If left_llage_boundary \: left_dlode_boundary then 

If IlrLght_Image_boundary ( dlode_left_boundaryl and 
Irlght_llage_boundary > Jeft_dlode_boundaryll then 

left_:one:=lmlfsqrlrlgnt_llage_boundarylt 
- bl_leftfrlght_llage_boundary) 

- Illtsqrlleft_dlode_boundarylf 
bl_Jeftfleft_dlode_boundaryl 

else li rlght_llage_boundary )= dlode_left_boundary then 
left_:one::(elfsqrldlode_left_boundarylt 

bl_left f dlode_left_ooundaryl 

else 

- lœltsqrlleft_dlode_boundarylt 
b!_lefttleft_dlode_boundaryl 

else left:zone:=O 

If left_llage_boundary < dlode_left_boundary then 
If rlght_llage_boundary \ dlode_left_boundary then 

left_zone::(ml'sqrlrlght_llage_bou~daryt+ 

bl_lefttrlght_llage_baundaryl 
- IlIltsqr(Jeft_uage)oundarylt 

bl_leftfleft_l~age_boundaryJ 

else 
left_zone:=lllfsqr(dlode_left_boundarylt 

bl_lefttdlode_left_boundaryJ 
- 1114sqrlleft_llage_boundaryJ+ 

bl_1eftt left_llage_boundarY)j 

If COlple,tes Inteqratlon of S(x)P(y,ldx for left zone. fI 

lodend. 

(J' 
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lodule~zonel Î 

If ThIS .odule calculates the lntegrated response of' the centr~l zone 
of a glVen diode. Ali vanables are declared ln the lalnllne prograt.f) 

function central_zonelleft_llage_boundary,rlght_llage_boundary, 
dlodeJ eft.:.boundary ,dlOde]1 ghUoundary:real ): real; 

begln . 

endj 

centraU:one:=O; 

If lefUllage_boundary (= dlodeJeft_boundary th en , 
If ((nght_lIage_boundary ( dlode_nght_boundaryl and 

(rlght_llage_boundary ) dlode_left_boundary) then 
centraI_zone:=rlght~lmage_bou~dary-dlode_left_boundary 

e15e If nght_1Glage_boundary >'" dlodeJlght_boundary then 
central_zane:=dlode_rlght_boundary-dlode_left_boundary 

else central zone:=O 
else 

If rlght_llage_boundary \ dlode_rlght_boundary then 
central_zane:=rlght_llage_boundary-left_llage_boundary 

els!! If left_uage_boundary ( dlOde_rIght)oundary th en 
centr al_ zone: =dl ode J 19ht _boundary-I ef t_lIage _ boundary; 

(f COlllplete; Integration of S{X)P(ddr. for central zone. fI 

lodend. . ( 

/ 
! 

\, 

/ 

i 

\ 

• 
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ladule rz one 1 j 

(f This lodule [aleulates thé lntegrated response of the rlght zone 
~f a glven diode. AlI v.rlables are deelared ln the lalnllne progral. Il 

functlon rlght_zone(II,left_llage_bBundary,rlght_llage_Doundarv, 
rlght_dlode_boundary,dlode_rlght_boundàry, 
bl_flght:reallfreal: 

begln 

endj 

nghUone:=Oj 

If left_llage_boundary {= dlode_rlght_boundary then 
If ((rlght_llage_boundary ( rlght_dlode_boundaryl and 

(rlghl_llage_boundary > dlode_rlght_boundaryl) then 
rlght_zone:=(-mlfsqr(rlght_llage_boundarylt 

bl_rlghtfrlght_lœage_boundaryl 
- 1-Il!tsqr(alodeJlqhtJoundary)t 

DI_flghttdlode_rlght_boundaryl 
else If rlghl:llage_boundary )= rlght_dlode_boundary then 

rlght_:one:=(-alfsqrlrlght_dlode_boundarylt 
bl_rlghltrlght_dlode_boundaryl 

else 

- I-Ilfsqrldlode_rlght_boundarylt 
bl_rlghtfdlode_rlght_boundaryl 

else rlght_zone:=O 

If rlght_Ilage_boundary < rlght_dlode_boundary then 
rlght_zone:=I-;lfsqrlflght_llage_boundaryJ+ 

bl_rlghttrlght_lœage_boundarvl 
- (-III fsqr Il eH _llIagf _ baundary) + 

bl~rlghtfleft_lœage_boundar~) 

