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Abstract

The effects of ion bombardment on the morphology of compact 1lead
films were investigated with Spectroscopié ellipsometfy, Auger electron
spectroscopy (AES), and scanning electron microscopy. Lead films of
under 100 nm in ‘thickness were prepared by electrodeposition and
vacuum-vapor deposition. In contrast to the expected uniform removél of
the surface by ion bombardment, assumed in the determination of composi-
tion by AES, a nonuniform,removél of the surface has been found to occur
resulting in pitting or island formation..This pitting is independent of
the mode of forma#ion of the film and'the presence of an oxide over-
layer. An opticél quel of a film distributed as islands wgs used to
interpret spectroscopic_ellipsometry measurementé. The model was based.
on the coherent superposition of polarization states resulting from
reflection on the bare and film-covered surfaces. Scanning electron
micrographs confirmed the use of the island model for the surface mor-
phology. The surface covéfage of lead calculated from spectroscopic
ellipsometry agrees well with the results of Auger electfon spectroscopy

measurements.



1. Introduction

The original purpose of this research was to 'gain information on
the effect of organié adsorbates on the initial stage of electrolytic
metal deposition.’This research was to exband on the results of J.C.
Farmer and R. Muller {(refs. 1,2] for the electrolytic deposition of lead
in the presence of Rhodamine-B <chloride. Their investigation demon-
strated a reduction of porosity of lead films deposited in the presence
of Rhodamine-B as compared to deposits without Rhodamine-B. Auger Elec-
tron Spectroscopy (AES) and spectroscopic ellipsometry were to be used
in conjunction with ion bombardment to determine the porosity‘and compo-
sition profiles of the lead deposits. The uniform removal.of surface
atoms by ion bombardment was needed to profile the lead films. However,
severe morphology‘ changes of the lead film have been found due to ion

bombardment .
Therefore the objectives of this research have been changed to:

(1 Investigate the effects of ion bombardment on the morphology of

thin lead films

(2) Investigate the. validity of a coherent super-position model used
pfeViously for the interpretations of measureménts of a surface
covered with ah island film. Spectroscopic ellipsometry and AES
were used to determine the changes occurring on thin lead films

with ion bombardment.

Morphological and compositional changes of a surface induced by ion
bombardment are important when ion bombardment is used in conjunction

with any surface analysis techniques. Ion bombardment can be used to



etch surfaces for depth analysis by techniques such as AES. Apart from
thinning, the undesirable effects of ion bombardment on a film include
surface roughening, preferential sputtering, and recoil implantation

[ref. 3,4].

Roughness reduces the depth resolution of surface analyses ftech-
niques such as AES since the surface is sampled at various depths. Ion
bombardment results in the increase in surface roughness. Several fac-
tors such as impurities, pre-existing roughness, angular depéndence of
etch rate, and crystal-face dependence of etch raté affect the evolution

of surface roughness.

The evolution of surface roughness can be the résult of impurities
on the surface [ref. 5,6]. Ion bombardment of gold with a small amount
of chromium caused the formation of cones several micrometers high
(ref. 4]. 1Ion bombardment of <111> Pb éingle'crystals showed the forma-
tion of cones due to a'éarbon contamination [ref. 35]. The cones were
formed because of contaminants which protected underlying sections of
the surfaces. Surface migfation enables surface species. to concentrate
on local areas of the surface. If there is a difference in the sputter
rapes between the locally concentrated species and the remainder of the
surféce, there will be an increase in the surface roughness due to pre-

ferential sputtering.

The presence of roughness before ion bombardment, contributes to
further generation of roughness. Kelly and Auciello [ref. 7] found that
pre-existing asperites on an impurity-free copper surface formed into
cones when the surface was bombarded with 12-keV Kr+ atoms at normal

incidence. These cones were found to be unstable and were removed by



extended sputtering.

The angular dependence of etch .rate results in topographical
.changes. -Ripples were formed on Si and pits were formed on Cu when ion
bombarded by 9 keV Kr+ ions:at'an angle of incidence of 50° from the
normal of the surface.[ref. 8]. The ripples on the Si substrate formed a
leading face normal té the. incident ion beam and a trailing face' paral-
lel to the incident gon beam. The orientation of the ripple face was a
result of a maximum sputter rate occurring on surfaces normal to the ion
beam aﬁd a negligiblé sputte} rate on faces parallel to the ion beam.
.The dependence of sputter”rate on the angle at which the ion impinges on
the surface contributed fo thé foughening of the surface by creating
faces with'a preferredvorientation. The degree of pit formation on a
<11,3,1> copper surface was found to vary with thé azimuthal direction
at the same angle of incidence. The dependence of pit formation on
azimuthal direction wés attributed to thé alignﬁent of the ion beam with
- dislocation axes or planes. The effects of angular preference can be

reduced by rotating the sample during ion bombardment [ref. 9].

The accuracy of a composition profile is affected by differences in
the sputter yields of the different elements of.a multicompohent sample
(refs. 10,11,12]. The surface composition is altered by the rate at
which different elements are etched. Elements that are difficult to
sputter are concentrated on the surface during the ion bombardment. Data
are available for the relative sputter yields of some elements and com-
pounds [refs. 4,13]. Table 1 gives some values of sputter rates for

several elements and compounds for various ion energies and ion species.



Table 1. Sputtering yields of carbon, copper, and lead. (a) Sputtering
yield for copper and carbon with 0.5, 1.0, and 10 keV He, Ne,
Ar, Kr, and Xe ions [ref. 4]. (b) Sputtering rate for carbon,
copper and lead using 0.5 keV Ar ions at normal incidence at a
current density of 1 mA/cm/cm [ref. 13].

1a [ref 4]

Sputtering Yield (atoms/ion)

Ion energy

(keV) Material  He Ne Ar Kr - Xe
0.5 Cu -~ 0.24 1.8 2.4 2.4 2.1
0.5 c 0.7 0.12 0.13 0.17
1 | Cu _ 2.7 3.6 | 3.6 3.2

10 Cu 3.2 6.6 . 8 10

ib [ref 13]

Sputterihg Rate
For 0.5 keV Ar Ions,
Normal incedence, 1 mA/cm

Sputter rate

Material (A/min)
C o 50
Cu | 650
Pb | 3000

Recoil implantation occufs when a'atom is. knocked 1into the sub-
strate 1instead of off the surface by ion bombardment. Recoil implanta-
tion affects accuracy of the coméosition profile by creating a layer of
mixed composition [refs. 10,12]. A small fraction of the ion-beam energy
is used in the removal of su}facé atoms [ref. ﬁ]. Some of the remaining
energy is retained in backscattered ions, but most of the energy is dis-

sipated in moving the surface molecules around, on, and 1into the
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surface. Ion energy, angle of incidence, mass rapio of ions to surface
species, anq diffusional properties affect the degree of mixing
[ref. 14]. Low ion energy, oblique angles of incidence, and low mass
ratio of ions to»surface species reduce the effects of recoil implanta-
tion [ref. 4]. Anderson [ref. 15] calculated the cascade mixing effects
on depth resolution at steady state for a range of elements under 1 to

10 keV Argon ion bombardment.

A few studies have been performed on the effects of ion bombardment
on the optical properties of surfaces. These studies are described

briefly below.

Aspnes and Studna [ref. 16] investigated <111> germanium surfaces
bombarded with low-energy (200-1000 eV) ions before and after annealing.

They used spectroscopic ellipsometry, Auger electron analysis, and low

_energy electron diffraction (LEED). The 1ion bombarded surface was

modeled as a layer of damaged material on the germanium crystal surface.
Repeated cycles of ion bombardment and annealing produced a macroséopic
scattering of light but did not cause changes of ellipsometric data. TheA
scattered light was attributed to slip planes and thermal etch pits that
deflected the light out of the specular beam path and did not influence
the ellipsometric data. The density of the damaged léyer was determined
to be 5.0 g/cm3, compared to 5.37 g/cm3 for the Ge crystal. The Brugge-
man effective-medium approximation was used to determine the density of
the damaged layer from the measured dielectric function. ‘The thickness
of the damaged layer was calculated for several bombardment energies and

was found to be proportional to the ion energy to the two-thirds power.

For surfaces bombarded by argon ions, thé measured damage depth varied



from 25 8 at an ion energy of 200 eV to 80 R at an ion energy of 1000

eV.

Ibrahim and Bashara .[ref. 17] studied the effects of bombardment by
argon ions on the optical properties_of éilicon. .Ellipsometry measure-
ments at multiple angles of incidence were used to determine the optical
propefties of the damaged layef. The refractive index of the damaged
layer was found to be 3.91-0.22i at a wavelength of 6328 R compared to
3.90-0.02i for the silicon substrate at the same wavelength. The authors
uséd a two-layer film model to interpret the results, consisting of a
thin oxide film (4 A) with the damaged layer underneath. The substrate
was undamaged silicon. They assumed that the defect-density was small
enough that changes in psi could be related linearly to defect-density.
Using this linear relationship, they found that the defect-density was a
'nonlinear function of the bombardment energy for argon ions with ener-

gies from 150 to 400 eV.

Both Ibrahim and Bashara and Aspnes and Studna attributé the change
in the optical properties of.the ion-bombarded surfaces to ﬁhe decrease
in denéity or increase in microporosity of a damaged‘layer‘on the cry-
stal surfaces. The borosity is attributed to defects or displaced atoms
in thé damaged layer. Roughness méy also lead to the same optical pro-

perties as a damaged layer that contains defects and displaced atoms.
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2. Experimental Apparatus and Procedure

2.1. Sample Preparation

The lead films used in this study were deposited by electrochemi-
cal and evaporation methods. These methods produced films that covered
the surface uniformly. Oxygen-free copper was used as a substrate with

both methods of deposition.

The transfer of the samples to the UHV chamber was performed in a
nitrogen atmospheﬁe with a Huntington mechanical feedthrough. The
mechanical feedthrough was manipulated by a magnetic coupling. Fecllowing
the placement of the sample within the feedthrough, the feedthrough
valve was closed. The sample-transfer tube was evacuated for 30 minutes
reaching‘a pressure of 16_7 torr before the lead deposit was piaced into
the vacuum chamber. After positioning_the' sampie for AES and ellip-
sometry 1in the UHV chamber, the éhamber pressure was reduced to 10

torr.

The copper substrates were 12.7 mm in diameter. The chosen diameter
was compatible with the clearance in the UHV sample-transfer tube. The
substbates weré polished mechanically.: Copper electrodes were mounted
in a 25.4 mm dia. copper holder for poliShing. The holder reduced the
surface curvature which resulted frbm poliShing. The electrode was
sanded flat in the hélder with 600 grit emery paper on a glass plate.
Each step of the mechanical polishing involving either a change in sand-
paper grit size or polishing-paste size was preceded with a period of
ultrasonic cleaning in a LABTONE soap solution. Sanding by emery paper

was followed with 1 micron diamond paste in a lapping o0il extender on a



canvas-covered rotating surface. Final polishing was done with 0.05 um
Alumina powder in a water extender on a MICROMET MICROCLOTH felt sur-

face.

A thin-film electrochemical-cell configuration was used for elec-
trodeposition. A lead-counter electrode was placed approximately 2 mm
from, and parallel to, a copper cathode. The cell voltages were moni-
tored with an Ag/AgCl reference electrode located in a separate reser-
voir bf electrolyte which was connected to the cell by teflon 'spaghetti
tubing. The thin-cell apparatus was located within a glove Bag filled

with nitrogen.

An electrolyte consisting of 1.0M ﬁaClOu, 0.005M Pb(NQ3)2, and 10'5
M rhodamine-B chloride at a pH of 2.4 was used in the depositions. This
electrolyte remained in contact with the copper electrode for 60 minutes
before any electyolysis was performed. The 60-minute delay between addi-
tion of ﬁhe electrolyte and the electrolysis was neceésary for the
rhodamine-B dye to adsorb on the copper surface [refs. 1,2]. The elec-
trochemical deposition of lead was performed potentiostatically at =700
mV relative to a Ag/AgCl reference electrode. Films of -0.078 and -0.039
C/cm2 were deposited. These films corresponded to a compact lead depo-
sit of 738 and 369 R as based on the density of bulk lead. After deposi—
tion, the samples were rinsed quickly in distilled water with excess

water removed by compressed freon.

Vapor deposition of lead films were performed under vacuum, both in
the UHV vacuum chamber and in a VARIAN evaporator. Both depositions were
made by vaporizing high purity lead (99.999%) from a tungsten Dbasket.

The tungsten acted as both a container and as a heating element.
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The backgrounq pressure inbthe VARIAN apparatus was 10"4 torr. The
tungsten basket was 1located approximately 5 cm from the sample. To
ensure that the film would deposit evenly, the sample was rotated during
vaporization of the lead. The vabdr Aeposits weré exposéd~to atmospheric
air for approximately 10 min during the transfer from the vapor coater

to the UHV chamber.

Vapor deposits without exposure to air were made within an attach-
ment to the UHV chamber used for ion bombardment and AES (fig. 1). The
sample transfer tube was used to position the samplé underneath the
vapor depositer. The tungsten basket of the vapor depositor was located
5 cm above the sample. Vapor deposits were made in a background pfessure

of 1077 torr after a purge with nitrogen.

