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Abstract

The automatic, magneto-optic ellipsometer reported previously (1)
has been given spectral scanning capabilities in the visible-UV, and has

been interfaced to an LSI-11/2 for data acquisition.

FORTRAN softwaré is documented for the acquisition of.both_fixed-
wavelength'and spectroscopic data from an automatic, self-nulling ellip-
someter by a LSI-11 microcomputér. This ellipsometer has resulted from
the addition of spectral scanning capabilities over the visible—UV.to a
prgviously reported (1) automatic, magneto-optic_instrument. Additional
érograms are presented to aid in the interpretation of the acquired
ellipsometry data. Software is categorized'as beingrfor either (a)
fixed-wévelength data collection; (b) spectroscopic data collection,
‘reduction, and simulation; (c¢) graphics; or (d) modeling and optimiza-

tion.
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The most basic ellipsometry equations have also been programmed for
a Texas Instruments 59 calculator, and are presented because of their

proven usefulness, convenience, and popularity.
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Introduction

The automatic, magneto-optic ellipsometer reported previously (1)
has been given spectral scanning capabilities in the visible-UV, and has
been interfaced to an LSI-11/2 for data acquisition. Computerization
allows rapid, efficient treatment of nonlinear.responses of the Faraday
cells to changes in wavelength; simultaneous recording of wavelength,
psi, and delta (as well as electrochemical cell potential and current),
and "on the spot" interpretation of spectra in terms of physically sig-
nificant quantities such as adatom coverages and orientations, substrate
refractive indices, and deposit micromorphologies. Applications are
discussed in "Effect of Organic Adsorbates on the Initial Stage of Elec-
trolytic Metal Deposition: Developmeht and Use of a Spectroscopic Ellip-
someter,”" the Ph.D. thesis of J. C. Fafmer. This décumentation serves

as an appendix to that dissertation (2).

FORTRAN software (3) was written to make possible écquisition of
both fixed-wavelength and spectroscopic data from the automatic, self-
nulling ellipsometer by a LSI-11 microcomputer. Additional programs
were written to aid in the interpretation of the acquired ellipsometry
data. Software is categorized as being for either (a) fixed-wavelength
data co;lection; (b) spectroscopic data collection, reduction, and simu-
lation; (c¢) graphics; or (d) modeling and optimization. Only main pro-
grams are discussed in the text. Both main programs and subroutines are
thoroughly documented in the appendices (presented in reference 1) by
effective use of comment statements; each listing of software begins

with a statement of the software objective. Subroutine listings are
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presented in the same appendix as the main program calling the subrou-
tine, unless the subroutine listing has been presented in a preceding

appendix.

Fixed-wavelength data are synchronized by the internal line clock
of the computer and spectroscopic data are synchronized by the digital
.encoder of the spectral scanner (see Chapter 2 of dissertation). The
file length (blocks) for fixed-wavelength data depends upon the duration
of the experiment, whereas spectroscopic data files always require 5
blocks; the number of encoder pulses per spectral scan is always con-
stant (400), even when several scans are averaged. Therefore, one dou-
ble density floppy disk (974 blocks) can store about 190 spectroscopic
data files. Spectroscopic data files can contain either raw data, delta
and psi, measured substrate refractive indices, or simulated spectros-
copic measurements (delta and psi generated by ellipsometry models. .
However, all these data are written to and read from floppy disk using

the same subroutines (OUTPUT and INPUT).

This strategy allows easy manipulation of spectroscopic data. All
files can be retrieved from disk and viewed by the user using a single
program, RECALL‘(diScussed subsequently). Furthermore, the user can
measure delta and psi over the spectral range of the ellipsometer prior
to film formation, and subsequently convert these data into complex
refractive indices. These refractive indices can then be read by simu-
lation programs, which generate theoretical spectral scan data files
comparable to experimental measurements; theoreticai and experimental

values of delta and psi can be plotted together using the same graphics



programs so that visual comparisons can be made. Plotting can be done
either on the screen of the VIS5 graphics terminal or on the Tektronix
4662 digital interactive plotter. One spectroscopic data file can be
easily subtracted from another so that very small changes in delta and
psi can be easily seen (second order optical effects) since all files

are stored and recalled similarly.

Modeling and simulation programs used to interpret ellipsometry
data are based upon either (1) the Bruggeman theory, (2) the Maxwell-
Garnett theory, (3) the coherent superposition of reflection coeffi-
cients, or (U4) a uniaxial anisotropic film model. These basic theories
were applied to both single and multilayer film models (see Chaﬁters 5,

6, 7, and 8).

The most basic ellipsometry equations have élso been programmed for
a Texas Instruments 59 calculator, and are presented because of their
proven usefulness, convenience, and popularity. These prograﬁs exploit
the complex arithmetic‘capabilities of this particular calculatof and

require all of the memory.

Fixed-wavelength Data Acquisition

The basic data collection programs used during a fixed-wavelength,
potentiodynamic experiment are SCAN, EDR002, DECOD2, TRNSLT, and PLOTO1,
and will be discussed first (see appendix l1). These programs are demon-

strated using a typical data storage disk (see appendix 2).



I. SCAN (appendix 3).

This program, which is actually called as a subroutine, reads the
8-channel A/D converter (4) continuously and displays all channel input
levels on the VT55 screen (5). SCAN allows the LSI-11 to serve as an
8-channel digital voltmeter. Channel gains can be either 0, 1, 2, or 3
(1X, 2X, U4Xx, or 8X, respectively). The digital resolution of the A/D
converter is limited by a maximum value of 2047 units (ADCU), which
corresponds to an input voltage of 1.2445 volts at a gain of 3 (0.000608

volts per ADCU).

II.. EDROO2 (appendix U4 through 6).

EDRO0O2 reads the 8-channel A/D converter at intervals specified by
the user and stores the data in unformatted form on floppy disk. The
user also specifies the channels ﬁo be read and their respective gains.
The shortest interval between channel sampling is 1/60 seconds (1.tic);
longer intervals allow digital filtering of the data (an interval of 10

tics would result in averaging 10 measurements).

Though EDR002 is a general data acquisition program and can be used
to monitor any analog electrical signal, the following conventions have
been adopted and should be used for monitoring the ellipsometer and

potentiostat (appendix 5).
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Channel Assignments

Identification Channel Gain
Polarizer Faraday Cell 0 3
Analyzer Faraday Cell 1 3
Cell Potential 2 3
Cell Current 3 3
Polarizer Manual y 3

Adjustment Flag

Analyzer Manual 5 3
Adjustment Flag

‘III. DECOD2 (appendix 7).

Since EDR002 stores data in unformatted files, one cannot display
these numeric data directly on the VI55 screen with the TYPE command.
Data must first be read from the unformatted data file by DECOD2 and

then displayed on the VT55 screen.

Values of time aré not stored in the data files, but are recon-
structed for individual data points on the basis of specified channel
sampling intervals; this increases the storage efficiency of each floppy
disk. Early software (before optimization) was too slow to allow data
collection from all 8 channels at the maximum sampling rate without a
loss of data. Such losses caused errors in the reconstructed times
displayed with data points. EDR002 has been optimized so that 6 chan-
nels can now be monitored simultaneously at the maximum sampling rate

without any loss of data.



IV. TRNSLT (appendix 8).

TRNSLT converts the unformatted data files to polarizer azimuth,
analyzer azimuth, cell potential, cell current, delta, and psi, respec-
tively. These conversions are based upon parameters read by TRNSLT from
the data file TRNSLT.DAT (appendix 9); parameters in this file are
defined in the "Demonstration of TRNSLT." In the example shown the
"incremental manual adjustments of the polarizer andvanalyzer" are both
10 degrees. ﬁuring the e#periment, if the Faraday cells had been
required to exceed their range, the user could have adjusted the Glan-
Thompson polarizers by ¥10 degrees to prevent overranging (loss of
ellipsometer signal). 1Inputs to either channel 5 (polarizer) or channel
6 (analyzer) should be set to zero (grounded) during the manual adjust-'
‘ ments to alert TRNSLT so than similar corrections can be made in the
reduction of data files (conversion of azimuth reading to delta and
psi). The open channels will always be read as a value greater than
zero, until grounded; the "flag tolerance" is the range of ADCU values
which TRNSLT interprets as zero for the two "flag channels." The Fara-
day cells are calibrated by allowing them to compensate for increments
of the Glan-Thompson prism azimuths; this compensation (increased de
Faraday cell current) is monitored with SCAN and recorded in terms of
ADCU; polarization rotation is correlated with Faraday cell current
level (in ADCU) by linear regression, which gives the "Faraday cell
calibration curve equation parameters." Note that the "slope"™ is the

effective Verdet coefficient (with the units of degrees per ADCU).



The converted data are then output to a formatted file called
PLTDAT.DAT (appendix 10). The first line of this data file is the
experiment identification. The columns of numbérs are time (ties),
polarizer azimuth (degrees), analyzer azimuth (degrees), cell potential
(mV), and cell current (microamps), delta (degrees), and psi (degrees),

respectively. The last column currently serves no purpose.

V. PLOTOl (appendix 11).

Any data stored in PLTDAT.DAT can be recalled and plotted on the
VTS5 screen with PLOTO1. Plots are automatically scaled. However, the
user can select any scaling desired, superimpose grids on the plot,
label the plot, and specify any combination of the x and y axes desired;
i.e., any column of PLTDAT.DAT can be plotted against any other column.
In the example shown polarizer azimuth (column 1) is plotted against.
reconstructed time (column 0). Though time is not stored per se in the
unformatted data files, it is stored as a column of numbers in

PLTDAT.DAT.

Spectroscopic Data Acquisition

The basic data collection programs used during spectral scans are
SEV002, RECALL, RISURF, MINUS, and DSCONV (see appendix 12). An addi-
tional program, CALFC1, is required for spectroscopic calibration of the
Faraday cells (values of Verdet coefficients measured of the spectral
range of the instrument). Other programs which have been written to
enhance the capabilities of the instrument will also be discussed. The

directory of the data stdfage disk used to illustrate the operation of
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these programs is shown in appendix 13, along with the spectral scanner
calibration file WLCALC.DAT, required as an input data file by all pro-

grams discussed in this section.

From the preceding discussion, recall that EDR002 incfeases disk
storage efficiency by storing a single parameter used to reconstruct
time values for each stored set of data points. Here, in an analogous
fashioﬁ, SEV002 increases disk storage efficiency by storing only a few
numeric values used to reconstruct wavelengths rather than actually
storing wavelength values for each data point. The parameters for
wévelength reconstruction are stored in WLCALC.DAT , a single formétted
data file common to all spectroscopic data files (for a given spectral
scanner calibration). The six numbers in this file are two sets of
intercept, slope, and regression coefficient for wavelength calibration
of the spectral scanner. Linear regbession is used to correlate encoder
count with the center of the band-pass wavelength of the spectral
scanner rotating circular filter (also-called a continuously variable
filter, or CVF. Two sets of regression line parameters (one per half-
revolution) are necessary since the CVF is symmetric; i.e., the spectral
range of the filter is repeated twice per revolution (400 encoder

counts; Chapter 2, encoder wavelength calibrations).

The plotting routine (subroutine PLOT) requires the input data file
TITLE.DAT shown in appendix 14 for labeling VT55 graphices with alpha-
numeric characters. Almost all spectroscopic programs, SEV0002, RECALL,

etc. call subroutine PLOT.



I. SEV002 (appendix 15).

This is the main spectroscopic data collection program for monitor-
ing variations in Faraday cell curfent levels via two channels of the
A/D converter (preset as channels 0 and 1 at gains of 3). Digital
filtering is done by averaging all data collected between encoder
pulses. Channels are sampled at the maximum possible speed (limited by
the A/D conversion rate). The program reinitializes the pulse counter
(5) every revolution after detection of the indexihg pulse on a separate
chanhel of the counter interface. Another channel monitors the pulse
frequency, used as a measure of the scan rate. The program is capable
of averaging multiple scans (data for a single surface can be collected
and averaged for hours); this may be necessary for reduction of back-
ground noise to an extent necessaby to see some spectroscopic features
attributable to submonolayer films (see Chapters 6 and 8). The user is
also required to store other instrument operational parameters with the

data for purposes of thorough experimental documentation.

II. RECALL (appendix 16).

All spectroscopic data files, regardless of their content, are
unformatted. RECALL is used to retrieve these data files and can
display the information graphically on the VT55 screen or output the

information in numeric form on the line printer (Model 43 teletype).
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III. FIXPCA (appendix 17).

Mistakes in entering azimuths of the Glan-Thompson polarizers and
the Fresnel rhomb with stored data occur. These azimuths are required
when the data files are converted to delta and psi by DSCONV (to be dis-

cussed). To correct azimuth entries, one uses FIXPCA.

IV. SHIFT (appendix 18).

It is sometimes desired to use data files together (in spectros-
copic simulations or subtractions) which were collected at times when
different spectral scanner calibrations were in effect (which sometiﬁes
results from equipment maintenance). SHIFT allows the unformatted data
files to be rearranged so that the simulators can use the same

WLCALC.DAT parameters for both files.

V. CALFC1 (appendix 19).

Delta and psi are indirectly measured by the automatic, self- -
nulling ellipsometer as the de¢ current levels.in the polarizer (POL) and
analyzer (ANA) Faraday cells. These current levels are monitored by the
microcomputer over two channels (0 and 1) of the 8-channel A/D con-
verter. In order to convert these current levels (recorded as ADCU) to
polarizer and analyzer azimuths (delta and psi), proportionality con-
stants (effective Verdet coefficients) must be known; these constants
are "current-level independent" but vary in a non-linear manner with
wavelength. CALFC1 generates a spectroscopic data file with wavelength

dependent effective Verdet coefficients (degrees of rotation per ADCU);
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one constant is stbred for each encoder pulse (wavelength). CALFC1
requires three spectroscopic data files as input. One spectral scan is
required with the ellipsometer nulled (Zerd Faraday cell dc¢ current lev-
els) at some'referenée wavelength (say with the spectral scanner azimuth
set at M = 120 degrees); another spectral scan is required with theﬂ
polarizer Glan-Thompéon prism azimuth incremented (increment unimpor-
tant), and final spectral scan with the analyzer Glan-Thompson prism
azimuth incremented (increment ﬁnimportant). The effective Verdet coef-
ficients (degrées per ADCU) are calculated by subtraction of the first
spectral scan from those with incremented polarizer and analyzer
azimuths and division of the resultant values (ADCU) by the increment in
azimuth (degrees). These constants are stored in a file 7 blocks in
length (rather than the usual 5 blocks); consequently, slightly dif-
ferent input/out subroutines are required for these calibration facﬁors
(subroutiﬁes INFC and OUTFC). In appendix 19 these factors are referred
to as "FC RESPONSE FACTORS" and were stored in a file called

"DY1FARADYDAT."

In addition to generating effective Verdet coefficients, CALFC1
also calculates "CROSS-TALK PARAMETERS" which are measures of the degree
‘of cross-modulation existing between the two channels of the Faraday
cell controller. Ideally, incremenﬁs of the polarizer azimuth should
only result in changes in the polarizer Faraday cell dc¢ current; how-
ever, due to éross-modulation, some response in the analyzer Faraday
cell occurs. The analyzer "CROSS-TALK PARAMETER" is the change in

analyzer response (ADCU) normalized by the change in polarizer response
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(ADCU) when the polarizer Glan-Thompson prism is incremented. Cross-
modulation for the polarizer channel is measured in a similar manner.
Through careful tuning of the Faraday cell controller (two-channel phase
sensitive detector), cross-modulation between channels has been reduced

to essentially zero over the entire spectral range.

VI. FCSMTH (appendix 20).

Noise present in the original spectral scans used to generate the
_ Faraday cell calibration file is also present in the effective Verdet
coefficients. To prevent propagation of these errors throughout all
data converted to delta and psi (by DSCONV), the effective Verdet coef-
ficients are smoothed by approximating the data with an nth degree
Lagrangian polynomial. This is done by FCSMTH. Data can be stored in
the original data file, or in a new, smoothed data file created by

FCSMTH.

VII. FCAVG2 (appendix 21).

This program allows one to average both polarizer and analyzer

effective Verdet coefficients, using the result for both Faraday cells.

VIII. DSCONV (appendix 22).

DSCONV recalls spectroscopic data files stored by SEV002 and con-
verts the contents to delta and psi; effective Verdet coefficients
stored by CALFC!1 are also required. For the ellipsometer configuration
having the plane-of-incidence parallel to the optical table, the

"rotated azimuth formula option" is selected by the user. This program
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also allows the user to diplay delta and psi plotted against wavelength
on the VTS5 screen (by calling subroutine PLOT). The converted data can
then be stored in the same file as the original data or in a new file

specified by the user.

IX. RISURF (appendix 23).

Measurements of delta and psi for a bare, reflecting surface can be
used to calculate the optical constants of the surface (refractive index
and extinction coefficient); Files created by DSCONV can be  converted
to complex refractive indices at different wavelengths by RISURF. The
converted data can then be stored in any new or existing spectroscopic
data file. Subroutine PLOT is also used by RISURF to generate graphics

on the VT55 screen.

X. RISMTH (appendix 24).

This program performs Lagrangian smoothing of spectroscopic complex
refractive index data files using subroutine SMOOTH, the same routine as

employed by FCSMTH.

XI. RIGEN1 (appendix 25).

Spectroscopic refractive index data files can be generated by
linear regression of literature data; use of RIGEN1 requires the assump-
tion of linear optical constants (no absorption bands or edges) over the

spectral range of the data.
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XII. DYERI (appendix 26).

This program can be used to generate the refractive index data file
of an adsorbed dye layer on an electrode surface from (1) absorption
spectra measured with the spectral scanning ellipsometer serving as a
spectrophotometer and from (2) a data file having a refractive index
(real part) believed to be comparable to that of the dye (see Chapﬁer

8)o

XIII. MINUS (appendix 27).

This program generates "difference specﬁra" by subtracting one
épectroscopic ellipsometry data file from another. This program is
essential for determining very small changes in delta and psi due to
formation of single monolayers (see Chapter 6, dye relaxation experi-

ment).

XIV. NORMAL (appendix 28).

This program normalizes one spectroscopic ellipsometry data file by
another and is useful when measuring intensity (photomultiplier tube

output) rather than polarization (Faraday cell de¢ current levels).

Simulators are used to predict spectroscopic ellipsometry measure-
ments on the basis of experimentally determined spectroscopic refractive

index data files, literature data, and established optical theories.
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Spectroscopic Simulators

I. EMASES (appendix 29).

Delta and psi are calculated at different wavelengths based upon
the Maxwell-Garnett theory. This routine was used extensively in
Chapter 7 to predict spectroscopic ellipsometry measurements of thin,

porous Pb electrodeposits on Cu.

II. BRUGMN (appendix 30).

This program is similar to EMASES and calculates values of delta
‘and psi at different wavelengths based uson the Bruggeman theory. This
routine wasvalso used extensively in Chapter 7 to predict spectroscopic
ellipsometry measurements of thin, porous Pb electrodeposits onvCu;
This program is believed to have a more sound theoretical basis than

EMASES due to the self-consistancy of the Bruggeman theory.

III. CSMSES (appendix 31).

Delta and psi at different wavelengths are calculated on the basis
.of the coherent superposition model. When a deposit is distributed as
islands on a substrate the weighted average of reflection coefficients
for film-covered and for bare surface are used to calculaﬁe the overall
reflection coefficients; when are then used to calculate delta and psi.

See Chapters 5 and 7.
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IV. AISPEC (appendix 32).

Delta and psi at different wavelengths are calculated on the basis
of a uniaxial anisotropic film model. This simulator reads spectros-
copice complex refractive index data files created by DYERI and RiSURF to
predict spectroscopic ellipsometry measurements of adsorbed dye mono-

layers on electrodes and was used extensively in Chapter 8.

Single Parameter Modeling Routines

I. EMAFIT (appendix 33).

The current passed during cathodic metal deposition with fixed-
wavelength ellipsometry experiments is integrated by this program and
values of delta and psi calculated based upon combinations of deposit
thickness and porosity consistent with the charge balance. This program ,
uses the Bruggeman theory as the theoretical basis for predicting delta
and psi. EMAFIT reads PLTDAT.DAT and creates a formatted data file,
EMAFIT.DAT, of the same format as PLTDAT.DAT. The columns of numbers in
EMAFIT.DAT are time, calculated delta, calculated psi, the sum-of-
squares error between predicted and measured values, the charge deter-
mined by integration of the current in PLTDAT.DAT, the film thickness,
and the volume fraction of deposit in the composit film. This model has
only one adjustable parameter which was optimized by gradually increas-
ing the parameter value until a minimum in the sum-of-squares error was

detected (column 4 of EMAFIT.DAT).
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II. CSMFIT (appendix 34).

This program is similar to EMAFIT except that the theoretical basis
for calculating delta and psi is the coherent superposition model.
There is only one adjustable parameter; combinations of island thickness
and Surface coverage are coupled through the charge balance. Programs

for Graphic Output on the Tektronix 4662 Digital Interactive Plotter

Most of the figures presented in this thesis were generated with
the Tektronix plotter (7) using four programs, TEK002, TEK0O3, AXES, and
LABMOD (appendix 35). The axes of graphs are drawn and labeled by AXES
(appendix 36); the alpha-numeric labeling of the axes is determined by
values read from the input data file AXES.DAT (appendix 37). Program
LABMOD is used to label graphics with alpha-numeric information (appen-
dix 38). Graphic output generated by AXES from the input AXES.DAT and
demonstration labels generated by LABMOD are both shown in appendix 39.
TEK002 (éppendix 40) plots any spectroscopic ellipsometry file (those 5
blocks in length); scaling of the plot is determined by values read from
the input file RANGES.DAT (appendix 41). The graphic output generated
by TEKQ002 is shown in appendix 42. TEK003 (appendix 43) reads the for-
matted data file PLTDAT.DAT (appendix 44) and draws graphé (appendix 45)
identical in size to those drawn by TEK002; scaling of graphs generated

by TEK003 is done via the VT55 keyboard.
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Multiple Parameter Optimization Routines (appendix U46).

A univariant search program, SEARCH (appendix 47), was written so
that multiple parameter ellipsometry models could be optimized. This
optimization program has been applied to several multilayer film models
and a uniaxial anisotropic film model. SEARCH minimizes any function Y

calculated in the objective subroutine ERROR.

I. OHGOGO (appendix Uu8).

OHGOGO optimizes a two-layer film model (8) where the film closest
to the substrate is assumed to be compact and the second film is assumed
to be porous. The complex refractive index of the second layer are cal-
culated from the combined optical constants of the solid film material
and the incident medium using the Bruggeman theory. After delta and psi
are calculated for the substrate covered by the single, compact film,
apparent optical constants for this film-covered surface are calculated
and used as the substrate optical properties in the delta-psi calcula-
tion for the second, porous layer. The program reads the formatted
input film OHGOGO.DAT and outputs the optimized model parameters to the

line printer.

II. GOGOGO (appendix 49).

GOGOGO is similar to OHGOGO except that the assumed film structure
consists of a compact layer closest to the substrate, covered by a
second porous layer. Sitting on top of the second porous layer are

islands. The Bruggeman theory is used to compute the composite optical
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properties of the second layer and the coherent superposition model is

applied to the third layer, which is composed of islands.

Apparent subsﬁrate bptical constants are determined after the cal-
culation of delta and psi for each layer, beginning with the inner-most
compact film. A film-covered surface is treated as a simple substrate
having optical properties corresponding to the values of delta and psi
calculated for the film covered surface. This program was used for cal-

culations discussed in both Chapters 5 and 6.

ITI. WLGOGO (appendix 50).

The multilayer model optimized by this program is identical to that
optimized by GOGOGO. WLGOGO and GOGOGO are different in that WLGOGO
only optimizes those parameters of the film model which are assumed to
be wavelength independent. Values of delta and psi measured at several
different wavelengths for a particular surface are all treated as
independent observations of that surface. Consequently, model parameter
variances can be determined from spectroscopic ellipsometry measure-
ments. See Chapter 7. These variances are measures of the ability of
the model to fit the experimental data; they also reflect the models
sensitivity to particular parameters. Variability ih model parameters
from one experiment to another cannot be determined from a single exper-
iment. Furthermore, these values do not account for errors in the

alignment of optical components.
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iV. AIGOGO (appendix 51).

The optical constants and thickness of a uniaxial film are optim-
ized. This program was used in calculations discussed in Chapter 6 (dye

. relaxation experiment).

Simple Calculations of Delta and Psi

I.. FLMTST (appendix 52).

This program calculates delta and psi for a homogeneous film model.

II. EMATST (appendix 53).

This program calculates delta and psi for a homogeneous, composite
film model composed of two components. It is based upon the Bruggeman

theory.

III. CSFIT (appendix 54).

This program calculates delta and psi for an island covered sur-

face; the theoretical basis is the coherent superposition model.

IV. PSIDEL (appendix 55).

This program computes delta and psi from polarizer and analyzer
azimuths entered from the VIS5 keyboard; azimuths in any zone can be
converted. Ellipsometry Programs for the Texas Instruments 59 Calcula-

tor

Given the angle-of-incidence and measured values of delta and psi

for a reflecting surface, the complex refractive index of the surface
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can be calculated (appendix 56). Values of delta and psi for a homo-
geneous film model can also be calculated (appendix 57). The complex
arithmetic capabilities of this calculator make it attractive for such

calculations (9).
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Appendix 1.

PG . 5YS
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BIR . GAV
FILEX .GAV
DIFF .5AY
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TRES 7.5AV
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Directory of Working Disk DYO:
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*programs for data acquisition with automatic ellipsometer at
general purpose data acquisition and data reduction programs

SCAN

EDRO02
DECOD2
TRNSLT
PLOTO1
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a fixed wébelength;

reading A/D converter channels with numeric display on VI55 screen
data acquisition program for data collection over A/D converter channels
recalling unformatted data files created by EDR0O02 with numeric display
conversion of data files to delta, psi, etc. and creation of PLTDAT.DAT
generation of graphic display on VI55 screen from PLTDAT.DAT data



13-Nov-82
EDRO02.FOR
CLOSE2.FOR
INPUT2.FOR
PSIDEL.FOR
DEFINE.FOR
CHGTHME.FOR
DECODE.FOR
DELPSI.FOR
SCAN .FOR
PLOTER.FOR
PLOTO1.FOR

Appendix 1 (continued).
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INITO2.FOR
SETUF2.FOR
TIMEO2.FOK
QUTPUT.FOR
FLMMOD.FOR
TRNSLT.FOR
CONVRT.FOR
FLOT .FOR
DPECOD2.FOR
FLMFIT.FOR
SUBFLT.FOR

FLMDAT.DAT
TEST .DAT

TRNSLT.SAV
EDRO02.5AV
PLOTER.SAV
FLOTO1.8AV

94
32
70
69

Directory of Fixed-Wavelength Ellipsometry Data Acquisition Programs Disk

23-Jun-80
23-Jun-80
23-Jun-89
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13-Feh-81
15-Febk-81
30-Sep-81

11-Feb~B1
17-Feb~-81

13-Feb-81
13-Feb-81
19-Feb-81
30-Sep~81
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Example Directory of a Data Storage Disk DY1:

.BIR

19 jar—63

TITLE .BAT 4 17-Jun—§1 TRELT.54 1 03B!
TRELT.555 1 87-Hov-8i BECALL.B&T 2 {3-Aer-81
WCAC.DAT 1 25-Hav—82 FARADY.BE 9 25-HaO0
FCCE §.0AT 5 26-Ma 82 FCCALZ. BAT 5 26482
FCCALS.DAT 5 26-Hav-B2 FOLALA.BAT 5 26482
FARADY.MEE 9 26-Mav-82 FARDT.BAT 5 26-fav B2
CWPECLL.DAT 13 38 Jun82 POTDEP.BAT 11 €2-Jul-82
WFLON.117 5 12-Jdul-B2 TEFLON.11E 5 i2-Jul-82
TEFLOH 119 5 12-Jul-82 TEFLON.126 5 12-ki-82
TEFLOM.121 5 12-Jul-B2 TEFLOM.122 5 12-Jul-8F
TEFLON. 123 5 12-Jul-82 TEFLON.124 5 12-Jul-62
TEFLON.126 5 12-Jui-82 TEFLON. 126 5 13-.Ki-€2
TEFLON.127 5 13-Jul-@2 TOFLIN. 128 5 13-Jul-82
TEFLOK. 123 5 13-Jul-82 TEFLON. 138 5 §3-Jul-82
TEFLOM. 131 5 13-Jul-82 TEFLOM. 132 5 13-Jui-82
TEFLOW.133 5 13-Jul-82 TEFLOH.134 5 13-Jui-62
TEFLON.135 5 13-kul-82 TEFLOK.136 5 13-Jul-82
TEFLON.137 5 13-Jul-82 TEFLOM.138 5 13-Jul-82
TEFLON.138 5 13- i-82 TEFLON.148 5 13-Jul-82
TEFLGR. 141 5 13-Jul-8° TEHFLOH. 442 5 13182
TEFLON. 143 5 13-Jul-82 TEFLON. 144 5 13-Jul-B2
TEFLON. 145 5 13-4l RESIET.f48 5 13-Jui-82
RESIET. 141 5 13-ki1-82 TET.142 5 $3-mi-E2
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TELON. 148 5 13-l-&2 RESIET. 146 5 13-Jul-82
ESULT.147 5 13-Jui-B2 RESIET.i48 5 i3-Jul-B2
KINE 146 5 13-Jul-82 MINE (147 5 13-Jul-82
KRG .148 5 13-Jul TEFLOK. 143 5 13-Jui-82
TEFION.156 5 13-Jul-B2 TEFLON.45¢ 5 13-Xkui-82
TEFLON.152 5 13-ul-87 TEFLOH. 152 5 13-dul-E2
WFLON.154 5 13-Kki-82  THFLOK.IS  § i3-ki-&
TEFLON.156 5 13-Aul-82 TEFLI. 157 5 f3-kai-82
TEFLEN. 158 5 13-Jul-B2 RESET.148 5 {5-Uui-&F
ESET.158 5 15-Jul-82 RESIET.I5! 5 15-Jul-B2
ESET.I52 5 15 Jul-8 RESIET.452 5 15-ul-82
BESIET.I54 5 15-Mu]-B 87455 & {5-kel-82
ESET.I5 2 5 15-Jul-82 RESIET.I57 5 15-ki1-88
ESET.I56 5 15-Jul-82 HESET. I3 5 15-Jul-82
MINS .142 5 16Ul MINE 158 5 1662
MINE 151 5 16-kul-82 MIRE ({5 5 16-Kl-82
WiME .15 5 16-Jul-82 MIEE .15 5 16-Ji-82
KIS .15 5 16-Jul-82 WIKE .15 5 i6-mi-82
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: Demonstration of SCAN

152348 Liiiiirinntnnennann cereene ..system "crashed"
L ..command entered from VT55 keyboard to "boot"
RI-445 % P2 v vveteneasnnnnes VI55 response to "boot"

ST TI: Sl:ﬁ
ASGINH DYi: IK
LBATE 15-Rd-E3
EE BYS:IOTAR L .ivviennn. etereeas running program SCAN

C F{i'x CONTINGE ﬁ}sr%’{
S FOR SINGF DTPUT

R FOE BETURS
F FOR STOF
E'L“%’é =3
O e i 2 3 4 E € 7
-3 =3 i ¥ 155 = ¥ i 7 7 274 oo .A/D converter
mﬁ; channels scanned
BT =4 a single time
Baix = 3
grounded
input ‘
2857 2847 2847 2837 47 2847 -5 -12% ...continuous A/D
1626 2047 2847 2847 2847 2847 -2 -128 converter scanning
1727 287 2847 7 Zei7 2847 —4 254
1842 ¥ 2847 7 F 2257 -5 -11¢&
1855 287 2847 &47 i7 247 -5 P
$97c 657 ¥ ? 2847 847 -3 i7&
7 Z 2247 F 2847 2847 - - ~-34
2847 2847 oei7 7 2247 7 -2 —23i
2847 7 2847 2847 7 2847 -5 —-182
2847 L7 7 7 2847 £847 -5 L 31
847 2857 ¥ s 247 §7 -3 185
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Appendix 3 (continued).

Listing of SCAN

CALL SCAN

ALl EXIT

END o

SUBROUTINE SCAN
T e R e e T R T
C THIS SUBROUTINE SCANS THE A/D CHANNELS CONSTANTLY, AND DISFLAYS

c VALUES FOUND IN THE REGISTERS ON THE V755 SCREEN. THIS SUBROUTINE

[ ALSO ALLOWS ONE TO SELECT THE CHANNEL GAIN USED DURING THE SCAN.
CHbRRdRRERREFRRRARRRERE R R FRRRRRSRR TR RERRSERR RS SRR KRR SRR R R E bR R
L BEFINITION OF TERMS:

€ §TA = STATUS FOR SCANNING
c 1 FOR CONTINUS SCANNING
c 0 FOR SINGLE TIME SCANNING
c MES = MESSAGE FROM USER.
€ IGAIN= GAIN OF PGA
CHEddribkdpkrbkbhkhhkbhhhhrdbrkkrrbbdbebbkiibkrbbsbbkbrtbrdtbrebbdibh ki
COMMON/FRINT/STA,HES,IGARIN
INTEGER*2 S5TA,HES
ST4=0
I=0
Cra+4%TYPE MESSAGE FOR USER#%*dsdsdksdrdbbbkbdshbhhhbddbbdhbdbbbdbttdbss
100 TYPE 1
1 FORMAT(” TYFE 1 FOR ONE CHANNEL-
1 o/ 47X, A FOR ALL CHANNELS”
2 y/ 7%, °C FOR CONTINOUS DUTFUT~
3 y/¢7X,°8 FOR SINGLE OUTFUT
4 o/ y7?X, 'R FOR RETURN ~
3 o/ 72X, °F FOR STOF7)
101 TYPE 3
3 FORMAT(“$CONTROL=")
Ck%+*2GET MESSAGE FROM USER#*¥édssddddbbbdbebbhkhbbb kbbbt bbtbktrsbttbs
ACCEPT 2,MES
2 FORMAT (A1)
IF(MES.EQ.1H1)CALL SINGLE
IF(MES.EQ.1HAICALL ALL
IF(MES.EBG.1HCISTA=1
IF(MES.ER.1H5)5TA=0
IF(MES.EQ.THRIRETURN
IF(HES.EQ.V1HF)STOF
GOTO 101
END

D DU
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Appendix 3 (continued).

SUFROUTINE SINGLE

CsxxxITIME AND JTIME ARE TIMING VARIQBLES FOR TIME LELAY##kdbbdtdtitksd
COMMON/PRINT/STA,MES, IGAIN
INTEGER*4 ITIME, JTIHE
INTEGER*2 STA,HMES,T
I=0

Cx#4428ET UF ADIC FOR PROGRAM CONTROL, NO INTERUPT**J**##1K#¢*¢Jt*tlt*i#i
CALL IPOKE("170400,0)

100 TYPE 1

1 FORKAT(/, "SCHANNEL = )
ACCERT 2,C

2 " FORMAT{12)

CHs#%40ET CODED GAINF#S$ k3 k¥ kX kbbb bbb ¥ 1At b A AR Rb R R L KRR B R R F 4 H A
TYPE 4

4 FORMAT(’$  GAIN = /)

ACCEFT 2, IGAIN
Cxex4dRETURN IF INFUT CHANNEL IS NOT VALID®®ddbkbtkrdbkbrksatdd bhibitadd
IF{(C.LT.0.DR.C.6T.7)RETURW
CasdatSET UP CHANNELA#% b b dhbd bk dh b b d b kA bk hd A5 h b hh ARk d A bbbt At 4
1000 CALL IPOKE("170402,C.0R.(64+IGAIN)) '
CHa4x+CHECK TO SEE IF ADC IS FINISHED# % ##dd¥ddhtdsbdhddadb ittt bkt sstsd
1001 IFC.NOTLC(IFEEK("170400).AN0."100000))607T0 1001
Cxxa£4DUTFUT THE R;SU'T44444414*#44*»**4**¢o+*¢;4#*4;4¢**4+ot4e4;4t4;§&
TYFE 3,IFEEK{"170402)
3 FORHHT(?X 13,X)
Co+>44SET UF TIME DELAY FOR NEXT SAMPLE#%dksskdisdsdskdkbkbbrbbpdddtdins
CALL GTIM(ITIME)
CALL JICVT(ITINMEY
JTIME=ITINE
3090 CALL GTIM(ITIME)
CALL JJCVT(ITIME)
IFCCITIME-JTIME) LLT.60)60T0 500
CHraksRETURN IF ANY MESSAGE IS COMMING FROM THE KEY BOARD##ddkdd#ibrsds
IFCITTINR(I).GT.OYRETURN
C+4+%%L00F FOR NEXT CHQNNEL****t*t*******##*##***tt**#*#****#*#*####f*&#
IF(STA.EQ.0)GCTO 100
CHax++IF CONTINUOUS MOLE IS USED, SCAN LOGF AGAIN####dsdbvddedtbbbditess
GCTD 1000
END
SUEROUTINE ALL
COMMON/FRINT/STA,MES,IGAIN
INTEGER#2 STA,NES,C(8)
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Appendix 3 (continued).

Casx+*BET THE CODED GAIN dddiddkhdhhbsbsbhh i dbhbrhrbbbdrthdbbatbdant it

TYFE 4
4 FORMAT("$ GAIN = )
ACCEPT 3,IGAIN
3 FORKAT(I1)
CokkkkFPRINT HEADING#*dkdkhkdkdbbkbdkhdrdbhbbrdb bbb ik b Ldbhbdbbkhbbobid
TYPE 1 .
1 FORMAT({ CHAN 0 1 2 3 4 37,
1 y 6 77)

CALL IFOKE("170400,5)
C+++++SET UP FOR SEQUENTIAL SCAN AND AUTO START ON REALING OUTPUT####++
Cxe+x%START WITH FIR‘ST CHANNEL®*®k ks kb kbbbt bbb rbdddb bbbkt bbb bbb bt
100 CALL IPOKE("170402,64*IGAIN)

o0 1001 I=1,8
Co*+++CHECK FOR THE END OF CONVERSION ON EACH CHANNEL#*Akstditsisetsttss
1000 IF(.NOT.{IPEEK("170400).AND."100000))60T0 1000

CHeat 4 INPUT THE RESULTHA#rdddsdbdddbbdbbidsihebf b shs kbbb bbbk bbb

COIV=IFPEEK("170402)

1001 CONTINUE

Crs#%4PRINT THE RESULTHridbdddbkbbbhbbssddbidbdbibihbdddbtssbbhibirsbts
TYFE 2,(C{1),I=1,8)

2 FORMAT(2X,B818)
Cokax4IF IN SINGLE SCAN HODE, RETURN ##ddkddddddbbbdibddddbbrbtbddthihds
IF(STA.EQ.C)RETURN

C#+4441F THE USER TYFES ANY MESSAGE, RETURN*k##ddddksErtrdksdbtttsddttis
IFCITTINRCI ) .6T.O)RETURN

CatdaxdL00PH 235445 h bbbk AR RA RN RKFRAA IR L AR F bbbk R A AR DAL SR 30
GOTO 160
END
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Appendix 4.