èlse If ((jeft_lllage)oundary ) dlodeJl'ght)oundaryl and 
(Jeft_lIlilge)oundarv < nght_dlOde)oundaryIJ then 

rlght_zone:=!-alfsqr(rlght_dlode_boundarylt 
bl_rlghtfrlght_dlode_boundaryl 

- (-alfsqr(le~t_llage_boundary)+ 

bl_rlghtfleft_llage_boundaryl; 

If Co.pletes Integration of 6lxlP(xldx for rlght zone. fI 

lodend. 

>., 
_'\. 

"--
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0 
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progral proflle2(lnput,outputl; 
(i This progral calculates Integrated response profiles for tND 

closely spaced, Ideal liages. The wldth of the tNO liages 
and the spaclng between thel are user Input para.eters. 

The luges àre flrst centred on à dJode and the respon5e 15 
calculated for diode 0,1 and 2i Diodes -1 and -2 are not 
dealt wl'th becau5e thelr respon5e Nill Just be the IIrror 
liage of diodes 1 and 2. 

~fter each set of diode responses has been deterllned, the liage 
paIr IS translated ta the 'nght' by 1 lIeron. 

Thè output conslsts of reportlng the responses for each diode 
as a functlon of liage translatlon, as lIell as the ratIO of 
response 0 to response 1. Il . 

(onst 11=O.04Ibi; !I milS the result of IntegratJng O.OB33~ dx 
whlch IS the slope of the gealletry functlon 6(x) fI 

(onst 12=2.083; Il 12 IS slope of Y-Intercept vs. diode plot for 6(x) Il' 

const b2=1.542: (1 b~ IS Intercept of v-InterGept vs. diode plot for 
S!r.). The Y-Intercept for a diode (d) 15 
.-112+d+b2. Ii 15 -ve tor left zone, +ve for 
nght zone. fI 

var 1 teratlon,n,dlode:~ntegeri 

var laage_Nldth,lIIage_separatJon:real; 
var lIagelJeft_boundary,lIagelJlghtJoundart:real; (f delllllts Illagei Il 
var lIIage~Jeft_boundary,Jmage2JlghtJoundary:real: (1 delults 1I!Iage: fI 
var dlode)eft)oundary,tllode_rlgnt_boundary:realj (f delll!lt~ diode Il 
var left_dlode_boundary,rlgnt_dlode_boundary:real: (1 edge of leftirIght 

, adJac:ent diode Il 
var bIJeft,hlJI, t:real; 
var IntegratedJesponse:array[O .. 2,O •. 501 of real: (f records Integrated 

respon se of diodes over 
al! uaq-e pOSl honsl) 

external funct 1 on ,,1 eH _ zone (m 1,1 eft_llageJoundary, ri ght _liage _ bound ary, 
left_dlode_boundary,dlode_left_boundary,bl_left:reall:real: 

externat func:b on c:entr .11_ zone 1 si, 1 ef t _ uage_ boundary, ri ght_1 iage_ boundary, 
dlode_left_boundary,dlode_rlght_boundary:reall:real: 

external func:t! on ri ght _ zone (1/,1 ef t_llage,:ll.Qundary,rI ght_lI'Iage )oundary, 
ri ght _diode _boundary, diode JI ght)oun dary, b 1 JI ght: real ) : real; 

begw 
Nrl te (' liage NI dth 1 n Il c:rons~ '1: 
readlnlllage_l'Ildthl i ,,7 
Note('nulllber of IteratIon5~ ')j 

readln(nl; 
IInte('llage separation lh Ilcrons?'); 
readlnlllage_separatIonl; 