2.2. Vacuum Techniques

" Ion sputtering and AES are ultrahigh vécuum (UHV) techniques. A UHV
chamber with view ports for ellipsometry was used for both ion bombard-
ment and AES (fig. 2). The view ports were positioned for a 75° angle of
incidence of the 1light source used for ellipsometry. The electron gun
for AES and the ion gun for ion boﬁbardment were mounted at a 75° angle
of 1incidence but at different azimuthal positions. The electron gun and
ion gun were positioned at 30° and 60° respeétively from the plane of

incidence of the ellipsometer.

A Varian 3-KeV ion gun was used for sputter etching. Ion sputtering
was performed with argon ions at an .energy of 1100 eV in a background
pressure of 5.0 * 107 torr. The etch-rate was measured from changes in

the film thickness with the amount of sputter time. The thickness was
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in the chamber.
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determined from spectroscopic ellipsometric measurements. The ion beam
was rastered across the sample surface to obtain an even bombardment of

the surface.

The electron source for AES was a modified oscilloscope electron
gun. The oscilloscope gun filament was replaced by a Varian filament of
higher emission capabilities. Auger electron transitions from the sur-
face of the sample were induced by a 1500-eV electron beam. The electron
beam was focused to approximately 3 mm in diameter at the position of
the sample. The beam sampled a 3 mm by 12.5 mm elliptical area on the

surface.

A retarding field analyzer (RFA) was used for the determination of
the distribution of the electron current with respect to electron energy
(figs. 3,4) [refs. 18,19]. The RFA consisted of three grids and a phos-
phorus screen. The first and third grids were grounded; the second grid
was biased to a negative potential between 0 and 1500 V. The phosphorus
screen was charged to +100 V and acted as the electron collector. The
electron current collected by the phosphorus screen was amplified and

processed through a phase-sensitive detector (lock-in amplifier).

Electrostatic repulsion with the RFA was used to determine the
energy distribution of the emitted electrons. The electrons with ener-
gies higher than the voltage of the second grid were collected on the
phosphorous screen. Electrons with less energy are electrostatically
repelled. A 1000-Hz modulation was imposed on the potential of the
second grid. The second grid potential was modulated 4 V peak-to-peak
for analysis of the Auger electrons with energies less than 100 eV. A

modulation of 10 V peak-to-peak was used for Auger electron energies
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above 100 eV. The modulation of the potential of the second grid
results in the modulation of current collected by the phosphorus screen.
The first harmonic of the modulation corresponded to the current of
electrons with the same energy as the second grid. The phase-sensitive
detector, set for the second harmonic of the 1000-Hz signal, produced an
output signal corresponding to the derivative of the current of elec-
trons with an energy equal to the potential of the second grid
(dN(e)/dE). A 1.0 sec time constant was used for the phase-sensitive
detector output. Voltage ramp rates were 50 V/min for Auger electron
energies below 100 eV, and 100 V/min for Auger electron energies above
100 eV. Figure 5 shows the relationship between the electron current
collected on the grid and the first and second derivatives of that value
with respect to electron energy. An X-Y recorder recorded the output
from the phase-sensitive detector as a function of the potential of the

RFA.

2.3. Ellipsometry

Optical properties of the film covered surfaces were measured with
a spectral-scanning ellipsometer developed earlier in this laboratory
[refs. 1,20,21]. The ellipsometer used a polarizer-compensator-sample-
analyzer (PCSA) configuration of optical components (fig. 6). A brief

description of the apparatus follows.

The light source is a 75 watt high-pressure xenon lamp. The
wavelength 1is varied by rotating a continuously variable interference
filter (CVF monochromator). The CVF monochromator provides the ellipsom-
eter with a spectral range of 350 to 740 nm. The filter has a band

width ranging from 6 nm at a wavelength of 400 nm to 17 nm at a
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Fig. 5. Electron current energy distribution as collected by the
retarding field analyzer: The sample consists of an island lead
film upon a copper substrate. The retarding field voltage is

ramped at 100 V/min from 30 to 1700 V. A 12 V peak-to-peak
modulation of 1000 Hz is superimposed upon the retarding field.

The excitation energy is 1500 eV. a) Electron current collected
with energy above the retarding field potential (2nd grid potential),
b) electron current (N(e)) of the specified energy (first derivative
of fig. a), c) derivative of electron current of the specified
energy (second derivative of Fig. a).
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- SPECTRAL SCANNING, SELF-NULLING ELLIPSOMETER OPTICS

|. high pressure Xe lamp 7. electrochemical cell (or Auger)

2.rotating interference filter 8. analyzer Faraday cell

3. collimator 9. analyzer Glan-Thompson prism

4. Glan-Thompson polarizer |O. collimator

5.Faraday cell polarizer Il. spectrally "flat" detector

©. Fresnel rhomb achromatic . I2. rotary incremental digital encoder
retarder I13. spectral scanner drive motor

to pulse to bipolar dc to potentiostat to Faraday cell
counter power supply : control electronics
and modulation

amplifier
: XBL 829-11871

Fig. 6. Block diagram'of the optical components of the
spectroscopic ellipsometer with a polarizer-
compensator-analyzer (pca) configuration.
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wavelength of 720 nm. A digital encoder is connected to the rotating
filter to generate 400 pulses per revolution along with an initiatory
pulse. The monochromator scans through its spectral range twice for each
rotation. Data taken from the ellipsometer were thus recorded once with
increasing and once with decreasing wavelengths for each run. The spec-
tral scan rate was set at 30 nm/sec by the rotation speed of the filter.

A complete rotation of the interference filter took 30 sec.

Monochromatic light from the CVF is 1linearly polérized by Glan-
Thompsom prism. The azimuth of the transmitting axis of the polarized
light is obtained by the addition of the magnetically induced rotation
by the Faraday cell and the aziﬁuth setting of the Glan-Thompsom prism.
A Faraday cell and Glan-Thompsom-prism pair is used for both the polar-

izer and analyzer.

A Frenel rhomb performs achromatic quarter-wave retardation of the
linearly polarized 1light. The Frenel rhomb compensator 1is located
between the polarizer and the sample surface. The compensator uses a
three reflection design to achieve wavelength independent retardation.
The fast axis of the retarder is positioned at 45 from the plane of

incidence for all measurements.

The azimuths of the Glan-Thompsom prisms and the Frenel rhomb are
set Dby the rotation of stepping motors attached to the individual com-
ponents. The stepping motor can be controlled by commands from a com-
puter interface. The stepping motors are geared such that each step

results in a 0.02° change in the azimuth of the optical component.

The polarizer and analyzer Faraday cell currents are measured when

the reflected 1light ‘is extinguished (nulled). A feedback system using
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the photomultiplier output controls the Faraday cell currents [ref. 211].
The Faraday cells are used to apply modulations to the azimuths of the
polarizer and analyzer with a frequency of 10 kHz. The modulations of
the polarizer and analyzer are separaﬁéd by a 90° phase difference. The
corresponding modulation of the photomultiplier output 1is wused as an
error signal for control of the Faraday cell currents. A phase sensitive

detector separates the error signal from each Faraday cell.

A DIGITAL LSI-11 minicomputer was used to collect data during the
spectral . scans. Four-zone spectral scans were recorded with use of the
data collection program "4ZONE" (Appendix C). The program 4ZONE performs

three operations:

(1) Location of the Glan-Thompsom analyzer and polarizer azimuths for

a null at a -45° azimuth of the compensator.

(2) Repositioning of the analyzer, polarizer, and compensator

azimuths for the other three zones.

(3) Data collection of the analyzer and polarizer Faraday cell

currents.

A null is found manually by minimizing the photomultiplier current
and then minimizing the Faraday cell current through adjustments of the
azimuths of the élan-Thompsom prism for the analyzer and polarizer.
After locating the null, the program initiates a spectral scan. After
completing the spectral scan, the azimuths of the polarizer, compensa-
tor, and analyzer are repositioned with the stepping motors to scan in

another zone.
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The program records the polarizer, compensator, and analyzer posi-
tions for each zone. Data for each zone are collected in separate files
for later conversion to delta and psi values. The measured delta and psi

values from each zone were averaged following the completion of the’

four-zone measurements.
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3. Optical Model

A two-film optical model was used to interpret the measured optical
properties of the ion bombarded films. Both of the films were allowed to
vary in porosity. The effect of porosity on the optical properties of a
porous medium were interpreted with an effective medium model. The
outermost film was allowed to be of a pitted or 1island structure
(fig. 7). A coherent superposition model was used to interpret optical
properties of pitted or island films. Two basic combinations. of films
were used (fig. 8); (1) an lead oxide film with an underlying lead film
and (2) a pitted lead film upon an underlying lead film. In each case

the ambient medium was vacuum and the underlying substrate was copper.

The optical properties of the continuous film can be described by
an 1isotropic and hombgeneous film model [ref. 22]. If the refractive
index of the film medium is known only the thickness 1is needed to

describe film.

Three effective-medium models are available to model the optical

properties of a porous medium:
(1) Lorentz-Lorenz [refs. 24,25,26]
(2) Maxwell-Garnett [refs. 23,24,25]

(3) Bruggeman [refs. 23,24,25]
This investigation used the Bruggeman effective-medium approximation for

the apparent refractive index of the film medium.

The Bruggeman equation is a special case of a general rule for mix-

ing the dielectric properties of a multicomponent medium.
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Fig. 8. Schematic of model surfaces used for interpreting
spectroscopic ellipsometry measurements.



where

€ is the complex dielectric function of the effective medium,
Eh is the complex dielectric function of the host medium, and

éi is the complex dielectric function of the ith component.

A porous film of a single material with known refractive indices has two
terms in the summation. The two terms represent the weighted contribu-
tion of the polarizing abilities of film material and the pore material.
The dielectric function is related to the refractive index by the func-

tien,

i w42
n =ec

where n is the complex refractive index. The dielectric constant of the
host medium in the Bruggeman equation is set equal to the effective

medium dielectric constant. The Bruggeman effective medium -equations are

self-consistent over the complete range of volume fractions.

The island and pitted films optically behave the same. The optical
properties are a function of the relative portions of bare and film-
covered surface. The optical properties are not a function of whether
the bare surface or film-covered surface is continuous. The films are
defined as being islands or pits depending on whether the film-covered

or bare surface is continuous (fig. 7).

The island film is modeled with the coherent superposition model

[refs. 1,2]. Overall reflection coefficients for the island covered sur-
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face are calculated from the reflection coefficients of the bare and
film-covered surfaces. The reflection coefficients of the bare and
film-covered surfaces are weighted according to the fraction of surface

covered by each.

r.o=§

v f rv,f ¥ - ef) rv

,S
The overall reflection coefficients represent a coherent super-position

of polarization states from reflection on adjacent bare and film-covered

surface elements.

The dimensions of the islands parallel ¢to the surface must be
smaller than the transverse and longitudinal coherence length of the
ellipsometer light source: Otherwise the 1light would be incoherently
superimposed [ref. 27]. The light source used in this study had a longi-
tudinal coherence length of 16 pym and a transverse coherence length of

10 ym at 400 nm [ref. 1].

For multilayer calculations the apparent optical constants were
calculated for the layer next to the substrate and then were used as

substrate optical constants for the next layer.

The parameters of the models were optimized to fit the observed
optical properties with calculated optical properties. A univariate
search routine for the minimum sum-of-squares error between the calcu-
lated and measured values of delta and psi was used. The program WLGOGO
was developed for this purpose by J.C. Farmer [refs. 1,28]. Measured
values of delta and psi for every 25 nm between 450 and 650 nm were used
in the optimization. The A-y pairs could be considered a separate meas-

urement. The univariate search routine operated by varying each parame-
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ter a fixed increment in the direction which minimizes the error. The

sum-of-squares error, S, 1s defined by

2 2.1/2
[(Ac’i - AM,i) " (wc’i - wM’i) ]

where N is the total number of A-y pairs at the same wavelength, sub-
script ¢ 1s the value calculated by the model, and subscript m is the

2
measured value. A model variance, ¢ , can be approximated by

2
g = SMIN/df = SMIN/(ZN P)

where Smirl is the sum-of-squares error at the best fit of model parame-

ters and P is the total number of adjustable parameters. The parameter

variance SE(p), is defined by

Q

SE(p) =

o’
0
n

n|—=
o
N

where p is the parameter value. The denominator in the above equation

was approximated by

135 - 2(#) (-) " *Sun
e bpz 2(Ap)2

where delta p is the parameter search increment, S(+) is the value of S

with a positive increment of the value of p from its optimum value, and
S(-) is the value of S with a negative increment of the value of p from

its optimum value.



a7

4, Results and Discussion

4.1. Refractive Index of Copper and Lead

The spectral dependence of the refractive index was measured with
ellipsometry for both copper and lead. The measured refractive indices
were then used as parameters for numerical modeling of the optical pro-

perties of lead films following ion bombardment.

The refractive indicies were calculated based on the assumption
that the interface between the metal and vacuum was optically smooth and
that the metal was isotropic. There were no corrections for the
microroughness of the surface that may have been present due to the
preparation of the surface. Ion bombardment damage has been modeled in

literature as a porous film [refs. 16,17].

A copper surface was prepared by mechanical polishing with 0.05 um
alumina. The surface was ion bombarded with 1100 eV argon ions for 60
min. to remove copper oxide and any contaminants. The optical properties
were measured within the ultrahigh vacuum chamber. Figure 9 shows the
measured refractive indices and some reported values from literature

Lref. 29].