Demonstration of EDROO2 - setting up channel parameters

LB DYe TDRess

TYFE © @ FOR BETTING PRISETERS FES & BISE FILE.
2 FIE & LISTIG F THE GREENT FREdETERS.
3

NI = §
BT IS THE ESIEED NFEER OF MRS D {123 %
Osdeel 1 BG YOR! WISH TO CHASED THIS OWeeEl (Y/RITY
LIECATIE {121= ¢
BRIk {Igi= 3
PERIOLR. YIL (I143= €8
Rt {iz}=
KIS {fdi= G

Cigas: 2 B YOR! WISH TO OWN&EE THIS OWees (YANRTY
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Appendix 5.

Demonstration of EDRO02 - getting parameters from a stored data file

owPBAlL 084 13 19-Jul-B2  TRESIT.BAT 1 @S-HovEi
PLTDAT.DAT 58 1S-Jul-82 ~ HFLON.286 5§ (9-wi@2
TEFLON.267 5 A%-dul-B2  CFBALEEs 13 iS-Rmi-E2
CFEALL 066 13 19-Jul-B2 28 .iBE 5 15-Jan 63
G .183 5 19-JanB3  MIME 486 5 1S-jn G
6ZP .188 51%-Jar83  MIME .i88 5 i{S-Jan 83
6D 185 5 19-Jan83  MINS .485 5 15-Jan 63

164 Files, 935 Blocks

3o Free BIorkS ... .. i iiiiiriiiiiiitetretecaneccnessonssasannns end of directory
R DYRIEDRBOZ ..o . .running EDRO0O2
TYPE : @ FOR GETTING PARAMETERS FRSS A BISK FIIF,
{ FOR OWMSGING THE INPUT PARAHETERG.
2 FOR A LISTING OF THE CUREENT PARASETIRS,
3 FOR START SETTING P CURRENT PARAMETER.
DT =
NAE OF FILE OF WHICH THE TARLE IS SIORED (A12) = DYICVPBAUSSS

IWNuY = 2

MMEIR OF CHAMBEIS = &

KRR L E  GAIK PEEIGD.TI{ BREEE WITS NOE AND COEEHT

i & 3 3% & PE

2 1 3 32 & fhs

k. Fd 3 32 L POTERTIA

4 3 3 3 & Qo eT

5 4 3 32 ¢ PriaG

& 5 3 38 & FiLas
IFUT = 3

RIE IREATION. "HRSIMIHIGECITIC® (4412.X3) = &8 2 38 82
B BREATIGR ISERTTRED /S 8 €381 &

Rl IDERTIFICATION{A4E) = lEMESTRATIOR O PE=AE TLIEET
FILE NE FOR NEE DRTA (A12) = DVIETE: BAT

TYPE 6" FOR STARY OF B! 6
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Appeﬁdix 5 (continued).

Listing of EDROO2

PROGKAN EDR
Chadddkrbsdbbrkpbddbkpb kbbbt dbbebbb bbb rbbibrpbrtet bt bihirt bkt hey
c
c THIS 15 THE MAIN PROGRAM OF THE ELLIPSOMETER DATA RECORDER WHICH
c CALLS VARIDUS SUBROUTINES FOR THEIR SPECIFIC OPERATIONS.

C
C##*#****#*****t##**#***#*******#**#*#**#**t**##t****t**#***$**#$*$#*$##

CONMON/WRUBUF /ICHAN, IBLOCK, IFLAG :

COMMON/AREA/IAREA(A)

IF(IQSET(S).NE.0)STOF “NOT ENOUGHT FREE SFPACE FOR QUEUE ELEMENT®

IFLAG=1

CALL FINISH ,
Crekktkrdkrrkbbbbhbrhbhkbrhbhbkbhhbhkkdbbrbbkrkkbbhkbhhkhbkkrekt bbbk et pbds
C COMPLETION ROUTINE FOR WRITING DATA ONTO DISK.
C***#******####******##t#*********#**t#****#***************i**##*t***#*#

CALL INITO2 : '
Chrtxrbkrssdhtbrtdrbsdbbbdihbkbhkhbkhbhkbbdkbbrebbhrrdb kb rbbohkrb bbb bnhes
C THIS SUBROUTINE INITIALIZES ALL THE STARTING FARAMETERS BEFORE ANY
C OFERATION IS DONE.
CHrekextkbxthsbbkdbbtbrdbbbrbkkbkbhhrbsdbrtrbhkkbkbrsbbkrhbbvhbhbkbhkettbdbs

CALL INPUT2 o
(I T R R T R Y T P Y2232 22322222323322222312323X3818¢%%;
c THIS SUBRDUTINE COMMUNICATES WITH THE OFERATOR FOR INFUT FARA-

c KETERS TO SETUP THE DATA ACQUISITION FROCESS.
Ry R T T P T e PR E RPN TR R

CALL SETUP2 '

Chkdtdhdkrk st rddrbbbbbbbsbhbdbhkksbrhbbhbtkrbkd bk bbbkt rbd ik b s
C THIS SUBROUTINE SETS UF THE NECESSARY FARAMETERS FOR THE DATA

C GATHERING PROCESS ON THE EASIS OF THE GFERATOR INFUT.
Ctddrrkribhrbhktbhrbb kb bbkkkbbkdhkkbbrbbbbbrbdbbbh kbbb phdtbibihndtrbd s

CALL TIMEG?2
Chrkkddbkbbkbhb kbbbt bbbk bbb b s brhktbbb bk bbb bbbt hn bk bbb pbdeddd

c THIS SUBROUTINE KEEFS TRACK OF THE TIMING AND CALLS THE ACTUAL
c DATA RECORLING ROUTINE TO RECORD DATA AT THE RIGHT TIME.

C IT ALSOC KEEFS TRACK OF THE STATUS OF THE BUFFER AND CALLS THE
C ROUTINE FOR URITING DATA ONTO DISK.

R R TR e s R RN F R T S R
CALL CLDSEZ2
Cresdedddbvdbdhkbdhbhkbdkbbd bbbkt bbbbdbrbbbbahkrtdhtbhbrdbbbtbrtbbdthddst

C THIS IS THE ROUTINE THAT COMMUNICATES WITH THE OPERATOR TO

c HANDLE MODIFICATIONS ON THE EXISTING DATA.

c MORE DATA CAN ALSO BE GATHERED IF DESIRED.

CHradkhddbdddsdibbbibbi st irtrbbbhrbtbbbrbbbibtbbbsebbrdbbbobbbtotds
END
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Appendix 5 (continued).

SUBROUTINE INITO2
2 T R R L R L P SRR
c ISETUF=5ET UF PARAMETERS
c NUM=NUMBER OF CHANNEL
c LIS=TABLE FOR HOLDING ALL THE PARAMETERS
c LIS(I,J)... J=CHANNEL NUMBER
c I=1....PHYSICAL LOCATION OF CHANNEL
c 2....6AIN
c 3....5AMPLE RATE IN TICS.
C 4-5. . UNIT
c 6....RANGE
c 7-16 . NAHE AND COMMENT
c ID = IDENTIFICATION FOR THIS RUN
€ LENGTH= LENGTH OF RUN IN TICS
c
C
C
¢
c

LIMIT=MAXIMUM LIMIT OF THIS PROGRAM
NHAMAX=HAXINUM NUMEER OF CHANNEL
. NERMAX =MAXIMUM NUMBER OF DIFFERENT SANFLE RATE

P Ty e s e S eI s e R R P IT s R R

COMMON /ISETUP/NUM,LIS(16,16),I0(20),LENGTH{(4)

COMMON /LIMIT/NHAMAX,NERMAX

NHANAX=14

NERMAX=3

NUM=8

o 100 I=1,16

BO 100 J=1,NHANAX

LIs(1,J)=0
100  CONTINUE -

- RETURN
END
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Appendix 5 (continued).

SUBROUTINE CLOSE2

COMMON/URBUF/ICHAN, IELOCK,IFLAG
CHedsrashrdbrdktdbkirtidhdsirbtbbibirbrthibikbbhrrobbdbbrkh kb e kit
C SEE SUBROUTINE INITO! FOR DISCRIPTION OF COMMON BLOCK.
c THIS SUBROUTINE TERWINATES DISC STORAGE.
CHERRREF R AL AR REE SR RARRLNRRR SRR B AR R R R R bRk kR Rk b bk

CALL CLOSEC(ICHAN)

CALL IFREEC(ICHAN)

CALL EXIT

END
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Appendix 5 (continued).

SUBROUTINE SETUP2
CHesdsddsrtrbsididdibbbiikipibbtbirbrbis b sppehinkrditbrbtbbrirrbbed
c SEE SUBROUTINE INITOQ1 FOR EXPLANATION OF THE COMMON BLOCKS.
CHEARERRRRR Rt R AR ERERd R AR RE R AR R RS R AR R SRR LR SRR IR R F RN SRR R bR bk d bkt

c IRUND = COMMON BLOCK FOR RUNNING PARAMETER
c COUNT = COUNT DOWN TO HARDS ANOTHER SAMFLE TIME FOR EACH CHANNEL
c IBUFF = BUFFER FOR DATA STORAGE

CHEFEdRdd bbb bbb Rk kb Rk kRl R ARk Rk R b kbt Rk bbbk b bk kb ko

INTEGER*2 COUNT(16)

COMMON/ISETUP/NUM,LIS(16,18),ID(20),LENGTH(4)

COMMON/IRUND/IDUMNY(35),IBUFF(748)

COMMON/WRBUF/ICHAN,IBLOCK,IFLAG

REAL#4 DELK(2), NAHE(B)
Ct***##*****#t**t#****t**##***t*##********#***t*&*t*k**t##*t#{##kt*l*tl«
c SET UF THE BUFFER FOR DATA INPUT.
CHERRS b FhRa i RARRREd kbR RR KRR AR KR RRRERRTRRE R RS LR KRR R R bR bR kbbb

Do 1005 I=1,768

TBUFF(I)=0
1005 CONTINUE
CHRSRERBEERERERERERRER Rk h R R R R AR R R bR kAR R R R Rk
C STORE THE SET UF INFORMATION FOR THIS RUN IN THE BUFFER.
Cretadrdtdhbk bbb ikbbbhtbhhibdhperhbdnibrbidiaribbsdsdrrrhbriorrbees

B0 1007 I=1,20

IBUFF(I)=ID(I)
1007 CONTINUE

TBUFF(21)=NUM

TBUFF{22)=LENBTH(1)

TBUFF(23)=LENGTH(2)

TRUFF{24)=LENGTH(3)

IBUFF(25)=LENGTH(4)
ey e s P e S S I E LT E L

c STORE THE BUFFER CONTENTS ON A DISK.
Crdkbbbddkdbbbdbhbbbikkdsdbterkbkxiokkiokbrdkokbkdkokobkkdbdkshkbbbbhcbdkddbdk
TYPE 1
1 FORMAT(/,"$ FILE NAME FOR NEW DATA (A12) = )
ACCEFT 2, (NAME(I),I=1,3)
2 FORMAT(344)

N=IRABGO(12,NAME,DBLK)

ICHAN=IBETC(0)

IFCICHAN.LT.0)STOP “CANNOT ALLOCATE CHANNEL-
TERROR=IENTER(ICHAN,DBLK,0)
IF(IERROR.LT.0)GOTOD 9001

IBLOCK=0

IFLAG=IFLAG+1

CALL URBUFF(IRUFF)

CALL IWAIT(ICHAN)
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Appendix 5 (continued).

1

Cheskbbbdhkkbbrbbbb bbb e b bk eirphkbbh ek i bbbt bk kb ddkkb kbbb hon b a by
c RECORD RUN PARAMETERS FOR EACH CHANNEL IN BUFFER.
C*#**********************t***t*$***##t********#**#***#t*t*********$#*#*1

DO 1009 I=1,256

IBUFF(I1)=0
1009 CONTINUE

DO 1010 I=1,NUM

DO 1010 J=1,16

IBUFF ((I-1)%14+J)=L15(J,1)
1010 CONTINUE ‘
CRExdhdhkhhhhbbb kA b bR kb bbbk kb k kR kb bk kbR kbbb bk kb ke bk kA hokd - -
C STORE BUFFER CONTENTS ON A DISK.
C#*******************#t*#***t***###*t***t##**#**#****#****#*$#1*#***#*w-

IF(IFLAG.BT.0)CALL IWAIT(ICHAN:

IFLAG=IFLAG*T

CALL WKBUFF(IRUFF)

CALL IWAITCICHAN)
Chrkkdkkbrerbhkbrkhbbdbrkbkbrddbkshrbbhbhrr bbbk okdinkbphrbbbbddb bbbk -

c SETUF ADC FOR:

C NO END-OF-CONVERSION INTERUFT
C NO AUTO INCREMENT

C PKOGRAM CONTROL A-D CONVERSION

W I T 112 2R s 1222112 3 1 2 L I s I I I sITITIIIIIY
CALL IPOKE("170400,"000000)
RETURN
9001 TYPE 3,IERROKR
3 FORMAT(X,135)
STOF “ENTER FAIL-
END
SUBROUTINE WREBUFF (IBUFF)
COMMON/WRBUF/ICHAN,IBLOCK,IFLAG
(M TI233222222222223 33283 3223 32123 1121233321 3 I I IITIIIRsITILI2TY

c URITES IBUFF INTG FILE ICHAN.
R Ty e Y e E e R P L E L eI TR
COMMON/AREA/TAREA(4)

EXTERNAL FINISH
IERROR=IWRITF(256,IRUFF,IBLOCK, ICHAN, IAREA,FINISH)
IF(IERROR.LT.0)G0T0 2000

IBLOCK=IBLOCK+1

RETURN

2000 TYPE 1,IERROR

1 FORMAT(/,3X,12)
STOP “FATAL URITE”
END

SUBROBUTINE FINISH
COMMON/URBUF/ICHAN, IBLOCK,IFLAG
IFLAG=IFLAG-1

RETURN

END
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Appendix 5 (continued).

SUBROUTINE INFUT2
e L e T S R SRR LAt
c SEE SUBRODUTINE INITO1 FOR AN EXPLANATION OF THE COMMON BLOCKS.
CHALRRERERAARFFRRRRRRSRRRERRERRRARRR R R R AR bbbk bRk RN R Rk SRR R bk

COMMON/ISETUP/NUM,LISC14,16),1D(20),LENGTH(4)

CONMON/LIMIT/NHANAX, NERBAX

COMHON/IRUND/IDUMMY (55),IBUFF(768)

REAL*4 NAME(3),BDLK(2)
Cttttttttttt******t*#****t****4************:***:4*#*t*¢#*¢r*ttc*;*t#«t;t
c THE REQUIRED OPERATOR RESPONSE IS EXPLAINED AND DISFLAYED OW
£ THE CRT IN CODED FORM FOR REFERENCE.

R Ty T T R P e e e e P S T
100  TYPE

1 FORMAT(///,8X,"TYFE = O FOR GETTING PARAMETERS FROM A DISK FILE.",

1 /,13X,71 FOR CHANGING THE INFUT PARAMETERS.”,

2 /,13X,72 FOR A LISTING OF THE CURRENT PARAMETERS.”,

3 /,13X,73 FOR START SETTING UP 'CURRENT PARAMETER.")
Crixihexdskrkkrkbdbbb kb btk rhbrkebb bbb sde bbbk bedbab btk ebbktbnd s
C THE PROGRAM NOW GETS A RESPONSE FROM THE USER.

e e E T e R e
200  TYPE 26

26 FORMATL/, 87, 3X, "INPUT = )

101 ACCEFT 2,J

2 FORMAT(I1)

CHEARERRRRR SRR ERRF PR B KR ERF RN ERRERRRE RS TR kbR R R R kR kR AR R
c THE USER’S RESPONSE IS NOW CHECKED.

c 100 =  NOT LEGEL RESPONSE, TYPE MESSAGE AGAIN.

C 102 =  FRINT CURRENT PARAMETER TABLE CONTENT

c 103 =  MODIFY CURRENT TABLE OF PARAMETER

c 104 = ASK FDR RUN IDENTIFICATION

C 105 =  GET TABLE FROM A DISK FILE. _
R P e T E e L SR LT T

IF (J.6T.3.0R.J.LT.0) GOTO 100
60TD (105,103,102,104) J+1
Chrkkbkkkbkbkhkdkraxhhbkkrrkkhh ek hdre kbbb bxbhbkbrbebbbbbbbrkdbdd et
C CONTENTS OF THE CURRENT PARAMETER LIST ARE PRINTED. ,
Credkd bk ke x A bk F b kRt bbbk bR kAR kR R LR FRERERR KRRk E R bk bk kbbb bbb bbb et bbbt 4
102 TYPE 3,NUM,(K,(LIS(N,K),H=1,16),K=1,NUN)
3 FORMAT (//,6X,”NUNBER OF CHANNELS = /,12,//,
1 &X,”NUMRER‘,2X,’LOC N‘,3X,”GAIN",4X, PERION,TIC’,2X, RANBE",
2 3X,7UNITS”,3X, NAME AND COMKENT’,//,
3 (7%,12,6X,12,6X,12,6X,14,8%,12,5X,242,6X,1042))
6070 200



Appendix 5 (continued).

Cradhdddhd bbb bt bk R kb bk kR kR bR kS kR Rk R AR R bk b b kR Rk kN bbb b b h
C THE CURRENT PARAHETERS ARE NOW CHANGED ONE AT A TIME; SEE
C SUBROGUTINE "INITO1" FOR AN EXPLAMATION OF ARRAY "LIS(I,J)".
Crkdbkkbdhkkddhkkbrdhrbbhkhbsbihrtbrdbhkhhrhbrkbkhrb kbbb kbbb v bbbt
103 TYPE 4 :
4 FORMAT(//,”$%  WHAT IS THE DESIRED NUMEER OF CHANNELS (12)7°)
ACCEPT 5, NUM :
5 FORMAT (12)
DO 1000 J=1,NUN.
TYFE 6,4 :
6 FORMAT(/,”$”,"CHANNEL ~,12,4X,”D0 YOU WISH TO CHANGE THIS CHANNEL®
1 (YN ?)
ACCEPT 7,IRES
7 FORHAT(A1)
IF (IRES.NE.1HY) BOTO 1000
CHekkkrddbb vk sdhbbtb bbbk bd bbbt kbbbt dbrdbkr bbb brdbbbkfhbb st bbrbns
C CHANNEL LOCATION ,
CHREAF AL KARFREEERFEFRERERRERRAN DR KEREL KRR B R R AR bbbk kA Rk Ak bbb kb Ak b &

TYFE 8
8 FORMAT(/,$  LOCATION  (I2)= <)
ACCEFT 9,LIS(1,J)
9 FORMAT(I2)
Chedbttbhrbhbhhkhhkrkrhbkbrbbktdhbhohbxhkrbdbbbbbhbh kbt bbbt pphhdahbded tadb4d
C GAIN '
Credttbddtddbbr bbbt bihhktdbbhdbnbdbbbbrdbbbvbebkhbthrrritdrhkdddbrbddrdis
TYPE 10 :

10 FORMAT(S GAIN (I2)= )
ACCEPT 9,L1S(2,0) '
e T Ty e E T T e R R R E P TR PR TR S E R E T R LR

c FERIOD
(Y 2 2 T T I 11 T 211 1113213222 3t it It T Y
TYFE 11

" FORMAT($ PERIOD,TIC (I4)= )
ACCEPT 12,LIS(3,4)
12 FORMAT (I4)
R T T P R E e R L R R P S PR LS

C -~ RANGE

R T P e e T
TYFE 13

13 FORMAT("$ RANGE {I12)= °)

ACCEPT 9,LIS(4,J)
Chrikrdkkhkkrkkbkkkkkbkkhkkbdkkbkhkbd bbbk et d b bbbk bkt db b bdb bbbt s

c UNITS

Ry Y Ry e e I PR e E PR T
TYPE 14

14 FORMAT(”$ UNITS (Ag)= )

ACCEFT 15,L15(5,J),LI5(6,d)
15 FORMAT(2A2)
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Appendix 5 (continued).

Crktxkrskdrshkbehkkkrbkberbbkbbdbbbrdhkbrekkbdbbkbbkbrbpbdibid bbbkt bdy
C NAKE AND COMMENT C
Crrkxtkxdkkhkddrbkbhbkprkkrbsdkrbkkkrbkd bbbk dbhbdbbdbbbhkdbkdbdbbddertd
TYPE 16 : -
16  FORMAT(’S NAME AND COMMENT(A20)= )
ACCEPT17, (LIS(K,J),K=7,16)
17 FORMAT(1042)
1000 CONTINUE
GOTO 200
C***********t**#*#**#****##**##*#****##******##*##*#*******#*#*#*1*****#
C PREVIOUSLY STORED INPUT PARAMETERS ARE OBTAINED FROM DISK FILE.
Crkkbkhbkkkrrhhhntbhkkdhbhkkkrbkkrbbkdkkrbkdbbbhbkkbbkhkbhrdbkhdkkhpdbhdhgs
105  TYPE 22
22 FORNAT(/,”$,5X,”NAME OF FILE OF WHICH THE TABLE 1S STORED *,
1 (A12) = )
ACCEFT 23, (NAME(I),I=1,3)
23 FORKAT(3A4)
N=IRADS50 (12, NANE,BDLK)
ICHAN=IGETC(T)
IF(ICHAN.LT.0)STOP “CANNOT ALLOCATE CHANNEL®
IFC(IFETCH(ICHAN) LLT,0)STOP “FETCH FAIL”
IF (LOOKUP (ICHAN,BOLK) .LT.0)STOP “BAD LOOK-
1BLOCK=0
CALL READ(IBUFF,IBLOCK,ICHAN)
NUM=IBUFF(21)
CALL READ(IBUFF,IBLOCK,ICHAN)
10 1005 I=1,NUN
DO 1005 J=1,16
LIS(J, 1) =IBUFF((I-1)#14+])
1005 CONTINUE
CALL CLOSEC(ICHAN)
CALL IFREEC(ICHAN)

GOT0 200
T T R R L R R E T L SR SR RS S SR F 2
C GET THE DURATION (LENGTH) OF THE RUN.

CHaddrdbbrrrdb kbbb bhkhkbkkkdbhbhdbkbbkrdbb kbbb bbbkt btbbribbsiditdt s
104 TYPE 24
24 FORMAT(/,"$7,5X, RUN DURATION: "HRS:MIN:SEC:TIC" (4(I2,X)) = *}
ACCEPT 25,(LENGTH(I),I=1,4)
25  FORMAT(4(I2,1X))
TYPE 27,(LENGTH(I),I=1,4)
27 FORMAT(/,6X,’RUN DURATION IS ENTERED AS 7,3(12,7:7),12)
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Appendix 5 (continued).

Ty E S R R I T F R P R I R N RN

c

INPUT COMMENT OR RUM ILENTIFICATION.

C*##****J#****#******#******i**4*44*0#Q#f*##i***ti**##*####kttttlFi&AOOO

TYFE 20 _
FORMAT(/,"$",5X, RUN IDENTIFICATION(A40) = 7)
DO 1001 I=1,20

ID(1)=2H

CONTINUE

ACCEFT 21,(ID(I),1=1,20)

FORMAT (20A2)

RETURN

END

SUBROUTINE READ(IBUFF,IRLOCK,ICHAN)

CHakdddkkbdkrdakedrkdbdkbbdibirkrhebdbhbibbibbedddpbdbbbdebiobhbkbbdads

C

READ FILE ICHAN INTO IRUFF.

Chkdbrpddhktbdkrbkttitthbtbbddd v kbt sbdbdbrrbbbbbrssdiddidtbbbbdbb vttt s

2000

IERROR=IREADW(256,1RUFF,IBLOCK, ICHAN)
IF(IERROR.LT.O) GOTO 2600
IBLOCK=TBLOCK+1

RETURN

STOF “FATAL REARL”

END
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Appendix 5 (continued).

SUBROUTINE TINEO2
Chkkdskkrpkkrkbbkkdhkphhkkbrkbhbrbbbrberbdpkbrbrkkhkpdckerkbhkbbb bkt bai
c SEE SUEROUTINE INITO! FOR EXFLANATION OF THE CONMON BLOCKS.
Chetkkkxbbhkkbhbkkbhkbkbshhbddbbhbkbkdshbkbdbrsbbkdrbkhkkehbhbbrtdabsktsia

DINENSION SUM(16)

INTEGER#2 COUNT(14)

CONMON/ISETUF/NUM,LIS(16,16),1D0(20),LENGTH(4)

COMMON/IRUND/IDUMNY(55), IBUFF (768)

COMMON/URBUF /ICHAN, IBLOCK, IFLAG
I YT I E EE r P R X P E Y P R F I R YR FT XTI P TE T ET R ET R 3]
c SETUP THE COUNT-DOUN TABLE AND ZERD THE SUM ARRAY.

Crrkdddkkh kb hbkFkbbkkbkErkhkrk b babbkn Rk kbbb bbb kkkdbbbdkdbd bk s

10 1005 I=1,NUM

COUNT(1)=LIS(3,D)

SUK(T)=0
1005 CONTINUE
Chekatdtdkbhr bbbk b brkbvkbb bbb krh kb bkbhkkb kb hkrbk bk ke kR bb kbbb bd iy
c INITIALIZE BUFFER COUNT.
Chkkkkskbkkkkbkrdbkhkkbkkbhbebhb bbbk bdkbdbbbkkbhkt ikkd kbbb kb b rdksbrdbhtd bt s

NBC=1
CHdddrdbbhrbdbkhbrbkdbrddikrhbhhrddokkbbrhhhkphbkhrhhkbbkkkskbkbkrbhdbrbhbdid
c WAIT FOR OPERATOR 0.K. BEFORE STARTING DATA RECORDING PROCEDURE.
Credtrbkrebbkbrbbbbhhkbkbhbhdbrthbrbbkhbkbhbkbhdkbtdbkbkbkbkbhdrhhhdphhkda &
14 TYPE 15
15  FORMAT(/,“$7,5X, TYPE "B" FOR START OF RUN: *)

ACCEFT 14, INF

.16 FORMAT(AT)

IF(INP.NE.1HG)GOTO 14
Cakdkbrskdhbrbbkdkdbbbrbbkbkbbb bbbk hkbkhrkkkkdkibkb bbb bh bbb bd bbb dbkt b
c OBTAIN THE TIKE FROM THE INTERNAL CLOCK AND' COMPUTE THE TIME OF
c EXPERINENT COMPLETION USING THE "RUN DURATION".
Chikbkddbrrkbkkkbkdkbbbbhrrdbbbkdbkhkbbkkkddbkkbkkbbbidhdbrvbbrrdbrdhokerdhiksd

CALL GTIMCITINE)

CALL CYTTIM(ITIME,IHRS,IMIN,ISEC,ITIC)

ENDHRS=LENGTH(1)+1HRS

ENDKIN=LENGTH{2) +IMIN

ENDSEC=LENGTH(3)+ISEC

ENDTIC=LENGTH(4)+ITIC
1000 CALL GTIH(ITIHE) _

CALL CYTTIN(ITIME,IHRS,IHIN,ISEC,ITIC)
Crekstdbrkkkkbhkrkdbkkbrddhbdkbebdbdb kbbb rbkcbdbbk bbb bbbhbkbkdbeedpdbsk
C READ ALL CHANNELS FOR DIGITAL SAMPLING.

Dkt gkdkkhkdbkbhhk kb bhk kR kd bk kb kb bk bbbk kb kbbb hkkkbb kb kb kb dhbhhphk

DO 2000 I=1,NUM :
Crrdkrdrkbtbrbbrbkbhdbbdbhkikbkbb bbb bbb kr kbbb bt bkbkht bk bb ok bt
C SET ADC FOR NEXT CHANNEL:

0 LIS(1,1)=CHANNEL LOCATION
L LIS{2,1)=CODED GAIN

CALL IPOKE("170402,L15¢i,I1).0R.{LIG{2,1)%44))
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- Appendix 5 (continued),

R e e Ty PP SR S P EY ST P TP P PR TR RIS T TR E

C CHECK FOR END OF CONVERSION.

R N T e T P ST T IR S E T TR TR LT L)

1500 IF(.NDT.CIPEEK("170400).AND."10G000))1G60T0 1500

C#&A###l**tt#ié&###&&i####*»9L#*#*#t#*&#i#&****t#*i?ti##t**til&k#t&&#‘l&

c NOW [0 THE SUMMATION FOR DIGITAL FILTERING.

C#»*l***#*t*****#***t**#1i#**#k*#****t********#****#**##4#44i#l#l#&#&Jeé
SUM{I)=BUM(I)+IFEEK("170402)

CRedhdddd b s kb Rk R TR E AR AR EERFRE RN R AR AR SRR R R AR LA AR H

C NEXT CHANNEL: .

CHRRFF BT RFRHARA AR R SRR A R R IR R TR R AR A AR R R R R R kA b4

2000 CONTINUE

CAREAARER R R A S A AR A AR bR A AR FREA L E DR SRR R R bRk

€ CHECK THE COUNT-DIOUN TABLE FOR A "READY" CHANNEL.

CHAddid bt b hd A AR RRRRE AR AR B AR R R AR R E AR AR AR RN R b bbb b hd gt
U0 3000 I=1,NUN '
COUNT(I)=COUNT(I)~1
IF(COUNT(I).6T.0)GOTD 3000

Ci***$&**t*#*#i*#t*########*t##**l#***#***##*****tt#*****kO61#4&4#1&*##1

C UWKRITE DATA INTO BUFFER.

Ctii&fo********4**&4**#****4***»*4******#******4***4******4***ttc;¢4«*;4
L=I-1
ISUM=SUM(I)/LIS(3,1)

IF(L.GE.B)L=L.OR."177770
IRUFF(NBC)=("7777 . AND.ISUK.OR. ("170000.AND. (L#4094)))
Ci##t#d#ii&##*##itf#&t&*t##Lé##*t*&l#&i&**&**#ﬁ*&944*&*14i%##af%;é!#il06

C CLEAR THE SUM ARRAY AND RESET THE COUNT-DOUN TARLE. v
CJ&i&&&**l4#4#4#***1#****#4%*#4#i#**4##***4*****#**$**4#**4i&*#i*&’*&i&0
SUM(I)=0.

COUNT(Ii=LIS(3,1)

CHAFBEFFAS RSB AR TR AR LR BRI SRR R R TR AR AR RN B A h R h AR R A b

£ CHECK TO SEE IF THE BUFFER 1S FULL.

CHERERRAEER A RER AR R LR R R R R R R R b b
IF(MODC(NEL,256)NE.C)Y GOTO 2500
IFCIFLAG.EQ.1)CALL IWAIT(ICHAN)

IFLAG=IFLAG+1

CHedd st i bt Ab RARFRREF AR 6 AR R AR RN AR R LRk F A F AR kb bk h bk

C WRITE THE BUFFER ONTO A DISK FILE.

CHRREEFLRBREERE RS DB R RRA LSRR A LR Rk bbbk bbb bbbk bk Rk kb Ak kb
CALL WRBUFF(IBUFF(((NBC-1)/256)%256+1))

2500 NBC=1+HOD(NEC,768)

3000 CONTINUE

CHbddEdhAEENER R R FRRFRRRA R AR E R AR AR R RA R AR R R SRS R R b Rk bbb

c CHECK FOR THE END OF THE RUN.

CHERdbad kbbb bR RR R AR R R R R AR AT A AR R AR AR kAR R R ARtk Sk R R bR bk
ENDTIM=ENDITIC+60.#ENDSEC+3S00. +ENDMIN+216000. #ENDHRS
CURTIN=ITIC+40.+#ISEC+3600.4IMIN+214000.+1HRS
IF(CURTINL.LT.ENDTIM)IGOTO 1000

CHERFHFEERFFRERE IR AR R RA B KRR TR B R R KR LR AR R AR SRk bk btk

c WRITE THE REMAINING DATA IF THERE ARE ANY.

CHrddatd R bd b b h b AR R EFE RS RSN LR FRR R AR FEARE AR RF R EF RN R AT R F A b dwd 4
IFCIFLAG.GE.1)CALL IWAITCICHAN) .
IF(MOD(NBC,256) NE.1)CALL URRUFF(IBUFF(((NBC-1)/256)#25441))
RETURN '

END
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Appendix 5 (continued).

SUBRDUTINE QUTPUT
Chkkkbkhrab ki rkrhbbbfkhkbebbrb bbbt bkt kb p v bbdd b tb ik dkkkdk bt
C FROGRAM "OUTFUT" CONTROLS (1) THE WRITING OF THE CONVERTED UATA TO
C “PLTDAT.DAT" VIA SUBROUTINE "LOOP", (2) THE CONVERSION OF THE
c QUANTATIES READ FROM A/D CONVERTORS TO USEFUL NUMBERS SUCH AS THE
c POLARIZER ANI ANALYZER AZIMUTHS VIA THE CALIBRATION CURVE
c SUBROUTINE "CONVRT", (3) THE CONVERSION OF POLARIZER AND ANALYZEK
c AZIMUTHS TO THE ELLIPSDHETER PARAKETER "PSI" AND "DELTA". THE
c "PSI" AND "DELTA" CONVERSION IS DONE BY ANODTHER SUBROUTINE,
C “DELFSI", WHICH IS CALLED FRON WITHIN “CONVRT".
Creddgrdsbibhrdkhkbdobkb kbbb d kbbb kekbk kb bbbk prkk bbbk etk
CONMON/JTINEO/ JHRSO, JHINO, JSECO, JFLAG
COMMON/DATPLT/TIME(512),PLTDAT(S12,7) ,NDATA
COMMON/ZAR/ JFZAF, JAZAP
CONMON/EXPIAT/F,A,VOLT,AMPS, POLNAN, ANAMAN
CONMON/NANSET/POLOAZ, ANAOAZ , ADJPOL ,ADJANA,C
COMMON/CHGAIN/1GP,1BA,IGCP,IGCC,TOL
COMMON/CALBRT/KESIST,PSLOFE,ASLOPE,PYINT,AYINT, IGPCAL, IGACAL
COMMON/ELLIFS/D,S
COMMON/DFTIAT/OPTION, TINOPT,ANGOPT
INTEGER*2 OFTION, TIKOFT,ANGOFT
COMKON/FILDAT/ARRAY(16),T
Credtrdvbtddddtbbrvddbbrhrkkbdvdbktdkbbbbhbkbkbbdpbiokbbbrkbrt bbb bhidy

c “TICS" ARE CONVERTED 7O HOURS, WINUTES AND SECONDS.
Chsddaddndhhdbadbdddbbbbd bbbk rtidrbiriabbrdbbhkibd kb bbbrtbbibbnbsd s
THRS=T

THRS=THRS/216000.
THMIN=THRS-IHRS*216000.
IMIN=THIN/3600.
TSEC=THIN-IMIN*3600.
ISEC=TSEC/40.
TTIC=TSEC-ISEC*60.
ITIC=TTIC
IF(JFLAG.NE.1)GOTO 3000
R e R PRI R PR L ST T T
c THE FLAGS CONTROLLING THE EXFERIMENTAL TIME LAPSE BETWEEN DATA
c FOINTS RECORDED IN "PLTDAT.DAT" ARE INITIALIZED.
Chbrakrtirdhdbibrsddbbbhbibsdbrsidbhdbbdrsbobbbbsdbbbbtrdhibdbbrhdbirsia
JHRS0=IHRS
JHINO=IMIN
JSECO=ISEC
3000 CONTINUE
CHeddddk kb kb s bbb kbbb kb kR SRR I RARAF LR A R AR F SRR R R RS ERE SRR R AR R R A4

C VARIABLES IN THE COMMON BLOCK FOR “"CONVRT" ARE ASSIGNED VALUES.
Ty T s e 2 T ST N
P=ARRAY (1)
A=ARRAY(2)

VOLT=ARRAY(3)
AMFPS=ARRAY (4)
FOLMAN=ARRAY(3)
ANARAN=ARRAY(6)
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Appendix 5 (continued).

CHEAERF AR R R RR R R R KRR AR R Rk R R Rk R Rk kR F kb b L kR R R b A boh ok oF
C "DELTA"™ ANIl "PSI" VALUES ARE KETURNED FROM "CONVRT".
CHEdddk kR kR AR AR AR A F R R R R R AR R RN R R R E R AR PR R bR S LR b bk 44
CALL CONVRT
ARRAY (1) =F
ARRAY(2) =R
ARRAY(3)=VOLT
ARRAY (4) =4NFS
ARRAY(3) =D
ARRAY (4) =8
ARRAY(7)=0,
TF(NDATA.GT.1)G0T0 4615 :
CRAbRkb kR AR AR AR R E R AR RN F R AR R AR R R R R R b R R R DR E Rk bk

C DATA IN THE FLOTTING ARRAY 1S DISFLAYED ON THE VTS5 FOR REVIEW BY
c THE OFERATOR.
CHb kbbb b A bR AR kAR Rk R SRR AR AR SRR AR R R R bR b bbbk kd ks
TYPE 4000 :
4000 FORMAT(/19X, THE DIATA AVAILABLE FOR FLOTTING: ")
TYPE 4010 '

4010 FORMAT(/BX, TIME-,2X, FOL(IEG) " 2X ANA(DEG) ,TX UOLTS(HU)
C2X, "AMFS(MA)“,2X,“DEL(DEG) 7, 2X, PSI(UEG)
4015 CONTINUE
TYPE 4020,IHRS,IMIN,ISEC,ITIC, (ARRAY(K),K=1,8)
4020 FORMAT(1X,3(12,7:7),12,6(1X,F9.3))
IF(NDATA. GE.J1”)GUTD 6000
CHERAFHRARRREF AR R R R R L LR RKRE TN R RS AR R R R R Rk R bR bk bbbk bkt Rk bk A

C THIS "IF" STATEMENT SCREENS DATA FROM CHANNEL S AND &, UHICH ARE
C USED TC FLAG DATA DISTURRED UHILE MAKING MANUAL ADJUSTHENTS
c DURING AN EXFERIMENT.