Imagel_left_boundary:=-llage_separatlon/2-1mage_Nldthl2; 
Ilagei JI ght _ boundary: =-llage_ separ at lon/2+ liage_III dth/2; 
IIage2 Jeft_ bcundary: =lIage _ separat 1 cnl2-luge _Nldth /1; , 
1 aage2JI ght _ boundar y: =llage_ separ at lOnl2tllage _"1 dthl2j 
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1) 

for Iterabon:=O ta n do 

beqln ~ 
for dlode::O t. do 
begl n 

diode J eH _boundary: =dl ode l 2S, O-b. 5; 
diode JI ghtJoundary! =dl ode f 2S, 0+6. 5; 
1 ef t _diode _bDundary: =dl odef25, 0-18. 5; 
ri ght_ dl ode_ boundary: =dl ode f 25. 0+ 1 B. 5; 
b 1 J eH: =-12 t dlode+b2; 
bl_rlght::12 I dlode+b2; 

1 
/ 

~~, ~Yt 

1 ntegr ated)i5poJ]~e[dl ode,l t~ratJ 01']: =1 eft_ z one (11, luge 1_1 eft)oundary, 
liage 1 JI ght _boundary, 1 ef t _diode _ boundary J dl odeJeH _ boundary ,bl_l ef t J + 

centr al_ zone Iml, 1 liage 1 J eft_boundary, 
liage 1 J 1 ght _ boundary, dIode) eH _boundar) J diode JIght_boundary) + ID ' 

ri ght _ z one (ml, IllIage 1 J eH Jaundary J 

liage 1 J! qht _ boundary, r 1 gh t ~dJ ode _ b oundary, diode JIght _ boundary ,b 1 J 19htl + 
1 eH _z bne 1111 ,llIIage2 _1 ef(boundary, 

!lage2 J Ight _ boundary ,1 ef t _dl ade _ boundary 1 diode J eH _ boundary, b 1_1 ef t) t, 
central_ = one {ml, Il;age2J eH Joundary, 

Ilage2J! ght _ boundary ,d 1 ode_l ef t _ houndary 1 dIode Jlght_boundaryl t 
rI qht _ z one (al ,1lllage2J eH _boundary, 

luge2 JI ght _boundary, r 1 ght _ dl ode_ IJoundary ,dl od.eJlghtJoundary ,b 1 J 19ht) ; 

endj li End of 'diode' 1oop. f) 

Ilagel_left_boundary:=llagel_left_boundarytl: 
lIage1Jlght_boundary::ullagelJlght_boundary+l: If ShIft liage 1 Ilcron, 

Ildge2) ettJoundary: =l/lIage~ J eft _ boundaryt 1; 
Ilaget _nght _ boundary: :lllage2 JI gh t _ boundary+ 1 j 

end; II End of 'lteratlOO' loop. fl 

wrltelnl'lteratIon':10,'dlode 0':9, 'dIode 1':10, 'diode 2':10, 
, l RRO' : 8, ' IRR l ' : 8) j 

for lteratlon:=O ta n do 
oegln 

Wrl te (1 teratI 00:5, ' 
for dlode:=O ta 2 do 

'Jj 

wrItellntegrate(respÇlnse[dlOde,ltmtJonJ/12 f ltaqe_wldth):5:3,' ')i. 
If IntegratedJesponsefl,lteratIon] > 0 then 

IIr,1 te Il ntegrated Jespoose [0,1 ter ab on] Il ntegrate( respanse [1\1 ter ah on]:, 
2:3) 

e156 mtelnl' 'l; 

If IntegratedJesponse[2,lteratJonJ } 0 th en 

1Ir! eln (lOtegrated Jesponse [ l,J ter atl on 1/1 ntegr ate(response[ 2,1 teratl on 1: , 
10:31 
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( 

!!lse !lnteln(' ') 
end 

end. (1 End of progral 'proflleL. 1) 

o 
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ladule lZlne2; ~.~ 

/ 

(t Tht"!i ladule calculates th~ated response af the left 
zone of a glVen diode, Ali Var! abie.s àre dec1 ared 10' the 
mnllne prograa. 1) ~~ 

--------, - ' -------- - -
funchan 1 eH_zone (11, uage) eft_boundpry ,1I1a"geJ 1 ghtJounda-ry ,--~--" . 