The optical properties of the copper surface became stable with
ﬁespect to 1ion bombardment duration following removal of the oxide
layer. In addition the optical properties were reproducible between dif-
ferent copper samples. Figure 10 shows the spectral dependence of delta

and psi for four separate copper samples after extended ion bombardment.

A lead surface was prepared by the evaporation of 99.999% lead wire

onto a polished <copper substrate 1in ultrahigh vacuum. The film was
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Fig. 9. Spectral dependence of the refractive index of bulk copper
following 60 min of 1100 eV Ar ion bombardment at a T5
angle of incidence. Literature values for clean surface
[Refs. 29,30]. a) refractive index, b) extinction
coefficient.
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copper samples following ion bombardment with 1100 eV

Ar ions. The measurements were taken at sputter times
greater than that required to reach steady optical
properties of the surface. a) delta, b) psi.
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optically opaque such that the copper substrate did not affect the meas-
ured optical properties. A 10 min session of ion bombardment was used to
clean any oxide or contaminants from the surface. The measured refrac-
tive index and some reported literature values [ref. 36] are shown in

fig. 11.

Auger electron spectroscopy of both the lead and copper surfaces
indicated the presence of oxygen and carbon. Ion bombardment eliminated
the oxygen Auger peak; the carbon Auger peak remained but at a reduced
intensity. A weak sulfur Auger peak from the copper surface was detected

after ion bombardment.

4.2. Pit Formation in Lead Films

The optical properties of an electrochemically deposited lead film
of 0.039 C/cm2 (369 A compact) were measured intermittently throughout
125 min of ion bombardment with 1100 eV Ar ions. The optical properties,
delta and psi are shown in fig. 12. The optimization routine "WLGOGO"
was used to obtain information of the structure of the.surface from the

ellipsometric measurements (Tables 2 and 3).

Initially and after 5 min of ion bombardment the surface was
modeled és a lead substrate of 20% porosity with an overlying uniform
oxide layer. The refractive index of the oxide was taken to be 2.5-0.01i,
which was approximated from literature values of PbO minerals [ref. 30].
The oxide thickness was determined to be 31 A at the beginning of the

film profiling session.
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Table 2. Optical model parameters for the ion bombardment C/em®  of a
electrochemically deposited 1lead sample of 0.039 (369 A& com-
pact). The deposit was made in the pressence of Rhodamine-b
chloride 1in a sodium perchorate supporting electrolyte. The
Optical model parameters are tabulated as a function of ion
bombardment duration of 1100 eV Ar ions. The optical model
consists of either an lead-oxide or porous-lead- island film
upon a porous lead film with a copper substrate.

‘"Film Model Parameters
Island Island Compact
Porosity Coverage Height Film Height Oxide Film

Time (%) (R) (8) (R) Height

0 20, NA NA oP 31

5 20, NA NA 0P 11

15 18 0.82 oP 110 0
25 16. 0.78 oP 77 .0
.35 19 0.74 oP 30 0
4s 19. 0.68 oP 0 0
55 20. 0.50 OP 0 0

65 20, 0.30 oP 0 0
=) 18 0.14 oP 0 0
85 19 0.08 oP 0 0

95 16:s 0.04 OP 0 0

105 23 ' 0.02 oP 0 0

115 00. 0.01 360 0 0

125 NA 0.00 0 0 0

OP -- Opaque, the model is insensitive to height since the light is at-

tinuated by the film.
NA -- Not Applicable
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Table 3. Fraction of copper substrate covered with lead as a function
of ion bombardment duration of 1100 eV Ar ions for a electro-
chemically deposited lead sample of 0.039 C/cm/cm (369 B com-
pact). The surface coverage was determined from optical
modeling of the optical properties and from Auger electron
spectroscopy.

Fraction of Surface
Covered by Lead

Ellipsometry

Time AES (Island Model)
0 1.00 . 1.00
5 1.00 T.00
15 1.00 1.00
25 h 0.98 1.00
35 1.00 ; 1.00
45 0.76 0.68
55 0. 57 0.50
65 0.4y 0.30
75 0.24 ‘ 0.14
85 0.16 0.08
95 0.16 0.04
105 0.08 0.02
115 - 0.02 0.0
125 ; 0.01 0.00

After 15, 25, and 35 min of sputtering the measured optical proper-
ties of the surface were modeled with a pitted porous film. The poros-
ity of the film was determined to be 20%. A comparison of the measured
delta and psi parameters with those calculated by the pitted porous film
model of the surface is shown in fig. 13. The measured values 'in fig.
13 corresponed to 35 min of ion bombardment. The fact that the pit depth
on the real surface follows some distribution about the average pit
depth may account for the discrepancy between the calculated and meas-

ured spectra.

Following 45 min of ion bombardment the copper substrate became

exposed as was indicated by AES and ellipsometric measurements (Table
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Fig. 11. Spectral dependence of the refractive index of vapor

deposited lead following 10 min. of 1100 eV Ar ion
bombardment. The ion beam intersected the surface

at an angle of incidence of 75. Literature values
(#) are shown for comparison from Lijenvall,
Mathewson, and Myers [Ref. 36]. a) Refractive index,
b) Extinction coefficient.
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electrochemical lead deposit from 0.039 Cch2

(340 &) intermittently through out 125 min of 1100 eV
Ar ion bombardment. The changes in the optical proper-
ties reflect the removal of oxide for the first 15 min
and the generation of pits throughout the 125 min of
sputtering. The spectral scan after 125 min of ion
bombardment is that of bare copper. The angle of
incidence of the ion beam is 75°. a) delta, b) psi.
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Fig. 13. Comparison of the measured delta and psi to the calculated
values for the 0.039 C/em® (369 R compact) lead deposit
following 35 min. of ion bombardment. The optical model
consists of a 0.T4 coverage of lead islands with an under-
lying 30 R lead film. Both the islands and continuous

film have a porosity of 0.2. The substrate is bulk copper.
a) delta, b) psi.
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2). The ellipsometric and AES mesurements indicate the increasihg cover-
age of pits with ion bombardment time between 45 and 125 min. Figure 14
is a comparison of the lead coverage of copper as calculated from ellip-
sometric and AES measurements. Following 125 min of ion bombardment,
ellipsometric measurements indicate a bare copper surface and Auger

spectroscopic measurements indicate a 1% coverage of lead.

Scanning electron microscopy was performed on the surface of an
electrochemically deposited Pb film of 0.078 C/cm2 following ion bom-
bardment with 1100 eV Ar ions. The initial thickness was calculated to
be 780 A using the bulk density of lead. The film was bombarded for 85
min before CQ was detected with AES. Oxygen was indicated in the AES of
the surface Dbéfore 1ion bombardment. Figure 15 is a scanning electron
micrograph of the surface which shows the presence of 1 um diameter
pits. There 1is no apparent orientation of the pits with the ion beam

orientation on the surface.

In an effort to determine whether electrolytic deposition of the
lead was responsible for island formation under ion bombardment, vapor
deposits made in a VARIAN evaporator were investigated. Figure 16 is a
scanning electron micrograph of a vapor deposit on copper electrode pol-
ished with 1 um diamond paste. There were no.pits present in the film

prior to ion bombardment.

A vapor deposit on a copper substrate polished with 0.05 pym diamond
paste was subjected to ion bombardment and subsequently investigated
with AES and spectroscopic ellipsometry. The lead deposit was optically
opaque to the copper surface. The optical properties of the film before

ion bombardment indicated an oxide 1layer of 35 A. Auger electron
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Fraction of the copper surface covered by lead as a function
of sputter duration for a 0.039 C/cm? (369 & compact)
electrochemical deposit of lead. The coverage is determined
with Auger electron spectroscopy and spectroscopic
ellipsometry. The ion source consisted of 1100 eV ar ions
with an angle of incidence on the sample surface of T75°.
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Fig. 15.
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Scanning electron micrograph of a electrochemical lead
deposit of 0.079 o/em? (738 2 compact ) following 65 min
of 1.1 keV Ar ion bombardment at an angle of incidence
of 750. The micrograph shows severe pitting of the
lead film. The pits are on the order of 1 um across
and penetrate into the underlying copper substrate.
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Fig. 16.

Scanning electron micrograph of a Pb vapor deposit made with
a VARTAN evaporator under a background pressure of 107 ' torr.
A 1 um polishing paste was used on the copper substrate
rather than the 0.05 um polish used on the substrate of the
ion bombarded deposits. No pits are present.
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spectroscopy also indicated the presence of oxygen before ion bombard-
ment. Ion bombardment was performed with 1100 eV Ar ions. The vapor
deposit was ion bombarded for 45 min at which point AES indicated a 67%
coverage of Pb. Interpretation of the optical properties by the island
film model indicated a 66% coverage of lead. In addition an increase in

light scattering from the surface was noticed.

Without further ion bombardment the sample was removed for scanning
electron microscopy. In transfer to the microscope the sample was
exposed to air. Figure 17 is a scanning electron micrograph of the vapor
deposit following the 45 min of ion bombardment. The presence of pits 1
um in.diameter can be seen. There is no apparent orientation of the

pits with respect to the direction of ion bombardment.

To determine the effect of a lead oxide film present in the above
lead deposits, two vacuum vapor deposits were made within the AES and
ellipsometry equipped UHV chamber. A transfer of the sample involving an
exposure to oxygen was thus avoided. Morphological changes which were
induced by ion bombardment were similar to that observed on previous
films. Figures 18 and 19 show scanning electron micrographs of the sur-
faces of a 100 R and an opaque (>300 &) vapor deposit respectively. The
thickness of the films were determined from ellipsometric measurements.
The width of pits formed in the 100 A deposit was on the order of 0.2 um

compared to the 1.0 um observed on the thicker deposits.

The possibilty of pit formation due to the presence of carbon was
investigated. The carbon species is more difficult to sputter from the
surface than lead (Table 1); thus patches of lead covered by carbon may

be protected from the bombarding ions. Should the carbon be protecting
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Scanning electron micrograph of a Pb vapor deposit after
45 min of 1 keV Ar ion bombardment. Spectroscopic
ellipsometry measurements fitted with a ccherent
superposition model of the pits indicates a 68% coverage
of the copper surface by lead of 20% porosity with a
thickness greater than 450 R. The photo shows severe
pitting similar to that in fig. 15.
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Fig. 18. Scanning electron micrograph of a vapor deposit of lead
formed in the ultrahigh vacuum chamber with a background
pressure of 10-7T torr following 10 min of 1.1 keV Ar ion
bombardment. Interpretation of the optical measurements with a
compact film model indicated an initial thickness of 100 2
before ion bombardment. No oxide was indicated. Pitting
similar to that of figs. 15 and 17 is present with pit
diameters of about 1000 A.
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Fig., 19.

XBB 8LL-2537

Scanning electron micrograph of a vapor deposit of lead
formed in the ultrahigh vacuum chamber with a background
pressure of 10~7T torr following 65 min of 1.1 keV Ar ion
bombardment. The film was thicker than 300 X and did not
have an oxide layer before ion bombardment. Pitting similar
to that in Figs. 15 and 17 are shown.
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the lead surface, it would be expected that the AES carbon peak height
would vary proportionally with the lead surface coverage. A comparison
of the carbon peak height to the island coverage is shown in fig. 20.
After 45 min the island coverage began to decrease rapidly. Initially
as the island coverage began to decrease, the carbon peak also decreased
but after 55 min of ion bombardment the carbon peak began to increase
with removal of fhe lead islands. The carbon peak reached a maximum of
twice the initial height after 85 min of ion bombardment. Following the
removal of the lead from the copper surface, the carbon peak returned to
its 1initial height. The increased carbon peak height towards the end of
the lead film removal may be attributed to rhodamine-b dye incorporated

within the lead deposit or at the copper-lead interface.
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5.. Conclusion

Thin uniform lead films on copper.are not uniformly removed by ion
bombardment. The films become pittéd following qubardmenp by low-energy
1100-eV argon ions. Pit formation does not seem to depend on the pres-
ence of an oxide layer, rather it appears to be a fesult of the sputtef-
ing process. No lead deposits on substrates other than copper were
investigated, so no comparison‘is available to ascertain whether there
is a subs;réte effect. The results of this study demonstrate the prob-
lems associated with using ion bombardment to obtain composition pro-

_files of thin films.