CHERFERRRRARRAERAFRREE R LR R DR RAR AR SRR SRR bR S b S kbbb ek bbb b d S hid
IF(ABS(POLMAN) .LT.TOL.OR.ABSC(ANAMAN) .LT.TOLYGDTO 4065
CHEAR b b tb b b h bR SRR AR KRR AR F EFF AR RN AR R R Lk kbbb Rk kb Rk kR bbb d bk
c THE EXPERIMENTAL TIME LAFSE BETWEEN RECORDED, CONVERTED DATA IS
c DETERMINED.
CHEAFRFRAF AT AR SRR F AR AR R R AR TR R AR E SRR AR bRk R Rk kbR bk bbb kb
IF(TIMOPT.NE.1)G0TD 5020
IF(JHRS0-IHRS)5010,6000,6000
5610 CaLL LOOF
JHRSO=THRS
5020 CONTINUE
IF(TIMOPT.NE.2560T0 5040
IFCJMINO-IMINIS030,6000,6000
3030 CALL LOOP
JEINO=IMIN
504G CONTINUE
IF(TIMOFT.NE.3)G0OTO 5060
IF(JSECO-ISEC)5050,6000,6000
5050 CALL LOOF
JSECO=18EC
5060 CONTINUE
IF{TIMOFT.NE.4)G0OTD 35080
5070 CALL LGOF
5080 NDATA=NDATA+1
6000 JFLAG=JFLAG+1
RETURN
END
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Appendix 5 (continued).

SUBROUTINE LOOF
(K222 2233 23T T R R R R R R E R Y PR R N R R R KR PR F PRI T T2 3 ¥ P
c THIS SUBROUTINE WRITES DATA TO THE FILE "PLTDAT.DAT" AND FILLS THF
C TWO DIMENSIONAL ARRAY "FLTDAT" FOR DATA POINTS NOT DISTUREED RY
C MANUAL ADJUSTMENTS, AND HAVING THE DESIRED SFACING IN TIME.
Crexsddkedbddhbkkkbhrhhkksbkkkkhkkkrbhkbhbbkbd kbbb kb kbbb s bbb Fd b 444
COMMON/OPTDAT/OFTION, TIKOFT,ANGOFT
INTEGER*2 OPTION,TIMOFT,ANGOFT
COMMON/DATPLT/TIME(512),PLTDAT(512,7) ,NDATA
COMMON/FILDAT/ARRAY(16),T
TIKE(NDATA)=T
D0 1 K=1,7
1 PLTDAT(NDATA,K)=ARRAY (K)
IF(OPTION.NE.1)GOTO 3
WRITE(2,2)T, (ARRAY(K),K=1,7)
2 FORMAT(IX,F9.0,7(1X,F9.3))
3 CONTINUE
RETURM
END
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Appendix 5 (continued).

SUBROUTINE DEFINE .
Credxdhrbkbkdtibkkbkhbhbb kbbbt rbss C# EEEEEZ ELET R TS RS R ET Y ‘ EE R X+ ¥ ¥
c SUBROUTINE "DEFINE" IS CALLED FROM THE MAIN FROGRAM "TRNSLT" TO
e DEFINE INFUT PARAMETERS READ FROM “TRNSLT.DAT" FOR THE OFERATOR.
C**#********#**#*******************424****’*****:t&41******#*4’***#*#—-’#***#11-i
COMMON/MANSET/POLOAZ,ANAOAZ, ATUFOL , ADJANA,C
COMMON/CHBAIN/ IGF, 164, 16CF, 16CC, TOL
COMMON/CALBRT/RESIST, PSLOFE , ASLOFE, FYINT,AYINT IGPCAL,IGHCAL
CONMON/OFTDAT/OFTION, TIHOPT, ANGOPT
INTEGER#2 OFTION,TINOFT,ANGOFT
TYPE 10
10 FORMAT(/,5X, CALIERATION CURVE AND MANNUAL SETTING DATA:”)
TYPE 20,RESIST
20 FORHAT(/ 10X, (1)RESISTOR FOR CELL CURRENT DETERMINATION (KOHH)
1 = “,F10.4)
TYPE 30
30 FORMAT(/,10X, (2)INITIAL MANUAL AZIKUTH SETTINGS OF FOLARIZERS
1 AND COMFENSATOR:")
TYFE 40,FDLOAZ,ANAOAZ,C
40 FORMAT(/,15X, POLARIZER(DEG) = *,F10.4,/,15X, ANALYZER(DEG) = -,
1F10.4,/,15X, 0TR. WAVE(DEG) = *,Fi0.4) ‘
TYFE 50
50 FORMAT(/,10X,”(3)INCREKENTAL NANUAL ADJUSTHENTS OF POLARIZERS
{ DURING EXPERINENT:®)
TYFE 60,ADJPOL,ADJANA, TOL

60 FORMAT(/,13X, POLARIZER{DEG) = 7,F10.4,/,15X, “ANALYZER(DEG) = -,
1F10.4,/,15X,"FLAG TOLERANCE = “,F10.4) '
TYFE 70

70 FORMAT(/,10X,; “(4)FARADAY CELL CALIBRATION CURVE EGUATION
1 FARAMETERS: ")
TYFE 80

B) FORMAT(/,15X, "POLARIZER-")
TYPE 90,FSLOFE,PYINT,IGFCAL

90 FORMAT(/,15X,“SLOFE(DEG/ADCY) =, F10.4,7,15X,
17 INTERCEFT(IEG) =" ,F1G.4,/,15X, BAIN DURING CALIBRATION=",
29%,11)
TYFE 100

100 FORMAT(/, 15X, ANALYZER-")
TYFE 90,ASLOFE,AYINT,I6ACAL
TYPE 110
110 FORMAT(/,10X, " (S)OUTFUT FILE OFTIONS: )
TYFE 120,0FTION
120 FORNAT(/,15X, "OFTION = *,I1)
TYPE 130
130 FORMAT(/,15X, 1=FILE CREATED WITH REDUCED DATA“,/,15%,
1°2=N0 OUTPUT FILE CREATEL')
TYFE 140, TIKOFT
140 FORMAT(/, 15X, TINE OFTION = ,I1)
TYPE 150
150 FORMAT(/,15X, 1=DATA FOINT OUTPUT ORK STOREL IN FLOTTING ARRAY
1 FOR EVERY HOUR",/,15X,”2=FOR EVERY NINUTE®,/, 15X, 3=FOR EVERY
2 SECOND®,/,15X,“4=ALL DATA POINTS OUTPUT ORK STORED IN FLOTTING
3 ARRAY,/,15X,”5=ND DATA POINTS OUTPUT OR STORED IN FLOTTING
4 ARRAY")
TYPE 140, ANGOFT
160 FORKAT(/,15X, "ANGLE CONVERSION OFTION = <,I1)
TYFE 170
170 FORMAT(/,15X, 1=AZINUTH READINGS CONVERTED TO DELTA AND FSI USIHG
1 STANDARD FORMULAS,/,15%, 2=USING KUTATED ANGLE FORAGLAS')
RETURN
END
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Appendix 6.

Directory of data storage disk: showing data file created by EDR002

TEFiDN. 187 5 18-Uul-82 TEFLDN. {BE 5 18-kl-B2

TEFLDN. 183 5 18-Jul-82 TEFLON. 132 5 18-Jul-B2
TEFiOK. 194 5 1B-ul-82 2 TEFLOM.152 5 $8-Udul-82
TEFiON. 183 5 16-Jul-82 TEFLOK. 184 5 16-Jul-82
TEFLOK. 195 5 19-Jul-82 TEFLIN. 19 5 13~-Jul-82
TEFi K. 197 5 18-ul-82 YEFLOW. 158 5 18- ul-B2
FEFLON. 105 5 18Jui-82 TEFLOK. 288 5 $9-Jul-82
HFL8K. 281 S 19%-Jul-82 TEFLOK. 282 5 1-ki-E2
HFLON. 283 5 18- Jul-8 TEFL 0H. 284 5 1% Jui-8
TEFLON,. 285 5 19-kl-6- RESIE Y. 282 5 19-Jul-B=
LVPRe:, e £3 10— i-BF QPR 8l 13 19 :el-E7
OGFBhi. 882 12 18-Jul-82 2 OFBAL. 83 13 15 Jui-&2
 O9PER. a4 £1X 10-l-82 RIS T.BAT 1 &-oB:
PLYGAI. DAY S8 19-Jul-82 TEFL (M. 26 5 15 Jul-82
TEFLEE. 287 5 19-Jul-82 CVPRAd:. 885 13 18-Jui-82
CYFRAL 8B 13 19-ul-82 GE .18 5 18-Jan83
BEE 1E3 5 15Jan83 MIEES .88 2 5§ 15-JanE3
BEE .i88 5 19 n83 MIKS 482 & 15-tarB2
&En i85 0§ 18083 NINE i85 5 $5-J=-§3

B JBAT 4 15 Fr B3 i ceececrcctincnstances created data file
165 Files, 93° Biocks ' .
X Free biocks
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Appendix 7.

, Demonstration of DECOD2 - conversion of unformatted data file to formatted output
BB Fre:DECHR

FILE NE OF BaTa = BYICVPRASSEE

BOG YiR) WISH YO LIST RO IWNFORMATION 7 ¥

ﬁ=ﬂ&§§-im5—4f§&

BRATION OF BB “HRSIHIK:SECITICT = € 3: 8: &

MBEER OF CHMEELS = €
MEER LOCH GAIN  PERIDE.TIC RAET UKITS  NAMD aND COBGENT

1 L 3 3¢ é PO
2 i 3 3e 8 Al
3 ra 3 32 4 POTERTIN
4 3 3 3& L CUREERY
] 4 i 3= @ Fi&G
€ s 3 - £ fFFLAD
BO YGUMISH IO PREIET T BAiR 7 Y
@: @ @28l 1= 1380 &= Bl F 3204 205 7 (e 283
C
@ I QB C L= 1ZM 0 & SR L F-Z2 046 105 268 C &6 2847
r
@: @: 1:22 C = {482 L 2= B C 3= -332 € 4= ¢L B 48 C 6= &7
C
@ & 1:52 C f= 14i€ £ 2= 613 C ¥ 312 € 4= ¢ L5 -73 L & 2847
L :
g 8 2220 §=1387 L &= BELF-I=EL & € L 8= -131 & 2847
{: .
g e 2B Ci1=1FE L 2= B 0333 0 & & C 5 144 { &= 2847
C
2: & 28 Q=417 0 &= @O F -2 0 4 & L 5= 158 { & 2847
c S
#: 6: B2 C 1= 138 (2= SE { F -3 { &= 4 L5 1583 { & 2847
c
€ &: 4:28 L =17 0= BB L EF 2L & 2 L5 188 © & 2847
L
g: & .58 C 1= 4431 C 2= € C F 332 C & &85 155 € &= 2847
L
¢ & 5:28C1=1M 2= B F-32CH 2 C 5 153 &= 2847
L :
@ @: 5:55 C 1= 1415 C 2= €12 L 3= -331 { 4= 1 € 5= 142 { &= 2847
C
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Appendix 7 (continued).

Listing of DECOD2

CALL DECODE
CALL EXIT
END
SUBROUTINE DECODE
COMMON/ISETUP/NUM,LIS(14,16),ID(20),LENGTH(4)
COMMON/IRUND/COUNT(16),IBUFF(748)
INTEGER*2 DATA(16),CHANNEL(16),CHAN,RD, INF
INTEGER*4 NAME(3),BDLK(2)
DIMENSION TIM(148)
CHbdddkhdh kb Rk b kR AR R AR E AR LR AR R kR R RN R RN R RS B bR d 4

C GET FILE NAME FROM USER.
Chkkthkrrbdbdhrtibbrdbkbbthbbebkhkkrsdbbkkdbrbkbbbrbsdbbbxbbdbhrkbbhketbbed
TYPE 1
1 FORMAT(/,”$°,4X,“FILE NAME OF DATA = )
ACCEFT 2, (NAME(D),I=1,3)
2 FORMAT(3A4)
Chdrkshkkkrrdbbrdkbrddbdd bt sbbr bbbk bksrbkkhbhkbbhbrbhkkkbdi ik it okied
c CONVERT THE FILE NAME INTO THE CORRECT FORMAT.

CHESdkhF RS hdhh kb h b bRk kbR kR kSRR kR bR bbb h bbbk bk ko kb R b F bk d khokdod 40
N=IRADS0(12,NAKE,BDLK) )
Chadasddbddtbdhrhddkbrbbhbthbbbhssbhbihbrtbmbdbhddb bbb sddd bbb phbdadd
C OFEN A CHANNEL FOR FILE INPUT.
CHEFRAFARFEFRAAA B R bbbt bbb d b dd bbbk bbb bbbk b b bbb b bbb h bk kb a s
ICHAN=IGETC(I)
IF(ICHAN,LT.0)STOP “CANNDT ALLOCATE CHANNEL-
IF{LODKGP CICHAN,BBLK) .LT.0)STOF “BADI LODKUF-
CREFFRLLEEFERFRRER SR LR RRERARRER RS SRR kR bRk bbbk dh bbbk bbb kR ko khb ks 4
C REAL THE FIRST BLOCK OF DATA.
g T R T S S S L PR TR EE TR S
1ELOCK=0
Call READCIBUFF,IBLOCK,ICHAN)
CHEsdFaddbbhb b bbbt bRk AR A AR R R AR bR SRk AR Rk bk kR ok kbR bk
c DECODE THE "ID" OF THE DATA.
I T I I T I T s It T I I It I I TR I T I T TTI 171 2212 IE1LT!
10 100, I=1,20
IN{IY=1BUFFLI)
100 CONTINUE -
CHetdd b s b ks S d 2 AL SRR A RS R A AR A ERAFRRFRRR R KRR E bRk SRR R AR E R R LR R R LR
C DECODE THE NUMBER OF CHANNELS (NUM) ANDII THE RUN DURATION (LENGTH:.
T Y S L R R L 2 2 T2 22 I T2 I T e I T I I ITICITIEEI S
NUM=TRBUFF(21)
LENGTH(1)=IRUFF(22)
LENGTH(2)=IBUFF(23)
LENGTH(3)=IBUFF(24)
LENGTH(4)=IRUFF(23)
STOFT=214000.%LENGTR(3)+:400. . #LENGTH{2)+40. #LENGTH{J)+LERGTH(4)

-52-



Appendix 7 (continued).

R T R Py TS e TR L TR LR LT
c READ THE SECOND BLUCK OF BATA GET SETUP INFD PERTA;NING TU UAHA

CALL READ(IBUFF IBLOCK, ICHAN)

Do 200,I=1,NUM

D0 200 J=1,16

LIS(J, D= IBUFF((I 1)*16+J)
200 CDNTlNUE
I Iy SR R LT TR LT RS T ST RS LT R A}
C ASK USER IF A LIST OF RUN INFO 15 NEEDEL,
L##T#*##l****#*nld**t*##*##44?#*#4&#&##01&44#LLJ&Ji*&i%#&!OOk##&d&tiilti
16061 TYPE 3

3 FORKAT(/,“$7,4X, D0 YOU WISH TO LIST RUN INFORMATIGN 7 7)
ACCEFT 4,1INF
4 FORMAT(AY)

TFCCINFONELTHY) ANDL CINFLONELTHN) D GOTO 1061
IFCINFLORE.THY)IB0TO 1062
Chdmrdd kbbbt idddbbidbsddbbbbbdisbbbbhrtbtirhrt bk tttst bbb ed st bdssd
C TYFE HEADING OF DATA. :
N T T T Ty T P TP T T TS PR TR SR TR
TYPE 3,(IIMI),1=1,20)

5 FORMAT(/,5X, 1D = *,20A2)
TYPE 6, (LENGTH(I),I=1,4)

4 FURMAT(/,5X, DURATION OF RUN "HRS:MIN:SEC:TIC" = *,3(12,7:),12)
TYPE 7,NUM, (K, (LISC(H,K),M=1,167 ,K=1,NUM)

7 FORMAT (//,5X, NUNKER OF CHANNELS = 7,12,//,

15X, NUMBER",2X,"LOC N”,3X, GAIN,4X, PERIOD,TIC”,2X, RANGE",

23X, UNITS’,3X, NAME ANL COMMENT®,//,

3 (6X,12,6X,12,46X,12,6%,14,68X,12,5X,242,6X,10A2))
'C#-hl:tit‘»t#*4-##t#**#*###*##*#‘l—*##**‘i-#**4:4'*#*#‘61***#*ii‘J:*:ﬁ#:ﬁ*:#*‘-iﬂ:it#ﬂiﬂiik#-‘hli**-’k##
c ASK IF THE USER WANTS TO PRINT OUT THE COLLECTED DATA.
CRAFAARREASRKREEFR AR R A RS E AR RERE R REREF R FRRREFFAA AN R RAFE R ALY EERET L HEEERE
1002 TYFE 8

8 FORKAT(/,“$°,4X,“D0 YOU WISH TO FPRINT OUT DATA 7 )
ACCEPT 9,INF
9 FORMAT (A1)

IFCINFONE.THY.ANDL,INF.NELIHNIGOTO 1002
L*##**#4##1#**##4*444#6444#4#lv*#l**tl##*i*#i*##*f&t*#&l%i%iill&#i#t*t&i
C IF NOT, RETURN CONTROL TD MAIN FROGRAM AND TERMINATE.
C##*##i#*#&#*t#*#**#*#****##*#*##**#*t#t****#****##*#t###********#t*#im&

IF(INF.EQG.THNIGOTO 1003
CHEFEFRRFREEE SRR R AR RN ERRRER kbbb kb kb kb kAR KRR F AR E S F RS F R bbb bR b4 4
C IF YES, FRINT THE DATA.
CREARERFRFRRREERERRAR SRR RR RS SR AR R R R R AR Skh bR S b h b bR e b bR Rk koh &
C SET UF INITIAL CONDITION
Chthb bbb R R E A A RN R AN AR E AR LR R AR R AR R E LR RN R AR R RS R hh S bk b Sk kN bk bbb R AR dod 5

J=0

T=0

IO 400,1=1,NUN

TIM(I)=-1
400 CONTINUE
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Appendix 7 (continued).

CHEFRFRARRSERAFRERRFRRRR AR DKL AR bR R bR ARk b Lk bbb b kR bbb b F kb ey

C READ THE BUFFER. ' :

CHEFAFRARRFFFRRRF RS R R RS ERF R LR R A A RR RN R R R R RNk bbb E b d kb kbbb bbbk b

1004 CALL READ(IRUFF,IBLOCK,ICHAN)

CREFRFRFEFAFRERKERKERERRERER AR AR IR R R R AR SRR R Rk kR Ak h

C DECODE THE BUFFER.

CHESFEFRAFAARERFARRRRERARFERRFRRERERR R AR ERRARE AR bbbk dd bk bbb kbbbt
B0 500,1-1,294

CHAFESRRRARRRE KRR AR R AR RERE R AR AR RO AR R R AR R R R AR RS R b AR b kb h Rk

c 'DECODE EACH WORD.

Chkhddhdh bbb h kR bR kR R R Rk AR RN R R R Rk R R AR bk kbbb bk bk kbbbt 4
CHAN=(({"170000.AND.IRUFF{1))/4096) . AND."17} +1
RO=IBUFF{I1}.AND."7777

CARFRREREA AR AR R ARRF AR R TR R AR AR R RRRR R R AR ARk Rk Rk kR bbbk bkt

c EXTEND SIGN BIT FOR BIPOLER SIGNAL.

CHESFFRRERF SRR AR R T RN E bbbk AR bRk RF kbbb kbR kR b kR Rk d
IF(RD.AND."4000)RD=RI.OR."170000

N T e i T I i T T I I I I I I I I I TN I IR s RITILITISTT

c RECONSTRUCT TIME BY CALCULATION.

CHAERARRRRERIRRRRREERERREFERR R R R R A b KRR R R SRk R kbbb b R Rk bk
TIN(CHAN)=TIM(CHAN)+LIS(3,CHAN)

CEARERAAAARAF R AR E AR A E RIS F AR AR Rk R AR R R AR S E bk R d bk b kA d kbbb Ak

C IF THE TIME HASN'T CHANGED, RECORD THIS DATA ANE GO TO THE NEXT FOINT.

CHdhbdhd kb d R bbbk kA Rk RN R R E A R R R R R AR R R LA A bR R AR R AR b b
IF(TIM{CHANI LLE.TIGDTD 400
THRS=T
IHRS=THRS/2180C0.

THIN=THRS-IHRE%214000.
IHIR=THIN/3600.
TSEC=THIN-IMIN+3400,
ISEC=TSEC/40.
TTIC=TSEC-ISEC#40.
ITIC=TTIC
IF(T.EG.0.0)GDTO 300
TYPE 10,1KRS, IMIN,ISEC,ITIC ,(CHANNEL(K),DATA(K) K=1,J)
10 FORMAT(1X,3(12,7:7),12,3¢601X,C",12,7=",13)/,12X}}
Chtkaddhhb b b AR RS R RA R ERRR LR F AR SRR E R R RF R R hR R KRR R R R bR Rk kR bk

C RESET THE PRINTING PARAMETER.
O T T T e R N Er r E E R R T
360 J=0

T=TIH(CHAN)

c I1IF TIME IS UF, RETURN.
CHeddrsddrddrbadbbbdbbbtdbbbderbbbiibdbbbhbbbbbbbbdhbddibbbrdhttbebbisy
IF(7.6T.STOFT)G0TC 1003
600  J=J#1
DATA{J)=RD
CHANNEL (J)=CHAN
300  CONTINUE
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Aprendix 7 (continued).

CHIAKFELFAATERREAFFAFRRAA I DDA KAFAA LGSR F AR RR R R IR R RS bbb bR bbb F bbb
C IF TIME IS NOT UF YET, READ THE MNEXT BUFFER.
Cottdbkrbbredbrtkirbbdbddtdidtdtrdbbbbvaddrbddd bbbt bikbpbdkd bbb bddbd s
IF{T.LT.STOFTIGOTO 100
1003 RETURN B
END
SUBROUTINE READ(IBUFF,IBLOCK,ICHAN)
IERROR=IREADIN (256, IEUFF, IRLOCK, ICHAK)
IFCIERROR.LT.03 GGTO 2060
IRLOCK=IBLOCH+1
RETURN
2606 S5TOP “FATAL READ”
END
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Appendix 8,
Demonstration of TRNSLT - conversion of unformatted data file to delta, psi, etc.
.\

LoAB DISK UITH BATA YO BE EECOIED INTO BISK DRIVE "BYi:® &8 TiEw "RETESC.

2.8868

17.838c 125 . 0BBE 10.9882 18.9888 ({3-.888: 2 @.88ac

8.8185 &. 8185 8. 8283 &.008E 3 3
1 4 2

BO YOU WANT THIS INPUT BATa BEFINEER (Y/H:? Y ........input file TRNSLT.DAT

parameters defined;

Ca TERATIOR GRS AlD KElER SITTIN: BAlac see appendix 9.
(1IRESISTOR FOR Bl CUREENT DR TERMINATION (K339 = 2.883s
(23INITI4 HaER AJIMNH SETTINGE {F POLARTIZTRS MND CDROPTNCATIE:

AN YZAR({IEE} 125, gges
iR, WAVELDES) 135 6868

(BIINCREHERTA Wl ADRSTHENTS OF PEARIZIRGS BERING DXFERINEHT:

LU

PO ARIZIR{(EG! = 1e.6882

je.e8e2
& gas=

AR YTIR{IESRS

FLAS TOLERANCE

POLARTZER-
S 0PF (BEB/AICU} =

g
INTERIEFTIIEDG) = @
Al BREIR (A IBRATION=

P
s

#E YIAR-

S 09y £1F SARDLIN = 8.21e5
INTERCGEFPT{(IEG! = é.88s5
GAIH EEHING LAl TEATIOS 3

(ST FILE GPTIDNG:
Filgk = 14

1=FILE CREATED WITH RELCED BaTa
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Appendix 8 (continued).

INTERCEFT(DEG! = £. 8862
GAIR DURING CA IBRATION= 3

(SXRTAN FILE E’¥I@E:
OPTION = &

1=FILF OEATID UITH REDEED BRia

TIME OPTIDN = 4

f1=DT#a POINT OUTPUT OR STOREE Ik RFOTIIRG AFRRY TOE EVERY KR E
2=FOR EVERY MIMINOL

3=For Eﬂf SEChRE:

=K1 s POINIS GTRH ETORLD IR PLETTING: ARESY

5= mm POINTS OUTRUT OR ‘?E&EE’ IN PLOTYING AREAY

ANGEE CONVERSION OPTIDN = 2

1=RJIMITH REABIRGS CORVERTID TO HiTh ARE PSI UBIKG GiAEEEE Fisme
2=UGTHG ROTATEE AT FORSEEAS

CFLE KBS OF DaTa = DYIOWEBRESE ... ........ ..data file converted

BG YOR: WISH TO LIST RN INFORMATION 2 Y
IR =PBR (N @) - 163800-F - 0.6V &
DURATION OF Rl “MRGIMINISECITIO" = & 3: &: €

ESETE OF ORBEIS = 6

Mg LK K GAIE IGE-TIC BREEE  UEITS WE aMD O HY
i & 3 38 PiE.
2 i 2 38 & Al
3 2 3 g 8 POTENTIN
4 3 3 38 & CEFTRT
5 4 3 R 2 FFLAG
& 5 3 3 & fFLAG
THE BATA ARVATIARE FIE R OTTIMG: . .... creation of formatted output
data file PLTDAT.DAT
TIME PO (ETn: RMA(IES) VR TSIEY: &8SiNs: ELI(EES: PFSRI(EEE:
& € 2155 3. 464 131,248 -P87.€37 & . £i2 27872 4% 242
-.ii &: 8:55 3. 358  i138.5%% -P29E.857 -&.385 £7.235 &£ 555
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Appendix 8 (continued).

Listing of TRNSLT

PROGRAM TRNSLT
(2P 222 R LR R R F I Y PR P E Y P R P I T PR E TR L Ty R RN
C THIS IS THE MAIN PROGRAM CONTROLLING THE DATA DECODING AND
c CONVERSION FKOM ON-LINE ELLIFSOMETER EXPERIMENTS.
Crkttkkrdbkbdrkrkbdkrb bbbk kbk b kb ddr bbb kb bbkbrcrbkh b brhehikes ¢

COMMON/JTINEO/ JHRS0, JKINO, JSECO, JFLAG

CONMON/DATPLT/TIME(S12),PLTDAT(512,7) ,NDATA

"COMMON/ZAP/JFZAP, JAZAP

COMMON/EXPDAT/P,A,VOLT,AMPS,POLKAN, ANANAN

COMMON/MANSET/POLOAZ ,ANAOAZ ,ADJPOL,ADJANA,C

COMMON/CHGAIN/IGF,16A,I6CF,IGCC, TOL

COMMON/CALERT/RESIST,FSLOFE,ASLOFE,PYINT,AYINT,IGFCAL, IGACAL

COMMON/ELLIPS/D,S

COMMON/OPTDAT/OPTION, TINOPT,ANGOPT

INTEGER*2 OPTION,TIMOFT,ANGOPT

COMMON/FILDAT/ARRAY(14),T

TYPE 1

1 FORMAT(/“$ LDAD DISK WITH DATA TO BE DECODED INTO DISK DRIVE

1 "DY1:" AND THEN “RETURN".")
ACCEFT 2,NUAIT

2 FORMAT(I1)
Crdkvxed vkt rkrsbkbkdhhrbhkkdkrbhbbdkbbbbkkbbhbkhbddbbpockbbhkbbbbkbhdbbesbes
C THE FILE "TRNSLT.DAT" CONTAINS BASELINE ELLIFSOMETER PARAMETERS
c ANI' PARAMETERS RELATED TO THE ELECTROCHEMICAL EXFERIMENT SUCH AS
e THE MANUAL AZIMUTH SETTINGS, RESISTOR VALUES, ETC.
I T I 2T 2 R TR SR LRSS IS TR RELE LT DS T T

DPEN(UNIT=1,NAME="DY1:TRNSLT.DAT*,TYPE="OLD")

READ(1,10)RESIST

TYPE 10,RESIST

READ(1,10)FOLOAZ,ANADAZ ,ADJFOL,ADJANA,C, TOL

TYPE 10,POLOAZ,ANAOAZ,ALIJFOL, ADJANA,C, TOL

READ{(1,11)PSLOPE,ASLOFE,FYINT,AYINT,IGPCAL,IGACAL

TYPE 11,PSLOPE,ASLOFE,PYINT,AYINT,IGPCAL, IGACAL

READ(1,12)0FTION, TIKOFT, ANGOFT

TYPE 12,0FTIGN, TIKOFT,ANGOFT

TYPE 3

3 FORMAT(/,“$ DO YOU WANT THIS INPUT DATA DEFINED (Y/N)? /)

ACCEFT 4,IDEFIN

4 FORMAT(1A)

IF(IDEFIN.EQ.1HN)GOTO 5
Chbrbkkrkkbkddhbbdbibikbkbrkrbkb bbbk rbkb bbb ki bbb bbbk kb kbbbt i
c SUBROUTINE “DEFINE" IS CALLED FROM THE MAIN FROGRAM "TRNSLT" TO
€ DEFINE INFUT PARAMETERS READ FROM "TRNSLT.DAT" FOR THE OFERATOR.
Chikkpdhbirbhkkrkbbbdbdhbbibbbrhkhktbkskrikih kb dbterrdbbbhhbbedbierhbbi b

CALL DEFINE

S CONTINUE

IF(OPTION.NE.1)GOTO 6
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Appendix 8 (continued).

CHradddddms RRkkbdddth bk ERRRR kR SRRk R R bbb kR R kb 4 4
C THE FILE "PLTDAT.DAT" I5 USED FOR WRITING THE CONVERTED DATA.
CRAkhd bbb dh bbb iR R AR AR R R R Rk R AR R R LR R R 45
OPEN(UNIT=2,NANE="DY1sPLTDAT.DAT", TYFE="UNKNOUN", INITIALSIZE=100C}

6 CONTINUE ' .

10 FORMAT(10X,6(F10.4))

11 FORMAT(10X,4(F10.4),2(9X,11))

12 FORMAT(10X,4(9X,I1))

NDATA=1
JFLAG=1
JPZAP=0
JHZAF=0
C***#***##*******#***t*##***#**:H:***#**###*t**‘-fztzzt*:H:-H:#:t*:H:#:H,:?iiH:'-t:#:tW##:f:
C SUBROUTINE "DECODE" IS USED TO ACTUALLY DECODE THE ORIGINAL
c UNFORMATED DATA FILE FOR A GIVEN EXFERIMENT. VARIOUS DaTA
c REDUCTION SUBROUTINES ARE ACCESSED FROM THIS SUBROUTINE. THE
C OUTRFUT FILE "PLTDAT.DAT" IS CREATED BY A SUBROUTINE (“OQUTPUT")
C CALLED FROM "DECOLE".

CALL DECOIRE
Chdrsdrsbras bbb bddedssrhrbbhebdibhkbbbkdbbrdrrbbbikbsbdbbdb i bbb itdidbiid

c SUEROUTINE "PLOT" 1S CALLED AND 1S A GENERAL PURFOSt FLOTTING

] SUBROLUTINE WRITTEN FOR THE VT-00 GRAFHICS TERHMINAL AND ALLOUWS

c VARIOUS COMBINATIONS OF EXFERIMENTAL PARAMETERS 7O EE FLOTTED

€ AGAINST ONE ANGTHER.

CHuddd AR E b b A AR AR AR R AR R AR AR SRR A AR AR R R A SRR KB R R RR R R ARk Y
CALL PLOT
STOP
ERD
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Appendix 8 (continued).

SUBROUTINE CHGTNE(TIHE1 IHRS, IMIN,ISEC,ITIC)
C*****tt:***tttttt**tt«t*t*t********t**tt:**tt*¢*¢*¢¢**r¢*r*4*k4¢:c*t*oa
c THIS SUBROUTINE CONVERTS THE TIME IN "TICS" TO HOURS, MINUTES,

c SECONDS, AND TICS.
CHERRREESRFRRRARERRRRRARRE R RN AR AR AR SRR SR bR h R bRt R AR bR R bRk e 4

THRS=TIME

IHRS=THRS/216000.

TMIN=THRS-IHRS5%216000,

IMIN=THIN/3600.

TSEC=THIN-ININ*3600.

ISEC=TSEC/40.

TTIC=TSEC-ISEC*60.

ITIC=TTIC

RETURN

END
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Appendix 8 (continued).

SUBROUTINE DECODE . . . o
Crebbkdrbkhkbbbhbrdbdbbrbddbdbrticprkb v bhbhbed kbbb kb bbb bbrbbdb s bbb et bbb &
C SUBROUTINE "DECODE" IS A VARIATION OF THE MAIN DATA DECODING
c PROGRAM "DECODE". THE PURFOSE OF THIS SUBROUTINE IS TO CONVERT
C THE UNFORMATTED EXPERIMENTAL DATA FILES INTO A STANDIARD FORM
c MORE EASILY USED BY AUXILIARY FORTRAN DATA REDUCTION SUEROUTINES.
C SEVERAL OF THESE AUXILIARY SUBROUTINES ARE THEN CALLED FROM
C "IECODE".
C***#*#**#*****#***********##***##*******#**************:&***#***_*‘&1@'***t@#

CONMON/JTIMEG/ JHRSO, JNINO, JSECO, JFLAG

COMHON/DATFLT/TIME(S512) ,FLTDAT(512,7) ,NDATA

COMNON/ZAF/JFZAP, JAZAP

COMHON/EXFIIAT/F,A,VOLT,ANPS, POLMAN, ANARAN

CONMON/MANSET/FOLOAZ ,ANAOAZ, ATIUPOL ,ADJANA,C

COMMDN/CHGAIN/1GF,164,16CF,16CC, TOL

COMMON/CALERT/RESIST,PSLOPE,ASLOPE,PYINT,AYINT,I6FCAL, IGACAL

COMMON/ELLIPS/D,S

COMMON/OFTDAT/DFTION, TINOFT,ANGOFT

INTEGER#2 OFTION,TINOPT,ANGOFT

COMMON/FILDAT/ARRAY(16),T

COMMON/ISETUF/NUN,LIS(16,16),10(20),LENGTH{4)

COMMON/IRUND/COUNT(16), TRUFF (748)

INTEGER#2 DATA(16),CHANNEL(16),CHAN,RD, INP

INTEGER*4 NAME(3),BOLK(2)

DIMENSION TIN(16) ,
Cx#%%x%GET FILE NAME FROM USER*#kdsdkkkhdbbdbbbrhrbdht itttk dbtbebhihs

TYPE 1

1 FOEMAT(/, 8" ,4X,“FILE NAME OF DATA = *)
ACCEFT 2, (NAKE(I),I=1,3)

2 FORKAT (3A4)

Cx+4x+CONVERT THE FILE NAME INTO THE CORRECT FORMAT#¥dtdbdtdbbhdsnskdhais
N=IRADG0O{12,NARE,BDLK)

Cxa4x40FEN A CHANNEL FOR FILE INPUTHksktdddksntkbshbhbisrbbkhbthbhres it
ICHAN=IGETC(I)
IF(ICHAN.LT.0)STOF “CANNOT ALLOCATE CHANNEL”
IF(LOOKUF{ICHAN,BOLK) . LT.0}5TOF “BAD LOOKUFP-

Cre+4+READ THE FIRST BLOCK OF DATA##*skkskdbadddtbhdadbkbrbbhktbdsbbtsbss s
IBLDCK=0
CALL REAI(IBUFF,IBLOCK,ICHAN)

C##%%+DECONE THE "ID™ OF THE DATA®skkkkddsdbttshhbhasddbbd bbb rdddake s
0g 100, I1=1,20
IDCI)=IBUFF(I)

100  CONTINUE

C*44%DECONE THE MUMBER OF CHANNELS (NUM) AND THE RUN DURATION (LENGTH)#
NUM=TBUFF(21)
LENGTH(1)=TRBUFF(22)
LENGTH(2)=IBUFF (23)
LENGTH(3)=IRUFF(24)
LENGTH(4)=1BUFF(23)
STOPT=216000. %LENGTH( 1 +3400 ., *LENGTH(2)+40,*LENGTH{I)+LENGTH ()
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Appendix 8 (continued).

Ca*#+READ SECOND BLOCK OF DATA; GET SETUP INFO PERTAINING TO DATA###444
CALL READ(IBUFF,IBLOCK,ICHAN)
U0 200,I=1,NUN
D0 200 J=1,16
LIS(J, D)=IBUFF(({I-1)%14+J)
2060  CONTINUE
Cox*+4ASK USER IF A LIST OF RUN INFO IS NEEDED##sxkdsbbkbbdshbsthbstris
1001 TYPE 3

3 FORMAT(/,”$,4X, D0 YOU WISH TO LIST RUN INFORMATION ? )
ACCEFT 4,INP
4 FORMAT (A1)

IF(CINF.NE.THY).AND, (INF.NE.THN))BOTO 1001
IFCINP.NE.THYIGOTD 1002

Cx¥%4%xTYPE HEADING OF THE DATA#:*dddkddkkskdsdktbibhbbbbbibbtddbbdidstts
TYPE 5,(ID(I),I=1,20)

5 FORNAT(/,5X,“ID = *,20A2)
TYPE &,(LENGTH(I),I=1,4)

é FORMAT(/,5X, DURATION OF RUN "HRS:MIN:SEC:TIC" = <,3(I2,7:7),12)
TYFE 7,NUH, (K, (LIS(M,K),H=1,14) ,K=1,NUN)

7 FORMAT (//,5X,”NUMBER OF CHANNELS = <,12,//,

1 9X, "NUMBER",2X,“LOC N*,3X, GAIN",4X, PERIOD,TIC",2X, RANGE",
2 IX, “UNITS”,3X, NAKE AND COMMENT",//,
3 (6X,12,6X,12,6X,12,6X,14,8X,12,5X,2A2,6X,1042))
Cex4+:ASK IF THE USER WANTS TO PRINT OUT THE COLLECTED DATA#%ssdksditits
1002 CONTINUE
Cx*%44#5ET UF THE INITIAL CONDITION®##dddhsakaddbihrdsrbdhbbbbbkrtbhsistsd
IFCOFTION.NE.1)GOTD 10035
WRITE(2,8):1D(I),1=1,20)
8 FORMAT(/,5X,2042)
1005 CONTINUE
J=0
=0
D0 400,1=1,NUN
TIM(I)=-1
400 CONTINUE
Cha#x%REAT THE BUFFER#*FSd# kb hbRdd kb kb e sk hhkb kb bbb oh b ek b hkd b hoh o 4o
1004 CALL READ(IBUFF,IBLOCK,ICHAN)
Cx##4xDECODE THE BUFFERS kk¥sskrddkrtidrsbhrbidtbvbbbibbkbbhhhbhhbbitbiit
g 500,1=1,256
Ckx44HECODE EACH UDRD#*dddtdkkbikkdbbtbdhdddhbbbersidbtbdddbbthdiiti
CHAN=((("170000.AND.IBUFF{I))/4096).AND."17)+1
RO=TBUFF(I).ANDI,"7777
Cx++*x+EXTEND THE SIGN BRIT FOR BIFDLAR SIGNAL*sdkktdbdskdbhbvstdksdbhss
IF(RD.AND."4000)RD=RD.OR."170000
CH*+«+RECONSTRUCT THE TIME BY CALCULATION®k#d#dkddhtdhbhdddhbbbhbbbbtirs
TIN(CHAN) =TIM(CHAN)+LI5(3,CHAN)
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Appendix 8 (continued).