left_dlade_boundary,dlode_left_boundary,bl_left:reall:real; 
beglo 

end; 

left_zone:::O; 
If llage_left_baundary (:: left_dlode_boundary then 

If ((lIligeJlghUoundary ( dlodeJeftJoundaryl and 
(mgeJIght)oundary) leftJlode_bound,ary)1 then 

l~ft_zane:::(II.sqr(l.age_rlght_boundaryl+ 

" hl Jeft tlllageJ 1 ght _boundar y 1 
- Ill f sqrCleft_dlode_boundary'+ 

bl,lefttleft,dlode,boundaryl 
eise If IIlageJlght_boundary ):: dlode)eft_boundary then 

left_zone:::(llfsqrldlode_left_boundary)+ 
bl_lefttdlode_left,boundaryl 

- (Ilfsqr (left diode boundaryl t 
't\ -

ét b 1 J eH fi eH _ diode Joundary' 
else left_~one:::O 

el se / 
li llage:left_boundary ( dlodeJeft)ound~ry theo 

Jf llage_rlght_boundary ( dlode_left_boundary then 
left_zone::: (a Ilsqr (uage J 1 ght _ boundar y 1 f 

bl,leftiliage_rlght_bouRdaryl 
- (a1tsqr(l~ageJeft_boundary)t 

b!_left*lmage_left_boundaryl 
eI.se W· :-

left_zone:::(ll l sqr(dlode_left_boundarylt 
bl,leftfdlode_left_boundaryl 

- (ll f sqr(llage_left_boundarylt 
bl_leftfllage_left_boundaryl; 

, (f Co.pletes IntegratIon of 6(xIP(ddx for left zone. Il 

.odeod. ' 

\ 
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ladule czone2j 

(f ThIs, lodule calculates the Inteqrated response of the central zone 
of a glVen dIode. Ali vanables are declared ln the .alnllne progral. f ) 

1 
1 

luncb on centr al_zone (Il! IlageJ eH JQundary! liage JIght _Doundary! 
dlade_left:tôUn~ary!dlode_rlght_boundary:reall:reali 

beqln 

end; 

centr al_ zone: =0 j 

If Ilage_Ieft_boundary <= dlode_left_boundary then 
If 1 !uagejlght_boundary { dlodeJlghtJoundaryl and 

(lugeJlght_boundary > dLodeJ eft_b'oundary» then 
central_zone:=lmage_rlght_boundary-dlode_left_boundary 

else If lIageJlghtJoundary )= dlodeJlght)oundary th en 
centr al_ zone: =dl odeJ 1 gh t Joundary-dl ode) eH _ boundar y 

els!! central_lone:=O 
1!\se 

If IlageJIght_boundarv ( dlodeJlghtJoundary then 
centr al_zone: =1 maqeJ 1 gh t_boundar y-l.ageJeft_bound~cy 

els!! If lllage)eft_boundary < dlodeJlghtJoundary then 
central_zone:=dlode_rlght_boundary-Ilage_left_boundary; 

(f COlpletes Integrallon of 6(r.)f'(x)dx for central !:one. fl 

lodend. 

1 

') 
! 
/ 

\ 

/ 

\ \ 
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1 ( , 

lodul e rzone2; 

(1 This lodule calculates the Integrated response of the rlght zone 
of a glVen dIode. Ali Variables are declared ln the lalnlJne progral. f) 

~ 
func~lon rlght_~one(.l,l.age_left_boundary,l.age_rlght_boundary, 

begln 

end; 

rlght_dlodeJboundary,dlode_rlght_boundary, 
blJlght:real) :real; 

If uage_leftJoundary {= dlodeJlghtJoundary then / 
If ((ula]èJlght_boundary < nght_dlode_boundary) and 

(llage_rlght_boundary ) dlode_rlght_boundaryl) then 
r19ht_zone:=(-lltSQr(1Iage_rlght_boundaryy,J 