The measured optical properties of the ion bombarded lead films are
best explained by an island-film model. The island filmvmodel is based
on the.coherent superposition of the polarization states of reflected
light from bare and film covered surface. The agreement of predictions
of tﬁe optical model with the observed spectroscopic measurements con-
firms the appropriateness of using c¢oherent super-position to model

island-film surfaces.
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6. APPENDIX A. Auger Electron Spectroscopy

Auger eléctron spectroscopy (AES) is a surface analysis - technique
fér determining the composition of a surfécé. Due to the short escape
depth of the Auger electron emissions, AES has a depth resclution of 20
to 30 A. Figure 21 shows_the'universal escape depth curve for-electrons
 [ref. 31]. Auger electron emissions are stimulated by either electron or
X-ray sources of 1 to 10 keV. Bombardment of the surface with electrons
or X-rays of sufficient energy will- cause core electrons to be ejected
creating singly-ionized, excited atoms. The excited state atom can
relax to the ground state through the transition of an electron from a
.higher energy level to thé core vacancy (fig. 22). The energy released
during the transition can be transmitted to another electron 1in the
atom, and 1if this electron then contains more energy than its biﬁding
energy, it will bé releaéed. The emitted "Auger" electron . contains the
energy difference between higher energy level and the sum of the core
level, and the level of origin of the Auger electron. The most pro-
nounced Auger' eleétron emissions involve KLL, LMM, MNN, NOO, MMM, and
000 transitions. Auger spectra for most elements can be found in litera-
ture [ref. 32]. The MMM emission for Cu and the NOO emission for Pb were
used for determination of surface coverage of the elements in this
investigation [ref. 33]. 'The notation KLL corresponds to a K core level
vacancy filled by a higher energy L level electron. énd the resulting
Augér emission of another L level electron. Auger electron spectroscopy
has the ability to detect all elements of higher atomic number than

helium.
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Fig. 21. Universal escape depth curve for electrons [Ref. 31].
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Fig. 22. Schematic of a KLL Auger electron emission.
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The surface coverage of islands was calculated from AES measure-
ments.AIt was éssumed that the island height was greater than the escape
depth of Auger emissions of the copper and lead atoms. With this assump-
tion the measured Auger emissions were a superposition of emissions from
the lead surface and copper surface. The surface coverage was calculated
from the relative intensities of the measured Auger peaks weighted by a

relative sensitivity factor.

pp(Pb) *sens(Pb)

8(Pb) = S 5(Pb)¥sens(Pb) + pplcu)¥sens(Cu)

Where 6(Pb) is the fraction of copper covered by 1lead, pp(Pb) 1is the
measured peak-to-peak height of the leaa Auger emission, pp(Cu) is the
peak-to-peak height of the copper Auger emission, sens(Pb) is the sensi-
tivity of the lead Auger emission, and sens(Cu) is the sepsitivity of
"the copper Auger emission. The peak-to-peak heights measured from a
copper surface énd a lead surface under the same dperating conditions

were used for the sensitivity factors.
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7. APPENDIX B. Ellipsometry

Ellipso@etry can bé uéed to measure the change in polarization of
light. .The changes in polarization occur from the interaction of the
light witﬁ'a reflecting éurface. The polarization after a reflection 1is
a fﬁnctidn of the initial light pplarization, light wavelength, and sub-
strate opﬁicai prbperties, With khowledge of the 1initial polarization
and wavelength, Eesults of ellipsometric‘meaSUfements can be interpreted
to-determine the optical.properties of the reflecting surface. Composi-
tional and/br”morphological information can be obtained from the optical.
properties. A detailed’discussion of the theoretical aspects of ellip-
sometry cah be found iﬁ literature [refs. 22,34]. Following is a general
discussion-of the nomenclature and some optical models. Light as an
electromaénetic wave can be described in terms of the orientation of the
electric vector. One can decompose the electric wave into two orthogonal
components. The two orthogonal components can be characterized by a
relative phase relationship and a vrelative amplitude. The plane of
incidence':formed by the incident ahd reflected light path serves as a
plane of reférence. Linearly polarized light with 1its electric vector
parallel to _the plane - of incidence is commonly termed "p" polarized.
Linearly polarized light pérpendicular to the plane of incidence {is
defined as "s'" polarized light (fig. 23). The relative phase change and
the Eelative amplitude change between the p and s components due to
reflection can be described by the parameters delta and psi.. Delta is
defined by the difference between the relative phase of P and S com-
ponents of the incident light and the relative phase of the reflected

light. ¢ is defined by
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Plone of incidence

XBL719-4288

Fig. 23. TElectric wave component of an electromagnetic wave decomposed
: into two orthogonal components s and p. i : )
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iE |
-I—E—I— = t}amp
‘where |E"| is the reflected amplitude and |E| is the incident amplitude
of - the electric wave. A:-and'v are parameters commonly reported from

ellipsometric measurements.

The ellipsometef arrangement used heré is the poiarizer-
'compensator—sample-anéiyzer (PCA or PCSA) (fig. 6) [refs. 22,34]. The
PCSA arrangement is 3 §ull ellipsometer. The compensatoﬁ’ produces- a
7 quarteri wave phase éhaﬁge beﬁween its fast and slow axes. The compensa-

1tor is positioned with the fast axis orientated at +45° from the plane
_ of incidence. The polarizeﬁ 1igh£:becomes elliptically polarized with a
phase difference between.fhe p and s components. The p and s amplitudes
become equal. At the proper orientation‘of thé polarizer, the phase
difference between the:p and s component is such that upon refiection
from the sample surface, the light is-linearly polarized. The linearly
boiariied reflected light can be extinguished by plaeing the analyzer at
a perpendicular azimuth tg the light. The reflected linear polarized
light has en orientation determined.from the change in relative ampli-
tude of the P and S comeonents. The effective azimuth of the polarizer
is relafed to delta ;nd the effective‘azimuth Qf the analyzer is related

to psi, Table 4 [ref. 22].
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Table 4. Derivation of psi and delta from azimuths of the polarizer,
quarter wave retarder, and analyzer [(ref. 22]. '

Range of Range of
‘Polarizer Compensator Analyzer
" Transmission Fast Axis Transmission

Zone Azimuth p Azimuth q Azimuth a /] A
A-1 0-45 : 45 90-180 180-a . 90-2p
A-2 45-90 : 135 90-180 180-a 2p-90
A-3 - 90-135 45, 0-90 a 270-2p
A-4 : 135-180 135 0-90 a 2p-270
B-1 - 0-45 135 0-90 a 90 +2p
B-2 45-90 : 45 0-90 a 270-2p
. B-3 : 90-135 135 90-180 . 180-a 2p-90
B-4 -~ 135-180 45 90-180 180-a 450-2p
C-1 0-45 ' 45 0-90 a 270-2p
Cc-2 45-90 ' 135 0-90 a 90 +2p
c-3 90-135 45 ' 90-180 180-a 450 -2p
C-4 135-180 135 90-180 180-a 2p-90
D-1 0-45 135 90-180 180-a 270+2p
D-2 « 45-90 45 90-180 180-a 450-2p
D-3 © 80-135 135 0-90 a ~ 90+2p
D-4

135-180 ' . b5 0-90 a -630-2p




56

8. APPENDIX C. Program 4ZONE -

The program "MZdNE" has been de&eloped to pebform four separate
spectral scans at the four different zones in which the measutements
lie. The program 1is a modificﬁion of the data coliection program-
"SEV002" written by J.C. Farmer [ref. 28]. Spectral data are stored in'
four files with the manu;lly adjusted poiariier, anélyzer,'and compensa-
tor azimuths and general information pertaining to the series of_scans.
This program records the Faraday cell current and the monochromator
position. Monochromator position is determined from the number of
pulses following an index pulse of a encodér attached to the monochroma-
to} shaft. Analog to digital conversioﬁs occur at the maximum possiblé
épeed and are averaged over the entire duration between‘the monochroma-
tor encoder pulses. The 1interference filter.rotates twice during the
spectral scan of each zone. One rotation is used to move the polariier,
compensator, ‘and anélyzer to ‘the proper positions for the zone to be
scanned, the second rotation is used for the data collection within the
zone. Computer éontrolled stepping motors adjust the azimuths of the
compensator, analyzer, and polarizer to positions in the new-zone‘ which
correspond to the initial null position found at the beginning of the
program. The following equations relate the positiohs of. polarizer, com-

pensator, and analyzer for each zone to the original null position.
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ZONE 1.

Initiai null position found by a subroutine of 4ZONE which minimizes the
photomultipiier current and then ﬁinimizes thé Faraday cell currént. The
polari;er and analyzer are positioned with stepping motors under control
of the3runhing program. The compensator is located at an azimuth of 135.
p(1).=.p(null)
(1) = 45 "

a(1) = a(null)
ZONE 2

p(2) = p(null) + 90°

c(2) =‘N5°

a(2) = - a(null)
ZONE 3

p(3) = - p(null)
c(3) =135°

a(3) = - a(null)
ZONE U

p(4) = 90° - p(null)
c(4) = 135°

a(4) = a(null)

The following is a demonstration of the computer prompts and operator

response for a four zone data acquisition session.
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Y 4z0NE>

DO YOU WANT TO REVIEW ENCODER WAVELENCH"I'.CALIBRATION PARAMETERS »(Y./N)®
INSERT DATA STORAGE DISK, THEN 'RETURN'.

DO YOU WANT TO ADJUST THE SCAN RATE(Y/N)2(X)

STEADY SCAN RATE ESTABLISHED. SCAN RATE -@3D

IS SETUP INFO TO BE (A)ENTERED FROM KEYBOARD OF (B)READ FROM OLD DATA FILEN(A)
LAMP PARAMETERS: '

TYPE(A2/XE,ETC.) =(XE
SERIAL 'NO. (A18) =<TA7-20>

LAMP VOLTAGE(I3/VOLTS) =
LAMP CURRENT(I12/AMPS) =
PHOTOMULTIPLIER PARAMETERS:

MODEL(A20) =(HAMAMATSU R928)
DYNODE VOLTAGE(14/VOLTS) =Q100)

FARADAY CELL CONTROLLER PARAMETERS:

POLARIZER CHANNEL

PHASE(13/POT SETTING) =20
GAIN(I3/POT SETTING) = @
AMPLITUDE(I3/POT SETTING) =(300)
TIME CONSTANT(I3/MILLISECONDS) =0

ANALYZER CHANNEL
PHASE(13/POT SETTING) =(968)
GAIN(12/POT SETTING) =

TIME CONSTANT(I13/MILLISECONDS) =C0D
GALVANOMETER AMPLIFIER PARAMETERS:

POLARIZER CHANNEL

GAIN(15) =Q O

TIME CONSTANT(15/MILLISECONDS) =(1)

ANALYZER CHANNEL -
GAIN(15) =0
TIME CONSTANT (15/MILLISECONDS) =(1)

NAME (A40) =(HIKE ARMSTRONG)

DATE(12-A3-12/DAY-MONTH-YEAR) =CQ4-JUN-84

LAMP OPERATIONAL LIFE(IS/HOURS) =(488)

EXPERIMENT IDENTIFICATION(A4Q0) =(DEMONSTRATION
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INITIAL POSITIONS
POL = 90.00

ANA 90.00

CMP = 0.00

ANY CHANGES2()

ANALOG/DIGITAL CONVERTOR PRESET PARAMETERS:
POL. INPUT CH. = O
ANA. INPUT CR. = 1
ADC GAIN =3

DO YOU WANT TO CHANGE THESE(Y/N) X )

HOW MANY SPECTRAL SCANS ARE TO BE AVERAGED(15)2()
BASE FILE NAME TO BE USED(A4) ?(DEMO)

Set monochromator to prefered wavelenght.

Make sure all necessary instruménts are on and

the F. C. controller in closed circut.

Hit return key when ready.

1S SETUP INFORMATION TO BE OUTPUT (A)TO CRT, (B)TO PRINTER, OR (C)NOT AT aLL?(A

ENTER 'G' AND 'RETURN' FOR SPECTRA COLLECTION.(G)

SPECTRA BEING COLLECTED.......o0uu.n
EACH POINT AN AVERAGE OF: 205. CHANNEL SCANS
EACE POINT AN AVERAGE OF: 200. CHANNEL SCANS
EACH POINT AN AVERAGE OF: 205. CHANNEL SCANS

EACH POINT AN AVERAGE OF: 200. CHANNEL SCANS
PAUSE — HIT RETURN AFTER OPENING CONTROL LOOP

DO YOU WANT TO PLOT SPECTRA(Y/N)X3)
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RANGES OF DATA TO BE PLOTTED:

MAXIMUM WAVELENGHT (ANGSTROMS) <=

MINIMUM

MAXIMUM POLARIZER CURRENT
MINIMUM

MAXIMUM ANALYZER CURRENT
MINIMUM -

DO YOU WANT TO CHANGE THEASE(Y/N)?Q)

7371
3507
0.000

'-1780.000

450.000 .
-1234.000

PLOTTING MENU FOR REFRACTIVE INDEX DATA:

(69
(2)
3
()
(&)

YOUR CHOICE(1,2,3,4,0R 5)2(3)

HOW MANY SCALE DIVISIONS DO YOU WANT FOR THE,x—COORDINAT£(12)7(::)

HOW MANY SCALE DIVISIONS DO YOU WANT FOR THE Y-COORDINATE(12)?(3D

1S THE GRAPH TO BE LABELED(Y/N) 23D

POLARIZER CURRENT(ADCU,Y~AX1S) VS ENCODER COUNT(X-AXIS)
ANALYZER CURRENT (ADCU,Y-AXIS) VS ENCODER COUNT(X-AX1S)
POLARIZER CURRENT(ADCU,Y-AX1S) VS WAVELENGHT(X AXIS)
ANALYZER CURRENT(ADCU,Y-AX1S) VS WAVELENGHT(X-AXIS)
ANALYZER CURRENT(Y-AX1S) VS POLARIZER CURRENT(X-AXIS)

POLARIZER CURRENT (ADCU,Y-AX1H

MIKE ARMSTRONG

VS WAVELENGHT(X-AX1S)

DEMONSTRATION
. ORIGIN: ‘X = 3507.000 Y = -1780.000
SCRLE: X = 1932.000 Y =  593.333
-g\\\-‘&&
- bl i 0--5.\
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E ANY ADDITIONAL PLOTS WANTED(Y/N)?(N)
ANY NUMERIC OUTPUT DESIRED(Y/N)?(¥)
THE PROGRAM TO BE EXECUTED AGAIN(Y/N)?(R)

Oop —-
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"HOGRAM Z4ZONE
(30K 4K KK KK K 3 K R K K K K KK Kk K K K KKK K ROk 30K KKK 3K K K K K K K KKK RO KKK KK KKK KK R KK KK KK Ok KOk kKX
C OBJECTIVE: TO COORDINATE THE ACTUAL DATA ACQUISITION DURING AN
C ELLIPSOMETRIC SPECTRAL SCAN WITH OPERATOR REVIEW OF
THE RAW DATA. THIS 1S THE MAIN DATA COLLECTION
ROUTINE. - PERFOHMS A 4 ZONKE SPECTHAL SCAN WITH FKACH
ZONE SPECTRAL DATA RECORDED IN SEPERATE FILES.