C#+#++1F THE TIKE HASN“T CHANGED, RECORD THIS DATA AND 60 TO NEXT PT.#»

IF(TIN(CHAN) .LE.T)GOTO 600
C*#****#*#************************#t******#*******##*#**#**##**1####*#*1
c THE TIME IN “TICS" IS CONVERTED TO HOUKS, MINUTES, SECONDS, AND
C TICS. NOTE THAT & TIC IS DEFINED AS 1/60 TH OF & SECOND.
C*********#*4**1******Y*#*t******##*#*##i*******#*4***##&i#¢404¥4§46*%4i

THRS=T

IHRS=THRS/216000.

THIN=THRS-IHRS#216000.

ININ=THIN/3600.

TSEC=THIN-ININ#3600.

ISEC=TSEC/60.

TTIC=TSEC-ISEC+40.

ITIC=TTIC

IF(T.EQ.0.0)GOTO 300

I6P=L15(2,1)

16A=L15§(2,2)

16CF= LIS(2,3)

16CC=L15(2,4

D0 700 IJK= 1,6
700 ARRAY(IJK)=DATA(IJIN)

CALL DUTFUT

C SUBROUTINE "OUTPUT" IS CHLLED. TH;S SUBRCUIINE AETLHLL\ CONYHULS

C (1) THE WRITING OF THE CORVERYELD DATA TO "FLTDAT.DAT" VI& SUBRGY-

& TIHE "LOOF", (2) THE CONVERSION OF THE GUARTITIES READ FROH A/D

C CONVERTORS TCG USEFUL NUMBERS SUCH AS THE POLARIZER AND ANALYZER

€ AZIMUTHS VIA THE "CALIBRATION CURVE" SURROUTINE “CONVRT", (3} THE

C CONVERSION OF PDLARIZER AND ANALYZER AZIMUTHS TO THE ELLIPSOMETER

€ FRRAMETERS "FSI" AND "DELTA". THE "FSI" AND "DELTA" CONVERSION 1§
C DONE BY ANOTHER SUBROUTINE, “DELFSI™, WHICH IS CALLED FROM WITHIs

i SUBRGUTINE "“CONVRT".
CHAFELEFFRRAFREEE TR AR R G R AR E R G R R RN R KRR R F LR R AR R R A Bk Rk bk d Ay
C4#444+4RESET THE FRINTING PARAMETERA#Sdbdbdbkbkb bbb edbhddddddobddbbbs bhhs
300 J=0
T=TIK(CHAN}
Cax#%41F THE TIME 15 UF, RETURN®#kkkkdkdkddkd stk bbbt bdhdbdbbhks st 44308
IF(Y.G6T.STOPTIGOTO 1003
400 J=d+i
DATACL)=RD
CHARNEL(J)=CHAN
3500 CONTINUE
C+ax44IF THE TIKE IS5 NGT UF, REAL THE NEXT BUFFER#'**A#&*¢4«4¢*f*#Jtlttt
IF(T.LT.STOFTIGOTO 1004
1003 RETURN
END
SUBROUTINE READ(IBUFF,IELOCK,ICHAN)
TERROR=IREADU(256,IHUFF, TRLOCHK, ICHAN)
IF(IERROR.LT.O) GOTO 2000
IRLOCK=IBLOCK+1
RETURN
2060 STOF “FATAL READ
‘END
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Appendix 8 (continued).

SUBROUTINE CONVRT
Crddrdnbdrkrdi kbbb rbhedehbadbbbbbpbbdbrbhhhihibnkbhtbiesrbrtidhs
c THIS SUBROUTINE USES CALIBRATION CURVE DATA FOR THE ELLIFSOMETER
C FARADAY CELLS TO CONVERT A/D READINGS CORRESFONDING TO FARADAY
C CELL CURRENT TO AZIMUTHS OF ROTATION. THE CELL POTENTIAL AND
c CELL CURRENTS ARE ALSO COMFUTED IN MILLIVOLTS AND MILLIAMFS,
c THESE CALIBRATION CURVES TAKE INTO ACCOUNT VARIABLE CHANNEL GAIN
C BETUEEN THE CALIBRATION RUNS AND EXPERIMENTS.
CRERrt e bbb bbb Rbd b d bbb hRE S kRS RRRRE RS HRRF SR T KR RS R AR E R ERERF LR R Rk
COMMON/ZAP/JPZAF , JAZAP
COMMON/EXFDAT/P,A,VOLT,AHPS,POLNAN,ANANAN
COMMON/MANSET/POLOAZ ,ANAOAZ,ADJIFOL,ADJANA,C
COMMON/CHGAIN/IGF,16A,IGCF,I6CC,TOL
COMMON/CALBRT/RESIST,FPSLOPE,ASLOFE,FPYINT,AYINT, IGFCAL,IGACAL
COMMON/ELLIPS/D,S
COMMON/OPTDAT/OFTION, TIKOFT,ANGOPT
INTEGER*2 OFTION,TIMOPT,ANGOPT
IF(FOLHAN.GT.~TOL.AND.POLHAN.LT.TOL)BOTO 1000
IF(ANAMAN.GT.-TOL. AN ANAMAN.LT.TOL)BOTO 1100
Cokdhrakbdb bbb sdhadarb bbbk bbbt kbbb bbb bhbdbbbhabahibtkbbbRb bk ke £ 554
C THESE ARE THE LINEAR EGUATIONS FOR THE CONVERSION.
CHEsdartbbibhkdihdbbsibbdbrdhdd S bbb bbbi bt bbb thdbbbd oS Re bbb hpib bbbt
FP=(PSLOFE*#P+PYINT)#{2441GF/2+*IGPCAL)+FOLOAZ
A=(ASLOPE#A+AYINT) ¥ (2+%1GA/2%*IGACAL) +ANAOAZ
VOLT=((VOLT#10.)/(2048.%(2%*IGCF)))#*1000.
AMFS=(ANFS*10.)/{(RESIST*2.0484(2+%16LC))

JFZAP=0

JOZHF=0
Chdddddbsrrbbbibrhkbrbhkbhbrdhkbhbbbkhkkb bbb dderhbbpibhbbdbrrbbttdbdehehs
c SUBROUTINE “DELFSI" IS A SPECIAL SUBROUTINE THAT, GIVEN THE
C QUARTER WAVE FLATE, POLARIZER, AND ANALYZER AZIMUTH ANGLES,
C COMPUTES "PSI" AND "DELTA" USING THE CONVERSION FORNULAS FOR THE
C APPROPRIATE ZONE.

Chkvdivdndbdbihbibdrsbbrdd bbbk rdriobbd hRE b e bR v bbb s ko bbb b khbFhbddbs
CALL DELFPSI
G070 2000
1000 JPZAP=JPZAF+1
CHdddana kb adadda ARk R R R R R R R R R R R R R R R R R kR R bRk

C THIS "SCREENING" STEF INCREMENTS THE MANUAL POLARIZER AND ANALYZER
C AZIMUTHS UHEN IT DETECTS THAT MANUAL ADJUSTMENTS HAVE BEEN NADE TOQ
C KEEF THE SIGNAL IN THE RANGE OF THE FARADAY CELLS. RECALL THAT

c CHANNELS 5 AND 6 ARE USED TO FLAG THE DATA DURING SUCH ADJUSTHENTS.

CHARRRERRRRKEFERRRFRRRRRFEE R KRR S E R AR R SRR AR R bR R b hk R bbb SR bbb h Rk ki Ek 4
IF(JPZAF.NE.1)B0T0 1200
POLOAZ=FOLOAZ+ADJPOL
GOTO 1200

1100 JAZAP=JAZAP+1
IF(JAZAP.NE.1)GOTD 1200
ANACAZ=ANACAZ+ADIIJANA

1200 P=0.
a=0.

VOLT=0.
AMFS=0.
POL®AN=0.
ANANAN=0.
b=0.

§5=0.

2000 CONTINUE
RETURN
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Appendix 8 (continued).

SUBROUTINE DELFSI :
C**##*******#**#*#***-‘#*:&*#t:ﬁ**fi&*:&:tl:*:k#*****'-k*:k*:tt:&#it**#tﬁ*it*#**#fklﬂilk*tt*:t$
c THIS FROGRAM, GIVEN THE POLARIZER, QUARTER WAVE FLATE, AND
c ANALYZER AZIMUTH ANGLES CONFUTES "FSI" ANI "DELTA" USING THE
c APFROFRIATE ZONE CONVERSION FORNULAS.

Credsbhxkk bk kbR kbR A RR bR R R R RN LRk Rk Rk b bbbk Rk kbbb bk bk bbb g 4o
INTEGER*2 PFLAG,AFLAG,CFLAG,FLAG
COMMON/EXPIAT/F, A, VOLT,AKFS,POLNAN, ANANAN
COMMON/NANSET/POLOAZ,ANAOAZ ,AIJFOL , ADJANA,C
COMMON/ELLIFS/D,S
COMMON/OPTDAT/OFTION, TINOFT,ANGOFT
INTEGER*2 OPTION,TINOFT,ANGOFT
D=0,

§=0.

PFLAG=0

GOTO &

S5 F=F+180.
& CONTINUE

TIF(F.LE.180.)FFLAG=400

IF(P.LE.135.)FFLAG=300

IF(F.LE. 90.)FFLAG=200

IF(F.LE. 45.)FFLAG=100

IF(FLLE. 0.)60T0 §

AFLAG=0

GOTO 8

7 A=A+180.
8 CONTINUE

IF(A.LE.180.)AFLAG=20

IF(#.LE. 90.)AFLAG=10

IF(A.LT. 0.)60T0 7

CFLAG=0

IF(C.EQ.45.)CFLAG=!

IF(C.EQ.135.)CFLAG=?

FLAG=PFLAG+AFLAG+CFLAG

1F (ANGOFT.NE.2)BDTC 180

IF(FLAG.NE.312)60T0 10

D=270.-2.%F

5=90.-4

10 CONTINUE

IF(FLAG.NE.411)60T0 20

D=2.%P-270.

§=90.-4

20 CONTINUE

IF(FLAG.NE.122)60T0 30

D=90.-2,%F

§=A-90.

30 CONTINUE

IF(FLAG.NE.221)G0TO 40

B=2.4P-90.

§=A-90.
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Appendix 8 (continued).

40 CONTINUE
IF (FLAG.NE.321)60TD 50
D=2.4F-90,

§5=A-90.

50 CONTINUE -

IF (FLAG.NE.422)GOTO 60
D=450.-2, *F
§=A-90.

60 CONTINUE
IF (FLAG.NE.111)60TQ 70
D=2.%F-90.
5=90.-4

70 CONTINUE
IF(FLAG.NE.212)B0T0 80
D=270.-2.%F
§=90.-A

80 CONTINUE
IF(FLAG.NE.322)B0TD 90
D=450.-2, %P ‘
§=A-90.

90 CONTINUE
IF(FLAG.NE.421)60TD 100
D=2.4F-90.

§=4-90.

100 CONTINUE
IF (FLAG.NE.112)60T0 110
D=270.-2. %P
5=90.-4

110 CONTINUE
IF (FLAG.NE.211)B0TO 120
D=2.4F+90.

§=90.-4

120 CONTINUE
IF(FLAG.NE.311)60T0 130
D=2.4F+90.

§=90.-4

130 CONTINUE
IF(FLAG.NE.412)GOTD 140
[=630.-2.4P
§=90.-#

14G CONTINUE
IF(FLAG.NE.121)B0TO 150
D=2.4F+270. -
§=A-90.

150 CONTINUE
IF (FLAG.NE.222)G0T0 1640
D=450.-2.%P
5=A-90.

160 CONTINUE
IF(D.EQ.0.0.AND.5.EQ.0.0)TYPE 170
1F(D.EQ.0.0.AND.S.EQ.0.0)STOP

170 FORMAT(/,1X, *FROBABLE ELLIPSOMETER ANGLE CONVERSION ERROR IN

C SUBROUTINE "PSIDEL" DEVECTED;*,/,” EXECUTION TERNINATED#)
GOTO 1180
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Appendix 8 (continued).

180 CORTINUE
IF(ANGOFT.NE,1)GOTD 1180
IF(FLAG.NE. 12136070 1010
[=90,-2.+F
5=180.-4

1010 CONTINUE
IF(FLAG.NE.222)G0TO 1020
D=2.%P-90,

§=180.~4

1020 CONTINUE
IF(FLAG.NE.311)G0TO 1030
[=270.-2.*F
S=4 _

1030 CONTINUE
IFCFLAG.NE.412)G0T0 1040
b=2,4P-270.
8=4

1040 CONTINUE
IF(FLAG.NE.112)60TO 1030
[=90.42.%F
S=4

1050 CONTINUE .
IF(FLAG.NE.211)GOTO 10660
[=270.-2.4F
S=A

1060 CONTINUE
IF(FLAG.NE.322)60T0 1070
L=2.%F-90.
5=180.-4

1070 CONTINUE
IF(FLAG.NE.421)560T0 1080
[=450.-2.%F
5=180.-4

1080 CONTINUE
IF(FLAG.NE.111)B0OT0 1090
B=270.-2.%F
S=A

1090 CONTINUE
IF(FLAG.NE.212)G0T0 1100
[=2.%F+%0,.

S=4

1100 CONTINYE
IF(FLAB.NE.321)B0OTO 1119
[=450.-2.%F
§=180.-4A

1110 CONTINUE
IF{FLAG.NE.422)6070 1120
b=2.#F-90,
$=18¢.-A

1120 CONTINUE
IF(FLAG.NE.122)60T0 1130
D=2.%F+270.

S=180.-A

-67-



Appendix 8 (continued).

1130 CONTINUE
IF(FLAG.NE.221)GOTO 114¢
D=450.-2,%P
' §=180.-4
1140 CONTINUE
IF(FLAG.NE.312)6070 11530
b=2.%F+%0. '
S=A ’
1150 CONTINUE
IF(FLAG.NE.411)G0TO 1140
B=636.-2.%F
5=4 '
1160 CONTINUE
IF(D.EG.0.0.ANI.S.ED.0.0)TYPE 120
IF(D.EQ.0.0.AND.S.EQ.0.0)STOF
1180 CONTINUE
IF(ANGOFT.EG.1.0KR.ANGOFT.EQ.2)G0TO 2010
TYFE 2000 - :
2000 FORMAT(/,1X, *INCORRECT OFPTION CODE SFECIFIED IN SUBEROUTINE
C "PSIDEL" SO EXECUTION WAS TERMINATED*")
2010 CONTINUE
RETURN
END
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Appendix 8 (continued).

PROGRAK PLOTER
(222X S EEE ELEE S EI RS R E E T E T E L P RS R R R R R R R E R R R LR
THE FURFOSE OF "FLOTER" IS TO ACCESS SURRGUTINE “FLOT" AND THE
DATA FILE "PLTDAT.DAT" SO THAT THE DATA CAN BE PLOTTED ON THE
UT-55 SCREEN. A HARD COFY OF THE DATA IN THAT FILE CAN ALSO
FE OBTAINED THROUGH EXECUTION OF PLOTER.
**#*******#*****#****#**#*###*#**************#****#*f#**#*#*#####tf
COMMON/DATFLT/TIME(512) ,FLTDAT(512,7) ,NDATA

DIMENSION ID(Z0)

TYFE 1 :
FORNAT(/“$ LOAD DISK UITH DATA TO BE FLOTTED INTO DISK DRIVE
C “I¥1:" AND "RETURN".-

ACCEFT 2,NWAIT

FORMAT(I1)

OFEN(UNIT=1,NAME="DY1:PLTIAT.DATY,TYPE="OLD")

TYFE 3

FORMAT(/,“8 AT WHAT INDEX IS THE READING TO BE STARTED (15)? )
ACCEFT 4,NSTART

FORMAT(IS)

TYFE § :

FORMAT(/,"$ HOW MANY DATA FOINTS ARE TO KE READ (I15)? )
ACCEFT 6,NDATA

FORKATI(IS)

TYFE 7 :

FORMAT(/,“$ WOULD YOU LIKE 4 "HARDCOFY" OF DATA TO BE
C FLOTTED (Y/N)?") L

ACCEPT 8,IKDCFY

FORMAT(14)

READ(1,93 (ID(1),1=1,20)

FORMAT(/,5%,2042)

IFCIKDOCFY.NE. THYIGOTO 1600

FRINT  9,(11(I),1=1,20)

CONTINUE

IF(NSTART.ER.1)60TD 1500

D0 100 I=1,NSTART-1

READ(1,10)TINE(D), (PLTDAT(I, 0}, d=1,7)
FORMAT(1X,F9.0,7(1X,F9.3))

CONTINUE

00 200 I=1,NDATA

READ(1,10) TIME(I), (PLTDAT(I,J),d=1,7)

IFCIHDCPY .NE.1HY)GOTO 2000

FRINT 10, TIKE(I),(PLTDAT(I,d),d=1,7)

CONTINUE

CONTINUE

CALL PLOT

STOFP

END
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SUBROUTINE FLOT _
e Ry T AT F IR R R T L S TR T PR
c THIS IS A GENERAL FURPOSE PLOTTING ROUTINE WRITTEN FOR THE VT35
€ - GRAFHICS TERMINAL.
CHERRARARERFRERRFRRFRRR AR R RE AR RR N AR bR KRR kbR kb S bRk h bR kbbb Rk
COMMON/STATUS/ISTAT(16)
DIMENSION ALPHA(S512)
DIMENSION IX(512),1Y¢235)
COMMON/DATPLT/TIMEC(S12),PLTDAT(512,7),NDATA
LOGICAL*1 IYLABL(24) :
e e e Ty P s Y SRS SR T

C INITIALIZATION OF STATUS WORDS FOR THE "PLOTS5" SUBROUTINE.
s E PRI R S E eI L]
IFLAG=0

DO 1000 I=1,16
1000 ISTAT(I)=0

CALL WIFEOT

MAXDAT=NDATA

DO 1100 I=1,MAXDAT
- 1100 ALPHA{I)=TIME(D) : :
C**#*#*-f#*#************t*****#******************#**=§$$*#*=¢***$**#-t***#*-’f

THE OPERATOR IS CONSULTED TO DETERNINE EXACTLY WHAT GRAFHICS ARE -
WANTED. THERE ARE TWO TYPES OF PLOTS AVAILABLE: (1) CHANNEL VS
CHANNEL, OR (2) CHANNEL VS TINE. CHANNELS FOR THE "TRNSLT" MAIN
PROGKAM HAVE BEEN ASSIGNED AS:

CH1 = POLARIZER (IEGREES)
CH2 = ANALYZER (DEGREES)
CH3 = CELL POTENTIAL (HV)
CH4 = CELL CURRENT (Ha)
CHY = MEASURED DELTA (DEGREES)
CH6 = MEASURED PSI (DEGREES)

ALTERNATIVELY, THE MAIN PROGRAM "FLMFIT" ASSIGNS CHANNELS FOR
THE PLOTTING ROUTINE AS:

CH1 = FILK THICKNESS (ANGSTROMS)
CH2 = COMPOSITE ERROR (DEGREES)
CH3 = CELL FOTENTIAL (MW}

CH4 = CELL CURRENT (¥a)

CHS = CALCULATED DELTA(DEGREES)
CH6 = CALCULATED PSI (DEGREES)

(el B or B or B o BE w B or Bk o i o Biae B o B o B0 ar Bl ww K 9 B qu B o N o Y o

Y T T T I e R ST T LR ST L RIS S PR RS TR PR E R T ST T E ST
TYPE 41
41 FORMAT(/“$ ARE ANY CHANNEL-CHANNEL PLOTS WANTED (Y/N)T )
ACCEPT 42,MANYCC
42 FORMAT(14)
IF(MANYCC.EQ.T1HY)GOTO 1500
60T0 315
1600 IFLAG=1
PO 1200 I=1,MAXDAT
1200 TIME(I)=ALFRA(I)
TYPE 43 _
43 FORMAT(/,2X, THE X-AXI5 NOW CORRESFONDS TO TIME.")
6070 1700
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Appendix 8 {continued).

1500 TYPE 50
50 FORMAT(/“$ WHAT CHANNEL CORKESFONDS TO THE X-AXIS? <)
ACCEPT 60,NCHX
60 FORMAT(IZ)
1700 TYPE 70 ,
70 FORMAT(/*$ UHAT CHANNEL CORRESPONIS TO THE Y-AXIS? )
ACCEFT 80,NCHY
80 FORMAT(I12)
TYPE 90
70 FORMAT(/7$ AT WHAT DATA INDEX SHOULD THE FLOT BE STARTED? )
ACCEFT 100,NMIN
100 FORMAT(I4)
NHIN=NHIN-1
109 TYFE 110 , ‘
110 FORMAT(/$ HOM MANY PDINTS ARE TO BE FLOTTED? )
ACCEFT 120,NHAX
120 FORNAT(I4)
IF (NMAX.6T.512)60T0 109
TYPE 130
130 FORMAT(/’$ WHAT 1§ THE X-OFFSET? )
ACCEFT 140,X0FFST
140 FORMAT(F10.0)
TYPE 150
150 FORKAT(/“$ WHAT IS THE Y-OFFSET? )
ACCEFT 160,YOFFST
160 FORHAT(F10.0)
TYFE 170 _
170 FORKAT(/”$ WHAT IS THE NORMALIZATION FACTOR FOR X-VALUES? )
ACCEFT 180, XNDRM
180 FORKAT(F10.0)
TYFE 190 :
190 FORMAT(/“$ WHAT IS THE NORMALIZATION FACTOR FOR Y-VALUES? )
ACCEFT 191, YNDRN
191 FORMAT(F10.0)
TYFE 192
192 FORMAT(/“$ ARE THE SCALES OF THE AXES TO BE PRINTED (Y/N)? °)
ACCEPT. 193, 10RIGN
193 FORMAT (A1) _ :
[:t***:b:#**#**********42#*****#****iést**********:ﬁ:***41*#**'30:*****41ikd::&*i":#:l:t:&*:t:&i
€ NORMALIZATION OF THE DATA TO FIT iT ONTO THE CRT SCREEN.
Cas f#*##***##*****#*'f*#'&‘4\*1'4‘#3‘##1’##'&#11’*****# XX 2L EEEREL SR HE T NS
X0=-XOFFST#50.
Y0=-YOFFST#50.
_XDIV=50.#%XNORK
YDIV=50. +YNORH
DO 210 I=1,NNAX
IF(IFLAG.NE.0)GOTO 201
IX(1)=(XOFFST+PLTDAT (I+NHIN,NCHX) )/ XNORM
GOTO 202
201 IX(1)=(XOFFST+TIME (1+NNIN))/XNORM .
202 IV(I)=(YOFFST+FLTDAT (I+NHIN,NCHY))/YNORM
210 TYPE 220,1X(1),1Y(1)
220 FORKAT(2(15X,101))
TYFE 240
240 FORMAT(/"$ ARE DATA FOINTS TO BE CONNECTED BY LINES (Y/N)? )
ACCEPT 250,ILINE
250 FORMAT(AT)
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CHERRRRERRRFRRFFRRA A AR AR B F R R AR R R RN R R R R A bk kbR b b k4
THIS SERIES OF SUBROUTINES CREATES THE GRAFH DESIRED, USING

c
c
c
c
c
c
c
C
c
c
c
C

1800

1900

1916
1920

2060

2010

3000

300

VARIATIONS OF "FLOTS5". THE SUBROUTINE FUNCTIONS ARE:
"GRAFO1" - FLOTS DATA FOINTS ON SCREEN

“LINEO1" - DRAUS LINES (INTERFOLATES) BETWEEN POINTS

“"LABEL " - LABELS AXES (NOT USED CURRENTLY)
"WIPEO1" - CLEARS THE CRT SCREEN

"GRIDO1" - PRODUCES A RECTANGULAR GRID AS BACKGROUND FOR THE

GRAFHS PLOTTED

"PLOTSS" - SOFTUWARE "HEART" OF THE V7155 GRAFHICS..n

COMMERCIAL SOFTWARE ONLY AUQILABLE AS AN OBJECTIVE

SUBROUTINE FOR LINKING

I0 1800 I1=1,16

ISTAT(I)=0

CALL WIFEO1

CALL FLOTSS(2,142+44324644512,,1STAT)
CALL GRIDGI

CALL LAREL( 7, ")

IF (IORIGN.NE. THY)60TO 1920

TYFE 196G,X0,Y0

FORMAT(40X, “GRAFH ORIGIN: X = -,FB.2, f = *,F8.2)
TYFE 1910,XBIV,YDIV
FORMAT(40X, “SCALE DIVISION: X = ",F8.2,” Y = “,FB.2)

CONTINUE

CALL GRAFOT(NKAX, IX, 1Y)
IFCILINE.NE.THY)GOTO 2006
CALL LINEOT(NHAX,IX,IV)
READ(S,2010) KR
FORMAT(12)

10 3000 I=1,16

ISTAT(I)=0

CALL WIFEO!
IF(IFLAG.EQ.1)G0TO 3400
TYFE 300

FORMAT(/$ ARE MORE CHANNEL-CHANNEL PLOTS WANTED (Y/N)?

- ACCEFT 310,MORFLOT

316

3400

3560

4000

315
320

330

FORMAT(AT)

CALL WIFEO!

CONTINUE

IF(IFLAB.EQ.1)60TO 3500

IF (MORFLOT.EQ.1HY)GOTD 1500
DO 4000 I=1,16

ISTAT(I)=0

CALL WIFEO1

TYPE 320

FORMAT(/’$ 1S A TIME-CHANNEL FLOT WANTED (Y/N)? *)
ACCEPT 330,MORTCF

FORKAT (A1)

IF (MORTCF.EQ. THY)GGTO 1600
RETURN

END
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Annendix 8 (continued).

SUBRDUTINE GRAFO1{NMAX,IX,IY)
DIMENSION IX(512),1Y(23%)
COMMON/STATUS/ISTAT(16)

CALL PLOTS5(?,0,0,I8TAT)

CALL PLOTSS(1,0,,ISTAT)

DO 1 I=1,NMAX

MX0=IX(1)

HY0=1Y(I)

CALL FLOTSS(3,HX0,HY0,ISTAT)
RETURN :

END

SUBROUTINE LINEOT (NMAX,IX,IY)
DIMENSION IX(512),1Y(235)
COMMON/STATUS/ISTAT(16)

DD 1 I=2,NNAX

LOX=IX(I-1)

LOY=IY(I-1)

LFX=IX(D)

- LEY=IY(D)

CALL PLOTSS(7,LOX,LOY,ISTAT)
CALL FLOTSS(8,LFX,LFY,ISTAT)
RETURN :

END

SUBROUTINE LABEL(IXLARL,IVLAKL)
COMMON/STATUS/ISTAT(14)
LOGICAL*1 IYLARL(24)

CaLL PLOTSS(9,0,23,I68TAT)
CALL PLOTS5(¢12,,IXLARL,ISTAT)
g 3 1=1,24 _

IF(IYLABLLII EQ.0)GDT0 4

CALL FLOTS5(9,0,1-1,157AT)

CALL FLOTSS¢12,1,IYLARL(I),ISTAT)
CALL PLOTS5(9,0,23,I8TAT)

CALL FLOTSS(13,91,,I8TAT)

CALL PLOTS55(13,92,,I8TAT)
RETURN

END

SURROUTINE WIFEO1
COMMON/STATUS/ISTAT(14)

CALL FLOTS55(13,72,,I8Ta4T)

- CaALl PLOTSS(13,74,,I8TAT)

CALL PLOTSS5(2,1+512,,ISTAT)
RETURN

END

SUBROUTINE GRIDO1

 COMMDN/STATUS/ISTAT(14)

ra

CALL FLOTSS{5,0,1,I8TAT)
B0 1 1=50,500,50

CALL PLOTS5(5,I,1,ISTAT}
o 2 1=50,200,50
CaLL PLOTSS(4,1,1,ISTAT)
RETURN '

END
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Appendix 9.

Input Data File TRNSLT.DAT

38 Free blocks || || . end of directory

-TYPL m}r-t sesee.to view all data files on DYl: called TRNSLT
Files coried: '
D TRNSLT.5i4 to TT: eseseso8tored data file TRNSLT.514 with Verdet coefficients

2.0 for a wavelength of 514.5 nm -
17.09 175.02 18 .82 1¢.82 135 88 & 8=
9.818465 €.01045¢ S.098888 &.8E8EEC 3 3
1 4 2
BETREST.%S to TI: ++¢e...stored data file TRNSLT.555 with Verdet éoefficients
2.6 for a wavelength of 555.0 nm
17 .08 1725.06 i6.86¢ i6.&8 135, .88 & &
$.00E70F 0.08078C S.00R53: £ 825228 2 3
1 4 2
BE:TRESI Y . BAT o TT: ........8tored data file TRNSLT.DAT actually read by TRNSLT.SAV
2.& ’
17.08 125. 88 1.8 ie. 8¢ 13%.& $.&2
@.01846C §.01846C 0.000832 0. 888856 3 =
i 4 2



Appendix 10.

Output Data File PLTDAT.DAT

JIYRL PLYBAT.DAT
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Appendix 11.

Demonstration of PLOTOl - plotting data file PLTDAT.DAT

IS Free block= veeeseess.oend of directory after DIR command

JEE BYE P OTEL eevevcccass running plotting program PLOTO1l

LOAD DISK WITH BATA TO BE PLOTTED INTO BISK BRIVE *BYi:® AMD “RETIRNC,

AT AT TMIRY IC T BEARING TO BE STARTED (1517 §
HOW MANY DATA PDINTS ARC TD BE READ (IS)? 362
EiMk = &

YOtk = |

0= @.208588 46 W1
it = §.72387e8+82 YHi

6. BOOSRET 34 X-Cin 88
8. 21 7e0E 482 Y=CIR i#

(U

D YIE! WANT TO CHANGE THESE(Y/NI? H

IS THE GRAPH TO BE LABFIFI(Y/RI7 N

M MANY SCALT DIVISIONES Do YOU WANT FOR THE XREIST &
HR MANY SOALE DIVISIORS DO YOU WY FOR THE ¥-AXIS?

R YHI

X1.0 o : graphic output on VT55 screen

R R R EA N RN I R R N TR RY]

i

[ A A AN R RN EX O

-76-



Appendix 11 (continued).

MORE PLOTSIY/N)? Y
X-COLINGE = @
YL = 1

un
no

& BRASEST 484 X-ClE 18
8. i oar &2 Y=UE 86

®.20980285+62  XMI
e.2387e8re@2  WHI

BO YOR! WANT TO CHANGE THESE(Y/M)? N
15 THE GRAPH TO BE LABCIFR{YAIT Y
HOW WANY SCALE DIVISIONS DO YOU WANT FOR THE X-AXIS? 1
HU WANT SCALE DIVISIONS DO YOU WANT FOR THE Y-AXIS? 3

Wn

L ]

BHeneteb e

i PE-OAu-S {eRHOD-B - 8.6V X |
I OViD = @.23e7eGEYEZ  YHI =  .32i76Ef+8r Y=Cmiam =
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Appendix 11 (continued).

Listing of PLOTO1
FROGRAM FLOTO1

R R e Ry e I R P R P Y EY RS E L T R P

c
c
c
C

THE PURPOSE OF “PLOTO1"™ IS TO ACCESS SUBROUTINE "FLOT" AND THE
DATA FILE "PLTDAT.DAT" 50 THAT THE DATA CAN BE PLOTTED Oi THE
VT-35 SCREEN. A HARD COPY OF THE DATA IN THAT FILE CAM ALSO
BE OBTAINED THROUGH EXECUTION OF PLOTER.

CoedxkbbddhdbrhbhrdbhrbbebsbdbsbbkbbbbrbRbkbkbbRbhbkhhbrbpbbb bt bbb dbd4a

DIKENSION Z(512,8)
COMMON/ARRAY/IDC20),IX, IV, INDEX,X(512),Y(512)
COMMON/LIMITS/ILINX, ILINY,IGRIDY,IGRIDY,IDELX,IDELY
COMHON/STATUS/ISTAT(14) '

TYPE 1

1 FORMAT(/"$ LOAD DISK WITH DATA TO BE PLOTTED INTO DISK DRIVE

[N ]

100
10
1000

s &

"o
<)
< S

300

13

14

C "bYt:" AND “"RETURN".")

ACCEPT 2,NUALT
FORMAT(IT)

OFEN(UNIT=t NAME="DY1:PLTDAT.DAT ,TYFE="0LD")

TYFE 3 - : ' .
FORMAT(/,”$ AT WHAT INDEX IS THE READING TO RE STARTED (IS)7 7}
ACCEFT 4,NSTART

FORNATC(ID)

TYPE § ,

FORMAT(/, 8 HOU MANY DATA FOINTS ARE TO BE READ (I5)7 )

#CCEFT &,NDATA

FORMAT(IS)

INDEX=NDATA

REALCT,BYCINCI),I=1,20)

FORMAT(/,5K,2042)

IF(NSTART.EQ.1)G6TO 1000

I0 100 1=1,NSTART-1

READCT,10)(Z(I,1),J=1,8)

FORMAT(1X,F9.0,7(1X,7F9.3))

CONTINUE

00 200 I=1,NDATA
READCT,10)(Z2(1,4),J=1,8)
CONTINUE

COGNTINUE

TYFE 11 v
FORMAT(/, "¢ X-COLUMN
ACCERT 2,1X

IX=IX+1

TYFE 12

FOR®ATL/ 7% Y-COLUMN -
ACCEFT 2,1V

Iv=1Y+1

D0 309 I=t,NDATA
X(1Y=2(1,1X)
Y(D)=2(1,1Y)

Cail SUBFLT

TYPE 13

FORMAT(/,"$ MORE FLOTS{Y/NOT )
ACCEFT 14,MORFLT

FORMAT(AT)
IF(MORFLT.EQ.1RY)BOTD 2000

h
~

1l
~

. STOF

END
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10

1000 FORMAT(/,5X, XL0

20
1001

1602

1003
1604

1005

Appendix 11 (continued).

SUERQUTINE SURFLT

-COMMON/ARRAY/ID(20),IX, 1Y, INDEX,X(512),Y(512)
COMMON/LINITS/ILINMX, ILIHY IGRIDX IGRIﬁ\ IDELX, IDELY

1

COhnGN/STﬁTbS/IaTﬁT(Ib)
XLO=X(1)

XHI=X(1) -

YLO=Y (1)

YHI=Y{1)

IX=1%-1

I1=1Y-1

B0 10 I=2,INDEX
IFOXLG.ET.XCTIXLO=X(T)

IFCXHT LT XCID I XHI=X (D)
IF(YLO.BT.YCI))YLO=Y(])
IFCYHILLTLY (I IYHI=Y (D)
CONTINUE , ‘

TYFE 1000,XL0,XHI,IX, L0, YR, IY
‘ E14.6,5%, XHI

©/,5X,YLO = ¢,E14.6,5%,°YHI =, E14.6,5X,
TYFE 1001
FORKAT(/, 8 DO YOU WANT T CHANGE THESE(Y/M)? )

ACCEFT 1002, 1F1

FORKATINT)
IFCIF1.NELTHY L ANDLIF T NE. THN)GOTD 20
IFCIF1.EQ.TRNIGOTO 30

TYFE 1003

FORMAT(/,”§ XLO = *)

ACCEFT 1004,%L0

FORHAT(F10.3)

“TYPE 1005

FORMATI/,“§ XHI = )
ACCEFT 1004,XHI
TYFE 1006

06 FORMATE/, 78 YLE = 1)

ACCEFT 1604,YLD
TYFE 1007

T FORMWAT(/, 78 YRI = 7)

10067
CACCERT 1004, YHI
30 TYFE 1008
1008

& FORMAT(/, ¢ IS THE GRAFH 70 BE LABELEN(Y/N)? -

ACCEPT 1002,1F2 _
IFCIF2.NELTHY D ANDLIF2.HELTHNIBETE 349

-79-
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Appendix 11 (continued).

[0 40 I=1,INDEX
XCI)=(XC1)-XLO) /7 (XHI-XLO)
40 Y(I)=(Y(I)=YLO)/(YHI-YLD)
TYFE 1005
1005 FORMAT(/,"$ HOW MANY SCALE DIVISIONS DD YOU WANT FOR TH#
1 X-AXIS? *)
ACCEFT 1010,1GKIDX
1010 FORMAT(I2)
TYFE 1011
1011 FORMAT(/,”$ HOW MANY SCALE DIVISIONS DO YOU WANT FOR THE
1 Y-AXIS? *)
ACCEFT 1010, IBRIDY
CALL WIFE
CALL FLOTSS{2,2+4+432464,,ISTAT)
ILINX=511
ILINY=235
IDELX=1L iR/ 1GRIDX
IDELY=ILIHY/IGRIDY
CALL GRID
M=INDEX/2
IG 50 I=1,K
I1={I-1)4241
MX=X{I1)#%ILIMX
HY=Y(I1)*ILINY
CALL PLDTSS(1,0,,ISTAT)
CALL FLOTSS(3,HX, MY, ISTAT)
122142
MX=X(12)+ILINX
MY=Y(I2)+ILIHY
CALL FLOTS5(2,0,,1STAT)
CALL PLOTSS(3,HX,HY,ISTAT)
50 CONTINUE
IF(IF2.NE.1HY)BOTO 60
TYFE 1012,(10¢1),1=1,20)
1012 FORMAT(/,5X,2042)
TYPE 1000,XL0,XRI,IX,YLG,YHI, IV
60 CONTINUE
ACCEFT 1013, IUAIT
1013 FORMAT(AT)
CALL WIFE
RETURN
ENID
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Appéndix 11 (continued).

