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;  ABSTRACT :

g

N : , S \ ‘
The repﬁhcement of the photographic Spectrograph by '

tﬂg electronic direct reade@ has greatly improved the

‘quality of elemental analy51§ by atomic emission
- b

spectroscopy.’ In making the Change, two useful
characteristics of the spectrUgraph were lost. eseywereA

the relative ease with which new analytical problems could

-

be tackled, and direct 1nformabion about the background

W

against'which the intensity of a spectral line was

N

measured. ' Both of these losses were due td the”

I

repf%eement of a detector measuring a contlnuous spectral

range by a series of discrete, 51ngle wavelength

detectors. I %

v i

The photodiode .ar ay 1s a solid state qmaging dev1ce,
and when it is used/ as a detector as a replacemént for the
photomultiplier tube, it allows the measurement of a

Spectral window rather than just a 51ngle line, This
restores the versatility and knowl]edge, ~f the cpectrnl

Bl

background previrusly lect. S

The de51gn, construction and testing of ‘a direct
reading 1nstrument based on short segments of photodiode

u

array are described. “Detection limits for_the array are

v

shown to be approximately equivalent to those of the

photomu]tiplier tuhe system.
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) A technlque 1s developed for- controlllng, and v B o
recelving data’ from Several photodlode atrays w1th a . .
. “_.‘J
single microcomputer.. - - i L. %?: , ‘
The new instrument demonstrates solut1ons to some of " ‘
the background problems of the d1rect reaéer. fIts , . ;
& i : ‘ ¢
% : !
versat111ty as an analyt1ca1 tool is demogstrated by its : fig
rapld adJustment to - solve an an&lyt1ca1 problem.
Finally, the problems‘assoeiated:yith the new system
: ' - . |
are described and suggestions for their solutron»proposed \l
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" CHAPTER I

“e-

INTRODUCTION

1. The Direct Reader

.

The direc£ reader is a specttémeter~for determin}ng
the concentraﬂ!ﬁhs of several eiements by simultaneous,
" direct measuremeht»of the intensities of their atomic
emission spectra. k

The specﬁral intensities are measured elect;onically
and converted to numerical values which are relatéd to_tha
elemental Eoncentrations; gll without the aelay of fugther
proceésing. Tﬁis is in contrast to the épectrograph thch
requires thé ti%e—consuming processing of photégraphic“ '
film and subsequent skilled interpretation;

The electronic recording of atomic emission

intensities was forcast by Harrison in 1940 [1]. Earli

experiments were made by Duffendack im 1942 [2] whovfound“

that a Geiger counter could be made to respond to that
part of the ultra violet region with wavelengths below 260
nm. By 1945 Saunderson [3) was investigating arc spectra

using e€leven photomultiplier tubes.

L
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The photomultiplier tube based direct reader, as
illustrated by,Figure 1, has become the standard |
instrument for the routine measurement ;f atomic spectrai
nintehéities. To do this, it had to show considerable |
advantages over the already establiéhed”photography based

i

spectrograph. ’These Q!&e:— R
i. The analytical results were available immediately.
ii. The reéults were obtained by a less skilled
operator.
iii. A higher raté of sample throuéhput.' -
iv. Supé?ior accuracy. |
v. Superior precision.
'vi.. Grgijﬁy increased lihéar dynamic range.
The immediate availability of analytical results is very

Ky

important to metal proce%sorsiwho réquire such information
before making a'Caét{nq }4]. The lower level of skill
needed in the operator combined with the higher throuqghpur
;f samples rvedunces the cnst of analysis\[4].

The <superior accuracy, precision éﬁdxlineaf dynami
range of the direct reader changed atomic emission g
spectroscopy from'a qualitative, or. at hest a sewmi-
quantitative, analytical method to a quantitative one.

The accuracy impthéd from about 10% for the ﬁﬁgcrrmqraph,
‘ \

with the use of internal standards and a skilled operator,

[S5] t~ 1% (6], Relative atandard deviatinns improved from



ENTRANCE SLIT

-

TO READOUT
ELECTRONICS

Figure 1. The photomultiplier tube hased direct. reader.
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a few percent [7] (about 10%) to 1% or less. The linear

.

. » - . .
dynamic range, “with respect to intensity measur®ment, ‘of

the épecﬁrdgraph is ‘limited to one ‘order ofhmagp;tude as’
‘the,intensity of a spectral line is meésured ‘
photographically. "Ln,cbntrast, the photomultiplier tuﬁe
has a linear dynamiﬁ range of seven orders of magnirdﬂﬁ ol
that the linearity of the direct reader is generally
limited by that of the spectral Qmiss;ﬁn source,

The direct reader has three major disadvantages when -
compared to the =pactrograph. Thesé are due‘po the
replacement of a detector cnvering a continlbous spertral
raﬁge by a saries of digcrere detogtore. A:pﬁﬁfﬁqraphiﬂ
,blaté G;pable of recotdiﬁg.lh,ono reanlution.elemente ia
replaced by a series ~f exit slits backed bQ

photomultiplier tubes capable of recnrding ohly.30 to RO

resolution .elemente f(onn por tube), Th ro disade oty

are:
i. Timitad and loﬁ-!-vi(‘O‘?\' N R B N
it tLack of voraarilit,
IR [LimiteAd h.—-\r:'l'q' IER2TE BEEATEE tioon

>

?. The Versatility Problem

With the spectreograph, detaction of an additi »nal

element involv~d the selecticn and auhsaquent

-

interpral aian f s snirad la apeetyal Tiee wirhin he

’

)
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wavelength range of the instrument. With the direct

reader it is much more difficnlt,

-

The'plaping of the exit slits in the focal piane has

to be very ‘accurate as théy are only .20-50 um wide and

have to be centred on the analyte line. ‘Addition of a

detector for a new elemwent without adverse effecs on those4¢

already in place requires technical input from the

s

instrument '« mantfacturer.  The ~lose packing of the é&ft*
slite is limited by the need for the slits to have -
boundar i es Angl particularly by the absoluﬁeﬂwidth of the
phnromulg@pliar tubes. Although a pairlof éiosely spaced .
speactral linee can be eeparaﬁed by accurately positionéé'_
plane.or prism shaped mirrors, close backing of the
defactors‘is alfiﬁitino factor 1in rha'éelection of
spectral lines. Tﬁp spectrograrh is a general purpose
instroment. The direct veader is almost always custom
ilt.  The user has e specify the elements t- be
analyzcé far, ¢r that are likely ‘e he present in al)
matyicne tn he inyeatigated, whan “rdering the
inntryyment, Th; tostrument supplier th?n must design the~i
dire r - ~ader fﬂcalfplann arrayv ko suit, tagidg info
reedunt hi,Jf* nun ]‘imité"';tn\q.

Tn nvqér f©~ return partially to the concept of

versatility, manufacturers haVé taken to fitting the focal

ntane with =lite + 5lit holder=e f~r most of the elements‘

o

.

Caet e
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usually soughf after, and supplying detection systems and

-
©

detection system optics, such as mirrors ard wavelength

selection filters, for those glements specified by the .

customer. In order to give the user some versatility, at

7

least one manufacturer has éombinod é monochrbmator with
direct ‘reader. Part of the light één%rated by fhe
'spectral.soufceJenters a scanning monochr~ma'~r that *an
-be preset to agy particular w;ve1enqth'hv an wp;}nrwv

- - . _
[8]< The single photomnlkiplier tube of the mono tymet oo

ia cnupled to the direct readapr olec tronjen anc an
o .

v k|
effective extra channel.

3. The_Backaround Correction Problef

Ancther maijor digsadvantage of direct readerae ‘a ' "
s ’
Yack nf dara on background ya'iaticon against wtoioot v
etrength of the emitainon line ~an he peazared,

The backgrounn:d yooaeld ar ey Yoy b ey PRI

i. Stray light,

ii. Spectral ivterfar- o~ \

3.1 Stray Light ,
Stray ]lghr has hron Laynadly 4 fied an “The nnwantad
radiation that reaches the detact~r v unintended way="

{o1. Tt is r~aused ty da'actg in the jinstrument which mn

he in the qualit. foo o g oo i he pesk F b e

inet v ypmant AN
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- When a master grating is madelon'a ruling machine,

“

the diamond cutting tip is advanced by a lead screw.

Imperfectlons 1n the lead screw glve perlodlc errors in

the spac1ng of the grooves on the grating and these are -

reproduced in the replicate gratings. Thls causes the,

formation of secondary 1mages, known as Rowland ghosts,

that are spaced symmetrically about the parent line

[10]. If the ruling'is subjected to an external periodic

5
v

vibration, the grating forms other secondary images cal
Lyman ghnsts at a large distance away from the parent 1
f1o01. - "

Light is scattered from the- surface of the gratlng

Near gcattar (hnlow 5 nm frem the parent line) ig the

led

ine

effect ~f random disturhances of the ruling mdchine. .Far

scatter (move than 5 am from the parent line [9]) is due

fo miernscopic imperfections in rhe grooves or the grat

blank. The diamond tipped cutter of the ru11ng machine

may Aafarm the edges of tho grooves as it‘makesvthemq-by~~<VA

, s
pushing up the material d‘splaced by the cutter, ‘And th
rouahness adds t~ the far acatter [11). Some gratings
now being made without the uge of ruling machines by

photoqraphacally recording the Lnterference pattern

montalned from;two heams of monochromat ic (laser) light

EEIEN -

& - pe

.. L. e " i ‘.:"““’h
{10]). SucH hctharaphtcally.recorded gratings do not

axhibhit ohosts and eonseqngntly have much 1ower stray

light laveld fhan rulaed qrat]ngs (9,10]. .

ing

-

is .

are

.



Apart from -the grating, there are other causes of
stray light ingide'ﬁhe diréct'readef light—prdgf box.
Reflection of both primary (undiffracted) and diffracted
light off the interior surfaces of the system can cause
: )

far scatter and general -background stray light. Because
they are directly in the path of the spectrai line, the
edges of éxit slit; and the photomuitiplier-tuhes
themselves can cause scatter [9]). )

Insgiumental 1iné,broadenin§ ié caused by the finite
width of the slifs. optical misalignments and optical

aberrations. This can-cause overlap of clnsely spaced

spectral lines (91, : Y

3.2 Spectral Interferences
Spectral interferences are generated when light

generated by a spectral source is processed by an ideal

T L .
e r PR

grating. There are two classes of -

R L

e~

,,ia--;P}Bdaéed'byﬂthé gratipgg, where the interfering’
radiation will have a different wavelength to that of
the analyte line,

it. Produced in the spectral source so that the
interfering radiarion haes tha game wavédlength as the
analyte line.

I 4
The grating produces multiple orders of <epectral

“1ines and these are rovtinely used hy direct readar

dedigners to help c~vercoeme deractor gpacing erHlomé.

M .

spectral interference:=
LN

7



‘Wavelength selective transmission filters are used to

dlfferentlate between the various pr1nc1pa1 orders. The

.

grating alggzkorms secondary 1nterference maxima of much
lower 1nten51ty than the pr1nc1pa1 ones., These may become
significant in the future as instrumental defects are

eliminated but at present they are of little significance

(12].

-

Spectral interferences produced in the spectral

source are a much more serious problem as they have the

same'wavelength as the analyte line but are generated by
: \/

' other specfes. The other species can'be-part of the

carrier or excitation system of the source, or they may be
concomitant species supplied by the analyticalssample

matrix.' Carrler generated 1nterferences are ‘source
- -7 - , L - . — o ] [ T LI

dependent aad ‘may be ef'a moledular nature., For exampdey»

rvrm/«\_f\
cyanogen bands may be generated hy a DC .arc source, C2 and - '

. e ~
[y

CHB bands by a flame souree and n1tr1c ox1de bands by an
induct1ve1y.coup]ed argon;plasma._ Addltlonally, all
systems where an aqueous solution of tne eamﬁle is
rebulized generate hydroxyl bands.

The atomic emission lines for the elements in the

carrier a]so occur in the spectrum,'often with. vaciable . - ~ . ..

- g .

lnrnnqxfxes. anmpleq afpe’ carbon 11nes "n- DC”arb'and e e e A

argon Iinés with the ICP,



J

Concomitant generated interferences are of several
kinds; " These are direct line otetiap;'wing overlap, and(
with the indnCtiQely coupled argon plasma source, -a
recombinatioh continua (13]). Direct line overlab oecure
where a concomitant element has'abspectrél line too close
to that of the analyte for the instrument to regglve.

W1ng overlap occurs when the - conc0m1tant and analyte lines

can be resolved but the spectral proflles of the lines

overlap sufficiently for the intensity of ‘the analyte line’

to include some portion of that of the concomitant.
Recombination continua are generated by the radiative
o . . -

recombination of certain metal ions with the high

7fconcentnat10n~of electfons in the argon piasma. Strong

- . ——

contlnua are. formed by magnes ium, calclum and alumlnum

that alter spectral base lines below '250, 302 and 220 nm

respectlvely [12],1‘ o ”{f S . '

»

. The major“prdblem‘of concomitant generated
vinterference is that the concomitant concentrations are,
like those of the analyte elements, part of the unknown in
the analyte sample. When concomitant species ate in much
higher concentration than the analyte, they can cause
special"prOblems. - A spectral line of . an element, present
‘at "a trace level, can suffer over]ap From a minor spectral
{ine.qf_the‘eoneomitant Mhat only becomes significant

because of the great differences in the concentrations.

10



11.

Large concentrations of strongly.emittihg eoncomitanté afee'
also thebmajor sources ef instrumental stray light.
; g .
In summary, the light intensity detected for the
analyte speétrél line may not be proportional to the

analyte concentration because it is measured against an

unknown and variable radlatlve background.

4, Curreéent Background Correction Methods

Current methods of correcting for background
radiation can be described as either off-peak or on-peak

methods.

4.1 Off-peak Methods

Off-peak methods are made by sampling the background
on one or both sides of,an analyte line, just outside the
instrument band pass. -

For example, a direct reader with an exit slit 50 wm
wide and a reciprocal dispersion of 0.53 nmvpgr mm would
have a band pass of 0.0265 nm and the background woulq be
sampled at line ¥0.034 nm [14].‘ The correction is made by
altering the angle at which the incident light meets the
grating, so that all of the detectof channels are
effectlvely Shlfted of £ all of the analyte 11nes by the-

same distance, and then taklng a second set of 1ﬁten51ty

measurements,



-generaiusirayslrght;f The - specxes causang the b@ckgxpund

f:need oL beaknown.. It,cannot correct for spectral 11ne~

O

o

One'of tso mechanisms is generally employed, In'ene,
a qnartz;refrector plaﬁe located just behind the entrance
slit of the dife&% readef is rotated.to~shift the
effective position of the slit sideways with reference to
the grating. This requires a high degree of precision in
the. control of'the angle change and may changegéhe level
of light transmitted duejto the change in refiectivity'at
the plate surface es it is turned [15]. The other method
involves physiéally moving the entrance slit sideways.
This again has to be carried out with precision and gives
rise ﬁo Fhe problem ;nat tne same portion of the plasma

source is no longer being sampled. "It has been shown by

- Blades and Horlick ([16] that the intensity profile of the

Spectfel lines emitted from thelplasma is laterally
position dependant so fhe background measurements mey be
inaccurate. | (‘ |

Off;peak correction requires an extra measnpement at
eech detector. As these must be at different times, it
requires that the source.be a stable one such as an
inductively coupled plasma using nebulized$sqmple.

solutions. It corrects for contlnuum radlatlon and

Soar L 0"\

.o

. ,,;.

)

PR

‘zfoverlap and 1s very vulnerable to the presence of an-,,;ew

“.un&nt1c1pated Irne 1nterference on’ any bf*the anaiyte-‘~5s ot

Lt e - BRI ey et

'?channels. “»“-~,73~»'”":*«7-? - ‘1'; T

“. o o=t R L PR A N - ,'..(r . R I VU [ P .
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4, 2 On-peak Correctlons-ﬂv.frﬁ' ; - ‘_'.': - o

On—peak correctlons are more compllcated. Prior to

- ? N R RN

—the'analysrs;-the response of all detector channels is:

apparent concentratlon of analyte agalnst actual

o controlled ﬁﬁj

‘0-.—

w e

]

obta1ned to a range of concentrations of the concom1tant"

"--‘lvl‘
fog e o e v wn e T A

- elements._ All llkely concomltants must be consideredu.r, . i -

R i

Workxng 0urves are prepared for all channels 1n terms of .

4

concomltant-concentratlon. During the actual testlng of

the anaLytical sample, measurements of the concomitants

are obtained on separate channels and the corrections

calculated from the working curves and subtracted from the

analyte values. However, in order to do this, the
interfering concomitant must.have its.own channel on the
direct reader. That is to say'that it‘hao'tOsbe
considered at'the:time the.instrument was orderedf This
is the reason for specifying ‘all the analytlcal ‘matrices
to be tested when the focal plane array is belng de51gned.
Provided that a}l of the concomitants are determined,

on-peak correction is more accurate than the off-peak

method. It is the only way to porrect ﬁor dlrect Spectral -3*

. -
Ap‘.,"_b . = ] .

. overlap.f It requxres that the p051t10n of aIl the“let

,‘.-.T"‘" -
v'..‘-_. .

sl;ts be stabrllzed w1th respect to tQp d1ffract1on

Le -~

gratlng ahd the entrance Sllt.ﬁ Thls requ1res that the

s .-..;g,:..-.-; -

temperature of the 1nstrument be thermostatleally

[ T "SR

¢ A e
-~ e,

- . . h . e L
I S . . g
P



7and dlvertlng the backgro&%d for measurement.

T

iThembackgroundvcorrection problem was forseen while
the 1nstrument was in the early 'stages of development
Hasler and D1etert [4] forecast the problem in 1944_and'

Saunderson [3] attempted background measurements in 1945

"uby u51ng a wire - tp d1v1de the exit sl1t 1nto two parts,

1 Ve LT T, VU a.

:.;LfmThe.off—peak correctlon method requ1res two, or three

14

sets of measurements for]eachﬂanalysis.,*An”alternatibe is

to scan across . each analyte line to get a proflle of the

a

line and its background in® the 'same manner as the -
dens1tometer readout of a.spectrograph. phqtographlc

plate. Brehm' and Fassel [17] used such a scannlng

technlque in 1953 because of problems in locatlng spectral

llnes espec1ally when the temperature of the 1nstrument

4

changed. A similar approach has led to the development of

a possible.rival to the direct reader,rthe sleW—scanning

monochromator. Here ‘a single exit slit and photo-
multipl&er tube is used’and spettral lines are detected -

sequentially rather than simultaneously The. gratlng of a

f?monochromator 1s qu1ckly turned so that the detector

Lok e

'Q,[recelves each llne 1n sturn [18] The rotat1on of the .

'gratlng 1s fast (slew) from one llne to the next and then

EI o e ,‘x

”dslow as the proflle -of " the' llne is scanned It then slews
Ku".' 'yw Q.r' '\“a a‘{

'to the next llne and 80 Oﬁfﬁ The system depends K2 ARERIE N

- A
v

fﬁaccurate and fast control of the gratlng rotatlon durlng

-
.

.
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‘ both slew and scan processes.

:sxgnals.sn;

”1n e1ther .one or two dlmensaons.v The use of a 51ng1e

i - ;

'Lhas that glven by the Inductively coupled‘argon plasma

- R ] - ..v,. S

. . - - ‘
- o e e s,
PR w ’ . B

_ (ICP) u31ng analyte solutlons.J'It cannot handle tran51ent

P

.
LY

TAC major re earch fleld in ICP Spectrometry is. the!d

removal of the sample dlgestlon and dllutlon step from the

analytlcal procedure by - direct sampllng of solld
ahalYtes.,,Insteadfof'the'steady signai leQei.obtafned
from a cohstant analyte solutlon flow, these methods glve
a qulck intense burst of s1gnal All analyte spectral

1nten51t1es must be measured simultaneously and this

o . J

”requlres the dlreet reader used wlthout the optlon of off—‘

peak correctlon methods and certalnly not the slew scan :tfftﬁ*‘”‘

system. . R , C _ o e

5. An Alternative Approach

Ip order to regain the versatility and knowledge of

backgrohnd leveéls possessed by the spectrograph the

photographic plate must -be replaced by a spatially 1

cohtinuous“detector, such'as an electronic imaging devic

‘not by a series of dlscrete single measurement: detectors.

Eleetroﬁlc 1mage detectors are avallable conflgured

.“_‘,»o“’la.& & \... o~

-

-gratlng ‘ag & spECtral dlsper51on dev1ce suggests the use

WL



: of a one . dlmen51ona1 imaging device such as the linear

,where‘a coarSeiy ruied blazed gratlng generates high'

. .. - . ; A- ."- v.. ) N M . o -
. PURE - o T - - - . - . ]
at& v, e e . R o, h 7-3-.“
. . . o, e =
S - . . - S - R
. - . , s Do

photodlode array. Two d1men51onal dev1ces such as the

Vldlcon are more su1tab1e for the echelle spectrometer,

e m . ’

orders of_spectra tba} are then order sortedsby a crossed-

fial image pattern. Such’a system

has;oeen built by Wodd [19].
~ Vidicons are read out using an electron beam directed

by scanning electric field coils and are subject to lag

: and bloom. Lag involves the carryover of signai from one

readout scan to the next due to incomplete recharging of
‘ ~

the sensor during readOut 120,21]. Bloom 1nvolves the

'transfer of a very 1ntense 51gnal over adjacent channels-

-

- due “to the OVerSpllI of photon generated charge [22]

Oon the other hand, llnear photodlode arrays utlllze
solid state switching readout. Because they are fuily-“
recharged in less than 1 iis, they do not e;hibit lag
[23]. Blooming ts also less of a problem: Tt is

suggested by Talmi and Simpson [23] that charge spillover

with diode arrays is a gradual process,  proceeding one

diode at a time."

-

The self scannlng linear:. photodlode arrays have: been

used for spectrochemlcal measurements for several years -

[24]. Some of the early app11cat10ns were in astronomy

~

where they were applied to low llght level



'Spectrophotometry:f?51.7 All of these app11cat10ns have-

)

,1nvolved one (or at ‘the most two) [26] photodiode arrays

R
L]

‘lQCated in- permanent f1xtures.‘ Dlode arrays are .- S e :

i B
T mt

relatlvely small, flat dev1ces._ The largest array of the
"g" series designed’ﬁor spectroscopy has 1024 diOdes

)

"coVééihg‘é sensor length of 25.6 mmt,'ConSequently a 4

<

;EEQ}e array cannot cover much of the focal plane of a
d

-/

"1Figdr§f2l;is;given‘below: el - ‘1>~?‘5f50“'

which light from an external spectral souree passes

irect reader which'may'be 1 min length. Even 1f much

longer arrays were available, they would have to be curved

to conform to the ~shape of the focal plane of the d1rect,
reader\~ﬂSeveral,small, moveable arravs must, be .used- - - " 7
instead.

< The edncept of such'an_instrument,{illﬁstrated“EY”"”4'

L . ! [

A normal direct reader optical system 'is used in. =~ -

s

through a single entrance slit and ill{minates a single
concave, reflecting, diffraction gratihg; ‘This grating

both wavelength dlsperses and refocusses the llght 1nto a.

series of wavelength separated 1mages of the entrance Sllt

°

r

that are focussed on a curved focaleplane.:‘ln a . ..

f - ™
1tradxtaona1 dlrect,reader, these images would be ... -- -£Y>f/{:”‘

}nd1v1dually selected by a ser1es of exit sllts and the

llght from each. transferred by Smele secondary optlcs to

the photomult1pl1er tube detector.~ In the conceived

P ) .
PR ' . i c -
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Figure 2. A diode array based dir~ct reader,
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Ssystem, the secondary optics are discarded and short
-photodiode arrays placed direétly in the focal plane. The
:diodé arrays are posftioned along the focal plane so that

~ each one detects a spectral window which 1nc1udes atomlc

emlsslon of one, or more than one element. The arraﬁ%’are
mounted with the ]bngest dlmen51on of the dlodes (helght)

parallel to the entrance slit images and each 1ﬂdlv1dual

dlode samples a d1fferent wavelengbh. The whole array .7

EN
e A
ER v W

thus gives spectral intensities over a-wavelength wiﬁddw

1nclud1nq the" analyte slgnal and the nelghbourlng

.background ’ o .

'Each diode array is individually controlled ahdnbés“jff:~f*

data output 1nd1v1dua11y processed._ In draér'tc.achfeVéf'V;f

'Versatlltty the diode arrays are :capable of be1ng moved

anywhere on the diract reader Eocaliplanefsubject to the

Fp—
-

restriction of thedy size and that of their immédiate
Firt—ihgs.

The instrument can be Adjustad to new applications

4

quickly becauce the window of the photodlode arrays makes.

speé@ral line location fast and easy. Backgrounds can be

-

measured directly in the same ahalytical determination as
the analyte signals. Signals from different photodicde

arrays can be interrelated to correct for direct spectral
overlap. Once the arrays have been pnsitioned, there are

no moving parts to consider. Transient signals'i@e
o : _ . \

measured as easily as steady signals, -

LI M
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‘This project covers ihe design andlbons;ruction of oo

"such a_system and its evaluation as a direct reading

.

~ . “,J’ N e
spectrometer., ’



CHAPTER II S

-

’

THE BASIC COMPONENIS OF. AN EXPERIMENTAL DIRECT READER

o
N
« [

.
\

W

A direct reading spectrometer has the following basic
parts.
1. A- source of spectral information.

2. A system for dispersing light according to'iﬁﬁ-

wavelength. /

A series of light detectors and transducers:

4. A data héndling system, -

The Source of Spectral Information

4

[}

The main spectral source was an Inductively Coupled
Argon Plasma (ICP) as described in Appendix 1. “Ahalyte
ganame was introduced into the élasma’using a glass

concentric (Meinhard) nebulizer. Because tRe ICP was not

ATwayas availahle,

*

or degirable, three other spectral

s nes were occasionnlly veed. These were:—

N Metrologic, MC 650, helium-nenn laser,Hgéﬁﬁng‘an

intense spectral line at 632,8 nm, \gg%n."‘
ii. An Osram Spectralampe, cadminm discharge’ lamp.
\. - - . . . . e ‘ .
iii. Sevéral atghie ab orpt ion -type hollow'.cathode lamps. ’
. @ / B' v ] :’” f . f"'»,'{y:; 1_" . 3 .
' 5 o ’ - .. X
e
21 ' =
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TheéLight. Dispersion System £

4
The'diépersion sy;téﬁ was'originally a. Jarrel-Ash

Companxg'Compact Atomcounter that had been desighgd prior

‘to‘IQél; fhe'Original arc type spectral sources, the

bhotomultiplier tube detectors and the measurement

“electronics were removed and discarded. The light4proof

(dérk) box was mounged on a steel ffame so that the ’

entrance slit was 51.5 cm abové‘the floor. This was to

.make it-compatible with available spectral sources that

are mounted at thatiheigh#.‘ The'following fittings'afe:'

retained with the light-proof box:-

i. A 25 um wide by 1.8 cm high fixed entrance slit with
a sliding shutter mounted in front of it and a
quartz refractor platevmounted behind it.

ii. A concave reflective diffraction grating 6.3 cm wide
by 4.1 cm high with a radius of curvature of 1.5m.
The grating ba= 1,180 grooves per mm and is blazed
for 360 nm. A

iii. Thé exit slit m%unting rack in the ?pproximate
positiohiof the focal plane of,the diréct‘reader and
the photomu]tiplie% tube mounting racks (Photographs
1l and 2). The exit slit'mounting-rack has a metric,
Steel meacuving tape attached as a positioning

anide,

- e a 3 s . e .
7 ?ﬂf " ot <t B . . ;

22
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Photographs 1 aﬁd 2.
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The focal plane area of the dlrect
reader.
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e e = e . -: ° -The tonfigUration is known as-the. PaschenTRungs: méunt’

and is based on the Rowland circle principle'(Figurés 1
and 2). This uses a concave reflective diffraction

grating with a radius of curvature equal to the diameter

to the spectral focal plane ppposite thé'grating fs 1.5

m. Light, from a poihﬁ sodrce on tﬁe circumference of tHe

Row}andicifcle is dispersed and re—focussed-by the concave

gratihg to images along.the circumference df'ﬁhe'saﬁe'

circle [27,281. It is a simple optical system as.it does

.- not require any optiéé} dévice; Within:thé instrument
othethhan the éingle chcave“rgflectivé grating. This
allowsvfull ffeedom iA the placing of detectors.

The reciprocal dispersion is given by:- T

_ a cos B

dx
dl nr
where: - g% = rate of change of lighf Wavelength with
éhange in position arou6d~the Rowland circle
a = grating ruling interval
n = spectral order. .
r = radius of curvature of the grating
R = angle'of dispersion of a particular

wavelength of light. - ";, -

- \ . : L
of the Rowland circle. Thus the distance from the grating

24
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0. 565 nm per mm d1rectly opp051te ‘the gratlng and 0. 540 nm

per mm at ‘an angle of dlsper51on of 17° (the 11m1t of “the -

.useful ‘arc of the 1nstrument) ‘The spectral range 1n

e . .o e s M - v .... o

first order is from 200 nm to 760 ‘nm based on the geometry_

of the 1lght—proof box.

3. ~The® Light ‘Détectot ‘and Transduger

T
e !

T

. , ‘ o

The Retlcon'“s" serles self- scannlng photodlode
e g '
arrays,prov1de 1nd1v1dua1 sensor elements every 25 um.

- Y
- 5

When thls is coupled with "the dlsper51ve system, the
.spectrum is sampled at 0 0135 nm to" 0 0141 nm 1ntervals.

. This is: 1ess than the w1dth of the. 1mage of the entrance

slit at the focal plaqgnof,the dlsper31ve system, vThe‘“S"'

series arrays were specially deyeloped for Spectroscopio

. . N :;"‘ ) l l . ‘ - . . . "
work -having an aspect ratio of 100:1 (2.5 mm high by 25 um
spacing) . so that they can sample large portions.of-the

slit images in a spectrometer. Previous types of '

- photodiode arrays were limited to a_detector height of 0.6

mm [29].

Slx 128 element arrays were obtalned (RL128S). “These-

were 2.72 cm' long with a Sensor w1dth of 3.2 mm and were

mounted as a standard 22 pin integrated cincuit. six
. . - R il
evaluation circuits #RC1024S-1 were obtained to drive and

handle'the outputs for each array.

T

o
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""«’d..

The dlodes con51st of bars . of dlffus?d\p\type 51llcon'

semlconductor set in an n- type 5111coh s?bstrate [30].

. -

A - ‘/d'
p- type semlconductor bar geqerates hole electron palrs,

thax dlrectly affect the . charge on that ﬁ”tyﬁb ﬁar. -haght».‘

e

~—

t ars

falllng on- fﬁe n-type- semleonductor generg;es hoLe—-';

. R

electron palrs whose effect is- shared by the adJaCent p—

type bars. The nearer p- type bar takes the 1arger portlon

B

i

i 4 - .
=

h e . .
6 e Yy EE s g g, 6B .

(see Flgure 3) o ST R (A

-The,dlodes are .operated in a starage. mwode. ' The p-n
‘mjung}ionsxarevreversefbiQSed"uthat is, to Say,'the nbtype

e

substrate is héid at.a hlgher Moltage ‘than theﬁp-type B

bars. In @hls mode... the gunctlon acts as a capac1tor,.ﬂA o mﬁ.'

I

Durlng the reset procedure the p type barswaré grounded 1)
that the capacitor becomes fully charged. - The p- type bars
"are then isolated from ground for a period of'tlmedcalled
the integratiohitime.; “

| Over ,this time period, the charge on the capacltor “-3‘
w1ll be reduced by the reverse current flow1ng rn the"' .
photodlode. This reverse current is due to both the
photo—eleétrically?genérated current and to dark fiied'
“pattern'signal. At the.end of the integratioh‘time, the
p—type bars are connected to a previously grounded video

line. The_charge on the p-type bars divides between the o

The whole detector 1s photosen51t1ve. ~L1ght~falllng°0n'a b

4 oo

26
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'v1ntegrat10n. - ‘ S

dlode and the v1deo 11ne and the resultlng change in the

e
is stlll held at the b1as voltage (+5 Vol s) the readout

4 "-{-o-wﬂu - « -

operatlon also recharges ‘the capac1tdr for the next

Lt

“The full charge on’ the capac1tance is 14 pC. When”

. vl - e - -

th1s has been fully drscharged e1ther by llght or by the

dark fixed pattern, theidlode is termed saturated&

t

L

3.3 Spectral Response of the Array .

The quantum eff1c1e y of the photod1ode 1n terms of

[}

‘_hole—electron pairs generated per photon recelve? is

iwavelength dependent with a max1mum of 80% at4650-nm

[30].' A plot of respons1v1ty ‘against Wavelength is shown

1n Figure: 4, Respons1v1ty is the ratlo of the charge lost

at saturatlon to the saturat1on llght exposure and has a

" maximum of 2.8 x 10-4 coulombs _per joule per cm2 at 750

nm. It decreases rapidly towards both the ultra—violet
and the _near infrared. .The quantum efflclency curve would

appear higher than the respons1v1ty curve at lower

’wavelengths due to the hlgher energy of the lower

wavelength photons. Recently data has been publlshed [23]

to show that the. quantum eff1c1ency decreases to a m1n1mum

”of 35% at approx1mately 270 nm and then increases to a. new

. b

max1mum of 57% at 200 nm.

)

‘o

:v1deo l1ne voltage is’ détected As the ndtype substrate o

Bl
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3f4v Readout
An equ1§alent c1rcu1t for the array sw1tch1ng system
is- glven in. Flgare 5 [30] Each cell,cons1sts of a
photodlode,and a dummy diode.- Certain switching
. vt e e
tran51ents are capac1t1ve1y coupled 1nto the v1deo
l;nes. These _same transients are 1ntroduced into the
video l}nesaoﬁjthe«dummY“diodes andjare,eliminated by
differential processing of the active and.dummy video
signalsa : . : ;‘. \ : “ | 1
. Scannlng of the array dur1ng readout is controlled by
two 1ndependent shift reglsters, one to address the odd

numbered dlodes and the other the even ones. Each shlft

register. 1s drlvenvby two phase clocks and, scanning 1s

v\1n1t1ated by a start pulse at. the end of the- lntegratlon

(tlme. The start pulse and the clock pulses are not

generated on. the dlode array but are supplled and .f v

~
'

cdntrolled by.auxlllary‘deVLCes, The use of separate
switching and signal handling\systems for odd and even
diodes is a potentialwsource of variability in the readout

signal processing that has to be carefully controlled
Fk

345 The Dark Fixed Pattern Signal

Dark flxed pattern signhal . decreases the charge on the
,diode capac1tance and has two origins [31]: (i) the
_1ntegrated dark current due to the thermal generat1on of

hole electron pa1rs and (ii) cross coupllng between the’
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SO ..video signal lines and the clock lines..

(i) In bulk 51licon ‘the den51ty of thermally'indUced

hole—electron pairs 1s glven by [25]

2

nT = 3.88'x 101§ 73/2 exp(-7015/T) per.cm3'
. “*".'wherebTwis the'abso1ute temperature (K 5..6The T3/2 termJ;

covers the change w1th temperature of’the den51ty of
allowable electron.states in the'conductance band of the

' semiconductoru It has llttle effect on the temperature
dependency of the hole-electron pair production unless the
array ;s operated at temperatures below‘-60°C [26}.

‘At temperatures close to ambient, the exponential
term'is very sicnificant. "In practical terms, the dark
current'is halved for a 7°C drop.in the operating .
temperature of the array. This is shown in Figure 6 [30].

In changing from photomultiplier tubes to photodiode
arrays, the.major loss is the approximately 10% times
signal gain‘of the former. To partially compensate for
this, the integration ;imes of the photodiode arrays must
be extended. 1In order 'to. allow this, the signal-due to

the integrated dark current has to be rediuced by cooling

to prevent. it from prematurely saturating the array.
(ii) The cross-coupling between the video signal and

the various rclock signal lines to +the arvray ie queated in



. .
)
.
”
' 1
1 . e
Al - PR //
D d.: LR
) *
J .
b . ) .- : |
' . . . -
-
‘
-
e .
-8 , )
10 —

10-10 N

0" |

10712 |

L

DARK CURRENT IN AMPS -PER DIODE

1 1 1 1 1 1
80 -60 -40 =20 0 20 40 60

TEMPERATWRE (°C)

Figure 6. The temperéture dependence of dark ¢




34

‘the liferaiure [23] as being of the order of 1% of the
‘full-scale rangé of the diode arra;% Due té the physical
féstrictions placed on ouf system, thislcross—couﬁling
became a major factor that had to he controlled.

3.6 The RC1024$ Printed Circuit Drive Board

4

The photodiode array is driven and ite output

Qproces:ed byﬂthis'circuit hg;rd which =suppliece the arrny

wi;h_the following functions: -

i, - ‘-Regularion and control of input drive voltages.

il An'oscillafor driven time base for the generation “
of all clock signals required for reéadont of the
array Aand subsequent signal proces<ing.

iii. An extenainn of the same time hase throuah 15013

. counters ' genevate the start pn1qn far reon’
. .
‘avft'.er the integration time hare m];.pcod{

iv. Synchronizaticn ~f cl-vek signal adges.

Converaion of tha TTI. haged clo~king siagn:=' e vy
199919 te drive the ayray ghift r1egiaterg

vi, Piffevential readout fay a;*i‘ﬂ and durmpremy Ve
for hoth odd and even sete of di,;'.wdo-

vig, Further sjgnal proceassing in luding combiining th
odd and even rend: at micnale dnta a ajpgle o)
output sig als.

R I Supply ngd contye . of a C vc\f::fr'war"l‘ c e )

Aga e I T B ,.\"" c gyt v Cav oy e

°



g

- Fa -

Cee ’

«3.7 The DiodevArray MOunting Carriagg_-.._ oo

The phy51cal 81ge of the RC1024Ss ?ogrdA(24 cm wide by

»

12 cm hlgh) does not allow 1t'to be considered as a direct

carrier forlthe,diode”%rray in the focal plane of the-

L

direct_réadért «h?carriagehwas built to carry the diodg

atray in the focal plane. This clamps'to theamouhting

"rack that previously carried=the exit SIits (Photographs 1

.and 2) where 1t can bq_moved .to any p051t10n (see Figure

3

T . ‘. -

7). He o | | :
The array pdsitibﬁ on tLé carrlage can, be adJusted to
and from the centre of the Rowland circle for: focu551ng

purposes and Vertlcally,to allow the array'to'be

positioned for receipt of maximim spectral line

hi%ntenﬁityt( It has nxotational adﬁustment about an axis

along the normal to.the Rowland circlélto align the diodes
with the images of the entrance slit in the direct reader'
focal plane, The whele carriage is keht aligned so that
the ahray ie tangentijal to the Rowland circle, by tyo
steel pins that ar~ held in rgptact with-the edge of the
meunting rack.

In addition to the array;: the carriage-catfies a
cnnling system that reduces the workin, temperéture of the
array and hence the dark current, .

The PCIN24S cireuit board is mounted close to the

farr:aoo, o A mBtal plate clamped to the racks that

~

35
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originally were used to ‘moun the.photomultiplief tubes
. ; N piRY L '

(Photographs 1 and 2). The array is connected

37

- electrically to the RC1024S drive board by a 22 wire .

) ribbon.qable,'37icm long, soldered to a socket on the’
array cértiage and to a plug that fits into the RC1024sS

?\ ) board socket.

3.8 Cooling Systems

[ 4
In order to reduce the dark current, the arrays are

cooled using thermoelectric (Peltier effect) heat puhps.

Two types of chlers'haygfséin used.

-

05L (MELCOR,.Materials Electronic Products Corp., Trenton,

NJ) are ‘packed behind theﬁarfay, between the two rows of

-t

. - @ . .
electrical conductors in the 22 pin socket. The cold

sides of the_ heat pumps aré in contlact with a copper bar -

that contacts the back of the array.:  The hot sides of the

pumps are cooled by;a'wgtef cooled coéper'heaé sink (see

J } Figure 8). Each of - the miniature pumps is capable of
7 . A .

/1) 'trénsfering\up to 1.56 watts.
(ii) A heat transfer bar is placed. behind the array
5 o
and connected to a copper-plate mounted above the grray..
The copper pléﬁé is Eooled'by two.CPl.4-71-06L Peltier
effect heat pumps (MELCOR) 'which are themselves cooled by

water cooled copper plates (see Figure §). Each CP1.4-71-

(i) One, two or four miniature heat pumps, FCO.7-12-"
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/

water cooled block
heat pumps
cooled copprer block

a “cooling water feed

b mask to control dry N,

c array .
d pins for attachment of heat pump wiring
e socket

f

g

h

<

[1 FC 0.7-12-05L Heat Pump Actual Size

figure 8. Array cooler based on miniature, Peltier effect,
S heat pumps. ’
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. .. - - “\.
. QGl, is capable -of 't‘ransfer‘ring 257\wattsi 'These -coolers
- can reach- lower temperatures than the miniature pumps but
rthey have to be cérefuIly 1nsulated to av01d water |
condensation and hence water saturation of the array
,socket.

| All heat transfer surfaces are coated with a thin
film of heat transfer paste supplied . with the heat pumps.

A stream of 1ow pressure {8-15 cm of water. head) dry

.n1trogen 1s passed over the active portion of the cooled
arrayagp prevent the formation of an ice layer. The
" volume of n1trogenhused as_kept to a minimum by covering:
ythe array with.a-plastic.pash.that»has a.hole opposite the
sensor portion of the”array. These masks are made of
4black.Delrin and partially shield the arrayvagainst stray

light.

4. Data Handling Systems

The following four data handling systems were used at

various stages of this project:-

i.~ A transient recorderfpreviously designed and built
in our laboratory [33]. ‘This'had-the capability of
subtractﬁng a recorded -background from a signal. It
could'record a signal at a high sample rate (44 kHz)

and later transfer that signal to an oscilloscope,



-

ii.

iii,

iv.

‘commercial- 12 bit analog.to ‘digital converter. It

”*values 1n a prlnted form.

'An AIM 65 single board microcompdter (Rﬁgkw§11~

[tY

effeCtively converting it into a storage

F

' 0501llosc§pe.

The clocklng rate of the recorder could then be.
4 L
reduced so .that the data were fed out at a rate to 3”

.match the pen response speed of a chart recorder.

'A PDP-8e minicomputer (Digital Electronics

Corporation, Maynard, Mass.) fitted with a

was used at a samplihg rate of 44 kHz. Like the

transient recorder;_it could subtract a recorded

background from a"signal. and could support a?;

oscilloscope and a chart recorder as outputs."It

_had the add1t10nal advantage of’ supplylng data

.

. Doe
M - . v

Iﬁbérnatronal Corporation,'Anaheim,-Califorﬁia)
1nterfaced with an ADC 1131J (Analog Devices,

v
Norwood, Mass , ) hlgh speed 14 b1t analog to dlgltal
converter.‘ Thls was run at a sampllng rate of 10

w A R ) . . -

kHz. .

An Apple II+ microcomputer (Apple Computer Inc.,

Cupertino, California), interfaced with an AIl3, 12

_bit, 16 chanQel.analog input system (Interactive

Structures, Incorporated, Bala Cynwyd,

Peﬁ'y lvania).

’”
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Both the AIM 65 and Apple based data proce851ng
systems were developed as part of’ this prOJect and are

desgribed in more detail in Chepters v and V. .

P
w - A
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CHAPTER JII

VO !
. S ‘.fﬁy“»#!
INAR% PXPERIMENT&TfCN

The RC1024S pr1nted c1rcu1t boards, as supplled,

ry "
‘would not drive the photodlode arta&s in & manner su1table “

3

- for use in a direct reader. Cons1derable modlflcations
f '

had to bemmade._ This. chapter descrlbes why the e

.modifications were necessary and how they were made.

(3

¢

. Modification of the Oscillaior
< 7 N

)
-

A photodlode does not;have the- hlgh ga1n capab1lity

of a photOmultlpller tube and 1ts response has to be.

e -

1ntegrated over an extended t1me perlod in. order to record
}ow levels of 11ght dntenslty.' |

(/,N, All t1m1nga81gnals on the RC1024S boardvderive from
an osc1llator whlch had a frequency adJustable from 150
tz to 1.5 MHz. TheJreadout process-at the end of the -
untegratlon period is. 1n1t1ated by a start pulse. The | "75
ghmlng chain for the generatlon of the start pulses
consisted of four 4 bit, presettable binary counters in

seriles. ThlS gave. a maximum of 65,536 counts beforel

43
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_wheﬁ used to count a 150 kHz frequency. This was much too

short for the direet reader. Additionally, during the

readout process, diodes are .sampled at every fourth cycle

> of the oscillator. ThlS gave a minimum sampling rate of

w

37.5 kHz whlch is too fast for some data acqulSltlon
systems.

The osc1llator is made from a balrchlld 9602 dual,

retrlggerable monostable multivibrator (seeuFlgure 10).

‘One‘monostable (B) runs as a fixed width pulse generator
. T . . 4 g

to give an:output pulse w%&fh of approximately 100 ns.

The other monOStable (a) is used to generate the major

portion of 'the oscillator period and its pulse w1dth is

s

controlled by a varlable resistance.

The pulse width (time at-high 1och’Tével) ‘of the

monostable ‘is given by [34]

£, = 0.31 C.R (1 + +-)

w XX . R .
X

where t  is in ns, R, in kQ and Cy in pF.

The pulse width range of the variable monostable (A),

where R, = R, + Ry (variable) and Cy = Cy, was altered by

changing the capacitor €, from 500 pF to 0.005 uF. This

, changed the controllable frequency range of the oscillator

to 16 260 kHz and the correspond1ng samplan rate to 4-

[

67. 5 kHz.

G S U U

a4
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2. Extension of the Integration Timer

The oscillator modification suited the sampling rate
but left the integration times still too short. This

problem was corrected by increasing the timing chain from
. % -

four to six 4-bit binary counters.

The last counter on the RC1024S board was removed and
R
replaced by a DIP socket. Three more counters were

-

. mounted on a separate circpit brard énd connected to the
RC1024sS board by‘a plug-in. ribbon connector (see Figur#d
Tl). Tﬁis béafd wasvmounted‘ﬁarallel to and béhind the
RC1024S board. The three remaining coﬁnters on thé
RCib24S were set to full count. The cmunters on the

extension beoard were connected through a ribbhon cable to

.

twelve switches mounted outside the dark hox ~f the dirdat

reader, The value nf A bit on the extra coontera ool he
114

added in'~ the connt by qrﬁunding ite dnpur contayal Vi

with the corresponding switch. When the bit wad not

- .

required ip the aount it was. held at ‘logic high by

connecting to the '5 V supply throubh A 2.2 kO, roecintgr,

The eix 41 bit counters géVP A maxiram - f 16,78 ~ 10°

4

co'nts Fefnre puverflnaw ar:lﬁl Cour.]ed W'l t Ary et 3 Flateoy o0
\ .
tr q'i‘lf‘ a A Vueg gamp! T o LIRS al Ve H “'”’.'l"" HIN

Vom0 vy [ 105 -
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. "' 3. A Data Acquisition Control Signal

* A data acquisition system requifes a controel signal
N B .

Initiate the collection and processing of a

s s

The RC1024S board generates separate trains

of éampling pulses for the odd and even sef&es of diodes.
At one point on the éircwir hoard these are/ﬁogically P A
inte one. 'This OR:d'pulse traiq.wa$ picked up and
connected to a spare edge connectdr tab on the circuit
board. The’widths of the pulees in this train were
depenaent on the frequoncy ~f the oscillator. This had to
. be cgapgéd so that the pulse width conld be matched t~ the
requifements'of a subsequent “lata acquisition system.

X Tt Was also necessary t~ delay the data acquisition

pulee =0 that the signal « uld he acguired wt - n the <ignal

~utput from the ipdjvidgsnl 3indna wags steady The PCIOT e
( ~
circuitr vres a Aiffoerenti®) roadant f 4 ive nd Aoy

diodes t minimize switehi- g tranecionta A 4k Acdns ér@
COnp]@H, in turn, into the i e vt b Pine Thin i8 n !
so affective when the Ai-dc apy v i vonning Trete fren
the PCI0248 hoard and cwitehjion it o mi v in o ay
output signal.