C
C
C
¢ )
C PROGRAM WRITTEN BY JOSEPH C. FARMER [N SPRING 1981 LBL-MMRD
C MODIFIED FROM SEV002 BY MICHAEL ARMSTRONG MAY 1983
¢
CHRFRRREERKIR KRR KRR KRR R KRR KRR KRR KRR KKK KKK KRR KKK IR KK KRR KK KRR KKKk
COMMON/A/NAVG(400),POL(400),ANA(40Q:
COMMON/B/NRATE,NSCAN, 1POL, TANA
COMMON/E/NAMEOP(20),1ID(20)
COMMON/F/LMPTYP, LMPSER(10), LMPVLT, LMPAMP
COMMON/G/IPMTYP{10), IPMTDV
COMMON/H/ IPHASE, [PHASA, [GAINP, [GAINA, LAMPLP, IAMPLA, ITIMEP, ITIMEA
COMMON/1/1GAGP, 1GAGA, IGATP, IGATA
COMMON/J/NWL,NPOL,NCMPP,NANA
‘COMMON/K/IHRSO, [MINO, ISECO,ITICO, [HRSF, IMINF,ISECF,ITICF
COMMON/L/IDAY, IMON(4), IYRS, LMPHRS
COMMON/M/IWAVE (400
COMMON/N/ICHAN, IBLOCK, IFLAG, [BUFF(256)
COMMON/O/NPASS
COMMON/STATUS/ ISTAT(16G)
COMMON/TITLE/NTITLE(5,30),NWORD(2,21}
COMMON/MODE /MODEQO,MODE |, FACTOR
COMMON/MOVER/1AMOV, 1.IMOV
COMMON/OP,/FLLENM(4)
NPASS=1 ’ .
Cxxx%xTHE ENCODER COUNT [S CONVERTED TO WAVELENGTH. & kKX kk £k Kk kXK X KK KKK
CALL WLCALC
CrxxxxTHE GRAPHICS TITLES ARE READ FROM "DY1:TLTLE.DAT™  kkkdokxkkkk ek k¥ X
MODEQO=1" :
CALL TITLE
TYPE 10
10 FORMAT(/,’$ INSERT 0ATA STORAGE DISK, THEN "RETURN".’:
ACCEPT 20,NWAIT.
20 FORMAT(AL)
CxxxxXxTHE FOURTH CHANNEL OF THE ADAC MODEL 1604/0P1 COUNTER CARD [S§ *%x

C READ AT VARIOUS TIMES TO ASSURE THAT THE RATE OF ROTATION OF
Cc THE FILTER DUISC({SPKCTRAL SCANNLING HATE) (8 CONSTANT. PROGRAM
C EXECUTION IS DELAYED UNTIL A SPECIFIED STABILITY CRITERIA IS
C MET. CHANNEL 4 OF TTH1S COUNTER CARD 1S WIRE WRAPPED TO

c OPERATE IN THE FREQUENCY MODE: THE FREQUENCY OF THE ENCODER

CHxx*x¥xGENERATED PULSES 1S MEASURED BY THIS CHANNEL. XXRKRXKKXX XXX KX KKK KK
30 CALL RATE : :
NSAVE:NHATE : ’
CxxxxxSETUP INFORMATION [S ELUCHER READ FROM A PREVIOUS EXPHERIMENTAL %%x%x
C DATA FILE OR INPUT FROM THE VT55 KEYBOARD BY THE OPERATOK,
C DEPEND ING UPON THE OPERATOR’S RESPONSE AT THIS POINT.
100 TYPE 110
110 FORMAT(/,’% IS SETUP (NFO TO BE (AJENTERED FROM KEYBOARD
C OR (B)READ FROM OLD DATA FILE? ' o .
ACCEPT 20, 1K1
IF(IF1.NE.LHA.AND. LFL.NE. LHRYGOTO 100
[F(IF]1.NE.lHAYGOTO 120 . :
CxkxxxTHIS SUBROUTINE ALLOWS THE OPERATOR TO INPUT THE SETUP *¥kkxkkkkx
C INFORMATION FROM THE KEYBOARD. . ’
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CALL NEWSET
GOTO 130
120 CONTINUE
Cx*xxxTHLS SUBROUTINE ACCESSES AN OLD DATA FUILE SPECIFLIED BY THE *XX*xxxX
¢ OPERATOR TO REASSIGN OLD SETHUP VALUES TO THE CURKENT
C EXPERIMENT.
CALL INPUT
NRATE=NSAVE
130 CONTINUE
Cxxx¥xXxSOME PARAMETERS MUST BE ENTERED FROM THE KEYBOARD SINCE XXx¥xkxkxx

C THEY WILI PROBABLY BE CHANGED FROM ONE SPECTRAL SCAN TO
C ANOTHER(FOR EXAMPLE MANUAL AZIMUTH SETTINGS). SUBROUTINE
C "RESET" ALLOWS FOR THIS.

CALL RESET
NMV={(-NCMP} /2l
TAMOV: 67
1LIJMOV=NMYV
CALL MOVE
NMV=0
LAMOV =67
[JMOV= 2250
CALIL MOVE
NCMP=13500
TYPE 9921 . :

9921 FORMAT (' $ RASE F
ACCEPT 99Z2,FILENM(
FILENM(1})-7DYL0”’

LE NAME TO BE USEDb{A4) 7 '

1
29

a9 FORMAT ( A4 ; )
Cxxx*¥xThe analyser and polariser are mechanically rotated to  k¥kkkkkxx
[N get a null with the step molor controller

CALL NULL{JPCNT,JACNT,J123
NANA=NANA+JACNT*100
NPOL:NPOL+JPCNT%100
D TYPE *,NANA,NPOL
. IF(NPOL. LT.0}NPOL: 18000 NPOL
Ct*xx*THE OPERATOR CAN SPECIFY THE TYPE OF OUTPUT DESIRED FOR XXXX¥Xx%kx
c THE SKTUP INFORMATION.
200 TYPE 210
210 FORMAT(/,’$ 1S SETUP LINFORMATION TO HRE OUTPUT (A)TO CRT,
C (B)TO PRINTER, OR (C)NOT AT ALL? ')
ACCEPT 20, [F2 ' ,
IF(1F2.NE. IHA.AND. IF2.NE. LHR.AND. IF2.NE. LHC)GOTO 200
I[F(IF2.EQ.1HC)GOTO 230
[F(IFZ.NE. LHAYGOTO 220 ‘
CRXXXXSETUP INFORMATION [S DISPLAYED ON THE CRT. ¥ % KRRk £ 5008 KKK kKK KKK KX
CALL TLINFO
GOTO 230
220 CONTINUE
Cx*XxXSETUP INFORMATION 1S SENT TO THE LINE PRINTER. %&¥50K% % 8K K 40K K KKK KX
CALL PLINFO
230 CONTINUE
400 TYPE 410
410 FORMAT(/,'$ ENTER "G" AND "RETUKN" FOR SPECTRA COLLECTION. )
ACCEPT 20, [F3
LF({LF3.NE. lHG)GOTO 400
TYPE 411l
411 FORMAT(/,’ SPECTRA BEING COLLECTED........... "y
FILENM(3)='0001"
CALL EDATA
CALL OUTPUT
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[PMV: {NPOL- 90003 /1ABS(NPOL-9000)%(-4500)
IAMV=9000--NANA : :
NPOL=NPOL+I1PMV*2
NANA=NANA+LAMVXZ
1JMOV= 1PMV
IAMOV =80
CALL MOVE
1JMOV = 1AMV
TAMOV+- 65
CALL MOVE
FILENM(3)='0002"
CALL EDATA
CALL OoUTPUT
IAMOV =67
1JMOV:4500
CALL MOVE
NCMP: 4500
IF(NPOL.GT.9000) 1PMV: 13500 NPOL
[F(NPOL.LE.9000)IPMV-4500-NPOL
NPOL=NPOL' IPMV*2
LAMOV =80
1JMOV: [PMV
CALL MOVE
FILENM:3)-"0003%"
CALL EDATA
CALL OUTPUT
IPMV - (NPOL- 9000)/ LABS(NPOL 9000)*(- 90) %50
TAMV :9000-NANA
NPOL- NPOL+ 1PMV %2
NANA=NANA+1AMVXZ
LIMOV - IPMV
LAMOV=80
CALL MOVE
1JMOV = [ AMY
TAMOV 65
CALL MOVE
FILENM(3):°0004"
CALL EDATA
CALL ouTPUT :
PAUSE 'HIT RETUKRN AFTER OPENING CONTROIl LOOP’
[JMOV= 2250 :
[AMOV: 67
CALL MOVE
LPMV- 19000 NPOL},/2
IAMV - (9000 -NANA) /2
LIMOV= 1PMV
IAMOV =80
CALL MOVE
IJMOV= 1AMV
LAMOV - 65
CALL MOVE o
CHxxxxTHE REQUIRED DATA ACQUISITION TIME FOR THE SPECTRAL SCAN IS x%xx*x
C EITHER DISPLAYED ON THE CRT OR OUTPUT ON THE LINE PRINTER.

TF(UIF2.EQ. LHC)YGOTO 630

IF(IF2.NE.LHA)GOTO 620

CALL TITIME

GOTO 630

520 CONTINUE
CALL PLITIME
630 CONTINUE



Cxxxxx[F DESIRED,
C

THE SPECTRAL

700
710

TYPE 710
FORMAT(/,’
ACCEPT 20,IF4
1F(IF4.NE.1HY.-AND. 1¥F4.NE
IF(IF4.EQ.1HN)GOTO 720
CALL PLOT

720 CONTINUE

CxxxxxDEPENDING ON THE OPERATOR’

CNAVG(12),POL(I2),ANA(12)
FORMAT(2(5X, 15,
PRINT 935
FORMAT(// /77777
CONTINUE
IF{1FG6.NE.1HC)GOTO
CALL TLINFO
CALL TI1TIME
CONTINUE
LF(IF6E.NE.THD)GOTO 960
CALL T1INFO
CALL TITIME
TYPE 951
FORMAT(//,5X,

933
934
935
340
950

951 >RAW

SCAN
TERMINAL IN GRAPHICAL FORM.

2X,15,2X,15,

DATA FROM SPECTRAL

65

LS DISPLAYED ON THE VTH5 ¥¥kkkkkkkx

$ DO YOU WANT TO PLOT SPECTRA(Y/N)? '}

.1HN)GOTO 700

S RESPONSE, VARIOUS COMBINATIONS *kxxkxxxx

c OF NUMERICAL OUTPUT CAN BE GENERATED(EITHER CRT DISPLAY OR
c HARDCOPY FROM THE LINE PRINTER.
820  TYPE 890 _
890 FORMAT(/,’$ 1S ANY NUMERIC OUTPUT DESTRED{(Y/N)7” ’)
ACCEPT 20,I[F6
IF(1F6.NE.1HY.AND.IF6.NE. IHN)GOTO 820
IF(IF6.EQ. IHN)GOTO 960
900 TYPE 910
910 FORMAT(/,5X,’NUMERIC OUTPUT MENU:’
c /,10X,’ (A)HARDCOPY OF SETUP INFO. ONLY’,
c /,10X,” (B)HARDCOPY OF SETUP INFO. AND PLOTTED DATA PTS.’
c /,10X,’ (C)CRT DISPLAY OF SETUF I[NFO. ONLY’,
C /. 10X, i{D)CRT DISPLAY OF SKTUP INFO. AND PLOTTED DATA
C PTS.', /,10X,’(E)NONE OF THE ABOVE’)
' TYPE 920
920 FORMAT(/,’$ YOUR CHOICE IS: ')
ACCEPT 20,1F6
(F(1F6.NE.1HA.AND. [F6.NE. 1HR.AND. [F6.NE. LHC.AND. 1¥6.NE. LHD
C.AND.IF6.NE.1HE)GOTO 900
[F(1F6.EQ.1HE)GOTO 960
[F(LF6.NE. lHA)GOTO 930
CALL P1INFO
CALL PITIME
930 CONTINUE
[F(1F6.NE.HB)GOTO 940
CALL P1INFO
CALL PITIME
DO 934 [PAGE-1,4
PRINT 931, [PAGE
931 FORMAT(///,5X, DATA(ADCU) FROM POLARIZER AND ANALYZER CHANNELS
C AS A FUNCTION OF WAthENGTH(ANGSTROM%) .PAGE ’,I1:
¢ //7.2(5X, " INDEX",5X, *WL’ ,4X, " NAVG®,7X, ' POL’,7X, " ANA’ 1)
DO 932 1:1,50 :
11=(IPAGE- 1) %100+ 1|
12-11+50
932 PRINT 933, 11, IWAVE(L1),NAVG(I1),POLOTL), ANACITLY, [2, IWAVE(12)

IX,FT7.0,3X,F7.0))