SUBROUTINE WIPE
COMMON/STATUS/ISTAT(16)

D0 1 I1=1,16

ISTAT(I)=0

CALL FLOTSS(13,72,,15TAT)
“CALL PLOTSS5(13,74,,18TAT)
CALL PLOTS5(2,14512,,I8TAT
RETURRN

END

SUBROUTINE GRID
COMMON/STATUS/ISTAT(14)
COHMON/LINITS/ILINX,ILINY, IGRILX, IGRIDY IDELX, 1DELY
CALL PLOTSS(5,0,1, zsrnr>
CALL FLOTSS(4,1,0,I8TAT)
Io 1 I=IU£LX,ILIHX,IDELX
CALL PLOTS5(S,1,1,IS8TAT)
DO 2 I=IDELY,ILIMY,IDELY
CaLL PLOTSS5(4,1,1I,1STAT)
RETURN

END
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Appendix 12.

Direétory of Working Disk DYO:

.BIR Dve:
18- B3 :

SUAF  .5YS 24 11-Mar-78 BYWMMSI.SYS &I {f-Mar7E
L § .SYS Z $§-Mar-7E PIP  .S4¥ 16 1i-#ar7E
LIRR GAV 18 {i-Mar-78 BIE _Sa¥ 17 ii-Mar-
BaTCH .G&Y 2€ {i-Har-78 FILEX .SAY 18 11-Har—78
SRICDe, SAY 11 {1-Mar-78 B _Say 7 $4-¥ar7E8
PaT  .Gav 7 {i-Har-76 RESINC, GAY {2 {1-Har-7¢
FoRsAT.SaY € 15i-Mar-75 PaTOH WB&Y S {i-Bar-78
BF  .Sa¥ 24 2%-Mar-79 - .5YS 2 11-Har-78
B .8YS 7 ii-Mar-78 EBIT .G&¥ i §{-Mar-75
{mr | SAY € 11-¥ar78 B¥BS L EYS 63 1i-¥= "z
SIARTS, (s i 16-4er-B: ERess Sa¥ 3@ 13-Feb-8i
EIDE. 58V 25 {3-Feb8i YRS 1.5a% i {3-Feb-Ei
P OT8: Gay £2 318 Ser-84 So&k GEY 48 13-Feb-B¢
F’:L SaY £3 27 -Mav-p** SEVea: Sav 88 FI-O-t-pit
RIZST,GaY g8 {6Arr—BF* KIEE .SaV 4 17 g**
Egm.,;& 1 28-Oct-8¢ BT D 11 Bt
BSOS, AV 8¢ Z7-Hav-82*

I3 Files: 574 Blocks

@ Free blocks

**programs for data acquisition with automatic ellipsometer functioning as a spectro-
scopic ellipsometer; related data reduction programs

SEV002 - data collection .

RECALL - recalling stored spectroscopic ellipsometer data for plotting and output
RISURF - conversion of spectroscopic data file created by DSCONV to refractive indices
MINUS - subtration of one data file from another to generate '"difference spectra"”
DSCONV - conversion of spectroscopic data file generated by SEVO02 to delta and psi
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Appendix 12 (continued).

Direétory of Spectral Scanning Programs Disk A

. 21-Nov-82
NEUWSET.FOR
INOUT .FOR
TIINFO.FOR
TITIME.FOR
FCPRNT.FOR
FCI0 .FOR
WLTEST.FOR
WLEALC.FOR
RISURF.FOR
ISCONV.FOR
FCSFEC.FOR
INPUT .FOR
INFC
CALFC1.FOR
SEVOG2.FOR

FOR

wn

——t

—t

- s .
NN GO L OO

-
L5 ]

18

07-Apr-81

- 07-Apr-81
07-Apr-81
- 07-Apr-81

07-Apr-81
07'ﬁp?+81
07-Apr-81

10-Apr-81

11-apr-81

15-Apr-81.

1é6-Apr-81
14-Jun-81

" 14-Jun-81

16-Jun-81

23-0ct-81

30 Files, 264 Blocks
7 Free blocks

21-Nov-82
 CALFC1.DAT 5
CALFCI.DAT 5
WAVED2.DAT 5
WAVED4 . DIAT 5
RISURF.DAT 5
"ULCCNT.DAT R
FARADY.DAT 9
RECALL.DAT 2
‘15 Files, 63 Bloc
7 Free blacks
21-Nov-82
BSCONV.5AY 90
85Y001.5AV . 87
FCPLOT.SAV 83
“MINUS .SAV 40

18-Har-81
18-Mar-81
26-Kar-81
26-Har-B1
30-Har-81
25-Kay~82
02-Nov-81

13-Apr-81

ks

~19-Apr-81

14-Apr-81
17=-Jun-81
17-Jun-81

8 Files, 638 Blocks
7 Free blocks

-83-

RESET .FOR
F1INFO.FOR

FITIME.FOR

FCSET1.FOR
FCTYFE.FOR
DELPSI.FOR
FCCAL .FOR

SEV0OO1.FOR -

PLOT .FOR
RECALL.FOR
GUTFUT.FOR
OUTFC .FOR
FCPLOT.FOR
MINUS .FOR

EDATA .FOR

CALFC2.DAT
WAVEO1.DAT
WAVEO3.DAT

© WAVEOS.DAT

ULBONI. DAT
WLCALC.DAT
TITLE .DAT

RECALL.SAV
RISURF .54V
CALFC1.54aV

SEV002.SAV

Ry '
SNOB O N LN O N R O

~J

N —
Ll O~y

W

L =+ - N

83

80

89
. Bé

07-Apr-81
07-Apr~81
07-Apr-81
07-Apr-8t
07-Apr-81
07-Apr-81

07-Apr-81
Y1-4pr-8i
17-Jun-81
16-Apr-81
14-Jun-81
14-Jun-81
17-Jdun-81
17-Jun-81
23-0ct-8i

18-Mar-81
26-Mar-81
26-Mar-81
26-Mar-81

28-0ct-81

28-0ct-81
17-Jun-81

té-Apr-81
14-Apr-81
16-Jun-81"
23-0ct-81



Appendix 12 (continued).

Directory of Spectral Scanning Programs Disk B

21-Nov-82
NEWSET.FOR
INOUT .FOR
TIINFO.FOR
TITIME.FOR
FCFRNT.FOR
FCID .FOR
ULTEST.FOR
WLCALC.FOR
RISURF.FOR
RECALL.FOR
QUTFUT.FOR
DUTFC .FOR
FCPLOT.FOR
MINUS .FOR
SEVO02.FOR
EDATA2.FOR
FCAVG1.FOR
FCSMTH.FOR
FCREAD.FOR
RISMTH.FOR
RILINE.FOR
EMASES.FOR
FILMO2.FOR
EMAFIT.FOR

-

—b — - —
- P e S BTG NLO NSO =W N

—

wn

12

¢7-Apr-81
07-Apr-81
07-Apr-81
07-Apr-81
07-Apr-81
07-Apr-81
07-Apr-81
10-Apr-81
t1-Apr-81
16-Apr-81
14-Jun-81
14-Jun-81
17-Jun-81
17-Jun-81
23-0ct-81
22-0ct-81
02-Nov-81
02-Nov-81
07-Ttec-81
13-Dec-81
13-Dec-81
18-Jan-82

. 20-Jan-82

21-Jan-82

48 Files, 366 Blocks
23 Free blocks

21-Nov-82
CALFC1.DAT
CALFCI.DAT
WAVEOQ1 . DIIAT
VAVEDI. DAT
WAVEOS . DAT
TITLE .DAT

(LS B S

4

18-Kar-81
18-Mar-81
26-Mar-81
26-Mar-81
26-Mar-81
17-Jun-81

12 Files, 54 Rlocks
23 Free blocks

21-Nov-82
DSCONT.5AV
RIGEN1.SAV
CSMFIT.SAV
ERAFIT.5AV

90
49
46
43

07-Dec-81
13-Dec-81
12-Jan-82
21-Jan-82

8 Files, 508 Blocks
23 Free blocks

~84-

RESET .FOR
P1INFO.FOR
FITIME.FOR
FCSET1.FOR
FCTYPE.FOR
DELFSI.FOR
FCCAL .FOR
SEVO01.FOR
PLOT .FOR
FCSFEC.FOR
INFUT .FOR
INFC .FOR
CALFC1.FOR
ELATA .FOR
RUNTST.FOR
FLOTXX.FOR
FCAVG2.FOR
SHOOTH.FOR
DSCON1.FOR
RIGEN1.FOR
FILK .FOR
CSMSES.FOR
CSHFIT.FOR
NORMAL.FOR

CALFC2.DAT
ULCALC.DAT
WAVEO2.DAT
WAVEQ4 . DAT
RECALL.DAT
FARADY.DAT

RISMTH.SAV
EMASES.SAV
C5MSES.SAV
NORMAL .SAV

ta N ’
SN oL oINS

—

B Dl O O 0TRSO

—

-—

e —=an

Rl S A

63
83
93
41

07-Apr-83
07-Apr-81
07-Apr-81
07-Apr-8t
07-hpr-81
07-Apr-8i
07-Apr-81
t1-Apr-81
17-Jun-81

“16-Apr-81

14-Jun-81
14-Jun-81
16-Jun-81
23-0ct-81
23-0ct-81
23-0ct-81
02-Nov-81
02-Nov-B1
07-Dec~81
13-Dec-81
14-llec-81
12-Jan-82
12-Jan-82
18-Feb~82

18-Har-81
28-0ct~-81
26-Mar-81
26-Mar-81
13-Apr-81
02-Nov-B1

13-llec-81
18-Jan-82
12-Jan-82
18-Feh-82



Directory of Spectral Scanning Programs Disk C

21-Nov-82

Appendix 12 (continued).

FCSHTH.FOR 4 02-Nov-81
WLCALC.FOR 6 10-Apr-81
QUTFC .FOR 7 14-Jun-81
DSCONV.FOR 11 07-Dec-81
QUTPUT.FOR 7 14-Jun-81
FP1INFO.FOR 6 07-Apr-81
PITIME.FOR 2 07-Apr-81
FCREAD.FOR 4 26-MHay-B2
RECALL.FOR 14 27-May-82
18 Files, 133 Blocks
138 Free blocks
21-Nov-82
WLBOND. DAT 1 28-0ct-81
WLCALC.DAT 1 25-Kay-82

4 Files, 7 Blocks

138 Free blocks

21-Nov-82
. FCSMTH.SAV
DSCONV.SAV
FIXFPCA.SAV

43
70
37

23-Hay-82
27-Kay-82
05-Jul-82

5 Files, 334 Blocks.
138 Free blocks

-85-

SMO0TH.FOR
INFC .FODR
FCAVB2.FOR
INFUT .FOR
FLOT .FOR
T1INFO.FOK
TITIME.FOR
DELFSI.FOR
FIXFCA.FOR

 ULCONT.DAT

TITLE .DAT

FCAVG2.8AV

RECALL.SAV

X
G0N OO~ N O O~

39
83

02-Nov-81
14-Jun-81
02-Nov-81"
14-Jun-81
17-Jun-81
07-Apr-81
07-4pr-81
27-May-82
05-Jul-82

25-May-82 -
17-Jun-81

25-May-82
27-Hay-82



Appendix 12 "(continued).

Directory of Spectral Scanning Programs Disk D

21-Nov-82
NEWSET.FOR
INOUT .FOR
T1INFO.FOR
TITIKE.FOR
FCFRNT.FOR
FCI0O .FOR
WLTEST.FOR
WLCALC.FOR
RISURF.FOR
RECALL.FOR
OUTPUT.FOR
OUTFC .FOR
FCPLOT.FOR
MINUS .FOR
SEVG02.FOR
EDATAZ.FOR
FCAVG1.FOR
FCSMTH.FOR
FCREAD.FOR
RISHMTH.FOR
RILINE.FOR
EMASES.FOR
FILMO2.FOR
EMAFIT.FOR
FROEHA.FOR
AIFILH.FOR
DYEHTE.FOR
SHIFT .FOR

—

— —
LN~ b b B B NG00 EO NN

—

-
d N

15
4

07-Apr-81
07-Apr-81
07-Apr-81
07-Apr-8t
07-Apr-81
07-Apr-81
07-Apr-81
10-Apr-81
11-Apr-81
16-Apr-81
14-Jun-81
14-Jun-81
17-Jun-81
17-Jun-81
23-0ct-81

22-0ct-81

02-Nov-81
02-Nov-81
07-Dec-81
13-lec-81
13-Dec-81
18-Jan-82
20-Jan-82
21-Jan-82
01-Sep-82
30-May-81
04-5ep-82
05-Sep-82

95 files, 4346 Blocks
65 Free blocks

21-Nov-82
RECALL.DAT
FARADY.DAT
COPFER.DAT
WLCALC.DAT

2
b
5

-—

13-Apr-81
02-Nov-81
27-Jul-82
25-May-82

8 Files, 346 Blocks
45 Free blocks

21-Nov-82
BRUGMN. SAV
DYEMTE.SAY
SHIFT .SAV

95
91
43

03-Sep-82
04-Sep-82
05-Sep-82

% Files, 356 Blocks
63 Free blocks

-86~

RESET .FOR
F1INFO.FOR
PITIME.FOR
FCSET1.FOR
FCTYPE.FOR
DELPSI.FOR
FCCAL .FOR
SEV0OO01.FOR
PLOT .FOR
FCSPEC.FOR
INPUT .FOR
INFC .FOR
CALFC1.FOR
EDATA .FOR

. RUNTST.FOR
" PLOTXX.FOR

FCAVG2.FOR
SMOGTH.FOR
DSCON1.FOR
RIGEN1.FOR
FILM .FOR
CSMSES.FOR
CSHMFIT.FOR
NORMAL .FOR
BRUGHN.FOR
AISPEC.FOR
BYERI .FOR

TITLE DAT

RHODE .DAT

SOLN . DAT
RHOLIBO . DAT

AISFEC.SAV
BYERI .SAV

ry P

-
BP0 D OO 00PN N WO NW 00N R O Y

-—

—_

— s

[, B 4, B4, I 4

87
40

07-Apr-81
07-Apr-B1
07-Apr-81
07-Apr-81
07-Apr-81
07-apr-8i
07-Apr-81
11-Apr-8t
17-Jun-81
16-Apr-81
14-Jun-81
14-Jun-81
14-Jun-81
23-0ct-81
23-0ct-81
23-0ct-81
02-Nov-81
02-Nov-81
07-Dec-81
13-liec-81
14-Dec-81
12-Jan-82
12-Jan-82
18-Feb-82
03-Sep-82
01-Sep-82
04-Sepx-82

17-Jun-81
31-Aug-82
27-Jul-32
05-Sep-82

0t-Sep-82
04-Sep-82



Appendix 13.

Input Data File WLCALC.DAT

TEFLEK. 192 5 18-Jul-B2 TEFLOK. 104 & $B-&l-82

FEF L. 156 - 5 18-i-B2 L. 15 5 i&-éaz{’-?:
TEFLERL 187 5 19-4l-8B2 TEFLOK. §=. ' & 1wl

TEFLOK. 192 5 15 k102 TEFL (8, 2282 8 18kl :‘f:.'-'_
IEFLIM. 281 § 1%l TEFL 0N, 282 B i85 k182

TEF 8N, 263 § £0-Jui-B2 TEFLOR. 284 5 i“—..é;’-f:“-
TEFLON, 285 5 19 u:i-B2 REGIETY. 282 5 8- kl-E2
CVPBi. &8¢ 13 15 ui-82 CVPEARL. 888 13 19-iil-B2
CVPRA: 282 £3 19-ul-B2 CWPRAlL 882 p &4 25—&%-‘1"‘
OFPELL 884 13 15 Jui-B= TR 7.0 1 &8
FLYBI.BAT 58 19-Jul-82 HFLOK. 285 & iﬁ-.ﬁiz-z'{.
TEFLON. 287 S 15-ul-82 CVPEALL 885 13 48 h:1-82
C¥FBndl. B8c 13 15-kul-Bz BRE .iBE 5 15-jan83

BEn .18Z 5 18- 82 MIRE .iBE LR Ll = X

BER .iEs 5 18 larB3 KIRE .iBS - B 83

BEB .1ES 5 1%-Jan83 Higs .15 5 $8-Jan 82

164 File=s. 93% Blorks

32 Free biocks ....... eeesean end of directory of DYl;

LIV OO BRT L .L....... display of WLCALC.DAT on VI55 screen
21 321 1B8.7332 5Bi37. 1u 8.955¢ -1E.BiBE BGEE.E regression parameters

,!23%?% ’iﬁé&z"‘?—‘“ AL 3ANCPER/ 124567 ES /1234007551253 ..dummy line to aid in

formatting data file
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Appendix 14.

Input Data File TITLE.DAT

_TYPE TITLE.BAT |
PEARIZER CURRENT(ABCL, Y-AXIS) ¥S EMCODER COUMT (X—AXIS)
b YZER CLRRENT (ADCU, Y-AXTS) VS ENCODER CORINT (X-AXIS}
PRLARIZER CURRENT (ADCU, Y-AXIS) ¥5 WAVELENSTH(X-AXIS)
ANALYTER CURSENT (ADCU Y-AXIS) VS WAVELEMETH(X-AXIS)
65 YR O EKT{Y-AXIS) VS POLARIZER CLRREHT(X-AXIS)
POLARIZER CL

AL TZER CURRENT

£
3;.

B TA{Y-AYIS: Ve DNDOONE COIMT(X-AXIS:
FoI{Y-nazit: ¥o DRGEw COUNT(X-KEIS:
§£;¥é'¥~gzz§; | £ Hﬁ?iiiﬁ%THfI—ﬁnIc‘

?E;z;—ﬁéIZ, ¥5 EEi? i—ﬁi:gi

B TR{[EGRTTS:

PoI{IEFEES:

£ &8,

s BETEAITI t fin él ¥ INEEE o
iﬁﬁh : ; " 2 3 ﬁg Eﬁiéﬁii

0L VERDET COEF (102X, DEG/ADC) VS EMCODER CORMT(X-AXIS)
R VERTET COEF(1086X, DEG/ADCU) VS ENCOIER COUMTC(X-AXIS)
”?"_ VERTET COEF (1888X. DEG/ARC V5 @ﬁ:{%"ﬁ%’i?ff

: fﬁﬁ%F-YéiK ?ﬁgﬁﬁi’rg‘iegii Vo EMNOEE
= 51 ?s%g{ j

f”*§é~¥§i§ ?ﬁ&ﬁﬁiT:? i&éi} YS ﬁééfffhiTﬁ f-ﬁii-.
{EEES-TR K PREAETER V5 PO OROSS TaE PARAIE TER{ZI-REIGS
igégg TR EIYIEE:

e ES- TR E(ZIEE)

£ £

af ds

$2ANE TR /1 2 ANE RS /1 2R THR /I P ANE TR A1 2 AGE RS A1 F4NETES S

WMM
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Appendix 15.

Demonstration of SEV002 - collection of spectroscopic ellipsometry data

. BN DYe:SFvee:z
BC YOU WANT TO BEVIES INCOEER

TH CALIEBRATION PARAMETERS(Y/NIT Y

BIGITAL DMCOTER PRESETS:
CALYBRATION CURVE SEGNEWT MUMEER i:
SOPE =  $B.73%2
INTERCEPT =  5437.13
CORREL ATION COEFFICIENT = o.380¢
CALTBRATION CURVE SESHMENT MPELE 2:
SPL = -1E.BiER
INTERZEFT =  9BER. &7
CORRE: £TION COEFFICIENT = #.9939
LINITS OF APPLICATION:
UPPER = 324
LGWER = 124
BC YOU WANT TO CHANGE THESE(Y/W)? N

INSERT DATA STORAGE BISE. THEN "RETURN®,

BD YOU WANT YO ADJUST THE SCAM RATE(YAD? K |

STEADY SCAN RATE ESTAR ISHETD. SCAN Eﬁ?{ = & ..;..spectral scanner not rotating

Is SETUP INFG TO BE (A)EWTERER FROW KEYEGARD OR (BIREAD FROM OLD BATa FIIF® B
W OF SPECTRA FILE T0 BE RETRIEVED = = BY{TEFLONIE3

NAE(A48) = JOSEPH COLLIN FARMER

BATE (I2-A3-12/DAY—MEBTH-YEAR) = 19-JAK-B3

LA OPERATIONA LIFE(IS/RRRS) = 1666 | |

DXPERTAENT IDENTIFICATION(A4®) = BEMBSTRATION OF PROSRes *SEvees*

HAVE WAL AZTMUTHS BEEN CWMEER(YAD? N |

A OC/DICITA COWNEETE PRESET m ......... assumes Faraday cells monitored
PE. INFITCH. = 8 over channels 0 and 1; PMT out-
&, TWEUT CH. = § : _ put can be monitored by changing
AR GATR =3 input channels; only gains of 0,

1, 2, and 3 are allowed.

BG YOU WANT TO CHANGE THESE(Y/HI7 N
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Appendix 15 (continued).

RAE (483 = JOSEPH COLLIN FARIER
ATE(12-A3-12/DaY-HONTH-YEAR) = 15— JAN-B3
LA OPERATIONSM LIFECIS/HOURS) = 1066
EXFERIMENT IDENTIFICATION(A4@) = DEMOMSTRATION OF PROGRAM "SEveez"
HAVE WAL AZIMUTHS BEEN CHANGED(Y/N)? N
PE. INPLUT CH. = @ | -

A INPUT CH. = 4
ADC GAIK 3

mnow

B OYE! WAlT TO O THESE(YANI? W

HOU WAy SPECTRA OLANG AFF TO B AVERASEDIINI? 3

I1s SETiF INFORMATIONR TO BE OUTAET (R0 (FT- (B)TC PRINTER. OR (CIMDT AT #:17 ©
EWTEE *5* &0 "RETURR" FPOR SPECTRA (BLECTIGHE. ©

SPECTRG EEIRG (O LECTED . cvnnvnnss
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Appendix 15 (continued).

Listing of SEV002

PROGRAKM SEVOGZ :
C&#l****##é*it&*l*&*t*t*#*l*t*#*k*###k#!&*il*k*t*t###tJt*#&b*ﬁ#iJO‘f{#&
€ OBJeCTIVE: TO COCORDINATE THE ACTUAL DIATA ACQUISITION DURING AN
€ ELLIFSOMETRIC SFECTRAL SCAN WITH OFERATOR REVIEUW OF
c THE RAW DATA. THIS IS THE MAIN DIATA COLLECTION
C : ROUTINE.
C
"
C
C

FROGRAM WRITTEN BY JOSEPH C. FARMER IN SFRING 1981 LBL-MMRD

#*t#*t#44$$*$*4*1444444t##***t*tt##**t**4**$4#*#*****4**t*#*kti*t*ﬁ*t*
COMMON/A/NAVG(400),POLC400),ANAC400)
COMMON/E/NRATE, NSCAN IFOL, IAhA
COHHUN/E/NAHEOP(ZO),ID(EO)
‘COMMON/F/LRFTYF ,LHFSERCIO) ,LHPVLT ,LHFANF
COMMON/G/IFHRTYF(10),IFPMTDV '
COMMON/H/IFHASF, IFHASA, IGAINF, IGAINA, JAMFLF, IAKPLA, ITIMEF,ITINEA
COMMDN/1/IGAGF,IGAGA, IGATF,IGATA
CONHON/J/NWL, NrOL NCHF, Nnhn
COHHOh/h/IHRSO IHIhO ISECO ITICO, IHRSF,IHINF,ISECF,ITICF
COMHON/L/1DAY, IHON(B),LYRS LMFHnS
CUHHON/H/IU&V:(40U)
COMMON/N/ICHAN, IBLOCKR,IFLAG, IBUFF(258)
COMMON/D/NFASS
COMMON/STATUS/ISTAT(14)
CONMON/TITLE/NTITLE(S,30),NWORD(2,21)
CONHON/MODE/MODEC,HMODEY,FACTOR
NFAS5=1
C+4442THE ENCODER COUNT IS CONVERTED TO WAVELENGTH.#*¥skkb bbb dsbbihihas
ChiL WLCALC -
C#x#*+4THE GRAFHICS TITLES ARE READ FROM “"DYi: TITLE DAT" L4 hddkh bk ok hdd ok
M0Dco=1
CaLl TITLE
TYFE 19
10 FORMAT(/,”$ INSERT DATA STORAGE DISh, THEN "RETURN".~
ACCEFT “0 NWAIT
20 FORMAT(AT)
C*JV*JTHE FOURTH CHANNEL OF THE ALAC MOLDEL 1604/0PI CDUNTER CHnD 18 4%+
READ AT VARIOUS TIMES T0 ASSURE THAT THE RATE OF ROTATION OF
THe FILTER DISC(SFECTRAL SCANNING RATE) IS5 CONSTANT. FROGRAM
EXECUTION I5 DeiAYED UNTIL A SFECIFIED STABILITY CRITERIA IS
MET. CHANNEL 4 DF THIS COURTER CARD IS WIRE WRAFFEDL TO
OFERATE IN THt FREQUENCY MODE, THE FREGUENCY OF THE ENCOUER
#¥¥x4GENERATED PULSES IS MEASURED BY THIS CHANNEL.#¥®kdddddddbbbbihbhds
30 CALL RaTE
NSAVE=NRATE -

OO0
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Appendix 15 (continued).

- C##444SETUF INFORMATION IS EITHER READ FROM A FREVIOUS EXFERIMENTAL ###4
C DATA FILE OR INPUT FROM THE VTS5 KEYBOARL BY THE OFERATOR,
€ DEPENDING UFON THE OFERATOR’S RESFONSE AT THIS POINT.
166 TYPE 110
116G FORMAT(/,”$ 15 SETUFP INFD TO BE (AR)ENTERED FROM KEYEBODARD
C OR (B)READ FROM OLD DATA FILE? ")
ACCERT 20,1F1
IF(IF1.NE.1HA.ANDLIF1.NE.1HB)GOTO 100
IF(IF1.NE.THAYGOTO 120
Céa4¥#THIS SUBRGUTINE ALLOWS THE OPERATOR TO INPUT THE SETUF #tss¥ddidd
c INFORMATION FROM THE KEYBOARD.
CALL NEWSET
6670 130
120 CONTINUE
C#++4+THIS SUBROGUTINE ACCESSES AN OLD DATA FILE SFECIFIED EY THE 444444 .
c OFERATOR TO REASSIGN OLD SETUF VALUES TO THE CURRENT
C EXFERINENT,
CaLL INFUT
NRATE=KSAVE
130 CONTINGE
C+++#450HE FPARAMETERS MUST BT ENTERED FROM THE KEYBCARD SINCE ##dds#idaw

C TREY Will FROBABLY BE CHANGEL FROM ONE SFECTRAL S5CAN TO
c ANOTHER{FOR EXAMFLE MANUAL AZINUTH SETTINGS). SUBROUTINE
£ "RESET" ALLOUS FOR THIS

CALL RESET

Cra+44THE OFERATOR CAN SFECIFY THE TYFE OF OUTFUT DESIRED FOR ##t#iisis
C THE SETUF INFORMATION.
200 TYFE 210
210 FORKAT(/, % IS SETUF INFORMATION TO BE OUTPUT (A)TO CRT,
€ (E)T0 FRINTER, OR (CINGY AT ALLT? )
ACCEFT 20,1IF2
IF(IFZ.NE.THA.AND.IF2.NE. 1HBLARG.IF2.NE. 1HC)GOTE 260
IF(IF2.EQ.1HC)IGOTO 236
IFCIF2.EQ.1HE)GOTC 230
IF{IF2.NE.1HAIG0TO 220
CHa%x4SETUF INFORMATION IS DISFLAYED ON THE CRT.##d#dsddabbbdbbidiiiiss
CALL TIINFOD
6070 230
220 CONTINUE
Caxek#SETUP INFORMATION IS SENT TO THE LINE FRINTER.*###dbdddibdddtadid
CALL FIINFOD
230 CONTINUE
400 TYFE 410
410 FORMAT(/,"% ENTER "G" AND "RETURN" FOR SFECTRA COLLECTION. 7)
ACCEFT 2G,if3
IF(IF3.NE.1HG)GOTO 400
TYFE 411
411 FORMAT(/,” SFECTRA BEING COLLECTED...........”)
CALL EDATA
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Appendix 15 (continued).

C#+##4THE REQUIRED DATA ACQUISITION TIME FOR THE SFECTRAL SCAN IS ###ks
c EITHER DISFLAYED ON THE CRT OR OUTPUT ON THE LINE FRINTER.
IF(IF2.EG.1HC)GOTO 630
IFCIFZ.NE.THAIBOTC 620
CALL TiTIHE
GOTC 630
620 CONTINUE
CALL FITIME
630 CONTINUE o
C+##4+1F DESIRED, THE SFECTRAL SCAN IS DISFLAYED ON THE VTS5 ##ititiss
c TERKINAL IN GRAFKICAL FORM.
700 TYFE 710
710 FORKAT(/,”$ DO YOU WANT TG FLOT SPECTRA(Y/N)? )
ACCEFT 20,1F4
IFCIF4.NE. THY.AND.IF4.NE. THN)GOTO 700
IF(IF4.E0.1HN)GOTO 720
CALL FLOT
720 CONTINUE. ,
C+##441F DESIRED, THE SPECTRAL SCAN IS STORED ON A FLOFPY DISK##bi#ksss
c FOR SUFSEQUENT RETRIEVAL AND ANALYSIS,
800 TYFE 810
810 FORMAT(/,’$ ARE THE SPECTRA TO BE STORED ON FLOFFY DISK(Y/K)T )
ACCEFT 20,1FS
IF {17 5.NE.AY.AND.1F5.NE. 1HN)GOTO 60O
1F(IF5.EG.THN)BOTG 820
CALL OUTFUT
B20 CONTINUE

CossaxDEFENDING ON THE GPERATGR'S RESFONSE, VARICGUS COMEINATIONS dais4d
c OF NUMERICAL OUTFUT CaN EE GERERATED\EITHER CRT BISFLAY OR
C HARLCOFY FROM THE LINE PRINTER.

TYFe 89C

870 FORKAT(/,”$ 15 ANY NUNERIC OUTFUT DESIREL(Y/N)T )
ACCEFT 20,iF6
IF(IF&.NE.THY.AND.IF8.KE. iHNIGOTG 820
IF(IF6.EQ.THN)GOTO 960
TYFE 919 ‘
FORMAT(/,5X, NUKERIC OUTFUT MENUG:®,
C /,10X, " (AYRARBCOFY OF SETUF INFO. OKLY-,
c /,10%,” (BYHARDCOFY OF SETUP INFO. ANDG FLOTTED GaTA FTS.°,
C /410X, (CICRT DISFLAY OF SETUF INFO. ONLY”,
C /10X, " (I)CRT DISFLAY OF SETUF INFO. AND PLOTTEL DATA
C F18.7, /,10X, (EYNOHE OF THE ABOVE®)
TYFE 920 :
920 FORMAT{(/,”$  YDUR CHOICE IS: *)
#CCEFT 20,IF6
IF(IF6.NE.1HA.AND.IF6.NE. 1HE ARD.IF6.NE. THC . ARG TF 6. NE . THD
C.AND.IF6.NE.THE)GOTD 900
IF(IF6.EQ.1HE}GOTD 760
IF(IF6.NE.1HAIGOTG 930
CALL FTINFD
CALL FITIHE
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Appendix 15 (continued).

930 CONTINUE
IF(IF6.NE.THE)GOTO 940
CALL F1INFO
CALL PITIME
U0 934 IFAGE=1,4
PRINT 931,IFAGE
931 FORKAT(///,5X, TATACADCU) FROM POLARIZER AND ANALYZER CHANNELS
C A5 A FUNCTION OF WAVELENGTH(ANGSTROMS)...FAGE °,I1,
C /77,205%, "INDEX*,5X, "L’ ,3X, “NAVG" ,7X, “POL ", 7X, “ANA~))
Do 932 I1=1,50
I1=(IPAGE-1)%100+]
12=11+50
932 PRINT 933,11, IWAVE(I1),NAVG(I1),POL(I1),ANACTT), 12, TUAVE(ID),
CNAVG(I2),FOL{I2),ANA{I2)
933 FORMAT(2(5X,15,2X,15,2X,15,3X,F7.0,3%,F7.0))
934 FRINT 935
935 FORMAT(////1111)
940 CONTINUE
IF(IF4.NE.1HC)GOTE 950
CALL T1INFO
CALL TITIME
950 CONTINUE
IF(IF4.NE.1HD)GOTO 960
CALL TYINFD
CALL TITIME
TYFE §5i
951 FORMAT(/{,5X, RAW DATA FROK SFECTRAL SCAN',//)
DO 952 1=1,400
2 TYFE 953,1,IWAVE(I),NAVG(D),POL(I),ANA(T)
3 FORMAT(SX,’I = *,13,5%,°WL = -,15,5X%, NAVG = *,13,5X, FOL = *,
CF7.0,5X, “ANA = *,F7.0)
960 CONTINUE
CH#4+4 THE OFERATOR HAS THE OFTION OF REFEATING FROGRAM EXECUTION.##téis
1000 TYPE 1010
1010 FORMAT(/,’$ 15 THE PROGRAM TO BE EXECUTED AGAIN(Y/N)T )
ACCEFT 20,1F7 :
IFCIF7 . NELIHY . AND.IF7.NE. THN)GOTO 1060
NPASS=NPASS+1
IFCIF?7.EQ. 1HY)BOTO 30
STOF
ENID
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Appendix 15 (continued).

SUBROUTINE WLCALC
Ny S R P T LT E S R PR TR TS
c OBJECTIVE: TO CONVERT ENCODER COUNTS INTO WAVELENGTH USING

- € FREDETERMINEDR CALIBRATION CURVE FARAMETERS.

M S P T TP e S P I R R T T R 2 P I IIRRIsITZY
COMMON/M/IWAVE(4AGO)
DPENCUNIT=2,HAME="DY1:ULCALC.DAT",TYFE="0LD")
READ(2,996)1U,IL,A1,B1,R1,A2,B2,R2

996 FORMAT(2(1X,13),2(1X,FB.4,1X,F8.2,1X,Fb6.4))
CLOSE(UNIT=2,DISPOSE="SAVE")
997 TYPE 998 o’
998 FORMAT(/,"$ DO YOU WANT TO REVIEU ENCODER WAVELENGTH CALIBRATION
C FARAMETERS(Y/N}? 7}
ACCEFT 999,IF0
IF{IFG.NE. 1HY AND,IFG.NE.THN)GOTO 997
IF(IFO.EQ.1HN)GOTE 3
999 FORMAT(AT)
TYFE 1000
1000 FORMAT(//,10X, "DIGITAL ENCODER FRESETS:")
1 TYPE 1001,A1,B1,R1
1001 FORMAT(/,10X, "CALIBRATION CURVE SEGMENT NUMBER 1:°,

c /,15X,“SLOFE = *,F10.4,
C /,15X, "INTERCEFT = *,F10.2,
c /y15X, “CORRELATION COEFFICIENT = *,F10.4)

TYFE 1062,A2,F2,R2
i002 FORBAT(/,10X, CALIBRATION CURVE SEGMENT NUMBER 2:7,

c /,15%,“SLOFE = *,F10.4,
c /,15%, "INTERCEFT = *,F10.2,
C /,15X, "CORRELATION COEFFICIENT = *,F10.4)

TYFe 1003,10,1U
1003 FORMAT(/, 10(, LIMITS OF AFFLICATION:
C /419X, “UFFER = ,16,
C £y13X, "LOVER = 7,18
2 TYFE 1004 .
1004 FORMAT(/, ¢ DD YOU WANT TO CHANGE THESE(Y/M)T )
ACCEFT 1005, IF1
~ 1005 FORMAT(AL) .
IF(IFY.NE.THY.ANL.IFT.NELTHNIGOTG 2
IF(IF1.EQR.1HNIGOTO 3
TYFE 1006
1006 FORMAT(/,2X, "SEGHENT 1:7)
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1007

1008

1009

i010

1011

1012

1033

1014

1013

i016

10

30
40

Appendix 15 (continued).

TYPE 1007

FORMAT(/,”§ SLOFE(F10.4/ANGSTROMS FER COUNT)

ACCEFT 1008,At1
FORMAT(F10.4)
TYFE 1009

FORMAT(/, ¢ INTERCEFT(F10.2/ANGSTROMS)

ACCEFT 1010,HR1
FORMAT(F10.2)
TYPE 1011

FORMAT(/, ¢ CORRELATION COEFFICIENT(F1G.4)

ACCEPT 1012,K1
FORMAT(F10.4)
TYFE 1013
FORMAT(/,2X, "SEGMENT Z:7)
TYPE 1007
ACCEFT 1008,A2
TYFE 1009
ACCEFT 101G,B2
TYFE 1011
ACCEFT 1012,R2
TYFE 1014

FORMAT(/, % UFPER LIMIT OF APPLICATION(I&)

ACCEFT 1015,IL
FORMAT(16)
TYFE 1016

FORMAT(/, ¢ LOWER LIMIT OF AFFLICATION(14)

ACCEFT 1035,1U
GOT0 1
CONTINUE

D0 40 I=1,400

IF(I.LE.IL.AND.I.GE.IU)GOTO 10

IF(I.6T.IL)GOTOD 29
COUNT=1
WL=AT+COUNT+RY
G072 30
COUNT-=1
WL=A24COUNT+B2
G070 30
COUNT=I-400
WL=A1#COUNT+RI
CONTINUE
IHAVE(T) =UL
RETURN

END
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Appendix 15 (continued).