< A'high Speép dafé'acq;i?"‘”' s ~btem crntaipns oo
apaloq to digital con arter. Poring thae ~onyersjon th

analng gigr]l is held vmvéfanr by samplo . hsld

wwplifier RANEY ! S I A S cowr by acking
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the analog .signal to hold there is a small uncertﬁinty'kp

the time aperture durlng wh1ch the switchlng occurs.

(Typically 0 «57to' 1 ns with a fast actlng dev1ce [35]

For accurate sampling, it/is important thatzthe_51gnal to
o :

be converted does not change significantly during the

switch to hold. . Thus the analog signal from each diode

4

must be sampled after the switching spike"has'passed.

» Addltxonally, ‘the signal may be preampiified both to
‘take advantage of the full input range of the analog to
‘d1g1tal converter and to have high frequency noise - removed
with a- low pass filter. The damping effect of an
amplifier will act on any sh;rp transitions in the analogv
signal (such as sw1tch1ng spikes) and further prolong
their effect. For example, an array was sampled at 50 kHz
or 20 us per diode.  Of this 20 us, S,LS was taken bj~the
swit~hing spﬁke and aéfurther 400 ne taken by'the decay
Groo the spike; A simple times three amplifier based on
two CA3140 operational émplifiers caused the decay time
froem the spike to increase to 2 us giving a totellof 7 us
of Aisturbance in the 20 pus signal.

The data acquisition‘pulees’were both delayed and

their active widths made indepehdent of the oscillator by
the circuit, given in Figore.12, based on two 7412]

monnstable devices. The output of the delay monostable

(A} grne=s to logic high on receipt of a negative transition

49
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,£fomvtﬁéi§C1024S’board. JIps_pulse.width:i§1q6pgrdlled by .
ﬁhe valué of the timingACapacit6£‘(40Q pf) éhd the -
switched—in,timing;resis£0rsy R

At the end of-ﬁhe ponﬁroiled_pulse width, the output

goes ‘low-and triggers the start of the high level pulse on ]

the pulse width control_monostéble (B). The output of the

" second monostable is used to signal the data acquisition

system. 'The circuit shown in Figure 12 delayed the pulse
from 5 to 10 us and gave a pulse width of 400 ns. This

‘r

version used a bank of fixed y§Tﬁéffesistors and a rdtary

switch to get regeatableiﬁelays fdr test purposes. -

Subsequent versions of this circuit used miniature

_ trimming resistors. on bbkh monostables to(;;:; fine

centrol of both the delay and pulse widths. T ' L

~ . ) e
A

<. Signal Reduction Due to Extension

I

With the photodiode array plugged directly into.the

RC1024S circuit board, the signal from a fully saturated

diode was approximately 3 volts. When mounted on the &\;v/<

carriage away from the board, the signal value was only 1 -
. A3

volt. .

This was investigated and it was found that
separating the diode'array from the circuit board by very o j
small distances affected the signal value. .Spare sockets.

were interposed between the array and the board and it was
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foxnd that 8 sockets corresponding to a stand;off distance,

of 4\cm reaucedfthe signal by 20%.

Wh using the extension, the ribbon cable, socket‘
and plug are between the array and its first ampllfler
stage (the differential ampllfier) The" readout mechanlsm

for the photodiodes 1nvolves the sharlng of charge between

the dlode and the video line. 28AWG r1bbon cable has a

capacity per line of 17.5 pF for -a 38 cm length; well in

excess of the 2 pF capacitance of each photodiode and the
3 pF capacitance of the array video' line. Cdnsequently
the input voltage at the first amplifier stage is mdch
reduced and this reduction continues throuéh gjl
sebsequent emplifierlstages.

Although the signal is reduced, it is still at an
acceptable ‘level and can be,readiiy processed through

external operational amplifiers to suit a datg acquisition

system,

5. Rapid Saturation of the Photodiodes

When a photodiode array was operated in‘extension,

away from the board, it rapidly saturated with dark fixed

‘pettern signal. This is illustrated in Figure 13 for the

~ . .
room temperature measurement of the 632.8 nm output of a

helium-neon laser (highly ‘filtered). The backgfouﬂd_

increased rapidly, especially on the left side of the
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Integration Times

a

‘b

C

d..

L=

0.
0.
0.
1.'
2.

164 s

328 s
6558 ..

31 s

6 s

Sample Rate

50 kHz

Signal Output (volts) .

i, ) '
e g,

"[r—""‘vgl

Py
,I:W | o 1
— l(_ e

0 4 Diode No. 128

A

B

Figure 13. The rapid saturation of a diode ariay.



$

&«é}a

.array where saturation started to occur at

1. 6 s. The

whole array would have been saturated by background in 3.2

‘

s.f This"’ d1d not occur when the array was plugged dlrectly

1nto the RC1024S circuit board.

A cooling system (Flgure 8) based on 2 m1n1ature

Peltler edﬁect heat pumps was‘fltted to the array‘inl

background signal was found to be minimal.

background level about 2% on the left side

extension. With a sampling rate of 43.5 kHz and 0.9 s

'integ%ation time the effect’of the cooler on this

It dropped the

of the array

and about 20% on “the™ right side of the array. Becapse ‘the

efflcacy of the m1n1ature Peltler coolers was in doubt

the more powerful coollng system (Flgure 9) was used.

Again the background dropped very little on the left side

of the array -and by only :about 50% on the right side. As

the temperature'of the array was measured'as -27°C, a drop

of 47°C below the temperature of the room,

that the background was not thermal in or1g1n.

S

6. 'Investigation of the Background Effect

The internal temperature of the diode

integrated circuit was estimated by taking
\

temperature measured by two thermocouples,

the array, the other. between the array and

it was obv1ous;

array \

the mean of the /)//

one in_ front of -

the .cold bar of

the cooldr. The difference between these 2 measurepents



was’ a maxlmum of 7°C. at the extremes of- the temperature

ranges-measured The array temperature was varied over

" the range 261 to 340 K (-22 to 67°C) by . controll1ng the
.’voltage applled to the heat pumps.' Temperatures.abovev
'amblent were obtained by revers1ng the voltage across . the

pumps and so dr1v1ng them in reverse. The array output

s1gnal was preampllfled to give 10 volts at saturation.’

For each array temperature, the output 51gna1 was

measured for the left and right shdes oﬁjthe array for

several inté@%atioh times.‘ The natural logarithms of the

values were plotted against temperature for 2. 1ntegrat10n
/A

times (Figure 14)
" A similar plot. developed frOﬂ*ﬁhe_formula for

thermally induced hole—electron pairs [26]

t

dhp = 3.88 (1016) T3/2 exp(-7015/T) per cm3

would be almost linear but-deviating towards the'abscissa

at lower temperatures. None of the curves on Figure 14

corresponded to this. The nearest was for the right side

of the array at the lower integration:time. Ihe curves

were interpreted as follows.‘ I |
The background sxgnal ‘contained at least 2

components.. One was the temperature-and-tlme dependent

result of the generation'of hole-electron pairs. The

:.»5‘5‘ :

e
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chain.

other was a t}me dependent but probably temperature

1ndependent background 51gnal wh1ch was stronger on the
left 51de of the array than on the right. ; ,
Because it d1m1nlshed across the array, the time"

dependent, temperature 1ndependent background must have

Q

been e1ther a function of dlstance from sone‘flxed spot in

c 4

the array or a functlon of time during’ the readout process

taking the start pulse as the time origin. R S

*

The integration time was-the product of Rhe
oscillator period and the count preset on the timing _ ‘Hj : ¥

.

The oscillator frequency was changed and the counter

setting altered to compensate and maintain the same

integration times. The effect of making such changes on

" the background level‘on the right side ‘of the array at

réom temperature are shown in Table 1 Thls shows that

“there was some dependence of" background on the sampllng

rate. Thls,was further investigated by cooling the.array -

to -27°C. At these relatlvely short integration, tlmes,

I

the t1me 1ntegrated dark current at -27°C should be

1n51gn1flcant so that background would be due to the
. . . . [
temperature independent  effect (Table 2). . \‘
Coﬁparisonbof.Table 2 with Table 1 shows that the\\.

background’ levels were reduced. by reducing'the-thermal

dark current ‘and there was a direct relationship. appearing -
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Table 1.  Effect of changing sampling rate on béckground

lével at room temperature.

!

]

Sampling

- Signal (Volts. 10 = saturated)

|Frequency at integrations:of

. |- @scillator | 4 0942 s| 0.1884 s{ 0.377 | 0.754 s 1.51 s
87 Kz 0.5 1.15 2.4 4.85 -
43.5 kHz 0.27 0.68 1.45 2.95 -
21.7 kHz 0.17 0.4 0.90 1.9 3.7
10.9 kHz N - 0.2 0.66 1.4 3.0




iable 2.
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Effect of changlng sampllng rate on backgrqind N

level at ~27°C -~

S

i
1y

\

Sampling ..

Signél (Voltér

10 = saturated)

Frequency . , ’at iqtegrations of "
- Oscillator | peew®r~a] A, 1884 s| 0.377.s| 0,754 s| 1.51 &
43.5 kHz 0.07 . 'Elzz‘ * “_0,55 REN] 2.5
21.7 kHz 0.03 0;68 0.26 'b;s 1.2
10.9 kHz i 0563 0.06 0.2 0.4

| ~




between: sampllng rate (or the oscillator frequency) and

vthe baquround level. These results together thh others

are rearrahged in Table 3
Thus the‘temperature independent baCkground was
linearly related to the number of osc1llator periods in

the 1ntegrat10n ‘time. pu

7.“ Removal of the Background Effect

The oscillator, through the first 4 bit counter of the
counter. chain and a read only memory (ROM) integrated
circuit, sent ;6 pulse trains continuously to the array.

It was not known which ®f theseﬂpulse trains was

responsible for the background prob®m but with the array

‘in extension there was considerable crosstalk between the

signals in théfores that make up the ribbon Cahi;.. For
example, the'start pulse line picked up a b 35 V induced
pulse every 16 hscxllator pu]ses CO"'lnuous1y over the
full length of the 1ntegrat10n t1m°.

".Although rhe pulse tralns were sent contlnuously,
they were only utiliszed by the array dnrlhq the readaout
process, after a‘startcpulse had been generated. The

:

reason 'that they were sent continuously is .that the same

¥

oscillator drove both the readout mechanism of the array

and the integraticn timer ~hain fcee Figure 15),

X ' Y
YAS



Toa

f number Sf sample pulses per 1ntegrat10n at «27°C.
ST — : ’ s SRR
Signal (Volts) and Integration Times. (s) N SRR
- .and Sampllng Pulse CouAXE T g A IR
o f 16,384 7 af‘32,768 ~ |'es,s36 ° 131,072
i ’ COunts '}, Counts . Counts Counts"
| s1c '-INT' SIG INT |SIG INT | SIG INT.
kHz . | (V) (s) .] (v) (s) (V) ,(s). (V) - (s)
{43.5° ] 0.55 .377}1.3 .753 [2.5 1.51| 5.4  3,01]
21.75 1 0.6 ° .753[1.2 1.51 2,6 -3.01) 5.2 .03
10.9 J 0.4 1.51|1.2 3..01|2.5 .03 6.4 12,1] o
_ "1’
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The alternétive metﬁod of dtiving the array that
solved the background problem is shown in Figure 16 The

1ntegratlon ‘time is controlled by generatlng a ‘'start pulse

away from the RClOZdSrc1rcu1t board The ogcillator is

.

connected to the f1rst timer stage, not directly, but

through a logic gate. Although the oscillator runs

continuously, it does rot drive'the syStem'and hence‘SQiﬁ‘_)‘
pulses to the array until -the logic gate opens. iThe |
rising edge of the externa;ly generated start §u1se.opens

the gate'and'connects the oscillat6r £o the timing chain

and the array controls. The timing chain no longer

controls the 1ntegrat10n time but it is ‘used to control

-

the open time of the gate. A .
"~
The t1m1ng cha1n is preset to allow 132 sample. pulses
to be generated and then its overflow pulse triggers the

gate control tonclose<the géte, after readout has been

' completed, and so re-isolate the oscillator from the rest

of the circuit. Thus, regardless of the length of the
integration time; the_array‘reeeives.onlyithose.pulses
necessary for proper reedout and is pulse'free amﬂ
cohsequently crosstalk free for the rest of the
integfaiinn pefiod. “The timing sequence a£ the stafl of
the readout cycle is shown in Flgure 17 _The externally
generated start pulse goes hlgh and opens the\\9te. At

I

the same time it sends the output of a 7474 flip-flop on -

W

63
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‘,the Rc1oz4s board hlgh (see Plgure 18) The‘oscillator is
now connected to the control system wh1ch starts to |
generate its trains‘of~t1m}ng pulses.,'As soon as. one of  °
them, called 92 QDD,;goesIIOV'for the first time, it

»clears the onboard 7474 ‘flip-flop (Figure 18), sending its
output low. It is this high to low’transitiOn, inverted
andvconVerted td hOSi}Ogicylevels_hy the MHOO?G;“thatiacts
as ‘the true start pulse for the‘array. At the same time

the complementary output of . the 7474 f11p flop goes h1gh

! 7&14 fl1p-flop wh1ch, in turn, cuts

.
off the blg'k rest oratlve 51gna1. The blank restorative

5and clbcks

"=31gnal 1s that 51gna1 that ‘the board puts ‘out when the
karray is not being read out. |

_ ,The photod;ode signal values,aredthen procesSed;by
the RC1024S circuitlboard under-the odntrol-of the
sampling pulses. During'the-time that the start pulse
7474 £lip-flop is high, two sampling pulses are
4generated. The software of the data handlingzsystem must
be_designed to ignore these first two:pulses as they occur
before the photodiode array readout has started. This is‘
done by waiting for the negatlve edge of the fllp flop
output to occur before taklng data values. -

The t1m1ng sequence at the end- of readout is shown in

"Flgure 19. As the last dlode "(number 128) 1s read out,.

the array'sends out an,end.ofzilne signal. ThlS is fed to
. - . RN .. -t N

N
o
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3're1nverted Lo glve the requlred start pulse. The

a sh1ft reg1ster on. the RC1024S board where 1t remalns

-

: untll the next even sample pulse is generated. Thls
sample pulse clOcks the'shlft reglster and, now delayed,v;"
‘ clears the 7474 f11p-flop controlling the blank’

frestorathe level,_thus restorzng that level. Th1s takes

[4 ‘ 1

a, further,z sample pulses so_at least 132 sample pulses
ihave to be generated to read out the array. |

The externaP start pulse generator 1s shown 1n Flgure
(3

20. It consisted of a 19602 ‘dual monostable generatlng
lappEonmately a square wave. at a frequency of 1 kHz.-‘Four

4 bit counters 74161 were used as: a t1m1ng chaln.- The
. - L .
contro}llng 1nputs for the f1rst counter were sw1tched to

ground for 1t to have a full count of 16 The controll1ngtd
1nputs for the rema1n1ng 3 counters were held hlgh by |
connect1ng them to. the +5 V supply through 24 2k reS1stors,'_
but they could be grounded through a rlbbon cable using |
$W1tches outs1de the dark box of the dlrect reader.: The

3

overflow pulse from the counter chaln was 1nverted to g1ve

i,

a pulSe to enable the reload1ng of the counﬁbrs and then |

osc111ator was'. tuned sllghtly so - that the external

: sw1tches controlled the 1ntegrat16n tlme over the range ofﬁ‘.

15, 6 ms to 64 s.f' lﬂ.:l'ﬁxiwh‘f
- The gate consxsts of ‘a’ dual edge trlggered D type

fllp flop 7474 and .a quad NAND gate 7400 (F1gure 21)'-1‘ e ;l
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“i r1slng edge 15 the leading or traillng edge of a pulse.

"‘seCOnd flip-flop. ThéideviCe‘fs now:ready for the next

start pulse to occur.

o

%

v 'D'and S 1nputs of both flip flops are locked h1gh. In .

. this mode. the output of each fl]..flop goes high on- the

flrst rlslng edge rece1ved at the clock 1nput, whether the
k3

The Q output of the first f11p flop 1s the gate A

..control. It goes high and opens the gate when the f11p-'

‘ ".(\..«.

flop 1s clocked by the rising edge of the externally

g

'gengrated start pulse. When readout has been completed

Athe overflow pulse from the RC1024S board - clocks the

fsecond fllp—flop sendlng its Q output h1gh and its

'a[complementary O'outpu;.;ow.; ‘This’ 0 output clears the”

1*;£;rstfflipfflogﬁwhich closes the gate and’ then cltears the

/

o ' The ‘gate contro} level from the‘first'7474,flip—fl0p

and the output of the osc1llatorlfrom the RC1024S'board

are 1nputs to a 2—1nput NAND gate. When the gate control
e .

level 1s hlgh the output from the NAND gate is the

»

1nverted osc1llator 51gnal.x This * is relnverted u51ng a

.
- 1

‘;spare gate on the 7400 in the 1nverter mode.

AR
The start pulse generator, the gate and the data
Y ?

‘ " .
acqu151tlon .control 51gnal mod1flcat10n 01rcu1ts were all .

~mounted on a board attached behlndnthe RC1024S board. ’_

R

The alteratlons to the RC1024S board covered 1n th1s v

z-.','

chapter are descrlbed in deta11 in Appendxx 2,
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Use of the gated osclllator method of running the ;J
array ‘removed’ the temberature 1ndependent backgraund & R
problem. The 1ntegrat1on time 1s now limlted by the true f‘lcV"'

3 :dark current caused by the thermal generataon ofuhole-

electron palrs. Thls current d1d not saturate the  ‘u*"l':t,1£;'r‘g:
‘photodrode array 4n 64 s (the 11m1t of the integratlon

tlmer system) at —2°C.4 o e . 'i. BT R O
o ‘ . ool

A
7




.evaluation.

_tﬁg3follOwing,cthonehtsé—

CHAPTER IV
A SINGLE, ARRAY SYSTEM AND THE AIM 65 MICROCOMPUTER

Y

A éihgle array system w;:Lbuilt'as’a precursor to the
multiple array direct reader in order to gain experience
with operating conditions, software design and data

‘It was based on the use of the gated oscillator and

-

) o L. \75 .«'
the extetnal}y generated start pulse method of running an

array as descriged in Chapter III. A data acquisitioﬁ

system was assembled based on the Rockdﬁél AIM 65 single
. é

board microcomputer and a high speed, successive

~

approxihation, analog-to-digital converter. The systenm -
was used to‘geterhine the operating characteristics of the
array and its re$ponse'as a quantitative

. o .
spectrophotometric detector. -

L~ . .

1. Intérfaéing the Array to the Computer

, ' o .
The whole detector; data collection system inyolved

Ay

\

i. The photodiode arréy,A

ii . ¢

The’Etray carriage and its ribbdn cable.

. - T4

[3s)



vi.

vii.

The first four components have been de5cribed-infpreyiousyfi"

v

lse, gate the osc1llator and - modlfy the data'

.acqulsltlon control pulses. S

An analog multlplexer and preamplifierw‘l. t l-g”iﬁ_”l: i

'An analog to d1g1ta1 converter complete mith'samplef"r
and hold amp11f1er. » |
The AIM 65 computer. | o o R

. B PR
o ~

‘chapters. | - E N = 'ﬂfﬁfﬁj;.._fjf-“?;v:
1.1 The énalqgﬁﬁultipleker and Preampliffer':f;ffyl, pr L
The c1rcu1t for thls 1s drawn in F1gure 22 e f{jf
. ;:h ‘\ ..
The HI-508A §Harr1s Corporat1on) is an elght channel T

B

‘CMOS analog multlplexer. Although not requ1red 1n a ?i'?f’ ;E«r‘

. 31ngle channel" system, it was 1ncluded because 1t, or a o @‘fyl?*!

similar dev1ce, would be¢needed in a multlple array

o' L d

system. It was used here, permanently switched to 1nput,“-,» ffjf .

channel number ‘1 d"groundlng the 1nput control llnes.gy‘"“

/nThe operatlonal ampllfLers used were TL081 (Texas jj.\.l

Instruments). a h1gh slew rate, JFET-1nput type.
{

flrst operat1onal ampllfler acted as‘f secon

C;pass

"3 dB po1nt 1n the S -50. kHz ré/g e. The de51gn came

'.gstralght from a- manufacturers handbookb[36] It alsof?

k]

,Aorder low f,

fllteg (40 dB fall off per. decaGE) Wlth an adgustable‘
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R,

fnverted the signal and acted as a summing -amplifier to
allow the incoming signal to be offsgt b? *1 volts,’ The
»oy
low pass filter was included to exclude noige from /V'
exterior sources such as the inductively coupled plasma
radiofrequency power suprly. The second oper=atinnal
amplifier reinverted the =ignal and amplified it by 4.7 to
15 rtimes <o that the array eignal could be expanded to
match the full ranaes of thesr analog t~ digital ~enverteor,
The high=low rang: eswitch was add;d te allow ~ diuvide '& \
Gpﬁvafiﬁn withont djet v binag Yhe Ardin cart et aatb !t inae 1

tt e amplifiory.

' 7 The Analog to Digital Converter
frand rd rormer cial devicee weve nge . The ecanvear!

waa an ADC 11317 hy " aleg Devieceg, which g-ove » 14 bt

conversion in 17 pe. Moy iy the o ncerain thha anal-qg
A T TR T A held congtant by n ecmpte Aan! h 1Y sppdlif e
Qi 1144 AR o pane be wer e on ";'o'l 2 TR T ::(Ili' ooy !
(N 180 v Ve e e "(‘r‘|:"v B R I = N B A AR o] . by
nit ) ILCE L L NPT ] YR [ (.J]l Y v res I RIS ey Vb e . [
U AT I I NN [ ERE wit el oy Y s ey o !
Nevv g A T T e LN T A AL :i;”;: Fpue o,
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P

The data sampliqg pulse develoged'from-ihe é: ﬁle
pulses on the array érive boérd‘RC1024s is fed to the
convert command input of the A/DC. When this signal goes
higﬁ the.gTXEﬁg-outpur of the A/DC is forced low to
initiate the swjitching of the samble_and hold amplifier
from trackinq o hold. This requires 50 to 50.5 ps te
switéh the amplifier and A further 1 ys for the décay ~f Q,
the switching transient The sampling pulese then gioes 1o
and its negative edge initiates the start of the
conversion. The sampling pulse must be set tn a width of
1.5 us using the 74121 monostable circuit described
earliér (Figure 12) to allow suffi;iént time for the
sample and hold amplifier o settle, During the
conversion the A/DC sets the bits in order starting with
thelmost signifivéﬁﬁ, When the least significant bhit hae
heen set, the EEXEGE.ongput of the A/DC goes high,—
unlocking the samp]é and hold ahplifier which Ehon Yot

tn tracking *'e analng signal. At the same timn the

STATHE entput f tha A DC goe= low and 'hig aq bive od -

. (. .
18 csed ta Paridager the micracacpy oy e b hat it gy ec gy Je
T Hiagita) salnes ne Tabtehoed at "he cobput of bl AT
Diving cpearation it wos feuar A bhst phe ~amp e apd ;.;’
f‘?."
hev1d am[\‘i(iv-\y ey bt et gt DL VA B A [ (e

Fugprest + 0 g L I Ca o
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1.3 The AIM 65 Microcomputer L 4 o
ThlS .is a second generatlonc51ngle bogrd K
/ k]
microcomputer” based on the 6502 mlcroprocessor. It has*
éeveral useful 1nput/output (I/O) features wh1ch i}clude:
i. A typewrlter style alpha-numeric’ keyboard.
ii, A 20 characters wide electronic alpha-nuperic
display. ” L ! oy

iii. A 20 characters wide thermal printer.

iv. A user I/0 connector joined to a 65221Ve§satileh
N 4 2

Interfacé Adapter (VIA). This has tw@;B .bit '

&
F

parallel I/quorts and 4 control l;g?s.. The usef

I/0 connector also carrles interfaces for cassetée

I 4

type tape recorders and a Teletype.' 7" %Q
v. A connector designed for further expansfon of the

computer. It carries the full address, Cpntnol and

-

data buses from the 6502 microprocessor.

-

The computer has a monitor in read. only memory (ROM):
£

and can be equipped with ROM based aséemblgr;én&’BASIC.

]

language interpreters. The computer accepts;assembly .
language mnemonics as well as machine operating codes. and'

this simplifies programming. - R
v

A major disadvantage of the AIM 65 as supplied i&

that it hae only 4096 % bit bytes of random access memory
h

¢
(RAM) avajilable, This has tn aecommodate thg system

Y

atark, al) f the prngramming loaded and all of the data

IS I PR
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The actual interface cennections between the AIM 65
and the A/DC - are tebulated in Appendix 3. 1In summary, the
lowest 8k¥ts of the dlgltlzed signal were acqu1red }
through th; A poEt of the 6522 VIA and the upper 6 bits
through the lower 6 b1ts of the B port; The bTATUb output
from the A/DC was connected to control NNine CAl. ;The
output of the start pulse S&ip flop on the RLlGé;b board

-(Flgure 18) was connected to control llne CB1.

v . ) -
T

A}

2, Programming the Computer

N
N .

“* The AIM 65 was programmed to carry’out -2 functions.
. ’ o o B . N - .
The' first was data acquisition for allﬁ128jdiodes of a

. photodiode array. It used signal averaging and hdd the
optipn of subtractiigwof%a sequentially aeqﬁirpd
T

.backgroUnd gigna17f he second, calculated giqnel—té-noise

ratios. from measurements of the data values for the same
photodiode 32 times. T+ could handle ur to 22 diodes o

.

once in a maximum of:4 qgroups.

Both pregrame wevre in 3 pavrre. The first used BASIC
i . * : :
to ask €@r parsmeters. The second was in machine language
P 4 E

for the géquisitién of the data. The last par; was in
BASIC for calculation and prlntout of results The
proqrams are llsted in Aprendir 4.

. The data acauinition rate ;s governel by the time
taken by the ATHM v cakyry out the langae' HAava o0 g aiein g

hS

-

81.
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“and storage loop for each photodlode of the array. In the

.K -

-

Fgi

s1gnaldto -noise ratlo program the lgngeqt léop toq& a’ .?‘AQ;;
minimum of 74 cycles of the m1croprocessor. The A%M runs’l

at 1l MHz so th1s meant that at least a 74 us 1nterval wa's

m 5 P .
)g (1 . . L
requ1red between successive sampllngs. In order ‘to leave ‘ '_"“&
P . % e - ' Lt
trme for poss1ble changes 1n programmlng, uhe sampling ' o

rateawas_set at 10 kHz to give a 100 ué 1nterval between

successive diode readouts. . )
o . R 3 - ) ) ) . .
: ® ) . “ y s

.

3. ~Setting Up‘the Apparatus
The spectral sources, optical systems and deteétors

v, . g
YR B

'used in our laboratory are .designed to be mounted on an N

“ 4

instrument rail bed of the type orlglnally develdpedﬁbya

Walters [37].A; i _ P » p - £%g
The direct reader was too cumhersome to mount

%

directly on a rail bed but it was mounte@ on a fixed frame o ';

e

so that the entrance slit matched the heldht of a spectral

3
source mounted on a rall bed. A shgrt rail bed was placed
before the entrance slit and aligned SO that a source
placed on it would be co-linear with the entranceé slit and

the centre of the diffraction grating.




=c

. - ).5‘ .
R ] . ) N . R . L .
3 SR - - ‘ l
o o ’ ., 1’
. T b ?
(RS had ° ’ " - ,
i; % . .
A P Flnd g the,Spectral L1ne _ - 5
B TR T o : » .
o K ) - Gg 3 p) :
e Tbe flrst pos;t;onal reference p01n the focal

pl@ne of the dlrect reade% was made usxng a he11um -nieon

A )

.laser. The - lasex was set up on the rail bed and the

.

]
po 1t10nf dlth respect to the scale on the exit sllt
£ .
Qunﬁing rack, noted for the: 632 8 nm wavelength emission.

- -

-TfA;Né.'4<neutral density filter (l x 1074 transmission

ratib} was pféced before the laser and a .photodiode array,

-+

mounted on its carriage, set up in the focal plane. i
.The sigpal from the RC1024S board, coupled to the
array, waé{fed to a&“oééi]loscope and the integration time

»

set as short as possible. The array carriage was moved

and adjusted until thé laser sjgnal appeared on the

\ ) .
oscilloscope. The carriage wag then locked firmly in

place on the mounting rail and the laser signal further

attenuated by additional filtere. The vertical adjystment

on the carriage was corrveated ro give the maximue giqgnal
response and the horizontal forussing adivstmoent v ot 3
to give the highest and narvnwest pe-k. The paeil jorr of
the right side of the arra carriage wi'h vo%Pcnr R L
scale on fhe moennting rail ocoam e T e e ey
reference point.,

The Approvimate positicon ¢ the apectyal 1ina rrregh
wag calenlared from the 1rim vy reference raint and the

recipvacal diapersion of Y Vit ey RN

83



{ . , e :
the Jarrell-Ash 1nstruct10n manual [38]. The arréy: . ‘
carriage and the RC10245 .circuit board together wlth its ®
auxiliary c1rcu1try were’ moved to cdéver the calculated‘

position.

-

A spedtral source was placed on the rail bed and the
‘spectral line located using the oscilloscope. ‘The o .4

carriage was then locyed in position and adjusted as
it

before. The position %f the rlght hand side wgas taken ‘as

5

feference point,

‘When a hollow cathode lamp was used as a spectral

a secohdary

source, it was placed close to the entrance slit to give
. Yy ‘
maximum illumination of the grating. When an inductively

e v b b S« s
’

coupled plasma (ICP) source was 'used, it was run as
described in Appendix . > A 1000 ppm solution of the
element emitting the sought-after line was aspirated into

rhe nebulizer feeding the plasma.

The first spectral line located with‘the plasma
amirre was the calcium TT lipne at 3932,4 nm. This is a
stroang emission and was easily found héfore the
illuminati-n of the direct reader h§ the plasma was
optimized.  The illumination of tﬁ? direct reader was then
aptimized tn give a maximum signal Qalue for‘this first
Tine, (T lumination of the direct readdf by a plasha

vy i e ae in Chapter VAR
$ r



The initial calculation of the 1ine‘p§sition is
important as'the}array Qi;dow is only 3.25 mp wide,
'equivalent4to al.s nm‘spectrél window. Consequently
spectfa}fémissions afe not readilyvidentifiable by their
poéLtion relative to other spectral features. With
experience,'some reference to neighbouring spectral lines
can be made by careful movement of.the array carriage
along the focal plane.

fhitially the calculation was correct to within 1 cm
but as more reference points were estahlished, the array
could be placed to within 2 mm. -

Line finding was easy over the spertral range ~f the
direct reader down to apgf;ximaroly 270 nm, Tt was
noticeahla that the array had to be mrved closer f~ the

centre nf the Powland ~ircle, for roryect focussing, an

1hQ Aarray vas waved vo thia oy ight, baunrds the Tewen
crealenAath yaagion
At 'he ewtyeme yight «f the A'rk how, lina location
wnae more diffjerlr The foruaeaing adjustment o the

cayriane halt tn be "'(\V'O"’ inwards by mnre than 1 ~m from

the catting For the 632 8 am larcr lina. Theve wyaa

conajiderabhly more depth of foceous thar a' longer

wav;1"ngth? and tha giana' ol d nor b bhyavaht o LIDKRE
.

sharp pea' v' e fo od oo vhe o ~iltlaganpe. The

v vty 1 o Lo \ Y. L T P T ie T T |
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region (Figﬁre 4) ‘than at 1ohgér Qavélehgtﬁs. Longeri7
integration times (hﬁ'to gAs) were required to find the
lines so the results of adjustments were diffipulﬁ té.ﬂi
follow onvthe.oscilloécope. Becéuéé the array Qas
tahgentiallto the‘Rowland'circle it was not diréé:ly-

faci je diffraction grating (Figure 2).'.Consequent1y

it .

ing illuminated other than normally. 6 As the
carrigage focué adjustmént was made, the spéctral line
position changed with respect to the array éo that the
signal as viewed on the oscilloescope moved along the
array. In extreme cases, it disapp;ared out of the érray

window.
A ]

The need for chussing,adjustmént was caused by
. ' I . :
inaccugacies either in the placement of the focal plane
mounting rail in the direct reader or in the alignment of

5

the diffraction grating. The arc of the mounting rail did

[y

drating. Fortﬂnately this had”ﬁgen foreseen and the'diode
array carriage had sufficient adjun*hoﬂt to allow for the
correction of the problem.

The single array systém Qas used to determine some of
the characteristics of a photodiode array based direct
reader. Meacﬁrqmanfs wera made t» determine the

variability ~f the detector, its linear range and

Aetacti-r limjtg for anpalysis. Seueral methcrds were
. \

not correspond exactly to the Rleand circle of the '-;'

e o



. . . : Y

, . PR .
examined ‘for separating the analyte signal from the

. . . ’ ) . : -
background. N . . Ve

5. The Variability of the Array Background

One of the limitations of the‘preéision‘of any
analf;icai aeterminatioé'i; the variability inherent in
the"méasuriné instrument. For an eieCtronic measurement
system paCkgrouﬁd consistency is very important., Thi= Qés
investigated fo; the single dinde array system by
obser&ing the diode to diode variation of the signal
output‘in the dark. Theldark current iteelf was re&ucpd
by cooling the array to -22°C.

éaqugéund values were measured for single“runs (no
signal averaging) ;Ffawseries of inreqratioh;fimes of from
0.0156 s to 64 s. Thirty six consecutive Adiodes near the

centre of the array were selected and thd means anrd

standard deviatione raleulated separatelv for the ~dd an!

cven diodes and for the set ae - wh le, T v thig cor e
of meagnremante the prasmpifieyr war ot to giyae an Co
of 10V fry 3 eaturate' arra . Ty ma af bhe vrluoee
cht ined sre Vighte® ‘o At le 4 and Tllustrate o

v .o o s L T T,
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5.1 Changes in the Background Mean Value

The background mean'. value chghgéd'as the integration

time was increased. It decreased with time for about 16
S < |
and then started ‘to increase again. The decrease was due

+

to ele~tronj~ leakage on the PC1024S board. The later

jncngasa %as Ane to the Poild up Af integrat-d derk
ey .

current. Narayce ¢ thise hayrkaground ~hange, the ab~ ' ke
valne .of 3 gpectrral ‘;gn;l, SRR r”ﬁ;eht QO around,
be ~omee moﬁ\inq]rsf:f-‘.. Tt hae t v b~ 4*«;7'\'9«"?:;"'1 [
background change by ref-yen - to woa~ur3mon*" wele o the
TN 'g}:a bt “';'v'ra},@,ﬁ;rb}v; the cnectyal f=jagnpl,
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(yafiance ratio) for the even and odd sets of diodes. For
the:hypqthesis that the odd and even diodes form separate
data pégulations,y;hese F values exceed the 99% confiden-«
leyel égr four of the valres guated in *he tahlc, euceod
the O05% Jeval fia twe and fail t@a resrh the ORS F.0 41,
xemaining tweo,

The cdd and even dindes are not equivalent in the
bacbarean . Their rear '+ ig ~ontrolled hy aeporato ahif!
regiasters on the 57ray, Theiy cignale come ot 0 bhae
Array N separate pincz, vee @eparate wiyas o the oy

v
cable, And ~ye pro-eaned thregh ceparate differonce
amplifiers, huffenr a"‘["i'if’Y;T A an raalag aitel hafoo
Fhey are rombined inbao a come o cignal line

Th o, «nn boe agdijusted 1 the ¢ we Yaye 1l ip th: d=yk
R TR TIRY B I R U I AT TP NI SR IP Y I B B A

The wesy vnal ran qi e iy kha tal te T Ve vl e o

We v Treaste: t by fhogse £,y Chee e N 'f«u‘h a' cheor
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integratiohvfime was incréased, the amplifiers hgd more
integraﬁed.dark current gignal to work on and the gain
adigstmeht may have beén set a little low.

The F test showed that the even diodes were more’
vaviahle than the odd ones, If it were just a question of
an nffser in their values, their QarianceSgWOuld be

R - S
cimilar. There is yet another adjustment to bé\ﬁadgwéhgt
would aﬂﬁﬁﬁnr fsr this difference in variability. Each:
ahift yegiater in the array is driven by two phase clocks
called @1 and @2 (Vigure 5). Therd are adjustmenfs on the
RC1021% hoard that allnaw the matchina of the outputs of
rh%ao diodes read ont on @1 tn thnse vead out on @2. This
Adinetment had heen more accur=tely made for.the odd '
Ainde~ than for the aven r~nea, Thie ~antrel drees not
Arift ciqnificanrly.

The separvate variahilities of the odd and even series

f dicd 3 do i~~r— ase with lcnger integratrion times and

‘Wi ie likely ro canee problems ae long integrakinn times

“i1) bhe ' mad with thae vankay apect ral ir\f_ehéi' Tea,
I\wlf‘ ceyiAatjiona in the ba(,‘"()'""""‘ level affert the way
ths Ay vray ar~ read natr Beonuae background leel dreps

initially ne d1tegration time is increaced, the lower end
f 4hea 1ance o the analog to digital cepverter cannat be

1

tched te the Voclgr=ne' level, Consermquently thé full 10

vy f s L et e made ,.,”«: rnlent ‘'~ the

92
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difference in the saturated and background values for ‘the
array output.

'For some measurements on the single arfay system, the

range switch on the préamplifief was opened (divide by 3)
(Figuré'22) and the offset adjusted so that all background
and safuratinn levels fell within the range of the A/DC. 
This would increase the effect of digitization error if it
hecame significant. A different approach was taken later
when the multi-array system was designed (see Chapter V).
The inrprdiéde variati5n, espeéié]ly the odd-even
‘variation, is= very serinous. It éan only he adjusted at
very short integration rFimes and affpcfé most signal
measinrements, lLatey meacuramontg ((_‘hapter V'[’) were made
considering th@ ndd and ever dindés as reparate

pmr‘n]afiﬁnc when bacbkground 1o vobe yrmye o LI A IR |

Yy

< Noise Measurements

Caline an' Hea ik "30] haye rer opted o the ~tanda

Aesiaticn and aig b by pecicaas oar g f phet i avrvoay

Aot act r:v—‘iﬂp.r- Th-y Yooy vt vhvb , wr b Y oA 101 p]:'f‘.l'l"\
~arce, t he "‘;qw'\l Y thery v Yok oy N~ \'nr‘(\(-ﬁv\(‘(*--‘ o~ f Ve
“ignal crtreragth A my from the detection Timir, This i~

hocane  the m joa nojse source is flicker noise in the

1

rlrrma e ny ol A Y bhe vy sy e tation e o o !

[ Y ynal N L ' o ' ) [ [



standard deviation of the a;rgy»backgr¢und}due to dark
currenf is independent of integration time'up'fo 2.5 s.

The new method forlcbntrolling‘the arfay allowed
measurements to he made with mpéh longer iﬁtégfation times
thaﬁ'those used previously. A hpllow cathode iamp was
used inétead of the dark currenp as é source relatively
free from analyte flicker noise. Standard'de?iations were
calculated for backéround subtracted values by using |
multiple measuremepts of the signal for a single diode.
Values are given in Table 5 for the diode at the 403.3 nh
emission for manganese. The standard deviation remaiﬁed
onﬁstant until the integration time was increased to 8-16
seconds énéf en it started to increase.

The slow ihQieasg in'standard deviation may be due to
low frequency flickgr noise as it takes at least 19
minutes to carry out ‘a set of measurements with 16 seconds
integraticon time. There could be slow variation in the

nutput of the hnllow cathode lamp spe~tral sdurce but

o

variahility in the measurement system cannot be
ave~lnded, F~r these measurements the preamplifier was s$et
for a gain of 3.3. Consequenrtly, most of the figures in

Table S repr-~gent varjations of 1 to 3 millivolts in the

~utpats from the PC1074S hoard, This conld control the

L ]
1ower dAertactinn 1imivy of the dAioda arvrvray if ~ther nonijiae

cony e e o aheant ANe the upprer detection limitr i) set

94
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Table 5.

constant source.

-

a8

N
LU

Standard deviations of a diode output with a

Iptegration Standard Deviation (&illivOlts) at
Time %fﬁ\ .
-Seconds -28°C -12°C -2 ﬁlg +8°C
.0313 - - 3.2 3 2.9
. 0625 - 2.6 2.9 + 3.3 =
.125 3.6 26 | 3.2 | 2.6
| .25 2.6 3.0 | 2.8 2%y
.5 2.2 2.8 | 3.0 2.9 S
1.0 2.6 2.9 | 2.5 | 2.6 ”;;
2.0 3.8 10.9 3.3 2.7
40|34 | 24 ] 25 | 25 ]
..B.O 126 5.1 | 2.8 | 2.7 |
16,0 |79 |2 | a7 | 36
320 16,0 8.] 9.0 5.5

95



a R

- wosgp

96 A

A

by séguration at 1 volt, the linear dynamic'range of the
detector system at a f1xed 1ntegrat1on time would appear
to be between two and three orders of magnltude. The two
ahomalous‘resulté for the -12°C series are difficult to
explain. The mean halues taken et,thelsame'time as these
standard deviations corresponded to the ekpected values,
for these integration times yet the standard deviation\
values suggest considerable variation. Simuiatioh
calculations haQe ehowh that these ahomalous results could
be achieved by the array failing to respond tq one start
pulse out of the 32 in the series while the data |
acquisition system responded to all start;pulses.e
However, no éroof of this oceurrence can be offered. ' Thex“
~12°C‘%eries_was the first series run end the effect did

not occur in the other 3 series.

7. Proportionality of the Array Signal to Time !
QpQrtion SoL 19!

A diode array, run at a fixed integration time, has
its upper detection limit set by the saturation of the
array and its 10Qer detection limit set by the readout
noise level. 1In order to extend the dynamic'range,_the

iﬁteoratjon time is changed to bring the output-signal

within these llmlts. Tt is aqeumed that the‘arréftsighal'h't

T g
.w1]; be pggggrtlonal to the Broduct of  the ?ntegtat10m s o
y e -2¢-4 i rovres quw v *;m e R .
e .

f1me and the light 1ntens1ty. Horlick and Coddlng [461 T e
Bl s S ey, i - N - e
MRS S G e etR ,L" P 9 . e e . -

have reported 11near1ty WIthln 1%, T e e T ®
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The validity of the assumption was demonstrated by

the foligw{ﬁg experiment.

A hollow. cathode lamp intended for steel analysis by (X:D'
atomic absorption was used as a steady light source.a;The

‘é}ray, cooled. to -22°C, was set up to detect the manganese

triplet. at 403.1,.4Q3.3_and 403.4 nm. The preamplifier
was set to give an.arfay §éturation value of approximately
10 volts at the A/DCZ The entrance_fefraéﬁor plate oﬁ the
direct reader'was adjusted to get a maximum signal value
for the centre peak (403.3 nm), by moving the centre of
the peak to ¢prreépond to the centre of a photodiode.

Measurements were made over a range of integration times

.of from 0.0156 s to 64 s by averaging 10 scans with 10

scans of dark current subtracted. The results are graphed
in Figufe 25. THe ‘array. ignal was proportional to time
over mdref{;an.two order{<of magnitude, and for the

centred 403.307 nm peak to three. Fortunately, the signal

—
//' output, from the hollow cathode lamp was strong enough to

demonstrate, within the available integration times, bce'h
the uppear limit of linearity due t~ saturation and the
lower limit shown by the daviation nf the weakest peak
(403_45% nm) as its measured eignal approached the noine
level of the array, The .‘linpar rar.\go nf the array
corresponds to that suqqesteﬁ in the section on nni=e

. @

measurements. 5
oo - &
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(Dark current background subtracted)-

Values of-signal at A/DC in volts

24

.05+ n
Manganese-(Hollqw
Cathode Lamp)
- 02+ A = 403.1 nm i
B = 403.3 nm N 4
. 01 C = 403.4 nm |
. 005
L0002
T T T T T T
.016 .063 .25 1 4 16 64
Integration Time (Seconds)
gigure 25. The proportlonallty of the array 51gna1 to

integration time.
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The.validity of the_proportidnality-assumpti\ allows
the light intensity falling on a photodiode to be

representéd by the value of the output signal {(after

b |

suitable background correctioqsf divided'by the
intégratibn time. This gives a measure of the total light
intensity affecting a single diode normalized to a 1l s
integration time. g ‘

The linéar detgcti5ﬁ range of thé photodiode array
direct reader should then be ébtaing& from the product of
the linear range of phe array and the available fange of
integration times.

e N

8. Spectral Measurements Using an ICP Source

The performance of an\gy%lytical instrument can only
be tested properly by using.it for anaiysis.' The single
array system was used for independen£ measurements of 6
elements. Tnformation was obtained on *he linvar{ry ~F
tho syetem, detertion limits and o Fh-e e o aimple

met heode F haf‘qu(\lll\d/(‘?ﬁrr‘?""i("\.
)

prra——

Separate s&lufions were prepareq rg, %aﬂmi”m'
calrium, magnesium, manganese, strontium and zinc, all !
1000 ppm concentratinn These were diluted in tenfold
stepé‘ro give n s ries f =ola’inn concentratinns
extending down to the expec-ted derecrion ‘imiflgo' each

3
elomr~rt | Denhle e il )le and Do iariznad At ay wag o]

<



1100

for all’dilutions. . The sblutidng were aspiféted fnﬁo the
spray ch§mber of an inducﬁiVely coupled plasma.éodrce. |
(Operating'conditions of thé‘iCPAare given in Appendix
l.) The spectral emiésionénpf the 6,e1ements'chosep:fall
in the wavelength.;ange of 238.to 408 nm.

The preamplifier to the analog to digital cqnvefter.
was set in th;'léwvgain position to allow the use of ther
whole range of‘integration times from 0.0156 s to 64.s.
All data were the signal averaged values for 5'con$ecutive
diode array integrations. Where the background was
corrected by subtractfng'the signals generated by
aspiration‘bf water, thisr;és doné immediately by thé use
of therubtraction loop in the daté acquisiéiph program

(Appendix 4). ' N

IS

8.1 Measurements with 'Calcium. as Analyte

"

The calcium II.llne at 393.4 nm’ 1s a very 1ntense
emissinn in tﬁe ICP and was chosen to 1llustrate t!
linear range of the detection system that .could be
obtained hy varying the integfation-timei The system
responses are shown in Table 6. The parameter recdrded is
the peak height voltage, at the A/bC, normalized to a 1}
second ilinmination by dividing'by thevintegrétion time,

The first set oflvélues (A). are the water background
subtracted values, The eecond set'(B) is similar to set

(AY bat haq been . further corrected us1ng a factor obtalned
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Table 6. Photodiode response to calcium 393.4 nm. Values

‘are in volts at the A/DC normalized to a 1 second

integration time,

L]
A A c
PPM . |Water Signal A + Corrected
(PPB} Subtracted. Correction ___only
1,000 87.4 86.5 1 79.9 J
100 14.5 | 14.4 -
L e — e . - " [ L ) 4
B U N 2SN B T2 1.59
1 .152 .149 .149 +
e BRI R & ol —_t7 L
(10Q) | = .0139 __-D13s 20136
€109 -00153 .. :00155 P .00153
¢ .000254. 00020 .00N1 R
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from the values for’ off-peak‘dlddes close to the reeponse
peak. The thlrd set (C) are values w1thout the‘wate; e -
background subtract1on but using the correctlonufactor |
obtalned from off-peak diodes. The use of water

backgrounﬁ subtracted values requ1red about 12 minutes to

run at 64 s 1ntegrat10n t ime w1th the p0551b111ty of low
frequency flicker.noise affecting the subtraction. The
nff-peak cotfeétion factors for ca}cipm‘yere caléulated
from groups of 7 and 8 consecutive diedeé startipg_?

diodes away from fhg peak. They helped to comgensate'ﬁor'
any flicker noise in the sjstem other than that due to the”

analyte. s

The results listed in Table 6 indicate that the use

N ! . . . -«
. .

of the off-peak diode generat?d correction factor gives -
linoarity as good as that obtained using the Watet”
background subtnaction‘method, This iskéhbject_to certain
regervations. ’The'array must be free from.defects
(glitchesg) in thb peak region and in the bactgrocnd
~valuation region. The pea' must not be subject to
interfe;enco from wavelength dependent spectral featureé
such ~e argon lines and OH mnlecular spectra unless they
caﬂ he corrected for. The response of the individUal.
diodes tn light must not vary slqnlflcantly.‘1ﬁchiél]"
repor!'ed that for an earIxer type of diode array,. thé.RMS

v

“nlye ~f the interdinde variability. was about 0.1% and

. . N ;.Gﬁ:wvﬁ.;, r - , 102:
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a liquid nitrogen coeled array with

“er one hour *ta study star spectra.