SCAN' ,, /7



952
953

960
CXXkX

1000
1010

CXXXxX

C
Cc
C
C
C
C
Cc
C
C
C
CXXXx

10
20

30

40
50
60

70

80
85

90

CXx%xx
C
(o4
Ckxxx

10

66

DO 952 I=1,400

TYPE 953,1,IWAVE(I),NAVG(I),POL(I),ANA(I)

FORMAT(5X,’I = *,I3,5X,’WL = ',15,5X,’NAVG = ',13,5X,’POL = 7,
CF7.0,5X,’ANA = ’,F7.0)

CONTINUE
*THE OPERATOR HAS THE OPTION OF REPEATING PROGRAM EXECUTION. XXXxXx%x

TYPE 1010

FORMAT(/,’$ IS THE PROGRAM TO BE EXECUTED AGAIN(Y/N)? ’)
ACCEPT 20,1F7

IF(IF7.NE.1HY.AND.IF7.NE.1HN)GOTO 1000

NPASS=NPASS+1

IF(IF7.FQ.1HY)GOTO 30

STOP

END

SUBROUTINE RATE
2222202222220t 2222222222332 3232222222323
OBJECTIVE: MAKE TWO "AVERAGED" DETERMINATIONS OF THE ROTATION
RATE OF THE FILTER DISK(SPECTRAL SCAN RATE) VIA
CHANNEL 4 OF THE ADAC 1604/0PI COUNTER CARD WHICH
IS WIRE WRAPPED IN THE FREQUENCY MODE. THESE TWO
RATES .OF ROTATION ARE MADE AT A TIME 'INTERVAL
DETERMINED BY THE SUBROUTINE "DELAY" (15 SECONDS).
IF THE TWO RATES ARE IDENTICAL, THE SCAN RATE IS’
DETERMINED TO BE STABLE(FREE OF "CHATTER", ETC.)
AND PROGRAM CONTROL IS RETURNED TO THE MAIN
PROGRAM "SEVOO1l".
***********#******#*******t*************#*************************
COMMON/B/NRATE,NSCAN, IPOL, IANA
TYPE 20
FORMAT(/,’$ DO YOU WANT TO ADJUST THE SCAN RATF(Y/N)7 )
ACCEPT 30,MRATE
FORMAT (Al)
IF(MRATE.NE.1HY.AND .MRATE.NE.1HN)GOTO 10
IF(MRATE.NE.1HY)GOTO 85
TYPE 40
FORMAT(/,’'$ ADJUST THE SPECTRAL SCANNER SPEED, THEN "RETURN".’)
ACCEPT 50, IWAIT
FORMAT (AL)
ISUMO0=0
po 70 1=1,3
ISUMO=ISUMO+IPEEK("164406)
CALL DELAY
ISUM1=0
po 80 1-1,3
ISUM1=1SUM1+IPEEK("164406)
IF(1ISUMO.NE.ISUM1)GO TO 60
NRATE=IPEEK("164406)
TYPE S0, NRATE
FORMAT(/,' STEADY SCAN RATE ESTABLISHED. SCAN RATE = ',I5)
RETURN
END

SUBROUTINE DELAY
******************************************************************
OBJECTIVE: TO GENERATE A 15 SECOND TIME DELAY FOR SUBROUTINE
"RATE".
L2 S 2222 st bR 2222222332232 22 322222 2]
INTEGER*4 ITIME
CALL GTIM(ITIME)
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CALL CVTTIM(ITIME, IHRS, IMIN, ISEC,ITIC)
ISECO=ISEC

IF(ISEC0.GT.44)GOTO 10

CALL GTIM(ITIME)

CALL CVTTIM(ITIME, IHRS, IMIN, ISEC,ITIC)
ISECF=ISEC

IF(ISECF.EQ. ISEC0+15)RETURN

GOTO 20

END
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SUBROUTINE MOVE _
COMMON/MOVER/ IAMOV, IJMOV
I=1JMOV

IDIR=0-

IF(IAMOV.EQ.65)GOTO 30
IF(IAMOV.EQ.80)GOTO 40
IF(IAMOV.EQ.67)GOTO 50
IF(I.LT.0)IDIR=2048

1=1ABS(I)
IF(IPEEK("164502).GT.0)GOTO 32
IF(I.GT.2047)GOTO 31

I=I+IDIR

CALL IPOKE("164502,1)
IF(IPEEK("164502).GT.0)GOTO 33
GOTO 10

[=1-2047

IT=2047+IDIR

CALL IPOKE("164502,IT)

GOTO 32

IF(I.GT.0)IDIR=2048

I=IABS(I)
IF(IPEEK("164506).GT.0) GOTO 42
IF(I.GT.2047)GOTO 41

I=I+IDIR

CALL IPOKE("164506,1I)
IF(IPEEK("164506).GT.0) GOTO 43
GOTO 10

1=1-2047

IT=IDIR+2047

CALL IPOKE("164506,IT)

GOTO 42

IF(I.LT.0)IDIR=2048

I=IABS(I)
IF(IPEEK("164504).GT.0)GOTO 52
IF(I.GT.2047)GOTO 51 '
I=I+IDIR

CALL IPOKE("164504,1) :
IF(IPEEK("164504).GT.0)GOTO 53

" GOTO 10

1=-1-2047

IT=IDIR+2047

CALL IPOKE("164504,IT) -
GOTO 52

RETURN

FORMAT(Al,15)
FORMAT(T10,A1,2X,I5) '
END
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SUBROUTINE INPUT

C**************************************************#*******************

C
C
C

OBJECTIVE: TO READ THE SETUP INFORMATION AND SPECTRAL SCAN DATA
FROM ANY FLOPPY DISK FILE SPECIFIED BY THE OPERATOR
AND CREATED BY SUBROUTINE "OUTPUT".

C R 30K K KKK 0K KK K K KK KK R 30K 0K K K K KKK KKK K KK KKK 0K KK KK K KKK KK KKK KKK KRk K kK kK kK kK

10

30

COMMON/A/NAVG(400),POL(400),ANA(400)
COMMON/B/NRATE, NSCAN, IPOL, 1ANA
COMMON/E/NAMEOP (20) , ID (20)

COMMON/F/LMPTYP, LAPSER(10) , LAPVLT, LMPAMP
COMMON/G/ LPMTYP(10), IPMTDV .
COMMON/H/IPHASF, IPHASA, IGAINP, IGAINA, TAMPLP, IAMPLA, ITIMEP, ITIMEA
COMMON/1/I1GAGP, IGAGA, IGATP, IGATA
COMMON/J/NWL,NPOL, NCMP, NANA

COMMON/K/ THRSO, IMINO, ISECO, ITICO, IHRSF, IMINF, ISECF, ITICF.
COMMON/L/IDAY, IMON(3) , IYRS, LMPHRS
COMMON/M/ IWAVE (400)

COMMON/N/ICHAN, IBLOCK, IFLAG, IBUFF (266)
REAL*4 BDLK(2), NAME(ZO)

IBLOCK=0

TYPE 100

FORMAT(/,’$ NAME OF SPECTRA FILE TO BE RETRIEVED = °)
ACCEPT 200, (NAME(I),1=1,3)

FORMAT(3A4)

N=IRAD50 (12, NAME, BDLK)

ICHAN=1GETC ()

IF(ICHAN.LT.0)STOP 'CANNOT ALLOCATE CHANNEL’
IF(IFETCH(ICHAN).LT.0)STOP *FETCH FAIL’
1F(LOOKUP( ICHAN,BDLK).LT.0)STOP ’BAD LOOKUP'
DO 10 I=1,256

IBUFF(T1)=0

CALL READ

DO 20 I=1,20

NAMEOP(I)=IBUFF(I)

ID(1)=1BUFF(20+1)

LMPTYP=IBUFF(41)

po 30 1=1,9

LMPSER(I)=IBUFF(41+1)

LMPVLT= IBUFF(51)

LMPAMP=IBUFF(52)

1PHASP= IBUFF (54)

IGAINP=IBUFF(55)

IAMPLP=IBUFF (56)

ITIMEP=IBUFF(57)

IPHASA= IBUFF(58)

IGAINA=IBUFF(59)

IAMPLA=1BUFF (60)

ITIMEA=IBUFF(61)

IGAGP =IBUFF(62)

IGATP =IBUFF(63)

IGAGA =IBUFF(64)

"IGATA =IBUFF(65)

* NRATE =IBUFF(66)
. NSCAN. =IBUFF(67)

1POL “=IBUFF(68)
IANA =IBUFF(69)
NWL =IBUFF(70)
NPOL =IBUFF(71)
NCMP  =1BUFF(72)

~ NANA  =IBUFF(73)
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C*************************************t********************************
OBJECTIVE: TO ACTUALLY READ THE DATA STORED ON THE FLOPPY-DISK

Cc
c

CRERRRERXXRAKRKKRKAXRR KRR KR KRR RR KRR KRR KKK KRR KRR KRR AR KRR KRR KRR KR X
COMMON/N/I1CHAN, IBLOCK, IFLAG, IBUFF(256) .
IERROR=IREADW(256, IBUFF, IBLOCK, ICHAN)

70

THRSO =IBUFF(74)
IHRSF =IBUFF(75)
IMINO =IBUFF(786)
IMINF =IBUFF(77)
ISECO =TBUFF(78)
ISECF =IBUFF(79)
1ITICO =1IBUFF(80)
ITICF =IBUFF(81)
1DAY =IBUFF(82)
IYRS =IBUFF(83)
LMPHRS=1BUFF(84)
IMON(1)=IBUFF(85)
IMON(2)=IBUFF(86)
IMON(3)=IBUFF(87)
DO 35 1=1,10
IPMTYP(I)=IBUFF(87+1)
IPMTDV=IBUFF(98)
CALL READ

DO 40 1=1,200
POL(1)=IBUFF(I)
CALL READ '
DO 50 1=1,200
ANA(1)=IBUFF(I)
CALL READ

bo 60 1=1,200
POL(I+200)=IBUFF(I)

. CALL READ

DO. 70 I=1,200
ANA(1+200)=1BUFF(1)
CALL CLOSEC(ICHAN)
CALL IFREEC(ICHAN)
RETURN

END

SUBROUTINE READ

INTO BUFFER MEMORY.

IF(IERROR.LT.0)STOP ’'FATAL READ’
IBLOCK=IBLOCK+1

RETURN :

END

[¥)
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SUBROUTINE OUTPUT

[ 2322232322232 32022 222002220 0222022320322 3022320333322 322332253 222

C
C
C

OBJECTIVE: TO WRITE THE SETUP INFORMATION AND DATA FROM THE
SPECTRAL SCAN INTO ANY FLOPPY DISK FILE SPECIFIED
BY THE OPERATOR.

C**********************************************************************

10

20

30

COMMON/A/NAVG(400),P0L(400),ANA(400)

COMMON/B/NRATE ,NSCAN, IPOL, TANA

COMMON/E/NAMEOP(ZO),ID(20)

COMMON/F/LMPTYP, LMPSER(10), LMPVLT, LMPAMP

COMMON/G/IPMTYP(10), IPMTDV

COMMON/H/IPHASP, IPHASA, IGAINP, IGAINA, IAMPLP, IAMPLA, ITIMEP, ITIMEA

COMMON/I/IGAGP, IGAGA, IGATP, IGATA

COMMON/J/NWL,NPOL, NCMP, NANA

COMMON/K/IHRSO, IMINO, ISECO,ITICO, [HRSF, IMINF, ISECF,ITICF

COMMON/L/1DAY, IMON(3),1YRS, LMPHRS

COMMON/M/IWAVE(400)

COMMON/N/ICHAN, IBLOCK, IFLAG, IBUFF(256)
COMMON/OP/FILENM(4)

REAL¥4 DBLK(2),NAME(Z20)

IBLOCK=0

N=I1RADS50(12,FILENM,DBLK)

ICHAN=IGETC(0)

IF(ICHAN.LT.0)STOP ’CANNOT ALLOCATF CHANNEL’

IERROR=IENTER(ICHAN,DBLK, 0)

IF(1ERROR.LT.0)STOP ’ENTER FAILURE®

bo 10 I=1,256 ’

LBUFF(I)=0

bo 20 1=1,20

IBUKFF(I)=NAMEOP(1)

1BUFF(20+1)=ID(1)

IBUFF(41)=LMPTYP

Do 30 1=1,9

IBUFF(41+1)=LMPSER(I)