. bl_rlghttllage_rlght_boundary 
- (-I!tsqr(dlodeJlg~t}oundaryl / 

bl_rlghtldlode_rlght_bounda yI 
else d uageJlght_boundary )= nght_dlodeJoundary then 

rlght_=one:=!-II*sqrlrlght_dlode_boundaryl+ 
bl_rlght+rlght_dlode_bQ~ndaryl 

else 

- 1-II*sqr(dlode_rlght_boundaryl+ 
bl_rlght+dlode_rlght_boundaryl 

else nght_zone:=O 

~t Ildge_rlght_boundary < rlght_dlode_boundary then 
ri gh t_zone: = 1 -II tsqr 1 IIlage JI ght _boundaryl + . 

bl_rlghttlmage_rlght_boundaryl 
- (-Illlïsqrlllllage)eft)oundaryl+ 

bl_rlghttllllage_left_boundaryl 
else li- IllIage_Ieft_boundary > dlodeJlghtJoundaryl and 

(llage_Ieft_boundary ( tlght_dlode_boundaryll then 
rlght_zone:=(-ll l sqr(rlqht_dlode_bounoaryl+ 

bl_rlght~lght_dlode_bDundaryl 
- (-.llsqrlllage_left_boundaryl+ 

bl_rlghtl llage_left_boundarylj 

(1 Co.pletes Integration of 6,lx)Plxldx for nght zone. 1) 

lodend. 

/ 

" 
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progral protlle3(lnput,output); 
(f This progral IS a speclallzed version of PROFILE2.SRC whlch 

caleulates Integrated response and lntegrated response ratio 
data for ho c10sely spaced, Ideal Images. The liage wldths 
range frai 5 to 30 IIcrons ln steps of 5 lierons and the liage 
separations range tram 2 ta 50 lierons ~n Increments of 2 
Ilcrons. 

The liages are flrst centred on a dIode and the r;esponse 15 

caieulated for diode u,l and 2. Diodes -1 and -2 àre not 
deaU III th because thel r respons€ WIll Just be the Il rror 
liage' of diodes 1 and 2. 

( 

After each set of diode respanses has been deterllned, the Image 
paIr IS translated ta the 'nght' by 1 micron. 50 translations 
are carned out for eaeh lïgl? wldthiuage separatIon case .• 

The o~tput canslsts of r~rbng the res!,onses fO,; each diode 
as a functlan of Image translation, as ~ell as the ratio of 
response li to response 1 and of respanse 1 ta response 2. 1) 

--~ const al=>Û.04l65: 1 t m! 1,5 th!: fesult of lOtegratJng O.pS33x dr. • 
whl ch 15 the slope of the geoletry funcll on 
Six) 1) 

const 12=2.083j It 12 15 slope of y-Intercept vs. diode plot for 
Six) fI 

const b2=1.542; CI b2 15 Intercept of y-wtercept vs. diode plot for 
Sid. The y-wtereept for a diode (d) IS 

+-)~2*d+b2. 12 IS -ve for left :one, +ve for 
flght zone. fI 

var Iteratlon,n,dlode:lntegerj 
var lIage_lodth,lIlage_separatJon:real: 
var liage 1 J eftJaundary, 1 mage 1 J 1 ght _ooundary: rEal j (tdelllll t 5 lmagel t) 

,'far uage2Jeft)oundary,1IIage2JIght_boundary:real j (tdelllli ts Ilage2t ) 

;'var dlodeJeft_boundary,dlodeJlght_boundary:realj Il del1Rlts diode 1) 

var 1eft_dlode_boundary,nght_dlode_baundary:realj lf edgf! of left/flght 
adjacent diode 1) 

var bl)eft ,blJlght:realj 
var Integrate(response:array[O .• 2,0 .. 501 of real; if records Integrated 

response of diodes 
over aIl lIage 
posltIons l ) 

External functlon left_zone(ll,left_llage_boundary,rlghf_llage_boundary, 
left_dlode_boundary,dlode_left_boundary, 
bl_left:real):real: 

external functlon central_zonelll,left_llage_boundary, 
rlght_llage_boundary,dlode_left_boundary, 
dlode_rlght_boundary:real):real; 

external funrtlon rlght_zonelll,left_llage_boundary, 
rlght_Ilùge_boundary,rlght_dJode_boundary, 
dlode_rlght_boundary,bl_flght:reaI):realj. 
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begln 
n: :50j 