SUBROUTINE RATE
N L L R N R R P R I ER TR TE T R S W
C OBJECTIVE: MAKE TWG "AVERAGED" DETERMINATIONS OF THE RGTATION
c RATE OF THE FILTER DISH(SFECTRAL SCAN RATE) VIA
c CHANNEL 4 OF THE ADAC 1604/0F1 CGUNTER CARD WHICH
c IS5 WIRE URAFPED IN THE FREGUENCY MODE. THESE TUO
c A RATES OF ROTATION ARE MABE AT A TIME INTERVAL
c BETERMINED BY THE SUBROUTINE "DELAY"(15 SECONDS).
c IF THE TW0 RATES ARE IDENTICAL, THE SCAN RATE IS
c DETERMINED TO BE STABLE(FREE OF "CHATTER", ETC.)
C AND FROGRAM CONTROL IS RETURNEL TO THE MAIN
c FRGGRAM "SEV001". |
CHVRRPRREGHFA R BB AR R R RR AR RF KRR R R AR R d AR R R R R LR F bbbk phhhd b4
COMMON/B/NRATE ,NSCAN, IFOL, I4NA
10 TYFE 20
20 FORWAT(/,”$ DD YOU WANT TO ALJUST THE SCAN RATE(Y/N)T )
ACCEPT 30,MRATE
30 FORKATIAY)
IF(MRATE.NE.1HY.AND.MRATE .NE. THN)GOTC 10
IF(MRATE.NE.1HY)GOTO B85
TYFE 40 .
40 FORKAT(/, ¢ ADJUST THE SFECTRAL SCANRER SFEED, THEN "RETURN".")
ACCEFT 50,IWAIT
50 FORMAT(AYL)
60 I5UNG=0
B0 70 1=1,3
70 ISUMO=ISUNG+IFEEK{"164406)
' CALL DELAY
ISUM1=0
Do 80 I=1,3
B0 ISUMi=ISUMI+IFEER{"184406)
IF(ISUKG.NE.ISUNT)GO TO 60
BS NRATE=IPEEK("164406)
TYFE 90,NRATE :
90 FORHAT(/,” STEADY SCAN RATE ESTABLISHED. SCaN RATE = 7,131
RETURN '
END
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Appendix 15 (continued).

SUBRGUTINE DELAY

Chbd bkt bbddddAdhddbbddhdhbtadbddbbhbrtd bbb b bhd bbb bk d bbb g bbb b add

c
c

OBJECTIVE: T BENERATE A 15 SECOND TIME DELAY FOR SUBROUTINE
"RATE".

ey L ey e X

10

20

INTEGER+4 ITIME

CALL BTINM{ITINE)

CALL CVTTIMCITIME,IRRS,IMIN,ISEC,ITIC)
ISECO=ISEC

IF(ISECO.GT.44)6070 10

CALL GTIM{ITIME)

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

IF(ISECF.EQG.ISECO+1O)RETURN

GGTG 20

EKD
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Appendix 15 (continued).

SUBROUTINE RATE

Crkddbhkdirbrbdbibidhaibbhbsrrbbkbdibbibbbbkkddrbbbbdbb bbbk shedtfi it

c
¢
C
c
c
C
c
€
c
C
c

10
20

30

40

50
80

OBJECTIVE MAKE TWD “AVERAGED" DETERMINATIONS OF THE ROTATION
RATE OF THE FILTER DISK(SFECTRAL SCAN RATE) VIA
CHANNEL 4 OF THE ADAC 1604/0FI COUNTER CARD WHICH
IS UIRE WRAFFED IN THE FREGUENCY MODE. THESE TWO
RATES OF ROTATION ARE MADE AT & TIME INTERVAL
DETERMINED BY THE SUBROUTIHE "DELAY"(13 SECONDS).
IF THE TWO RATES ARE IDENTICAL, THE SCAN RaTE IS
DETER®INED TU BE SYABLE(FREE OF "CHATTER", ETC.;
AND PROGRAH CONTROL IS RETURNED TO THE MAINW
PROGRAM "SEVO0O1",

R Y T e TR P RS PP R EE FR PR AT TR T e

COMMON/B/NRATE,NSCAN, IPOL, TANA

TYPE 20

FORMAT(/,$ DD YOU WANT TD ADJUST THE SCAN RATE(Y/N)? )
ACCEFT 30,MRATE

FORMAT (A1)

IF (HRATE.NE. 1HY.AND.HRATE.NE. THN)BOTO 10

IF (MRATE.NE.1HY)GOTO 85

TYFE 40

FORKAT(/,”$ ADJUST THE SFECTRAL SCANNER SFEED, THEN "RETURN".®)
ACCEFT 50, TWAIT

FORMAT (A1)

1SUKD=0

10 70 1=1,3

ISUMO=TSUMO+IPEEK("164406)

CALL DELAY

15UM1=0

D0 80 I=1,3

ISUMT=ISUNI+IFEEK("164408)

IF(ISUMO.NE.ISUK1)GO TO 40

NRATE=IPEEK("164406)

TYPE 90,NRATE |
FORMAT(/,” STEADY SCAN RATE ESTAFLISHED. SCAN RATE = *,I5)
RETURN :

END

=99~



Appendix 15 (continued).

SUBROUTINE DELAY

Cortddthbkkbrdbbkbbhkbkdbdbsbbhbbrdbbkdddbhididbbkbibkbrsddhbbbbkdhbierbts

c
€

- OBJECTIVE: TO GENERATE A 15 SECONL TIME DELAY FOR SUBROUTINE

"RATE".. :

10

20

INTEGER*4 ITINME

CALL GTIMCITIME)

CALL CUTTIM(ITIKE,IHRS,IMIN,ISEC,ITIC)
ISECO=1S5EC

IFCISECO.6T7.44)60T0 10

CALL GTIM(ITIHE)

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

IF{ISECF.EQ.ISECO+13)RETURN

G070 20

END
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Appendix 15 (continued).

SUBROUTINE RATE

C*#***#****#****##**##**#**t****#***********###***&*#i*###***#*#*###&t#

OOOG!"}OOCOOG

i0
20 F

30

40

30
60

85

90

- OBJECTIVE: HWAKE TWG "AVERAGEL" DETERMINATIONS OF THE ROTATION

RATE OF THE FILTER DISK{SPECTRAL SCAN RATE) VIA
CHANKZL 4 OF THE ADAC 1604/0F1 COUNTER CARD WHICH
IS WIRE WRAFPED IN THE FREQUENCY HODE. THRESE TWO
RATES OF ROTATION ARE MALE AT A TIME INTERVAL
DETERMINED BY THE SUBROUTINE “DELAY" {15 SECONDS).
IF THE THO RATES ARE IDENTICAL, THE SCAN RATE IS
DETERMWINEL TO BE STABLE(FREE OF "CHATTER", ETC.)
AND FROGRAM CONTROL IS RETURNED TO THE MAIN
FROGRAN "SEVOO1“.

*444#44#*44*44*1*4**14#**444*&444144*##44*;4*4#5#til#tit*ﬁ#i*l#§$i$#4i

CGHHON/B/NRAT:,NSCAN IPCL, IANA
TYFE 20 '
ORKAT(/, "% Li0 YOU WART TO ADJUST THE SCAN RATE(Y/NIT )
RCCEPT 30, HRATE
FORAAT(AT) :
IF(MRATE.NE.THY . AND.MRATE.NE. THN)GOTO 10
IF (MRATE.NE.1HY)GOTO B85
TYFE 40 '
FORMAT(/,"$ ADJUST THE. SFECTRAL SCANNER SFEED, THEN "RETURN". )
ACCEFT 50,IWAIT
FORMAT(AT)
ISUMG=0
[0 70 1=1,3
ISUMO=ISUMO+IFEEK("164406)
CALL DELAY
ISUKT=0
B0 80 I=1,3
ISUM1= ;sun.+z;sar'"1oaaoa)
IF(ISUMO.NE.ISUNTIGO TO 60

NRATE=IFEER("164406)

TYPE 90,NRATE

FORKAT(/,* STEALY SCAN RATE ESTABLISHED. SCAN RATE = °,I5)
RETURN '

END

SUBRGUTINE LELAY

CHEAREERREFRFIRBRRA AR R R SRR FESRF RSN TR R bR kb Ed RS bbb bbb kbbb Rk 4

C
C

10

20

OBJECTIVE: TO GENERATE A 15 SECOND TIME DELAY FOR SUERGUTINE
N ""HTt"

IkrEGER44 ITINE

CALL GTIM(ITIKE)

CALL CVUTTIM(ITINE,IHRS,IMIN,ISEC,ITIC)
ISECO=I5¢EC

IF(ISECO.GT.44)60T0 10

CALL GTIM(ITIME)

CALL CYTTIM(ITIME,IHRS,IMIN,ISEC,ITIC}
ISECF=IS8EC

IF(ISECFL.EQ.ISECG+1GIRETURN

6070 20 '

END
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Appendix 15 (continued).

SUBROUTINE NEWSET
Cretterbkrkbbbkbhkbktrbbbrbbbbbrbskdrbbbbbrbbdhbhpdbbbrdbebbdbhbdbresdd
£ OBJECTIVE: TO ALLOW THE OPERATOR TO COMPLETELY INITIALIZE ALL
C THE SETUF PARAMETERS FROM THE VTS5 KEYBOARD.
I T Y Yy Y Y P Y 12222222 231222 32222211228 T3 LI

COMMON/F/LMFTYP,LMFSER(10) ,LHPULT,LKPANF

COMKON/G/IFHTYF(10) , IPKTDV

COMMON/H/IPHASF, IPHASA, IGAINF, IGAINA, IANPLF , TANPLA, ITIHEF, ITINEA

COMMON/1/1GAGP,16AGA, IBATP,IGATA '

TYFE 140

140 FORMAT(/,* LAMP FARAMETERS:")
TYPE 141

141 FORMAT(’$ TYFE(A2/XE,ETC.) = )
ACCEFT 142,LMPTYP

142 FORMAT(A2)
TYFE 143

143 FORMAT( $ SERIAL NO.(A18) = “)°
ACCEFT 144, (LHFSER(I),I=1,9)

144 FORNAT(9A2)
TYPE 145

145 FORMAT(“$ LAMF VOLTAGE(I3/VOLTS) = )
ACCEFT 146,LMPULT

146 FORMAT(I4)
TYPE 147

147 FORMAT($ LANF CURRENT(I2/AHFS) = )
ACCEFT 148,LHFAMF

148 FORMAT(IZ)
TYFE 150

156 FORMAT(/,* PHOTOMULTIPLIER PARAMETERS:®)
TYFE 151

151 FORMAT(’$ MODEL{A20) = )
ACCERT 152, CIPHTYP(I),1=1,10)

152 FORMAT(104A2)
TYFE 153

153 FORNAT('$ DYNODE VOLTAGE(14/V0LTS) = )
ACCEFT 154, 1PHTDV

154 FORNAT(IS)
TYFE 160

160 FORMAT(/,” FARADAY CELL CONTROLLER PARAMETERS:®)
TYFE 141

161 FORMAT(/,* FOLARIZER CHANNEL®)

TYPE 142 :

162 FORMAT(*$ FHASE(I3/POT SETTING) = °)

ACCEFT 163, IFHASF

163 FORMAT(I4)
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Appendix 15 (continued).

TYPE 164
164 FORMAT('§ GAIN(I3/POT SETTING) = )
ACCEPT 163,1GAINF
TYPE 163
165 FORMAT( $ AMFLITUDE(I3Z/POT SETYING) = )
ACCEFT 143,1AMPLFP
TYPE 166
168 FORMAT(’$ TIME CONSTANT(I3/HILLISECONDS) = *)
ACCEFT 163,ITINEF
TYPE 167
167 FORMAT(/,” ANALYZER CHANNEL )
TYFE 142
ACCEFT 163,IFHASA
TYFE 164
ACCEPT 163,1GAINA
TYPE 163
ACCEFT 1463,1AMFLA
TYPE 164
ACCEFT 163,1TINEA
TYFE 170
170 FORMAT(/,” GALVUANOHKETER AMFLIFIER FARAMETERS:")
TYFE 171
171 FORMAT(/," FOLARIZER CHANNEL")
TYPE 172
172 FORMAT( '8 BARIN(IG) = )
ACCEFT 173, 1GAGF
173 FORMAT(IS)
TYFE 174
174 FORMAT( S TIME CONSTANT(IS/MILLISECONDS) = )
ACCEFT 173,16ATF
TYPE 175
175 FORKAT(/,” ANALYZER CHANNEL)
TYFE 172
ACCEFT 173,1GAGA
TYPE 174
RCCEFT 173,1GATA
RETURN
END
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Appendix 15 (continued).

SUBROUTINE INFUT

R R L R P P PP P ET E Y L P L P RWT

c
c
N

ORJECTIVE: TO READ THE SETUF INFORMATION AND SPECTRAL SCAK DATA
FROW ANY FLOFPY DISK FILE SFECIFIEL BY THE OFERATOR
AND CREATED BY SUBROUTINE "OUTPUT".

CHEXFR A bbb A bR R AR Rk AR AR R SR h R AN R E R SRR R RS b ARk khF bbb kR Rk E b b5

100

200

10

3
<>

CONMON/A/NAYG{400) ,FOLCA00) ,ANA(40D)
COMMON/E/NRATE ,NSCAN, IFOL, IANA
COMHON/E/NAKEDR (20),10¢20)
COMMON/F/LMPTYF,LHPSER(10) ,LMFVLT,LMFAHF
COMHON/B/IFHTYR(10), IFHTIV

COMMON/H/ IFRASF, IFKASH, IGATNF, IGATNA, IAKPLP, IANPLA, ITIHER, ITIKEA
COMMOGN/1/1BAGF, 16ABA, IGATF, IGATA
CONMOR/J/NUL, NFOL , NCHF , NANA
COMMON/K/THRSO, IKING, ISECO,ITICO, IHRSF, IMINF, 18ECF,ITICF
COMMON/L/ILAY,IMON(3),1YRS,LKFHRS

COMHON/M/ THAVE(400)
CORMON/N/ICHAN, TRLOCK, IFLAG, IBUFF (256}
REAL44 BILK(2),NAKE(20)

1BLOCK=0

TYFE 100

FORMAT(/,“$ NAME OF SPECTRA FILE TO BE RETRIEVEL = °)
ACCERT 200, (NAKE(D),I=1,3)

FORMAT(3A4)

N=IRALS0(12, KANKE, BILK)

ICHAN=IBETC(I)

IFCICHAN.LT.0)STOF “CANNOT ALLOCATE CHANNEL®
IFCIFETCHOICHAN) . LT.0)STOF “FETCH FAIL”
IF(LOOKUF (ICHAN, BDLK) .LT.0)STOF “EBAD LOOKUF®
I0 10 I=1,256

IBUFF(I)=0

CALL READ

LG 20 I=1,20

NAKEOF (1) =TBUFF(I}

I0(15=1BUFF(20+1)

LMFTYF=1BUFF(41)

L0 30 I=1,9

LMPSER(I)=IRUFF(41+1)
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Appendix 15 (continued).

LMFVULT=IBUFF(31) Lo 35 1-1,10

LMFANF=TRUFF(52) 30 IFMTYF(Ii-IBUFF(B7+1)
IFHASF=TBUFF(34) iFMTIV=1EUrFr(98)
IGAINF=TBUFF(53) CALL READ
IARFLP=TBUFF (54) o 40 I1=1,200
ITIMEF=TRUFF(37) 40 POL(I)=IBUFF(I)
IFHASA=IBUFF (58) CaLL READ
IGAINA=IBUFF(3%) D8 50 I=1,200
IANFLA=TBUFF{60) 30 ANA(I)=TBUFF(I)
ITIMEA=TIBUFF{41) CALL REAL

IGAGF =IBUFF(42) DO 60 1=1,200

IGATF =IRUFF(43) 60 FOL(I+200)=IBUFF{I1)
I1GAGA =TBUFF(64) CALL READ

IGATA =IBUFF(49) B0 70 I=1,200

NRATE =IBUFF{64) : 70 ANACI+200)=IBUFF(I)
NSCAN =1BUFF(67) CALL CLOSEC{ICHAN)
IFGL =IRUFF(4B) CALL IFREEC{ICHAN)
IANA =IBUFF (69} ' RETURN

NUL  =IBUFF(70) END

NFOL  =IRUFF{71)
NCMF  =TRUFF(72)
NANA  =IBUFF(73)
IHRSO =IBUFF(74)
THRSF =IRUFF(75)
IKINO =1RUFF(76)
ININF =IEUFF(77)
ISECO =IRUFF(78)
ISECF =1RUFF(79)
ITICO =I1RUFF(80)
ITICF =IBUFF(81)
IBAY =I1BUFF(82)
IYRS =IBUFF{83)
LMFRRS=IRUFF (84)
IMON(1)=IBUFF(85)
IMON(2)=IBUFF(8&)
. IMON(3)=1BUFF(87)

SUBROUTINE REAT

Cadddbb bada dd R AR b i b bbb d b AR A RN SRR RN AL TR FF I EA R RS ARFERRA R R R AR &

C ORJECTIVEs TO ACTUALLY REATD THE DATA STOGRED ON THE FLOFFY DISKH

C INTO BUFFER MEMODRY.

Chbdbbaddht Shhddd bbb £k dh bbb AR b RR A LA SRR ARFEARE A AR A RRA SRR RSB EH 44
COMMON/N/ICHAN, IELOCK,IFLAG, IRUFF{2568) '
IERRCGR=IREADW{Z256,IBUFF, IRLOCK,ICHAN)

IFCIERROR.LT.GISTOF "FATAL READ
IBLOCK=1BLOCK+1

RETURN

END
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Appendix 15 (continued).

SUBROUTINE RESET

C# R R 2 N R R N P Y P SRS R R R R I T ]

c OBJECTIVE: TO ALLOW THE OFERATOR TO CHANGE ONLY THOSE SETUF

c PARAMETERS WHICH ARE TYPICALLY CHANGED FROM ONE

L SPECTRAL SCAN TD ANDTHER. THIS MDDIFYS SETUF

£ INFORKATION REAL FROM OLD DATA FILES TO NAXE IT

C AFFLICABLE TO THE CURRENT SFECTRAL SCAN OR

C COMFLETES THE INITIALIZATION OF SETUP

£ INFORMATION STARTED WITH "NEWSET".

CHkE X RRFXALRNERA SRR bbb L AR b AR PR AR E RS TR R R A bbb R bbb bbb bbb bk b bbb bbb 40
COKMON/A/NAVG(400) ,FOL{4G0),ANACA00) ’
COKMON/E/NRATE ,NSCAN, IFOL, IANA
COMMON/E/NAMEDR (203 ,1D(20)

COMBON/J/NUL,NPOL ,NCHF , NANA
COMMON/K/IHRSO0, TMINO, ISECO,ITICO, IHKSF, IMINF, ISECF, ITICF
COMMON/L/IDAY,IHON(3), IYRS,LMFHRS
CONMON/D/NPASS
IF (NFASS.GT.1)60TO 104
TYFE 100

100 FORKAT(/,"$ NANE(A40) = )
ACCEFT 101, (NAKEOR(IY,I=1,20)

107 FORMAT(20A2)
TYFE 102

162 FORMAT(/, $ DATE(I2-A3-12/DAY-HONTH-YEAR) = )
ACCEFT 103,104Y, (IHON(I),I=1,3),1YRS

103 FORKAT(IZ,1X,3A1,1%,12)
TYFE 104

104 FORMAT(/,”$ LAKP OFERATIONAL LIFE(IS/HOURS) = )
ACCEFT 105,LMPHRS

105 FORKAT(IS)

106 CONTINUE
TYFE 167

107 FORMAT(/,”$ EXFERIMENT IDENTIFICATION(A40) = )
ACCEFT 101, (10(I),I=1,20)

108 TYFE 109

109 FORMAT(/,”$ HAVE MANUAL AZINUTHS BEEN CHANGED(Y/N)? )
HCCEFT 110,MANAT

110 FORMAT(AT)
IF (KANAZ.NE. THY.AND.HANAZ.NE. THN)BOTO 108
IF (HANAZ.NE.THT)GOTO 119

TYFE 112

112 FORKAT(/, " MANUAL AZIMUTH SETTINGS(DEG):")
TYPE 113

113 FORKAT(“$ POLARIZER(F7.2) =)

ACCEFT 114,F
it4 FORMATI(F?.2)
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116
17

18

119

120
2
122
123

124

ey
rJ
n

—
2
o~

130

131

133

140

Appendix 15 (continued).

NFOL=F*100.

TYPE 115

FORNAT("$ ANALYZER{F7.2)
ACCERT 114,

NANAZA®100.

TYPE 117

FORKAT(“$ COMPENSATOR(F7.2)
ACCEFT 114,C
IF(C.NE.135.0.AND.C.NE.45.6)60TD 116

NCHF=C#100.

TYPE 118

FORMAT(’$ MONOCHROKATOR SETTING AT NULL(F7.2) = *)
ACCEPT 114,WL

NWL=WL#100.

CONTINUE

16AIN=3

NCHF=0

NCHA=1

TYFE 121

FORMAT(/,” ANALOG/DIBITAL CONVERTOR FRESET FARAWETERS: )

i
‘.
~—

)

H

TYFE 123, NCHP

FORMAT (" FOL. INFUT CH. = *,11)

TYFE 124,NCHA

FORMAT(”  ANA. INFUT CH. = 7, I1)

TYPE 125,IGALN

FORMAT( ADC GAIWN = 7,11

TYFE 124 -

FORMAT(/,“$ L0 YOU NANT TO CHANGE THESE(Y/N)? %)

ACCEFT 110,KADC

IF(NADC . NE.THY.AND.NADIC.NELTHNIGOTO 120
IF(NAGC.EG. THN)GOTO 131

TYFE 127

FORMAT(“$ POL. INFUT CH.(I%)
ACCEFT 128,NCHP

FORMAT(I1)

TYPE 129

FORMAT( $ ANA. INFUT CH.(I1)
ACCEPT 123,NCHA

TYPE 130

FORMAT( 8 ALC BAIN(IN)
ACCEFT 128,IGAIN

GOTG 120

CONTINUE

IPOL=IGAIN*64+NCHF
1ANA=IGAIN464+NCHA

TYFE 132

.')

i
",
~

i

2 FORMAT(/, ¢ HOW MANY SPECTRAL SCANS ARE TO RE AVERAGEDI{IT)? -

ACCEPT 133,NSCAN
FORMAT(IS)

U0 140 I=1,400
POL(I)=0,

ANA(T) =0,
NAVE(1)=0
NFASS=NFASS+]
RETURH

END
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Appendix 15 (continued).

SUBROUTINE T1INFOD
IR T T E Ry Y PR R R E R PR PP T T TP SR SRR T FROWE
C OBJECTIVE: DISPLAYS ALL THE SETUF INFORMATION FOR A GIVEN
c SFECTRAL SCAN ON THE VT35 GRAFHICS TERMINAL SCREEN,
£ EXCEFT FOR THE DATA ACQUISTION TIME.
Chrkddddaddbrddbbbbbbdbs st bbbt bihbdbbdhbrbdhkdbsbdhbddtbhkbbrbhdetis bt
COMMON/B/NRATE ,NSCAN, IFDL, IANA
COMHON/E/NANEGF(20),1D(20)
COMMON/F/LMPTYF ,LMPSER(10) ,LHPVLT ,LUFANF
COMMON/G/IPHTYF(10), IPNTIV
COMMON/H/IFHASP, IFHASA, IGAINF, IGAINA, IANFLF, TAMFLA, ITIREF, ITINEA
COMMON/1/16AGF,IGAGA,IGATF,IGATA
COMMON/J/NUL, NPDL , NCHF ,NANA
COHHUN/V/IHRSU IH1N0 IS:CO ITICO, IHRSF, IMINF  ISECF,ITICF
COMMON/L/TIIAY, IHON(3) IYRS, LHPHRS
TYFE 100,1DAY, (AHUN(I) I=1,3),IYRS
106 FORHﬁT(/?OX,IQ,’-’,3R1,’-',12)
TYFE 101, (NAHCZOF(I),1=1,20)
101 FORBAT(I0X,10A2)
TYFE 102,(10(I),1=1,20)
102 FORBAT(10X,2642)
TIFE 130
110 FORMAT(/10X, "MANUAL AZTHUTHS(DEG):")
F=NFOL/100.
A=NANA/T00.
C=NCHF/100.
WL=RUL/ 1G4,
TYFE 111,F,A,C,UL
111 FOR HR:(/?“X Fo= ,F7.2,
£ /|7X,'H g

#ohon

yF ey

C /12X,°C Ty F7.2,

C Ji2%,7UL= 7 ,F7.2)
TYFE 120

120 FuRHAT(/10X “LAKF: ")
TYPE 121,LMPTYF
121 FORHHT(/1°X “TYPE = ‘,42)
TYFE 122, (LNPSER(D),1=1,9) |
122 FORKAT(12%, SERIAL NO. = 7,942
TYPE 123,LMPULT
123 FORMAT(12X, LAKF VOLTABE(VOLTS) = *,14)
TYFE 124, LHPANF
124 FORMAT(12X, "LAMF CURRENT(ANFS) = <,13)
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Appendix 15 (continued).

TYPE 125,LHPHRS

125 FORNAT(12X, LAMP OFERATIGKAL LIFE(HOURS) = *,15)
TYPE 130

130 FORMAT(/10X, PHOTOMULTIFLIER: )
TYPE 131, (IPMTYR{D),1=1,10)

131 FORMAT(/12X, MODEL = *,10A2)
TYPE 132, 1PHTDV

132 FORMAT(12X, DYNODE VOLTAGE(VOLTS) = *,15)
TYFE 149

140 FORNAT(/10X, FARADAY CELL CONTROLLER:")
TYPE 141

141 FORMAT(/12X, “FOLARIZER")
TYFE 142, 1FHASF, IGAINF, IANFLF, ITIHEF

142 FORMAT(/12X, FHASE = 7,14,

c /12X, GAIN = 7,14,

c /32X, AMFLITUDE = 7,14,

c /12X,“TIME CONSTANT(HS) = “,14)
TYPE 143

143 FORKRT{/12X, "ANALYZER")
TYFE 142, IFHASA,IGAINA, IARFLA,ITINEA
TYFE 150

150 FORMAT(/10X, "GALVANOMETER AMFLIFIER:")
TYFE 141
TYFE 151, IGAGF, IGATF

151 FORMAT(/12X, GAIN = 7,16,
C /12X, "TIME CONSTANT(M5) = 7,16)
TYPE 143

TYFE 151,1G46A,IGAHTA
IGAIN=TFOL/64
NCHP=IFOL-IGAIN+64
NCHA=TANA-IGARIN+64
TYFE 160
160 FORRAT(/10X, "ANALGG/DIGITAL CONVERTOR:")
TYPE 141 ,NCHF,NCHA,IGAIN

161 FORMAT(/12X, FOL. INFUT CH. = 7,11,
C /12X, ANA. INFUT CH. = -,It,
X 712X, "ADC GAIN = 7, 11)
RETURN
END
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Appendix 15 (continued).

SUBRUUTINE T1TINE

OBJECTIVE DISFLAYS TH: UHTﬁ ACGULSITIOR |In: rOR Tﬁ: GlU:N
' SPECTRAL SCAN ON THE CRY SCREEN.

Coasdrdddkkdihbdddbdddbbibbbbddbbbbidbbbrbdbrdddbhidkbbdbtdbbibbtbhbed ddd

100

COMMON/B/NRATE,NSCAN, IFOL,IANA
COMMON/K/IHRSO,IMINO,ISECO,ITICO, IHRSF,ININF,ISECF,ITICF
TYFE 100,NSCAN

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

TYFE 110,KRATE

FORMAT(10X, MEASURED SCAN RATE VIA COUNTER = *,I13)

TYPE 120, 1HRSO,IMINO,ISECO,ITICO

FORMAT{/10X, DATA COLLECTION INITIATED AT: <,3(12,7:7),12)
TYPE 130, IHKSF,IMINF,ISECF,ITICF

FORMAT(10X, "DATA COLLECTION FINISHED AT: ,3(12,7:7),1i2)
RETURN

END
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Appendix 15 (continued).

SUBROUTINE P1INFO

R R T T I E T T PR e T e TR L R LI R L L LaE

OBJECTIVE: DUTFUTS ALL THE SETUP INFORMATION FOR A SPECTRAL SCAN
TO TRE LINE PRINTER, EXCEFYT FOR THE DATA ACGUISITIOW
TIME.

T Y T e P T S I LR IR T s L s I TILEL

COMMON/B/NRATE,NSCAN, IFOL, TANA

COMMON/E/NAMEOF(20),1D(20)

COBNON/F/LMFTYF,LHPSER(10) ,LMFPVLT,LHPANF

COMNON/G/IFMTYF10), IFNTDV

COMMON/H/IFHASF , IFHASA, IGAINF, IGAINA, IAMFLF, TAHFLA, ITIMER, ITINEA

COKMON/1/IGAGF,IGAGA, IGATFP,IGATA

COMMON/J/NUL, NFOL , NCHF, NANA

COHMON/K/IHRSO, IMIND, ISECG,ITICO, IRRSF, IHINF,ISECF,ITICF

COMKON/L/IDAY,INDON{Z) , IVYRS,LHFHRS

PRINT 100,IDAY,(INON(I),1=1,3),1YRS

FORMAT(/10X,12,7-7,3A1,7-7,12)

FRINT 101, (NAMEOF(I),I=1,

FORMAT(10X,20A2)

FRINT 102,€010(1),1I=1,20)

FORMAT(10X,20R2)

FRINT 111G

FORMAT(/16X, HANUAL AZIRUTHS(DEG): ") .

F=NFOL/100.

A=NANA/1GD,

C=NCHF/100.

Wi=NWL/100,

y
M
24}

FRINT 111,F,4,C, 0L

FORBAT(/12X,°P = *,F7.2,
J12K, 7R = 7 F7.2,
/12X, °C = *,F7.2,
J12%,CWLE 7 LFTLD)

FRINT 120

FORMAT(/10X, “LAMF: ")

FRINT 121,LKFTYP

FORKAT(/12X, TYPE = ¢,42)

PRINT 122, (LMFSER(I},I=1,9)

FORMAT{12X, "SERIAL NO. = *,942)

FRINT 123,LHKFPVULT

FORMAT(12X, "LAMF VOLTABE{VOLTS)
FRINT 124,LNFAHF

FORMAT(12X, "LANF CURRENT (A4NFE;

‘L 14)

Cad

(=
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Appendix 15 (continued).

FRINT 125,LMPHRS

125 FORMAT(12X, "LAMF OFERATIONAL LIFE(HOURS) = <,19;
PRINT 130

130 FORKAT(/10X, "FHOTOMULTIFLIER: ")
FRINT 131, (IFNTYP(D), 151,100

131 FORMAT(/12X, MODEL = 7,10A2)
FRINT 132,IFHTDV

132 FORMAT(12X, "DYNGDE VOLTABE(VOLTS) = “,135)
PRINT 140

140 FORMAT(/10X, "FARADAY CELL CONTROLLER: ")
FRINT 141

141 FORMAT(/12X, FOLARIZER")
FRINT 142,IPHASF,IGAINF,IAMPLF,ITINEF

142 FORKAT(/12X, FHASE = 7,14,
C /12%, “GAIN = 7,14,
C /12X, AMFLITUDE = 7,14,
£ /12X, ”TIME CONSTANT(HS) = *,14)
FRINT 143

143 FORMAT(/12X, ANALYZER")
PRINT 142,1FHASA, IGAINA, IAKFLA, ITIHEA
FRINT 150

150 FORHAT(/10X, GALVARONETER ANFLIFIER:")
PRINT 141
PRINT 151,16AGF, IGATF

151 FORMAT(/12X, “GAIN - 18,
C /12X, TIME CONSTANTINS) = *,14)
FRINT 143

FRINT 151,16AGA,IGATA
IBAIN=IPOL/64
NCHF=IPOL-IGAIN+64
NCHA=TIANA-IGAIN#64
PRINT 160
160 FORMAT(/10X, ANALOG/DIGITAL CONVERTOR:
FRINT 161,NCHF ,NCH#, IGAIN

161 FORMAT(/12X,FOL. INFUT CH. = *,T1,
c /12%,"ANA. INFUT CH. = °,11,
C 712%, “ADC GAIN = I
RETURN
END
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Appendix 15 (continued).

SUBROUTINE FITIME

CHEREFAAAERKERR BRI RARREFFEFFFRERFERERE AR R EFRFRDL R TR RF TR LA 04

¢ OBJECTIVE: ODUTPUTS THE DIATA ACGUISITION FOR THE GIVEN SPECTRAL

c SCAN TG THE LINE FRINTER.

CH¥AFFRFRRFRRE R R R IR AR R AN AR F R AR D RRR AT REERAF R AR AR E R R4 h 44
COMMON/B/NRATE,NSCAN,IFOL, IANA
COMMON/K/IHRSO, IMING, ISECO,ITICO, INRSF, IMINF, ISECF,ITICF
PRINT 100G,NSCAN :

100 FORMAT{(/,10X, "THE NUMBER OF SFECTRA AVERAGED = 7,15
FRINT 110,NRATE

110 FOGRMATC1OX, “MEASURED SCAN RATE VIA COUNTER = 7,13)
FRINT 120,IHR30,INING,ISECD,ITICO

120 FORMAT(/10X, DATA COGLLECTIGN INITIATED AT: <, 3(12,7:73,12}
PRINT 130,IHRSF,IMiNF,ISECF,ITILF

130 FORMAT(1GX, "LATA COLLECTION FINISRER AT: 7,3(I2,7:7),12)
RETURN
END
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100

1000

2000
2300

3000

5000

6000

7000

'Appendix 15 (continued).

SUBROUTINE EDATA
COMMON/A/NAVG(400) ,FOL (400) ,ANAT400)
COMMON/B/NRATE ,NSCAN, IFOL, IANA

CUHHON/K/IHRSO,IHING,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF

INTEGER+4 ITIMEO,ITIMEF

CALL IPDKE{"170400,0)

IGAIN=3

JGAIN=IGAIN#64

N=1

DO 100 I=1,400

FOL(I)=0.

ANA(TI=0.

NAVG(I)=0

CONTINGE

Catl BTIK{TIMEF)

CALL IPDKE("164400,0)
IF(IPEEK("164400).LE.0)G0TO 1000
CaLL IFOKE("164404,1)
I0=IFEEK{"164404)

CONTINUE

CALL IPFOKE("170402,1P0L.0R.{(JGAIN))

IFC.NOT.(IPEEK{"170400) . AND."100000))6070 3000

FOL(H)=FOL(NJ+IFEER{"170402)
CALL IFORE("170402,IANA.OR.{JGAIN))

IFCLNGTLCIPEERC("170400) .AND."100000))60TO 4000

ANA (NI =ANAIN) +IFEEK("170402)

NAVG (NI =NAVGIN) +1
IF(IFEER{"164404).EQ.I0)60T0 2500
N=h+1

IF(N.LE.399360T0 2000

N=1

IFCIFEEK("164400).EQ.11)60T0 4300
I1=IFEEK("164400)
IF(IT.LE.NSCANIGOTO 20060

CALL GTIM(TIMEF)

CALL CVYTTIM(TIMEG,IHRSO,ININO,ISECO,ITICO)
CALL CVTTIM(TIMEF,IHRSF,IMINF,ISECF,ITICF)

b0 6000 I=31,379
IF(NAVG(I).ER.D)GOTO 5000
FOGL{I)=POL(II/NAVGIT)
ARACT)=ANACT) /NAVGT)
GOTOD 6000

FOL{I)=0,

ANA(I)=0.

CONTINUE

SUN=0.

OO 7000 I1=1,399
SUN=SUM+NAVG(D)
SUN=T1#(5UK/399.)

TYFE BOOG,SUM

FORMAT(/,” EACH FOINT AN AVERAGE OF:
RETURN

END
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Appendix 15 (continued).

SUBROUTINE EDATA
COMMON/A/NAVG(400) ,POLCAGO) ,ANAL40D)
COMMON/B/NRATE,NSCAN,IFOL,IANA
COMMON/K/IHRSO,IMING,ISECO,ITICO, IHRSF,ININF, ISECF,ITICF
INTEGER#4 ITIMEQ,ITIMEF
CALL IPOKE("1704G0,0;
I6AIN=3
JGAIN=IGAIN+64
N=1
LG 100 I=1,400
FOL(I}=0.
ANALT)=0.
NAVG(I)=0

100 CONTINUE
CALL GTIM(TINMEF)
CALL IFOKE("1464400,0)

1000 IF(IFEER{"1644CG0).LE.GIGOTO 1000

CALL IPORE("164404,1)
0 IO=IFEEK("164404)
0 CONTINUE
CALL IPOKE("170402,IFOL.OR.(JGAIN))

3000 IF(.NOT.CIFEEK("1704G0) . AND."100003))60TO 3000
FOL(N)=POL(N)+IFEEK("1704062)

CALL IFOKEC"170402,IANA.0R.(JGAINY)

4000 IF(.NOTL(IPEEK("170400).AND."100000))60T0 4000
ANALNI=ANACNI+IFEERT{"170402)
NAVG{N)=NAVG(N)+1
IFCIFEER{"164404).EG.I0IB6T0 2500
N=i+1
IF(N.LE.399)GOTO0 2000
N=1

"4500 IF(IPEER("164400).ER.I1)G0T0 4300
It=IFEER("184400)

IF(I1.LE.NSCANIGDGTO 2000
CALL GTIMI{TINEF) _
CALL CVUTTIM(TIMEOD,IHRSD,ININD,IS5EC0,ITICE)
CALL CVUTTIM({TIMEF,IHRSF,IMINF,ISECF,ITICF)
DO 6000 1=1,39%
IF(NAVGB(I).ER.CIGOTO S000
FGLID)=FOL(I)/NAVGIT)
ANACT)=ANA{T) /NAVG(I)
GOTC 6000
9000 FOL(I)=0.
ANA(I)=0.

6G00 CONTINUE
Sun=0.

D6 7000 I1=1,39%9

7060 SUM=SUM+NAVG(I1)
SLM=11#%(5UN/39%.)

: TYFE 8000,5uH

BOGOD FORKAT(/,” EACH FOINT AN AVERAGE OF: *,F3.0," CHANREL SCANS )
RETURMN '
END
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Appendix 15 (continued).