The valne given in Tabhle 6 for

"

sibtracted signal for 1 ppm calecium

A mean value for 6 determinatione at different

e e
.

integration times of

7
the water background

solution was actually

ntegration

The individya) paramater values are <hown in Tab;e

THe valnea in Tahle 7 were calculated from voltages

at the A/D7” ranging from 20 Millivolts to 4.123 volfs

dep- nding v i tegrafion time. When this ie rongilered,
the valo-r Aaye Ypmny\'ah\y c)osp_' [\igitiz]'nq ery ™ ‘¢,-‘ nrt
int 1ved  The value af the lenat ei-vnificant hiv of n 11
it A D opervating auvey 2 10y range is 0.6 oy, THiR
wonlidl canee, At the oet | o R errar in g 20 my ejgnal .
The A3 e p Ktern cavty bPution was caleclatad
~onaratel: Tnad fond b be dpaianificant. Some of ‘Yhe
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Table 7.

1 ppm calcium measured with various integration
times. ~Nalues are volts normalized to 1 second
iﬁteqr;ticﬁ time.
A B -
Seconds ‘ Water
Integration |  Subtracted | A * Correction
o320 | e1382 4 -1378
J18.0 ] - 1490 1487
| 8.0 i 1498 1. -1483
0 | s 1553
S IS L = S 1519
SR AR .22 21529
Mean ... Asys o L 21492
Staﬁéard 1
”mviatiw“ _ . L0081 .N062

)
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Table 8. Signal to noise ratios with a low analyte
concentration (Ca .10 ppb).

’

Integration Times -
. ) 16 s 32 s 64 s
Sighal to Noise Ratio 5;6 10.7 24,1
Mean Volts .0221 .0574 .0892
dtandard Deviation | .0040 | .0054 .| .0037
i—n{‘ia;’,me__ .0014 .001s .0014
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from 32 successive signal valuesifor the same giode (and
32 water backgrbund values subtracteé).’

Close to the detection limit ﬁhe limiting noise level
is due to the measurement system which ié independent of
the analyte concentration and the integrafion time (if the
array is cold enough). The analyte signal is propértional‘
to integration time so, as the latter is increased, the
signal to noise ratio is increased. If the detection
limit is taken as the concentratién at which the signal to
noisé level is 3, then the table values indicate 'a
detection limit of 5.4 ppb decreasing to 1.25 ppbh as the
integration time is quadrupled from 16 to 64 s. The .
ultimate low level of the detection limit would appear Yo
Qg gqvérfed_byuthe limitlof the integration timer circuit,
the éleélronic stabiiity of the system and the‘operéting
témbefépufe pﬁ the’arfay;

A légarithmic-plot of the diode -array response to the
CaRTT line at 393.4 Am is .shown in Figure 26. For ;hi;
strong emissicn, it is passible t~ cover mové than 5
arderve f wmagpitude of concentyation “alues by combhining
control of dintegration times vith the Aynamic rnange f the
photodinde Arvay.

The ~urvatyre  of the_line at high cancentrationsg may

have been partially due to celf ahgorption hut it

oyt ainly wan opavtially due to o orror in M Al tati o of

107
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in volts per second of integration time-

01 ~ ,
—. -001 o
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-
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.000] T r— T T T \
.001 .01 .1 1.0 10 100 1000
Parts per million
Figure 26.

The diode array resmonse to calcium concentration
for the CaIT 303 .4 nm erission.
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the base line value from of f-peak diodes. This was caused
by collision broadening of the spectral line within the.. . .
plasma source. This effect is increased for some
. emissions as the linear Stark effect occurs due to
1nteract10n w1th-thevplasma electrons [12],\ This line was
sufficiently broad for:. the 1000 opm concentration that its
wiogs overlapped onto the diodes used to calculate the
of f-peak correctron factor. It can he seen from Figure 27
for‘the signal from 1 ppo’concentration that the
broadening effect persists‘dowh to very low-calcium
concentrations. In sommary, the calcium experiments have
shown:—
i. The/measurement system has goodllinear oyoamic range
for a_stpongly emitted spectral line.
ii, In favourable circumstances,_the base line used for
measurements can be obtained.from the same array
measurements as the anaiyte signal. ‘
jii. Detection limits are improved in proportion to
increases in integration time.
v, The noise level near the detection limit is again

due to the detection system.

8.2 Meas rmments with Magne51um as Analyte

'z

agnesium has 1ts two strongest plasma em1551bn llnes u

Lo
- voew oo

close enough together for a 51ng1e array to record both of

P - -

hthem.f At 280 nm they are of shorter wavelength than the‘

s R I S

Cw ‘ca1c1um.11ne alrea@y _1. ussed.

o
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The water subtracted values are glven in’ Table 9.

‘All_of the values in the table are water background

subtracted'data, ‘with -and without the use of off-peak.

‘diodé correction. The .two peaks were 53 dicdes;apart on

the array and the of f-peak correction factor (background

level) was taken from 15 diodes 1n the?centre of the gap

tbetween them. Values are also shown for attempts to

- “ : C o

5 o 0
measure peak - area “by summlng values for the peak dlode_

(4 ,

7}w1th those for 5 dlodes on elther 51de. The off—peak

correctlon factor was.then applled 11 times. The‘peak:

area concept was con51dered ‘in case it had to be used to6

"..

cqytect for geometric changes in the position of the diode
array. The values for the 2 spectral lines correspond to
eacq other fcr concentrations of 100 pph and less. The
peak area calculationstcorreSpcnd to appre;imately three
times the value of the central diode signal except at the
lowest concentration levels, where they 1ose prec;sion.

*

Kubota [421, using a micrvochannel-plate, image

" intensified, diode array, has used signal tn noise ratios

td show that the use of peak area is less precise than

peak height. He explained it as due to the increased

'51gn1f1cance of. detector dark current variation and source

c”:background variatlon at the w1ngs of the peak.

Flgure 28 is. the logarLthmlc plot of the array

‘ _resppnse to the two 11nes~

’-- ." ® an el 6 : . L
v ._.A.'V‘K,.& P . . \
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Figyre 28. The diode array response to magnesium con-
) centration for the MgJl emissions at 279.6 nm
and 280.3 nm.
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'concentratlon based on the methed of repetltlve

.measurements Qf the»peak-value ‘and water,backg:ound

_ratlo was below 1 ,suggestlng that the solut1on.

. A s;gnal to noxse measutement was made for the. 10 ppb

R

oW

wn

1

subtraction.’ The value obtalned for the 51gnal to noise

w’_ PP

concentratlon was ‘well below" tﬁe detectlon llmLt . The*

51gnal averaged values for 5 runs shown in Figure 29 show"

'that the peaks ‘are sflll well above the detector noise

<

level as obtained from values of successive diodes'in the

-

background.

Iy

The repetxtlve determ1nat10ns method for signal to

noise ratio takes 70 m1nutes to run with 64 s 1ntegratlon

'tlmes and is sen51t1ve to low frequency varlatlon Such as.
: N

a DC level drift. If the analyte peak is measured w1th

measuremeﬁt-it can still be .evaluated ;egapd}eés of ‘DG - -
level driftw

»
4

© -

respect ta the vafiation'among the diodes of_the same~ T

Tn summary “the magneslum experlment has’ &hown:-' P

i. The responses to two spectral limes maintain a close

ratio over several orders of magnitude. s

ii. Peak helghts have hetter préc151on %han peak areasf

at low analyte concentratlons,
Voo
iii. . signal to noise ratios obtained from repetitive

measurehents of a single diode output can give .a

false indicatidn of the detection limit.
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8.3 Measurements with Cadmium and Zinc as Analytes o ;'.?

These elements weré chosen bécause.the,spectral lines .
used for thei# analysis are much 16wer in Qavelength-thah
.those of the other elemehts chosen. The cadmium II 226.5 -
nm and zinc I 213.86 nm emissions were very diffipdlp/té
locate as thé? wéfe low in intensity aﬁd reqﬁirea
considerahle focussiné gdjustment,of the arra& carfiagea.

The dionde array responses are given in Tables 10 and 11.

The regponse curve for both cadmjum and zinc is shown by

Fiqure“30. The zinc peak at 1 ppm concentration is shpyﬁ

by Eigurc ~371 . e ) T o

I

The array responses to these e]ementhwas'exPeépéd.to

ER Y

a7

be lower than for calcium. but the values obtained were - '/’ <)f

v

much lower than expected.

°

. -

8.4 Measurements with Manggnese“aSVAﬁaIYte
The mgnganese lines chosen wereliﬁe mangghesezl
friplat at 403.0R nm, 403.31 rfv and 403.45 nm. These same

lines had been proq%ﬂusly used with the hollow qafhodé
lamp: eonr-e to oera%lish the linearity of the array.. They
are cloae onounh tngether to-rbe recorded simultaneously
and i1tgetrate the resolution capable wifh the diode %rray
detectnr. fke array. wresponses are given in Table 12. A
values were water background suh*rarfed and adjusted with
the off pesk corvrertion factors. The response curves are

aivan A Timare Y2 Moaimroments acrnac the three pente,

g



Table 10. Photodiode resbbnse to cadmium., Values are

“vdlts at the A/DC normalized to 1 second

integration time.

117
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v o

Corrected :
Water Water Corrected 11 Diode
-|PPM 1Subtracted Subtracted| ~ Only | =~ Sum |
1,000 | .241 | “.238 244 .769
oo b oo.0278 0 .0276 .0258 | .0906
1 1131 - 003" MRELS -0102

LA B
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Tab%e llf Photodiode response to zinc. Values are volfs
normalized £b 1 second integration‘iimé.A-' -
' Corrected ' - .
Water -Water Corrected 11 Diode
"|PPM _Sgbtracted Subtracted Only ‘ Sum
1,09Q' .403 .401 .421 1.39
100 ‘. 0436 . 0447 .0449 f146
10 . 00537 00535 .00538 L0165
1 .00049 | .00045 | ~ .00044 | 00212

At
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ce

_volfs at the A/DC normalized to. 1. seco

integration time.

Table 12. ' Photodiode response to manganese. Values are

nd .-

“ « w0

403.08 nm
PPM Peak 11 Diode
(PPB) 403.45 nm 403.31 nm Height “Sum
1,000 .875 '1.39 1.76 3.27
100 .070 .126 .154 .325
10 . 0075 .0132 0184 .0330
1 | .o0067 .00109 .00177 .00313
liigg)"_rW:060054 .00019 . | . .00017 .00037
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showinglthefresoIUtfon,'are 1llustrated by blgure "33 for

the 1 ppm, concentratlon of manganese. The ll dlode sum

% < ~
. . - -~ a % .
. * G LI '.".to - - v

values  (peak area) were twice the ‘valie Of ‘the beak"~'L:;1';:

re o @ . s4‘_°__"' »

height, compared.to triple thé‘peak height for magnesium,

._cadmlum and 21nc. The manganese 11nes appear to be

v e -

narrower than those of the otherselemepts. ThlS e T L

o .

probably due to the p081ﬁ10ﬂ40f the manganese llnes whlch.

s i
il £ Nor | Aun p—
i

are formed close .to the. normal of. the centre of the - -
& . o » F < o o '

gyrating. Here astlgmatlsm 1s less than at the lower "

- e

wavelength p051tlons on the focal plane, o f;»a‘ CT e

i aIn summar,, ;he manganese experiment has shown:-

4 - - (2 8 Fiari o ﬂ . ) .
i. An example of base line resolution for two spectral”-*“
iines separated by only 0.14 nm. : R N

LY

An example of a much nérrower Spectral 11ne than

,fv

those obtalned w1th the other elements examlnedr,'r w—

]

8.5 Measurements with Strontium as Analyte

Strontium was chosen as it emits about 100 times as-
intensely as the manganese lines in the same spectral
region. 'Like thé calcium IT line “at 393.4 nm, strontium

I1 407.8 pm is affected by the linear Stark effect and

should have a. completely different profile than the - ? R

‘manganese lines. The experimental values are given in’

Table 13.

@

The -loss of linearity at the high concentration is

mainly due to self absorption in the source'as the off-

. e S i

Ay
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' Table 13, Phoﬁodidde respohseJtQ strontium. Values are

ot volts at the A/DC normalized to.ldéecond
ot h ‘a.: . / "

vintegration time. .

” oL e

> - v -

» = Corrected | X )
‘| PPM - | T water - . .- . Water . . Cor:eé;ted - 11 Piogeq - - - -
(PPB) Subtracted -|- Subtracted |- ~ Only " |~ [ Sum °

1,000. | 74.5 74.2 | 715.5 224.5

100 [ 15.0 15.0 . 14.8 kﬁ43.1'

10 | 1.80 179 | 1,79 ] s.o02

1 2179 ¢ [~ . .179 .181 . .50

(100) | .o020 = .020 | == .062




_ peak correction factor was calculated from diodes well

away from the peak.ﬁ The eleven diode sum values were -

approx1mately three t1mes the peak helght.' The peak for

the 10 ppb concentratlon is shown as the solld line in '~

r

F1gure’34. The dotted 11ne 1s fOr the 403 8 nm 11ne of. 1

. -

ppm . concentratlon of manganese, drawn 'to the same scale e

© e e -~ <r

and is 1nc1uded to - glVe .an 1ndlcat10n of the degree of

broadening of the strontium line.

v (1dd

8.6 Discussion of the Deteéction Limits Found

«

The photodiode array responses for spectral lines in
the centre of the direct reader were excellent but those
for cadmium and zinc were very peor. A table of detection

limits of 70 elements for analysis by the 1nduct1vely

»

coupled plasma has been publlsﬂ!d by W1nge, Peterson and

Fassel [43]. The diode- array was able to detect elemental

concentrations close to those published for spectral lines

e
—

in the centre of the directAreader fdcal plane, but not
for those to the r{ght side, in the ultra-violet.
Caiculations H%Qe been made to determine the
concentration limits for the diode array direct:reader by .
a similar methdd to that used'for the published results.
Response signals were taken for solution concentrations
sufficiently high above the detection limit that

confidence in the values obtained was high. " The

- concentrations chosen were still low enough for the
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, Jxmxtlng noise to- be due to the measurement system so that

:

the same noise 1evel could be applled at . the detectlon

'l1m1ts. The noise values (standard dev1at10ns) were

ot

calculated from the values of off-peak’ d1odes. The

detection limit &35 calculated‘as that canentratiQh'at

which the signal level would equal three standard
deviat-ions“of the background signal. The Letection limit

values are calculated and compared’ to the published valuee

»

in Table 14. (The standard ‘deviation for calc1um was high

-

‘as the of f-peak diode values used to-caICulate the noise

Jevel were still on the winge of the proadened-line.
Coqsequently the noise would ccntain ecme contributioh due
' to the. calcium concentration.) : ' |

As low values fo; detection limits afe desirable,
values in the last column of the table of gteater than one
favou} the diode array syetem{/ Valuesuof below one do
not. 5. |

The comparlson values are obviouslylwauelength
dependent as they'change by 2 orders of magnitude'ae the
uavelengrh decreases from 407.8 nm to 213.8‘nﬁ' This'
lndihates an instrumental effect. Talmi and Slmp@on (23]
have published a quantum efficiency curve that 1ndlcated

3

that the photodiode quantum efficiency at 210 nm is 75% of

that at. 400 nm. Salin- and Horlick [39] reported that the

Aatection )imit for zinc was 50 times that of calcium when

128
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using a diode array with a monochromator. - The diode array

direct reader gave a ratio of 154 to 1. Consequently the

“use of a pAOdeiode detector to replace q.ghotomultibiiér

tube "was not'responsibleffdf thé signal loss. The.real N

reason for the loss 'in response at low wavelengths lies in

- ,
the age of the instrument.

" The diffraction grating of the diode array direct.

rgader was blazed for. 360 nm [44). The'iuminosity of a

blazed grating falls off rapidly on the short wavelength.

side of the blaze [45] so the diode array cannbt respénd'
ta light that it QOesn‘t rece%ué. ThHe gratihg“wés blazed~
for this wavelength becausé it was supplied with DC afc
and AC spark spectral sources. These used,clasgicai
spectral lines that were originally eséablished for their
photographic responéé and were generally of longér
Qavplength than most useful lineés from the ICP. This
instrumeH{ICas designed at'ieas; 3 yearévbefore ths‘ -
introductory papers on the piaﬁmﬁ'ébnrhe-were published by
Crecnfield f4ﬁi and Fagsel ([47).

Ry contragt, winbo‘s instrument [43] was designed for
the TCP sourc» with a diffracticn grating hlazed for 250
nmmwni;ginn, Thje Ylarz~ i naw u;;d because tha mngt
rrominant linea far 157 ~f th  alements dsua‘]y analyzed

Wik 1 M Ee b 00 4 950 nm ragion

B
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v .

Congequently, the low response obtained for the Adi ode
array in the ultraviolet region must be considered as an
instrumental rroblem due to the dgrating. It shonld n-© e

considered as a barrier to its arceptance "3 a Jire!

reader detector. Later w~ork has confirmed vhat the

}imitatinn is due to th qra! ing by ahvmur i ] it ngory

signals fror cadmio'm an' ch o o mer ooy A

0

"(ymp:;yﬂl] t -t o '
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A MULTI ARRAY-SYSTEM ,,

. ‘ P

N

The experiméﬁtg with the single array éystem haye
ahown that the photodiode array qaane operated to give
simij lar dotecti“ﬁllimi*s for emission spectrogcopy - as the
photomulviplier tube. A direct reader has to have sebefal
apepctral windows;in ~rder ta meakture the eﬁission from
%

csevoeral slementes simultanecusly. This reqﬁires a more
rowyp lex ~antrol and data leoagning aystem tﬁah was uged for
vhe aingle ar;;y)cvsfem. /

/ .
Siy 1?28 AdAjerde arrays were available and a system was

.

vequiral that wabdld yun all 6 under computer control for
readn 't and Aata stﬂrag;. Aﬂditionak1y, every array had
'ty he an{1igﬂ with power, = cooling system and coﬁfroh
signa . AVL ~f the ~upply lines had to be flexible to
S0 g v h arroy t he moved round ' he Airect render focal
) C Lt he --\;rs At el
\*

' "h nMata 1 qgging Method

' e oy ), pht omntbin)iay tube baged direct

v, 1, ) Con Yo'nkar oy Y e, per e lament . Tt
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simultaneously records the time integrated values for the
anode current for each tube in analog form. Then it
seqguentially procésses,the stored data, element by

element. Because the light detector and the signal

- .
v =3

storage device are separate'parﬁs of the éircqit, both can

B . . N\
have a large dynamic range. - This, in turn, allows the

. .

signals on all ~hannels tn be integrated for the same

length of time.
: AN

A diode array works differently. The individual
diodes are both detector and signal storage devires. In-
. order to obtain a large dyhamih réngp, the intearatinn

time- must be varied. When the integration time has

3
/

elapsed. the data processing system must accept the analog
aignals from the diode Array circnit bhoeard, digitize thoem,

and str~re them, all in real time.

A data logajng system can only handle one cignal oo x
time <0 tn have several arrayse cnmpleting threin
i'rhegratim» timesn C‘ir\'\l]lfznar\nely And eomp et vy ey a

"‘;"':‘I‘C’ ana]()q try ‘iulta] convertoy we ol e o l‘a]"‘"\ify
-

Oun apprasch canld bhe 'n haus an dodapendont data

Aacqnigi’ion eystem far each array »nd A maate:r compurery t o

-
-

contynl them all., Foy siv array~, thie waonld require not
!
enly acuven mihr(\vnmpntorq but in addjition, «iw high epeed

L 4
anal-g tn digital asnverters cach with ite pon sample ao

a1 0 amy ]If Voey o, Al oy 'Wt"r"\h". ~r Yy l':‘n' | [ ST
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—~.direct current power. supply at several voltages to drive

them,all:

The alternative aépréach tha£ was chosen uSed_a M‘N
singie microcomputer and avoids readout clashes by careful
control of the integration times? This wés done by‘
allowing the integrapion times to be'increasqd in a

stepwise fashion with sufficient time allowed in each step

for readout of all six photodiode arrays.

2. The Apple II+ Computer

The AIM 65 microgomputer, although it\adequatelf
processed the data ffom a single_photodiode array, was noﬁ
suitable for the more complex task of-handlihg six
arfays; Tts 1imited amount of random éccess-méhqry (RAM)
could have been extended but its slow rate of
oom;unication with off-line systemé could not easilx:be
improved, Sequential searching of cassette tapes:?gf
programs and'data is a2 very slow pfoCess. Ihterfacing
with thé‘Ppcrafﬁv héd to be done tﬁéough the sméll onboard

)

pfin(e as’ the singlé line electronic display could only
carr :g Timited amount of i;¥ormation at any one time.
Additionally, §ho ATM j= an engineer's development machine
and rﬁe little supporting peripheral hardware that is

availaktle bas a limited market and is consequently

Svpensive
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The‘Apple II+ is a general purpose microcomputer that
uses the same type of micropfocessor 16502).55 the AIM‘buf-

it is better designed for rapid and easy interfaecing with

both the operator and peripheral devices.

~* The main circuit board of the Apple does not have any
built in input/output (1/0) devices. ,However, it does

have the necessary interfartes for easily fitting such

‘devices. The interfates are shown in Figure 35.

The powé}, speaker and keyboérd connectors are used
internally by the' computer. The video output connector is
a standard RCA phono jack that is usually connected to a

e

video monitor. The game I/0 connector is a standard 16

pin DIP socket. It is designed to interface with hand

‘held control devices for playing video games but it is

very useful in more scientific applications. It can be
used to input and output cohtr61 pulses, output steadf
state logic levels and.act.as a controllablgﬂshort
interval timer, all under software control..

The eight peripheral slot connectors (0 to 7)
simplify inpnt and butput for the Apple. Each one is
connected to ;hé computer’'s data, address and control
buses, the power éupply and the system drive clock. 1In
addition, the address bus on the main hoérd is paftially
encoded to give three low level pulses that are used to

selact the elot connactore and hence their attached
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: ' ) ' Cassette 1/0 - : ’ L

_5« ‘ : SN M Video
: ‘ 2 3 5° & 9 ]ﬁﬁ_' Output
3 - 3 [ = ‘ '

. Power . ca+TV Connector

1=

1]+
1
11

1=

Pefipheral Slot Conhnectors Connector

HHdHHBHH 3 d D_;}mez/o

h-Spéaker
Connector

Keyboard
Connector-

Figure 35. Input/Output connections on the Apple II+
main circuit board. :
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peripheral devices. The Apple has been commercially

successful and there are a lot of - reasonably prlceﬂ

Aperlpheral devices" avallable that can be plugged dlrectly

“into the slot connectors.

The direct réader system has six of these-eight slot

-

copnectors‘in use, as shown in Table 15.
Five of the six plugged in peripherals are commercial

devices. and are described below. The sixth is a custom

-
\

built circuit to control the integration times. of the

array and is described in a separate section.

1- 16k Byte Memory Expansion Board
’ fﬁis uses the same memory addresses as the Apple

[

monitor andﬂBASIC.language read‘only memory (ROM). This
restr%cts its usefuiness.'vIt is intended to be used to
storeva language interpreter as an alternative to the
Applesoft floating point BASIC in ROM. When loaded with
Integer BASIC, it has, as part of that'language eet, a
restricted form of assembler languége that isiUSeful for
writing programs for machine code operation.

This extra meﬁory can. be used to store machine
}anguage programs and bihary data. It was considered for
this purpese but diskette storage was found to be more

convenient.

L 2 ' .
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Table 15. System' use of theﬂpefiphérél slot.connectbfs;pf

-

the. Apple II+,

4

'

: 138,

SLO%"" _PERIPHERAL DEVICE'
7 0. , ] 16k memory expansion board
1 Printer interface board
2 - &
3 12-bit. analog to digital cdﬁvérter,”fﬂ——’
' P = —71
-4 1/0 board
\ 5 Integration timer circuit board
» _
: ‘ a bt
7 Disc operating system controller .
< ’.—; 'k
, ~ ) .
A
IS g ‘
o f e T ,
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2.2 Thelpfinter InterfaceﬁBoard ‘

This is a GRAPPLER + by Orange Mf@;g"ahd'itfisl h
interfaced to én‘Epéon MXBOFTAdot matrix pfinter; Thg\
combination can brint éut.information up to 80 Charaeters

wide. and also givé a printed copy of any high resolutipon

. N
-graphics display on the video monitor.

o

2.3 The 12-Bit Analqg to Digiﬁal Converter

- This is an AIl3 analog input-system from Interactive
Structures Iﬁc. It has 16 SOEtwarelselectable'énaloé
input‘;ﬁannels, 8 software selectable voléage rangés and-a
conversion time of 20 us. On its.ldwest range'(O to 0.1
volts) the least significant bit (LSB) value is 0,024 mV,
well below the 0.6 mV value for théggk—bit A/DC used with
the AIM 65. | w

The AIl3 is used in é mode that takes an externally v
generated high to low TTL tfdngftion as a ﬁrigger for
.convgrsion (tpe'négative edge of the'dipde array RC1024S=
board's sampiing.pulse), and then genérates an interrupt
after conversion is complete.

Although the AT13 does not need a further
preémplifiéation stage for gain, it does reqﬁire the
anélog inputs to be ‘offset by means of a summing
aﬁp;ifier, in order to use its lower input‘voltagg
ranges. This is reqﬁired to overcome the variatién of the
background level of the photodiode array wiﬁh changes in

n

~integration time.

3
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2.4 The Input/Output Controller.Board

& 0 '".-‘ ' ) - : S :
és%é“umplifler shown in Figure 36 was built 6 times,

once for each arfay. The operational amplifiers are LF351

1ts power off theiﬂppﬂe power supply 1ﬁ1ras'u‘n : .tp§5’
q“ , . .,t. * .
V). Tbhe preamp11f1ers are also powered by tbe App, to

avoid any accidental overload of tne AIl3. The offset

controllers are 10 turn precision-wire wound

potentiometers, equipped with turns counting dials. Theseak

t )
were mounted on the side of the amplifier case to allow

various offset voltages to be switched in quickly and

%

reproducibly. - T

-

This is the DIO09 i/o board from Interactive ,
Structures. The controlle; contains two 6522 Versatile
Interface Adapter (VIA) integrated. circuits and has some‘
partlal address decodlng. Thus it has four 8 b1t parallel
I/O ports with 8 control lines. 7

Only oneé 6522 is used by the system. The lower 3
b1ts of port A (PAO to PA2) a:e used as inputs to read the
encoded identity of a start pulse and determine which
array is about to be read out. This 1dent1f1cat1on is
required so that the'computer can select the correct input

analog channel of the A/DC and select the correct data

storage addresses. The upper 4 bits of port A (PA4 to

v
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‘
PA?prpd all bits of port B (PBO to PB7) are used as
outpd£§'£o i6aq a digital to analog converﬁer.‘ This%4'
allowé any détafin the system fo be displéyed on an
oscilloscope or~graphed by a chart ?ecorde;.

For data collection, the I/O‘controlier board has to
detect both the riéing and falling: edges of the start

)

- pulse, of the array about to be read out. Th}s is done .

thréugh control line CAl.

2.5 The Disc Operatlng;System Controller

This supports 2 disk drives that use 5 1/4 inch
diameter floppy disks. Drive No. 1 is usually loaded with
the direct reader operating systeh disk. Drive No. 2 is |
used for data storage disks.x [

It has become normal pracE}pe with Apple computers to
put this controller in slot 6, howev%r, in this systéﬁ it‘

has been moved to slot 7 to relieve crowding around the

integration timer nivcuit board in slot 5,

3. The TInteqration Timer System

3.1 The Timing and_Sequencing Principle

In order to allow measurement of a wide range of
emission intensities, the indjvidual photodiode arrays
must have independently variable integration times. In

order t~ bhe prncacsed by a single data léggingfsystem; the

vanlent timee ~F the arrays must ndt clash.

1‘J‘pﬁ
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v v ' ' . o N
The degree of variability ailowen to ‘the integration
timé_has to be restrlcted SO that both of/;he above
cond1t1ons can be met. | . //
- A short time interval, long enouéﬁ for 6 arrays to be
read out with a little time to spare, is sélecﬁed as .the

standard integration time increment. All integration

times are controLled to be integer multiples of this

v

inc}ement. Each 1nd1v1dual array is allocated a flxed
portion of the standard time 1n:?ement during which it may
be read out. ‘When the integration timers start running,
each one starts at the beg?nning of iﬁs allocated portign ’
of, the standard time increment. As the integration timen
are an integer multiple Sf the standard increment, the
readout for e%ch array has to occur within its allocared
portion although probably many standard increments

later. This prevents readmut cla~hes as the allocated
portions for diffe;Pnf arr%ys'arc ~aprr-ota' by anongh ' ime

for oompietn veadoat of Ao array . M R R AL B A

rigure 7,

The standsrAd tiva i ‘rement i~ ® 100' e wmad np ot 1
pulses anch aof 3 1720 ma, An array of 1R ~de ¢ ”'lp‘-' !
wmg to be vyaadl ent at a sampling rate of 10 kp-» Ty,

i allnratoed vhae fFirgt portion of the stania A
increment *rrajy )l g ailocaroa (N r rti oo Pagirnt -

',,‘1_,(,,,1 ey L AR E [ ‘ ' SN
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Figure 37. "he intraration *imér cycle.
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increment. Array 2 is allocated the portion starting 10

pulses .after the start of the increment, and SO on,

. The integration times ~f ;a h array.have to be.
mulﬁiples of'.iOOI €. Thie alsn mean~ that the minimum
integvat{on time is 100" =, And *hir anggests that lese
Drominent:sp°ctral lines may have tn be u§éd to Aanalyze
hinh concentrations of < v “'omenre va avoid saturat ion

of the rhotndiode arvay. 7
. g

Tt wollld be ewtrerely Aifficult for *he centra)

procesesing 'nit of the computrer £~ gct ace ‘the ti"';inq

Yovice. Tt wenld havs Fe yun gix counting Tonpe and aftao

it hroke away f‘re o 'rnln!';nq ]oops tr preceas rhbeo An) oo

frorm an frray, it won’ ' Vave o gorvect! the tiving for

\
! r‘nnt
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3.2 Design_and Construction of the Timing Device

The timer system and its asSociated'integrated

c1rcu1ts were assembled on an Apple per1pheral prototyplng
prlntod circuit boaxd. The logic diagram for this
[§ '//

assembly is shown in Flgure 38,

The  primary oscillator of the Apple is a 14.31818 MHz

146

quart7z crystal. This frequency is reduced to 1.023 MHz to’

clock the central processing unit and this same reduced

frequency is also made available at the peripheral slot

Tenneatnr e,

¢

The heart nf the integration timing system consists
«f four 8253 integrated civcuit chips. Each of these has

three 16-bit programmable down counters that can run

inderendently of each other in any one of six modes and |~

v cupplies the 12 counters necessary to run ﬁherystem.
"he 12 counters are utilized as follnws: .
One iae uysed H~ reAuce the time - bhase ciack frequency
Py 1 fac'cr ~€ 3.200 (to give a period of 3.129 ms)

)

and this ie used tr drive the other eleven cournters.
Five arna nerdA ko control the oating of five of the.
intagratinn rounterg to delay the start of their
conntipa cyrlea hy f-'i‘xed amounts Of time.

i Siy Aac~t ae ‘the actual integration timers. These are

'oaded with the integration times for each

Tnadi v Tnad arryay ne aclecteod by, the npp_rator of the
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‘.fhe power'sappiy for the Apple has orly 500 mA | )
available at 5 V for all the eight periphéral slot .
‘sonhectars. As rhe four18253 iqtegrated cirsuits alone
draw 560 mA the timer circuitry§was.driven by an auxiliary
power supply. .

The data bus and part of the adaress bus of the
microcomputer have to go to all’ four 8253 ChlpS. In order
to avoid fan-out problems, the bus llnes and the.
READ/WEYTE-control line were first buffered through 74;25

tri-state bufférs. . -

The circuit requires the ¢0 81gnal from the ‘3

-

computer. This is the phase of the computer clock 51gna1
that goes‘high,for data transfer. Because thls 51gnal has
aonsiderable ﬁahfsut on the Apple main B%;TUZ it was
Eecreated for the timer circuit by inverting its
complement ¢1, | ' . ‘ o

For an added_complication, the 8253.chips.are not
designed for use with the 6502‘micrpprocessor that drives
the Apple. They are designed for use with Intef's 8080
midroprocessor. The essehtial difference ﬂatwéen‘the two
is that the R080 has separate read and writs control

lines, while the 6502 uses a single line for both read and

write control. When this

"is high and ¢0 is high, the
6502 readse data. When the\line is low and ¢0 high, the

£5N02 writee (nutbuts) data.\\ﬁ\speéial interface has been
Q



éldesiéned by V. Karanassios [48].to aliow thé 8253’ahd

simi}af Int91 chips to be uéed on 6502 based equipment apa

this was incorpokated into the circuit. |
Because the dyta pué was bufferéd through one way

tfi—states, the stat

of the count in progress could not
be read out through the data bus. This does not matter as

the timer output pins carry the end of count signals.

3}3) Addressing the Counters
The counters within the 8253 chips{have to be

individua;ly programmed and this reduires that they be

individually addressed. The circuit board runs in slot 5

whiéh ha§ the dedicated address $SCODO to SCODF (S
hexadecimal symbol). When any of these 16 addresses is
referenced a control line at the slot interface goes low
for 500 ns. This is called the DS (Device Select) pulse
for that slot, |

Consider the last hexadecimal digit of these 16
addresses expanded to its four binary address lines A3,
Aé; Al and AO0. Address lines A3 and A2 are féd to a 2
line to 4 line decoder (74)55) which is activated by
the Bz'pnlce, The four outputs from the 74155 are used
as CS (chip select) pulses énd are fed individually to the
four 8253 chips, Thus the particular chip heing addressed

is ~ontralled by the values of A3 and A2. The Al and A0

Addraaca lines g~ to all 82R3 chipe where they are used to

149
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address the individual counters or to signify the transfer

150

of control information (mode word). The full address list '

for write 1nstruct10ns‘!0 the system is g1ven in Table 16{

In order to synchronize the start of the count1ng

operations, the counters are inactivated during the data

loading process. This is ‘done by holding,the gates of the'

frequency reduction and delay'couﬁters low (disable) with
a software controlled logic level through the Apple dame
I/O'counector. When all the counters are loaded the'logic
level is software switched to high, ihe gates are'opened
(enabled) and the count operations commence. : rhghf

The timing diagrams f%r the counting processes are
oiven in Figure 39, | |

Counter 0 on 8253 #1 runs in mode 2 as a frequency
reducer. It is loaded w1th a count for 3,200 and clocked

by the 1.023 MHz Apple drlve frequency. The output is

normally high but evety 3 200 clook cycles or 3.129 ms it

<7

goes low for 1 us. The reduced frequency output 81gnal\1s.

buffered through a 74125 tri-state and then is fed to the

other eleven ceunters 'in the system. |
Counters’l and 2 ond8253 #1 and all three counters on.

8253 #2 are run in mode 0 aS'incerpupt timers. The

outputs go low as the counter register is loaded. When'

the count starts che output remains low'until full count‘

occurs, whereupon it goes high and st ys high until. the
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Table 16. The ;9dress list for ioading the integration

/ %

~

system

o

~

" ADDRESS - 8253 EFFECT OF WRITE
(HEX CODE) | ADDRESSED INSTRUCTION

$CODO 1 LOAD COUNTER #0

$COD1 1 LOAD COUNTER #1

$COD2 1 LOAD COUNTER #2

SCOD3 1 WRITE MODE WORD

.| scopa 2 LOAD COUNTER #0

w SCOD5 2 LOAD COUNTER #1

$COD6 2 LOAD COUNTER #2

$COD7 2 ~ WRITE MODE WORD

-+ $COD8 . o3 LOAD COUNTER #0

© .$CO0D9 . . 3 LOAD COUNTER #1

SCoDA ., 3 LOAD COUNTER #2

SCODB 3 WRITE MODE WORD

$CODC 4 LOAD COUNTER #0

$CODD 4 LOAD COUNTER #1

$SCODE 4 LOAD COUNTER #2

SCODF 4 WRITE MODE WORD

151



8253-1. Counter @. . Fregquency Reducer. node‘z. computer Cloak

N-1 N-2 3 2 1 'F(N)~N-1 '

\

Software .

Gate I

Qutput

(N = 32089) S ~ L__TI1 pulse Every
' N Counts

DELAY COUNTERS

8253-1 Counters 1 + 2, 8253-2 Counters, @, 1, 2, MODE @

Output of 8253-1 Clock '] (Perlqd 3. 129 ms) -

mmUWL

Software ]7

Qutput . _ ' | | : ’ .

START PULSE TIMERS

8253-3 and 8253-4, all counters

Output of 8253-1 Clock ﬂ

Delay Timer ,

Output (Gate) J - - .

Qutput

‘ IStart

Pulse

Figure 39:

Tlmlng diagrams for the 8253 software programmable
counters. ' .
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‘,tﬁevcounters are being 16aded,-once the output'has gone

. 153

count register is reloaded. As this'only'o¢curs when all

°

high it stays high for the duratidn of all' of the counting

operatibns. The outputs of these 5 counters are used to -
gate 5 of the fntegration timer counters. - They are loaded
with sufficient counts to hold their outputs low for the

delay intervals required to sequence the integration

timers.

¢

The six counters on 8253 #3 and #4. run in mode 2 as
frequency reducers. They are loaded with counts that

generate pulses at periods corresponding tb_the required
integration times. At the completion of each count a

negative pulse 3.129 ms wide is generatéd as a start

pulse. As the counters .are 16-bit, they can count up to

‘65,536“pulses of 3.1291ms and this gives a maximum

¢

integration time.of‘205 s.

3.4 Further-Proéégsing'of the Start Pulse

The negativé_start pulse is inverted.to a positive
one and fed out to the apprbpriate diode array RC1024S
control board. It opens the'gate for the control boardi
oscillator and also clocks the onboard flip-flop (Figure
18) sd'that its output goes high. '
The pulse.isiaISOJreinverted and sent to a 74148

priority encoder. This detects which start pulse has

occurred and translates this information into a code that

~N
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| —
is the binary’equivglent of the nnmber identifying the
array to be read out. This code is fed to tﬁe~App1e
caomputer through the PAO to PA2, 1nputs on the D109

1nput/output controller board.

The computer program for data acquisition requiree‘

' that the identity of the'array be generated‘in straight.

binary. Reference to the truth table (Table 17) indicates
that if the start pnlse for diode array 0 were fed to
input 0 on the 74148, it would génerate binary 1,1, I'at

the outputs A2, Al, AO. This is the: l's complement of the

k4
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0,0,0 required. The outputs from the 74148gcou1d be »”

inverted but theé printed circuit cannot hold another
integrated circuit chip. The correct goding at the
outputs is obtained byhconnecting reinverted start pulse 0
to input 7 on the 74148, 1 to 6, etc. |

The input enable is grounded so that the 74148 .is
always operating when the power is on. For, most of the

integration period the outputs will be high'bnt»this is

immaterial as the computer only samples them after a start(

- . . . i

The integrated circuit chip layout for the
integration timer board is given in Figure 40. Sockets A
and B\are w1red in parallel. A plug into A transfers the'

generated start pulses to the leads to the diode array

~control boards. It also brings~1n the OR‘d sampling\‘Q

.pulse.has been received. | , \ .



155

Truth table for 74148 priority encoder.

(B

High logic level, L = Low logic level, X =

Either)

- Table 17.

'

QUTPUTS

INPUTS

EO

.GS

‘A2 Al A0

H -

L
H

L

H
L
L

7

6

X. X X X X X X X|H

H H H H H

X X X
‘X X X X X X L H

L

X X X X

X X X X X L H H|L

X L H H H|L
X X X L H

X

X

H

H H|H

X L H H H H HI|H
L, X L H H H H H H

X

H H H

H

" EI

: H

L
L

L .

L
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.

(discussed in section 4 of this chapter).

A plug into B transfers :the start pulses to an LED

display.(discussed in section 5 of*this_chapter). ‘This

~

s " 6 )
plug also acts as a connector for the transfer of the ¢»'g

converter (section 2.3 of this chapter) and of the OR'A
start pulses to control line CAl on the PTO3 input ~utct

controller board., Sccket ¢ in connected *o the A2, A) 1D

outputs of the 74148 prinrity encoder. A plug in

sampling pulses to the trigger of the analog to diaital

' { _ . _
pulses and ‘start pulse% back from the array control boards

(&)

~arries these Jinas tro the AN v PAD inputs ¢ the nron

4. Timing Signals Required by the Computer

The Apple computer uses the +timing ﬂiqkﬂ‘g from
Arroay hoard differently r"!hn vay they were uced by
ATM 6% foy a gingle arrvay. Ve ﬁg%pufer must identi’
arvay »bout to he rea’ outr e~ tha i!; ca switch the
v Fhe “orvact analog rhaonel ot o0 v t'j"
et - ge addreaan for the dava.

Paring dAata arqpicitior the integrat "on timer =,

yang 'in'inpvnr]can‘[y of the miocvanpy recenr The fired

indication that ~n Array 3.8 ohaut vy be vagd Wyt ie v

leading pﬂﬁirfvn edge of t''e ctavt pule (sap Fignre

17). TVis elorks the 74°4 f1lip £ op o the vOT0ae )

(5 S - o N T Sy Voo LI S

thao

t he

V
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y
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A
tge boards’fpr all 6 arrays are logicaily OR'd together
and the resulting single line fed to the*computér th:ough:'
control line CAl on thé I/0 board. The computef r;actslto
fhis low to high ttéhéition, réads the identity of the y
arréy from the 74148, and sets up the A/DC input channel
and the correct aadrdsses in the data storage program. It
has less than 200 us to do this before the Q 6utpﬁ£{i§ .
cleared to low biAthe #2 ODD pulse. |

fhe sémpling.pﬁlées for all of the arrays'afe
likevige joaically OR'4 together ané th; resulting siggle
line fed ag a trigger to th; A/DC. As with the AIM, the
first Adipode read oht corresponds to the first sampling
pylse v ceived a~fter the O ontbut of the flip-flop ig
claared vo low. Thn diagram f~r tha r‘.i;‘duit— tc; bR the
e lae e q};owvv ';lr\ Figure 41.

The computery éetects the edges of the OR'd start
pulaece returned from the arrav hboards, not thrnge ~f the
polieces gonarafed\by the timer circuit heard.

Coneequently, it doe=~ not matter that the latter are
Aot fye for 3.120 mwa, r$gy will bhe ina“;‘7° well before
"ho ewk ~tayd pnlsa is generated.

With the q{nqln array system the sampling pulse was

Fpg "0 ‘he N/DC and the conrersion completed éigna] was

weed by the ATM ag a cue tn read the data values. The

TIYY e e At e A F o et Yy The p/ADC “neratag undev the
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a, -

control of the éomputer which has to supply the identity

of the analog-channel and the A/DC‘rangé.Setting, The

actual conversion occurs after a negative edge trigger

(the sampling pulse) ‘and the computer polls the high byte

address of the A/DC for the signal that indicates the

r

completion of the conversion before reading the data

values. This slightly ‘lengthens the time to read out a
. . ’ .
single diode "but the length of the diode readout loop
-.f .
) ’ .
still remains less than the 100 us limit required by a 10

kHz readout rate.

5. Auxiliary Circuits

5.1* A Start Pulse Indicator

After a change has been made -in ‘the anélyte

-

aSpirating'intﬁ the plasma nebulizer, all of the.diode

arrays must be cleared by hnmple.tingjtheir current

integration perind before valia data can be éaken. If

th;: is not done the Adata would be spurious. It féTGery ,
easy tn lose track of the integration sgate of 6 arréyé~

and excessjve delay wastes time. A éfa}t pulse indicatq;

wac built as an perating aid to keép track of thé

clearing array;. The circuit diagram.is shown in Figure

42.

As a start pulse occurs, it clock§ a 7474 flip-flop

. N —_
and =rnds its O outnut high and the complementary Q output
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The start pulse indicator.circuit.
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low. The low 0 forward biases a red LED so that it,lightsf

1

‘Up. '

The Q outputs for all 6 flip—flops are.combined
through AND gates so that a high loglcplevel state occurs
after all the arrays have recelved at least one start
pulse. This high level 1s inverted to a low.level that
forward biases .a green LED cau51ng it ko light up.

When the operator has made an analyte change and is
satisfied that the plasma emission has restabilized “he
presses a button that clears all of the fllp—flops.
Their Q outputs go high and all the LEDs go out. As the
arrays complete their next 1ntegrat10n cycle, thelr.

correspondlng red LEDs. light and when all reds are lit the

green also llghts»as a signal to the operator to start ‘the

data acquisition process.

5.2 Output to a Chart Recorder or Osc11105cope

| It is very useful to be able to dlsplay a dlgltlzed,
recorded specttum on an analog device such as a chart
recorder or an oscilloscope. This requites reconversion .
~f the digitized signa;.to an analog. one through,e digital
to analog, converter (b/AC). The cipcuit diagreh is shown
in Figure 43. |

The computenﬁhaé'an 8-bit data bus~and SO must -

process and store 12-bit data in two bytes. When the data

fed to the D/AC is to be changed, it'muSt be-changedﬁat

e AT s g AN s -
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Figure 43. The di"g'ital 0 analog ‘conversion circuit.
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all D/AC inputs simultaneously. ‘This is achleved by

‘loading the.output from the compuqer ‘onto the 1nputs of

7475 latches.: The latches are then all enabled
simultaneously sO that the data at’ their inputs is
transferred to their'outputs and on to the D/AC inputs.

The dlg1ta1 s1gnal is put out through the PBO to PB7

and PA4 to PA7 ports ofithe D109 1nput/output controller

“which are dedlcated to thds task . (The . lower ports PA2 to

PAO0 are dedicated to the 1nput of the array 1dent1ty

code.) Thls means that both bytes of the data values have

‘to be software shifted 4 blts.higher in the data buffer

prior to 1oading theVD/AC., 4. : ' : 'f

A dlagram showing the 1nterre1at10nsh1p of the

f"'

c1rcu1try built external to the direct reader l1ght proof

\

box . is given in ‘Figure 44.

,Inside'the‘light proof'box,‘all digital and analog-

signals are carried as far as is practical by. coaxial"

cable'to prevent cross—talk.” Outside the‘box, the analog

‘s1gnals are carried by coaxial cable as far as the .

preampl1f1er. Dlg1tal 51gnals are carried by VARI TWIST
flat cable between the, light proof box and the Apple

computer.
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'ﬁ.'WThe'Computervoperational Plan

ey

: already commltted to operating systems andd;anguage_

The Apple computer uses 2 byte .or 16~bit "addressing. -

and 30 can‘reference-any'of.GS 536 memory locations. .This'

may seem like a lot but a cbn81derab1e portlon of 1t\is ‘
gy

interpretation. That portion st111‘availab1e is not

s

sutfioient to hold,all of the necessary programs and store

. the acquired data from 6 arrays.‘

Al

Because of this memory shortage, a system is used

that Aakes extensive use of dlsk storage. Th1s is based

on the . Dlsk Operatlng System (DOS) of the'computer and the

ease of inclusion of DOS commands w1th1n a. BASIC, program.
ﬁkmaster program, written: 1n BASIC, dﬁsplays a menu
on the video monitor and. allows the operator to call up

other BASIC programs from the’ disk. These secondary

,programs control the varlous operations required, calllng

up. other programs wrltten in BASIC or machine " code as
needed. ‘For high speed operation, data~1ogging and
control functlons are carr1ed out by . mach1ne language

programs w1th BASIC used to communicate wyﬁh the operator.