IBUFF(51)=LMPVLT

IBUFF(52)=LMPAMP

IBUFF(54)=1IPHASP

1IBUFF(55)=1GAINP

IBUFF(56)=IAMPLP

IBUFF(57)=1TIMEP

IBUFF(58)=IPHASA

IBUFF(59)=1GAINA

IBUFF(60)=IAMPLA

IBUFF(61)=ITIMEA

IBUFF(62)=IGAGP

[BUFF(63)=1GATP

IBUFF(64)=1GAGA

IBUFF(65)=1GATA

IBUFF(66)=NRATE

IBUFF(67)=NSCAN

IBUFF(68)=IPOL

IBUFF(63)=TANA

IBUFF(70)=NWL

IBUFF(71)=NPOL

IBUFF(72)=NCMP

IBUFF(73)=NANA

IBUFF(74)=IHRSO

~ IBUFF(75)=1HRSF

IBUFF(76)=IMINO
IBUFF(77)=IMINF
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IBUFF(78)=ISECO -
IBUFF(79)=1SECF
IBUFF(80)=ITICO
IBUFF(81)=1TICF
IBUFF(82)=1DAY
IBUFF(83)=1YRS
IBUFF(84)=LMPHRS
" 1BUFF(85)=1IMON(1)
[BUFF(86)=IMON(2)
IBUFF(87)=1IMON(3)
DO 35 I=1,10
35 IRUFF(87+1)=IPMTYP(I)
IBUFF(98)=IPMTDV
CALL WRITE :
CALL IWAIT(1CHAN)
DO 40 I1=1,200
40 IBUFF(I)=POL(I)
CALL WRITE “
CALL IWAIT(ICHAN)
po 50 I=1,200
50 IBUFF(I)=ANA(I)
" CALL WRITE "
CALL IWAIT(ICHAN)
DO 60 121,200
. 60 IBUFF(I)=POL(1+200)
: CALL WRITE
CALL IWAIT(ICHAN)
po 70 1-1,200
70 IBUFF(I)=ANA(I+200)
CALL WRITE :
CALL IWAIT(ICHAN)
CALL CLOSEC ( ICHAN)
CALL IFREEC(ICHAN)
RETURN
END

SUBROUTINE WRITE
(2222222222222 2222220222222 22222222 2222002222082
C OBJECTIVE: THIS SUBROUTINE ACTUALLY WRITES THE DATA STORED IN THE
Cc BUFFER MEMORY TO THE SPECI1FIED DISK FILE.
C*#*****#*******t******************************#**#********************

COMMON/N/ICHAN, IBLOCK, 1FLAG, IBUFF(256)

EXTERNAL FINISH

IERROR= IWRITFK (256, IBUF¥,IBLOCK, ICHAN, 1AREA,FINISH)

IF(IERROR.LT.0)STOP ’'FATAL WRITE’

IBLOCK=I1BLOCK+1

RETURN

END

SUBROUTINE FINLSH
COMMON/N/ICHAN, IBLOCK, IFLAG, IBUFF(256)
IFLAG=IFLAG-1 '

RETURN

END
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SUBROUTINE RESET

C**********************************************************************

C
C
C
C
c

C
C

OBJECTIVE: TO ALLOW THE OPERATOR TO CHANGE ONLY THOSE SETUP
PARAMETERS -WHICH ARE TYPICALLY CHANGED FROM ONE
SPECTRAL SCAN TO ANOTHER. THIS MODIFYS SETUP
INFORMATION READ FROM OLD DATA FI1LES TO MAKE 1T
APPLICABLE TO THE CURRENT SPECTRAL SCAN OR
COMPLETES THE INITIALIZATION OF SETUP
INFORMATION STARTED WITH "NEWSET".

(22222 022222 S 222222222233 222 3233223223333 3032330320322 23233222223 %3

104

105
106

107

108
109

110

COMMON/A/NAVG(400),POL(400),ANA(400)
COMMON/B/NRATE,NSCAN, IPOL, IANA
COMMON/E/NAMEOP (20),1ID(20)
COMMON/J/NWL,NPOL, NCMI’, NANA
COMMON/K/IHRSO, IMINO, ISECO, ITICO, IHRSF, IMINF, ISECF, ITICF
COMMON/L/TIDAY, IMON{3), 1YRS, LMPHRS
COMMON/O/NPASS
IF(NPASS.GT. 1)GOTO 106
TYPE 100
FORMAT(/,'$ NAME(A40) = ')
ACCEPT 101, (NAMEOP(I),I=1,20)
FORMAT (20A2)
TYPE 102 .
FORMAT(/,'$ DATE(IZ2-A3-12/DAY-MONTH- YEAR) = )
ACCEPT 103, 1DAY,(IMON(I),I=1,3),IYRS
FORMAT(12,1X,3A1,1X,12)
TYPE 104
FORMAT(/,'$ LAMP OPERATIONAL LIFE(I5/HOURS) = ')
ACCEPT 105, LMPHRS
FORMAT(15) '
CONTINUE
TYPE 107
FORMAT(/,’$ EXPERIMENT IDENTIFICATION(A40) = ')
ACCEPT 101, (ID(1),I=1,20)
NPOL=8000
NANA=9000
NCMP=0
TYPE 109
FORMAT(/,’ INITIAL POSITIONS®
1,/T5,’POL=90.00"',/T5,*ANA=90.00’,/7T5, 'CMP=0.00",/
2°$',T10,ANY CHANGES 7')
ACCEPT 110,MANAZ
FORMAT(Al)
1F(MANAZ.NE.1HY.AND.MANAZ.NE.1HN)GOTO 108
-IF(MANAZ.NE.1HY)GOTO 119
TYPE 112
FORMAT(/,’ MANUAL AZIMUTH SETTINGS(DEG):®)
TYPE 113 _
FORMAT(’$ POLARIZER(FT7.2)
ACCEPT 114,P
FORMAT(F7.2)
NPOL=Px%100.
TYPE 115
FORMAT(’$ ANALYZER(F7.2)
ACCEPT 114,4A
NANA-AX%100.
TYPE 117
FORMAT('$ COMPENSATOR(F7.2) = ')
ACCEPT 114,C

)

]

)



118

119

120 .
121
122
123

124

127

128

129

140

Th

NCMP=C*100.
TYPE 118
FORMAT(’$ MONOCHROMATOR SETTING AT NULL(F7.2) = *)
ACCEPT 114,WL
NWL=WL%100.
CONTINUE
IGAIN=3
NCHP=0 : : v
NCHA=1 S .
TYPE 121 . S
FORMAT(/,’ ANALOG/DIGITAL CONVERTOR PRESET PARAMETERS:’)
TYPE 123,NCHP
FORMAT(’ POL. INPUT CH. = *',I1)
TYPE 124,NCHA

FORMAT(' ANA. INPUT CH. = ’,I1)
TYPE 125, 1GAIN
FORMAT(’' ADC GAIN = ',I1)

TYPE 126

FORMAT(/,’$ DO YOU WANT TO CHANGE THESE(Y/N)? ’)
ACCEPT 110,NADC -
IF(NADC.NE.1HY.AND.NADC.NE.1HN)GOTO 120
IF(NADC.EQ.1HN)GOTO 131

TYPE 127

FORMAT('$ POL. INPUT CH.(I1l)
ACCEPT 128,NCHP

FORMAT(I1)

TYPE 129

FORMAT('$ ANA. INPUT CH.(Il)
ACCEPT 128, NCHA

TYPE 130

FORMAT(’$ ADC GAIN(I1) = )

ACCEPT 128, IGAIN

GOTO 120

CONTINUE

IPOL=IGAINX64+NCHP

IANA=IGAIN*64 +NCHA

TYPE 132

FORMAT(/,’'$ HOW MANY SPECTRAL SCANS ARE TO BE AVERAGED(I5)? ’)
ACCEPT 133,NSCAN .
FORMAT (15)

DO 140 1=1,400

POL(I)=0.

ANA(I1)=0.

NAVG(1)=0

NPASS=NPASS+1

RETURN

END

)

"
-
~
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subroutine pmt(jk)
D TYPE x,’'PMT’
jk=0
do 170 i=1,15
CALL IPOKE("170400,0)
CALL IPOKE("170402,6.0R.(0))
1701 1F(.NOT.(IPEEK("170400).AND."100000))GOTO 1701
170 jk=jk+ipeek("170402)
Jk=jk/15
RETURN
END

SUBROUTINE NULL(JPCNT,JACNT,icflg)
D TYPE x,’'NULL’

COMMON/B/NRATE, NSCAN, IPOL, TANA

icflg=1

IGAIN=3

IPOL=0

IANA=1

JPCNT=0

JACNT=0

JGAIN=IGAINX64

CALL lPOKE("170400,0)

TYPE 100
~ ACCEPT 200,NWAIT
200 FORMAT(I12)
C
C KEXEKKXXK Null with PMT output XEXXKEXXKX
C »
Jpflg=0
idir=2048
call pmt (i)
i=-1i
D TYPE x,’1 IF’
if(i.1t.100)goto 10
11 continue
i2=1 : :
1001 if(ipeek("164502).gt.0.0or.ipeek("164506).gt.0) goto 1001
CALL IPOKE("164502,50+IDIR)
1002 if(ipeek("164502).gt.0.0or.ipeek("164506).gt.0) goto 1002
Jacnt=jacnt-2%xidir/2000+1
call pmt(i)
. i=-1i
D TYPE x,’2 1F’

if(i.lt.100)goto 10
if(jacnt.lt.-89)idir=0
IF(JACNT.EQ.90)GOTO 12
D TYPE %,’3 IF’
if(i.le.i2)goto 11
Jpflg=jpflg+l

D TYPE *,’'4 IF’

if(jpflg.GT.2)goto 12

idir=0

‘ goto 11

12 idir=2048

13=1
121 i2=1
1003 if(ipeek("164502).¢gt.0.0r.ipeek("164506).gt.0) goto 1003

CALL IPOKE("164506,50+IDIR)
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if(ipeek("164502).gt.0.0r.ipeek("164506).gt.0) goto 1004
Jjpcnt=jpent+l

call pmt(i)

i=*i-

TYPE ,'5 IF".

if(i. lt 100)goto 10

TYPE ,'6 IF’
IF(I.GE.IZ.AND.IB,GT.IZ)GOTO 11
if(jpcnt.gt.179)goto 13

13=12

goto 121

continue

print %,’Sorry Sucker !, It didn’’t null
icflg=0 ) :
return

()

x*%x%kx%x*¥%x null with polarizer and analyser

CONTINUE -

IDIR=2048

JPOL=0

JANA=O '

IF(IPEEK("164502). GT 0 OR. IPEEK("164506).GT.0) GOTO 1000
DO 750 I=1,15 -

CALL IPOKE("170402,IPOL.0H.(JGAIN))
IF(.NOT.(IPEEK("170400).AND."100000)) GOTO 2000
JPOL=1PEEK("170402)+JPOL

CALL IPOKE("170402,IANA.OR.(JGAIN))

IF(.NOT. (IPEEK("170400) AND. "100000)) GOTO 3000

- JANA=IPEEK("170402)+JANA

CONTINUE }

JANA=JANA/15

JPOL=JPOL/15
IF(TABS(JPOL).LT.100.AND.IABS(JANA).LT.100) RETURN
[F(IABS(JPOL).LT.100) GOTO 20

IF(JPOL.LT.0)IDIR=0.

IF(JPOL.LT.0)JPCNT=JPCNT-2

JPCNT=JPCNT+1

CALL IPOKE("164506,50+IDIR)
IF(IABS(JANA).LT.100)GOTO 10

IDIR=2048 .

IF(JANA.GT.0)IDIR=0

IF(JANA.LT.0)JACNT=JACNT~-2

JACNT=JACNT+1 :

CALL IPOKE("164502,50+IDIR)

GOTO |10

FORMAT (TS, ’Set monochrometer to prefered wavelenght.'’
/T5,’Make sure all necessary intruments are on and’,
/T56,"the F.C. controller in closed circut.’
/t5,"Hit return key when ready.') :
END -
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SUBROUTINE TITIME

CHR XK KRR AR K KKK KKK KR KK KKK KK KRR KKK KRR KKK KKK KKK K KKK KKK KKK KKK KX

C
C

OBJECTIVE: DISPLAYS THE DATA ACQUISITION TIME FOR THE GIVEN
SPECTRAL SCAN ON THE CRT SCREEN.

(2222233222222 22 220222202 02 2222222222323 233 2222232322233 22322322823

100

120

130

COMMON/B/NRATE, NSCAN, IPOL, IANA .
COMMON/K/IHRSO, IMINO,ISECO,ITICO, IHRSF, IMINF, ISECF,ITICF
TYPE 100,NSCAN .

FORMAT(/,10X,’'THE NUMBER OF SPECTRA AVERAGED = ',I5)

TYPE 110, NRATE

FORMAT (10X, MEASURED SCAN RATE VIA COUNTER = ’,I5)

TYPE 120, IHRSO, IMINO,ISECO,ITICO

FORMAT(/10X,'DATA COLLECTION INITIATED AT: ’,3(12,’:'),12)
TYPE 130, IHRSF, IMINF, ISECF,ITICF

FORMAT(10X,’'DATA COLLECTION FINISHED AT: ’,3(12,’:'),12)
RETURN .

END
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SUBROUTINE TIINFO
(2322332232232 2 2322322322322 320202222222 32322222 2233332323223 2223323 2322

c OBJECTIVE: DISPLAYS ALL THE SETUP INFORMATION FOR A GIVEN
Cc SPECTRAL SCAN ON THE VT55 GRAPHICS TEHRMINAL SCREEN,
C ' EXCEPT FOR THE DATA ACQUISTION TIME.