SUBROUTINE EDATA
COMMON/A/NAVG(400),FOL(400) ,ANA(400)
COMMON/B/NRATE,NSCAN, IFOL , IANA
COMMON/K/IHRSO,IMINO,ISECO,ITICO, IKRSF,IMINF ,ISECF,ITICF
INTEGER+4 ITIMEQ,ITIMEF
CALL IFOKE("170400,0)
IGAIN=3
JGAIN=IGAIN*44
N=1
Do 100 1I=1,400
FOL(I)=0.
ANACI)=0.
NAVG(I)=0
100 CONTINUE
CALL GTIM(TIMEF)
CALL IPOKE("164400,0)

1000 IF(IFEER("164400).LE.0)GOTO 1000
CALL IFOKE("164404,1)

2000 IO=IPEEK("164404)

2500 CONTINUE
CALL IPOKE("170402,IFOL.OR.(JGAIN)}

3000 IFC.NOT.(IPEER("170400).AND."100000))GOTO 3000
FOL(N)=FOL{N)+IPEEK("170402)

CALL IFOKE("170402,1ANA.0R.{JBAIN))

4000 IF(.NOT.CIPEEK("170400).AND."100000))GOTO 4000
ANAIN)=ANACN) +IPEER("170402)
NAVG(NI=NAVG(N)+1
IF(IFEEK("1464404).ER.T0)B0OTD 2500
N=N+1
IF(N.LE.399)60T0 2000
N=1

4500 IF(IPEEK("164400).E8.11)60T0 4500
I1=IFEEK{"164400) :

IFCI1.LE.NSCAN)GOTO 2000
CALL GTIMI{TIMEF)
CALL CUTTIM(TIMEO,IHRSO,IMING,ISECO,ITICO)
CALL CUTTIM{TIMEF,IHRSF,IMINF,ISECF,ITICF)
po 6000 I=1,399
IF{NAVG{I).EQ.0)GOTO 5000
FOLL{I)=FOLCI)/NAVE(I)
ANACT) =ANACT) /NAVG ()
GOTO 6000
5000 POL(I)=0.
ANA(I)=0.

6000 CONTINUE
SUN=0.

B0 7000 I=1,399

7000 SUM=SUM+NAVE(I)
SUM=I1*(5UM/399.)
TYFE B0OO,SUM

8000 FORMAT(/,” EACH POINT AN AVERAGE OF: “,F5.0,° CHANNEL SCANS")
RETURN
END

-116-



Appendix 15 (continued).

SUBROUTINE PLOT
R T T R N T LT R IR TR R et R Lt Rt I taaEnT
OBJECTIVE: TO FREFARE FLOTS OF SPECTROSCOFIC ELLIPSOMETRIC DATA
USING VARIGUS COMEINATIONS OF ARRAYS FOR THE X AND Y
COORDIRATES. '

FROGRAM WRITTEN BY JOSEFH C. FARMER IN SFRING 1981 AT LBL-MHRD

OGO

LR RS R S R Y P R E Y T P P R P R R R RS T
COHMON/A/NAVE(40G) ,POLCA00) ,ANATA00)
COMMON/E/NAKEDF(20),1D(20)
COKKON/K/ THAVE (400)
COHHON/STATUS/ISTAT(16)
COMMON/LINITS/ILINX, ILIMY,IGRIDX,IGRIDY,IDELX, IOELY
COHMON/HAXHIN/KAXF , MINF , HAXA, HINS, HAXWL , NINWL ,XKI,XLO,YHI,YLO
COMMON/XYCONV/NOFT, INDEX, HX, HY '
CONMON/VECTOR/LOX,LOY ,LFX,LFY
COMMON/TITLE/NTITLE(S,30) ,NWORD(2,21)
COHHON/MODE/HODEQ, MODEY,FACTOR
106 CONTINUE
Ce#a4+THE MAXIMUM AND MINIMUH VALUES OF DATA ARRAYS ARE FOUND SO ###+4a
C THAT THE SCALE PARANETERS FOR GRAFHS CAN FE SPECIFIED.
CALL MAXMIN
FHAX=HAXF/FACTOR
FHIN=HINF/FACTOR
ARAX=HAXA/FACTOR
AMIN=HINA/FACTOR
1600 TYFE 1010, HAXUL, MINWL, (NUORD(1,d),J=1,21) ,FHaX, FHiN
C , (NWORD{2,J7,J=1,21)  ANAX ,AMIN
1010 FORMAT{ /10X, RANGES OF DATA 70 BE PLGTTED:”

c . /15X, "MAXIHUN WAVELENGTH{ANGSTRO4S} = °,5X,I5,
C /15X, “HINIHUH = °,5%,15,
c /15X, “MAXIHUK “, 2141, = “,F16.3,
» /15X, “HINIHUH = F16.3,
c /15X, “HAXIMUM “,2141, = 7, F10.3,
c /15X, “HINIHUM = ,F10.3)

1020 TYFE 1030

1030 FORMAT(/, 8§ DG YOU WART TO CHANGE THESE(Y/N)? )
ACCEFT 1040,1IFC

1040 FORHAT(AT)
IF(IFO.NE.THY.AND.IFO.NE.TRN)BOTOD 1020
IFCIFO.EQ.THN)GOTD 1060
TYPE 1050 .

1050 FORMAT(/,”$ MAXINUM WAVELENGBTH(IS/ANGSTROMS) = ")
ACCEFT 1051, MAXWUL

1031 FORHAT(IS)
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Appendix 15 (continued).

TYFE 1052
1052 FORMAT( “$ MINIMUM =)
ACCEFT 1051, HINUL
TYFE 1053, (NWORE(1,J),d=1,21)
1053 FORNAT(/,”$ HAXIMUM *,2141, “(F10.3) = -
ACCEFT 1054,FHAX
1054 FORMAT(F10.3)
TYFE 1055
1055 FORKAT( “$ NININUN = 4)
ACCEFT 1054, FHIN
TYPE 1056, (NWORD(2,4),4=1,21)
1056 FORMAT(/,”$ MAXIMUM <2141, “(F10.3)
ACCEFT 1054, ANAX
TYFE 1057
1057 FORKAT( “$ KINIMUN = )
ACCEFT 1054, AHIN
MAXP=PHAX*FACTOR
MINF=FNIN#FACTOR
HAXA=ANAX+FACTOR
HINA=ARIN4FACTOR
GGTG 1000
1060 CONTINUE
FLAGT=HAXF-HINF
FLAGZ=HAXA-HINA
FLABI=MAXWL-HINWL
IF{FLABT.EE.0.0.0R.FLAG2.ED.0.0.0R.FLAG3.EG.0.0)60TD 1070
GGTO 1080
1676 TYFE 1071 A
1071 FORMAT(/,” BEWARE: FOTENTIAL NOKMALIZATION ERRGR IN FLOTTERII!7)
GGTO 10506
1080 CONTINUE
Co##4+THE COHEINATION OF THE DATA ARRAYS TO BE USED AS X AND ¥ #kidikid
C COORDINATES ARE SPECIFIED BY THE OPERATOR.
TYFE 2000, (NTITLE(I,d),J=1,30),1=1,5)
2000 FORMAT( /10X, FLOTTING MENU FOR REFRACTIVE INDEX DATA:",
/15%,7(1) *,3042,
/15X,7(2) *,3042,
/15X, 43) ,3042,
J15%,“C4) *,3042,
_ J15%,7(5) <, 3042)
2010 TYFE 2020 ,
2020 FORMAT(/°$ YOUR CHOICE(1,2,3,4,0Rk 5)7 7)
ACCEFT 2030,N0FT
2030 FGRMAT(IN)
IF(NGFT.GT7.5.0R.NOFT.LT.1)BOTG 2010
Coi+#4THE GRAFH IS FLOTTED ON THE VTS5 GRAPHICS TERMINAL SCREEN.##4d4d4
CALL GRAFH

(1]
~—

"
-
~

Lo B B e Y o B o}

4000 TYFE 4001

4001 FORMAT(/,”"$ ARE ANY ADDITIONAL FPLOTS WANTEL(Y/NIT )
ACCEFT 4002,1F1

4002 FORMAT(A1)
IFCIFT.NE.IRY . AND.IF1.NE.THNIGGTO 4000
IF(IFT.ER.T1HY)BOTO 100
RETURN .
END
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Appendix 15 (continued).

SUBROUTINE GRAPH
Corbspdkikhkbdkbsdbrbhibbitrbdbbbdbbdbhhbbbidbbpbbdondks kb babd kbbb a4
c OBJECTIVE: TO PLOT GRAFHS OF INFUT DATA AT VARIOUS SCALE
C EXFANSIONS.
Coidahbbdkdhbdobddbkd bbb bk bk Ehbddddbdbbh kbbb S bbb h bbb bbbk e bbb 444

COMMON/A/NAVG(400) ,FOL(400),ANA{400)

COHKON/E/NANEGF (4007 ,1D(400)

COMMON/M/TUAVE(400)

COMMON/STATUS/ISTAT(16)

COMMON/LIMITS/ILINX,ILIMY,I6RIDX, IGRIDY,IDELX,IDELY

COMRON/MAXKIN/HAXE ,HINF MAXA, HINA, MARUL ,HINWL,XHI,ALO,THI, VLD

COMHGN/XVCONY/RDFT, INDEX, HX, MY

COMMON/TITLE/NTITLE(S,30)

CassasTHE SCALE EXFANSION IS REGUESTED FROM THE OFERATOR.#®s4dsdktdiddid

TYPE 1

1 FORMAT{/,”$ HOU MANY SCALE DIVISIGNS DO YGU HANT FOR THE
'C X-COORDINATE(I2)T )
ACCEFT 2,IGRIDX
2 FORMAT(I)
TYFE 3
3 FORMAT(/, % HOW MANY SCALE DIVISIONS DO YOU WANT FOR THE
C Y-CODRDINATE(I2)T )
ACCEFT 2,IGRIDY
Cas444THDL OFERATOR DETERMINES IF THE GRAFH IS5 T0 RE LABELED.##kddddd s
4 TYFE 9 '
o FORERMAT(/,”$ 15 THE GRAFH TO BE LABELED(Y/N)T )
ACCEFT 4, ILABEL
6 FORMAT(AT)

IF(ILABEL .NE.THY.AND.ILAEEL.NE. 1ANIGBOTO 4
CHax44THE VT30 GRAFHICS TERMINAL SCREEN IS CLEARED OF ALL GRAFRICS,ETC.

CALL WIFE _

CH4+34THe DESIRED FLOTSS FUNCTIGNS ARE ENABLED; I.E., VERTICAL AKD #44s
C HORIZONTAL LINES, POINT FLOTTING, AND FIGURES 1 ARD 2.

CALL FLOTSS5(2,2+44+32+64,,I5TAT)

Ca44++SCREEN LIMITS ARRE SET AND FARAMHETERS CONTROLLING GRID HMESH ###+&4
c SIZE COMFUTED IN ACCORLANCE WITH OFERATOR INFUT.
: ILIMX=511

ILINY=235

IDELX=ILINX/IGRILX

IDELY=ILIMY/IGRIDY
Cexx4+THE GRID IS DISFLAYED ON THE SCREEN.®#dhddkdsdsirpdbbbdndbdtssbiis

CaLL GRID
Ce444+I1F DESIRED BY THE DFERATOR, THE GRAFH IS LABELED.#¢sddkddddddddds

IF(ILABEL.EQ.1HN)GOTO 10

INDEX=1

CaLl XYCGRV

CALL LABEL

10 CONTINUE
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Appendix 15 (continued).

C4+444POINTS ARE FLOTTED ON THE SCREEN AS FIGURES 1 ANL 2. THIS ##dd#ix

c IS NECESSARY SINCE ONLY ONE Y-VALUE CAN BE FLOTTED FOR A

c GIVEN X-VALUE ON A GIVEN FIGURE. TO PROVIGE FOR THE CASE

c WHERE ONE X-VALUE HMIGHT HAVE TWO Y-VALUES ASSOCIATED WITH

c IT(FOR EXAMPLE PSI-DELTA PLOTS) IT IS NECESSARY TO DISTRIEBUTE

Ca#+#4THE DATA POINTS BETUEEN FIGURES 1 AND 2. #%##kdsdssbdidbbsiiiiiin
U0 21 I=1,200
INDEX=(1-1)#2+1
CALL XYCONY
IF(MX.BT.ILIXX.OR.KY.GT.ILINY)GOTO 20
IF(MX.LT.0.0R.MY.LT.0IB0TO 20
CALL PLOTSS5(1,0,,I5TAT)
CALL FLOTSS(3,MX,HY,ISTAT)
20 CONTINUE
INGEX=1#2
CALL XYCONV
IF(MX.BT.ILIMX.OR.KY.GT.ILINY)GOTG 21
IF (KX.LT.0.O0R.MY.LT.0)GOTO 21
CALL FLOTS5(2,0,,I5TAT)
CALL PLOTSS(3,HX,HY,ISTAT)
21 CONTINUE
CH4444THE GRAFH IS DISFLAYED ON THE VTS5 SCREEN UNTIL THE DFERATOR #444
c DEFRESSES THE "RETURN" KEY.
ACCEFT 30,TWAIT
30 FORMAT(A1)
Cas#+4THE VT55 SCREEW IS AGAIN CLEARED OF ALL GRAPHICS AND CHARACTERS #
CALL WIFE
RETURN
END
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Appendix 15 (continued).

SUBRGUTINE XYCONV ‘
CheAbRARRRRRRRNRRRRRRERPEFRA R AR FF R AR F AR SRR ST AR A b F b d A4
€ OBJECTIVE: 70O SCALE(NORMALIZE) DATA FOINTS FOR DISFLAY ON GRAFH.
NS LI T I T L T I T i I I IS eI oI TITII Y

COMMON/A/NAVG(400),FOL(400) ,ANACAQD)

COMMON/H/IWAVE(400)

COMMON/LIMITS/ILIMX,ILINY,IGRIDX,IGRIBY,IDELX, IDELY

COMMON/MAXMIN/MAXF, MINF ,MAXA, MINA, HAXUL , MINUL  XHI,XLO,YHI, YLD

COKMON/XYCONV/NOFT,INDEX,HX,NY

COMMON/MODE/MODEO,MODEY,FACTOR

IF(NGFT.EQ.1)G0T0 1

IF(NOFT.2G.2)60T0 2

IF(NOFT.EQ.3)GOTC 3

IF(NGFT.EQ.4)6070 4

IF(NOFT.ERQ.D)GOTD S

GOTO 6

1 XL0=0.

XHI=400.

YLO=RINF/FACTOR

YHI=HAXF/FACTOR

X=INDEX

Y=FOGL{INDEX) /FACTOR

GO0 6

2 XL0=0.

XHI=400.

YLO=MINA/FACTOR

YHI=MAXA/FACTOR

X=IRLEX

Y=aNA{INBEX) /FACTOR

5070 4

3 XLO=MINWL

XHI=MAXWL

YLO=HINF/FACTOR

YRI=MAXF/FACTOR

X=IWAVEL{INLEX)

Y=FOL(INDEX) /FACTOR

GOT0 6

4 XLO=HINUWL

XRI=MAXUL
YLO=MINA/FACTOR
YHI=MAXA/FACTOR
X=IWAVEC(INDEX)
Y=ARA{INDEX)/FACTOR
60670 4
XLO=MINF/FACTOR
XHI=MAXF/FACTOR
YLO=MINA/FACTOR
YHI=MAXA/FACTOR
X=FOL{INDEX)/FACTOR
Y=ANACINDEX)/FACTOR
é CONTINUE

X=(X-XLO)/(XRI-XLD)

Y=(Y-YLO)/(YHI-YLO)

MX=X+ILIMX

HY=Y#1LIMY

RETURN

ENE

w
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Appendix 15 (continued).

SUBROUTINE TITLE
gy TR Ry R R R e R R R R RN P e Y P LIS I S
C DBJECTIVE: TO READ THE TITLES USED TO LAEEL THE GRAFHICS
C GENERATED BY SUBROUTINE "FLOT"; THE INFORMATION
C READ HERE 1§ ACTUALLY USED IN "PLOT" AND "LABEL".
C THE FILE READ IS "DY1sTITLE.FAT". IN ADDITION
£ . 70 THE GRAFHICS TITLES, A GRAFHICS MODE FLAG
C "MODE1" AND A DATA NORMALIZATION FACTOR "FACTOR"
C ARE READ.
CHERAXRBRARRERRB AN KRR KL RR R AR TR AR F R ER SRR R SRR S bbbk b
COMMON/TITLE/NTITLE(S,30),NUORD(2,21)
COMMON/MODE/NOLEO, MODE,FACTOR
C+++#4#TITLES FOR GRAPHS TO BE FLOTTED ARE READ FROM "DYi:TITLE.DAT"##s+
OFEN(UNIT=1,NAME="DY1:TITLE.DAT,TYPE=“0LD"}
D0 6 IMDDE=1,5
D0 1 I=1,5
READCT,2) (NTITLE(I,J),d=1,30)
FORMAT(30A2)
10 3 1=1,2
3 REAI(1,4) (NWORD(I,J),J=1,21)
4 FORMAT(21A1)
READ(1,5)HODET,FACTOR
FORKAT(IT,1X,F4.0)
IF (HODE1.EQ.HODEC)GOTO 100
6 CONTINUE

100 CONTINUE

CLOSE(UNIT=1,DI8FOSE="8AVE")

RETURN

END

Py -

w

SUBRDUTINE WIFE
CHdtdd bbb kbbb b f Eh bbb b Rhdb b Rd bbb bh v bk SR bbb bbb bbb bR AP FERD KA
€ OBJECTIVE: TO CLEAR ALL GRAFHICS AND CHARACTERS FROY THE VT3S
c BRAFHICS TERMINAL SCREEN. '
CAdbdavbadi bbbk ik f kb kb bR bR bbb R R b kb kb kbbb kb kb kb ah bk kb ddhdp bk d 4
COMMOR/STATUS/ISTAT(16)
Bg 1 I=1,14
1 ISTAT(I)=0
CALL FLOTSS5(13,72,,ISTAT)
CALL FLOTSS5(13,74,,1I8T4T)
CALL PLOTSD{2,1+312,,I8TAT)
RETURN
END
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Appendix 15 (continued).

SUEROUTINE GRID
CHaddddrdddtbdbrardbddebssdavdbddaisstabbhidbbhbbbeddbdtibstdididisdiis

C OBJECTIVE: DISFLAY A GRID AS BACKGROUND FOR THE GRAFAIC DISFLAY
¢ ' OF FLOTTED ELLIFSOMETER DATA OW THE V7355 SCREEN.

R Ty e T P P PSR T S Y TR T PR T LN SR SRR TR LR DR
COMMON/STATUS/ISTAT(i4)
COMPON/LIMITS/TLIMK, ILIMY,IGRIDX,I6RIDY,ILELX,IDELY
CALL FLOTS3(5,0,1,I8TAT) '
CALL FLOTSS5{4,1,0,ISTAT)
DO 1 I=IDELX,ILIMX,IDELX

1 CALL PLDTS5(S,I,1,ISTAT)

B0 2 I=IDELY,ILIMY,IDELY

CALL PLOTS3(4,1,1I,I87AT)

RETURN

ENE

ro

SUBROUTINE LABEL
M L I S I IS N P I R R R T S I L I T IE IS IIINIIE RN YY)

c OBJECTIVE: TO LABEL THE GRAFH WITH A TITLE, EXPERIMENTAL INFGR-
c MATION, THt COORDINATES OF THE ORIGIN, AND THE SCALE
C ALGNG THE X ANDIN Y AXES.

Crasddddtdrdddtidbabisbbidbbbsnbrsbbbbbbdbntrdbbbiniitdbbddbbbbdibddbisd
CONKON/E/NAMEGF{207,1D(20)
CONMON/STATUS/ISTAT(16)
COMMON/LIMITS/ILINX, ILIMY,IGRILX,IGRIDY,IDELX, IDELY
CONMON/KAXMIN/KAXF  HINP, HAXA, HINA, HAXWL , MINNL, XHI , XLO, YHI,VLO
CGHMON/XYCORY/NOFT, INDEX, MX, HY
COMRGN/TITLE/NTITLE(S,30)
TYPE 1,(NTITLE(NOPT,1),1=1,30)
1 FORKAT(12X,3042)
TYPE 2, (NAMEOF(I),1=1,20)
TYFE 2,01D(1),1=1,20)
FORMAT(/40X,2042)
TYFE 3,XL0,YLO
3 FORMAT(/40X, ORIBIN: X
XDIV={XHI-XL0)/IGRILX
YBIV=(YHI-YLO)/IGRIDY
TYFE 4,XDIV,YDIV
4 FORMAT( 40X, SCALE: X
RETURN
END

ry

]
[

FUF9.3,4X, Y = 7 F9.3)

yF9.3,4X,7Y = 7 ,F9.3)
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Appendix 15 (continued).

SUBROUTINE LINE
C*¢4414*4**44*#*14#*****«*L*«#;t;*;*ta;*t4t4#tf4;4v;;;44&r4k*stﬁt;4;4;4
C ORJECTIVE: DISPLAY A4 VECTOR ON THE V755 SCREEN WITH ITS TAIL AT
c THE FOINT (LOX,LO0Y) AND ITS TIF AT THE POINT (LFX,LFV).
Chtsaaddihd bt bd bk hddhad i bbb bd bR E3 L ERSFRRRRAFRRRR RS SRR ER AR AHE44

COMMON/STATUS/ISTAT(14)

COMMON/VECTOR/LOX,LOY,LFX,LFY

CaLL FLOTSS5(7,L0X,LO0Y,ISTAT)

CALL PLOTSS(B,LFX,LFY,ISTAT)

RETURN

END

SUEROLTINE MAXMIN
Iy L T R Y Y T TR ET S ST R I B )
OFJECTIVE: TO DETERMINE THE WAXIMUN AND MINIMUM VALUES OF Tht
ARRAYS TO BE FLOTTED SO THAT THE SCALES CAN BE SET -
AUTOMATICALLY BY THE SOFTWARE. HOWEVER, THE OFERA-
TOR HAS THE OFTION OF CHANGING THESE AUTOMATICALLY -

N 5ET VALYES.

Chdddssdrddtdd bbb bdbdbddbddtbdbbbambbhbbkbbbbdhibbdbbbbbdhbrbbbbedbbtatd st

COMMON/A/NAVG(A00) ,FOLCA00),ANAC400)

COHHCN/H/IJA”"400)

COMMON/MAXBIR/HAXF  HINF,HAXA, HINA, HAXWL HINhL,XhA,XLU th,lLU

MAXWL=TWAVE(1)

MINWL=IUAVELT)

HAXF =FOL (1)

KINF =FOL(1)

HaXA =ANA{Y)

HINA =ANA(T)

Do 1 1=2,400

IFCHAXLLLLT IWAVECT ) YHAXUL=TWAVE(T)

IF(MINULLGT.IWAVEC(T ) IHINUL=TWAVE(D)

IF(HAXF.LT.FOL(I) IMAXP=POL(I)

IF(HINF.GT.POLCIIIMINF=POLLT)

IF{HAXALLTLANACT) JMAXA=ANALT)

IF(MINA.GT.ANALT) IMINA=ANACT)

1 CONTINUE

RETURN

ENTi

L3¢ 28 or i wr B w)
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Appendix 15 (continued).

SUBROUTINE PLOT
COMMON/ARRAY/X(400),Y(400), INDEX
COMMON/LINITS/ILIMX,ILINY,IGRILX, IGRIDY,IDELX,IDELY
COMMON/STATUS/ISTAT(16)
XLO=X(1)
XHI=X(1)
YLO=Y(1)
YHI=Y(1)
DO 10 I=2,INDEX
IFC(XLO.GT.X(I)IXLO=X(I)
IFCXHILLTLXCI)IXHI=X(I)
IF(YLO.GT.Y(I))YLO=Y(I)
IFCYHILLT.Y{I))YHI=Y(I}
10 CONTINUE
TYPE 1000,XL0,XHI, YLD, YHI
1000 FORMAT(/,5X, XLO = *,E14.6,5X, XHI
1 V5K, YLO = * E14.6,5K, VHI
20 TYFE 1001
1001 FORMAT(/,“$ DO YOU WANT TO CHANGE THESE(Y/N)? *)
ACCEFT 1002,1F1
1002 FORMAT(AT)
IFCIF1.NE.THY .ANDLIF1 . NE. THN)GOTO 20
IFCIF1.EQ.THN)BOTOD 30
TYPE 1003
1003 FORKAT(/,“$ XLO = *)
ACCEFT 1004,XLD
1004 FORHAT(F10.3)
TYPE 1005
1005 FORMAT(/,”$ XHI = )
ACCEPT 1004,XHI
TYFE 1006
1006 FORMAT(/,”$ YLO
ACCEFT 1604,YLD
TYFE 1007
1007 FORMAT(/,"$ YHI = )
ACCEFT 1004,YRI
30 CONTINUE
D0 40 I=1,INDEX
X(I)=(X{I)-XLO)/(XHI-XLO)
40 Y(I)={Y(I)-YLO)/(YHI-YLO)
TYFE 1008
1008 FORNAT(/,"$ HOW MANY SCALE DIVISIONS DG YOU WANT FOR THE
1 X-AXI5? *)
ACCEPT 1009, I6RIDX
1009 FORMAT(I2)
TYPE 1010
1010 FORMAT(/,”$ HOW MAKY SCALE DIVISIONS DO YOU WANT FOR THE
1 Y-AXIS? *)
ACCEPT 1009, IGRIDY

H

*E14.4,
L E14.4)

nou

h
-
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Appendix 15 (continued).

CALL WIPE |
CALL FLOTSS(2,2+44+432464,,1STAT)
ILINX=511
ILINY=235
IDELX=ILI¥X/IGRIDX
IDELY=ILINY/IBRIDY
CALL BRID
M=INDEX/2
I0 50 I=1,H
I1=(1-1)42+1
MX=X(I1)+ILINX
HY=Y (I1)+ILIHY
CALL PLOTSS5(1,0,,ISTAT)
CALL PLOTSS(3,HX,HY,ISTAT)
122142
HX=X(12)#ILIHX
HY=Y(12)#ILINY
CALL FLOTSS5(2,0,,I5TAT)
CALL FLOTSS(3,MX,HY,ISTAT)
CONTINUE
TYFE 1000,XL0,XKI,YLO,YHI
ACCEFT 1011, THAIT
1011 FORKAT(AD)

CaLL WIFE

RETURN

END

o
<>

SUBRDUTINE WIFE
COMMON/STATUS/ISTAT(14)
DO 1 I=1,14

1 ISTAT(I)=0
Call PLOTS5(13,72,,18TAT)
CALL FLOTS5(i13,74,,15TAT)
CALL FLOTS5(2,1+4512,,IS5TAT)
RETURN
END

SUEROUTINE GRID
COKKON/STATUS/ISTAT(16)
COMMON/LIMITS/ILINX,ILINY,IGRIDX,IBRIDY,IDELX,IDELY
CALL FLOTSS5(5,0,1,I5TAT)
CaLL FLOTSS(4,1,0,ISTAT)
D0 1 I=IDELX,ILINX,IDELX

1 CALL PLOTSS5(S5,1,1,ISTaT)

D0 2 I=IDELY,ILIMY,IDELY

CALL FLOTSS(4,1,1,ISTAT)

RETURN -

END

r
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Appendix 15 (continued).

SUBRGUTINE QUTFUT

Iy R R F R Ry R N P Y Y P It E I T L SR TR R R TR W E WA

c
c
c

OBJECTIVE: TO WRITE THE SETUF INFORMATIOR AND DATA FROM THE
SFECTRAL SCAN INTO ANY FLOPFY DISK FILE SPECIFIED
BY THE OFERATOR,

CRiddbka bk bbb bbb bbb AR R R R SR IR R RN SRR b AR bR B R F R LR h b &

10
20

30

COMMON/A/NAVG(400) ,FOLC400), ANA(400)
COMMON/B/NRATE,NSCAN, IFOL, IANA
COMMON/E/NAMEOP(20),1D¢20)
COMMON/F/LMFTYF,LMFSERC10), LHPULT ,LHPANF
COMMON/G/IFMTYR(1G), IFNTIV

COMMON/H/IFHASF , IFHASA, IGAINP, IGAINA, IANFLF, TAMPLA, ITINEF, ITINEA
COKMON/1/IGAGF, 1GAGA, IGATP,IGATA
COKMGN/J/NUL , NFOL, NCHF, NASA
COMMON/K/IHRSO, ININO, ISECO, ITICO, IHRSF, IKINF, ISECF,ITICF
CONMON/L/IDAY,IHON(3) , IYRS,LMPHRS
CONMON/N/INAVE(400)
COMMON/N/ICHAN, IBLOCK, IFLAG, TRUFF (254)

REAL#4 DELK(2),NANE(20)

IBLOCK=0

TYFE 100

FORMAT(/,“$ FILE NAME FOR THE NEW SPECTRAL SCAN (A12) = )
ACCEFT 200, (NAKE(I),I=1,3) -
FORMAT(3A4)

N=IRADS0(12,NAKE , DBLK)

ICHAN=IBETC(0) ,
IF(ICHAN.LT.0)STOF “CAMKGT ALLOCATE CHANNEL®
TERROR=1ENTER { ICHAN, IELK,0)

IF(TERROR.LT.0ISTOF “ENTER FAILURE®

IG 10 I=1,256

IBUFF (1) =0

1o 20 1=1,20

TBUFF (1) =NAKEOF(I)

IRUFF(20+1)=10(1)

IBUFF (A1) =LKFTYF

I0 30 1=1,9

IBUFF(41+13=LMPSER(D)
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Appendix 15 (continued).

IBUFF(31)=LHPVLY
TRUFF(32)=LHPANF
TIBUFF(54)=1FHASF
IBUFF(33)=IGAINP
IBUFF(56)=TANFLF
IBUFF(57)=ITIMEF
TBUFF (58)=IFHASA
TBUFF(O9)=I6ATINA
JRUFF(80)=TAKFLA
TRUFF(61)=ITINEA
TRUFF (62)=1GAGF
TIBUFF(83)=1GATF
IBUFF (64)=16464
TBUFF(483)=1G6nTA
TBUFF (66} =NRATE
TBUFF (&7 )=NSCAN
IBUFF{88)=1FOL
IBUFF(69)=T1ANA
TRUFF(70) =NUL
TRUFF(71)=NFOL
TBUFF(72)=NCiiF
TRUFF(73)=NANA
IEUFF{74)=1HR30
IBUFF(?5)=THRSF
TBUFF(76)=IHINO
TRUFF{771=IKINF
IRUFF{78)=18ECO
TRUFF(79)=1SECF
IBUFF(BO}=ITICO
IBUFF(B1)=ITICF
TBUFF<82)=1DAY
IBUFF(83)=IYRS
IBUFF{B4)=LHFHRS

IBUFF{BSY=TMOR(1)
IBUFF(B6)=IMON(Z)
JRUFF{B?)=IMON(3)

-128-

40

60

79

DO 35 I=1,i0
IBUFFLE2+1)=IPHTYF(I)
IBUFF(98) =IFNTDV
CALL WRITE

CALL IUAITCICHAN)
10 46 I=1,200
TRUFF(D)=POLIT)
CALL WRITE

CALL IMAIT(ICHAN)
10 50 1=1,200
IBUFF (1) =ANACT)
CALL WRITE

CALL IWAIT(ICHAN)
10 60 I=1,200

TRUFF (1) =POL(14200)
CALL URITE

CALL IWAIT(ICHAN)
D0 70 1=1,200
IBUFFCD) =ANACI+2007
CALL WRITE

CALL IWAIT(ICHARN)
CALL CLOSEC(ICHAM)
CALL IFREEC(ICHAN)
RETURN

END



Appendix 15 (continued).

SUBROUTINE WRITE :
Ckaddbddhdhd bbb R bR SR bk bR A R bbbk F bRk A d 4
c OBJECTIVE: THIS SUBROUTINE ACTUALLY WRITES THE DATA STOGRED In THE
c BUFFER MEMORY TO THE SFECIFIED DISK FILE.
CHMAH AR TR R AR R R KR AR E R Rk R RN R SRR SRR S AT ARk R bbbk b A
COMMON/N/ICHAN, IBLOCK,IFLAG, IRUFF(234)
EXTERNAL FINISH ’
IERROR=IURITF (256, IRUFF,IBLOCK,ICHAN, IAREA,FINISH)
IF(IERROR.LT.0)STOF “FATAL WRITE
IBLOCK=IBLOCK+Y
RETURN
ENI

SUBRGUTINE FINISH
COMMON/N/ICHAN,IBLOCK,IFLAG, IEUFF {Z254)
IFLAG=IFLAG-1

RETURN

END
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Appendix 16.

Demonstration of RECALL - recalling spectroscopic ellipsometry data file

...end of.directory of DYO: after DIR DYO: command

eeses....running RECALL

M,

Wy i, e

i

[
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Appendix 16 (continued).

Hll-vniunnnnl.,nn.u-u-"

|
]
!

coder counts E 400 encoder counts

0 analog—to—digitél converter units (ADCU)

I T P R R I D -nu-u..-un.-..n..“.n....|
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Appendix 16 (continued).

<
—_
%
e
L&
PR

2000 ADCU

R N L TR LT L LIRS PRI R R RS R eI

1
i
1
]
1
1
'
i
1

R L e

e et bd

0 ADCU :

4000 5000 ' 6000 7000

wavelength (angstroms)
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Appendix 16 (continued).
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Appendix 16 (continued).

Listing of RECALL

FROGRAM RECALL
R R T PR R R T RS LT L PEE T Y
OBJECTIVE: TO RECALL ANY DATA FILE(SFECTRA) AND OUTFUT THE
INFORMATION IN NUMERIC AND/OR GRAFHIC FORM.

£
£
C
c FROGRAM WRITTEN BY JOSEFH C. FARMER IN SPRING 1981 AT LBL-H#RD
£
C

R Yy Ry s s T e s T N T Ia T A I
COMHON/A/NAVG(400) ,FOLCA00), AHALAG0)
CORBON/B/NRATE, NSCAN, IPDL, 1ANA
CONHON/E/RAREGF (203, 10(20)
CORHON/F/LNFTTYF, LHFSERC1G), LHFVLT, LHFARF -
COHNON/G/IPMTYF(1G), IFHTDV
COHHON/H/ IFHASP, IFHASA, IGAINF, IGAING, IARFLF, TANFLA, ITINER, ITIHEA
CONMON/1/1GAGF,I6AGA,IGATF,IGATA
CORGON/J/NUL, NFOL ,NCHP , NANA
COMMON/K/IHRSO,ININO,ISECO,ITIC0, IHRSF, IRINF, ISECF,ITICF
CONMON/L/IDAY,IHON(3),IYRS,LNFHRS
CONMON/H/TWAVE(400)

COHMON/N/ICHAN, IBLOCK, IFLAG, IFUFF(256)
CONMON/GERIEF/ASLOFE(400) ,FELOFE(400)
COMON/TITLE/NTITLE(S,30),NWORD(2,21)
COMHON/MORE/HDDEQ,HOLET,FACTOR
DINENSION ALFHA(35),FHORD(S),ANORD(S)
NFASS=1
Cawis#THE ENCOUER COUNT IS CGNVERTED TO TO WAVELENGTH BY "WLCALC".##4is
_ CALL WLLALC
CH##444THE GUTFUT MODE FOR "RECALL" 15 SELECTED BY THE OFERATOR.#+itsiid
TYFE 1002
1 TYFE 1003
ACCEFT 1004,K0DEQ
IF{#GHEQ.LT.1.0R.HOLED.GT.460TO 1
Ci##44+TITLES FOR LABELING GRAFHICS &RE REAL FROM "DY1:TITLE.DAT".iédisa
CALL TITLE
CesdakTHE NUMERIC DUTFUT COLUKN HEALINGS ARE READ FROK "DVi.RECALL.BAT®
OFEN(UNIT=1,NAME="DVi:RECALL.DAT ,TYPE="OLD")
Io 2 J=1,4
REAL(1,1005) (ALPHA(CI),1=1,35
REAIN1,1006) (FWORD(SF), JF=1,
READ(1,1007)HOEET
IF{KOLE1.EQ.HODEGIGOTO 100
2 CONTINUE
100 CONTIRUE
CLGSE(UNIT=1,ISFOSE="SAVE")
200 COMTINUE
IF(KFASS.EQ.1)60TD 220
TYFE 1002
216 TYFE 1003
ACCEFT 1004,HGDEQ
226 COWTINUE
IF (RODEO.LT.1.0R.HODEQ.BT.4)G0TD 210
IF (MODEG.NE.4)GDT0 3

)
93, (AUDBRLI{JAI, 4A=1,3)
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Appendix 16 (continued).

Cr##44THE FARALIIAY CELL CALIBRATION DATA IS OBTAINED.##ddbbdddddidsssdtds
TYPE 1000
TYPE 1008
ACCEFT 1001, IUHAIT
CALL FCREAD
ng 300 I=1,400
FOL{I)=FSLOPE(I)
300 ARACI)=ASLOFE(])
G070 4
Craxs4RAN SFECTRAL SCAN DATA IS OBTAINED FRCM THE FiLOFPY DISK.##%k&dii&
3 TYFE 1009
ACCEFT 1001,IUAIT
CALL INFUT
4 CONTINUE
Cteakx]F DESIREDG BY THE OFERATOR, THE DATA IS PLOTTED.###dddctkdadbsadids
10 TYFE 1011
ACCEFT 1001,1IF1
IF(IF1.NE.1HY.ANH.IF1;NE.iﬂN)GUTU 10
IF(IF1.EG.IHRIGGTO 20
CALL PLOT
20 CONTINUE
00 40 I=1,400
FOL(I}=FPOL(I)/FACTGR
40 ANACI)=ANACT)/FACTOR
Ckaat+THE NUNERICAL GUTFPUT MoGDE IS SELECTED,#iii*iii****#1'4--'fui-51-'61f’i-ﬁl‘-'»5-'?#5?11‘-'-‘5.1"?'4'i
TVFE 1012 '
90 TYFE 1013
ACCEFT 1001,1F4
IF(IF4 . NE, THALANDN IF4.NELTHELAND . IFA.NELTHC)IGOTD S0
IF(IF4.EG.THC)GOTO 70
IF(IF4.RE,TRA)GOTO. 60
CH#34+ iNUMERICAL DATA IS FRINTED GN THE MODEL 41 TELETYFE b#dddmkdidiiid
TYFE 1020
ACCEFT 1001, TUAIT
CALL FP1INFO
CALL FITIME
D0 56 IFAGE=1,4
J=IFABGE-1.
FRINT 1014, (ALFRA(ICHAR),ICHAR=1,35),IFAGE
FRINT 1015, (PUORDICIF),dF=1,5), (AUORD(JA),JA=1,5)
C o (FHORDCF) ,dP=1,0), (AWORD{JA), JRA=1,3)
6 35 1=1,3%0 v
11=J%100+1
12=11450
99 PRINT 1016,11,TUAVECTIT),FOLC(IT),ANALTT), 12, IWANE(TZ) ,FOLITZ),
Canni{l2)
96 FRINT 1021
60 CONTINUE
S IF(IFALNE.1HRB)BETE 7¢
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Appendix 16 (continued).