°

6.1 Organ1zat1on of the Apple Memory Space

},t.
The memory epace allocat1on is shown in block form .in

Table 18 Wlth disk operatlng system booted, about half

of the memory addresses are allocated to spetlflc uses.

166
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CONT

Table 18. Memory space utilization of the Apple II+,

HEX = ADDRESS | MEMORY FUNCTION
FROM TO L
' D000 |FFFF BASIC AND MONITOR ‘ ROM
c000 " |CFFF I/0 RESERVED SPACE
9600 |BFFF | D.6.S. RESERVED SPACE 2 RAM
.‘vl( : = = ..._ B N -
7300 |95FF - | BINARY STORAGE AND MACHINE CODE
PROGRAMMING . SPACE ' RAM
4000 | 72FF BASIC PROGRAMMING SPACE , RAM
2000- |3FFF. HIGH RESOLUTION '
- - . GRAPHICS = PAGE 1 i
STORAGE |
0800 |1FFF | ‘ N
0406 |07FF VIDEO SCREEN TEXT SPACE
| . - ' RAM
03F0 | O3FF VECTOR STORAGE SPACE .
- RAM
0300 |O03EF AVATILABLE MACHINE CODE SPACE
. | o ‘ . ©4 RAM W
0200 |O02FF KEYBOARD INPUT BUFFER
. ; o RAM
0100 [01FF - SYSTEM .STACK
' = . . v ’ . RAM-
0000 |OOFF ZERO PAGE R
' . RAM,
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.In order to run both BASIC and machlne code programs ‘a-
"bank of addresses had to be reserved for machine code and -

.binary storage.i The memory addresses between $72FF and ~

$95FF ‘were reserved by startlng all BASIC programs with L =

the statement HIMEM: 29439 ($72FF in hexadec1mal). ‘This

13

prevents BASIC use of the-addresses\above $72FF. $9600 is

the lowest address used by the DOS.

o . e :
The machine code and binary storage memory was
’ _

subd1v1ded as shown in Table 19 ' :_' .

Whenever a machlne code program 1; called from dlsk,
$

it  is loaded 1nto the memory space that begins ‘at $9200

¢

The " scratch pad memory addresses are 1nd1v1dually
allocatedwas listed in Appendlx 5. Operatlng Qarameterscﬁ
are called for by BASIC programs'and thenAStored 1n the
scratch pad area u51ng the BASIC POKE statement._ They'are'-
then read and ut1l1zed by machlne code programs.zﬁ: | v
The b1nary storage memory accommodates 4 flles“
hewly acquired data for all arrays (768'diodeS) is stored
as received in the buffer file~in real tlme,-vlt can then
be‘relocated, if necessary, to the hackground_raw dafa.‘

D N & . ) O . »
storageffile. The analyte and’ background means files are .

used to store the mean (s1gna1 averaged) data Values Avp

calsulated through a BASIC program from the accumulated
values in the other files. - The ava11ab111ty of several
storage files in RAM allows background subtractlon and

other spectrum strlpplng ‘techniques to be«used._m : ,‘ﬂ?gl'

~
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RN

N - |
Table 19. Ut'i.lizétion of protected rdgchine_ code and binary.._,-_
data 'merhory- space,
v R ) L
HEX ADDRESS | MEMORY FUNCTION ’
FROM © TO '
9200 | 95FF,  MACHINE CODE PROGRAMMING SPACE
8900 | 91FF BACKGROUND RAW DATE- FILE
8000 | 88FF INPUT BUFFER (DATA FILE)
JF01 | 7FFF SCRATCH PAD MEMORY SPACE
.| 7900 | 7EFF ANALYTE MEANS FILE
. ’ . : *
7300 | 78FF BACKGROUND MEANS FILE
e - ‘ .
/
‘ 4
' ]
~ {
. ]
. \ . ,
[ Aa .
. ) - ’
. ) :



- stored in gbratch pad memory. To saVe time, a‘quick ,

- 170

6.2 Programm g

When the computer is booted w1th ‘a d1sk loaded with
the direct reader operatlng system programs, the ma1n
‘menu, shown An Figure 45, appears on the video mon1tor.

The varlous optlons llsted can be called up through
the master program by enterlng the $elect1on number, or
-called directly‘from the disk by“the DOS command RUNSEL ;/
followed by the number. | f

~All of the programmlng technlques are descrlbed.and

] the programs listed in Appendlx 6. Thelr‘beneral

fUnctigns.are‘briefly described here.

’

6.2.1 1, Define the Integration Times

~

The program asks for the 1ntegrat10n time for each of .

N

the 6 arrays. The entered values are corrected~to valid

4

values and entered intofscratch‘padﬂaddresees. The
machine code part of this programxthen %oade the necessary

count values into the 8253-coUnterSfon the integration

timer c1rcu1t board and starts the 1ntegrab40n cycles.
N -~

.The RESET key g the Apple cancels the oksratlon of

the integration ti board but does not affect the data

A - &

[

‘reload option (no data entry requlred) is xncluded in thlS

program. .

-



Figure 45.
. F 4

-

-

1, DEFINE THE INTEGRATION TIMES
2. ACQUIRE SETS OF DATA FOINTS
3. SET UF A SHORT INTEGRATION TIME
. FOR A SINGLE ARRAY
4. SUETRACT EBACKGROUND AND
STORE AS MEANS '

5. DISFLAY GRAFHICALLY ON THIS SéREEN'

6. SAVE DATA ON DISKETTE

7. DISFLAY ON.AN OSCILLOSCOFE

8. OUTRUT TO CHART.RECORDER

9. DISFLAY VALUES ON THIS SCREEN.

10, SMOOTH (FAIR AVERAGE) THE
INFUT EBUFFER , :

11" OETAIN DATA VALUES FROM A FILFE

12, CALCULATE/CONCENTRATIONS

ENTER INSTRUCTION # AND FPRESS RETURN

L ]

The direct-'reader operating system main menu.
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[

6.2.2 2. Acquire Sets of Data Points
| This program_requlres two input parameters forﬁevery
array. 'Tnesé are the gain code to set the range for the
AI13 analog to digital converter and the number of o
replicate runs to be taken for slgnal aVeragingr _Again’
there is a qujck load option (no data entry) butﬂin this
case it is to keep the parameters constant for a ser;es of
analytlcal runs. The'machine code port1on of the program

is rather complicated as it involves control of the'A/DC

and storage addres$ selection as.welltas~data logging.

6.2.3 3. Set Up.a Short Integratiéi Time for a Single

Arrax

. 'This is a variation of selection 1l and is usedvto

172

-

control the integyation time of a single array during the’

. 3 .
setting up and tuning of the array system. It-allows
1ntegratlon times as short as 0.018 s for a 51ngle array

while the other 5 hawe an 1ntegrat10n ‘time of 205 s. It

- can al&& be used to collect,data values for a very intense f

spectral emission thag would saturate the array 1f ‘run. at

the 0.1001.s minimum integration _'ﬁme allowed by _selection
AR : _ . : .
1. v |

- T

I

6.2,4 4. Sthract éackground and'Store"as'Means

(‘

- _' This"~ program subtracts one set’ of- spectral values

vt "
from another;dlf necessary, 1t calculates mean valués
$ . : L
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calculate the background to suit the interferences present

~ the array,

\

© ' '? 32. Ccalculate Concentrations
The progr - ~llnwa the na];c*n]‘arion of the
orentraljore of eéuwlr ) 2naly'es froaltheir peak heint -~
Yy Ve e I Aloe~ £ oy sl ihyati oo
' LN Yo
ITn addita n tr the Aivact v adory gvgtoem program~. ‘v
meve hin v heen wyittern v ;qqigv in the pYla ement F
Ny Ther Are n o ceparvata digk which alaen eontaine
A et of tew' filee compilod frem the tahle f prominen't
Tin- fnothe YCF p blichad 'y Wing , Prtorgon and Tasoe!
[IRIRE T proarar MTAVIRT allegye the o ompilatioan ol o
Poowt Nt et Tk provinet Jines  f gelerted
! ! J Yy by A peet ! v lay e Thage nrvz g rted
o Oy e EXVE TP ( A R S I T
\ ) TN BRI el et nge o~ TR [FIP B
, vl U N BPR Vo oy ime Am I
. . Vo s rniq the . -
| 1o . T , vt FIE T Ve e
V1 ' o R Vo T S ey
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7. Eﬂgigsgring“999519e§9£;>hs

«

The operation of six at'ays in a confined sprae

required careful planting of the servicre

Rerang: the poeitione ~f the "rraye had to be adjue' atle

to mach

over a wide rarge of distarce along Yhe fr al plare
direct Yoadery, PR ;0'Vivr Yin e haaow ) Floavih?
Aarravge’ e tha thoy ~on'ad ' Fept i+ an cr ey ly
fashinn Sy vices hatd b ba mbtained froe - a' e
S ren g supplied ttveap h Cleryituricr e oy -
TR EN RS ATYTPAYS re o f e v N B '
-1 Cocling Corsidaraticns

The photodinde avrv e va o g,y - co Yinoe ot AEERE
int cpaten Ansvrk vy e v | I 0 Thnya boadl ¢ 4
t ha frgle ~rvay |y et T e R N O i
L mrs (Tigur~ Y 5 7- TCry cnne TF g T
Vg - J''Mra vevo o el e by . P Cor e

Ve ! have o teyed 1 o o

- LTI ' <
\, } N
Ty o , .

Aarray.
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The design of the coolersfbased gh the'mihiature"
Peltier heat pumps was re-exXamined. Redeﬁggn allowed the
number of pumps to be doubled, from 2 to 4 and also e
increased their eff1c1ency by improving the heat transfet N
from the array to the heat pumps. Durlné trla{s 1t was
found that thls arrangement would cool the back of the
Aarray by 34°C below the temperature’ of the. tap water" l
supply (14°C in February) to ~21°C and ‘this was considered
'~ be adeqguate. If the temperature should need further

P

reduction, at some future date, thercoolin water could be
g@

rop]aced by a cooling flu1d supplied froqga refr1gerat10n

@ . b

"vee of chjllarp, .

The four Peltier heat pumps for each artay éodlimg
Ayetem ware‘electrlcally connected in series: and d{ w 2 A
At A V. enfficient power supplies werge available :

“vrrly the 12 A required.

The cecertinna watéf supplied to the hot Sidehpf th;
Felti“re had to remove 6.24 watts of pumped‘hégt%and+12
watte ~f 170 haat froh\each array cooling éys$ed. These
19,94 waitte ave equi?alent to 4.4 gm caldries pefﬁ
sheend. This would require a water £low tate af atnteaét
T omle ag e'ficient éﬂﬁling requires that the watew
tovperatev ey iao pe Fept "g l-w a-~ possei\la ()1 °C)Y, 1he?

.. :
IARNL A B EY B SRR I N R AR 1Y, "yetem would cause too

Pt Ver e wera sappected in
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series with a’ water throughput of 30 ml/s. Consequently,
the water sdpplied to the coolers had to be‘drawn in -
/parallel off a manifold. All water hoses were cut to the
ki R . . ‘ . ,
same length inkfn attempt;to equalize flow rates. '
The dry‘nitrogeﬁ nécessary to preQent fogging. of the
cooled array was fed to the six arrays through a
manifold. 1Its pressure was_controlled wiﬁhin tﬁé/rqnge of
8-15 cm of water head pressure
7.2 Power Supplies
~. The power supplies for the 6 array control boards and /

for the Peltier coolers were distributed through sets of

Is

sockéts fitted with irreversible plugs to maintain ‘correct

polarity. The general layput of . the serviceSawithiﬁ the

L

direct reader light'pﬁoofhbox is shown in Figurgg46.

A X

Details of the powefféupplies are given in Mppandiv 7
. -~ ) .- ‘

7.3 Location of the Plaswa Power Unit

"The RF generatar for the TCP i+ « 01 4 hy 2 ) low

1

Vibrﬁfi(»n’q from th (Y we oo ri:'l( A Voo P hea Y5y b

reade 1i0}»! Ty by LI !"(_'7 the nin(JLCn ‘ary'a_y inal. The
n ’ " ' .

offert f theg “itvation on the stability of the system

could be éﬁ;erved by watching the oscilloscope Eartern ¢

the array readout at short jrrtegr tinn time-. wrirg s
eight h v van of + ays ov vt Tt e
v ’ eak ‘
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Qi’(’ . L ’ 0 ?

o,
it

For the mu1t1 afray system,‘fhe pouer unlt was mavad o
. al ’*

" of- the room, taklng advantage of the 13 £t "leng Cor

’connector between the powef supply and the matcv i

3

network at the plasma head This effe Fivaly o
v1brat10n problem.

% Thls completeq the degcrip -

- ~

construct1nn of the St oy .

utility is Aee



+ CHAPTER VI

""SFE. OF THF PHOTONTODF ARPAV DIRECT READER

i .
The phot nidinde Aarray divrct seader hag to he

*1Thated aa ~ apectrometer,
The Hat a prégnnt&ﬂ in phaprp{ fv have ehown that,
oy .

when allowance is made for the instrumental effects caused
by the diffrkerion ara'ing, the photodiode ~rray «pectra)l
windawe have detection limitre 9Qni§w1anr tn thnea k' Ainsdgd
with = ph-tanlrir1iav tub e eyatem This chapter
deacyibhea he the erectyal intlews ohtained with the di-

Aarray aysler can be pplicAd tao th e prabhleme aganeiatacd
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In order to demonstrate the versatility of. the

N
system, the direct readrr dia =ov g and ys~? + anlue an

an=lytical problem.
£/
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. , Some examples of resolution are shown in Figure 47. R

In general usage, the photodiode arrays show
separation (but not to the base line) of two peaks of
similar inten ity if they are 4 diodes apart (.06 nm) and

A

for two peal=s with a considerahlé cdifference in intensity

i f Aare 7 dindeg apart (1 nm). Thig may he ennugh ¢t

N > S
voopeak heinht corr&® tion unlee~ mne «~f the perAaks {
coancideral le preaeny o hrovadening or is a gty nq
mroeengh emwieasd s by Aty sbe Fha photodiodes. }}

Ve
The o l1ut i o p:\it . srectral lineg i«

[ EAX SEREEES L EER] iyt he iy (RIYA RIS A BN line widthea Thig in tnrn
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*nbyane- Vit . the Aiffrvactian grating A Yhe apiae i

N A i v it ted far Yhoe detocrte:r o,
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winne AF ‘the line which extend over more than 1 nm.

The fixed width of the entrance slit sets a minimum °

image width of the line at the focal plane of the

iretrfment of 25 um, evnivalent ¥q

|

nm.

Fayleigh'e criterian for
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from its péék;' The two éubtractinn methods are compared
ir Table 20 frr five different samples with a sodium
R "n'-_r"‘t-jon rangs f frem 4 tn 20 ppm.

The oaffat ¢f a high cronecentration of calcium on the
Alewin g livre aF I06 .7 nm"‘__is “hewn in Figure 49, The
vt eeline is due v kb 1ins falling. on the extende:
iy o f Al e TY Y06 A np The :]n‘mi"nm 1\;\3\\§Sa1=0
Ffecte ™ 1y o g cror Yt froam o bhe Vioe SN LT I
fur, vovt v i dEY 306 0 g A
1;.,1r; ot o the iy ed baseline i present to allrnw
Phie s by e s ing ¢ mput-r 1 regram d@v@]npod by

[ ST e, Thig Frogran 1 vl vy estimate the positjr'\y\

C v e PhesYir e beronbh e alupirem Yipe. The program

R P N Pr e fFlY Yy aalen~' oA Felvneomial eavation
for tbe oy e Tt himse b ba yye ' oan Prnaly am Y banpde
5 cttee b b o AR KT B T R tho iv('oqu'lr\'

R R N R Caly e | vy ) poe« LR IS 2N ,-pv’:‘](;' A
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Table 20

L —

589.0 nm line.

Comparison of two subtraction methods for the

Peak Height in Volts Normalized

_To_1 Second

Watexr Spectrum
Subtracted

..201416
. 01821
01814

S

]

A St

Integration

ot —

Wing Value
SubtraCtedL

01438
101809

.01.822

s
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removal of the argon interference on the =odium
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concentrations in the 2.5 to 10 ppm range. Some of this
would be due to the wing overlap_of‘tﬂeyédjacent calcium

line. ’ -

The collision broadened wings of the ecalcium line

extend at least 2 nm from the line centréwbyCalcium, like

s‘highlf?ionized in

[y

the other alkaline earth elements,
the ICP and the ions underqgon zgw‘ - ?p transitionn
- ' ’ : : ©1/2 R/2,1/2 . ‘
to give spectral dAoublete rorresponding to tRose given by
the alkali metal neutral atome. The emitting <«pecies i=
.
positively charged and existe in an atmosphere rvich in
free electrona, The ione arve thne expoemed to i'\"‘v‘n;{"buf
variable elertri~ fieldg, Theeae fialide cnuae
perturbations i the enecygy levels «f the cinqgle outer

electron of the dinn e tey " he nsprrlj ~atios nf the linear

Te oy b Ffert Thean oneray lor 1 ~h vy s o re variati
Vo LI T e Vs by v bty e ' ' ! ' Voo
' Nirvrect Tnectyal ODver Yoy

Niyeot r\';oy],-.;p 12 v e ubievn b spe o ) Fin: - o

nlose encah toget bime @y b At b he ren' "R ocann b b
reacctuad. This ie ~ wajr: (‘,.»],‘...9,,7;»)\ ATy ot vAan Yoy e
ey, oY "apoct 1 linee - f =a estvesesm b b ~lamant oA

rravaye o 4 ]r«ifa an' ap o 4y v ot ger Yoo ot i b v
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“fhe only solution is to calculate the signal due to

the concomitant by measurement of its concentration with
. . o

another spectral line. The apparent analyte concentration

due to the concomita'nt is then subtracttd from the
measured analyte signal. Not all spectral overlaps are
obvicus and for those overlaps for which correétions are
applied there is a deterioration of precision for the
analyte dues to *he addition of the further uncertainty
yae~ciated with each concomitant.

A di;eﬁr nverlap occurs when traces of zinc are
datermined in the presence of high rconcentrations of
copper ovr vnickel. The zinc linre at 212,86 nm is
overlapped h& the wminor ropper line at 213.R5 nm or the
nicbhel 148ne at 713,86 nm.

The Airect reader was set up with tbree photndinde
arrays counring the zing 213.86 nm line second order at

427,71V vm, VYhe coprey &ine at 324.75 nm and the nickel

1

line At IRD AR nm, There wae a fnartunate coincidence of

weak aprer live ot 427 T1 whiech vas reconrded by the sare
4

Array "t the z2ine lipe, The te=t anlutjinnsg were 10 ppm

zine with 1800 ppm of coppevr oy nickel., Ceolutions of
\e .

Aopper and rickel (2000 ppm) were used as standards for
aalihvation, The ~epper interference is illustrated 'in

Figur®d 50, The minor spectral feature of copper cauder
. CR @ e W
ey “ .

4

Sig”qupnnq'iﬁ?énforenco*whon‘ﬁ%awmn*"‘"ua«myehwhighﬁf o

PLa#8ne parf eiv 1n he gine apalyte.
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- o

The corrective proce‘vis illustrated by Table 21.
The ®orrection valculatéd was a little low for'the copper
concomitant and too high fnrifhe nickel. The nickel
cnrrection errar appears ﬁigh ﬁntil one considers that it
invalves a tntal measuremehnt 9;10; of less than 4 mV. The
atandard deviation of the haokgéound against which the
7inc sianale are measured is of ¥h° ordey of 1.8 ' 3 mV
and the calenlation involve; rh91use nf four ce'a ~f
m=aarement « (Z'f the standard nzl:cke*l line ~nd 72 «f the
Sine 1ina) and :gpn compar ison wiéh a fifrh.

The errara illuetrate the ﬂif?iﬁu]ty astnciated with
Aivect ~vearl-aype, Othryr Wnghrn ha;a reached Qimilar
conelugiona . Frster, Andereon andéParahns {511, follnwing
a hasic study vitrh a <ecanning eohéﬁ]o moannchyomat nry .
cstate, "Dircot spectral overlaps ar% not totally

o ectabkle and caune deteriorstion af et cbion Timibe

¢
“ von )l ineay iby of ""“‘ytjf‘"l S e
Recohinati-n Continnna

The rocombinat jnn ~f the singly charqged iyne of
caYedan, wagnest oan and alumicam with alectrant in the
P1=a2ama e ko o wnn bty vaiees the hackaronnd 1o el foy epe tynd
meaTnramenta at wavalong'te baleow Y02 nim The effect n
the hackgrornd devel as ‘nuestigat 2d by including 500 ppm
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solutions containing 100‘ppm,2§ ginc and cadmium. ;The
background was measured for the Cd I line at 214.4 nm and
the Zn I line at 213.9-nm in both first and second

order. No significant chahges were noted in the diode to

diode variation or in the background level.

Annther wing overlap was noted between calcium T

428.936 vm i firét ocrder and cadmiem 214:44] nm in eecand

ovder v 428,089, " {11yetvating again rhe Advantage of
haring a fpectral window (Figuva S1). Tf the
recombina! ian continga had cionificnntly raised the
bard]line, the wee of off peak 'iode weaguremwantg to
caleulate the bhacl qgrava ' 0 011 Jimua AUt enst a1y

correcsteld for g

.

. Stray light Due to Grating Defacts

Th'er = aye thrre v(;]_;ﬂ'i"al_y strepng emigeion lines in
Tig o 1A'l dee A Ve yom They ave at QQG-Olﬁm:/’
AT e e 1049 e Mot crve ¢f theese linea appears in
Ty publichod 4 sr) o ar mi amiagion lines. They are
A1l Fastanl i hoer e fang o Py rariodie inaccuracies of the
" ‘v ine bl 1 d Fhe magtes Miffraction grating. Thoy

Cre relat ey 5 b aiea hagnina trliejy parent linee are

eYtyoraly ~trang emicajona Tha Jine ov the right app-rars

broade  'hontite neighreur becguge 1 has a stronger

[ vy~ [ANCEE BN IR Yo e it canpnt voaee)ee ' fe oy b h oS
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Ry use ~f separate meas'rements, the peak height‘qf

these ghrsts was compared to that Af the calcium TIT line
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Returning teo the problem nf interference with the
Aaluminum Tine, '‘here is an alternatjive aluminum line a¢
394.4 nm Thie ig only 60% an in'epse as the line nt

6.2 pm bat f v this grating n»n' far a watrix high in

i the Frrtrter ehri o bFeranae it Yieqg fFurbtheo

-
g

caleium,

from Yha fiyer oydor ghﬂgt, N thig cae ., f the - al- i

0.4 o ViR, "hue thae ooty o1l ingr proov i tes b [N
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organic compounds are avoided. If the flow rate of the
plasma (coolant) gas.is high enough, the NO and NH spectra
Are not a problem.  However the OH bands are always

precant when ague~ns salutions ~f analyte are nsed.

f ! Protlems Caused by Hydroxyl Bands

Nieke and f(raasvhite 1541, working with an oxy-
Aacetyler  flame snurce and a 21 ft radjus Aiffraction
gr tinag, ide-tified hvdyaxyl line= over the range 2R1.1 nm
tes IS A& v Mrany ~f theeo line~ are of 1ow 'int"qng'ity an-
m s net cavee interference hut some are intence anongh
vy aner eny {cpe rraohlems Necording to Feoster, Anderein
A T'ar- ne [R1), the TCTU hacrkgronad conkain s 1V6 ﬁzjﬂ'
Vyfrvevy! fenturea hetwoan 28' 0 o and 294 © nun and s

¢

vt ey 1'0 Fetwyer-n 06 0 nw anpd 324 .8 nm,

N 3 typical cwample of the j;\fetferév\pﬁ'gau‘s@'d by

N

] yf'ly oy, 1 eny et "‘f\' T i,,”rq’ [ w\ in}\ s‘u'.\wn '-h-: fal‘l_mi'n\'lm

Tivre at 10D 2 np angd 30R 7 o foy A 10 Brf eplotiAa and

PO a5y Cagy b e Fime . he Aalvmingym ¥ Y0 2 dAanyhlatr
fav el 1Y ¥ ha Alunricgm T 308 2 1ine ~rn e jrmoa Yo
Yhe ha Vagr o A e e kYo “pertral ferturan a wel' An
[ TERE | ® ¢enopattern of Vheoatyay, ¥' oie ot clery wyhich
wl e CC g e b g imad by e et e o day

1, e 1y : T TR EA TN N - Y hgrll a1 nl\i- AN ey ooy
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due to aspirated water obtained. This is shown with the
§igna] axis extended in Figufe 54. All éf.the peaks are
due to hydroxyl and caﬁ be assigned £o transitions using
the tables published by Dieke [54]. The aluminum I
doublet At 309.271 and 309.284 nm is a:gumented by the
hy droxy] peék at 309.279 nm with another more intense
hyidroxyl peak close by at 309.239 nm. The aluminum\I line
at 300,215 nm lies in A tronugh between the major hydroxyl
peaks hut has a mMinor peak at 308.207 ‘'nm on ﬁhe néxt diode
whizh, comhired with the effectsiof major peaks pt
1A 167, 308.162 and 308,154, raisas its backngZﬁd level.
fnrreactions wnuld be r@qnifpd,for Foth the 309.3 and
1R’ % pmoaleminum lines. There are twn possible ways to
covvecr for the hydroxyl interference, One is by dirent
csubtractio-n ~f rhe water signal and depends for its
pre~icion on the water ~ign»l hejng congstant, The other

mothnd i by stimatirg thae cr tributi-n of the hydroxyl

emis - ion Tgyar araotber hySyoxy! peagk ap the game ayyay bt

YWy €y v by Tuaminonm Uinae Metth v reoth il 1 g Y?ai]y
cAar i At oy The wertay enhtyacntion ie chown in Fignre
SR The po ¥ Yeight for aluominom at 300, ¥ nm aftoy

cuhtyacting ~f watery harbaground wae 037270 Y with a

backgre nd atandayd Aeviation of 0022 V (4 points).

W perrey the gta 4 vA A via'icn ~f the water background
B A 1. . e Ae

Ve

Thus th= variahility
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‘ignal Intensity (arbitrary units)

1 i

[
] a .
" M W I

«

: - 307

0 R Wavelength nm

Fiqure 54. “The hydroxyl pattern for water in. the»308 nm tA
309 nm range. (The arrows Jndlcate where the .
alumlnum lnnes would be )
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s

of the signal due to the hydroxyl.backgrouhd.reduced the

signal to noise ratio of the analyte line from 17 to 5.5.

. . . \.. . . :
Aluminum has its three most sensitive lines subject

to spéctral«interferences. This has led to the use of the

doublet at 237.3 nm for aluminum in photomultiplier tube

based direct readers. 1In order to ease the crowding of

A

the fobalfplahe'arrayfoﬁ.a'dipect reader in the

' {\

ultraviolet~regjion, this emission may be viewed secong-

order where it is within .05 nm of a weak argon line at

474.7 nm [51]). This type of close proximity of spectral
lines to pnteniéal {nterferonhes forcas the 1nstru;“ﬂ*
manufacturer to vee narrow exit alits and rg go to
considerahle trouble to maintain constant optical

1

positions for the exit slite., This may involve
thermostatic control of rhe whole direct rehder dark éﬁv
Al the maintenanrce nf a 'ﬁns'snt ~tmaaphora within it

The h\'dvoxyl apactys yroe mech weaker i the veqgion ¢
t he copper T Jine at 3274 am, Toteqgration vimag ~FfF ¢

times thnse used far the aluminen 3rea wyore tegquiren

hefire they hecame ~jgnificant (100 gec~ondg verana |0

seconde ), They are illustrated in Figqure K6, Ngain

Nieke's tables [S4] allow the peaks tn he assigned to

tranaeitions.
¥ . s

The 327.396 nam ﬁopperlfine:is close to a hydroxyl

. }ine'aﬁ 327.421 nm. The alternative ~~pper line in the

PR N
Vo al
. . . L . & R4
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same region af 324.754 nm is close to the hydroxyl lines

' -

at 324.736 nm and 324.762 nm.- However the intensities of

the hydroxyl lines, as measured by Dieke, 3vre abont one
fiftieth of those in the aluminum’?egion and this redu-nac

their effect on the detection Jlimitse of the analytec/

9
v

6.7 Problems Caused by Nitric-Oxide Bands
The cadmium IT line at-/14.4 nm ié in the same
_ )

) oo 7 ) . ,
specrtral regicep az A N?/hand head 1if the maleenlary banda
are pre=ant, The gpentrum recorded for 50 a jntegrati-
P{mo nf a 1 ppm cadmium golntinan i~ shown in Figur “

The cadminm 21'.4 i line je ehown i+ gec~nd ecrder -~}
428 9 nm. The hlaclk ayryowas indjcnrte einrglo dinde
anomaliea that berome significant at long integration

t imes, The featureg marked b and the general in~rease in
hattground r“wavﬁﬁ th~ ‘o:éf:QaV”iﬂ“Otﬁﬂ Are precent i
the epectrum af wat~r arvd may ba dn te madacr oy apec' - -

nr to stray light,

Reovan e th epacby o ja e o Y AEEE-Yol
A T Y I NN RS K 2 AT [ S IV BN R I TRNRRY S ST
andg, YUy hias peven chaery cod f v the T abt Taw ¢ la an

gas flow rates, has 3 hapd head st 214,91 b (429 a7 ne
second crder ) [R55], just to the Teft of the Avray.
Applic:ti n nf a pair averaging tochnique to ~aedure the
sFf2et o th- A rrapn pattern Yo thoe ‘;‘(' “f 'he arrn

P U “ Vit b T Voo by o et e
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Jonger wavelengths, not as large an effect

vight, lower wavelength end, of rhe arvay.
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T demonstrate the flexibility of the photodiode
arvay direct readar it wAas eot up to menraura the main

metallic clem nte in several commercial h~rr1ea waters,

Thre: bt Ted yatere frop thres different soyrces vove

by s A Ter 3@ \'ay-;cty 2 Torally proaduecd hep_r, A loe:
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Most of these featureg were ruled cut as analytica’
lines by Considerinq the instrurertal Fimjitatione af +he

direct reader combined with gome eyt ndge f the

'

concentration ranges to = -sﬁégl he remainder we)
1*17*"11]\_’ evam 1ed &n é : o ’ DAL

b map t- e N

“ivay O

Mn I 260.6 nm
Fe 11 259.9 nm
Fe 17 259.8 nm
Fo 1 I oy

Ay ]

Mg I1  293.7 m
Mn T1 793 3 o

M T v
C Ay A
> 1 1272 7
T ' ' 1
A
Na tRooQ
‘1 ' e {.
} . ' [ ' \
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Solution standards were prepared at high and low

concentrations for the elements of interest.

‘The

concentrations were selécted to straddle the expeéted

ranges of the elements in the samples.

The samples were

analyzed with the integration times for the varidus arrays’

ralectaed to hring the signal values within the dynamic

range of

the arrays.

array signals an?' cencentrations calculated by linear

interpnlntion

The

f the

TT Vine -t

1

262 .9

nm wns subject to

L d .
‘atneae for the s~lution standard.

>

tasbAapen A rattern and gave gignalg with cﬁnqideréble“
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concentrations of manganese and iron necessitated the use
of long integration times with consequent build up of-

Baachound.fr;égularities.«‘ L e R e o

R: Background Subtraction and Other Correction Methods

P

The photodiode array output displayed on the video

wonir”f a'lows direct insrection of the background against
"

whirh the amigeian signal muet be measured, With the
cveeption of direct overlaps, al] interfering spécfral
feature - Ferams ,‘)"‘7].(“”:- Recauee hnth th? analyte line
andothe baatgry und are vrecorded by the Adata logging
~y et e Anl df yequivred caved tnr Adisk, the rorre~tiap
ot g can he e lected Aandd Applied later.

Rackgr uwnd rorrertinne can invalve the complete
b dract fon of g meaenrad backgr niipd epectyum or the
chl mlatian cf s hacelirce value from of f peak diodea nf
vt FAawoe an~ Tyt ieal yun ooy hoth. Tf the hackgronpnd tevel
e vepradus {ihle Vet yeo: At g mcacnyc"mv\t;, a simple
hacl areund eubtya tion ia anfficient However, pgpor_'i.'\]ly
th measay oment a g iy Teng drtagration times for 1ow
analyte concentrations, it ie penslly f”I}“““d by use ~f
ar ~ff-peak hackgréuna correctinn fart oy

Frme b gy e o0l nw‘xh;vnv" i de ngefal iy '0"\"\).1.1\(7 or
Yoo i )y interfo: or ¢ grrerated in the ~ircae athey

oy , \ o N I N [ I SEREA RVR 3P (LG 25 TR VIR Tf fhey are -
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sufficiently conétant, interfereﬁces from afgon and OH can
be removed by subtracting the spectrum of aspirated
;yater.‘,The:sgme,éubttactQOn wil%‘algo;rgmoye'@hgnQQQqueg_'n
pattern, glitChéé and dark current variations of the
photodiode array which can give false réadings, especially
at long integration times. These same array generated
pfoblems can also be removed bhy subtracting the signals
generated hy the diode array held in the dark for the same
integration time. The arqnﬂ Tine at 588.9 nm interfereg
with the sodium line at 589.0 nm as shown in Figure

4.‘;(3). Subtraction ~f a water bhaclground .epe'cfr.nm gives
the corrected sodium line =g shown in Figure 48(bh). Nt
the «ame time it cleans yp the odd-oven pattern to the
left of the spectrum, The effjcacy »~f this method for
remaving malecular band interferenrcre ran a)len be nheeryad
kv comparing Figures 53 and &5,

The spectram shewn in Piqure S58(a) is tha' obtajned
for a 50 secend integratinn time meaguring t'e mangsnaee
and diyeon content of water froewm n Joral well. The
interferen o consigts mainly ~f einpgle Aicde glitehes
Aand A darlk carrent anamaly  (h) The cloan 1 v epe by o
Shtaice 3 hy a watev )‘a"‘.'.qu\nnd cuhtracki o jae et i
TRy The bBackgr vnl e er i1l far from emonth and A

beae by v (1 vy H LR T hoavm by b =)l il nted fyo
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'although it may be used to reduce odd -evén pattern as -a”

If concomitants'in'the.analytevsanplefcause

1nterference, then background subtract1on w1ll not sufflce

.
L o B kN @ h e o
.,-\ng,, @y e e hd

prellmlnary step. For concomitant ‘interference,

correctlons must be obta1ned from the same analytlcal

. - - LI " o -

run., If direct overlap occurs the correct1on 1nvolves

measurement of the -cohcomitant « edsewhere on_ the same’ or

- . mass e -

another array. and .prior callbratlon of the overlapplng

51gna1 For w1ng overlap, thé same process tan be used
but may not be neceSSary, It may be paossible to'predict.

the corrected basellne value beneath the analyte line by

-

P f ¥ oae
« o i G

Ko

estlmatlng the contrlbutIOn to the total diode 51cnal from
the 1nterfer1ng concomltant

" - Adyk calculations-or: pro;ectqons involving an N
1nterfer1ng 51gnal 1ncrease'the detection limits bfﬁ
reducing the"preCisfdn: The diode array allows the A
operator to obtain prior knowledge of the symmetry of the
interference imposed by the concomitant and this can be
used to correct from the Aanalyte run da'a. A conplete
rrintout of the Hiode values during rhc “Ination eof the

intevfarence assists in thig process,

The extraction of the analytr peal height has heen

incoyparated ame g gyatem vYyogram Nne of the options
Availahle in thie proarram allows the operator to idmntify
the A Asa b e Ty e > lentan ing the WNaocVoerr ~el laye)

7

-



N

~h,

in much ‘the same mannerlthat;the'intefpretervof_a-
speCtrcgtaph'photbgraph'can select-the positions forﬁ

measqr1ng the background 1nten51ty with ‘a dens1tometer.

T e e g
[y “e o a
< out o

when calculating the background to be subtracted. One of

the options‘in the peak height extraction program

. e

'automatlcally conslders the odd ‘and even diodes as “two

separate populations.

= -

An alternatlve method'to remove the odd-even
structure” from the spectrum is the use of pair average
smoothlng. The effect of “this is shown 1n.ﬂiggfe 59. “If
this technique is used it must be used consistently for
botn_analyte?and caiibration}runs.w It does reduce the
resolution of the spectrum. |

Continuous concomitant interferences such as

recomblnatlon continua and scattered stray light are

compensated for by the peak extraction program.
This concludes the description of the design,
construction and use of a photodiode array direct

reader. Tts spectral windows have been used to remove

x

many .of  the limitations of the photomultiplier tube based
instrUmentq. LR .

. .
In partlcular it compensates for spectral

1nterferences and imparts versatlllty. Infd01ng so it

restores to spectrvoscopic analysis the more favourable

"The\odd-even pattern of - the. -z anray mUst be con51dered.,
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characterietics of the.photographic method that were
sacr1f1ced in the cause of electronic readout.
This 1nstrument is stlll only a step along the way to

an optimlzed electronic imaging direct reader. The ba51c

pr1nC1ples have been explored and put 1nto pract1ce w1th1n

the 11m1ts ‘of the equlpment maﬂe available. “The” present
design is not pérfect and there are several problems to .

Some of

. . » B w7 L
. » w . 4
) . - - ° . «

these have been ‘discovered during the development of this

system and are described in Chapter VII.
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.. -CHAPTER VITI

UNSOLVED PRORLEMS AND DIFFTCULTIES

-

The photodiode array direct reader constructed wa: 3

. -

AS a profotype it was assembléd €- -

1
s

component<, most of which were designed fnar ~ther

modular syctrenm,
purposes, “nnaquanly A lot ~f “ompromicen wov-
neceagary,

This chapter describhes some ~f the dAifficultiasa

encounterad and not fully g€nlved, The instvumen' haec

great potential but further work is necegesary to imprava

the mechaniral, electronic and opti~al charncteriatirg.

» Y . .
Some of the problems are a funation ~f this ane part i —uln,

instrument and »ow that they are recagniz 3 r nul ' I

r‘p:iqnqr‘ ~ar “f any Firtaay o Vot oy 0 ok
'. Aligment Problems

by : v

Mue o ita phyeica' ajon, cehnp o A weighy vy
P af v f b h Al y e~y voem ey e Tl ) L A T AP .
of Yhe qtan ) r f‘b' TSR BT A I N R R TR | I 2 TR W SR I '
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‘and édjusting the optical rail bed carrying the spectral

source and any external optics; Because the whole system
) B - ’ .
was not on -a single mounting, the alignment was easily -

lJost. Cofiplete isdesign of a new instrument on a single
Y ' ) .
menpting would eliminate this problem.

> Illumination of the Grating
Th; Atede array does nnt have the high signal gain &f
the photeammltiplier tube ?hd neads to receive as much of
thé =jqnal generated by the source as éossible. The f-
numley of rhe gra'ing with reepacf to the entrance slit
was 19.4 (grating width 6.3 cm and distance from the |
entrange «lijt 127 cm); .The external optics céntroiling
the jlluminatinn ~f the entrance slit should have a - ?
cimilar . f-pumhey, 7Tt was found experimentally th#t short
feal length lenses (10-12 cw) gave no better illumination
Af e apating than rtheae of longer fﬂh%l tength (25-30
cmy N thovagbh eherter fnaa) length leneesg oon1d'qather
meoy e of bhe amigsion fyam the aouyce, they :\vorfi‘l'lel‘ thn
aratinne nd veyaly added ta the atv=y light enfﬁring the
eyt The =nltv{ array asyctem was <ot vr with a I r~np

-

foor 2l dmrgtt, cmo iamwater, qunr bty lene, Aptimized with
the Jnana &R cn from the entranchk =livt and 50 cm From ™ hs

r'acma plome, Thre Yhe ‘mage ~f 'ho plrama plume was

oy ‘ thhe o0 L [ BRI Y Yo b vyaranee ".“ it

!
4
1

P P WU

}
i
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was illuminated byllight originating 10 to 23 mm above t''n»
' L)

load coii of the piasma source. A"S cm diameter lens 57
. - v .

cm from the source gives a3 =mall solid anagle. gathering

mly ) part in 1,600 of the 1light emitted hy the s-oroe.
Tn a redegigned gystem witﬂ A singlte mounting, =

rollimating light enllection lens covld he wced bt the

move of the emission. A c™Ylimating leaae 0 cm fyo

r‘\aqma ﬁ1V'mo w' ald cnllacr 25 imenr Fthn 1 ight le »

colleact A hv a lena at 5” cm N s "rvve‘c] oy
gqrating with a emaller yotiaz van] T TN
recipracs) diapereicoc gt He fo '
4 vy (f\.' (3 ERE S

Trating Defactn

The ligh' ln=sses in the Y yagi n u LR

;'\-"{'P"‘DT‘""’" “]R'Ii e o f t he vy oAt 1A R AR F RS K2 it
Moy 1 v Ty ivtens bin Feor oy . VY 0y At
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0.12 to 1. The disparity between the two instruments

involves a factor of 29 for measuvrements of two lines only

123 om apart. This would suggest that theé intensity loss
fr the z2ine
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4. sSstray Light Introdé'é__e_g by the Circuitry

The gﬁotbaiode array direct reader has a ecncider b)

anfount of circuitry mounted inside the darlc brw. Thie

necesééry ag the RC10248 drive hoards ha '» t-

he o1

the diode Arraye. Although the marnting ‘o s »sre

b]nrl'anqd, Q"hpre is: a 1'1\n';’il"iov;‘h]c> A vy - f

with refletive surface~ (~ee Fh tng aph 1)

Array Are in t'e foenl Py oo f th: Asyeot 4~

]iﬂh‘ reflocted bipne! , frem Y h~ v ton R AR E

Al e PaywAarde the ayating will b ove
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go major strayvléght problems have been observed but
they are poséible. Reflections off the array surrounds
would be hard to.rcéuce although their effect might he
reduced by masking the unruled portion of the grating
blank. Uf the reflection occcurs behind the array it can
be redu-ed by rj*n"' Cinm the ffanding Ci‘vr_'w‘vry v RY

vel ot

Limitati- p cn Spectral Window Selection

The wi lth f the gonc’pg pAar' nf the 128 dinde AY Y oy

ie ¥.7 wmmm, The aryay chip it-@lf ig 27 mm wide and tho
. '
mrunting carvriage wid'h i 4 mm. v,,,‘--aq“qnfly thrhave A e

ftri‘ bk JTimita'icng e the ael~-ctinn of gppnrva‘l wineg we s

oty abont 7P o bhe ape tyal)  §dth oo opiat by thae

car iage on»n he canp e, N om m wintew e by anleet o
4
v h nevt windaow hra be #' le-= v T i qway froon 40
i Aa Array - Ar availlah] , i1 "he A o = vier, w '

"‘]2 ~noAq ]0?4 T e The 107 A de A | NI LI - B [ERS]
wid’h ! arnof ey eV ey LI L) [ PRI PN ' veyes ] .
Q ~ Nt e y ! DR AR Y Y ! " et yor ! [ N 3 '
(R LA ' h RRIEER TR ] i H [ S I BN

ce gy o~y ot t . ey ey e Iy"vvu«- ol PEEE PR B KA
v o f Y $ b 'i"]" R eoAaryY N ey b e Gy . g ey \
[ AN } gy e n ey ‘y poenedd Vet [
v ot ¢ A - PR SR v



231

—

r

circle is cyrved, parts of the array?are always out of

Because the diode arrays are planar and the Rowland

focus. With the 1024 diode array this amounts to 0.1 mm

-

focussing ‘error for a 150 cm diameter Rowland circle and

0.2, mm error if a 75 cm diameter Rowland circle were to be

1nen (‘ .

6. Tosrible Blooming Problems

: ' '
Tf two lince of very different intensities fall close

tngether o the ~ame arvay, there may be some blooming
probleme.  Talmi and Simpsen (23] describe blooming R
cffactra in Aicnde arrays as sequential nverspill from Adiode
terv dinda nn if ~ weak line is tar close to a very inﬁense
Vinn, the dicde naturation of the latter could wipe out
the weakbor line Rusch and Benton [57’] déscrib; this as a
drawback f the dinde array Adetector. This, however,

~v1oite the versatrility of the array system. If ane
Vine qe enturated by a muach atynvamy peiqghb-wyy , anathayp
Yyt line mporat b celartord,

‘Thers o'~ very fow elementa thatr An not offer a

J
nl sma f thrre i " al'eyrnative trhe ef‘go ~f the mrray

l
a,,,|m-$»_i/ noef annlyrieg] dinges with the inductively coupled
) n

v opor Al ' ey oyt o "he array mway | R I N L L Ns LR

i - enan! v -t ‘vw’t\- Y Pave
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7. The Dark Current Problem

When the decision was made to use the smaller Peltier
coolers for the six array system, it was considered that
‘.this would cool the back of the arrays to -21®C and that
this would be cool enough. However, several of the arraye
.are obviously inadequately copled. This shows up for
integration times of 10 geconds or more as sipgle dicde
glitches (Figyres 57 2nd 58) and.jn one case as a majar
dark current artifact. These abnormalities are genaerated
on the array. by -the array,ias they are diode rpecific anA
are prohably dun taﬁméﬁufactnrinq defects. .hg larger
Peltier cnolere would regnire a conesiderable increase in
the DC power required to drive them, further cnnling cenld
he achieved hy veplacing the rorling water with a ~hill-
fluid erncled in a cln:apri system hy refrinqeratinn. In
ovdar to maintain flaxihility, it may re neceagary ‘o

cha~ga the type o' o olact dic y baticon ' ager uaed, tf

the  enling floid im tan .0 Uy e ey Ve
A capndecaeat fen Ay ice
"here may ane'hey oot canty that i 4 0 b hao
conli g v hlam The T oyl zovy e are hel " ayy r\]al'«- ‘-v
theiy 772 pine dn *hoei: asoctat 2 "he A ayaye are o Yot by
tha X3 by af v ey e s ley et h [EEEEs LENNPY r'~nrnr\ll/
o Toe b b e sy Wont ty nefer fyp-m th Aave oy te

IREIYA R f '
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pessibieyand.this requires pressﬁre. The on%x pressure
~acting on the arrays, to‘push them onto the cold bar, is
exerted by. the black plastlc mask f1tted to contain the
dry nitrogen flow. ‘This pressure 1s transmltted to the‘
array through small pieces of sponge :ubber-which may or
may not retain their elasticity at low temperatures. When
the array is cooled and later allbwed to warm u% to room
temperature, there will be an expansion-contraetion
problem caused b& the use of different materials for the
cooling bar, socket and mask. ‘This may.cause the array to
work away from the cold bar. A review of the deéign 6f'
this heat transfer system should be considered as a first
nstep in the reduction of tﬂg\gark current problem. |

Because the peak e

g@tion teéhniques utilize
meaSurement of valueé for off-peak diodes, it is
important that the dark current be limited not only to
Aallow sufficient signal dynamic range, but also to reduce
the 1jinde to Aiode Aark current variation. Thish latter
Aaddce tn the uncertainty of the backgr~und values.

,ﬂhqrdi;g,.q Vegr [25), when the dark current exceeds
abh~ut 5% of the Aiode saturation readout value, the shot
nnise in +the thermal leakage beéome; the dominant source -
nf poi~e. Thik dApes not appear to be the rcace for the
direct reader as its background variability is much

qreater than that “hierh oapld he genera*ad by dark current

ek~ vy na
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The dark current shot. noise Ny (in electrons) is

given by:-

where id is "dark éurrent, tj is integration time in
secoﬁds and q, is the charge on an electron in coulombs.
Talmi and Simpson [23] quote a value for Ng of 545
electrons rms at -20°C for a 1 second integration time.
This would give 5,450 electrons rms shog'noise for 100
seconds integrﬁfion?time. As thé full ld'pC.saturation
chargé ot a diode is equivalent to 87.5 x 106 electrons.
the da;k‘current shot noise at T2O°C for }00 seconds is
very'shall (0.000062 times the saturation charge). This
is equivglent to 62 nv noiéé on a 1 V signal or 3 times
ﬁhe lelst signifiéant bit value of the AT1l3 analog to
digital converter in the lowest (0 to 0.1 V) range.
NDuring the single array experiment, the lowest values of
the readout nnise were of the ordevr of 1 mV at -28°C.
Thi= is much greater than the dark current shot noise.
However, shot noise is nnt the only cause of dark
~current variation. Over ]ﬁ;Q integratinn perinds
temperature variation is more important. “Consijider the
temperature ~hange AT which wonld caunan a3 darld ruryent

rhange equa)l + 0 the reasdomt naige V|
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: - in °C [23)
: .I' [ ln—j ’ .