,llage_ludth:=IOj 
o 

whtle uage_wldth {= 30 do 
begln 
llage_separatlon:=2j. 
"hIle liage_separation (= 50 do 
begln , 
l.agel_Iefl_boundarY:=-1.age_~eparatlon/2-llage_wldth/2; 
llagel_rlght_boun~arYl=-I.~ge_separatlonf2tl.age_Mldth12j 

Ilage2_left_~oundarY:=lmage_separatlon/2-1œage_wldth/2j 

llage2_rlght_boundarY::lmage_separatlon/2 t ilage_wldth/2j 

for Iteratlon:=O to n do 
begln 
for dlode:=O ta 2 do 
beglr 
dl odeJeftJoundary: =dl od~25.1I-b. 5;' 
dlode_rlght_boundary:=dlbde f 25.o+6.5j 
left_dlode_boundary:=dlode t 25.0-1B.5; 
rlght_dlode_boundary:=dlode t 25.û+18.5; 
bl_1eft:=-œ2 f dlodet b2j 
bJ_rlght:=a2t dlode t b2; ., 

Integrated_response[dlode,lteratlonJ:= 
left_zone(.I,lmagel_left_boundary,l~agel_rlght_boundary, 

left_dlode_boundary,dlode_left_boundary,bl_leftl t 

centrdl_zone(al,llagel_left_boundary,llagel_rlght_boundary, 
dlode_left_boundarv,dlode_rlght_boundarylt 

rlght_zone(ll,fmagel_teft_boundary,llageJ_rlght_boundary, 
rlght_dlode_boundary,dlode_rlght_boundary,bl_rlghtl t 

left_zone(ll,llage2_left_boundary,llage2_rlght_boundary, 
left_dlode_boundary,dlode_left_boundary,bl_leftl+ 

central_zone{~1,1.age2_left_boundary,llage2_rlght_boundary, 

dlode_left_boundary,dlode_rlght_boundaryl+ 
ri ght_zone (III , lIIage2J ef tJoundar V ,llage2Jl ghtJoundary, 

rlght_dlode_boundary,dlode_rlght_boundary,bl_rlghtl; 

end; (f End of 'diode' leep. i) 

Ilagel_1eft_boundarY:=llagel_left_boundary+l; 
llagel_rlght_beundary:=llagel_rlght_boundary+lj (f Shlft liage 

1 'leron. Il 
Ilage2_left_boundarY:=1Iage2_left_boundary+lj 
llage2_rlght_boundary:=lmage2_rlght_boundary+l; 

end; (t End of 'iteratIon loop. Il 

IIfltéln('hage 1I1dth = ',uage_"ldth:3:11; '" 
!lnteln( 'liage separatIon = ',uage_separatlon:3: Ji; 
!In teln; 

IIrltetn('lteratJon':lO,'dlode O':9,'dlode 1':10,'dlode 2':10, 
, 1 RRO' : B, . 1 RR l ' : 10) ; 
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for Iteratlon:=O ta n do 
begln 
IIrltehteratton:5,' 'J; 
for 'dlode:=O to 2 do 
IIrlte(lotegrated_reSPOnSe(dIOde,lteratl~nll 
. (2fuage_wldth):5:3,' 'li 1 

If lntegrated_response[l,lteratlonl > 0 t en~ 
IIr 1 te (1 n tegrate(response[O, 1 terat Hin 1 { 

Integrated_response[I,lteratlonl:2:3J 
elsellnte(' 'li . 
If Integrated_<fesponse[2,lterahonl ) 0 then 
IIrlteln(lntegrated_responsetl,lteratlonl/ 

Integrated_re5ponse[~.lteratlonl:IO:31 

else lin teln 
end; 

wrltelnichr(121)i 
,llage_separatlon:=1Iage_separatlon+2 

end; (f End separal!Qn loop fI . 
Ilage_wldth:=lœage_lIldth+5 

end; (* End uage)Hdth loop lit) 

end. (f End of prograll 'proflle3'. 1) 

\ 
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Apptm'di )( M Three Dimensi'enal Plotting an~ Spectrl:1m Acquisi&ion -
il ".: o. 