CREEKKKKKKKK KKK KKK KKKEKE K RKK KK RA KKK KRR KKK KKK K KR KKK KRR KKK KKK KKK KKK

COMMON/B/NRATE ,NSCAN, IPOL, IANA
COMMON/E/NAMEOP(20), 1D(20)
COMMON/F/LMPTYP, LMPSER(10), LMPVLT, LMPAMP
COMMON/G/1PMTYP(10), LPMTDV
COMMON/H/IPHASP, IPHASA, IGAINP, IGAINA, IAMPLP, 1AMPLA, ITIMEP ITIMEA
COMMON/I/1IGAGP, IGAGA, IGATP, IGATA
COMMON/J/NWL,NPOL, NCMP, NANA .
COMMON/K/IHRSO, IMINO, ISECO, ITICO, IHRSF, IMINF, ISECF ITICF
COMMON/L/IDAY, IMON(S) IYRS, LMPHRS
TYPE 100,IDAY,(IMON(I),I=1,3),IYRS

100 FORMAT(/10X,12,’-',3A1,°'-',12)
TYPE 101, (NAMEOP(I),1=1,20)

101 FORMAT{(10X,10A2)
TYPE 102, (ID(I),I=1,20) -

102 FORMAT(10X,20A2) ’

5 TYPE 110
110 FORMAT(/10X, ’MANUAL AZIMUTHS(DEG):’
P=NPOL/100.
A=NANA/100.
C=NCMP/100.
WL=NWL/100.
TYPE 111,P,A,C,WL
111 FORMAT(/12X, = ',F7.2,
c /12x%, = ',F7.2,
c /12X, = ', F7.2,
(ol /12X,’WL= *,F7.2)
- TYPE 120 _
120 FORMAT(/10X,’LAMP:’)
TYPE 121, LMPTYP
121 FORMAT(/12X,’TYPE = ',A2)
_TYPE 122, (LMPSER(1),1:1,9)
122 FORMAT(12X,'SERIAL NO. = ’',9A2)
TYPE 123, LMPVLT
123 FORMAT(12X,’'LAMP VOLTAGE(VOLTS) = ’,I14)
TYPE 124, LMPAMP :
124 FORMAT(12X,’LAMP CURRENT(AMPS) = *,I3)
: TYPE 125, LMPHRS A -
"125 FORMAT(12X,’LAMP OPERATIONAL LIFE(HOURS) = ’',I15)
TYPE 130
130 FORMAT(/10X,’'PHOTOMULTIPLIER:")
TYPE 131, (IPMTYP(I),I=1,10)
131 FORMAT(/12X,’MODEL = *,10A2)
TYPE 132, IPMTDV . , :
132 FORMAT(12X,’DYNODE VOLTAGE(VOLTS). = *,I5)
, _TYPE 140 : ‘ :
140 FORMAT(/10X,’FARADAY CELL CONTROLLER:').
' TYPE 141 : :

141 FORMAT(/12X,'POLARIZER’) '
TYPE. 142, [PHASP, IGAINP, [AMPLP, [TIMEP
3

142 FORMAT(/12X,”’ PHASE = ',14,
C /12X,°GAIN = ’,14,
c /12X, ' AMPLITUDE = ',14,

- C /12X, TIME CONSTANT(MS) ', 14)
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143
150

151
c

160
161

C
Cc

TYPE 143
FORMAT( /12X, 'ANALYZER’)
TYPE 142, IPHASA,IGAINA, IAMPLA, ITIME
TYPE 150
FORMAT(/10X,’GALVANOMETER AMPLIFIE}
TYPE 141
TYPE 151,IGAGP,IGATP
FORMAT( /12X, 'GAIN
/12X,’ TIME CONSTANT(MS)
TYPE 143
TYPE 151, IGAGA, IGATA
IGAIN=IPOL/64
NCHP=IPOL-IGAINX*64
NCHA=TANA-IGAINx64
TYPE 160 .
FORMAT(/10X, ' ANALOG/DIGITAL CONVEF
TYPE 161,NCHP,NCHA, IGAIN
FORMAT(/12X,’POL. INPUT CH.
/12X, *ANA. INPUT CH.
/12X,°*ADC GAIN
RETURN
END

o

(L L]

-
- w -
[Nl

19
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SUBROUTINE PlINFO
CRERREKEKRKKRKKEKKKERE KKK KR KKK KKK KRKKK KKK KKK IR KKK KR KRR RK KR KKK KK KKK KKk KK KX

c OBJECTIVE: OUTPUTS ALL THE SETUP INFORMATION FOR A SPECTRAL SCAN
C . TO THE LINE PRINTER, EXCEPT FOR THE DATA ACQUISITION
C TIME.

(2233223322222 232 223222022222 02222 e ss s sy

COMMON/B/NRATE,NSCAN, IPOL, 1ANA
COMMON/E/NAMEOY (20),1D(20)
COMMON/F/LMPTYP, LMPSER(10),LMPVLT, LMPAMP
COMMON/G/1PMTYP(10), IPMTDV
COMMON/H/IPHASP, IPHASA, [GAINP, IGAINA, IAMPLP, TAMPLA, ITIMEP, ITIMEA
COMMON/I/IGAGP, [IGAGA, IGATP, 1GATA ’
COMMON/J/NWL,NPOL, NCMP,NANA
COMMON/K/IHRSO, IMINO, ISECO, ITICO, IHRSF, IMINF, ISECF, [TICF
COMMON/L/IDAY, IMON(3), IYRS, LMPHRS
PRINT 100, IDAY, (IMON(I),1I=1,3),IYRS

100 FORMAT(/10X,12,’-7,3A1,’-',12)
PRINT 101, (NAMEOP(1;,1=1,20)

101 FORMAT(10X,20A2)
PRINT 102,(ID(1),1=1,20)

102 FORMAT(10X,20A2)
PRINT 110

110 FORMAT(/10X,’MANUAL AZIMUTHS(DEG):')
P=NPOL/100.
A=NANA/100.
C=NCMP/100.
WL=-NWL/100.
PRINT 111,P,A,C,WL

111 FORMAT(/12X,°'P = ’,F7.2,

c J12X,'A = *,F722,

C /12X,°C = °*,F7.2,

c /12X,’WL= ’,F7.2)
PRINT 120

120 FORMAT(/10X,’LAMP:")
PRINT 121,LMPTYP

- 121 FORMAT(/12X,’TYPE = ',A2)
PRINT 122, (LMPSER(I),1-1,9)
122 FORMAT(12X,’'SERIAL NO. =.’,8A2)

PRINT 123,LMPVLT

123 FORMAT(12X,’'LAMP VOLTAGE(VOLTS) = ',I4)
PRINT 124, LMPAMP
124 FORMAT(12X,’LAMP CURRENT(AMPS) = ’,I3)

PRINT 125, LMPHRS .

125 FORMAT(12X,'LAMP OPERATIONAL L1FE(HOURS) = ’,15)
PRINT 130

130 FORMAT(/10X,’PHOTOMULTIPLIER:’)
PRINT 131, (IPMTYP(1),I=1,10)

131 FORMAT(/12X,'MODEL = ',10A2)
PRINT 132, IPMTDV

132 FORMAT(12X,’DYNODE VOLTAGE(VOLTS) = ',15)
PRINT 140

140 FORMAT(/10X,’'FARADAY CELL CONTROLLER:’)
PRINT 141 .

141 FORMAT(/12X,’POLARIZER’)
PRINT 142, IPHASP,IGAINP, IAMPLP, ITIMEP

142 FORMAT(/12X,’PHASE = 0,14,
c /12X, GAIN = ', 14,
c /12X, * AMPLITUDE = 7,14,

C /12X, TIME CONSTANT(MS) » 14)
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PRINT 143
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143 FORMAT(/12X,’ANALYZER')
PRINT 142, IPHASA,IGAINA,IAMPLA, ITIMEA
PRINT 150
150 FORMAT(/10X,’GALVANOMETER AMPLIFIER:’)
PRINT 141
PRINT 151, IGAGP, IGATP
151 FORMAT(/12X,’GAIN = ',186,
c /12X,’'TIME CONSTANT(MS) = ’,16)
PRINT 143

160

PRINT 151, IGAGA, IGATA
IGAIN=IPOL/64
NCHP=IPOL-IGAIN%64
NCHA=IANA-IGAINX64

PRINT 160
FORMAT(/10X, ' ANALOG/DIGITAL
PRINT 161,NCHP,NCHA, IGAIN

161 FORMAT(/12X,’'POL. INPUT CH.

C
C

/12X, ’ANA. INPUT CH.
/12X, ’ADC GAIN
RETURN
END

CONVERTOR: ')

', 11,
',Ily
', I1)
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SUBROUTINE PITIME

(2232232222222 2322222 st 22022 2232223222233 223 20

C
Cc

OBJECTIVE: OUTPUTS THE DATA ACQUISITION FOR THE GIVEN SPECTRAL
SCAN TO THE LINE PRINTER.

CREXRRXEXERRKKKEKR KRR LR KA R KRR KRR KRR KRR KRR KRR KRR KRR KRR KR RR KRR KKK KKK

100
110
120

- 130

COMMON/B/NRATE ,NSCAN, IPOL, TANA
COMMON/K/IHRSO, IMINO, ISECO,ITICO, IHRSF, IMINF, ISECF,ITICF
PRINT 100,NSCAN

FORMAT(/,10X,’THE NUMBER OF SPECTRA AVERAGED = ',1I5)
PRINT 110, NRATE

FORMAT (10X, 'MEASURED -SCAN RATE VIA COUNTER = ’,15)

PRINT 120, IHRSO, IMINO, ISECO,ITICO

FORMAT(/10X,’DATA COLLECTION INITIATED AT: °’,3(12,’:’),12)
PRINT 130, IHRSF, IMINF,ISECF,ITICF )
FORMAT(10X, DATA COLLECTION FINISHED AT: ’,3(12,°:'),1I2)
RETURN

.

END
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L7]

CXRXkx
C
C
CXXX%kx

996

997
998
c

aaaa

1002
c
C
C

1003

C .

c
2
1004

1005

1006

1007

1008

1009

1010

1011

1012

1013
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SUBROUTINE WLCALC
(2223 3223322332230 22 0332032222320 33223332302233223222005222222229234
OBJECTIVE: TO CONVERT ENCODER COUNTS INTO WAVELENGTH USING
_PREDETERMINED CALIBRATION CURVE PARAMETERS.
*****************************************************************
COMMON /M/ IWAVE (400)
OPEN(UNIT=2,NAME="DY1:WLCALC.DAT’,TYPE="0LD")
READ(2,996)1IU,IL,Al,B1,R1,A2,B2,R2
FORMAT(2(1X,13),2(1X,F8.4,1X,F8.2,1X,F6.4))
CLOSE(UNIT=2,DISPOSE="SAVE’)
TYPE 998
FORMAT(/,’$ DO YOU WANT TO REVIEW ENCODER WAVELENGTH CALIBRATION
PARAMETERS (Y/N)? *) _
ACCEPT 999, IF0
IF(IFO.NE.1HY.AND.IFO.NE.1HN)GOTO 997
IF(IFO.EQ.1HN)GOTO 3
FORMAT (A1)
TYPE 1000 _
FORMAT(//,10X,’DIGITAL ENCODER PRESETS:’)
TYPE 1001,A1,B1,R1
FORMAT(/, 10X, 'CALIBRATION CURVE SEGMENT NUMBER 1:°
/,15X,’SLOPE = ’,F10.4,
./,15X,* INTERCEPT = ’,F10.2, ‘
/,15X, CORRELATION COEFFICIENT = ',F10.4)
TYPE 1002,A2,B2,R2
FORMAT(/, 10X, CALIBRATION CURVE SEGMENT NUMBER 2:°
/,15X,*SLOPE = ' ,Fl0.4,
/,15X,  INTERCEPT = ’,F10.2,
/,15X,*CORRELATION COEFFICIENT = ’,F10.4)
TYPE 1003,IL,IU
FORMAT(/, 10X, ’LIMITS OF APPLICATION:’
/,15X,’UPPER = ', 186,
/,15X,’ LONER = *,16)
TYPE 1004
FORMAT(/,’$ DO YOU WANT TO CHANGE THESE(Y/N)? ')
ACCEPT 1005, IF1
FORMAT(Al)
IF(IF1.NE.1HY.AND.IF1.NE.1HN)GOTO 2
IF(IF1.EQ.1HN)GOTO 3 '
TYPE 1006
FORMAT(/,2X, " SEGMENT 1:°)
TYPE 1007
FORMAT(/,’$ SLOPE(F10.4/ANGSTROMS PER COUNT) = ')
ACCEPT 1008,4Al

FORMAT(F10.4)
TYPE 1009 :
FORMAT(/,’$ INTERCEPT(F10.2/ANGSTROMS) = 7).

ACCEPT 1010,B1
FORMAT(F10.2)

TYPE . 1011

FORMAT(/,’$ CORRELATION COEFFICIENT(F10.4)
ACCEPT 1012,R1
FORMAT(F10.4)

TYPE 1013

FORMAT(/,2X, ’SEGMENT 2:°)
TYPE 1007

ACCEPT 1008, A2

TYPE 1009 :

ACCEPT 1010,B2

it

’)'
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TYPE 1011
ACCEPT 1012,R2
TYPE 1014
1014 FORMAT(/,’$ UPPER LIMIT OF APPLICATION(I6)
ACCEPT 1015, IL
1015 FORMAT(IS6)
TYPE 1016
1016 FORMAT(/,’$ LOWER LIMIT OF APPLICATION(IS6)
ACCEPT 1015,1IU
GOTO 1
3 CONTINUE
DO 40 1I=1,400
IF(I.LE. IL AND.I.GE. IU)GOTO 10
IF(I.GT.IL)GOTO 20
COUNT=1I
WL=A1XCOUNT+B1
GOTO 30
10 COUNT=I
WL=A2XCOUNT+B2
GOTO 30
20 COUNT=I-400
WL=A1xCOUNT+B1
30 CONTINUE '
40 IWAVE(I)=WL
RETURN
END
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