- ’ . .\'\;\,;

= . : sy
where N, is in coulombs, t; 1s integration time in

seconds, and Idrjs dark curxent. (The 6.7 and In 2 terms
refer to the doubling of dark current for a 6.7°C rise in’

tempereture )

-

At -20°C the dar&/’urrent is 47 fA [23] If the

prew ..
readout noise is 1 mv, equ1va1ent to. 87 500 electrons or

I, a¥% 10-14 C, then AT has a value of 0. 029°c, for 100 s

integration. The Peltier coolers have to pump down the

array temperat 4 by 34°C, so they-haVe to" have Longigerm
~

voltage stability of below 0.08% to maintain such
temperature control. |

The.Peltier‘oooler ie not an ebéolute cooler, it is
-srmplyAefpump transferrim%-ﬁéae from tﬁe array (and'rhe
atmosphere) to the cooling water. I 5?”

Over several seconos of integration time, the
temperature of the cooling water could be affécted by

‘ . ' D) -

other users of the same-water supply. AFurthermore,
because it is heated by the ééltier coolers, any‘ohange in
waéer pressure reésulting in change in flow ratezeould
result in a change in its effective tehperature. A

 temperature change in the cooling water of more than

f 0°C appears quite probable for a series of measurements

..

L]

e
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B  remg .

taking several minuﬁes. This may be a cghﬁfibution to the
increase in noise observed for £he single array system as
integration times weré‘ahcreased to 16 and 32 seconds
(Table 7). '

Vogt [25] also describes the generation of holé-
electron é;irs!‘and hence dark current, by power
dissipaﬁion within the array chip during réadout. This is
.anoﬁher possible source of va?iation in the dark current
although the chénge may not be significant with long |
integration tihes where the heat produced is not allowed
to accumulate,

‘The noise generated by teméerature@anges is
directly propprtional to the timé ingegrated dark current
and would be reduced by ﬁperating the arraf at lower
teﬁperatures.

' : -

8. Problems Caused by the Ribbon Cable

The layocut of the RC1IN248 array drive b~ards meant.
that the arrays had tn be vun away from their Aria
boards. Twenty one of the array ec~hip's pina are
functieoenal and must be connected tn the drive boarvA, The
number of Jeads might have hean rednced by 5 hy camhihing
common functions but this stil)] leaves teo many to hondln

by shielded cablre yet still retain some freedom of

movement for the arvay. (»rcexcantly a ribheon aaldle coae



@f%w

<

"Qas soldered to the back p1ns of the array

-~ jg;
Thi

used.’

socket on the arraf3carriage and to a makeshift plug to

fit into, ﬁhe onboard socket.v Unfortunately the array is

\.

in the form of. <L3D2 D§B5ch1p and although 22 pin-&¢
- e .,-'~.A'ﬁ

were available, 22 pﬁﬁ ‘BLP "plugs were unobtaTnaﬂLe.'
% - Y - & i v

22 pin DIP chip is the only size of integrated clrpdf 

that has its 2 rows of pins separatedhby 0.4 1nches..‘It
was found that solder tail 22 pin socRéts could act as: ‘
plugs and these were used_ for the ribbon cables., The§ do
not/have the same conductor contact within the socket aé
one would expect from plugs.

Apart from the alread& described signal loss and ;“
éross -crupling of signals along the - -cable, there was somne
evidence of varlah111ty between even and odd dloée s1gnals

depending on the position and"degree of twist in the

ribbon cable. This meant that the final tuning of the

array circuitry had to be carried cut after the array had h

g

been fixed in ita correct position ip the direct'reader
focal plane.

The rihhon vrahle is the weak link of the system and

- ’ 3
neenrs at its most rulnerable spot, before the signals
L]

from the array have heen amplified. It would he farx
hetter to replace the existing ‘rive board and the ribbon
~able with a redesigned printe! <ircuit board farrying the

vy tranmuvaeyasly At one vnd,

237
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9. Problems Associated with the RC1024S Drive Board

wWhen the drive board,

Chapter 11I, was used with the single array system, the

modified as described in

only major problem experienced was the drifting of the

odd~-even ‘diode balance with time.

was easy to follow and correct.

Far a single Aarray

When all six arrays were running, several more

serious defecta were noticed,

exactly alike,

One system bad

varied too much to be useful.

unstahle background leve!

integration timee longer than 0.5 cerondg.

odd-—even balanre prr\h]gm that

th

NO two array systems

an odd-even balanca

e

Another system had &n

prevented its uee for

Aj ades only (Figures =0 and /1),

af fermt o

Ve f’v’v

Anothor

-+

Voo,

o

The varjation in thr DC backgr-und level -as mar-

rhan
Thie
N range ~f
uhen th- 1o

~c ¥ ing

Ny "‘v;a'nr»]o

nid -even
~AaecilYat 1on

]t =2vt puleo

y o

that whieh

vavriaricen

the

hatanc:

W

“eecvrred

n

Aana’

C fron
vey 1
A e

4~iy¢~||i0'v\'

ine

(\nnd

with the single ar =y ‘ystem,
“Hffi;" bty meve the ~igue]
[RNT \ ‘ verbtay cmpr 1Aty
v ' mh troro '
DT T P vy ing withis the
P haw i ! :("n‘c; [SAN "he

et the 7901 o be a4 rh

Flyy o
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Tﬁe major problem that arose was the frequently
obiained excess in signal strengths at the output of the
PC1024S board as illustrated by Figure 61. The ~Ad even
halanca appears to he unaffecte) which indicates ' ° *h

signal gain ocrurred hefay o bheo 03 a1 g

adjistment was applied.
The aignsa) prorcoaaging IV R ig ah wn i Fiqgoy a0

The eovereoaa Q;ain 'vpr\Tiea LA RN I Al anY eyven dindeae o

cavnee miust arply equally too b b o hal o~ of tha g al
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superimposed at 10 kHz. The -15 V supply had a square_
wave pattern of 10 mV peak tg ﬁéak at 10 kHz together with ..
higher freq ency background noise. “The square wave .
disappeared when all the array systems but one were
nee o apled fram the power supply.

The diresf readar system used three power supplies,
exc luiling those used t~ drive the Peltier coolers. The
gyaterw cheould be retesigred to run off a single power

AY

v ly Tr this respec! it ehnuld be noted that there Are

cignifi-~vt differences in the ground levels of the
Pplertrincnl sar-jce eutlets. Far example, a 30 mV

. .
tiffercrre wae woaered across the ground viveg ~f +twn

e fed e bhe a-pre Eirc”if breakear.

U N - T f the v admnt varigrions hae neot heen K
og’ 1 -t 1 LRI I P ey b Ve v:s(’\lirpd' ey
! Fre dcei-w Timitarjena o6 the System

4 .
Vey s daiae o fF se o f Y he Arraye in the eix array

e dotermy Vfrem 10 woacurament = for a éolution

ot ' o [N R Y- X 2 "he ~(.~r_n]ff_~ aie (]iV"" i” Tah]e 27

The Vv Yoy enn ' mea m and e ndart deuiat jen for each

det v et var e b ined fram valuee of 8 off-peak
PRI Ao f 0 e e el sy e r*h;:ractp_y‘ Ae the peak disnde .
- ' o nd to Code ia iaone ave aprroximately 1 nv,

“ fooae Y f’()r thn LEEIRR RS
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Table 23, Measurements of Iprecisi.on' fo; 1.5 ppm copper
solution, “ B
M
Peak Height Background Barkground Signal/Nnje~
L _V.._.. ] .meanyv |std. peviation ‘ -
.01001 | .o0s171 | .00096 10.5
| 00854 | .04832 +00128 6.7 ‘
| . 00986 _-05061 | _.o0111 | 8.8
00894 | 05077 | .00060 _ 15.0 |
_-o00784 | L0513 | oo L 6.6
.00922 | .05089 L0053 | 6.0
00906 | .05124 .00082 RE
| . 0085 __-0506 -00135 6.3
.00_8”4'7 _95_95 .:9()1(15 g, 0
.rner 507" oot
Moy g en 1 y oy o s t !
Srtand 1 4 T 0




The signals from the spectral source, processed by
the- array and its drive board, are dlgltlzed by the analog
to d1g1tal converter and stored hy the computer.
Measurements were made of the var1ab111ty of the data
agquisitioﬁ system by grounding the inut lines to the.
pre—-amplifiers of the AT13 énalog toAdigital converter ana
recording the digitized values for 128 successive
conversions for all 6 channels in use. The diode array
sarrling prlses were used to initiate the conversions.

The effect nf signal averaging was also determined.
Peenlts are sumrlrized in Table 24, The least significant
o . '™
biv value for each A/DC setmiqguié,includ¢d for
M Ay Acan,

A= the =ignal ;&eraqing technique reduced the
var%ahilify, *he latﬁer can bhe considore; fgy:; generally
Anes tn randnt nniae, The varjability fer a single set qf

meaam erenta. albheit for a large set, of ahout half a

milliv 1v i< approaching the variability for the overall

siqnal) we - auremen' (Tahle 23). ""”ﬂeqﬁenflyr any new

des g v impyove the - ecigion of the whole Jbstem mnéf
fme A mete mbahle ASPC Thare are ° prabalile reasons for
v D Ay iatioan,,

The A D and the preamplifiers are powered by the
Arpiles prwey supply whiech is involved in driving thany

Yoo oavvege vl hene,n i@ very noi_qv_
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Table 24. Variability of the AIl3 data acquisition system.

N \_‘\
] e -
Skt andard dgviations'(V)
A/D nge settings of
e oo A/DOv¥ange settin E_.
] 7T
Run -
Multiple]| * .1V | * .5V t 1y t5v ]
1 | 4.95x107% | 8.79x1074 | 2.98x1073 ] 2.76x1073
e - - fe - —— . — - -4
10 2.59x1074 | 2.57x1074 | 9:39x1074 1.11x1073
100 7.17x1075 | 1.21x10"4 | '3.49x1074 | 1.16x1073
. SN Z = ‘
LSB 4.88x1075 | 2 .44»107% | 4.88-107% | 2.44x1073
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ii. The analog signals are carried by a ribbon cable
into the Apple case and the actual A/DC is not .
shielded against lﬁterference from the other

electronic transitions occurring nearby.

In order to improve the precision for the same.

illumination of the grating, the noise levels must be

A 1 mV noise level is equivalent to one thousandth of
the saturation signal of the array or 87,500 electrons
rms. Simpson [31) has described the various noise sOuréggu

for the S series of photodiode arrays. These are:-

i The photon shot noise of the incident light.
ii. '.The shot noise of the dark current.
iii. Preamplifier noise.

e, Reset noise of thé;aisaes of the array.

Of theae the nhﬁﬁoq éﬁbf“noise is common to all
tevretion gygtema,

The dark ~urrent shot noise has already been

discussed. Tt has rms values of 5,600 x f;;'at 25°C and

545 Vv, at -5”""‘whpvq ty is integrétion time in seconds
(23], | |
The dirde re=otr or thermodynamic noise n, is given by
(3]
N, (aLHkT(ch +2c, 12

e
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R

where k is the Boltzmann Constant, T is absolute
€ :

" temperature, Cp is the dioae_capacitance, Cyc 1is video

\
v
\

line to clock line capacitance and ge 1s the charge on the

electron. ' s

Simpson quotes a value of 1000 electrons rms for n.
1

at’ 25°C for a 1024 diode array.

The preamplifier noise is giveﬁﬁby (31]
- | . 2 2,1/2
; n, (a;)[(ln ;p) + (e C)7]

where i, is the preamplifier noise current, e, is the -
preampiifier input noisggvdltage, C is capacitance*at the
amplifier input and tp is the time to read a diode.
Simpsen states: "With the proper choice of\input
device and éir&ujt design, ny can be reauced belnw ;he
thermodynamic noise.” That is to say below 1000 electrons

rms,

Thus the tntal noise for dark rmrrent And readout

could be as low an
n

T = (]”G ' ]06 4+ ) o~ 10% . t )] ? at 25°¢

This oive‘: Ny egual ;tn 5,778 e\{e(‘frr\nc; rms for a |

1
4 v
esrrand inteqratiop and "5, 695 n]n""r%.&qy A 100 eoraynd
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-

integration. At -20°C a 100 second infeg:ationvtime could
have a hoise level as low as 5,620 electrons,rms. - The N
direct reader system has 87,500 electrons rms noise;

ﬁnlike the systems d?scribed by sihpson, thé airecf.reader
noise is limited by readout noise, not the dark cuffent

shot noise. The designers of éhe RC1024s have taken care

to limit the distance betweenithe array and the

preamplifier as the equations'fo: both the thermodynamfc
noise and the preamplifier noiée,cbntaih capacitange

terms. Clearly no great improvement iﬁ'thesprqcinion of .
the diode array direct reader can be expected until the |
ribbon cable*ﬁ%ﬁreplaced by a redesigned drive: card.

several discussions of low noise ahpifiérs for diode

arrays can be found in the published iiterature

[25,26,31,58]. . ¥

11. Processing Delays Caused by Prqg;am-Loading

The software to run-the‘direct reader system was
written and operated in sections to suit the experimental
nature of the system. The Apple disk operating system i§
designed so that the disk drives are normally off. This
is done tn save wear. However, there is some deléy caused
by the systeh requiriﬁg time to start wup. During the.
development of the direct reader, the operatiénhof the

disk drives has been a useful diagnostic tool.
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For & routine operating system, a faster running
systeﬁ;ﬁould be preferred. The overall speed of operation
could be improved in séveral.ways:— u
i. All machine code programs could be iocated-in the

16K ;anguage card and called when required. )In
order to save loading them at every start up they
could be loaded onto a read only memory chip which

'is then fiited.to the language card.

ii. Basic programs'useq sequentially could be
combined. Programs can be shortened by leaving odt;

#

REM statements, caombining lines and becoming less

.
L

gsér Qrfendly. , %
iii. Faste} running disk operating systems are available,
iv. Some of the BASIC routines §uch as multiplication

and division could be duplicated in machine cnde AnA

loaded into the lahguage cavrd,

The problems associated with the diode array direct
reader are considerable but all are capable of solution,
They Aare worth eolving because the potential ~f the
instrument is cransiderable. Photondinde array detentnre
are already in use as full spectrum detectors for ultrn
violet énd visible molecular absorption spectrnécdry
[59]. Their ;pplication in commercial ingtrunmente foor

Atomic emisdion gpectroscopy ie oveviine



10,

BIBLIOGRAPHY

Harrison,dG.R., "Some future possibiiitiés of
spectrographic analeis“; Conference on spectroscopy
and its applications}lCémbridgé, Mass., 1930,

Duf fendack, 0.S.; Morris, W.E., J. Opt. Soc. Amer.,
1942, 32, 8-24. |

Saunderson, J.L.; Caldecourt, V.J.;'Peterson,<E.w.,‘
J. Opt. Soc. Amer., 1945, 35, 681-697.

Hasler, M.F.; Dietert, ﬁ.w.,,J; Opt. Soc. Amer.,
1944, 34, 751-758. o (

"Spex Methods for Semiquantitative'Spectrochemicai
Analysis", Monograph, Spex Industries‘fnc.

Boumans, P.W.J.M.,.Optica Pura Y Aplicada, i978;’llj
143-171.

Barnes, R.M., in "Instrumental Apalysis":; Bauer, H.H.;
Christian, G.D.; O'Réilly, J.E., Eds., Allyn and’
Bacon, Inc. p 317, 1978.

The 1Y 70P Séectroanalyzer"( Monogréph'by Jobin Yvon
Divisi~n of TnsrrumeAts S.A., Lonqjumeau.'Francé.
larson, G.¥F.; Fassel, V A,; wWinge, R.K.; Kniseley,
R.N., Appi. Spectrosc., 1976, 30, 384-391.
"Diffraction Gratings, Ruled and Holographic“}
monngraph .by Jobin Yvoa Division of Instruments S.A.,

Tenagfumean, France. : \\
: t

251



11.

12,

13.

14,

16

17,

M.

.

Davis, S.P., "Diffraction Grating Spectrodraphs”

Holt, Rinehart and Winston, 1970.

‘Larson, G.F,; Fassel, V.A., Appl. Spectrosc., 1979,

3, 592-599.

Sobel, H.R.; Dahlquist, R.L., American Tal..v

1981, 13, 1%2-157. . .

.

Ward, A.F.: Mar=i~¥1c T " . Anal, Chem., 1°7".

2264-2272

Spillman, P.W ¢ "t leer o B oV,, Anal. Chem,, 1976,

48, 303.

Bladea, M,W.: Hm it o " A} “nectyesc., 1978,
~

34, 303,

Brehm, R.K,: Frrmgel. 7 n., T 6P' o Nre oy 1o

43, 8R6.

Perruli, P D.: ¥atzenhorgayr, J.+ Teyy v, T, . The=

Pitt et o Cenferonen, Tt lapntje OO LA B

1980.

Woad, 11 - Taygie, A B.: "'agh A P B A

Spectrosc., 177, 29, "1

MoGe rge, S.W.r o 1P s 1. Speetron

1982, 27, 25-13%.

Rusch, ¥ W.: Malloo, 0., i “Mileichasnel) Tvage

Detect 1 ", Talwmi V. RA4.., A< :ynw.fﬂ; N Geriag 17

Amer |} : Thamioat et e Sy \

27T ..6nN

<

V1.

r

252



22.

22

24,

29

31

Talmi, Y, in "Multichannel Image Detectors", Talmi,

Y. Ed., ACS Symposium Series 102, American Chemical

Society, Washington, D.C., 1979, pp 3-25.

Talmi, Y.: Simpson, R.W., Appl. Optics,

1401-1413.

.

Horlick, G., Appl. Spectrosc., 1976, 30, 113-123.

Vogt, S.S.; Tull, R.G.; Keltnn, P., Appl. Optics,

1971, 17, <74 K92,

-

tivingaten, W.C.: Harvey, .J.; Slaughter, C.; Trumb~,

//

Do, Appl, "prir*.c, 1974, 15, 410—-52.

1980,

Rawland, ., A, Fhil. Magq., 1889,‘13!-4694

Sawyer, R.MN , "Fxperimental Speo-troccopy?, Prentjce

Hall, 12751, ¢ 132,
~

Hay liek, @ Cndding; F.G., "Phatndjinde Arrays for
Tpcectyachsmie~l Moeaeprement ,q"' in Crapt emparyary

in Analyt ¢al ~~4d4 Clinical ‘hemictry, Vo

Hevy rnleoe, YoM Q,w *lopnnn Pregs 1977.

"N merie gty ctare Jiene ecapnare’, T
)

By ooy s TG R (3 Pe' iecan, 1078

Qimpeon, VoW, Rey. Sei . Tnegyrm., 1070,

Te:hnvical Ryorhare

”"d"lle.‘f\", Matey iade BElaets oo T e
Tyent- , N 1
(R . [ [ v , h\'\f'“ [N pee

., TFydgichip Miniator -

1.
R ERRE v
50, 730

Moy i

T A0 .

19,’

'

Topine

A

142~

253



P

3

Semiconductaor,
Nata v,l\(:qui_qit Vv Datahhlﬂ

NArywooed

Handhon~t

'"fase. 1,

o f

('}p' yat i

Seevic:

Netbtitay bey Byry P -~

Nrigeoena,

Cenlan

tovn,

Tubol gy

Fiaheo

Salir

187R

IR

r

1

o,

1Ip

[

1

74,

Al

Fairchild Semi onductor TTI Dat

1082

A N .

Mountain View, On,

14, "0

7\~yr¥:l:,.

y Anal
v oy N
T

“roctroc!

T e Yt

LN SR
T :
7
»

tgion

"nasw

i



v

Greenfield, S.; Tanes,
1084, 82, 713.
Wendt . R 11 ¢ Foeca~-

’

9720,
Vavar 'geios, 7/
LCY. privare

lllpthg,

communicaty:

L Rorry,

[A}

¥., Ph.D. Thesis, Ter iytvent of Cbe:

C.T., Analyst,

Povm Vo

‘hem., 1965, 370;

, "nivereity of Nlhevta, Novemher

ey,

"niversjty of Alberts, 1°0'.
Frrgaere, €., Nibhle, '0onn,
Forvmte s 7t e Apndoye nw, T
Spe- b < ‘“F’)', 3(», q4¢0
Uiy oo T A A ¥
[ f ) \ T -
RIS '

)
LIV s v ienanhjboe '

T LI ~ "‘-\”efer
I T LT e Gay
LI T2y 1 B
1 ' P |

3. 004, 127-177.
e Ve, T 0 AR
f
Tyt 'ivp '|;'-'a\.yqv'n
-y Ty a¢ e Ml “292
, M (" [ T <
"7ovq”
TNt 1 T ificatinn
vy (] 1 Yooy

255



256

v

58. Bpss,’R.R;} Tanaka, S,C;;‘Wéckler, G.P., in “Sdlid
State Imaging", Jéspers; P.G., Ed., NATO Advanced s
-StudiesifNoorahbf, Leydenn 1976.

59, Aﬁal. Chem., 1983, 55, 465A.

60. The DOS Manuai £6r the Apple Ii, Apple Computer 1INC.,
p 151. _ &

61. Fassel, V.A.; -Kniseley, R.N., Anal. Chem., 1974, 46,

1155A. o -

The following publications, not specifically reforred
to in *he thesis, were of great assicetance Auyring *the

H

wovr!,
L

€2 R6500 Microcomputer System Hardware Marual, Peskye )
Internati~nal Corporation.

63. RA500 Midrocomputer System Vrogramminq CEAIEN
Rock' 11 Tntérpaticnal Corperation,

64. Trmqgic Data Ronk, "ational Semiconductor Corprnratjior.

'S ALl3 Aralog Trrot “yetem ceyc Moanpal. Toterackiue
Srrﬁrvnrﬁs Tne,

;o The A0OQO Hihyncompv'wr By e e v’ Mare ) 10
Intel Corpﬁvarign.

o Apple TT "~frrence Manrma), Apple Corputer Tne.

£ Applegoft 11 nesic Frogramming Raforon o Hovoan)
App]é Comiputer Inc,

! Prplecoft Teol Kit, Apple C-mpute' Tnc,

Ty Y (Sl B 7\cs’4,ﬂyv\r\]er . ‘:- - A‘r 1e ¢ hyuter T



APPENDIX 1

257



APPENDIX 1
!

THE INDUCTIVELY COUPLEDﬂiRGON PLASMA SOQURCE

The plasma spectral source was a Plasma-Therm ICP
2500 powefed b&‘a Model HFP 2500 F, 2.5 kW RF generator
(27:12 MHz). ‘ ' /

Tha.y}f&r\a"{brch was made by the Department of . '
Chemistry glass blowing shop at the University of
Alberta. ;t consisted of 3 concentric quartz tubes qugd
togetﬁer as described by Fassel and Kniseley [61]. The
outer, plasma Qas, tube had an internal diameter of 18
mm. The next, auxiliary gas, tube had an internal
diameter of 12 mm. The central, aerosol, &ube Qas 3 mm
internal diameter, constricted down to 1.5 mm at its exit.

The plasma?torch was attached to a spray cﬁamber'
<upplied by Plasma-Therm. Several nebulizers were used;
all were the glass concentric (MeinQard) type Qith"
aspiration rate of 0.6 to 1.0 ml per minute.

The argon flow rates were:-

i Plasma gas ~ 13 lpm'j
P Nebulizer gas .65 lpm (Chapter IV)

- .4 1lpm (Chapter VI)
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’ — 15 psi (Chapter VI)
Auxiliary gas - ,8 lpm (Chéﬁ;ef IV)
- .4 lpm (Chapter"VI)

- .6 1lpm (Chapter VI)
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APPENDIX 2

MODIFICATION OF THE.RC1024S CIRCUIT BOARD ,

A. * Join Edge Tab 6 to Edge Tab F

. Qe
"Tab 6 carries 'the odd ?iode series end of line signal

~ (Diode 127 has been?réad). Pin 6 on the 44 pin edge
connector interfered with ﬁhe firm atﬁachment of the -
coaxial cable carrying the outpuﬁ signal from the board.
Pin 6 was then removed from the edge.connector leaving the

Y

‘'odd EOL signal available on pin F. - !

1

B. . Change Capacitor €y

~ Capacitor C; is a timing ecapacitor in the
oscillator. It was changed from 500 pf to 0.005 uf to
reduce the diode-sampljng rate range from 37.5—150 kHz to

4-62.5 KHz.

C. Connect Edge Tab W to OR'd Sampling Pulse

Pins 9, 10, 11 of U30 (7400) on the board carry the.
OR'd odd and even sampling-pulse signals.= The signal’ was
wired to edge tab W so that, it could be used elsewhefe,as'

-a data écquisition econtrol signal.

261



g - L . 262

3

D. Rewire Pin 3 om 7474 Flip-Flop

no Flip-flép ULl (7474) is the‘start pulse controller.
The printed circuit lead to pin 3 was cut to isolate it
from,thé onboard timing chain. It was wired to edge tab R

to conpect it to the off board start pulse generator. °

E. Isoiéte the Oscillator

i

, The outpﬁt of theAOSCillatdr.was isolated from the
rest of tﬁé cir¢uit so that it could bergated; .The
printed circuit was. cut betwee; pin 5 on Ul (9602) and pin,
1 on U6 (7404). It also separated it from pin 2 on U2.
(74161), the firstqcoun£er in the timing cﬁaiﬁ. The

oscillator signal was already connected to edge tab U for

connection Xo the gé&e.

ge Tab P to U2 and U6

. ~

The gated osc1lla‘or signal was brought back to the
board through edge connector P and hence to pin 1 on. U6

'(7404)-and pin 2 on U2 {74161).



263
e

'G. 'Remove the Last Onboard Counter co ,
N | R |
US (74161) the fourth 16 bit counter was réplaced by

a_socket?to connect to the timing chain exténsion‘ When
external start pulses were introduced, théwunqsed,so¢két
was bypassed by connécting its controlling enable pin to

its overflow pulse pin (Pin 10 to pin 15).

-

p/

H. Join Edge Tab M to Pin 5 of 7474 Flip-Flop

Pin Syof Ull (7474) puts out the start ‘pulse signal
to the array. It was wired to edge tab M so that both the
B T o .
rising&and falling edges of the start pulse.were available

as data acquisition control signals.

| 2 . . '
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TABLE A

YY) el R, A08
[K 13 v
.78
sn

=y
toa

000¢L0CK
050 -Tve

BE_AESYORATION AR Iy

HOTES fUnLEDS OTuERWING SPECIfED)
L RESISTOR ANE I Oremd Yoy
CAPACITORD ARE iy MILKOFARADS
D g CAMAL ITOR (FORME D BY
PROZMITY OF TRACLS)
B SET TARLE A" FOR COMPOVEATS YAL UL

Figure<63.

Changes to the RC1024S board.
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APPENDIX 3

INTERFACE BETWEEN THE AIMMGS AND THE 11313 A/DC

CONNECTOR

AC 1580 CONNECTOR AIM 65 J1
LINE.  » EDGE .TAB EDGE TAB LINE
BIT 13 2l e PAl
|LsB (#) 3 14 PAO
TTY 14 4 R TTY KBD
: RETURN
TTY 10 5 S TTY PTR
- . RETURN
TTY 5 6 T TTY KBD
TTY 1 7 U TTY, PTR
SPART PULSE | 13| 18 icél -
DIGITAL_ GROUND 15| 1 GROUND
GROUND " Y 1 éROdNBVj
— — A8
MSB (1) A 16 PBS
ﬁIT 2§ A Bl 15. PB4
‘|BIT 3 C 12 Pai
BIT 4'~ . D 11 PB2




39 ®

AC 1580 CONNECTOR [AIM 65 J1 CONNECTOR

LINE EbGE TAB EDGE TAB LINE

BIT 5 E 10 PB1

BIT 6 F 9 PBO

> 1

BIT 7 ' H 8 ___PA7

BIT 8 J 7. PAG_N_W‘_"___

BIT 9 K 6 PAS

‘. BIT 10 N L 5 ~ PA4 B

BIT 11 M 2 PA3 |

BIT 12 s ) N 3 ea2 |

MIKE soéxén;l W M AUDIO OUT |
" [EAR SOgKET ' "X LI .!-ﬁg‘?}_(_)_}‘” ]

sTATUS 2 I T I _

. o

e e e e

CONVERT vl BATA ACOT BSTTION

Ccommann: CONTRNL. SIGNAL

;
}
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APPENDIX 4

ate

AIM 65 PROGRAMS

The data acquis=sition program LOGl collects the 14 bit
dAata values for 128 dindes. Tt gives the option oé signal
averaging by addiﬁg conse~uwtive sets cf data and then
Aividing by the number ~f sets added. Tt haslthe Optién
~f subtracting the same numbher »f sets of datg for a
qo]néfmd hackqgreoond ronditicrn, The machine code part of

the nrogram cets thn data storaneg addregeee +o zoro and

then jdleg «whild i

ajte for a gtAart pulse. It then logs

Ants oo reipt of 3 convereign comrleted signal from the
Aane vt gt Y cap ertor Thre % hit byte= are usec
[ T T A 1 Poto, A 'igt tyee and an overfloow

' : T R S L va nes ”MP‘%! the

! T IS A e



10
25
30
40
S50
60
70
80
90
100
110
12
130
140
150
160
170
180
190
200
210
22
230
a0

‘;‘v

REM =xAIM 65 FROGRAMME LOG1xx
REM COLLECT DATA FROM A SINGLE ARKAY DF 128 DIODES WITH SIGNAL AUFFATTNG
REM AND OFTIONAL EACKGROUND SUETRACTION
FRINT "BACHGROUND SUETRACTED ™ Y=1,N=0"
D = 128:J » 37121K = 0 ¢ DL =~ K + OIM = 2 » OF = 234 = -~ 1108 0 «
FF=0x20 [
REM  J,K,L ARE EASE ADORESTES FOR SYO"AGE F LOW.HIGH, AKRY RY 5 ' (S
REM F=234=$EA=NQ DFUCATIM TN CANCY L gy TNGY P YT T Tt
REHM TIN LINF 1730
INFUY A
IF A = 1 THEN 150
FOKE_1710,76¢ FOKF 1731,5* FO'E 1712,.7
REM THIS FORCES A JUMT YO THE "HDY N7 "mp cone e
GOTO 140
FOKE 1710,F FOKF 1711.7 POMF v
FRINT "4 0r rpme =
INFUT E
POKY 3711,8: FOKE a4,8 ! FI1 v " 4
FEN MAUMINE COD: FFD Fer O RTE 7 AT CRYGE g
= USR 71) &HEF Ci)° 1 ¢ ' nn: [N S Y]
fFOR N = "1 7 EE
= FFEK (J IR A £t
FRINT "a (" ' ! 3
FEY THT !

MET
L]

-1



SOURCE FILE:®

----- NEXT OBJUECT FILE NAME IS MLOG1.0&J0

065178
0652342
0654 A9
04656290
0659390
065C: 9D
04SFiCA
0660310
08623EA
06635 AC
06665A9
0668:8D
046E: AD
046E: AD
0671:2

0473:F0
0675:AD
0478:AD
0478 AT
067D:8D
0680:8D
0483:A2

0485 AD"

06838:29
068ALFO
068C:AD
068F 7D
04692:9D
0695:AD
0698:29
069A:7D
069D:9D
06A0:ED
06A3:69
06A5:9D
046AB:CA
06AT:10
06AR 88
04ACIEA
06AD:IDO
0LAF A
04E:2¢

06E2:00
04031 AC
06665 A9
04F:B8:8D
04EE:AD
B4EE ¢ AD
040 1:29
06(:3:F D
04( 5¢AD
0&t AP
rvl'\l

0E

AC
A0
AD
AD

AD
AD

AD

ne

AD

NN

AD
ap

HLOG1
1 XMACHINE LANGUAGE PROGRAMME FOR AIM 65 DATA LOGGING WITH

2 EACKGROUND

ey

OKG
CLD
SEY
LDX
LDA
STA
8STA
BTA
DEX
EPL
NOF
LDY
LDA
STA
LDA
LDA
AND
EEQ
LDA
LDA
LDA
STa
STA
L.DX
LDA
AND
EEQ
LDA
ADC
STA
LDA
AND
ADC
STA
LDA
ADC
STA
DEX
EFL
DEY
NOF
FNE
ey

FRK
LDY
LDA
STaA
L DA
LDA
AND
BEEQ
LDaA
L DA

tna

SUETRACTION OFTION

C0650 \

$$7F
#400
$0EBD, X
$0F00,X
.$0F89,X

BR1

$0E7F
$$00
s$A00C
$A000
$A00D
$$10
ER2
$A000
$A001
$$00
$A003
$A002
#$7F
$A00D
4802
BR3
$A001
$0EBD, X
s0EBO.Y
$A000
¢$3F
$0F00,X
$0F00,X
so0fFBo .
4400
saf "

90

FR2

fFYpere

$0E7YF
800
$A00C
$A000
s$A0OD
$¢10
BR4
$A000
$A00"
1800

1LOAD DATA MEMORY SFACE

INTTH ZEROD’S

h

{4 OF RUNS YO BE AVERAGED

iPCK SETS IFK FOR-1 TO 0 STEF
tCLEAR IFR RITS 3 & 4

+CHECK IFR FOR FLAG ON .

+EIT 4 (CE1) SYART PULSE

tCLEAR IFfK.BIT 4

+CLEAR IFK EITS 0 & 9

{SET DDRA AND DDRE

+S0 ORA AND ORE: ARE

$}ALL INFUTS

$SET COUNTER FOK 128 DIDDES
$SEARCH FOR CLOCK PULSE

tREAD LOWEST 8 EITS OF DATA
$ADD IT YO THE DATA

$ALKREADY COLLECTED

tREAD HIGHEST EITS OF DATA
tCLEAN OFF THE TWO MSE' &

{ADD IT TO THE DATA

s ALREADY COLLECTED

tREAD THE CARRY FILE

$ADD THE NEW CARRY IF FPRESEN'
{UFDATE THE CARRY FILE
tDECREMENT THE DIODF CDUNTER
sREAD ANOTHER DIODE ?
IDFCRFMENY REFLICAYION CQUNTF

tREAD WHOLE ARRAY AGAIN 7

?IF NO BACHGROUND SUETRACTTCM
RETURN Y0 EASIC

TIMF TO TAKE EAC ' GROUND n1at:
ISFY UF REFLICATF CMIN'F'

sFCR 8¥TS YFR FOR 1 TO 0
'tCLEAR IFR BITS 3 8 4
tCHECK IFR FNOR FLAC OF
1RTT A (CF') STAR!' 1apn !

;CLEAR IFR BITS 3 & ¢
tCLEAR TFF BITS 0 8

1SE°’ DD'é A D D“RB
aoeea ne

271
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b \ ,
0400:8D 02 AC ‘59 STA $A002 tALL INPUTS
06D3:A2 7F 60 LDX . &8$7F $SET COUNTER FOK 128 DIODES
06DS:AD 0D AD 61 BRS LDA $AO0D * {SEARCH FOR. CLOCK PULSE
04D8:29 02 . 62 AND &$02 $ON EIT 1 (CAl)
04DAIFD F9 63 BEQ BR3S
04DC: 38 . 64 SEC $SET CARRY FLAG FOR SUETRACTION
06DD!BD 80 OE 63 LDA $O0EBO,X $FETCH DATA FROM FILE -
0AEDIED 01 AOD 66 . SBEC $A001 1SUETRACT BACKGROUND (LOW 8 EBITS)
06E3:9D 80 EO 67 STA $EO080,X tUFDATE FILE
06ES6IED 00 AD 68 LDA $A000,X $READ HIGHEST BITS OF BACVGROUND
04E9:29 3F 69 AND ¢$3F tCLEAN OFF THE TWO MSE’S
04EE!8BD 7E OE . 70 STA SO0E7E $FUT IN TEMFORARY FILE
0AEE'EBD 00 OF 71 LDA $0FDO,X tFETCH DATA FROM FILE
06FLIED 7E OE 72 SEC S$OE7E tSUBTRACT TEMFORARY FTIIUF
06F4 9D 00 OF 73 STA $O0FO00,X tUFDATE FILE
74 LDA $0FB0.,X tFETCH CARRY FILE
75 SEC €00 sSUETRACTY CARRY IF SYILL SEY
76 STA $0FB0.Y¥ tUFDATE FILE
77 DEX tDECREMENT THE DIODF COUNTEFR
78 EBFL  ERY tREAD ANOTHER DIODE
79 - DEY tDECREMENT REFLICATE COUNTEr
80 NOF
0704:D0 EB8 81 ENE PNt tREAD WHOLE ARRAY AGAIN ?

07Nt s A? FINISH FI°€ TOBACK YO EASTC FROCTANIE
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The signal to noise ratio program SNR@B 1ogs the data

/ 14

p01nts for 32 dlodes 32 t1mes and stores each acquls1t10n ’ .

separately. Thls takes. 2048 bytes of memo?y for storage o
s

‘(2 bytes per data po1nt) It then calculates the mean,
standard deviation and the ratio as the signal to n01se p]
ratio for each of the 32 diodes and prints them out. It

then allows the subtract1on from the 1nd1v1dua1 data

'Y
values of 32- values for 32 dlodes “for a selected o T

g &
N i

background condition. It then recalculates’ the subtracted

»

mean, standard deviation and signal to noisé rdtio,and

v

e

prints them out. ? ) % h L ;
The diode numbrers on the print out ate for“the' .'
position of the diode w1th1n those logged, nog 1ts';
prsition on the array.
The machine "code program f1rst converts the: 1dent1ty
~f the diodes to be logged into a serges of numbers“

corresponding to the:size of groups of diodes tobe °,

omitted or recorded. It makes extensive use ofkﬂ N
: e

subhroutines and indirect indexed addressing’. It was this
program in its background subtraction mode that set the

Vimiting speed of data acquisition.
Getting this prpgram and its data storage space«into -
- B

Vi " 1" a3yajilahle on the AIM /5 wasg diffiCUlVE-

adt

n geinan

Fem o tray A



150 FOR M = 0 TO 31:N = M '+ 1:0 = 0IFP = 0..

T | T 27

10 REM x=xAIM 65 PROGRAHIISNROB ’

20 .REM SIGNAL/NOISE RATIO FOR A 128 DIODE ARRAY (HITH EACKGROUND SUETRACTIDN)

30 REH . A TOTAL 'OF 32 DIDDES IN UF TO 4 CROUFS ARE LOGGER 32 TIMES AND MEAN,STD
\

a5’ REM DEVIATION AND SIGNAL “YO NOISE RATIO PRINTED OUT N

40 KEM XTHE STARAING DIODE ¢°'S MUST EE IN NUMERICAL ORDER )

S0 DIM A(7): PRINY "1ST,$,ATIMES,HAX32';. FOKE 4,166! FOKE 5,61k = 2048" .

60 REM THE & OF THE 1ST DIODE IN: A.saouP AND THE ¢ OF DIODDES 1IN THAT GROUF-

70 REM IS ENTERED¢(TQJAL DIODES 32

B0 C = 2040:D = 32:.INFUT ACO),A(Y), A(Z) a(3),Ac4), A(u).Afé)'A(7)

90 E = SOR (31):F = 992:C = 3072:H = 256'AA = 163B3/EE = H x H

100 FOR I = 0 TO 7: POKE C + I,A(I): NEXT IiJ = USR (K) :

110 REM LOADS DIODE NUMEERS TO ADDRESSES $07F8 TO $07FF

120 IF FEEK (2039) = 1 GOTO 150 ,

130 REM THIS IS5 A M/C TEST FOK INFUT ERROR : B

140 FRINT "INFUT WRONG": GOTO 50 —— ~ ;

160 FOR Q = 0 ro F STEP DIR = 0 + Mi8 = PEEK (B + R):T = FEEK (G +-R)IU = T x
H+S , o

1707 IF AA < M THEN'U = - (EE - W) C

175 REM THIS CORRECTS FOR VALUE EBEING NEGATIVE AFTER THE SUBTRACTION |

180 UV = U X U0 = O + UIF = F + V! NEXT @

190 X = 0 / DIY = §GR (F - 0 x 0 / D) / Et FRINT NiX ./ YiX 'S / (D x H);y x 5.

/ (D ¥ H) ’
195 REM FRINTS ouT SNk, HEAN AND STD DEVIATION FOR EACH DIODE SELECTED
197 REM ®CAUTION THE DIFODE & IN THE FRINT OUT GIVES IT°6 FDSITION WITHIN THOSE /

198 REM.LODGGED.NOT IT’S FOSITIDN ON THE ARRAY
200 NEXT M .
210 IF _FEEK (2038) = GJGOTD ”60

-

220 FORE 2038,0 o g _ »
230 FOKE 4,117% POKE 5,7 ' :
240 JJ = USR (KK) ' ) .
250 GOTO 150 . .o o a
260 FRINT "DONE ? ¥=1,N=0": INFUT Z* ’ ) -
270 IF Z = 0 THEN S0 . K : ‘ :

280 STOF, -y . \ b

: /

A -
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0 b * 0
- | 4 L
N s ) ,
. / S
4 ¢ ] .
souncs FILE: MSNRO3 - S
——=2- NEXT" 'OBJECT FILE ‘NAME Is ‘MSNR03.0EJ0 . o
06208 . 1 " ORG - $0620 oo - ‘ o
0620¢ 2 XMACHINE LANGUAGE PROGRAM FOR AIM 55, s &
0620 © 3 xT0 COLLECT DATA.FOR 32 DIODES 32 TIMES AND ‘BTORE ALL VALUES
06205 . 4 ISEPARGTELY ALSO ‘HAS BACKGROUND SUETRACTION OP
0620 5 x ‘SUEROUTINE®# W CQUNT um,o ED DIODES
0620:AD 0D ‘AD 6 "BR1 LDA $A00D
0623529 02" 7 AND $$02 .
0625:F0 F¢' - 8 BEQ BR1 - SO |
‘06273AD 01 AD - 9 LDA $A001 . ' ‘
0642A%60 10 RTS 4 v .
' BiEA . 11 NOF' .
062CIEA 12 NOF _ 2! ot
062DYEA 13 NOP , _ ¥ :
D62ES 14 x o SUEROUTINE42 LOG DATA VALUES
062E:AD OD AD 15 BR2 LDA $AD0D -~ .
0631229 02 16 AND 4802
0433:F0 F9 17 BEQ  BR2 5
0635:AD 01 AD 18 LDA sA001 * $READ VALUE LOWYBYTE "
'6638391.FD 19 STA ($FO0),Y L s
D63ASAD 00 AD 20 LDA $A000 ;READ VALUE HIGH BYTE g
063D:29 3IF .21 AND #$3F SCLEAN' OFF UNWANTED BITS Poee
063F391 F2 22 . STA ($F2),Y : o, d 3
06491360 23 RTS ) , ’
- 06423EA 24 “NOF 2, B
0643:EA 25 NOF } “
0644 1EA 26 NOF ”
0645: 27 x SUBROUTIWER3 LDG AND SUETRACT 4
0645: 28 x EACKGKOUND VALUES :
0645;AD 0D A0 29 ER3 LDA $A00D Lo
0648129 02 30 AND o802 ) B0
064AIF0 F9 - 31 EEG ER3 b ¥ T
064C:38 32 SEC '
064DtEL FO 33 LDA ($F0),Y . X
044F:ED 01 AD 34 @ SBC  $A001 P @y—/ 39
06523191 FO 35 STA ($F0),Y
0654:AD 00 AD 36 LDA  $A000 P
0657:29 03 37 AND &3F ® .
0659:8D FS 07 38 STA $07F% . : a
065C:EL F2 39 LDA  ($F2),Y ¥ A
04SELEDFS 07 40 SEC $07F5 N
0661:91°F2 43 STA ($F2),Y 5 ’
0663360 42 RTS
0464:EA . 43 NOF ¥
0665¢EA 44 NOF
06661EA 45 NOF % . ' o
0667¢ 46 x SUERDUTINE44 ADD $20 TO ADDRESSES IN
06673 47 x $F0/F1 AND $F2?/F3 FOR NEXT CYCLE
0667:D8 48 FRS CLD -
0668118 49 cLC
0669:AS FO 50 LDA $FO
0666169 20 51 ADC 4320
066D:BS F 52 STA $FO
0&4FIAS F1 53 LDA” $F1 :
0671¢69 00 54 ADC  #300
0673385 F1 55 STA SFT '
0675318 56 cLc
0676%AS 57 LDA $F2
04ceran 20 ~a ADC  #20

Teg

v

A

~

e 1t AR A S et £t

IOV,

S e vt e gL R~ -

- (}"'

r
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& 1 / ' )
b ’ [
"?FA < - ° 1 &k - °
e ’ "
s . ,
. aooED % - , * v
067A%85 F2 | 59 4 BTA $F2 oo .
067C:AS ﬁ% 60 - DA $F3 o - o
" D47EL69° D "84 ADC .¢s00"
' 0680385 F3 62 STA $F3 . ) . -t
-~ 068B2CA . % 63 : DEX - o p

0483360 64 RTS . .

0484:EA; 65 . NOFP T , N '
0685 3EAT 66 “" NOP o

0686 EA 67 NOF -7

0687 g 68 x i, T P! SUEROUTINESS SET UP BASE ADOFFSSES
0487 1A2° 200 69 BR6 - LDX %20 " $SET FOR 32 CYCLES

04B73A9 00 - 70 LDA és00 :

. _0&4BE!BS FO - 71 BTA $FO0v <

70480185 F2. , 72 , -S§TA " $F2 R , . :
04BF "A% 08 73 DA  #$08 $LOH BYTE EASE ADDRESS #0800
0491385 F1 74 STA  $F1 t _ .

#s93:49 0 -+ 75 LDA #80C {HIGH BEYTE PRASF ADDRES® enrnpo
0495:85 F3 < 76 |STA $F3 B

0697 1A% 0O = 77 LDA #%00 -

0699:8D 0C AD . 78 STA $A00C $1SET PCR FOR ENTERRUFT ON A ¢+ 10 0
ps9Ce _ 79 % L, _ TRANSITYON

. 069C:BD 02-A0 B0 . 8TA $A002 ISET OKRA AND DRE AS TNruts
D69F:8D 03 A0 61 ' STA $A003R
06A2:60 82 RTS
06A33EA - 83 , - “NOF
04A4EA 84 NOF
06ASEA 85 NOF
06A63D8B . B& cLo TENTRY FOTNT INTN THE FROGRAN FROM EBAN
Ic v “ .