• • '1 

li 

progra. PLOT_3D; 

(f This progra. aCQUIr<!5 up to ten 1024 p.<llnt PDA spectra an~ 
plots the senes ln 3-D. fI 

"1\ h-
const ll\ UFFSET :: 10; 

y OFFSET :: 96 j - , l type .' 

DI1TA.ARRAY :: arrayll: 1 D240) of 1 nteg~r: 

var 
I,lOJes, 
NUM}ER_SCAN 1 

NUl'I)CANS, 
NUH}OINTS, 
FIR5T JO}LOT, 

'LA5TJO}LDT 1 

X_SHIFT, • 
Y_SHIFT, 
Y.ll1N, 

,1 

~ 

y J1AX, 
X_RAm, 
Y.TEMP 
THE. DATA 
DARK 
DATAJILE 

Intege/j 
DATA.ARRAY; 
array[1: 1024] 0/ 
: Flle: 

Integerj 

DARKJILE : Flle; 
DATE string[SJj 
COH_CH,D~RK.CH : char; 0 

EXT : strlng[31j 

functlon YISCAN,PDINT:lntegerl:integer; 
begln 

'\ ~I ,. 

\ .. ~ t ~ 

y := THE.DATA[(SCAN - 11 'NUM}ER_SCAN t POINTl: 
end; 

\ 
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.. 
procedure PLOT_Ili' 

" 

var 
POINT, 
SCA'N, 
FRONTJCAN, 
BACK_SCAN : Integerj 

begln' • 

" ' 

... 

y -'lAI : = 2548: 
Y_"IN := Oi 

Nrlt/d'Enter nUllber of seans : 'Il' 
readln(NUM_SCANSI; 
Nnte('Enter number of pOints per scan :. 'li 
readln(NUM.PER~CANI; 

mte('Enter flrst pOint ta be plotted : 'l,: 
read)n(FIRST_IO_PLOTlj 
mtet 'Enter last pOInt ta be plotted.: '1; . ---' 

, readln(LAST_TO}LOTJ; , 

for SCAN := 1 to NUM_SCANS do 

\ 

for PO INT : = 1 ta NUtI.,PER SCAN do • • 
THE_DATA[(SCAN-ll J NUM}ËR.SCAN '("POINTJ := Y(SCAN,POINTl­

DARK(POINTl t 
500: 

for BACK.SCAN := NUN_SCANS dOl/ntD 2 do 
for FRONT JeAN : = 1 to lBACf.' S'CAN - lIdo 

begln 
Y_SHIFT := (BACK_SCAN-FRONT_5CANlfY_OFFSET: ' 

-, 

I_SHIFT := (B~ck_scan-FRONT_SCANlf X_OF~ETj , 
for POINT := FIRST_TO.PLOT ta (LAST.TO_PLOT-((BACK_SCAN-FRONT_SCANI 1 X OFFSEHI do 

If (Y(BACK_SCAN,POINTI+Y_SHIFTI ( Y(FRONT:SCAN,POINTtX_SHIFTI then 
setblt(THE_DATA[(BACK.SCAN-11 INUM.PER_SCAN+PpIHTJ.151: 

'/ 

IIrlteln('Scan ',BACKJCAN, , has had features hldden by scan FRONT_SCAN, , reloved'l; 

, end; 

X_RANGE := (LAST.TO.PLOT-FIRST.TO.PLOT) + NUN_SCANS 1 X.UFFSET; 

Y_MAX := Y_MAX + NUN_SCANS f Y_OFFSET; 
Nrlte('Turo on aux port and hlt return'I: 
readlnj 
mte(chr(27),', 181;: 17:' ,chr(271,' ,N; 19: '); 
Nnte('SC' ,-5. X_RANSE dIV 100 ,',' 1 X}AN +:; f X}AN6E diV 100,',', 

YJHN -5 f (YJIAX-V)HNI diV 100,',',Y_MX t 5 f (Y}I,AHMINI diV 
_ 100, '; 'l; 