. 04A7178 87, SEY o > ‘
04ABIAD FE 07 BB LDA $07FE $THIS FART OF THE EROGKAM TESTS FOR
D6RE38 . e9 . SEC $ERRORS INM INFUT BY ENSURING THAT NO
04AC:ED FD 07 90 SEC $07FD $DIODE EFLONGS TO MORE TV oN ONF Rrnuf
06AF $ 38 91 SEC . ${HAT IS TO EE LNGROED
06BbIED FC 07 92 SEC $07FC
06E3:8D FE &; 93 STA $07FF {THIS IS THE ¢ OF DINDES TO EE '"TN"RE"
.06B46:90 2F 94 FOC BRA "EETHEEN THT 3'D A'D 4TH GRDUFS ' €"
04B8!: 95 - IRARLEIIE HER S £ IR AU
Q6EBIAD FC 07 94 LDA $07FC
04BE$38 97 SEC
04BCIED FE 07 98 . SBC #07FE
06EF :38 99 . SEC

+ 06COYED FA 07 100 SEC $O7FA -
06C3:8D FC 07 101 STA s$071° $TRIS IS THF & 0 DT DRG0 BF SN OFE
06C6190 1B 102 Bee FRA “TETHEE" v oo
oscB8: 7 » 103 T
04CB:AD FA 07 104 LDA $07FaA
06CE 38 109 $EC
06CCLED F® 07 106 SEC s07r %

‘04CF $38 107 SEC . ' -

06D0:ED FB 87 108 SEC $07F8B ‘

06D3:8D FA 07 109 sTA  $07f ¢ ;THIS IS THE ¢ O' DIMDES 10 BE "GN'KE
0606590 OF 110 PO RRA TFETHEE! "7 101 Avp ar eronen an
06083 111 » 1 0GET D

06DB:A% 012 112 LDA €301

06DAIBD F7 07 113 STA $O7F7 $THIS TH' S NAL FC' ER Ch " StE THE
06DD3BD Fé 07 114 QYA #0774 ;THIs Is 'uf sIgvel fp° v v
06E0Q°¢ 115 - MY S N 4] [ S YR e

DGEDEAC EE 06 1164 JMF  NOER®

D6E3:A9 00 17 LDA 80P

[ SR IAY SO 0o LI - vy L



04EB:AC
0 4EE
04EE 18
04ECTEA
04ED:EA
06EESEA
0&EF $AD
0&F2:4D
06F5 18D
04FB26D
06FE $8D
_ 06FE:6D
0701:8D
0704:CE
0707
0787 ¢
0707:20
070A:AD
070D :AD
0710229
0712:F0
0714:AD

0717 :AC

0714
//871A1F0
-7 071C$20
071F 88
0720:D0
0722:A0
0724
0724:20
0727:C8
0728:CC
0726194
072D:AC
0730
0730320
0733:88
0734:D0
0738 :AC
0739
0739:20
073C:C8B
073DtCC
0740:90
0742:AC
0745
0745:20
0748:88
0749:D0
074EAC
074E
074E:20
0751:C8
0752:CC
0755:90
0757 $AC
075A¢
077820

EE

FA
00

2€
Feo
FA
20

FA

2F

Fe&
F7
FrC

20

FA
Fe

2E
FD

F7
e

07

06

07

07

04

07

06

07

04

[Ug

04

07

119

121
122
123
124
125

‘126

127
128
129
1380
131
132
133
134
135
136
137
138

140
141

142"

143
144
145

146

147
148
149
150

151 .

152
153
154
185
156
157
158
159
160
161
162
1463
164
165
166
167
168
169
170
171
172
173
174
175
176
177

N
r's %'
JMF  FINISH
x X
*NDERROR CLC ,
NOP
NDP
‘NOP -,
- LDA S$O7F9
ADC $O7FB
STA  $07FE
ADC $37FD
STA $O07FD
ADC $O07FF
STA $O7FF
DEC $07F8
x
x
JSK  BR6
ER18°  LDA; $A000
ER7 LDA™ $A00D.
AND ? #3810
BEE0 sBR7
LDA $A000
\ LDY '$07F8
EEQR .ER10
BR9 , JSE  BR1
DEY
ENE EBR9
‘ LDY @00
x
BR10 JSR  BR2
INY :
CFY $O07F9
BECC  ER19
LDY $07F A
- .
BRI JSR  EBR1
DEY
BENE ER11
L.DY $07F %
x
LA JSR  ER2?
INY
CFY $07FE
ECC ER12
. LDY  $0&F(
n
froa JSK  BR1
DEY
ENE ER13
tpYy $07F
»
Frey JSR FR?
INY
CPY $07FD
. ECC ER14
LDY s07'"
x
rpa JSR Fr

DF ¥
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160 BACK TO BASIC PROGRAM AND' RE-ENTEK
INPUT, :

%

Fl

}THIS SECTION ADDS AND STORES QIODE
$GCROUP TOTALS

N

$THIS GIVES THE & OF THE LAST DIODE °

TO BE IGNORED AT THE START OF THE
ARRAY SCAN ’

"$CLEAR IFR -
" JLOOK FOR START PULSE

‘SNOT FOUND IT YET ?

{CLEAR IFR

ILOAD & OF LAST DIODE TO EE IGNORED AT
START OF SCAN

$IF 0 START LDGGING DATA

$COUNT OF 1ST SET OF UNWANTED DIODES

$ZERD COUNTER FOR 1ST SET OF LDOGGED
DIODES -
+L0OG A DIODE VALUE

$COUNT IT

$ARE THEY ALL DONE ?

$IF NOT LOG ANOTHER ONE

'LOAD COUNTER WITH & DIODES ‘TO EE
IGNORED

$COUNT OF 2ND SET OF UNWANTED DIODES

5

$ISTART THE COUNTER HERE FOR THF 2ND
GROUF OF DIODES TN EBE % OGGEN

$L.DG A DIQDF VAL UF (2N RFT)H

$COUNT IT

$DONE ?

$IF NOY LOG AMNOTHER ‘

SLOAD CDUNYER WTTH & OfF NPYONE" 10 BF
IGNORFD

$COUNT UNHANTED DIODFS

$START COUNTER HERE FOR 3RD Griur or
DIODES TO Ef LOGGFD

$LOG A DIODE VAL UF (3IRD ®FY)

SCOUNT T7

$DONE ?

s IF NOT 4.0G ANOTHER

SLOAD COUNTE® HTITH & OF nyonve 'n BE
IGHORYD

lv"'l"' LNZNLN PRI A 4 f\v’ﬂn"s

RSO DS,

G e Rt e



07SEIDO
0740 2AC
07638

0763820
0746:C8
07473CC
076A:%0
074C220
076F ¢

076FSFO
07718

0771

0771:4C
0774560
0775300
0776%

07762EA
0777 SEA
0778220
077E¢AD
077E:AD
0781229
0783:F0
0785$AD
0788:AC
078E"

078E3F0
078D:20
0790:88
0791:D0
0793:A0
07958

0795320
0798:C8
0799:CC
079C:90
079E4AC
07A18

07A1:20
67A4:88
07A5:00
07A7 $AC
074A:

07AA%20
07AD:CSB
07AESCC
07B1:90
07B3:AC
07B4:20
0789188
07BASDD
07BC$AC
078F

07BF $20
07cz23cs
prc3sce
07C6390
07CBNT
07CE!

I U]

FA
FD

2E
FF

67

03

0A

-87

oD

10
F9
00
F8

o8
20

FA
00

Fe
FA
20

FA
Fe

07.

06
07

06

07

06

AD

Al
07

06

06
87
07

06

07
0é
07
07
0A
07
0é
07

a7

179
1680
161
182

- 183

165

186

187

188
189

190

191
192
193
174

195

196
197

198

199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
2195
216
217
218
219
220
221
222
223
224
223
226
227
228
229
230
23
232
233
234
235
236
237

- am

BR16

BR19
ER20

erTa

FR72%

Fro2é

(X 30

(IR}

BNE

LDY

JSR
INY
CPY
ECC
JSR

'BEQ

JMF
RTS
BRK

* NOF

NOF
JSR
LDA
LDA
AND
EEQ
LDA

LDY:

EEQ
JSR
DEY
ENE
LDy

JSK
INY
CPY
eCC
LDY

JSR
DEY
ENE
1.0Y

JSK
INY
CryY
BCC
LDy
JSK
DEY
ENE
LDY

JSK
INY
CpPY
ecC
L DY

BR13
$07FD

BR2
$07FF
BR16
BRS

BR17

BR18

ERS
$A000

$A00D-

4310
ER20.
$A000
$07F8

BR23
BR1

ER22
#$00

ER3
$07F°
ER23
$077
BR1

ER24
07V

EBR3

$07¥FF
BR2S
$07FC
BR1

ER26
$07F ¥

BR3
$07FD

ER27
$Q7F "

278

$START COUNTER HERE FOR 4TH GROUF OF

DIODES TO ®E LOGGED

$LOG A DIODE VALUE (4TH SET)

$COUNT IY - ’

$DONE ? :

$IF NOT LDG ANOTHER .

$ CHANGE ADDRESSES OF THE DATA STORAGE "
REGISTERS FOR THE NEXT SET OF DATA

$IF ANALYTE DATA COLLECTION COMPLETE

STOF AND GO EACK TO BASIC TO SET UF
FOR EACKGROUND DAT4 COLLECTION
$IF LESS THAN 32 SCANS GO ROUND AGAIN

? THIS IS THE ENTRY FOINT FROM BASIC

FOR THE BACKGROUND SUEBTKRACTION

0

: '
$INITIALISE FOR BACKGROUND SUETRACTIOM

JCLEAR IFK

{LOOK FOR START PULSE

$ON CONTROL LINE CE1

{CAN’T FIND IT KEEF LOOKING

{CLEAR IFR

ILOAD & OF LAST DIODE TO EE IGNORED AT

THE START OF THE SCAN

$IF 0 START LOGGING DATA

_$COUNT OF 1ST SET OF UNWANTED DIODOES

{ZERD COUNTER FOR 1ST SET OF LOGGFD
DIODES .

$LOG .AND SUFTFACT BACKGROUND DATA

4 COUNT

sDONE 7

$IF NOT DO IT AGAIN

$LOAD COUNTER WTTH & DF DIOOFS 10 Ef
IGNORED

SCOUNT UNHANTED DTODES

+START THE COUNTER HERE FOR THF 2n©
GROUF OF DIODES 'D EE LOGGEP

$L0G AND SUETFAMY FACKGROUND DATA
$(ND SFT)

sLOAD WITH & OF -DIODES Y0 EE IGNORED
$COUNT UNWANTED DINDES

$START COUNTER FOR 3RD CROUF OF
DIDDES TO EE LOGGED

$LOG AND SUETRACT BACKGROUMD DATA
$3RD SET

IDONE ? .

$IF NOT LOG ACAIN '

tLOAD COUNTER WITH 4TH ©“v 0o of
DIODER 10D EE IGNORED

reoan T HRRAPTER RTANER

e



]
t

\
{
07CES @8 239
07CFID0 FA 240
_07D13AC FD 07 24!51.
07043 242 %
. 0704320 45 06 243 BRZ9
- 07073C8 - 244 :
0708:CC FF 07 245
<07DB390 F7 244
- 07DDIEA 247
07DEIEA 248
07DF SEA 249
07E0IEA . 250,
07E1LEA 251
7E21EA , 252
73120 67 06 253
" 07E&! . 254 .x
07E61F0 - 255
07E8:4C 256
07EB? 257 x
97EB1

.

DEY

‘BNE -
LDY

JSR

INY

CPY

BCC -
. NOP

NOP

© NOP
© NOP

NoP

NOP'

JSR
BEQ

- JMP

258 FINISH RTS

BR286
$07FD

BRI

SO7FF
BR29

BRS

FINISH
BR19

B

| $BTART . COUNTER "HERE FOR QTH szr oF
' LOGGED DIODES. o _ -
$LOC AND SBUBTRACT BET ¢4 .° .

s oL 279

7

~
" JCHANGE ADDRESSES OF THE DATA S8TORAGE ’
'REGISTERS FOR THE NEXT SET OF DATA :
$IF DONE GO BACK -T0O BASIC ‘ e

$IF NOT DONE LOOK FOR ANOTHER
START PULSE

o
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APPENDIX 5

-

SCRATCHPAD ‘MEMORY USAGE WITH THE APPLE 'II+

ADDRESS

I
»
L

HEXADECIMAL DECIMAL USAGE BY THE INPUT BUFFER +

7F01 32,513 8253 #3 COUNTER #0 LOW BYTE

7F02 8253 %3 'COUNTER #0 HIGH BYTE

7F03 8253 #3 COUNTER #1 LOW BYTE

7404 8253 #3 COUNTER ‘#1-HIGH BYTE

7F05 8253 #3 COUNTER #2 LOW BYTE

TF06 53 #3 COUNTER #2 HIGH BYTE

7F07 8353 #4 COUNTER #0 LOW BYTE

7F08 8253 #4 COUNTER #0 HIGH BYTE

7F09 8253 #4 COUNTER #1 LOW BYTE

7FOA .8253 #4 COUNTER #1 HIGH BYTE

7F0B 8253 #4 COUNTER #2 LOW BYTE

7FOC 8253 #4 COUNTER #2 HIGH BYTE

JFOD © 32,525 GAIN CODE ARRAY #0 )

7FOE GAIN CODE ARRAY #1- ~

TFOF GAIN CODE ARRAY #2

7F10 - GAIN CODE ARRAY #3

7F11 GAIN CODE ARRAY #4

7F12 - _GAIN CODE 'ARRAY #5 .

JFI13 B 372,531 # OF REPLICATES ARRAY #0 T

TF14 # OF REPLICATES ARRAY #1

7F15 . # OF REPLICATES ARRAY‘£2

7F16 # OF REPLICATES ARRAY %3

TF17 # OF REPLICATES ARRAY #4

7F18 . % OF REPLICATES ARRAY. #5. ,

575 15Ty 2 Terbibalbs ARRAX —

TF1A ,

7F1B + OF REPVICATES, DUPLICATE

TF1C I.TST, TO RE DECREMENTED

TFAD .

TF1E ° .

TFIF 317,543 TEMPORARY. ADDRESS ARRAY |
TOHENTITY "CODF '

7F20

7F21 .

TF22

F23

Y .

e T S,

et 1 M BB i i At et ot et it i} 8 e A T

GAIN AN CHANNET.

CODE FOR SELECTE
TP AY m\:\

9

201
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. ADDRESS

HEXADECIMAL  DECIMAL  USAGE
7F25 -

. X . ) _
USAGE BY' BACKGROUND RAW DATA FILE
- TF26 32,550 :

-TF27 ’

TF28 . o )
TF29 '
TF2A | :
TF2B 8253 PATA SPECIFYING TINTRGRATION
7F2C - TIME® FOP THF RACKOPOUTN DAW DATA
7E2D Wy ryrr

7F2E

7F2F

7F30

7F31

JF32 IRIORTE T

7F33

TF34 GAIN CcoPRg fFO™ vy o voernp

7F35 RAW DPATr Frrop

TF36 e
7F37 * | . L
TF38 - TRTRTA - ’
739 . o - %

TF3A ’ #.0OF REP'JCAT7S * © 7 ¢GROTHD
7F3B PRV OTVTIA T TR

7F3C
7£3D
7F3E
TF3F
7F40
7F41 .

TF42 (

7F43 TG p TP VT Y MTRPGR [0V
7F 44 o P
1745

7746

TF47

TF48

TF49

TF4N

TF4R ‘

TF4C T v ; —_ Ve
1F4D
TFAE
TF4F
TFSO
v R

- '

P
1
1
i
¢
i

2}
(S]]
il
M



ADDRESS

HEXADECIMAL

TF52
7F53
TF54
7F55

7TF56.
TF47

7F58
7F59
7F5A
7F5B
TF5C
7F5D
TF5E
TF5F
TF60
7F61
7F62
7F63
TF64
7TF65
TF66
7F67
7F68
TF69
TF6A
7F6B
TF6C
7F6D
TF6E
TF6F
7¥70
TF71
TF 12
TE 73

1

P s

DECIMAL

P 283

327622

32,623
32,624
32,625
32,626
32.627

44

# OF REPLICATES FOR -ANALYTE MEANS
FILE . :

32,598 USAGE BY BACKGROUND MEANS FILE
8253 DATA SPECIFYING INTEGRATION
TIMES FOR THE BACKGROUND MEANS
FTLF

I TATA C
GAIN CODES POR BACKGROUND MEANS
FITE G ‘

REMST - '

# OF REPLICATéS_FOR BACKGROUND
MEANS FILE
AY

ADDRESS LOW BYTE } LOW BYTE ADDRESS
ADDRESS HIGH BYTE' FOR DAC DISPLAYS
ADDRESS LOW BYTE }'HIGH BYTE ADDRESS
ADDRESS HIGH BYTE! FOR DAC DISPLAYS
INNER LOOP CMP ADDRESS  FOR RECORDER
NETAY “ALUE FOR CHART RECORDER

VRTr et PRCORDENR - QU TPUT






APPENDIX 6

APPLE II+ PROGRAMS

L
s

The 6 array sys£em programs are menu driven and user
friendly. DRA i; the dispiay program that runs when the
aystem is booted and its main burpdsejis tbfmake'sure that
the diske are in théi? correct drivés.

DRS is the main menu program.

SEL)] receives integration time information and stores
it in ;ﬂraf”hpad memnry. Tt corrects the values of the
ihyegration times sc that they follow the rules that avoid

readnut clashes=s, Tt then rcalle its own machine code program,

MeInRn _ORT0.
v
The ma~hine code program closes the gates on the
rounters an the firet twn R253 chips My generating a low

lngic Jevel thrvangh the game 170 port. Tt checks again,

thie time in marhine code, 'hat the integration times follow

the readrut <lash avdidance rules. Tt loads all the
Countere AarA toan o apena ''e aqntee e~ " hat the timing
[ gvf:~.| i ne ~- S . e gy Ay o Vi VY s b e et

2l 2 Bas



3 . 266

JLIST

= REM PROGRAMXXDRARX

10
20
30
40
S50
60
70
80
90
100
110
120
130

140
150

185

210
220
230
240
250
260
270
280
2990
300
10

HIMEM?: 29439

REM INITIAL DISFLAY WHEN SYSTEM BOOTED
HOME .

HTAE 8! PRINT "DIRECT READER DATA HANDLING"
HTAE 146! FRINT “FROGRAMS"

'PRINT ¢ PRINT “THE SYSTEM DISC SHOULD BE IN DRIUE $1"2 FRINT .t PRINT

PRINT "FILE DISCS SHOULD BE IN DRIVE #2*
PRINT ¢ FOR X = 31 TO 2000: NEXT X: PRINT
SO ASLESTET S 3333383333 3323382833833¢¢32¢8302 43¢
PRINT ¢ FRINT "DATA IS COLLECTED AND MANIFULATED IN"! PRTINYT ! FRINT
PRINT "BINARY AND CONVERTED TO VOLTAGE" ,
FOR X = 1 TO 4000¢ NEXT X! PRINT ¢ PRINT
FRINT "SELECT ONE OF THE FOLLOWING OFTIDNS BY”
FRINT “ENTERING THE NUMEER": FRINT t PRINT
FFTHY CHR¢ (4) ) "RUNDRSE"

REM FROGRAM x»DFSxx

HIMEM: 29439
KREM FROGRAM FOR SELECTION OF OFTIONS .
HTAE 4! PRINT 1. DEFINE THE INTEGRATION TTMES™
HTAE 4: FRINY "2. ACQUIRE SETS OF DATA POINTS"
HTAE 4! PRINT "3. SET UF A SHORT INYEPRATION TIHE "
HTAE 93 FRINT "FDR A SINGLE ARRAY"
HTAE 4! FRINT "4. SUETRACT EACHGROUND ANDY
HTAE @: FRINT "STORE AS MEANSY

HTAE 4! FRINT "S. DISFLAY GRAFHICALLY ON THIS SCRFFH
HTAE 4! FRINT "6&. SAVE -DATA ON DISKETTE"

HTAE 4! FRINT. "7. DISFLAY ON AN OSCILLOSCOFE"
HTAE 4! FRINT "“B. OUTFUT TO CHARY RECORDER"

HTAE 4¢: FPRINT "9, DISFLAY VALUES ON THIS SCREFM
HTAE 4% FRINT "10. SMOOTH (FAIR AUVERAGE) THE'

HTAE 92¢ FRINT “INPUT BUFFER"

“HTAE 4! FRINT "11. DETAIN DATA UALUES FROM h JLE"
HTAE 4: FRINT "12, CALCULATE CNNCENT™ATIONSG ' Fr1°°7
FRINT “ENTER INSYRUCTION § ANT "7 85 “F7'°H
INFUT ES

Ng = CHR$ (173) <« CHRs (§°

ON VAL (B$) GOTOD 70 70 ot
IF VAL (B$)Y » 32 '
FRINT D¢ RUNSEL1"
FRINT Ds;"RUNSEL2"
FRINT D$; "RUNSEL3"
FRINT D¢ "RUNSELA4"
FRINY D$;"RUNSELS™
FRINT D¢; "RUNSELS6"
FRINT D¢ RUNSEL7"
FRINT D$"RUNSELB"
FRINT D$;"RUNSELY"
FFRINT D$; 'RUNSEL10"
FETHT DS RUHQEl])

o Ces

..... I



y ' : 287

S REM PROGRAM xxSEL1ax
10  HIMEM: 29439

15 REM PROGRAM TO SET THE INTEGRATION TIMES FOR SIX ARRAYS -

20 HOME ‘
30 PRINT "IF NEW INTEGRATION TIMES ENTER 1"
40 FRINT : '

S0 FRINT "IF SAME AS EEFORE ENTER 2"

60 INFUT P$

70 ON VAL (F$) GOTO 90,310

90 PRINT : 5 L
100 FRINT "ENTER INTEGRATION TIMES IN SECONDS FOR SIX AKRAYS(MAXIMUM 205 SECS)
110 PRINT “IF ARRAY NOT USED ENTER 0"

120 FOR I = 0 TO 5 :

125 . REM FOR EACH ARRAY

130 PRINT "ARRAY & "I INFUT B

140 € = 0.5!F = 256ID = 3,1289E - 3iH e 32

156 IF B = 0 THEN 230

155 REM ROUND OFF INTEGRATION TIME TO AN INTEGER MULTIFLE

156 REM OF THE STANDARD TIME INCREMENT

160 C = INT (B / (D ® H) + E) x H

165 REM DIVIDE INTO A TRO EYTE VALUE AND FOKE INTO SCRATCH FAD MEMORY
170 T = C / FiG = INT (T»

180 J = INT (F ®x (T - G) + E) ,

190 IF G > 255 THEN FRINT "TOO LONG": GOTO 130 -
200 IF G > 0 THEN 240 ,

210 IF J < 32 THEN ' PRINT "TOO SHORT": GOTO 320

220 GOTO 240

230 G = 0:J = HIC = H

240 FOKE 32513 .+ 2 » T,J: FOHF 372514 + 2 x I,6
290 L = C x D

260 1. = TINT (L = 10 ~ 4 + .5) / INT (10 ~ 4 + ,%5)

278 FPRINT CHR$ (4);"FR#1"

280 FRINT "ACTUAL INTEGRATION TINE ARRAYS$ iY==t "SECONDS”

290 FRINT CHRS$ (4):"FR&0D" -~

300 NEXT I

305 REM RUN THE MACHINE CDDE FROGRAM THAY LOADS THE 8253 CNUNTERS
310 FRINT CHR$ (4):“ERUNMCIEA.OQRJO™

315 FREM NOW COL! ECT DATA

ann tr TN CHPY Ay s RLINGR) DY -



SOURCE FILE?

0000¢
0000
00002

MC1BA

1 llllHCiBAllll '
2 xPART OF PROGRAM FOR SETTING INTEGRﬁTION TIMES FOR 6 ARRAYS

3 xTHE BASIC PRDGRAM

INTO SCRATCH PAD MEMORY

92371t
92371AD
coDo:
923A8
923A1A9
923C:8D
923F A9
9241:8D
9244:A%
9246:8D
92492
9249:A9
924E 8D
924E LA
9250:8D
9253
9253
9253
92538
9253:A%
9255:8D
2581A9
925A4:8D D2
925D
925D A%
925F $8D
92621A% 50
92464480
9247149 90
9269:8D
926C LAY
924E 18D
9271 A9
9273:8D
9276 1A%
9278180
927B"
9278
927E:
927E"
927E A9
927D:8D
9280 LA9
9282:8D
9285149
9287 :6D.
92BAIAD
928D:29
928F 18D
9292:AD
9295:8D
9298 AD
929E:29

Tarntar

S8

co

co

co

co

co

co

co
co
co
co

co

co

ro

NEXT OBJECT FILE NAME 1S MC1

1288 -

/\

5 PREVIOUSLYy POKED THE INTEGRATION TIMES

L 0BJO
ORG $9237 -
xCLOSE THE GATE ON 8253 ¢1 COUNTER &gDURING LOADING
LDA $C058
CLK EQU $CODD ° -
xFOK 8253 ¢ 1
LDA "#$34 $LDAD MODE @3, OUNTER ‘0 MODE 2
- 8TA CLK+3 {LOAD INTO
L.LDA €850 {LOAD MOBE uono tOUNTER 1 MODE 0
STA CLK+3 {LOAD INTOD 8253 ¥ -
LDA #$90 {LOAD MODE WORD COUNTER " MODE 2
STA CLK+3 {LOAD INTO 8253 &1
=COUNTER #0 IN MODE. 2 DIVIDES CLOCK RATE BY 3200
LDA #$8D 1LOAD COUNTER O LOW BYTE <
STA CLK {WRITE LOW EYTE *
LDA #s$0C ;LOAD COUNTER 0 HIGH BYTE
STA CLK $WRITE HIGH BYTE
SCOUNTERS &1 AND 2 OF B253 1 AND ALL 3 COUNTERS or B253 ¢2

xARE IN MODE 0.THEY GATE COUNTERS #1 AND 2 OF

%3 ¢3 AND

xALL 3 COUNTERS OF 8253 #4 THEREBY DELAYING THE START OF
®xTHEIR COUNTS

LDA
STA
LDA
STA
»FOR 8253 ¢
-~ LDA
STA
LpA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
x8253°5 43
xAFTER MODE
®THE COUNTE
wi ab HMEMORY
LDA
sTA
LDA
sTA
LDA
STA
LDA
AND
STA
LDA
STA
LDA

AND
ava

¢804 s LOAD COUNTER 1 LOW BYTE (ONQY)
CLK+1 SWHRITE LOW EBYTE (ONLY)

809 +LOAD COUNTEKR 2 LOW BYTE (ONLY)
CLK+2 SWRITE LOW BYTE (ONLY)
2

4810 $LOAD MDDE WORD COUNTER 0 MODE 0
CLK+7 sLOAD INTO 8253 42

4850 " $L0OAD MODE WORD COUNTEK 1 MODE 0.,
CLK+7 sLOAD INTD 8253 #2

$¢90 ‘;30AD MODE WORD COUNTER 2 MODE 0
CLK+7 sL0AD INTO 8253 42

$$0F 1LOAD COUNTER 0 LOW BYTE (ONLY)
CLK+4 IWRITE LOW BYTE (ONLY)

814 sLOAD COUNTER 1 LOW BYTE (ONLY)
CLK+S SWRITE LOW BYTE (ONLY)

$$19 $LOAD COUNTER 2 LOW BYTE (ONLY)

LK+6 tWRITE LOW BYTE (ONLY)
ND 4 CDNTROL THE ACTUAL INTEGRATION TIMES.

WORDS ARE LOADED (ALL COUNTERS IN MODE 2)
ARE LOADED WITH THEIR COUNTS FROM SCRATCH
HERE THEY WERE FLACED EBY THE EASIC FROGRAM

¢$34 $LOAD MODE WORD COUNTER 0 MODE 2
pLK+'B +LOAD INTO B253 #3

‘#¢74 $LDAD MODE WORD COUNTER 3 MODE 2
CLK+$E sLOAD INTO 8253 #3

$¢$E4 $LOAD MODE WORD COUNTER 2 HODE 2
CLK+$F sLOAD INTO 8253 #3-

$7F01 sFETCH LOW BYVE 1ST INTEGRAVION AR AL
$SED tHMAKE SURE IT IS A HULTIFLF OF 7
CLK‘B IWRITE LOW BYTE

$7F02 SFETCH HIGH BYTE 1SY INTEGRATINN TINF
CLK+8 IWRITE HIGW BYTF

$7F03 tFETCH LOW BYTE 2NN INTEGRATION TIMT
$$EOQ s GUARANTEE THAT TV "/ A LA I A U L A A
rrvew SURTTIF 1 0OW FYIF



92A0% ADJOQ

92A3:80
92A61AD
92A9:2%
92AE:8D
92AE!AD
92E1:8D
92E43A9
92B4638D
92E7 AT
92EE$ 8D
92EBEAT
92C0:8D
92C3:AD
d2c6329
92C8:8D
92CEB!AD
92CE 8D
92D1:AD
92D4:2%
92D06:8D
92D9:AD
92DC8D
92DF ! AD
92E2:29
92E4:8D
92E71AD
92EAI8D
92EDIEA
92EELEA
92EFIEA
92F 0

92F0:AD
Q2FRTAD

R G ‘-"m

D9

05
EO
DA
0é
DA
34
DF
74

co

o

4 LDA

$7F04
CLK+®
$7F0S
$$ED
CLK+s$A
$7F06
CLK+$A
4434
CLK+S$F
¥874
CLK+$F
4$E4
CLK+S$F
$7F07
$$EO
CLK+$C
$7F08
CLK+$C
$7F09

$S$EO

CLK+s$D

$7F0a "

CLK+$D
$7F0E
$$ED
CLK+s$E
$7Fo0C.
CLK<+$E

" 289

3FETCH‘HIGH BYTE.2ND INTEGRATION TIME
SWRITE HIGH BYTE
$FETCH LOW BYTE 3RD INTEGRATION TIME

$A MUUTIPLE OF 32 7

$WRITE LOW BYTVE . ‘

$PETCH HIGH BYTE 3RD INTEGRATION TIME
}WRITE HIGH BYTE .

$LOAD MODE WORD COUNTER 0 MODE 2
;LOAD INTO B253 #4

$LOAD MODE WORD, COUNTER 0 MODE2

;LOAD INTO 8253 #4 )
$L0AD MODE WORD COUNTER § MODE 2 "
$L0AD INTD 8253 4

$FETCH LOW EBYTE QTH‘INTEGRATIDN TIME
tA MULTIPLE OF 32.7

IWRITE LOW BYTE '
$FETCH HIGH BYTE 4ATH INTEGRATION TInE
IWRITE HIGH BYTE

$FETCH LOW EYTE, STH INTEGRATION TIME '
$A MULTIFLE OF 32 ?

JWRITE LOW BYTE

$FETCH HIGH BYTE STH INTEGRATION TIME
{WRITE HIGH BYTE

IFETCH LOW EYTE &TH INTEGRATION TIME
tA MULTIFLE OF 32 ?

{WRITE LOW BYTE .

$FETCH HIGH BYTE &TH INTEGRATION TIME
{WRITE HIGH BYTE

xAlLL COUNTERS LOADED SO OFEN THE GATE ON 8253 41 COUNTER O

59

60 STA
é1 LDA
62 AND- .
63 STH
64 LDA
65 STA
b6 LDA
67 . STA
é8 . LDA
69 STA
70 LDA
71 STA
72 LDA
73 AND
74 STA
75 LDA.
76 STA
77 LDA
78 AND
79 STA
80 LDA
81 STA
82 LDA
83 AND
84 STA
85 LDA
B6 STA
87 NOF
88 NOF
89 'NOF
?0

?1 LDA
92 RTS
gy )

Ay,

sC0T9

{GO AND DO SOMETHING ELSE

g e * A . s

SUE L SAThal 5 @ oo

-~ -



asks for, and.POKES into scfatchpad memory, the range

setting -for the programmable AIl3 analog to digital‘

- . - . - .
4 . "

PPN

The program SEL2 is the"data acquisition proyram. -1t .'.

- w
- e x

has provisions for signal avéragingwbutﬂnot background

subtraction*which-is'handled'Separately.‘ The BASIC program‘h

2

converter &nd the-number of replications fééuired for éagh
array. It then calls Lhe machine code progfam MC2AA.OBJO to
get the‘data'vaiues and 1a§er'calls other programs~“to
transfer the data~to other memory locations‘(fflesj before
or after calculation of mean values. -

The machine language program MC2AA is relatively

complex. It first makes a second copy of the replications

requested, the second set to be decremented as counters. Tt

looks for the rising edge of a start pulse and identifies

the arrvay abont to be read out. It then checks if the array

ot ————

data set is.1éeded’and

if it is, it selects the gain code

‘@tch pad memory and sets the A/DC to

- array from sc
P bl

EE;/%equired range and ~hannel. The program then generates
e»base addresses for the 1w, high and hafry bytes of data

for Yhat array, (indexing is need r differeptiate betwren

the d\odec) and writec them - yward in the program, Tt the:

i

lovnka (fFer the falling edage ~f the tart polge and ¢ ommencoa

the atn m-qnis:i!imn lr\'r\y- foor that mvr oy, Tt cues the A DO
f({w convert on vr‘-c'oipo of A Vo iggor and pells foor A
~onverwsion completed signal. The A/ mutput valuen v

.o

read and stbred in thqf@pprnprinrﬂ addresses.
. . X ‘

r



2

. ) After each array has been logged, the replicate count

for that array is decremlgted. When all replicate counts

&
have been decremented to zero the program ends.

~ >

- . Other programs called by SELZ2 are:-
. i, MC2B.OBJO0 which transfers the new data
| '~ Background Raw Data File using. mach1ne
ii. SEL2A which calculates the meanmvalues

in the® Analyte Meang File; MC5 is used

to the
code. }
: }
and stores them

to transfer the

replication and gain parameters in machine code.

B

iii. °"SEL2B aﬁiEMCG which perform the.same function, '7

2

transferring to the Background Means File.

291 -
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10
15
20
30
40
50
40

140
160

165
170

190
200
210

220

230
240
250
260
270
280
290
300
" 310
320
330
340
350
360
370
380
390
. 395
400
410
42

430
440
450,
455
460
470
480
490
495
%00

5 REM PROGRAM XXSEL2EX - ‘ | ,

HIMEM: 29439
REM THIS IS THE DAJA ACDUISITION PROGRAM

HOME
HTAB S5: PRINT "ACGUISITION OF DATA POINTS"i_PRINT ¢ PRINT L
HTAE ‘5% PRINT "TWD PARAMETERS ARE REQUIRED"

PRINT ¢ PRINT ¢ PRINT $"1, THE CONVERSION RANGE OF THE ADC"! PRINT : PRINT

PRINT *“2.THE NUHBER OF REPLICATES FOR EACH ARRAY"
PRINT ¢ PRINT $ PRINT $"IF NEH PARAMETERS ENTER 1"3 PRINT
PRINT "IF THE SAME ENTER 2 ™ °

C INPUT M : ) . .
<IF M = 1 THEN 110 .

IF M & 2 THEN 400 : :
FOR I = 0 TO 5 : .

D$ = CHR$ (4)
PRINT D$;"PR&#1"

PRINT "ARRAY #"3I. ) : : g
PRINT D$;"FR&0" : »
FRINT "SELECT THE & CORRESPONDING 70O THE EXFECTED SIGNAL RANGE"

: REM SET THE A/DC KRANGE

PRINT “0. 0 TO +5.0VOLTS"

PRINT "1 0 TO +1,0VOLTS" o
“PRINT "2 0 TO +0.5VOLTS" i
PRINT "3 0 TO +40.1VOLTS" - :
PRINT "4 ~5.0 TO +5.0VOLTS"

PRINT "5 -1.0 TO +1,0V0LTS"

PRINT "4 -0.5 TO +0.SVOLTS"

PRINT "7 . -0.1.T0 +0.1VOLTS"

INFUT K ‘ .

FRINT D$}“PR#1" : _

PRINT "RANGE €";K .

PRINT D$;"FRO0O" .

FOKE 32525 + I,K x 16 + T ' '
FRINT "SELECT THE ¢ OF REFLICATES FOR THTS ARRAY (HAXIMUM 127°
" FRINT. “IF ARRAY NOT USED ENYER 07

INFUT L : , .

FRINT D$;"PR#1" \~//

FRINT "8 OF REPLICATES="jL
PRINT D$;"PR#$0" _
FOKE 32531 + I,L : : .
PRINT.

PRINT . )

NEXT I )

REM WAIT FOR THE ARRAYS TO BE CLEARED

HOME ¢ INVERSE §: VTAE 3: FRINT "WHEN THE SOURCE I8 REANY
VTAE 4! FRINT® "FRESS THE WHITE EUTTON ON THE GREY ENY

VUTAE 9¢: FRINT "WAIT UNTIL THE GREEN LIGHT COMFS ON" !

UTAB 12! FRINT “THEN FRESS ANY KFY TO COUt ECT DATA

NORMAL .
CALL - 756 : :
FRINT “HERE WE GO™ Y

REM RUM THE MACHINE CODE FROGRAHM 10 COLLEC1 LATARRA
PRINY CHR$ (4); BRUNHC2AA.0BJO"

HOME
PRINT "CHOOSE!-"
PRINT .

HYAE “*' FRTNT 1. OF 10T 70 14T nemy’



510

=970

a

S30.
. 540

S50

- 540

S70
580
590
595
600
6035
610

620.

640
64%
650
4655
660
6710

PRINT
HTAE
HTAE.
PRINT
HTAE
HTAE"
PRINT
HTAE
HTAB
FRINT
INFUT
D$ =

N

7% PRINT "2. TRANSFER RAW DATA TO"
"BACKGROUND STORAGE"

10¢

103

PRINT

78 PRINT
PRINT

7% PRINT

102

.03

CALCULATE HEANS FOR *

"ANALYTE DATA™

"4,

CALCULATE HEANS FOR -

PRINT "BACKGROUND DATA"

“"ENTER 1,2,3 OR 4 " "IES

CHRS$

(4)

ON vaL (Es) GOTO 620.640 6u0 660
FRINT D$;"RUNDRS" ’ ;.

FRINT DS;"ERUNHCZB OEJO”

GOTO

620

FRINT D$; "RUNSELZA”

. GOTO

620

FRINT os:"RUNSELzB"

GDIO0

620

293
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[
SOURCE FILE: MC2AA . +
----- NEXT OBJECT FILE NAME IS MC2AA.08J0
9200 1 ORG 9200
9200 - 2 XPROGRAM TO READ ALL 6 AkRAYs AND RECORD DTETTISED VAl UES
C400: 3 PORT EQU sCa00
CORO: 4 ADC EQU sCOBD
9200:D8 - S CLD
9201378 ™ s SEI .
9202 7 lCOPY THE REPLICATTON REQUTFFN, 21D KREY TO BE DFCREMENTED
9202:A2 0S5 8 LDX @805 -
9204:BD 13" 7F 9 BR1 LDA $7F13,X
92073:9D 19 7F 10 STA $7F19,¥%
920A:CA 11 DEX
P20E:10 F7 12 BPL BR1
920DEA 13 NOP
920EEA 14 NOP
Q20F {EA 15 NOF
9210 16 XxSIGNAL AVERAGING REQUIFES USE 0OF A'DITION.
9210 17 =SY0ORATE MEMORY MUST *f ZERQ F L LET ® FO%E OA ' v
?210:A9 01 18 LDA €301
9212:8D 1B CA 19 STA FORT-e1r A ) vee
9215:A2 00 20 . LDX ¢¢00
9217:A9 00 21 LDA @800
9219:9D 60 80 22 RR7 STA $8000,X
$21C:9D 00 81 23 BTA $8100,X
921F:9D 00 82 24 STA $8200,X
22:9D0 0083 25 STA $8300,X
9225:90 00 B84 26 STA $8400,X
?228:9D 00 8B5S 2 STA $8500,X
922E:9D 00 86 28 STA $B8600,X
922E:9D0 00 87 29 STA $8700,X
9231:9D 00 €9 30 STA s880°" .
9234:CA 3% DEX . i
9235:D0 E2 32 ENE BR2 :
9237:A9 00 33 P4 LDa #s00 . A
9239:8D 13 C3 34 STA PORTI+s$173 $SYT DDRA FOR IMFUYS Nt orea
923C: ' 35 w00 TR THE RISING EPCF OF THFE STARY FULSE
?23C:AT9 01 36 LDA ¢$01 )
923E:8D 1C C4 37 STA FORT+$1C SET PCR FOR RESI'ONSF ON CA1
9241 :AD 11 C4 38 LDA PORT+$11 sEUT TIRSY CLFAR THE IFR
9244:APD 1D €4 39 Ffr7 LDA FOKRT+$1D tREAD IFR
9247129 02 490 AND 0‘02 yCHECK " OR CA1 INTERRUPT FLAR
Q249:F0 F9 41 EEQ ER3 sIF NOT FOUN" KEEF LOOKING
924E:: . 42 AR TERLIPPAD ARRAY "DENTITY CODF FROM THE 74148 rlT!
924E:¢AD 11 CA 43 LDA FORT+ v
Q24E:29 07 44 AND #¢07 tCLEAR UFFER % FTTS
2250:8D 1F 7¢ 45 STA ¢7F 1T sSTORE I7
92331AA 44 TAX sSTORF ARTAY TDENTITY IN ' vro1c -
?254:eD 19 47 LDA $7F19.% LOAD THT REFLTCATTION COU 'Y
925770 PF 48 EEQ  ERA .
9259 49 »If "FCREMENTFD COUNY'R JI° 7FFR0 PEOFCTY THE ®TARY Fi) OF
9 90 5 w e ' l\l\K rli' ANOI“F- “NE
9259:30 DC S1 ENI  EBEKA4 sA SAFETY TRAF IN CASF OF A(C 'DENT®
925810 0D 7F 52 LDA &7F0D.¥ IGELFCT THE GATN €QDT FOR Yir anr s
Q22SEIN T Ty 53 RTA STF24 s¢ND S'ORE IT
9261 T4 =A DUHIY WRTIF TO I€ '(W MADE TOD THE ADC Y0 GIVF TvE (''aN
9261 SS wSKEITCNIS A T AMFL ! "t e IMT TO KSETYLIE,.TUE ADC IS ¢ T
261 ¢ Sé6 't 10 TFIG Ty A FLAG H'MFEN DONF
9261 8D €7 Cr 57 e At

T uAry vt S wp ;"I T Af-v--?\Y IDEM 1!



IS

Q267
- 9247
9267 AA
9248
926BAA
9249
9249
9269
9269180
FLSE
Q26E AT
924D :BD
9270:8D
9273:8D
9276 :8D
9279:8D
927C:8D
Q27F iFO
9281 .
9281 A9
?283:8D
9286:8D
?28%:8D
928C:8D
?28F 18D
929280
9295
9295'
929%
9"9,: .
9295:8A
929618
9297 1469
9299 :8D
929C:8D
Q29F :8A
Q2A01169
Q2A2:8D
92A% 18D
92A8:8A
PPAT 69
92AE 8D
@2AE 18D
921
?2E1 A9

283:8D
¥y 92Ré61AD
9PE9LAD

92EC:29
F2EEIFO
?2C0 A2
?2C2:AD
92C5 8D
92CB:AD
Q2CE29
92CDIFO
Q2CF tAD
Q207170
eIt en

92
92
92
9?2
92

92

-

&4

92
92

-
“~

bl
&

L3

92

°2

92
M

of}
c4

[N

7F
Co
cn

co
FF
e

100

102
103
104
105
106
107
108
109
110
111
112
113
114
115
114
117

vy
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xTHE CODE IS NOW SHIFTED ONE EIT RIGHT.IF IV IS ODD THE
XCARRY FLAG IS SET.IF EVEN THE CARRY FLAG IS RESET o

LSk A
®xSAVE THE UFFPER BITS OF THE CDDE IN THE X REGISTER
TAaX

xTHE ‘LOW EYTE OF THE BASE ADDRESSES FOR DATA STORAGE ARE
xSELECTED ACCORDING TO THE .SYATE OF THE CARRY AND WRITITEN
*FORWARDS IN THE FROGRAM

. BCS BRS

xIF THE ARRAY IS EVEN THE \.DW EYTE BASE ADDRESS IS $00

.7 LDA #$00 )

STA ADD1+1
STA ADD2+1
STA ADD3+1
STA ADD4+1
STA ADDS+1
STA ADD6+1 ; :
EEQ ER6 S . ‘

xIF THE ARRAY IS ODD 'wr ' 0l e©YTE EARF ADDRESS IS $80
fRe LDA ¢¢80 . s
STA ADD1+1
STA ADD2+1%
STA ADD3+1
STA ADDQ*I
STA ADDS
STA ADDé+1
*RELOAD WITH THE UPFER EITS OF THE ARRAY.CODE AND ADD THEM T
*WIE STARTING ADDRESSES IN TURN TO GET. THE HIGH EYTE FAGF
*ADDRESSES F"k THE LOW,HIGH -AND TARRY FILES FOR Datn
*STOEACE AND WRTTE THEM FORKWAFRDS IN THE FROGRAM
ERA TXA
cLC tCLEAR CARRY FLAT IF SF 1Y
ADC  ¢$B0
STA ADD1+2
STA ADPD24+2
TXA
ADC ¢$83
STA ADD3+2
STA ADD4+2
TXA
ADC ¢¢86
STA ADDS+2
STA ADD&+2
xLOCT T OR TIE FALLING FDERF OF THE START FULCE

L4

LDA #$00 ‘
STA FORT+$1C 3SET FCR FOR FALL TH" FNGES
LDA FORT+$11 CLEAR THE ITF
rez LDA FORT*%3IN ;READ TFR
AND #4307 ;CHECK T OR CA3 INTFRRUFT Fiac
FEQ ER7 $IF NOT FOUMD KEEF | OOVING
LDX #$7F ;70 LOG 128 DIODES
Fre LDA $7724 }LOAD WITH THE GAIN CODE -
STA ADC+3 }INITIATE CONVERSION AFTER TRIGGER
ree LDA ADC+%) JLOOK FOR UOMVERSION COMFLETED FLAG -
AND ¢$B80 31 TN MSE IS QDNE FLAG -
EEQ ERB sIF NDT DONE  KEEF LOOIING -
LDA -ADC IFETCH LOW E¥TE OF CONVERSTON

ARD 1 ADC  $FFFF ., X $ADD IT 10 DATA
o STA $FFFF ¥~ sALREADY CO'LECTFD
tOA ANy ITIICH HTGH BYTE OF CnNVER’TON



.n

I

9208229
920D :7D
' Q2E0:9D
92E3:ED
92E6169
92E8:9D
92EBICA
92EC:10
92EE:
92EE AE
92F1:DE
92F4!
92F4:18
92FS:AD
" 92FB1 6D
92FE16D
92FEL 6D
9301:6D
9304:6D
9307:E0
9309:F0
9308 4C
930E 380

oF

FF FF

FF FF
FF FF
00

FF FF

iF 7F
19 77

19 7F
1A 7F
18 7F
i1C 7F
1D 7F
1E 7°¢
02

03

a7 o~

-

SOURCF FILT?

..... NEY Y

9209:BD
920C:9D
920F ‘ED
9212:9D
9215¢ED
9218:9D
921E1ED
921E:9D
9221:ED
9224:90
@227:8D
922A:9D
Q22DIED
9230:9D
9233:ED
9236:9D
9239:ChA
P23AID0
923C!

923CiA2
923EEBD
9241:9D
7294:ChA
A MR R

00"

00 80
00 B9
00 81
00 BA
00 82
00 BE
00 B3
00 8C
00 84
00 80
00 B85
00 8E
00 Bé
00 8f
00 87
00 90
00 B¢
on *

r7

17
01 7

119

120
121
122
123
124
125

126
127

128
129
130

131

132

134
135
136
137
138
139
140
1Y

HCZE

neat 1 FTLE HAME IS pCZE.OPJO

QONOUMIDWN =

296

_ $CLEAR OFF UPPER 4 BITE
" $ADD IT TO DATA

$ALREADY COLLECTED

$LOAD THE CARRY -BYTE

$ADD THE CARRY FLAC TFf SBF?
$UPDATE THE FILE

-

$LOG ANDTHER DIODE IF NOT DONF

%THE -ARRAY HAS BEEN LOCGED., DECREMENT IT’S REFLICATE COUNTY

$LOAD WITH THE ARRAY CODE
$1DECREMENT THE COR™EBCT RE!LICHTE g

COMFLETTON O A1l FERUFCTEN sCoarye ang o e

AND @s0F
ADD3 ADC $FFFF,X
ADD4 STA SFFFF,X
ADDS, LDA SFFFF,X
ADC  @#800
ADD6 STA SFFFF.X
DEX
BPL  BRY
LDX $7F1F
° DEC $7F19.,X
N TESY FC
cLC
LDA $7F19
ADC $7F1A
ADC S$7F1E
ADC S$7F1iC
ADC $7F1D
ADC  $7F'°
ECS BRE
EEG BR#
ERE NI
ALY nye

w1 NEe
R

7

ORG

CLC
L.DX
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
LDA
STA
DEX
ENE
NSF
L DX
LDA
SThA
DE)
P

49200

¢$00

+8000,X
$8900,X
$8100¢X
$8A00,X
$8200.X
$8E:00,X
$8300,X
¢8C00,X
$8400,X
8000, X
+8500.X
$8EDD, X
$8600., %
$8F00.X
$8700, X
$9000, X
$8800 . X

L 2B Rl

FR1

YHE !
(230
[ A

r

‘'R RAW DATA FER"
SFAf JTHIS L F

$IF N 1 ONE 037 a76'r

tEeaer [ Y TR v

vove v U R -,
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1 REM PROGRAM XxSEL2Axx

5 HIMEM: 29439

10 REM THIS OPTION CALCULATES MEANS FROM DATA IN THE INPUT BUFFER
12 REM AND STORES THEM IN THE ANALYTE MEANS FILE

20 D$ = CHRS (4)

30 AA = 3276818 = 128:C = 768:D ~ 1534 tE = 32531:F - 3097416 = 256
120 FORI = 0 Y0 5 o

125 W = F + T x BIX = W + €

130 A= AA + I X BIK = A + Ctl. ~ A ¢+ DIM = PFEK (E + I)

135 IF M = 0 THEN 200 » .

140 FOR N = 0 TO 127 . :

150 0 = PEEK (A + N)IF = PEEK (¥ + N'3Q = PEEK (L + N)

160 R = ((Q ® 8 + P) X S ¢« DY / 11T »r TMT '® s @)

170 M = INT (R - S x T

180 POKE W + N,U! FOKE X <« ¥ '

190 NEXT N

200 NEXT ™

e FRIND Dt"FRUNH(' o

T

SOURC. FIL ¢ ¢ g
_____ peovay oo ' TILF MNANMF IS HCS«0EJD

9200 1 ORG $9200

9200 2 xTRANIFER REFLICATION Al AT ety
9200 3 xFO"  SaLYTI HEANS FTIL.°

9200 4 riF T E I UT BUTF

9200:A2 17 5 LDX €817

202 :6D (f 6 LDA $7FNY

$205:9D 7 STA ¢

FUOEITA 8 pey

NE vn

-

297"

a2y



e e e ee . Come

298

1 REM PROGCRAMXXSEL 2Bxx
S HIMEM: 29439
N 10 REM THIS OPTION CALCULATES MEANS FROM DATA IN ‘THE INPUT BUFFER

12 REM AND STORES THEM .IN THE BACKGROUND MEANS FILE
20 Ds = CHRS (4)

A 30 AA = 32768:!B ' = 128:!C = 76B!D = 15346IE = 32531:F = 29440:6 = 254

. o 120 FOR I = 0 TO.5 ’

125 W =F + I x BiX-=H ¢+ C .~
130 A = AA + I X B! = A + Cl = A 4+ DM » PEEK (E + 1)
135 IF M = 0 THEN 200
140 FOR N = 0 70 127
150 0 = PEEK (A + NDIP = PEEK (K + NY!Q = FPEFK (1 + W
160 R = ((Q x § + P) x § + D) / MH!'T =~ INT (R , F)
170 U = INT (R ~ S x T
180 POHE W + N,U! POKE X ¢+ M,T
190 NEXT N .
200 NEXT 7Y

210 FPRINT D¢ "BRUNMCS.NE I
TAN PP e vegpnog T

SOURCF FILT: MCé
————— NEVT OF IECt FILE NAME IS MCé.O0EJO

200 1. ORG $9200 S

9200 2: *xTRANSFER REFLICATION AND CATH DATA
9200 3 »FOR EACKGROUND MEANS FTI Y

200 4 =xFROM THE INFUT BUFFFf

9200:A42 17 S LDX #¢17

9202¢ED 01 7 6 B LDA $7F031,X

9205:90 Sé 70 7 STA S$7FF4A. NV

9208:ChA 8 DEX

9209:10 " 9 EBEFL ®F?

TR 19 R
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SEL3 is similar tolsELl except that it ruﬁs one/array'
for a short integqationAtime,(down to-0.018 s) while the
other 5 érrayswstay at 205 s integration.

. MC10.0BJO loaés zero as default values in the
integrétibn time scratch péd addresses. The BASIC prngam
then corrects the scratch pad addresses for the array of
interest. d(

MC10B.OBJO is similar to MC1BA.OBJO except that it does

not chegk for obedience nf the readout clash prevention

rules,



10

20

30

40

S0

60

70

80

90

100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320
330
340
35

- 360

370

380

.39.0
400
41¢
42
439
440
45
4960
370
380
499
S00
510
520
530
540
550
560
n70

REM PROGRAM =xSEL3xx-
HIMEM: 29439 )
HOME . !
PRINT "THIS OFTION RUNS A SINGLE ARRAY"
FPRINT . .
FRINT “WITH A SHORT INTEGRATION TIME"
PRINT :
FRINT “THE OTHER 5 ARRAYS ARE LEFT WITH"
PRINT

PRINT “A 205 SECOND INTEGRATIDN TIME"™
PRINT

PRINT “THE SELECTED ARRAY CAN EE KEAND
PRINT

PRINT "OUT AFTER A MINIMUIt OF 0, p1R"
PRINT

PRINT “SECONDS"

PRINT N

FOR X = 0 TO S000: NEXT X .

PRINT "THIS SFRVES 2 FURFDSES:!

FRINT

HTAE 4 FPRIMT 3. GTIVES A HIGCH REFRESHMENT"
FRINT

HTAE 7! FRINT "RATE FOR AN NSCILLQSCOFE"
FRINT

HTAE 7! FRINT “DURING ARRAY SET UF"

PRINT

HTAE 4% FRINT 2. ALLOWS DATA COLLECTION"
FRINT .

HTAE 7! FRINT "FOR A VERY STRONG SIGNAl "
REM FORCE DFFAULT INTEGRATION TIMFEG 0nFr 2=
FRINT CHRs (4) " ERIJNMCIO0.0E.J0"

PRINT

PRINT )

FRINT _ \

HTAE 4! PRINT "ENTER ARRAY & FDR SHORT"
FRINT

HTAE 4: PRINT “INTFGFATION JIME ¢ INFUT T
FRINT =~ ° - . . .
PRINT - ) :

HTAE 4 FRINT “"ENTER JIT7'S INTEGRATION TIME"
.ERINW ’

-RTAE 4¢ FRINT. "IN SECONDS - ": INFUI E -

E = 0.59!F = 796:D = 3.1281E ~ R!H = 32
C= INT (B /D« FEy

T=C/ Fi6 = INT (T)
J = INT (F x. (T - G) + E)

IF 6 > 255 THEN. FRINT "TOO LONG": GOTN 400
IF G ¥ 0 THEN S10 .

IF J < .6 THEN FRINT "T00 SHORT™: GOYQ 400

~REM FORCE TINTECRATION TIME INTO SCRATCY ©AD
FOME R2%13 + 2 x I, FOKF 2514 ¢ 2 v T.0
. = (J ¢« F w 00) w D

o= IUT (L o* 10 4 4 ¢ LSy 0 INT 10 T
FRINT CHRS (4);"FR#1"

FRINT  ACTUSL INTEGRATINM TIHF A" * e
FRINT CHR$ (4);"FRe0"

FRINT CHREY (4§ "BERUNMCY 'Y oo

Yooy o ot s s DR

SErNuUNS

P e

R

300
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SOURCE FILE!?

1 0000:
0000¢
0000
0000

MC10B

> WHN -

301

xxxxMC1O0EXRAX

xSET UF A SHORT INTEGRATION TIME FOR A SINGLE ARRAY

xPART OF PROGRAM FOR SETTING INTEGRATION TIMES FOR 6 ARKAYS
xTHE EASIC PROGRAM HAS FPREVIOUSLY FOKED THE INTEGRATION TIMES

INTO SCRATCH PAD MEMORY

9244:A9
9246:6D
9249:
9249149
924E::8D
924E:AT
9250:8D
253!
9253:
2538
253!
9253:A9
9255:80
s8:A9
25a18D
925D
925D:A9
925F 18D
9262:A9
9264:8D
9267149
9269:8D
9260 A9
926E:8D
9271149
9273:8D
?276:A9
9278:8D
927€:!
927E!
927B!
927E:
927E1A9
9270:8D
9280:A9
928218D
9285149
9287:8D
928A:AD
928D:8D
9290:AD
9293:8D
92961AD
9299:8D
9770 taAn

S8 Co
34

co
co

 CO

Do Co

co

D1 CO

co

co
D7 Co
D7 CO
D4 Co
DS Co

Ps O

5
é
7

NEXT OEJECT FILE NAME IS MC10B,0BJO ’

ORG $9237 , :
*CLOSE THE GATE DN 8253 #1 COUNTER 0 DURING LOADING
LDA sC058 e '
CLK EQU $CODO
®FOR 8253 & 1
LDA 6834 ;LOAD MODE WOKD COUNTER 0 MODE 2
STA CLK+3 ;LOAD INTO 8253 #1
LDA - $350 $LOAD MODE WORD COUNTER 1 MODE 0
' STA CLK+3 ;LOAD INTD 8253 ¢1
LDA #$90 ;LOAD MODE WORD COUNTER " MODE 2
STA CLK+3 4LOAD INTO 8253 #1
®COUNTER €0 IN MODE 2 DIVIDES CLOCK RATE BY 3200
LDA #$B0 ;LOAD COUNTER 0 LOW EYTE
STA CLK JWRITE LOW EBYTE °
LDA #s0C JLOAD COUNTER 0 HIGH BYTE
STA CLK $WRITE HIGH BYTE
XCOUNTERS €1 AND 2 OF 8253 #1 AND ALL 3 COUNTERS OF 8253 €2

*xARE IN MODE 0.THEY GATE COUNTERS #1 AND 2 DF)8253 43 AND
®ALL 3 COUNTERS OF 825

*THETR COUNTS

3

44 THEREEY DELAYIN

E START OF

LDA ¢%04 sLOAD CSOUNTER 1 LOW BYTE (ONLY)
STA. CLK+1 IWRITE LOW EYTE C(ONLY)
LDA ¢#809 +LOAD COUNTER 2 LOKW BYTE (ONLY)
STA CLK+2 tWRITE LOW EYTE (DNLY)

*FOR 8253 ¢ 2 :
LDA #$10 $LOAD MODE WOKD COUNTER 0 MDDE 0
STA CLK+7 t1LOAD INTO 8253 #2
LDA #8350 =~ ;LOAD MODE WORD COUNTER 1 MODE @
SYA CLK+7 ;LOAD INTO B253 €2
LDA #$9D ;LOAD MODE WORD COUNTER 2 MODE 0
STA CLK+7 sLOAD INTO 8253 &2
LDA #s$0F $+LOAD COUNTER 0 LOW EYTE (ONLY)
STA CLK+4 $HWRIJE LOW EYTE (ONLY)
LDA #%14 sLOAD COUNTER 1 LOW EYTE (ONLY)
STA CLK+S IWRITE LOW EYTE (ONLY)
LDA #$19 $LOAD COUNTER 2 LOW BYTE (ONLY)
STA CLK+é $WRITE LOW EYTE (ONLY)

xB253‘S 43 AND 4 CONTROL THE ACTUAL INTEGRATION TIMES.

xAFTER MODE WORDS ARE LOADED (ALL COUNTERS IN MODE 2)
*THE COUNTERS ARE LOADFD WITH. THEIR CDUNTS FROM SCRATCH
AR MEMORY,WHERE THEY WERE FPLACED BY THE EASIC FROGRAM

LDA #¢34 1 LOAD MODE WORD COUNTER 0 MODE 2 o
STA CLK+s$E {L0AD INTO 8253 #3

LDA #8774 +LOAD MODE WORD COUNTER 1 MODE 2

STA CLK+s$BE 1LOAD INTO 8233 ¢3-

LDA &$EAQ +LOAD MODE WORD COUNTER 2 HODE 2

STA CLK+$E tLOAD INTO 8253 43

LDA $7F01 {FETCH LOW EYTE 1ST INVYEGRATION TIME
STA CLK+8 tHRITE LOW EBYTE o

LDA $7F02 $FETCH HIGH BYTE 1ST INTEGRATION TIME
STA CLK+8 $WRITE HIGH BYTE

LDA $7F03 tFETCH LOW EYTE 2ND INTEGRATION TIME
STA CLK+® JHRITE LOW EYTE

LDA 87704

g?E}CH HIGH BYTE 2ND INTEGRATION TIME
r



929F :8D DY
92a2:AD 05

v 92A5:18D DA
‘ 92AB:AD 06
92AE:8D DA
92AE A9 34
92E0:6D DF
92B3:A9 74
92e5:8D DF

~ 92EB8:A9 BA
928A:6D DF

92EDIAD 07

92C0:8D DC
92C3:AD 08
92C6:8D DC
92C9:AD_ 09
92CC$BD DD
92CF:AD 0A
9202:8D DD
92D5:AD OB

9208:8D DE

920E:AD 0C
92DE:80 DE
92E11EA
92E2EA
“92E3IEA
92€4: )
92E4:AD 59
92E7:60

CLK+®
$7F05
CLK+$A
$7F06
CLK+$A
$834°
CLK#$F
4874
CLK+$F
¢$BA
CLK+$F
$7F07
CLK+$C
$7F08
CLK+s$C
$7F09
CLK+$D
$7F0A
CLK+$D
$7F0E

CLK+S$E

*$7F0C
CLK+$E

302

. h

$WRITE HIGH BYTE

$FETCH LOW EYTE 3RD INTEGRATION TIHE
*$WRITE LOW BYTE

$FETCH HIGH BYTE 3RD INTEGRRTION TIHE
INRITE MIGH BYTE O~

$LOAD MODE -WORD COUNTER 0 HODE 2

~. $LOAD INTOD 8253 €4

$LOAD. MODE WORD COUNTER 0 MODEZ2
$LOAD "INTD 8253 #4
$LOAD MODE WORD COUNTER 8 MODE 2
$LOAD INTO 8253 #4

$FETCH LOW BYTE ATH INTEGRATION TIME

$WRITE LOW EYEE

{FETCH HIGH BYTE ATH INTEGRATION TIME
IWRITE HIGH BYTE "

+FETCH LOW BYTE STH INTEGRATION TIME

IWRITE LOW EYTE

$FETCH HIGH BYTE STH INTEGRAfION TIME
{WRITE HIGH BYTE

{FETCH LOW EYTE 6TH INTEGRATION TIME

IWRITE LOW BYTE

{FETCH HIGH BYTE 6TH INTEGRATION TINE
tWRITE HIGH BYTE

85 xALL COUNTERS LOADED SO OFEN THE GATE ON 8253 ¢1 COUNTER 0

73

co 59 STA
7F 60 . LDA
co &1 sSTA
7F 62 - - LDA
co. 43 . 8Ta
64 LDA
o6 &5 STA
66 LDA
co 67 STA
.. 68 LDA
co 69 STA
7F 70 LDA
co 71 -STA
7F 72 LDA
ce 73 sTA
7F 74 LDA
co —~75 . STA
7F{ 76 LDA
col\ 77 STA
7F\ 78 LbA
ce 79 : sSTA
7F 890 . LDA
co 81 STA
82 NOF
83 NOF
84 NOF
co 86 LDA
87 RTS

SOURCE FILE: MC10

----- NEXT

9224:8D0 08
9227:8D 0A
922A:8D. OC
9220060

OBJECT FILE NAME IS MC10.0EJ0

1 ORG

2

3

4 LDA
7F 5 STA
7F 6 STA
7F 7 STA
7F 8 STA
7F 9 STA
7F 10 STA

11 LDA
7F 12 STA
7F 13 STA
7F 14 STA
7F 15 STA
7§\ 16 ... BTA.
7N 17 . BTA

18 .RI18 ¢

$CO059

$920%5°

$500

$7F01
$7F03
$7F05
$7F07
$7F09
$7F0E
$$00

$7F02
$7F04
$7F06
$7F08
$7F0A

';7rnc’” S SN
¢ - 3FINISHED. . .

$GO AND DO SOMETHING ELSE

*FROGRAM TO PUT DEFAULT VALUES IN SCRATCH PAD MEHORY
».OAD EOTH BYTES WITH MAXIMUM (=0)

1L0ap LOW EBYTF

$LOAD HIGH BYTE

-
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-SEL4 ie used to subitaef 2<sets of data values. If
necessary i Calculates the mean. values flrst.

- a

It can take o

xlts data from the RAM data files or  camn- load lt from disk

storage.

Before dblhg the subtractlon, 1t-checks_fer o

matchlng of the: gain code oﬁ the 'A/DC and the i

gration .

u

time used;for.each array anddaborts if it finds a/mismatch.

TEST.

OBJO is JUSt a, dummy program that acts as a

u'u....‘ o

oa

..4.1.: R R N S,

'switch, changlng the drlve response from drlve #2 tﬁe aata

'dlsk, back to dr1ve #1 for the system dlsk.””f,

MC6A transfers repl1cat10n and gain data to the. '

Background Means File from the Background Raw Data Fileb“’

MC7.0BJ0 is the binary'subtraction program.

-~

7 &



e o e e e e A O A T A YL Y L W 40 1 R e e g e . . ¢ ——— e -

304

10 - REM FROGRAM =xSEL4xx ' o ' -0

20 HIMEM: 29439 S

30 " GOTO 280 . -,

40 REM BACKGROUND SUETRACTION PROGRAM :

50 REM SUEROUTINE TO CALCULATE MEANS FROM DATA IN THE INFUT BUFFEKR
460  REM ORk BACKGROUND KAW DATA FILE AND STORE THEM IN THE ANALYTE OR EACVGRDUND
70 REM MEANS FILE ,

80 PRINT . - . o . _

90 B = 128:C = 768:D = 15 3635 = 256

100 AA = A

110 REM ONE ARRAY AT A TIME - : )
120 FOR I =0 7O S :

130 H = F + I x B!X = H + C C

140 A = AA + T X B! = A + Cil.= A + DIM = FEEK (E + I)

150 KEM CHECK THE REFLICATE CDUNT.IF ZERD IGNORE THIS ARRAY

160 IF M- = 0 THEN 260

170 FOR N = 0 T0 127 .
.188.0° =  FEEK ‘(A + N)IF = FEE} (K + N>IG = FEEK (L + N»

:1190-. REM READ THE DATA FILE’ EN. DECIMAL

200 R = ((Q x S+ Fy xS + Q) v MIT = INT AR /.82 : -

210 REM DIVEDE ‘&Y THE REFLICATE COUNT AND FUT IT EACK N A .
220 . REM TWO EYTE ®INARY FORM. . . _ ’

230 U s INT (R-SxT)

" d40: POKE W+ NyUS POKE X + N,T° : oo
250 NEXT-N . ) )
260 NEXT I
-270 "RETURN l
280 HOME" ) o
290 INVERSE : HTAE 4: PRINT "EACKGROUND SUETRACTION OFTINN"?! NORMAL
300 FRINT “THIS BFTION SUETRACTS ONE SET 'OF DATA FOINT HEANS FROM ANOTHER SFY
310 FRINT
320 HTAE 15: INVERSE ¢ FRINT “WARNING": NORMAL
330 FRINT .

340 PRINT "THIS FROGRAM OVERWRITES THE INFUT EBUFFER"

350 FRINT “IF YOU WISH TD KEEF IT’S CONTENTS AS RAH"

360 FRINT "DATA, AEORYT THIS FROGRAM NOW AND SAVE

370 - FRINT

380 FRINT "THE EBUFFER ON DISHETTE FIRST" .
390 FRINT "Irxrxxxxlxlxxxxxxxxlxxtxxxxxxxx:x:umxxwv‘

400 FOR X = 1 TO 4000: NEXT X )
810 FRINT “WHERE IS THE EACHGROUND DATA 2" ’ ‘
420 FRINT :

430 FRINT "1. IN THE INFUT DATA BUFFER ?"

440 FRINT _

450 FRINT “2. IN THE EACHGROUND RAW DAYA FTLE 7

460 PRINTY :

470 PRINT "3. IN THE BACHGROUND ‘MFANS FILF °

480 PRINT

490 PRINT "4. ON DISK AS RAW DATA 7~ f
500 PRINT .

510 FRINT "S. ON DISK AS MEANS 7

52 PRINY

530 INFUT "ENYER 1,2,3,9 OR S ins

540 HOME

£50 PRINT "WHERE IS THE ANALYTE DATA 2"

560 PRINT . . :

570 PRINT "1, IN THE INFUT BUFFER ?"

580 FRINT -~ IR - L

"5900 PRINT. "2. IN THE -ANALYTE MEANS FILE 7
400 . PRINT ’

J\“ *“ Tt ‘;2“_-4 - _(' s
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610 PRINT “3. ON DISK'AS RAW DATA 2"

620 PRINT .
630 - PRINT "4, ON DISK AS HEANS ? ™
640 PRINT
" 650 INPUT "ENTER 1,2,3 OR 4 "jBS$ : L
460 ON_ VAL (A$) GOTO 680,720,7504760,840
470 -PRINT

680 ‘A = 3I27LEIE = 325313F = 29440 . S .
690" GOSUE B0 . T '

. 700 PRINT CHR$ (4):"BRUNHC6 oBJo" = .. : -t

- 710 GOTO 890 :
720 A = 350723E = 32468 F = 29410
730 GOSUE BO - . Co ‘ :
740 7 PRINT - CHRS$ (4):"3Runncea oauo" o RSP SR
750 GOTD 890 I T e T L S
760 INFUT “ENTER eacvcnouno FILE NAHE "'st . :
770 G$ = F$ +."2" -

. 780 FRINT CHR$ (4);"5L0AD" $i",02 .Ase9oo" L

© 790" PRINT -CHR4. ¢4);"“ELOAD"; Gs‘".AS7F26" ¢

- 880 A = 350721E = 325681 r = 29440 -

810 GOSUE BO- ' SR

B20 PRINT CHR$ (4):"6RUNHCbh DFJO,D1"

830 GOTO 890 E\“

840 INFUT "ENTER EACKGROUND FILE

‘850 G$ = F$ & “I" .

B60 FRINT CHR$ (4);"ELDAD";F$;™,D2,A$7300" -

870 FPRINT CHR$ (4);"ELDAD";G$;",As7F54"

880 FRINT CHR$ (4);"ELOADTEST,D1r’." .

890 ON VAL "(E$) GOTO '%00,930,940,1020

900 A'= 3276B!E'F 32531:F = 30976

910 GOSUE 80

920 PRINT CHRS$ (4)}"ERUNMCS.0EJO"

930 G€OTO 1070 , .

940 INFUT “"ENTER ANALYTE FILE NAME “;Fs

950 G$ = Fs$ + "2" :

960 "PRINT CHK$ (4);"ELOAD";F$;",D2,A$8000"

970 FRINT CHR$ (4>-"sLoqp";cs:”.ﬁs7ro1"

980 A =.3276BIE =.32531:F =" 30976

AME " iFs

590 GOSUE BO * - - .. . o ST e e
1000 PRINT CHR$’ (45;"ERUNMCJ.OEJ0 o1* e
1010 GOTO 1070 —_— : 1 T

1020 INFUT "ENTER ANALYTE FILE NAME "SFS
1030 G = F$ + "2

1040 FRINT CHRS$ (4);"BLODAD";F$;",D2,As7%00"
1050 FRINT CHR$ (4);"BLOAD";GS;",A$7F3E"
1060 FRINT CHR$ (4);"ELOADTEST,DL"

1070 KREM NOW THAT THE FILES ARE IN THEIF PROFER LOCATIONS TV MUST FE YFQTFP
1080 REM TO SEE IF SUEBTRACTIOW MWOULD FE 'EGITIMATE

1090 H = 325B4tJ = 32610

1100 FOR X = 0 TO S:G = FEEV (H + I® - FEFK (.4 + T)

1110 IF 6 = 0 GOTO 1140

1120 FLASH ! FRINT "ARRAY "jI!"GATNS DO NDT MAYCH": NORMAL

1130 FRINT CHR$ (4);"RUNDRS"

1140 H = 32574:J = 32598 o .
1150 FOR I = 0 TD 536 = FEEK (H + 2 % Id - FEEK (J + 2 % T)
1160 V = FEEK (H 4 2 X I + 1> - FFEK (J + 2 x T + 1)

1170 IF 6 < > 0 GOTD 1200
1180 IF U< > 0 GOTO 1200
1190 GOTO 1220

“1200 FLASH ¢ FRINT “INTEGRATION TIMES DO NOYT MATCH: NORMAL

]

o

v



1210 PRINT CHR‘ (4)3"RUNDRS" L ‘

1\

1230 NEXT I
1230 REM AS ALL: IS WELL DO THE -SUBTRACTION
CHRS (4); “BRUNHC? oauo" .

1240  FRINT
250 E '= 325

3t

FOR I'= 8 0 St 'POKE E + I, 15 NEXT 1 -
"1260 REM DIFFERENCES ARE STQRED IN INFUT BUFFER, REPLICATIDN VALUE

R

T 306

P - - - . : - - Eapns

1270 REM REDUCED TO 1 TO AVOID FROELEMS
1280 . HOME :
'1290 PRINT "BACK

1360 FPRINT

GROUND SUETRACTED UALUEé?;RE"

1310 PRINT "IN THE INPUT BUFFER IN BINARY" . >

1320 PRINT

1330 INVERSE

: FRINT "THERE Httf BE OVERSUETRACTION DUE TO"

1340  FRINT .

-,;350;-$ﬂxuw'"noxst THIS nusw EE coaazcrsn ron IN' )
1360 FRINT
1370 ° FRINT "THE READOUT OFTIONS" ‘ .
1380 PRINT ' < .

1390 NORMAL

1400 FRINT “CHOOSE:=" . .

1410 PRINT
1420 FRINT
1430 FPRINT

1440 PRINT "2,

"y,

1450 HTAE 4

1530 FRINT
1540 GOTO 1340
1550 FRINT

STORE ON DIJKETTE™.

DUTFUT USING AN OFTTON ON THE"

FRINT "MAIN MENU"

"CHOOSE 1 DR 2 “iKs

(K$¢) GOTO 1490,1550

"ENTER FILE NAME":FSs ¢

CHR ¢

1440 PRINT-

1470 INFUT

1480 ON VAL

1450 HOME

1500, INFUT

"1510 G$ = F& + "Z°
1520 FRINT CHR$

(4);"EESAVED"Fs¢;",D2,A%8000,L 8400

(4); "FSAVED" Gt " ,A¢7F D1, 318"

A8

CHR$ (4); " "RUNDRS,D1"

- 8OURCE EJLE::
~~-=— NEXT DEJECT FTLE NAﬁE 1S TEST:DEJE

9SF8}
95FB:
95FB8 ¢

9SFBIAD FF 95
9SFEIBD FF 95

PSFE 60

SOURCF FILF:
_____ [ L]

920E140

17

el
“~

S6

rT

MC&A

LT AN

7F
7f

I

TEST

P DWR-

DOMNO U B WM -

ORG $95F8.
*TEST-A PROCRAH THAT AFOHFLISHES NOTH’NP FUT XS USED I A
xDNS CONHAND 'TO SWITCH DISK DEyucs .

LLDA " $9SFF

STA $95FF .

RTE& ~

FTLE NANME IS MC6A.OR.0

ORG  $9200
xTRANSFER REFLICATION AND GAIN DATA
xFOR THE EACKGROUND MEANS FILE
*FROM THE EACKGROUND RAW DATA FILE
LDX &#$17
ER1 LDA $7F26,X
STA $7F56&,X »
DEX
EFL BR1

RTS



'.Q* . . } . .
it - - "r.;;. ' ,. % - - " -
IR & e . —_— S, et A c
. o U toe ' -
SOURCE FILE: MC7 . L Lo
——=== NEXT oeascv FILE NAME IS- MC7, 0EJO : ) e
9200 ) 1 © . :ORG #9200 - : - T
2005 " .. - .7 7 2-wPROGRAM "BUBTRACTS THE IHQ,QYTE uamﬁzs xn THE BACKGROUND-
9200 3 xMEANS FILE FROM THE TWO BYTE VALUES IN THE ANALYTE MEANS -
92603 . - - h !FILE AND STORES THE RESULT IN THE INRUT. BUFFER
9260:08 .5 cLp.
92013A2 00 & . ToLDX tsoo
9203:38 7 BR1 SEC:
9204:6D 00 79 8 ' LDA $7900,X
92073FD 00 73 1 SBC $7300,X
Q20A:9D G0 8D 10 §TA. $8000,X . L S
920D:BD 00 7C . 11 - LDA ~$7C00,X - Dl e e
92103FD 00 74 12 T BBC $7600,X, - ., . . v veoToT T
9213:9D 00 83 13 STA $8300,X _ e e -
9216:38 14 © . BEC . - : . .
9217:ED 00 7A 15 LDA $7400,X
921AFD 00 74 16 SEC - $7400,X
921D:SD 00 B1 17 STA $8100,X
92203ED 00 .70 18 . - LDA $7D00,X
9223:FD 00 77 19 _ SEC  $7700,X *
9224:9D 00 B4 20 STA $B400,X
9229:38 21 SEC ] ’
922ABD 00 7B 22 LDA s7ECD,X .
922D:FD 00 75 23 . SEC $7500,X ,
9230390 00 B2 24 . 8TA $8200,X
9233:ED 00 7E 25 LDA $7E00;X
9236FD 00 78 26 SEC $7800,X
9239:9D 00 €85 27 STA« #8500,X% -
923C:CA 28 DEX
923D:D0 €4 .29 ENE "BR1
923F: . . - 30 »NOW COFY THE INTEGRATION TIME,GAIN AND REFLICATION PARAHETER
3 . -
923F - 3 xTo THE CORQESPONDING ADDRESSES FOR. THE TNFUT EUFFER
923F A2 17 32 “LDX  #$17
9241:ED 3E 7F 33 ER2 LDA $7F3E,X .
9244:9D 01 7F 34 " STA $7FO01,X ..
9247.4CaA - 35, DEX : o I
. 9248110 F7 . 36 © 7 BPL ERZ i T :

2248130 ‘ 37 - RTS {EACK TO BASIC
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SELS 'is the graphics program. It allows display of the
contents of a data file, array by array, 7nfthe video

monitor. It can. accept data from a disk. Tf the data file

is the result of a subtraction and involves a bipolar A/DC

'ééffihﬁw(fotlékampleqt”-51N§Gip'adds:an'offsetwvakne to

recentre the spectrum. The pragram contains unlisted

rr
control characters which can hé seen by first running a

special degode program given in the Apple.lifcra%ﬁvp [60] 0
and then lmnading the program from disk and lieting it. The
characters printed in lines 1040 tn 1080 and 1130 are
actually index marks on the graph abscissa and ordinate (the
—QTAP‘Eﬁthfd" does -not guit™ mateh the required Epacina ~f
the ahSci%sa indew marke it bhigh reenlution graphiecs);

The program allows the video display to include o titlr
VAAé this Qéfsiéniéi%é displays the jntegratink time.
éa]cﬁlﬁféﬂ from scratch péd memary va(nuﬁ.

—T.hp disolay Caﬂ:bﬂ p"Jt _OUt te a pr in'er. r\\p framnt
for the display s shown in figur" 6n.

One probhlem with Fhe rrogram (o that ~n e bigh
recnlution arnphir‘_c Aave in e, the only rap b e cve b he
and return vo standard tev' diesplay ie by r"oerﬁ:--n vy
This unfertunatély cancele the opn ation of the fo Sy

timers o they boawre b e e by A A



l 4 . . ¢

10 _REM FROGRAM xxstLSxx CONTAINS UNLISTED CONTROL CHARACTERS

20 "HIMEM: 29439 i
30 REM FROGRAM TO DISPLAY THE SIGNALS GRAPHICALLY ON THIS SCREEN

40 HOME ,

50 V.= 0

60 REM SET FLAG FOR HIRES CHAR SET TO BE LDADED

70 0S = 0

80 FRINT "THIS OFTION DISFPLAYS THE OUTPUTS FOR ALL 128 NTIOOFS OF A SELECTED ARK
AY ON THIS SCREEN"

90 FRINT : PRINT ! PRINT “DATA CAN BE:-"

100 PRINT "1. SINGLE RUN IN THE INFUT BUFFER"

110 PRINT ! FRINT "2, SINGLE RUN IN THE INPUT BUFFER"

120 HTAE, 4% FRINT "FIkE"

130 FRINT & FRINT "3. SUEBTRACTED MEAN VALUES STDRED"

140 HTAE 4: FRINT "IN THE INFUT BUFFER™

150 PRINT ¢ FRINT "4, ANALYTE SIGNAL “EANS"t FRINT

160 FRINT .S, EACVGROUND MEAN VALUES™ '
170 FRINT ¢ FRIMT “4, FROM A DISKETTE TN DRIVE #7t FRINTY

180 FRINT :

190 INFUT “ENTER 1,2,3,4,5 OR &6 "iES

200 ON VAL (Es) GOTO 720,730,240,250,260.270

210 KEM F=EBEASE ADDRESS FOR THE GATN COANFR AMD - FAGE ANPRERS FOR THE DATA

220 F = 3”525‘ = 32768: GOTO 340
230 F = 32 G = 35072 GNTOD 340
240 F = 25251 = 327468:05 = 2048: GOV 33 )
250 F - 584:C = 30976 GOTO 340 \
260 F =»32610#G =129440% GOTO J40

270 INFUT "ENTER FILE NAME “!F$

280 KEM LOAD FROM DISKETTE YO INFUT BUFFER

290 C$ = Fe + "Z° , _

300 FRINT CHR$ (4);"ELDAD";F$;",DZ,AsB0"0"

310 FRINT CHRS (4);"ELDAD"3G8i",ASTFO1"

320 FRINT® CHR$ (4)j EELNADTEST.01’

330 -F = 32525:C = 37748

340 N = 256

350 "IF V.= O THEN  CNSUE 450

340 GOSUE 790

370 KEM LDAD CHARACTER SETS FOR HIGH RESOLUTION GRAFHICS
380 GOSUE 920

390 REM IDENTIFY INDIVIDUAL ARFAY AND DECODE ©ATN CODE

400 B¢ = Dt

410 KEM RUN THE DTRF|AY

420 FRINT Ef ‘

430 CALL+ - 756

440 FRINT ¢ FRINT "CHOOSE NNF OF THE FOLLOWING": FRINT

450 MTAE 4: FRIN' “{. MAKF A ' RINTFD COFY OF THE GF'fH

460 FRINT ¢ HTAE 4t FRINT 2% LOOK AV ANOTHFR AGReY TN THE CAHF TUN R
470 HTAE 1t FRIN' Y, 00" N1 ANDTHE  F 1 e

QB0 FRINT © VITAE %0 "o py 1 p st e e ey rar e
U=t ' RINT

490 FRINT

S00  INPUY P LA

510 FRINT

520 PRINT

530 FRINT

540 FPRINT

550 IF 7 > 1 VHE' 1390

560 " = ’le!

=70 REM Z¢=G FO 2% fi¥F% R .-
590 C0OsUE TN

ey EEET oy e
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600 FRINT CHR$ (9);Zs

610 FRINT CHR$ (4) 'FRe0"

620 CALL ADRS

430 GOTO 400

440 REM PROGRAM TO LOAD MRCG

650 ADRS = 0 .

660 PRINT CHRS$ (4);"BLOAD REDOTY

670 CALL 520: REM EXECUTE REOOT

680 ADRS = USK (0),"HRCG"

690 REM ERING IN HRCG, ADRS=STARTING ADDRESS

700 IF ADRS < = 0 THEN ADRS = ADRS »

710. CS = ADRS - 768%: HIMEM: CS

720 CH = INT (CS -/ 256)iCL = CS - 256 = CH

730 FOHE ADRS + 7,CL: FOKE ADRS + B8,CH

730 PRINT CHRS$ (4);“ELOADA.SET,A";ES

750

760 V= 1 ..

770 REM SET FLAG TO SHOW WTRES filar ©ET TS L.OADED
© 780 KCTURN ‘ .

790 INFUT “ENTER ARRAY # ¢ 0 10 S ) ;I

800 KEM DECODE GAIN CODE FOR ARRAY TO GET GCISTANTS 7OF
_B10 W = 1iD = 3.1289E - 3:A1 = 12i4 = TTER !

+ T+ 1 + WIIHZ -~ H » noon = Ty Y2 v 11 il

820 INFUT "ENTE® TITLE san

B30 J = FEFK (F + I)i¥ S (IANEEE

B40 L = ¥ INT (K /7 1) = 1

850 IF L = 0 THEN B =

860 IF L = 1 THEN B = 1

70 IF L = 2 THEN B = 0.5

880 IF L = 3 THEN E = 0.1

890 C = 0t IF K > 3 THEN C - F

900 IF K < & TUFN B8 - 0

910 RETURN ,

920 CALI ADRG: REF InT1T.t 170 nnore

930 HGR t FOKE 170 v,

940 HCOLOR= 3

950 REM SWITCH 'C 11 VIGH ROE L 1T !

960 HFLAT 27 27 1 RS '

970 % = 1"

980 FEM DRAW AYF©

990 RINT A$ .

1000 KEM CAL' CHAFACTER SE! -

1010 UTAE 2: HTAE 7t Frimr v cee

1020 ITAE &' FRIM' Ane

1030 = 20

1040 VUTAE Y: HTAE 4% " RINT !© (

1050 VUTAE Y: HIAF 13! FRINT ~g"

1060 VUTAE Y: HIAE 27! FRINT "7

1070 VTAE Y: HTAE 31: FRINT "¢

1080 VTAT Y! M'AE 0! FRINT ")

1090 REM FRTMT THT INCTXY MARVE 'OR T9F A1E ]

1100 FOR £ = 0 [0 % 'AE C P 4 ¢

1110 'TAT &% FRINT = ¢ vvar i ‘

s VT ' 10° FRINT “S

1120 REM LAFE  THE D"INATT

1130 FOR BB - © "0 B: 'TAE 1 viaf '

1180 RFW FRT 10 IVE Ty' v ma R0

1150 C = "1 »

1140 VTAE CC! HIAE 9: FINT 0

$1°0 VUTAER C(: 11af ¢3! IRINY 27

THE [ STLAY

!
!

%536 REM  MAKE ADRS FOSITTUE

i 7

ORD™

R

REM SET.A IS Q MODIFTIFD ASCTYI SET WITH INDEX MARNS AS S EFTAl CHARACTIRSG

IR
!

310

1



1200
1210

1220 .

1230
1240
1250
1240

1270

1280
1290
1300
1310
1320
1330
1340
1350
1360
1370
1380
1390
1400
1410
1420
1430
1440
1450
1460
1470
1480
T53r
i

VTAE CC:! HTAE 38! PRINT "128"

UTAE 22! HTAE 17! PRINT "DIODE #&"

VUTAE 23! HTAE 17% FRINT "ARRAY #";I

REM LAEEL THE AESCISSA .

HFLOT 23,3 ot

M = 128N = 256:0 = 768:S = 32
T = 231U = 155
F=0C+Mx I:R=FP+0 .

FOR KK = 1 TD MIR ="M - KKIX = T + 2 x KK
H1 = FEEK (F + R) + N x PEEK (Q + K)
J1 = 40941K1 = 65536 IF H1 > J1 THEN Hy =
H1 = H1 + ©OS

HH = INT (H1 7 S

Y =.U - HH

X =T + KK x 2

ONERR GOYD 1500

HFLOT TO X,Y: NEXT KV

REM FLOT DUT THF Dn'nA AG A NS HS
RETURN

IF Z .2 THEMN 1430
GOSUE 7990

GOSUE 920

GOTO 400

IF Z > 3 THEI 1340
GOTO =0

FRINT

FRINT “PREQS SESET FOL® OWED EBY RUNDRG™
FRIN
FRIN "1 " 1
TURD

OF

T

A 10 NOY T T T e

N

THAEDIATIRL ¥

- (K1 - HL)

FY FUN

PLEY

DRS AND CAN EBF FROC
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SEL6 allows data to be saved on a disk in drive #2. It
* s8ayes both the data file and the gain and replicate data

. A inforhatggnqgs a secopd, file Qn,a single instruction. It - .
o " + i . A D v s i B e s - . - -~

o sdégests a simple coding system to help subsequent
: IR . .

idéntificati;ﬁ é?vége type of 'data being saved. Spaces and
nther dolimgrinq'characéer; should not be used in file namrs
as they terd to get forgrntten and the files have to be
identified absnlutely to r-arl from them, Pata feor all 6
arrays are sa ed ot opre Noreats file ta'es up a ‘total of
10 qect ‘ he ot ' Tatm Fi e ety g Y0

Taorveoboeox



320
330

330
360
370
380
390
400
410
42

430
140
450
4460
47¢
480
490
500
510

“p

HIMEMS? 29439
REM PROGRAM xxSEL éxx
HOME

UTAB 2! PRINT "THIS OPTION ALLOWS PATA TO BE SAVED ON A"

PRINT "A DISKETTE IN DRIVE #2"! PRINT

£RINT “"DATA IS SAVED IN A BINARY FILE....o.es+”1 PRINT
FRINT. "vevoesees . SUPPLEMENTARY INFQRMATION UN"! PRINT
FRINT "INTEGRATION TIMES, REFLICATIDNS AND": PRINT

"PRINT "A/DC SETTINGS IS ALSO SAVED AND"! PRINT

SRINT “RELOADED WITH THE SAME' COMMAND"{ PRINT I. PRINT
PRINT "THE FILE NAME MUST CONTAIN INFORMATION": FRINT
FRINT "THAT DESCRIEES THE TYFE OF ODATA SAVED"!

VUTAE 24! PRINT "(PRESS SPACE EAR TO CONTINUE)"

CALL = 756

HOME :

FRINT "A FILE NAME MAY CONTAIN UP TO 30": PRINT

PRINY “CHARACTERS STARTING WITH A LETTER": PRINT
FRINT “THE FOLLOWING SIMFLE CODE IS SUGGESTED'": FRTNY
HTAE 4! PRINT "S......SIGNAL DATA"? FRINT

HTAE 4! PRINT "B......BACKGROUND DATA"! PRINT

HTAE 4: FRINT "D......QIFFERENCE(SUBTRACTED VALUES)Y "
HTAB 4! FRINT “R......RAW DATA"! PRINT

HTAE 4! FRINT “M......MEAN VALUES": PRINT

HTAB 4! FRINT "Ces....CALIBRATION FILE"?! FRINT

PRINT “START A FILE NAME WITH CODF LETTERS"! FRINT
FRINT “FOLOWED EY A LABEL"! FRINT

INFUT "ENTER FILE NAHE"'F’
G$ = Fs + "Z" :

REM FTLE Gs HOLDS THE DATA COLLECTION PARANETERS

HOME ’
VTAB 2! FRINT "ORIGIN OF DATA TO BE SAVED!-"{ PRINT
HTAB 4: FRINT "1, IN THE INFUT BUFFER": PRINT

HTAB 4: FRINT “2. BACKGROUND RAW DATA FILE":! PRINT
HTAE 4! FRINT "3. ANALYTE DATA MEANS FILE"! PRINT
HTAB 4! FRINT "4, BACKGROUND DATA MEANS FILE"! PRINT
HTAB 4: FRINT S, THE SET OF DATA THAT HAS JUST EEEN"

PRINT

HTAB 7: FRINT “DISPLAYED ON THIS SCREEN OR. ON AN"? PRINT

HTAE 7! FRINT "OSCILLOSCOFE OF RECORDFR"! PRINT
PRINT

INFPUT "FNTER1,2.3,4 OR 57}Ss

HOME

ON VAL (S¢) GOTO 450,460,470,480,450

REM B=START OF DATA,C=START OF CODE FTLF .1~ ENRTH OF DATA FTILE

REM CODE FTLE IS ALWAYS 24 BYTES LON

B = 32768:C = 325133L = 2304: GOTD 490

B = 35072:C = 325%50:L = 2304: GOTO 490

B = 30974:C = 32574:L = 1536! GOTO 490

ro= 2901¥0:C -~ 32598:L = 1534¢ GOTO 490
PRINT CHRS (3)}"EBESAVE" F$;",D2,A" 191", \. "
PRINT CHRS (4);"ESAVE";G$;",n"$Cs .+~
FRINT CHRS$ (9)}"BLOADTER' D'~
P Ty (e Yy NP S?

313



SEL7 displays the data stored in the input buffer on an

oscilloscope, array by array. The oscilloscope should be

digital to analog converter located -in the start pulse
indicator box be.powered. The DAC is wired four bits higher
on the inYerface Bbard than the data in the buffer.“~
Consequently MC12.0BJO is‘used £o move all the data in the
buffer 4 bits higher at the start of the display and
MC12B.0BJO ;oves the data 4 bits lower at the end.

Program MCl2A.O0BJ0 is the display program. It uses a
software generated strobé to enable the latches feeding data

to the DAC and generates a trigger for the oscilloscope by

means of two successive software operations. The strobe and

trigger come from the Apple through the game T/0 connector. -

.

.switched" to inverse :polarjty. _Theé.pragram réquires. Ehat the, .~ . J.°



*

=y mwot

.10 HIMEM: 29439 :
20 REM FROGRAM xxSEL7lx
30 HOME
40 FRINT "TH&S DFTION DISPLAYS THE DﬁTﬁ STORED IN"t FRINT

oo F R A . Lo

o S0 ERINT 'THE -ENFUT -BUFFER BN AN~ DSCILLOSEBOFE"1 Pfcxm-. S e eaie ot e et
S %n"f*r.nmr“ "PHE 2ARKAYS . ARE “DISFIAYED SINGLYY: "PRINT Z-° 7e'f =% ©» o feti0 ore 2 Bome <0

70 FRINT "xlxxxxxxx,xxxxx:xxxxlxxlxx:x:xxllxxxxlx!“

80 PRINT. CHR$ (4)} "ERUNMC12.0EJ0,D1"

90 REM SHIFT DATA IN THE BUFFER 4 EITS HIGHER

100 FRINT ’

110 PRINT “THE DISFLAY FOR EACH ARRAY WILL CONTINUE“‘ FRINT
120 FRINT “"UNTIL ANY KEY IS DEFRESSED"! FRINT

130 INFUT “ENTER ARRAY ‘4 (IF ->S-IT RETWURNS T0:MAIN HENU?"‘I ¢ PRI I A

140+ KEM CONNECT DAC LINES TO ALL FE OUTPUTS -AND UFFER 4 FA DUTFUTg

150 IF I > 5 THEN 280

160 HOME .

170 INVERSE ¢ FRINT "TURN ON THE D/AC FOWER SUFFLY €Y FUTTINC THE SHITCH AT THE
EACK OF THE GREY EOX IN THE UF FOSITION"? FRINT

180 FRINT "FPUT SELECT SWITCH IN SCOFE FOSITION"' PRINT

190 NORMAL

200 FRINT J
210 A = 3276BlE = 768! C = 128:D = A + 1 x CIE = D + BIF = 256
220 PH = INT (D / F)IDL = D ~ DH X FIEH = 1IN¥ (E / F: EL = E - EH, l F

230 FPOVE 37622,DL% FOKE-82623,DHY FOKE 32624,EL: FOKE 33635, EH

240 * REM THE START ADDRESSES FOR THE DATA 70 EE DISFLAYED

250 FRINT CHR¢ (4);"BRUNMC12A.0BJ0" t ’

260 REM RUN THE DISFLAY FROGRAM

270 GOT0 100 ’

280 FRINT CHR¢ (4);"ERUNMCI12E.0EBJO'™

290 REM SHIFT DATA IN THE EUFFER 4 EITS LOWER

300 FRINT CHR¢ (4);"RUNDRS"
. g

SOURCE FILE: MC12 ]
————— NEXT OEJECT FILE NAME IS MC12.0EJ0

9200 1 ORG '$9200

9200: . 2 xFROGKAM TO SHIFT 12 EITS OF DATA 4 EITS HIGHEK

9200:A2 00 3 LDX #%00

9202:A0 04 4 EBR1 LDY #$04 :LOAD THE NUMEER OF SHIFTS TO EE MADE
920431E 00 B0 S BR2 ASL '$8000,X {SHIFT LOW EYTE ONE EBIT

9207 6 xTOD THE LEFT AND FUT THE MSE INTO THE CARRY. FLAG

9207 :3E 00 B3 7 ROL $8300,X {SHIFT THE HIGH EYTE ONE EIT

920A: 8 210 THE LEFT ANDFICK UF THE CARKY INTO THE LSE

920At1E 00 81 9 <* ASL  $8100,X .