/ 
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for SCAN := ! ta NUM SCANS do - '\ 
begln '" 

X.SHIFT := (SCAN-!)f).OFFSETi 
Y.SHIFT := (SCAN-IlfY.OFFSET: 
Nr 1 te ( 'PU' ,1 + X _ SH 1FT , , , , , y (SCAN,! )+VSH 1FT, , , '1 : , 
for POINT := FIRST.TO.PLOT to LAST.TO.PlOT do 

begln 
~ If tstblt{Y(SCAN,POINTl ,15) then 

begln 
[lrblt(THE.DATA[(SCAN·l) fNUM.PER.SCAN+POINTJ,15); 
~n te ( 'PU' ,POINT+XSHIFT, , , , , Y(S~,POINTl +~SHIFT , • , '1; 

end • <. . . . 
el ~e \, . 

Hrtte(POINT+XSHIFT,',' ,Y(SCAN,POINTl+YSHIFT, 'PD, '): 

READL-Nj 

end; 
erid; 

end; 

begin 

IIrI tel 'Enter date far expenlentaI data (e. g. FEB22/841 :'); . 
readlnIDATE): ' 

repeat 

~ 1 

Hrlte('Do you wlsh ta Acqulrt, Dark, Plot, Save, Load \~C ?'): 
readln (CONCH) j 

case CO"CH of 

'D' , 'd' : beg 1 n 
Hf de ( 'Laad or ACqUl re dark' 1; 
readln(DARK.CH1i 
If IDARK.CR = 'l') or !DARK.CH = 'l') then 

begln 
a55lgn WARK.FILE,concat('B:' ,DAr'E,' .DR~')l: 
reset(DARK.FILElj 

bJockread(DARK_FILE,DARK,IO.RE?, 2048, -1 1; 
Ij ID_RES (> 0 then G 

wrlteIn('Error Ioadlng dark '1;' 
end 

else 
• begl n 

... 

wrlte('Ready to acqulre dark scan, press return ~hen ready'): 
reddloj 

mteln!'Walttng for dark scan')i 

6ETPDA(addr(DARKI,lÛ24Ij 
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A' l'a 

" 

1 

aSSlgnWARKJIlE,conciltl'B:' ,DATE,' ,DRIC)); 
reKrlteIDARK_FILE)i 

, . 

blOdWr1te!DARKJlfE,DARK,IO}ES, 2048, ,-1 lj 
If ID_RES () 0 then 

wrlteln('Ertor sàvlng dar~ 'lj 
end; 

cl ose mARK J 1 lE~ IORES,I ; 

end; 
, 

:(gln 

" wntel'Enter number of pOints COIH19: 'lj 
readlnINUH_POINTS); 

wrlteln/'Data Acqulred')j 

end; 

'P','P': PlOTJTi 

.J 

"rlte/'Enter data set extension: 'li 
readlnlEXT); 

asslgnWATAJILE,concat( '8:' ,DATE,',' ,EXI) l; 
rewrite/DATA_FILE); 

blockwrlte/DATA_FILE,THE_DATA,IO_RES,1024~f 2,-1); 
1 f 1 () 0 th en ' 

beglO ..f 
Wnteln('Error ln I/rltlng flle'): 
ex! tj 

end; 

closeIDATA_FILE,IO_RESlj 
If 10 RES = 255 then 

wnteln('Error c10slng flle'li 

end; 

I/rltel'Enter data set extension l'); 

rearlln (Em j 

ilsslgn (/qATAJILE,conCilt( '8: • ~\E, ' •. ,EHl); 

1 
/ 
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blockread!OATAJILE,THE_DATA ,I(RES,10240 t 2,-1); 
1 f 1 {) 0 then 

eXl tj 

else 

b~gln 

!inteln ('Error ln readln\flle'}j 
eut; 

endj 
close(DATA_FILE,IO_RES1; 
If JO_RES: 255 then 

Hrlteln('Error closrng fll(l,;, 
end; 

" wnteln('Jllproper selection try agaln' 1; 

end; 

unttl falsej 
end. 
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