920D:3E 00 B4 10 ROL $8400,X

©210¢1E 00 82 11 ASL  '$8200,X

9213:3E 00 85 12 ROL $8500,X

9216:88 13 DEY $DECREMENT THE SHIFT COUNTER ;
9217:D0 EE 14 ENE EBR2 $SHIFT AGAIN IF NECESSARY .°
9219:CA 15 DEX tCHANGE TO THREE NEW DATA FDINTS
921A:D0 F4 16 ENE ER1

921C:60 17 RYS : {EACK TO EBASIC

s, ~. e woosl .L P . P . .1." P . ~.315
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SOURCE FILES HCIZ& - ' o oo
———-— NEXT: DBJECT FILE NAHE IS HCIZA OBJO

9200
.. 92008
S.e2q0t,
* “cdool "
9200:AD
9203%
9203180
92063AD
9209
.9209:80

920CIAD

920F
920F:8D
9212:AD
' 92158
®215:8D0

“trews,

9218% - - -

9218:AD
"921E1AD
921E!
‘921E A9
9220:8D
9223:90

26142

2E:8D
9225:30
9231:8D
9234:AD
9237:CA

#-9238310.

- 923A%
L 923A140
923D:30
923F 1 4C
92428
92458
92458

AD

60

SOURCE FILE!

9200 A2
9202140
9204 :5E
92072

9207 7€
920A2

920ASE
920D :7E
9210 :5E
9213:7E
921688
9217:00
9219:iCA
921AD0
921C260

R

oi.‘v_

ORG

z ‘®DUTPUT T OSCILLOSCOPE

3'ngT£R°STAR¥£Nﬁ-Aoonsssss FOR DATA FOR INDIVIDUAL: ARRAYS
INPYT. QUTPUT 9L0% . .
$LOAD THE LOW BYTE DF*THE * .
THE LOW BYTE BASE ADDRESS FOR THE ARRAY DATA

~$9200

THE LOW BYTE BASE ADDRESS FOR THE ARRAY. DATA

e

-

$LABEL. THE

JWRITE IT FORWARD .IN THE PROGRAM
$LOAD THE HIGH. BYTE OF THE :

$HRITE IT FORWARD IN THE PROGRAHM

.« +$LOAD JHE LOW BYTE OF THE
THE HIGH BYTE "BASE ﬁDDﬁESS FDR “THE ARRAY DATA

IMRITE ~IT FORWARD IN THE PROGRAM - ...

tLOAD THE HIGH BYTE-OF THE

o

" ySET UF FOR 128 DIODES : ~
AND THEN DUTFUT LOW AND HIGH BYTES

L7

o

» .

ey

ADDRESS FOR THE ARRAY DATA
- $WRITE IY FORWARD IN THE . PROGRAH
xTRIGGER THE SCOFE HfTH N SQFTRARE“GENER&JEDwGTRQBE

1

oS

o
22

- -,

IR

e

fo

+NEGATIVE STROBE TO'ENABLE THE‘LAT&HES

FOR-KEYEQOARD INFUT TO END CYCLING

s TRIGGER AGAIN

SHIFT 12 EIT VALUES 4 EITS LOWER (REVERSE OF HCi"

L] ?’ORT « "EQE° ‘$C#00 - e
E 7F - 5 . LDA $7F6E
& ZADDRESS OF
29 92. 7 ' STA ADD1+1
&F 7F 8 LDA $7F6F
9 xADDRESS OF
2A 92 10 STA ADD1+2
70 .7F 11 0 v CLDA - $TFYO
, 12 ®ADDRESS .OF
2F 92 13 STA "ADDZ+1
71 7F 1A - LDA $7F71
- 15" xADDRESS OF THE HIGH BYTE, BASE.
30 92 16 STA ADD2+2
B 4
se-C0 18 BRZ-T * DA $€OSE - .
5A B0 - 19 o . . LDa ~$CO5A.
20 xSET DDRAS FOR ALL OUTPUTS- -
FF 21 © _+ LDA@SRF
12 c4 . 22 STA FORT+$12
i3 c4 23 STA FORT+$13°
7F 24 . LDX  #$7F
o 25 xREAD
0" AR AR 26TADD1™  LDA  $AAAA,X
11. ca ‘27 7 "E9TA “EORT+$11
AG AA 28 ADD2 LDA $AAAA,X
10 C4 29 STA FORT+$10
40 Co 30 LDA $C040
31 DEX
€E 32 EPL ADD1
@ab - 33 =LOOK
00 co 34 LDA $C000
03 .35 = BEMI . BR3
18 92 F36 JMF i BR2#
10 c0' 37 BR3 LDA  $CO010
48 REACK T6 BEABIC FROGRAM
39 kTS '
MC12E .
NEXT OEJECT FILE - NAME IS MC12B.08J0
: 1 , ORG $9200
2 xFROGRAR TO
00 3 LDX #¢00
04 - 4 BR1 LDY #$04.
00 83 5 BR2 LSk $8300,X -
& xT0
00 B0 7 ROK $8000,X
8 xT0
00 B84 9, $8400,X
00 81 10 K $8100,X
0o 85 11 ¢ $8500,X.
00 B2 12 :  $8200,X
13
EB 14 3 2
. 15 DEX
E6 14 ENE ER1
17 RTS

1L0AD THE NUMEER OF SHIFTS TO, EBE MADE
tSHIFT HIGH EYTE ONE EIT

THE RIGHT AND FUT THE LSE INTO THE CARRY FLAG

{SHIFT LOW EYTE QNE BIT

RIGHT AND FICV UF THE CARRY INW®- THE HSE

$DECREMENT THE SHIFT CDUNTER
${SHIFT AGAIN IF NECESSARY
$CHANGE TO THREE NEW DATA POINTS

;BACK TD EBASIC

oF
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{4_ 3SEL8 1s 51m11ar to SEL7 except that the output rate of

-

the data values ‘is slowed down to su1t the response speed of
.a chart recorder.. The data output rate can be altered by

.- the user. If the buffer values are the result of a-
- ‘01..':..» et 24 ‘o - ~

“ * s e

subtractlon, %He?e w1ll -be-, seme vaiues_belog‘zero because of

noise. These values appear in the data as hav1ng h1gh - M

‘values in the most 51gn1f1cant n1bble of the high byte.

e -

ThlS makes a"mess of - the output. m“.’f.fl LT

o

MC21 OBJO allows the additlon of an offset value to

- - -

~bring all data values p051t1ve flrst.

MC13 OBJO 4is the dlsplay program 1ncorporat1ng nested

loops to slow’ down the ‘output rate. . \\v/;




10

.20

30
40
50
é0
70
80
90
100
410 ..

- 120 .

130°
140
150
160
170
180

-~

HIMEM: 29439 » , J

-REM PROGRAM llSELBxx . T

HOME ' :

PRINT “THIS OFTION DISPLAYS THE DATA STOKED IN"!: FRINT

FRINT “THE: INFUT BUFFERK ON A CHART RECORDER": PRINT

PRINT- "THE ARRAYS ARE DISPLAYED SINGLY": PRINT

PRINT "glxli:llxxxxxxr:xxxxllxxxxlxxxxlxllxlxxx"

FRINT ¢ PRINT "ENTER RECORDER RESFONSE SPEED" .

FRINT 1 PRINT "IN FOINTS. FER MINUTE": PRINT 1 FRINT “MINIMUM 40": INFUT L .

IF L < 40 GOTO 90 - . , S
POKE 32627, INT (9710 / Ly ]
REM PORES THE VALUE FOR THE INNER LOOF COUNTER INTO'
REM SCTRATCHFAD MEMORY P .
FRINT "IF EUFFER IS "LOADED ENTER -31#'- - - . - o e -
FRINT ¢ FRINT "IF DATA IS’DN ‘DISKETTE ENTER 2" T
INFUT AS

ON VAL (A$) GOTO 240,190

REM L

0AD THE EUFFER FROM A DISK !

190 . INFUT "ENTER FILE NAME';F$

200 €G$ = Fee "Z"

550

CHRS$ (4);"ELOAD";F$;",D2,A$8000"

CHR$ (4);"ELOAD";GS%;" A$7FO01"* --- - - - S
‘CHRe (4) 3"ELDADTEST,D1"

3 FRINT."IF DATA IS THE RESULT OF A ™
“SUETRACTION ENTER 1

¢ FRINT “IF NOT THEN ENTER 2"

! INFUT EB%

AL (E$) GOTO 330,370

F A SUETRACTION WAS USED NOISE WILL CAUSE SOME NEGATIVE
ALUES TO BE IN THE EUFFER AND THIS CAUSES A D1SASTER
0 .FREVENT THIS ADD AN OFFSET VALUE TO THE EUFFER DATA
"ENTER OFF SET 1 TO 255 "
H
32628, H
CHRS (4);"ERUNMC21.0EJ0"
CHR$ (4);"ERUNMC1Z.0EJD" ‘
HIFT DATA IN THE EUFFER 4 EITS HIGHER

YENTER ARRAY # (IF »S IT RETURNS TO MAIN MENU)";I
> 5 THEN 530

SE i FRINT "TURN ON THE D/AC POWER SUFFLY EY FUTTING THE SWITCH AT THE

HE GREY EOX IN THE UF POSITION": PRINT
“PUT SELECT SWITCH IN RECORDER .FOSITION": FRINT
“"FRESS SFACE BAR TO START":! NORMAL '
- 756
7&8 B = 768IC = 128.D‘= A+ I xCIE =D + EIF = 256
INT (D 7/ FY:DL = D - DH x FIEH = INT (E / F)!EL = E - FH x F
32622,0L¢ FOKE 324623,DH:! POKE 32624,EL! FOKE 32425,EH

CHR$ (4);"BRUNMC13,0EJ0"

REM OUTFUT THE DATA TO THE RECORDER

210 PRINT
220 FRINT
230 FRINT
240 ° PRINT
250 FRINT
260 FRINT
270 FRINT
280 " ON. V
290 FRINT
300 REM I
310 REM V
320 REM T
330 FRINT
340 INFUT
350 FOKE
360 FRINT
370 FRINT
380 REM' S
390 INFUT
400 IF I
410 ~HOME
420 INVER
EACK OF T
430 FRINT
440 FRINT
450 CALL
460 A = 32
470 DH =
480 POKE
490 FRINT
500 FRINT
510
520 GOTO
530 FRINT
540

390
CHRY (4);"ERUNMCI12E. 0EJO™

REM SHIFT DATA IN THE EUFFER A4 EITS LOHFR

FRINT

CHR$ (4);"RUNDRS"
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SOURCE FILE' MC2% .
————— NEXT OEJECT FILE NAME ‘IS MC21.08J0
9200 - 1 ORE $9200

9200 2
9200 -3
9200 ¢ 4
9200 5 xADDRESS $7F74 (32628)
9200342 00 - é LDX %00
920218 7 BR1 cLC .

- 920338D 00 B0 8 LDA $8000,X
9206240 74 7F © 9. _ . . ADC $7F74
9209:9D 00 80 10 . . STA "$8800,X
920C:ED 00 83 11 S 1LDA’ $8300,X
920F 149 00 12 ADC - #$00
9211:9D 00 83 13 STA  $8300,X
9214118 14 cLe o
9215:EhH 00 B1 15 LDA $8100,X

 9218:6D 74 7F 16 ADC $7F74
921E:9D 00 B1 AN - STA., $8100,X
92iE{ED 00 84 18 LDA - $8400,X
922169 00 19 ADC #$00
9223:9D 00 84 20 STA $84600,X
9226118 21 cLec ’
9227iED 00 B82. 22 LDA $B200,X
922A:6D 74 7F 23 ADC $7F74
9220:9D0 00 82 24 5TA $8200,X
9230:ED 00 B8S 25 LDA $8500,X
22331469 00 26 ‘ADC  #$00

'923519D 00 85 27 STA 8500, X
92381CA . 2B DEX
9239:D0 C7 29 ENE  EBR1 .
9236160 a0 -

=FROGKRAM TO ADD AN OFFSEY VRLUE TO IHE INPUT BUFFER DATA'
XUALUES FRIOR TO.PLOTTING ON A EHART RECORDEK: BASIC:
xFROGRAM HAS FREUIOUSLYAPOKED THE OFFSET VkLUE INTO:

}ZERD COUNTER
{CLEAR CARRY FLAG
;LOAD DATA LOW BYTE
;a4DD. THE OFFSET-
+STORE “THE SUM-~—"~ =

-$LOAD DATA HIGH BYTE

$ADD THE VALUE OF THE
+STORE AGAIN .

$DECKEMENT COUNTER

$GO ROGUND AGAIN IF NOT FINISHED

$RETURN TO EASIC

A

"

-

Rt B =X TERT TR
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SOURCE ‘FILE! MC13 o . :
------ NEXT oaJECT FILE NAME IS MC13. osao S A
92003 1 .ORG- #9200 - ~ , N
92003 - - ° 2 =OUT PUT TO CHART RECORDER
9200 3. xENTER STARTING ADDRESSES FOR DATA FOR INDIVIDUAL ARRAYS
Ca00: . 4 PORT  EQU sCA00 LABEL THE INFUT/OUTPUT SLOT
 9200:AD SE-7F- - S - LDA '$7F6E - +LOAD THE LOW BYTE OF THE -
92032 A 6 XADDRESS OF THE LOW EYTE EASE ADDRESS FOR THE ARRAY DATA
9203:8D 23 92 7 STA ADD1+1 {WRITE IT FORWARD IN THE FROGRAM
9206:AD &F 7F 8 ~ LDA $7F6F $LOAD THE HIGH BYTE OF THE
9209 . 9 xADDRESS OF THE LOW EYTE BASE ADDRESS FOR THE ARRAY DATA
9209:8D 24.92 10 STA ADD1+2 $WRITE IT AHEAD IM THE PROGRAM
920CtAD 70 7F 11 - | LDA &7F70 $LDAD THE LOW EYTE OF THE
920F: 12 xADDRESS OF THE HIGH BYTE BASE ADDRESS FOR THE ARRAY DATA
920F:8D 29 92 13 . . STA ADD2+r ~ (WRITETET FORWARD. IN THE FROGRAM
. 9212:4D 7' 7FY 14 LDA $7F71 " JLOAD THE HIGH BYTE OF THE - . -
9215 15 =ADDRESS OF THE HIGH BYTE BASE ADRESS FOR THE ARRAY DATA
9215:8D 24 92 - 16 STA ADD2+2 ¢WRITE IT FORWARD IN THE FROGRAM
92183A9 FF 17 LDA  &$FF . . -
9Z1AIBD 12 C4 18 ~ - STA FORT+$12
921DtBD 13 C4 19 STA FORT+$13 - ;
9220:A2 7F 20 . LOX #$7F..  ..$SET UF FOR 128 DIODES
9222: . .~ 21 "=READ AND THEN DUTPUT L.OW AND HIGH EYTES
9222:BD AA AA~ 22 ADDI1 LDA $AAAA,X
9225:8D 11 C4 23 ~ STA FORT+$11
9228iED AA AA 24 ADD2 LDA $AAAA,X
9226::8D 10 C4 .25 . STA . FORT+$10 .
922E:AD 40 CO 26 LDA $C040 iNECATIVUE STROEE TO ENAELE THE LATCHES
‘92314 27 ®ENTER DELAY LOOF TO SUIT THE SLOW RESFONSE OF THE RECORDER"
9231 28 xL.DAD THE NUMEER OF CYCLES IN THE INNER LOQF
92311A9 00 29 ‘LDA  #s00 _
9233180 72 7F 30 STA $7F72 .
$234:A0 00 31 _ - LDY #s00 {ZERO THE INNER LDOF CYCLE COUNTER
9238:18 . 32 BR4 - CLC {ENTER THE OUTER LOOF
9239:A% 00 33 LDA $$00 .
923E::18 34 EBRS cLe $ENTER THE ENNER LOOF
9236169 01 35 . ADC  €$01
"923E 48 - . .36 -~ FHA $HASTE SOME TIHME
923F 168 37 FLA : N A
9240:48 . . -'38 - FHA b S
- 9241168 39 FLA s s T
9242:CD 72 7F A0 ‘ CHF  $7F72 . : ‘ .
"9245:D0 F4 41 ENE ERS . $END OF INNER LOOF CYCLE
9247:C8 42 ( INY ’ “  $COUNT THE INNER. LOOF CYCLE
9248:CC 73 7F 43 ! CPY - $7F73  (COMFARE 70 THE REQUIKED MNUMEER
‘924E::DD0 EE 44 ENE ER4 ;COMFLETE DELAY CYCLE ' ;
924D !CA - 45 . DEX :
624€:10 D2 46 EFL ADD1 {FETCH AHOTHER DA'A FOTHY

9250140 47 . ®TS. ALY TN FASTO
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SEL9 lists the data values array.by array and allows ,
them to be prlnted out.“ All values are, given’ in voltages =<
SELlO palr averages the .input buffer turn1ng 128 *data
p01nts 1nto 127 two p01nt averages. The program 'is useful
‘to reduce the o&dreven pattern before ﬁlsplaylng the data
.values.

MC20 OBJD carries out tne averaglng 1n@pach1ne code.
The effect is shown in Flgufe 59,

SELI1’ calculates the peak helght .against a selected .
" background calculated fr&n off -peak dlodes.( The background
.select1on used depends upon the quallty of~the observed
background. It calculates'standard deviations of the
background and the signal to noise ratio.based on thé
hackground variabillty. It also caltulates the peak height
in terms of volts per second of integrationltime.' lhe |
program will hang if a single off—beak'diode is.used as a
background value. * | ’ |

SEL]? calculates concentrations from_oeakrheights'using

8

data obtained from calibfation standards., Concentrations

~

are ~alrulated hy linear interp~lation: (or. extrapolation) ,

from vue calitaatinsn aetandards, oné of which may he zern,

tanss 4 ads




420
430
440
450
160
470
480
4990
S500
510
S20
30
540
550
260
570
€80
590
f0n

" HIMEM:

"PRINT

i B

‘

29439
REM PROGRAM XxSEL9xx

REM THIS. OFTION LISTS THE DIODE DATA VALUES FOR A SINGLE ARRAY .,

REM IT ALSO ALLOKWS *A- FRINTOUT OF THE\UALUES
HOME
“THIS OPTION DISPLAYS VALUES AS VOLTAGES"
FRINT . v
PRINT. - . '
FRINT "DATA CAN PE‘
FRINT "1, SINGLE RUN IN THE INPUT BUFFER"’
PRINT . : . -
PRINY . '
PRINT “2,
HTAE 4:
PRINT
FRINT 3.
HTAE 4%
PRINT
FRINT "4.
PRINT
PRINT "5,
PRINT'
PRINT "é.
- PRINT . -
INPUT "ENTER 1,2,3,4,% OR & _"{ES$
ON VAL (Es$) GOTO 280,290,300,310,320,330
REM F-EASE. ADDRESS FOR THE GAIN CODES AND £~
32525:G 32768: GOTOD 400
32562 350725 GOTO 400
2525°c 2768 GOTO 400
32586:6 309765 GOTO 460
32610:6 29440 GOTO 400
INFUT “ENTER FILE NAME _“iF$
REM LOAD FROM DISKETTE 70 INFUT EUFFEK j
G‘ = F‘ ‘ HZII ] )
FRINT = CHRS (4);"ELOAD"F$;",D2,A$8000"
PRINT CHRS (4);"ELOAD"GS " ,AS7FO1"
FRINT CHR$ (4)3;“ELDADTESY,D1"
F = 32525:G = 327648°
H = 16:F = 4096:D = 256
INFUT “ENTER ARRAY ¢ "I
J = FEEK (F + IYIK = INTY
L = K INT (K 7 4) x 4
IF L 0 THEN
IF L 1 THEN
IF L 2 THEN
TF L 3 THEN
C=20: IF K 3 ‘HEN c= -FE .
0= (B - C) / F! REM VALUE OF LSFE
PRINT “CHOOSE®
HTAE 4! FRINT
HTAE 4! FRINT
HTAE 7! FRINT
INFUT “SELECT
ON VAL (AS)
FRINT ¢ INFUT
FRINY ¢ INTUT
IF V.- W~
GOSUr 43¢
nATR T an

SINGLE RUN IN THE BACKGROUND DATA'
PRINT “"FILE"

SUETRACTED, MEAN. VALYES STORED"
FRINT "IN THE INFUT EBUFFER"

ANALYTE SIGNAL MEANS"
AFACVERDUND HEAN VALUES"

FROM A DISVETTE IN DRIUE 0"‘

non o nn

tE = 76B!H = 1R = 128

4 7/ H)3

1

mmeo o
nonn

S
1
6.
0.

HL’l

“1. SELECY A CGROUF OF DIODFS (MAX "3’
"2. DISFLAY ALL PIOVES.USE CONTR™ = =
"T0 STOF DISFLAY YO rean ¢ ppir?

1 DR 2 "jAf
COTD 560,610 ~ :

"ENTER # OF FIRST DIODT "W

YENTT & OF LAST "INDE o

'|!'t‘ "r‘-r”'! !""‘" T . T .t L "rF"

FASE ADPRESS T Nk

REM RETAT™™ UFTEF A BTTE OML ¢

FRIV'

Ny

gy

THE
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610 W = 1!V = 128: GOSUE 630

620 60TO0 740

630 PRINT "ARRAY & "‘I ' .
640 FOR J = N TO ¥
650U=R—JN=G¢IIR0=N+E
660 S = PEEK‘(N + U) + D » PEEK (D +. U)
&70 IF S >F -MTHEN S =S ~-D'x D

. 680 . REM. CORRECT FOR VALUES BELONW ZERO -

~

690 T =S X @ + C:T = JINT (T X 10 A S + ,%5 ,/ INT (10 ~ 5
700 REM CALCULATE THE VOLTAGE AND ROUND OFF TD S DECIMAL FLACES

710 PRINT ll' [1] 'd‘b L1 DIOTOIIVOLTSH
720 NEXT J
730 RETURN

740 CALL - 756: HOME

750 PRINT “SELECT:!:-"! FRINT

760 HTAE 4! FRINT “1. RETURN TO MAIN MENU":
770 HTAE 4! FRINT "2. ANOTHER -ARRAY’ ":! PRINT
780 HTAE 41 FRINT "3. ANODTHER FILE "3 FRINT
790 MTAE 4 FRINT "4, MAKE A FRINTED FOFY"'
800 INFUT "ENTER 1,2,3 OR 4 “ES

810 ON VAL (E¢) GOTOD 820,410,%0,B30

820 PRINT CHRs$ (4)‘"RUNDRS"

B30 FRINT CHR$ (4);"FRE#1": GOSUF &30

frap reTny CHES (A>T Rap"T GOTO 740

NI
=\

FRINT

FRINTY



10
20

30

S0
50
70

%0

100
110
120
130
140
150
160
1710
180
190
200
210
22

230
240
250
TAN

~ . . . . by ??4

HIMEM: 29439! HOME

REM FROGRAHM xsxSEL10xx

FRINT "THIS OFTION FAIR ﬁVEﬂAGES THE INPUY
FRINT "BEUFFER. DIODE N AND DIDDE N+1 ARE"

'PRINT "AVERAGED AND STORED AS DIODE N."

FRINT "THIS "MEANS THAT ONE SIGNAL IS LOST™
PRINT "FER" ARKRAY. IGNORE THE 128TH VALUE"
INVERSE $- FRINT : FRINT “THE CONTENTS OF THF Twrur roo o
FRINT “WILL EE LDST .IF NECESSARY AEQRT "

PRINT “THIS OFTION AND SAVE IT ON DISKETTE
PRINT !- FRINT

NORMAL ! FRINT "IS BUFFER ALREADY LNAPET 2
PRINT “TYFE 3 TIF YES, 2 IF no"

INFUT 7

IF Z < » 2 THEN GOTO 210

INFUT "LOAD FILE FKDM DRIVE 2, ENTER FT!* MHene

Gs = F¢ + "Z% o

FRINT CHRS (4);"ELOAD";F$;",D”,AsBno0"
FRINT CHRS (4)“ELOAD"Cs;", h
FRINT CHR$ (4);"ELOADTEST.D1"

FRINY ! ERINT “PRESS SFACE FAr 1o cnrrreg
CALL - 756 ¢

FRINT

FRINT CHRs$ (4
FOR T -~ 06 7" S
1

T oty e o

- T x 12@°* ' Con e o
e

) § ERONMCZ0.0° D’
v

SOURCY FIL' Y MC20

—m-- MV DT are T FYLE HANFE IS MC20.0EJO
9200 1 ORG  $9200
9200 2 *FPROGEAIY YD FAIR AVYFRA'E THF INFUY BUFFER ¥
9200:A7 0o 3 LDX €$00 Lo $6FY INDFY YQ ZERD
9202 4 xAC WO EY'F TOGFIH''
9202318 5 B cLC tCLEAR THF CARRY "LAG
9203:BED 00 80 6 LDA $B8000,X LOAD LOW EYTE OF A DATA FDIN'
9206:7D 01 80 7 ADC  $8001,X $ADD THE 1 0OW FYTE OF THE ' EXTY
9209:9D 00 A0 8 STA $R00D .V tETORE AS THE LCW  YI'F DF “HE C
920C: 9 - rOINY .
$20C:ED 00 83 10 LDA*"300,X § ~ T THE MIGH EYTE ©F f ¢ ¢ ' (IN"
920F :7D 01 83 11 ADC  $8301,X $OTH OTUE  TRM fof ot s
9212:9D- 00 87 12 STA tA700, v H oee f
9215: 13 %00 TOTNT
9215 14 COTH
9"1"55 00 83 15 LSKk $8300,X
9218:7E 00 A0 16 ROR $ROOD,X
921E318 17 cLC ‘
921C:ED 00 81 18 LDA $8100,X
921F!7D 01 B1 19 ADC $8101,X
9222:9D 00 81 20 STA $8100.X%
9225:FED 00 84 21 LDA $B400,X
9228:70 01 B4 22 ADC  $8401.,X%
9225 9D 00 B4 23 STA  $84D0,X
922EISE 00 B4 24 LSk ¢B8400,X
9*31 7E 00 ©1 29 ROR  *R100. v
9234318 . 26 cLC
9235:ED 00 82 27 LDA $8200,X
9238:7D 01 B2 28 ADC $82081,X
923E:90 00 82 29 STA $8200,X
923EIED 00 B85 30 LDA $85D0,X
9241:7b 01 8% 31 ADC $8501,X
9744:9D 00 85 32 STA $8500,X
9247 :5E 00 P 33 LSR $8500,X
924AL7E 34 ROR $A7
®24D kS 35 TNX $INCREUHE''T, THE Trpr-
graring a4 TYE  Tf tD0 S F MORE

A [ A



o0
100
110
120
130
140
150
260
170
180
190
T1 -
200
210
220
230
249
250
260
270
280
290
300
310
320
330
340
350
360
370
380
390
400
410
420
430

325

HIMEM: 29439: HOME
REM FROGRAM XmSEL11xx
REM CALCULATE FEAK HEIGHT AGAINST SELECTED eacvcaouna UALUES

.n

DIM V1(12),B1(12) - . S .
GDTO 190 , L, : :
KREM DECODE THE INTEGRATION TIME . : . 3

70 H = FEEK (F + I + I) + D.x FEEK'(F + T + I + C)3K = H x ¢

KEM DEFODE THE GAIN CODF

3

= INT (( FEEK (F + L + 1)) / €) : . .

N =g - TNT (J " H) = M .

IF N= 0 THEN 0 = S .

IF N =1 THEN O = 1 N

IF N= 2 THEN D = 0.5

IF N = 3 THEN D = 0.1

Q =0: IF U>3 THEN @ = ¢ v
R =¢(0-Q) /S s .

KEM THE VAI UE @F THE. LS

RE TURN A

F = 74RIC = 13D = 255:: = 14l = 12:M = 4F = 3,1289E - 3!S = P x EIT = 1288
409% ' i o
FRINT "THIS OFTION OETAINS A DATA VALUE": FRINT
FRINT “"FRDH A FILE EY SUETRACTING EACHKGROUND": FFRTNY
PRINY "UALUES FROM THE SAME FTILE": FRINT
FRINT ¢ FRENT “"THE DATA FILE CAN EEY: PRINT
FRINT 1. IN THE INFUT BUFFER AS A SINGLE RUNT
PRINT " Oft AS MEANS" .

FRINT ¢ FRINT "2, IN THE ANALYTE MFANS T JtE' ! reTNT
FRINT "3. ON A DISKETTE IN DRTYF ¢ 7

INFDY “ENTFR 1,2 OR 3 "B

REM LOCATE THE DATA FILE

ON VAL (E$) L0TO 390,310,330

f = 77574:G = 309762 GOTO 400
REM LOAD FIVE*FROH DISKETTE
TUFUY  ENTER FILE NAMF  "iFs

NY = Fe¢ + 7" . .

FRINY CHRS$ (4);"ELOAD";F$;",D2,As8000
FRINT CHR$ (4); ELOAD";G$;",As7F 01"
FRINT CHits (4):"FlL OADTFRT  D1°

N1 =8
F = 32513:G = 32768 -
" FRINT ' L

FRINT § FRINT ¢ FRINT "=omrommmmmomm oo mmmmmmee s e

FRINT "THE METHOD DEFENDS ON THE EACKGROUND"
FRINT ¢ PRINT "1, WHERE THE EACKGROUND -LEVEL If f1/ 1 ¢ PRINT
FRINY "2, WHERE THF EACKGROUND IS FLAT “
HYAE 5! FRINT "EBU' ODD EVEN RATTERN TG &Frrin -
FRINT "7, WHERE A SFECIAL EACFGRO''ND
HTAE =! FRINT “TS TO EF USED"
PRINT -
INFUT “ENTER CORRESFONDPING NUMEER "iA$
REH SFLECT THE TYFE OF BACKGRDUN" ~ Y1 ARir
INFUT “FNYER ARRAY & 0 TO 5 31
T2 = G + Y » TiR3 = B2 + E
FRINT ¢ IF I > S GOTO S10
INFUT "ENTFF OTODE ¢0F FEAK 1 TN 1°R 'iA
GO"UT (D -
HWe T - @AY = FEEK (G + T T ¢ Uy =D v FERK (G ¢+ B 4« ¥ v ] & '
IFf > 11 YHEN V = UV -~ D % D
T A A') GOYD =%0,467N.710
- o TreTigy 1CIEL1(TY » A - FIE1(3) = A g
N , o fINTTI(TY = 05 0ty



fas]

610
620
630
640
450
660
670
680
650

- 700

710
7.20
730
740
750
7460
770
780
790

- 800

810
820
830
8490
850
860
e70
880
890
900
910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150
/ (1
1140
1170
scC
1180
1190

cman

§
N1 = 8 : "
GCOSUE: 950 s
GOSUE 830 ’
GOTO 1040 . - .
E1(0) = A - 14:B1(1) = A - 12:E1(2) = A -~ 10:B1(3) = A - B
E1(4) = A + B! El(u) = A + 10IE1(6) = A + 12:E1(7) = A + 14
Nl = 8
GOSUE 950 .
GCOSUE 830 ’ . ..
GCOTO 1040
FRINT “ENTER DIODE #’S OF EACKGROUND"
FRINT "UF TO 12 NUMEBERS EACH ONE FOLLOWED BY A RETURN"
FRINT "AFTER TAST DIODE NUMEER ENTER ‘END’"™
INVERSE § FRINT "PROGRAM NEEDS AT LEAST 2 VALUES": NORMAL
REM IF ONLY ONE VALUE USED THE FROGKAM WILL HANG
KL = 0 .
INFUT AEt: IF AE$ = "END"” THEN GOTO 790
E1(K1) = VAL (Aﬁsgzkl = K1 +°1¢ €OY0 770

‘N1 = K1

GOSUE: 950
GOSUE 830
GOTO 1040
KEM SUEROUYINE TO CALCULATE MEAN AND SD
REM VALUES IN V1<(12)
REM NO. OF VALUES IN Nt
REM RETURNS HMEAN IN Mt AND S0 TN 61
It = 0:Jt = 0
CFOR LY = 0 YO NI - 8
I1 = J1 + Vi(Lp)
J1 = J1 o+ (ui(Ly)yy ~ 2
NEXT.L1
M1 = I1 /7 N1 .
S1 = SQRFR ((J1 - (I1 ~ 2> / N1) / (N1 - 1))
RETURN '
REM SUEBROUTI T0 FUT EBACKGROUND DINDE VALUES INTO ViI(12)
REM  NUMEBER OF ALUES IS IN NI
REM FOSITIONS OF EACKGROUND RELhTIUr T0 FEAE T6 TN 1 (17
‘REM  RFTURNS EACHGROUND DIODE VALUFS IN V(12)
FOR. K1 = 0 TO N1 - 1
U = T PEI(KLIYIVI(KL) = FEEV (E2 v U1y + D v Frer ot RIS I
IF Vi(K1) =~ T1 THEN V1(K1)  "'tovre e N
NEXT Ki )
RETURM ‘ . .
INFUT “ENTER TITLE";CS
FRINT CHRe (4)) FRE1"
FRINT C¢
FRINT Fs$
FRINT " ARRAY ¢ 31
FRINT * DIODE # ":A
FRINT *  E[ACHGROUNT™ METHOD " AS
REM VUALUES KROUNDED DUY TO & DECTHAL Ft ACES
FRINT " FEAHK HT. e INT ((V - n1) v R ox 10 L] tro [
FRINY "INTEGRATIO" TIMF = maks GECONNDS™
FRINT “CCCHGROUND MEAN "3 INT (M1 x R + 2y 10 ~ 5 ¢ Sy /7 (10 )
FRINT " GSTANDARD DEVTATTON OF BACY ROUND 73 THT (81 » 'y w 30 ° "
0o~ 7)
FRINY * S/NR S LA - L L I A B B AN A |

326

FRINT ™ veOINT (T e iy . . e . ., N ) ) RN 3

or INTETRATION"
FRINT ¢ FRINT
FRIN' crate 1y pen
[ARERN s N
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26
30
40
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70
80
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100
110
12¢0
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
310
320

327

HIMEM: 29439: HOME

REM PROGRAM xxSEL12xx
REM CALCULATE CONCENTRATIONS FROM PEAK HEIGHTS AND
REM CALIEBRATION VALUES : o
PRINT, “THIS DFTION CALCULATES SOLUTION " -
FRINT ¢ PRINT “CONCENTRATIONS FROM VOLTAGE": PRINT
PRINT "QUTFUTS EY LINEAR INTERFOLATION"
N = 1! PRINT. - -
INFUT "ENTER ELEMENT NAME. IF DONE ENTER DONE “IAS(N)
IF AS(N) = “DONE" GDTO 200" . _
INPUT "ENTER HIGH STD CONC IN PPM “}X L
X(N) = X
INPUT "ENTEK HIGH KREADING IN VOLTS *“3K
R(N) = R '
INFUT “ENTER LOW STD CONC IN FPM "“;Ts%
KEM IF NO ENTRY- IS MADE FOR A LOW STD ZERO IS’ ASSUMED
T(NY = VAL (Ts)
INFUT “ENTER LOW READING IN VOLTS 4
Z(N) = VAL (Z$):N = N + 1: GOTO %0
G =N- 1! FOR N = 1 TO G: FRINT NJ" “3A$(N)Y! PKINT ! NEXT N
INFUT "ENTER SOLUTION NAME "IES$ :
PRINT CHR$ (4);"FR$#1": FRINT E$:
FRINT CHR® (4);“PR$0" :
INFUT “ENTER ELEMENT & N
INFUT "ENTER READING IN VOLTS “iQ(N)
B = QISR = RONDISIT = T(NISIX = X(N)SZ = Z(N)
MIN) = ((X - T) x @+ RXT~-ZxX) /(R - 2)
REM CALCULATE THE CONCENTRATION "
PRINT CHR$ (4);"FRe1" ) -
FRINT AS(N);™ CONC = ";M(N)!" FFH" ,
FRINY CHR$ (ay: FRE0"

enYn 24p
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ARRAYSET is a BASIC program that produces a list of the
‘useful lines for the elements to be considered in first,
second and third order. The program lists them-in‘spectral
orderbbver the range governed by’thé physical size énd shape
of the direct reader. The originél source of the data is
tﬁé tables published. by Winge, Peterson and Faésel [43]).
These have bgen éntered on a disk as é se?ies of text'files
by use of the program BLEMEﬁTINPUT. The text files are
labelied by the atomic symbol of the element and the number
of lines (g; all 3 orders) listed.r Lines ﬁot listed in the
‘Winge tables are not included.

The.ARRAYSET:Erogram combines the text files into a
dimensional array Qithin a single text file and then ofder\
sorts them using QUICKSORTHIGH, a version ofla fast machine
code sorting program developed by Bongers [50],.

The output for.each line gives the order in sequence,‘
the spectral position, the element and the symbol for ion or
atomic line, the wavelength of the parent first order line,
the detection limit from the Winge table in ppb ané a number
~f stars corresponding to the order.

The program has several nptions, allowing » printout of
the listing,and if required, information on the reatrictinne
an the placement of the spectral windows due tn the

dimensiong ~Ff  the array and jte carriage.
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10 REﬂ FROGRAM XXARKAYSETxx TO HELF FOSITION THE ﬁRRAYS
20 TNVERSE ! PRINT “WARNING ": NORMAL

30 PRINT "THERE IS A CHARACTER IN THIS PROGRAM": PRINT

40 REM THE DOS DOESN’T HANDLE THE AMFERSAND WELL - .
S0 FRINT “THAT THE D.0.S5. CAN‘T HANDLE" "

40 PRINT ¢ PRINT “SO FRESS CONTROL C AND RETURN®
‘70 FRINT ¢ FRINT “"AND TYPE!-"

80 _PRINT : HTAE 10: PRINT "440&SGRGS"

90 ~FRINT ¢ HTAE 10! FRINT "RUN"

100 PRINT : FRINT "IF YOU HAVE JUST LOADED IT"
110 PRINT ¢ FRINT : »

120 CLEAK . : 0

/130 D$ = THRS (4)

1490 PRINT- D$;"ERUNQUICKSORTHIGH" .

150 REM QUICKSORT IS NOT REFRODUCED FOR COFYRIGHT REASONS.SEE REF S0
140 DIM C$(70) .

170 REM ALLOWS UF TD 70 SETS OF ELEMENTAL LINES

180 I = 0 : N

190 FOR N = 1 T0O 70 :

200 _INFUT “ENTER ELEMENT FILE NAME (ENTER DONE IF FINISHED )" jC$(N)
210 REM THE FILE NAME MUST BE TAKEN FROM THE DISK CATALDG
220 IF C$(N) = “DONE" GOTD 260

230 T= T + ¢

240 NEXT N -

250 REM ENTER NUMEER OF ELEMENTS

260 U= I

270 A = 0

280 FOR P =1 TO J-

290 AS = C$(F)

300 REM SELECT ELEMENTAL FILES IN ORDER

310 FOR R = 3 TO 1 STEF - 1 .
320 E$ = 'RIGHTS (A$,R) : . : : S
330 IF VAL (E$) > 0 _GOTO 360

., 340 REM FINDS THE NUMEER OF LINES IN EACH FILE

350 NEXT K

3460 A = A + VAL (ES)

370 REM SUM ALL THE NUMEERS OF LINES "
"380 NEXT P

390 DIM Gs(A)

400 KREM SET THE DIMENSION TO 'HOLD ALL THE LINES IN' THE FILE

410 I = 1 B
420 FOR S =1 10 J T

430 REM DISPLAY THE ELEMENTAL FILE NAME

440 At = C$(S) :

450 FRINT A

460 FDR T = 3 TO 1 STEF - 1

470 B$ = RIGHTS (A$,T)

480 IF VAL (E$) > 0 GOTO 500

490 NEXT T

S00 BE = VAL (B$)

S10 REM FIND THE NUMEER OF LINES IN ruc FILE

520 C = ID = C + B - 1

530 PRINT CHR$ (4),"OFEN"{AS

£40 REM OFEN THE MAIN TEXT FILE

S50 FRINT D$;"READ";AS

560 FOR I =C TOD

570 INPUT Gs$(I)- S

580 REM PUT THE FILE LINES INTO THE MAIN TEXT FILE

590 NEXT I

&00 FRINT D$¢;"CLOSE";AS

’

-



610
620
630
6490
650

660

670
680
690
700
710
720
730
740
¢ PR
750
B
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900

o ——— o e s

. .

_KEM CLOSE THE naxu msxr FILE

NEXT S

REM CONTINUE - :

& SO Cs . - .
REM RUN THE SORT PROGRAH

GOSUE: 680 . . ,

'GOT0 720 ' A

FOR I = 1 TO A! PRINT Ij* *“;Ge(I>: NEXT I

REM LIST AEL LINES IN SPECTRAL ORDER

CALL - 756

RETURN 4 : L

HOME .

PRINT “CHOOSE:-"! FRINEX - : o
HTAE 4: FRINT "1, PRINT IT OUT": FRINT ! HTAE 4! PRINT "2.
INT. : : .
HTAE 4% PRINT “3. MAKE ANOTHER SELECTION"!: PRINT : HTAE 4:
PRINT

INPUT “ENTER 1,2,3 OR 4 "}E

ON E GOTO 780,850,820,840

FRINT CHR$ (4);"PR#1"! GOSUE 480

REM FRINT DUT HARD COPY

FRINT CHR$ (13); CHR$ (4);"FR&0"

GOTO 720

G070 120 : »

REM CHOOSE ANOTHER SET OF ELEMENTS

END :

HOME ”

PRINT "AN ARRAY COVERS A SFECTRAL WINDOW OF 17"

REM FROGRAM EXCLUDES UNAVAILAELE FOSITIONS

FRINT ¢ FRINT "ANGSTROM UNITS."

FRINT 2
FRINT

~

NTERVALS OF 250 ANGSTROM UNITS.”": FRINT

N ELSEWHEFE"! FRINT

920

FRINT “ARRAYS ARE NUMBERED FROM 0 TO S5

930 ~¥NVERSE ! FRINT "EE READY TO FRESS CTRL-S": NORMAL

?40
950
960
270

EM:

980

990

1000
1010
1020
1030
1040
40"
1050
1060
1070
1080
1090

F2 =0
FOR G =0 TO &
FRINT "ENTER SFECTRAL FDSITION ARRAY & "iG! INFUT F

FRINT "4.

FRINT "ARRAYS CAN ONLY EE SFACED AT SPECTRAL"! FRINT

330

FOSITION ARRAYS®

GOODEY

910‘fFFINT "aETUAL FHYSICAL fOSITION ON THE CIRCLE"™! FRINT ¢ FRINT "WILL BE GIVE

FRINT CHR$ (4);"PR41"! FRINT F: IF F < F2 THEN FRINT “IMFOSSIBLE TO LOCAT

FRINT CHR$ (4);"FR$0": GOTO 960
F1 = F 4+ 17:F2 = F + 250
FRINT CHR$ (4);"FR$0"
FOR I =170 A :
IF VAL (G¢(I)) < F GOTO 1060
IF VAL (G¢(I)) > F2 GOTO 1050
IF VAL (Ge(I)) > F1 GOTO 1060

FRINT CHRE (4);"FRE1": FRINT "WINDOW. "3I3" “i;G$(I): FRINT CHK$
NEXT I

CPRINT I3 "IG$(I)

NEXT I

NEXT G

FRINT CHRs (4);"PR&#0"
GOTO 730

(4)§"FR
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P
"

LINELOC calculates the position for the ‘array carriagé»'
on the direct reader focal plane cérrespénding“to a spectéal“
value. . |

' ELEMEN€gNPqT is used to enter the information from the
Winge tab1e and creates the text files>with~up,£o'3 spectral
orders for use with ARRAYSET. |

' Due to the space occupied by tﬁé text files, the
programs . ARRAYSET, LINELOC and ELEMENTINPUT, and the text
file library. are stored oﬁ a disk 6th%r than ﬁhat carrying
the direct reader operating'system.ﬁ.‘

The program QUICKSORTHIGH is‘nof rebrodﬁced for reasons

of copyright. See reference [50].
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18 REM FROGRAM -xLINELoc-- T0 CONVERT SPECTRAL FOSITION TO .

20 REM FOCAL PLANE POSITION , . - o
30 HOME ¢ PRINT “SPECTRAL LINE LOCATION * 7 . : v
40 PRINT "FOSITIONS FOR THE RHS OF HOUNT"' ST ' )

50 D = 149.17763CY = 4707.24 '
60 C = 5B.8. '

70 INFUT "ENTER WAVELENGTH REGUIRED IN ANGSTROM UNITS";AV
80 INFUT “ENTER SFECTRAL ORDER ";T

. %0 AV = AV x T

"106-S = (CV - AY) x 118 / 10 A &

110 F = * ATN (S /7 SGK (-8 x84 1)

120 G = D x § + C

130 PRINT CHR$ (4);"PR#1"

140 - PRINT AV;"ANGSTROMS = ";G;" CMS ON SCALE"

150 FRINT_ CHRS (4);"PR$D" ,
140 C©GOTO 70 . ' .
170 REM THIS GIUES A REASONAELE FIT

© 10 REM. PROGRAM IIELEHENTINFUTl! TO ENTER SFECTRAL LINE INFORMATION

20 . CLEAR

30 INFUT “ENTER ATDHIC SYMEOL ";A$

40 INFUT "ENTER' NUMEER OF LINES":Q

50 N-= @ w 3! DIM G$(N)

60 I = 1 . . .

70 .FOR P = 1 TO Q¢ FRINT "ENTER LINE TYFE,HWAVE TH IN AU,LIMITS IN FFE.

80 “FRINT "(TO END ENTER...END,0,0) h
90 INFUT Es$,CS$,D$ :

100 TIF ES$ = “END" GOTO 230 :

110 FOR E = 1 TO 31Fs = STR$ (E x VAL (Cs$))

120 IF VAL (F$) > 7620 GOTO 210 ' :

130 ON E GOTO 140,150,160 ) ' -
140 Es = "x": GOTO 170

150 E$ = "xx"$ GOTO 170

140 E$ = “xxx" . ] . ‘

170 C4(I) = F$ + " " 4 A + " * + E$ + """ 4+ Cs + " " + Ds + " " &+ ES$

180 I =1 + 1 -

190 M = I - 1 v , ) :

200 NEXT E

210 PFRINT

220 NEXT P

230 GOSUE 250 .

240 GOTO 360 . . -
250 REM STORE LINE INFO IN A TEXT FILE .

260.Dt = CHRS (4) . : . -
" 270 PRINT D$;"OFEN";AS

280 FRINT D$;"WRITE";AS

~296 FOR I = 1 TO M

300 FRINT G$(I)

310 NEXT I

320 FRINT DS'"CLDSE"‘AS

330 M$ = 5TRS (M)!It = A$ + M¢

340 FRINT D$;"RENAME";A$;",";I$ : .

350 RETURN e
340 GOTO 20

o

P UV SR DU N



» )

APPENDIX 7

333



-APPENDIX 7

a

<«

ﬁOWER SUPPLIES FOR THé éIX ARRAY SYSTEM'
S
The Apple computer came with a built in power supply
th&t supplied:- |
“ ‘ +5 V, 2.5 A
U;S vV, .25 A
+11.8 v, 1.5 A y
-12 V; 250 A |

The power for the six RC1024S array control boards and

i
~

their auXiliary'circuitryIriguired:—
s

+5 VvV, 3.8 A

+15. VvV, .45 A

S -15 v, 1.05 A

Thesé were supplied by g ﬁiMBDA.LOT—W5152A power
supply.

The 6 sets of Peltier Heat pumps together required 6 V,
12 A. This was sﬁpplied by two LAMBDA power supplies, an
LCS CC 01 and an TCS C 01. One qupplied‘ﬁbwer go 4 gsets,
the other to 2. |

The integration timer circuit board, the digital to

analog converter and the integration time indicator system
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were&‘,go‘we_red. of £ the +5 V,4-l+15’v and -15 V supply from a .

© " HEATH DIGITAL‘POWER MODULE EU 801-11.

335

ok



ey