CH#4 44 NUNERICAL DATA IS DISPLAYED ON THE VTS5 TERMINAL SCREEN.##téditd
CALL T1INFO
CALL TITIME
TYFE 1017, (ALFHA(ICHAR) , ICHAR=1,35)
D0 65 I=1,400
65 TYFE 1018,1,TWAVECI), (FUORD(JF),JP=1,5),POL(I)
C, (AWORD{(JAY ,JA=1,5), ANACT)
70 CONTINUE :
C#+#4+4DEPENDING UFON OFERATOR RESPONSE, THE PROGRAM IS REFEATED.s##tit
80 TYFE 1019
ACCEFT 1001,IF3
IF(IF3 NE, 1HY ANILIF3.NE. THN)GOTO 80
NFASS=NFASS+
Ir(IFS.EG.unY)GOTO 200
TYFE 1020
ACCEFT 1001, IMAIT
1000 FORKAT(/,” FOR RT-11, V.
C © FOR RT-11, ¥
1001 FORMAT(AT)
1002 FORHAT(/,” OUTFUT MODE: (1)RAW DATA",

4 ¢ DaTA DISK READ VIA "DYO:“,/,
«3.B: DATA DISK READ VIA “DY1:"7)

€ /Fy (2)FSI/DELTA",
C £y (3)CORFLEX REFRACTIVE INDEX”,
£ /s (4JVERDET COEFFICIENTS™)

1003 FORMAT(/,'$ YOUR CHOICE: )

1004 FORMAT(IN)

1005 FORMAT(3542)

1006 FORMAT(2(5A2,1X))

1007 FORKAT(IN) ,

1008 FORMAT(/,"$ INSERT THE DISK WITH THE FARADAY CELL CALIBRATION
C DATA, THEN "RETURK".”)

1009 FORMAT(/,”$ INSERT THE DISK WITH THE DATA TO EE OQUTPUT,
C THEN "RETURN".)

1011 FORMAT(/,”$ D0 YOU W&¥T TO FLOT THE DATALY/NIT °)

1012 FORFAT(/,” OUTFUT HEKU: (A) RARDCOFY®,
» /" {E) CRT DISFLAY",
C /" (C) NEITHER®)

1013 FORMAT(/,”$ YOUR CHOICE: *)

1014 FORMAT(///,10%,35A2,1X, "FAGE *,11)

1015 FORMAT(///,5%,203X, INDEX",6X, WL",3X,5A2,3%,5021)

1016 F3RHH1'JK,2(JX 13,3X,19,3K,F10.4,3X,F10.4))

1617 FORHAT(// SX,QJH.!/)

i0id FGRF TGX, T = 7,13,3X,7WL = 7,153,3X,042," = ",Fid.4,54%,
Cahs, = '.rlu 4)

0179 FOFﬁhT(/, $ IS5 THE FROGRAM 7O Bt EXECUTED AGAIN(Y/IT )
1020 FORKAT(/,"% BE SURE THAT THE SYSTEMN VOLUME IS IN "DYO:",
C THEN "RETURN".")
021 FORMATL//27217177)
STGF
ERD
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Appendix 17.

»

Demonstration of FIXPCA - corwection of manual azimuth input parameters

....data file being corrected

....corrected data file.

LA

a1

LI

i

S AN

Caod fiad Ll 0310

of DY1l: showing corrected data file
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Appendix 17 (continuéd).

Listing of FIXPCA

FROGRAN FIXPCA
COMHON/A/NAVG(400),FOL(400) , ANA(400)
COMKON/B/NRATE,NSCAN, IFOL, TANA
COMKON/E/NAKEOF(20),10(20)
COMMON/F/LEFTYF, LKFSER(10),LMPVLT ,LHFAHP
COMMON/G/IFNTYF{10), IFNTDV
COMMON/H/ IFHASF, IFHASA, IGAINF, IGAINA, IANFLF, TAMFLA, ITIMER, ITINEA
CGHNON/1/1GAGF, 16AGA, IGATF, 1GATA
COWNON/ J/7RUL, NFOL , NCHF , KANA
COHMON/K/IHRS0, ININO, ISECO,ITICO, IHRSF, IMINF, ISECF,ITICF
COMMON/L/IDAY,IHON(3),IYRS,LHFHRS
COHHON/M/ TWAVE(400)
CONADN/N/ICHAN, IBLOCK, IFLAG, IBUFF (254)
' REAL*4 DELK(2),NAKE(20)
1000 CALL INPUT
TYFE 1 |
1 FORNAT(/,”$ POLARIZER AZIMUTH(DEGREES)
ACCEFT 100,XFOL
TYFE 2
2 FORMAT(/,”$ ANALYZER AZIMUTH{GEGREES)
ACCEPT 100, XANA
TYFE 3
3 FORMAT(/,”$ RETARDER AZIHUTH(DEGREES)
ACCEFT 100, XCHF
TYFE 4
4 FORMAT(/,"$ CVF HULL AZIMUTH{IEGREES)
ACCEFT 100,XWL
NFOL=XPOL*100.
N&NA=XANA®100.
NCHF=XCHF#100.
NWL =XUL #100.
CALL DUTPUT
TYPE S
FORMAT(/,”$ DD YOU WANT TO CORRECT OTHER SFECTRA(Y/N)? )
ACCEFT 200,1FLAG
IF(IFLAG.NE. THY . AND.IFLAG.NE. 1HN)GOTO 2000
IFCIFLAG.EQ. THY)GOTO 1000
IFCIFLAG.ER. THNISTOR
100 FORNAT(F10.4)
200 FORKAT(AT)
ENT

n ] it
~ "
~—r — —

ii
~

rJ
<>
<>
o o
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Appendix 18.

Demonstration of SHIFT - shifting measurements to different encoder counts
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Appendix 18 (continued).

Listing of SHIFT

PROGRAN SHIFT
(R Y e Ry e N P L e N Wy E P T e T A T R E TR R 1L L)

€ OFEJECTIVE: TD SHIFT ENCODER CALIBRATION GF SFECTRA BY "JSHIFT"
c :

€ BY JOSEFH C. FARMER, DECEMBER 13,1981, LBL-MKRD, UCE.

C

CHea4 4405341k R k6520 dh 400545000k d 5 kkb e bk bk A v At bbb FF bbb b bbbk bbb b A4
CORMOR/A/NAYGL400) ,FOL(400),ANAL400)
COMMON/E/NRATE NSCAN,IFOL,IANA
COMHON/E/NANEDF{20),10(20)
COMMON/F/LMFTYF,LMFSERC1O) ,LHFVLT,LMPANF
COHHGR/G/IrHTYP(10) IFKTIV
CONHUN/h/IrHASr,IFHASﬁ IGAINF,IGAINA, IANFLF, IAKFLA,ITIHEF, ITIMER
CGHHON/1/106A6F,IGAGA,IGATF, IGQTR
COMMON/ J/NUL, NrUL NCHF NQNA
COHHON/R/IHFSO,LHI\v 15eC0,17iC0,IHRSF, IMINF,ISECF,ITICF
COKMON/L/ILAY,INONSS) ,IVRS, LHFHRS
COMRON/H/TWAVE(400)
COMBRON/N/ICHAN, IBLOCH,IFLAG, IBUFF(2356)
REAL*4 BRLR{2),NANE(20)
DIMENSION FOLOC400),ANAOC4AGD)
FORMAT(I)
ruRfATIF10.4)
TYFE 160
FORMAT(/, "% INSERT DATA LISK - "RETURN".")
ACCEFT 1, IWAIT
CALL INFUT
TYFE 130
130 FORKAT(/, '$ JBAIFT = 7)
#CCErT 1JT JSRIFT
191 FORKATIIZ)
00 200 J=1,400
FOLOC(Ji=POL(L)
200 AnAG(I)I=ANALY)
Do 300 J=1,400
TaTAL=J+J5HIFT
IF(JTOTAL.LE.O )GOTO 29
IF{JTOTAL.G6T.4003G60T0D 2
ANATITOTAL ) =ANAO(S)
FOLCJTOTAL =F0LOCT)
GOT0 300
5 ANALITOTAL+400)=ARAG(T)
FOL{JTOTALF400=FOLO{S)
GGTO 300

<3 Py -

—
&3 -
<>

3
~
[«x]

(3%
~N7
0
I
2
b 3
L.
C
I
r-

1
E=3
<>
<3
~
I
=2
I
<>
-~
C.
~

FOL{JTOTAL- 4vu;—ruhv\41
TYFE 999%,d,F0L04d3,aRA0(0),FOL{J) JANACI;
FORMATOIX,13,401X,F15.4))
TYFE 701
FGRUAT(/, 7% IS Tt SFECTRA TO BE STORED(Y/NIT 7}
RCCZFT 70Z,1IFLAG
2 FORHAT(AT)
IFUIFLAG.NE.1RY.ANDLIFLAG.NELTHNGOTO 700
IF{IFLAGLNE.TRTIGETO 10
CALL OUTFUT
STOF
END

w3

-~
RS IS I b I 794
(el <c ItV 4 §
— 2y NI

4

<>
ra
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Appendix 19.

Demonstration of CALFCl - calibration of Faraday cells at different wavelengths
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Appendix 19 (continued).

PHOTOMA TIPLIER:

DYNGIE VO TASE(VOILTS) =  B86
FARADAY CELL CONTRELLER:
POLARIZER

PHATSE
Ik

AtEre TYLINE
o= L;T;;.;

TIME CIRSTANT(MG:

nuua
L PY:
1 e o

A YITH

W

s

MFLITIHNE
TIME CONETANT{MG:

.
Wi

(WS

L

B VEERETIR AFLIF IR

?%
Hou
(™Y
L

TIHE CIBSTANT{ES:
Ire CEENTANTIES:

GAll
TIHE CEETANTIRS?

&HALOG/DIGITAL CONVERTOR:
POL. INPUT CH.
apA. INPUT CH.
ADC BAIN

&
i
3

Hnn

= 2 25 FY

: YiR! T TO CHARGE &Y INFGRHATION TO BEE GUTRUY Wi PROTESIYAHIT E
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Appendix 19 (continued).
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Appendix 19 (continued).

Listing of CALFCl

PROGRAN CALFCH '
CHertd e+ 3 s ¥ 0 bbb ddd b0 bbdmbb bbb kbbb bbb bbbt bbiddr bbb bbb bbbt i bbb ddis
C OBJ:CTIUE' TO RECALL THE THREE OUTFUT FILES GENERATED EBY "SEVOGI"
C FOR FARADAY CELL CALIERATION, TO USE THIS INFORWATION
C TO COMPUTE AFFARANT VERDET COEFFICIENTS FOR EACH
C FARADAY CELL AND QUANTIFY THE DEGREE OF “CROSS-TaALK"

c BETWEEN THE FARALAY CELLS DURING CALIBRATION, TO

C DISFLAY THIS INFORMATION ON THE CRT SCREEN

C NUMERICALLY, AND TO STORE THE IKFORHATION ON

C A FLOFFY LISK FOR ACCESS BY "DSCONY" ANL "FCFLGT".
CHed st s abdhA b i hAd AR R RE AR R AR AR LR RAA LR R R AR R h b bk A dfR b h

CONMON/A/NAVEL400) ,FOGLA00) ,ANA(400)

CUMMON/B/NRATE,NSChAN, IFDL, IANA

COMRON/E/NAREGF{2G3,I0{(20)

COXMON/F/LNPTYF,LHFSER(IG) ,LEFVULT , LHPANF

COMHON/B/IFHTYFOTO) , IFHTEV

CUNHUN/H/IrnASF,LrnHSH IUHINr,IGAIﬂH TadPLP  JARFLA, ITIREF, ITIAES

COHnON/1/1GAGF,1GAGA, IGATF,IBATA

CQHHGNIJ/NUL,NFDL,NCHF,HQNA

COnnGN/K/InRSO,IHIRG,ISEC0,ITICG, IARSF, IMINF,ISECF,ITICF

COMMON/L/IDAY ,IRON(3) , ITRS,LHFHRS

COMMON/HB/IUAVE(400)

COMMON//ICHAN, IELOCH,IFLAG, IBUFF{256)

COMMON/G/KFASS

COAMON/F/CNULLO, FRULLG, FNULLT ARULLO, ARULLY

CunsOh/a/RSLOFEC4G0) , FOLOFE(AGE) ,AIRTER{400) ,FINTER(4CO0)

CONRON/R/FOC4A00) ,AOTA00),FT1(400),A1(400),FAC400),AF400)

COthnrhUBE/ﬁﬂﬂtO #OLET, FACIUR

KFASS=1
C##44+ENCODER COUNTS(DATA INDICES) ARE CONVERTED T0 WAVELEHNGTHS.### w44k

CALL WLCALC
C#si+#THE TOLERANCE FOR DETE
( UUT-GF-RANGE OF THE FA

TYFE 1607

#CCEFT 16G02,T0L
C#4444THE SFECTRAL 5CARN
C AZIWUTA OF 120 DEG

TYFE 10063

CaLL IRFUT

HG 16 I=1,4C0

FOLI)=FOL(I}

10 A0C1=aNA(D)
FNULLO=NFOL
FRULLO=FNULLO/10G0.
ANULLO=NANA
ARULLO=ANULLG/100.
CNLLLG=NCHF
CHULLO=CNULLOD/10G0.

iHG DATA IN WAVELERGTH REGIORS #aksdisidd

C7
RAlARY Ceil8 I8 INPUT.

FG T £ NULL &7 & STATIC RG ILTER té#4448
REES{H H

R
ES{#=120) IS REARL FRO# #
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Appendix 19 (continued).

C#+#s4THE SPECTRAL SCAN FOR THE NULL AT M=120 WITH THE HANUAL #%4iiisss
C FOLARIZER INCREMENTED 1S READ.

TYFE 1004

CALL INFUT

10 20 1=1,400

F1(1)=FOL(T)

20 AF(1)=AKA(D)

PNULL1=MFOL

FNULLI=FNULL1/100.
Ca4544THE SFECTRAL SCAN FOR THE NULL AT =120 WITH THE HARUAL #5éadidds
c ANALYZER AZIWUTH INCREMENTED IS READ.

TYFE 1005

CHLL INPUT

B0 30 1=1,400

PACI)=FOLLI)

30 AT{I)=ANACT)

ANULL1=NANA

ANULLT=ANULL1/100.
Cokas4THE DIFFERENCES IN THE ANALYZER AND POLARIZER NULL AZIHUTHS #s4ds
C #RE CONFUTED.

FRULL=ABS{PNULLT-FNULLO)

AHULL=ABS{ARULLT-ANULLO)

FSUN=0.

ASUR=0.

SUM=0.

L0 50 1=1,400
C#4444THE QUT-OF-RANGE LATA FOINTS ARE DETECTED AND WO VERDET ##titisas

€ COocrFICIENTS COMFUTED FGR THESE ANGULAR FOSITIONS OF
C THE ROTATING FILTER(WAVELENGTHS).

IFCAES(FO(I)) BT TOL.OR.ABS(FI(I)}.6T.TGLIGGTT 40
IF{ABS{AO(T) ) .GT.TOL.OR.ABS{AT(I)) BT TOLIGOTE 40
FUENGH=RES{FI(I)=-FO(I))
ALENOK=ABS(AT(I)-AG(I))
Co44+4THIS STEF PREVEWTS "DIVISION BY ZERD" ERRORS.#v+sdkissttdsdsbdd s
IF(FLEHON.EG.0.0.0R.ADENGH.ER.LO.0)6070 40
Ca#d444THE VERDET COEFFICIENTS ARE COMPUTED FOR EACH ROTATING FILTER 444
" ARGULAR FOSITION(WAVELENGTH).
ASLOFECT) =ANULL/ALENGH ‘
IF(FSLOFE(L).BT.0.32767 . 0R.ASLOFEST).GT.0.32767)60T0 40
Coatt4THE “"CROSS-TALK" OR IWTERACTION FARWNETER 15 COWFUTED FOR EACH 44
c INDEX.
FINTER{I)=AES(FA{I)-FO{I))/ADENDH
AINTER(I)=ABS{AF(I}-A0(I))/FLENOH
IFAFINTER(I).GT.327.67 . 0R.AINTERC(I).GT.327.67)60T0 45
FOUM=FSUN+ABS(PINTER(L))
#SUN=ASUM+ABS(AIRTER(I))
SUK=5SUR+1,
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Appendix 19 (continued).

GCTO a0
FSLOFE(I)=0,
ASLOFE(I}=0,
FINTER(I)=0.
AINTER(I) =0,
CONTINUE
FEUM=FSUK/BUN
ASUM=ASUH/SUM

Cra44xNUKERIC DATA IS DISFLAYEDL OK THE V753 SCREEN.##dddddihdtdbiddtdds

60

TYPE 1006

ACCEFT 1600, 1F4
IFCIFA.NE.iHY.ANDLIFA.NELTHK)IBOTO 60
IFCIFA.RE.THY)BOTO 140

CALL FCTYFE

D0 110 I=1,400

TYFE 1007,1,IWAVE(L),FSLOPECI},ASLOPECT) ,PINTER(T ), AINTER(T)
TYFE 1006,FSuN,ASUN

CONTINUE

TYFE 1011

ACCEFT 1000,IWAIT

C4s4i4FARADAY CELL SETUF CALIBRATION INFG IS INPUT FROM VTSS.#svitdidii

130

164

ey
174

CALL FCTYFE
TVYFE 1009
ACCEFY 1000,I1FD

IFLIFG.NE.TRY ARG IF D RE . THRIGT

TG 144
IFCIF S RELYRYIGETO 170

CALL FESET!

GGY0 130

CONTINUE

C+ta44VERDET CORFFICIENTS ARE OUTFUT TG A DIBK FILE.###ddddbibdisbitad

18¢

TYFE 1010
ACCEFT 1000,1IF6
IF(IFS.NE.IATLAND.IFS. N TARIGOTO 180
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1000 FORMAT(AT)

Appendix 19 (continued).

1001 FORMAT(/, % DATA REJECTION LIMIT(ALCL AT SATURATION) = )
1002 FORMAT(F10.0)

1603 FORMAT(/,”
1004 FORMAT(/, "
C AZINUTH.”
1005 FORRAT(/,
C AZIHMUTH.”

1007 FORBRATI/ 41X

)

)

INFUT SFPECTRA FOR NULL AT "K=1206".") ,
INFUT SFECTRA FOR NULL WITH INCREMENTELD FCLARIZER

INFUT SFECTRA FOR NULL WITH INCREMENTED ANALTZER

1006 FORMAT(/,$ L0 YOU WANT CRT DISFLAY OF THE KUNERIC DATA{Y/H)?
,°1 = “,13,3%,°WL = °,15,3X,“FOL. RESFGNSE = *,E10
C3X, ANk, RESFONSE = “,E10.4,/,24%X, FOL. INTERACT. = *,E10.4,

C3X, “ANk. INTERACT. = 7,E10.4;
1008 FORMHAT(///,9K, "AVERAGE CROS5-TALK FARAMETERS(IRTERALTIONS): ",

C /93X, 'FOLARIZER = ',:i4 &,
£ 79X, TANALYZER = 7,E14. 6)
1007 FORIAT/ 5 DO YGU WAkT TO CHANGE ANY INFORKATION TO BE
C GUTFUT WITH FACTORS(Y/NIT? ) :
1010 FOR®ATL/, - $ DG YOU WAHT TO QUTFUT TRE RESFOKSE FACTGRS 7O A
C BISK FILE(T/MOTF 7)
1011 FOREAT(/, ¢ “"RETURN" FOR FROGRAM CONTINUATION. )
STGF
END
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Appendix 19 (continued).

SUBROUTINE FCTYPE
Ci&t*&&*#####****&#**'&#diii*ii!ii&i#&#6##&44!&Li&*#f*i40*li&ii4f$&!£4i
C ORJECTIVE: TO LISPLAY THE SETUF INFORMATION RELEVENT TO THE
C FARADAY CELL CALIERATION ON THE CRT SCREEN.
CHARSREREALE R BB R PR R AR b ARk R A SRR TR A kAR AR b A R d R bR b ARk AR E P H 4

CONMON/E/NRATE,NSCAN,IFOL,TANA '

COMKON/E/HSHEDF(26),10(20)

COMMON/F/LWFTYP,LHFSER(IG),LUFYULT,LHPANF

- COMHON/G/IFRTYP(10),IFBTIV

CORHON/H/IFRAEF , IFHASA, IGAINF, IGAINA, IARFLF, TANFLA, ITIAER, 171454

COHMON/I/IGAEF, 1UHGH4IbnTr,IGHTH

COhﬁGN/L/IBH\,1“0“(3),IYRS,LHFHR3

COHECN/O/NFASS )

COWMON/F/CRULLG,FNULLO,FNULLT,ANULLO, ANULLY

COHHON/ G/ ASL GFE(400) FS;GrE ﬁUUI,ﬁlPl:n\%”UI FINTER{400)

TYFPE 1060, IDﬁl,(IhUh(ll,I-x,3!,1(RS

100 FORMAT(/ TQA 12, -7,3R1,"-",12)
TYFE 101,\NHHEGF’I) I=3,20)
107 FORBAT(IOX, "CALIBRATION BY: 7,20A2)
TYFE 102,!1&\1) I=1,20)
i02 FORMAT(I0X,20A2)
IF(NPQSS.ED.T)GDTU 112
TYFE 110
P10 FURRAT(/10X, "#ANUAL AZIAUTHES(DERY AT NULL: "

FEFRULLG

A=ANLLLD

C=CNuULLG

Wi=120.

TYPE 11i1,F,4,C, dL

i1 FORMAT(/12Y,"F =
C F124,7h =
C A2%,°C =
C /12X,’UL= !

SN
. .
[0 S 6 I 26 ]
- - e e

bk B s M & B 3 |

- e e -
~d
"

bt
=2

4 P S iy

£ F
MATO127, 7S
£ 123,LHFVLT
HHT(?ZX “Lant VOLTAGE(VOLTS) = 7,14y

-150-



140

143

44".'
[ 4

[ W ae Mae!

Appendix 19 (continued).

TYFE 124,LMPANP
FORMAT(12X, "LAKHF CURRENT(AMFS) = -,13)
TYFE 125,LMPHRS

FORMAT (12X, "LAMP OFERATIONAL LIFE(HOURS)

TYFE 130

0 FORMAT(/10X," FHDTDHULTIFLxER

TYFE 131, (IFHTYF{I),1=1,10)
FORKAT{/12X, "HODEL = ’,10&2)

TVFE 132, IFKTIV

FORMAT (12X, "DYNGEBE VOLTAGE(VOLTS) = 7,1
TYFE 140 '

FUnﬁﬂn(/1UA,fFﬁ""Hl CELL CONTROLLER:")
TYFE 141

FORMAT(/12X, "FOLARIZER")

TYFE 142,IPHhSF IGAINP, IAHFLF, ITIKEF

FJRHQT(/?”X “FHASE = 7,14,
73X, "GAIK = 7,14,
/ILA,.HﬁPLITUDE = 7,14,
/12X, "TIKc CONSTANT(HS) = “,14)

TYFE 143

FORRAT(/12X, "ARALYZER )

TYFE 142, IFHASA, IGAINA, IAKFLA,ITINEA
TYFE 1539

ia0 FORMAT(/10X, "GALVANDGHETER ARFLIFIER:
TYFE 141
Tire 1531,18AGF,IGATF
151 rLPﬁHT(/1~A, Gain = 7,18,
C /12X, "TIKE COGRSTANTI(HE) = 7,18}

i61
~
C

C

TVire 142

TYFE 151,164G4, IGATA

IGAIN=IFOL/64

HCAF=1FOL-TBAIN464
RCnA=IARA-IGAIN#64
TYFE 160

°
-4

FORRATO/T0X, "ANALOG/OIGITAL COWUERTOR: )

TYFE 161,NCHF,HCHA, IGAIN

FUF!HI'!TEX,'PUL. INFUT cH. = °, 13,
A12Ky TRNAL IRFUT CH. = 7,11,
FY2K, THIT GAIN = T.i1)

FEZTURN

t Wi
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Appendix 19 (continued).

SUBRDUTINE FCPRNT

Cidddaddddrddbtdddbbddktddddtsbbrddddsditidbbbdbbdddbdibdbtrtdarsbistdds

¢
c

OBJECTIVE: TD OUTFUT THE SETUP INFORMATION RELEVENT TO THE
FARADAY CELL CALIBRATION TO THE LINE PRINTER.

R R I I N Ry Iy R P e P eI ST T TR LY

[REE

i1

—a
2

COMKON/E/NRATE ,NSCAN, IFOL, IANA
COMMON/E/NAKEDF(20),101(20)

COMKGN/F/LMPTYF, LKFSER(10),LMPVULT ,LHFANF
COKMON/G/IFKTYF(30),IFHTIV

COMMON/H/ TFRASF, IFHASA, IBAINF, IGAINA, TAKFLF, TAHFLA, ITINER, ITINEA
COHMON/I/IGAGF,16AGA, IGATF, IBATA
COMMOR/L/IDAY,IKON(3),1YRS,LHFHRS

COHMON/O/NFASS
COKKON/F/CNULLG , PRULLO,FNULLT, ANULLO, ANULLY
COMKON/Q/ASLOFE(400) ,PSLOFECAU0, AINTER(400) ,FIKTER(400)
FRINT 100,104Y,(IKO0K{1),I=1,3),IYRS
FORKAT(/10X,12,7-",341, = ,12)

FRINT 101, (RANEDF(I),I=1,20)

i FORKAT(10X, "CALIERATION BY: 7,20A2)

FRINT 102, (IL(I},1=1,20)

FORMAT(10X,2042)

IF(NFHS5.ER.1IBOTD 112

FRINT 110

FORKAT(/10X, “MAKUAL AZIMUTHS(DEG) AT NULL:")
FFNULLG

A=HNULLO

C=CNULLO

Ui=126.

FRINT 111,F,4,C,0

FOFHA:\/:.X, o= ",F7.2,
FIEX,Th = T, F7.2,
/12X,7C = ",F7.2,

F1EX, ML= T ,F7.2)

COHTINUE

FRINT 120

rORKAT (/IOA, Lafr:”

FRINT 121,LMPTYF

FORMATI/12X, " TYFE = 7 ,A2)

FRINT 122, {LHFEER(II,I=1,9)

FORMAT(I12X, "SERIAL NG, = 7,9A2)

FRIKT 123,LHFVULT

FORMAT 12X, "LAKF VOLTAGEIVELYS) = 7,14)
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Appendix 19 (continued).

FRINT 124,LHFANF
FORMAT(12X,"LANF CURRENTCAHFS)
FRINT 125,LMPHRS

s
rJ
Lo

j—y
o
(&)

: FRINT 130

130 FORMAT(/10X, "PHOTONULTIPLIER: ")
FRINT 131, CIFKTYF(I),I=1,10)

131 FORMAT(/12X, HODEL = “,10A2)
FRINT 132,1FHTDV

132 FORMAT(IZX, "DVYHODE VOLTAGE(VOLTS) = *,1

FrRIFT 140

P40 FORNGT(/V0X, "FARATAY CELL CONTR

FRIi%T 141
141 rFORAAT(/12X, "POLARIZER )
FRINT 142,IFHASP, IGAINF,IAHFLF,
142 FORMAT(/Z12X, "FRASE
L /12X, "GAIN
C J12X, "ANFLI
H

ﬁﬁT(/lG‘ GALVANGHETER AHFL
NT 141
NT 151,1GaGF,1GATF
RMATU/12X,7GATH
C F1ZK,"TINE CONSTANT(RE}
FRINT 143

FRIHT 151,1GAGA, IGATA
IGRIN=1F0L/ 64

NCH5=I"UL IGQIFF64

rnlhT 700
160 FORBAT(/ 10X, "ANALGG/LIGITAL CON

FRINT 161,NCAF,HUHA,IGAIR

P61 FORMATI/12X, "FOL. INFUT CH.

Hou

£ Zi2X, "hiNA. INFUT CH.

C /12X, "ROC GAIW =
RETURH

W
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Appendix 19 (continued).

SUEROUTINE FCSETH
R e Ty I TP T L e LR T TR T I Y PR ET RS P P RN T RPNy
(H OBJECTIVE: TD ALLOW THE OFERATOR TO INFUT SETUF INFORMATION
C o FEGQRD;NG ThE FﬁRhDAY CELL CHLIBRQTION.

COﬁhON/E/hRHT:,hSEhn,1FUL,IANA
COHHON/E/NAKEDF(206),I0{20)
COWRON/F/LMPTYF,LHFSERCIG) ,LHFVLT ,LHFANF
CORROR/G/IFRTYF(1GY , IPHTIV
COHMON/H/IFHASE , IFRAGA, IGAINF, IGAINA, IANFLP, IAKFPLA, ITIREFR, ITISEA
COKKON/1/1GAGF,16A6h,I6ATF,I6ATA
COHMOR/L/IDAY, INGREI) ,IVRS,LEFHRS
TYFe 100
100 FORMAT(/, % NAME(A40) = )
ACCEFT 110, (NAh:Dr(I) ,121,200
TYFE 101 ‘
101 rOrhAT\/,’i DATE(I2-A3-12/0AY-HONTH-YEAR) = )
ACCEFT 102,10AY, \IﬁCP(II,I-:,S',IYRS
102 FOnhﬁT(Iﬁ,TX 3A1,1X,12)
TVFE 120
120 FORMAT(/, % IDERTIFCATION OF FC CALIBRATION{A4G: = )
ACCEFT 130, (I0(1),1=1,20) '
130 Fﬁﬁﬁé?(ﬁﬁﬁ.

TYFE 140

P46 FORMATLS, " LANF FﬁRéﬁETERS:‘)
TYFE 141

147 FORAATIE TYFELAZ/XE,ETC.) = 7]
ACCEFT 142,LHFTYF

143 FORMAT(AZ)
Tire 143

142 FOURBRAT( 8 SERIAL HO.(A1B) = 7)
ACCEFT 144,(LMFSER(D),I=1,9)

144 FORMAT( 9H’)
TYFE 145

143 FORMATC $ LAnP VOLTAGE(I3/VOLTSY = 7)
ALCEFT 146,LAFVLY

146 FORBARTIIS
TYFe 147

147 FORHATIS Lﬁﬁﬁ CURRENT(IZ/7ARFEY = 7)
ACCEFT 14E, LHPANF

148 FORMATIISZ)
TYFE 149

149 FLREAT( 3 LAMF OFERATIORAL LIFE(IA/ROURSY = 7}
ACCEFT 146 ,LKFERS
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Appendix 19 (continued). .

TYFE 150

150 FORMAT(/, PHOTOMULTIPLIER FARAMETERS:”)
TYFE 151

151 FORMAT(”$ MOLDEL(AZ20) = )
ACCEFT 152, (IPMTYF(I),I=1,10)

152 FORKAT(10A2)
TYFE 153

153 FORMAT( $ DYNODE VOLTABE(I4/VOLTS) = )
ACCEFT 154,IFHTEV

154 FORKAT(IS)
TYFE 140

140 FOARAT(/,” FARADAY CELL CONTROLLER PARAMETERS: )
TYFE 141

161 FOGRMATI/,  FOLARIZER CHANBEL")
TYFE 142

147 FORMAT( $ PHASE(IZ/FOT SETTINGY = )
HCCEFT 163,1FHAST

163 FOREAT(I4)
TYFE 144

[t )

BTCCS AMFLITUDE(II/FOT SETTING) = )
FT 163, 1AHF

5 N 1 3
n

XML MY MOy MY Yy ore oo R Yy e
-1

RATIE s S b |

[es il a)

T7% Ting COMSTANT(IZ/HILLISECONDS) = )
T 163,1718cF

&6

"

—d X»
A B &

=2

167

I
-—
~

y 7 ARALYZER CHAKNEL™)
42

163, IFHASA

84

Tr ~ M

-

m 2
ek wnd b e b ed b e} ek o ek —ef ek

{

T —

T

70
AT/, 7 BRLVARDHETER AHFLIFIER PARAMETERE: ")
71

=

Hom

y O FGLARIZER CHANNEL®)

f Y e T T o~ T —d

- 34T

T8 GrIN{IDY = )
T 173, IGABF
(16}

<
(8]
-

Cy Q) < QY O~ ) -t = )~ () = 1~

P AT i e N b e A A B 5. S o B B I AT 2 D B o e b B o Bin o B o |

=17 I

™M x ™
» TEY
— -

o
4

2]
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Appendix 19 (continued).

TYFE 174

FORMAT( 'S TIHE CONSTANTC(IS/MILLISECONES) = )
ACCEFT 173,16ATF

TYFE 175

FORKAT(/," ANALYZER CHANNEL")
TYFE 172

ACCEFT 173,1GA6A

TVFE 174

ACCEFT 173,16ATA
IGRIN=IFPOL/ 64
ROHF=IFCL-IBAIN+64
NCHA=IANA~IGAIN*64

TYFE 181

FORAATL(/, " ANALOG/DIGITAL CONVERTUR FRESET PARARETERS:”

TYFE 1B2,NCHF

FORKAT(" FPOL. INFUT CH. = *,I1)
TVFE 184, NCHA

FORHAT(®  ANA. INFUT CH. = *,I1)
TYFE 185,16A1N

FOSHAT( AT BAIN = 7,11
RETURN

ERD
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bAppendix 19 (continued).

SUBROUTINE OUTFC
Chdtbddrddbiddsdddrdstb bttt vhhnsd

P R R R R R T EE RN T oy R R I SRR R R N

.

OBJECTIVE

76 WRITE THE FA

FLOFFY DIGHK

GET0 THE

inTA

AllA

\

[

C
c

T
1

‘e
vy

C LR R E NS R R PR P P SRR NS 335 I AR 3 AR AU A IR A

Py ARAC400)

L IFOL, IANA

.

COMKON/A/NAVGL400) ,FOL{400
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Appendix 19 (continued).

&
v

IBUFF(51)=LHPULT
2)=LKFANF
IEUFF(54)=IFHASP
IRUFF(55)=1GAINF
IBUFF(54)=IANFLF
IBUFF (57)=ITIHEF
IBUFF (583 =1FHASA
IBUFF (59)=16AINA
IEUFF{60) =1ANFLA
IBUFF(61)=I1TIHEA
TRUFF(62)=1GAGF
IBUFF{63)=1GATP

TEUFF (64)=1GAGA
IBUFF(65)=16ATA -
IEUFF{66)=NRATE

IBUFF (67)=K5CAN

IEUFF (£8)=1F0L
IBUFF(49) =IANA
TEUFF(70)=1DAY
IBUFF{71)=1YRS
IBUFF(72) =LHFHRS
IBUFF{73)=IHON(1)
IEUFF(74)=1HON(2)
IBUFF{75)=THON(3)

DO 35 I=1,10 _
IBUFF(75+1)=IFHTY# (1)
IKUFF(84)=IPHTDV
IRUFF(B7)=CKULLO*100.
IBUFF (B8)=PNULLO#100.
TEUFF (B9)=FNULL1%300.
IEUFF{90)=ANLLLO+100.,
TRUFF{51)=ARULLT+100.
CALL WRITE

CALL IWAIT(ICHAN)

IO 40 I=1,200

TEUFF (1)=FSLOPE(I)4FACTO
CALL WRITE

CALL IWAIT(ICHAN)

IG 50 I=1,200

TEUFF (1) =ASLOFE (1) #FACTOI
ChLL WRITE

CALL IMAITCICHAN)

D0 40 I=1,200
IBUFF(1)=FSLOPE(I+200)4FACTOY
CALL WRITE

Cail INAIT(ICHAN)

10 70 1=1,200

IBUFF (1) =ASLOFEC(I+200) #+FACTO

~158~

CALL WRITE

CALL IWAITCICHAN)

b0 80 I=1,200
IRUFF(I)=FINTER(I)*FACTO2
CALL URITE ‘
CALL IWAIT(ICHAN)

0g 90 I=1,200

1BiUFF{I)= HINTEF\IléFHClO°
CatL WRITE

Catt IWAIT(ICHAN)
00 160 I=1,200
IBUFFLI)=FIRTER({I+
CALL WRITE

CALL IWNAIT(ICHAN)
IG 1310 I=1,209
IBUFF{I)= AthEn(
CALL URITE

CALL IWAIT(ICHARN)
CALL CLGSEC(ICHAN)
CALL IFREEC{ICHAN)
RETURN

EnD

200)#FACTO2

)#FACTO2



Appendix 19 (continued).

SUBROUTINE WRITE

COHMON/N/ICHAN, TFLOCK,IFLAG, IBUFF (256)

EXTERNAL FINISH
IERRGR=IWRITF(256,IBUFF,IELOCK, ICHAN, IAREA,FINISH)
IF(IERROR.LT.O)STOF "FATAL WRITES

IBLOCK=IBLOCK+1

RETURN

END

SUBROUTINE FINISH
COMMON/N/ICHAR, IBLOCK, IFLAG, IBUFF (236)
iFLAG=IFLAG-1

RETURN

END
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Appendix 20.

Demonstration of FCSMTH - Langrangian smoothing of Verdet coefficients at different
wavelengths

.....file to be smoothed;
created by CALFCl

(AR
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Appendix 20 (gontinued).
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Verdet coefficient (degrees/ADCU)

Verdet coefficients before and after
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Appendix 20 (continued).
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Appendix: 20 (continued).
Listing of FCSMTH

FROGRAN FCSHTH
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Appendix 20 (continued).

SUBROUTINE INFC

R Ry Y T eI R T R I R R R I RSP P PR PR R TP R PR R R R SE Y

- C
€

OBJECTIVE: TO READ THEiEARﬁDAY CELL CALIBRATION LATA FROM THE
FLOFFY DISK; I.E., VERDET COEFFICIENTS, ETC.

CHeddddsbdhdddbd i b bbb d bbb R R R IR A R F AR AR R AR R Rk AR bbb bk bk

COHMON/A/NAVG(40G) ,FOL(4G0),ANA(400)
COMMON/E/NRATE ,NSCAN, IFOL, TANA

CONKON/E/HAREDF(20),I0(20)

COMMON/F /LMFTYF ,LNFSER(10),LHPYLT, LHPANF
COKMON/B/IFNTYP(10}, IFHTIV

COMMON/H/IFRASP, IFHASA, IGAINF , IGATSA, IAKPLF, TAMPLA, ITIHEF , ITIHEA
COMHON/1/1GAGF,1GAGA, IGATF,IGATA ' .
COMMON/LZIDAY,IHON(3),IYRS,LHPHRS
COMHON/N/ICHAN, TRLOCK, IFLAG, IBUFF(258)
COKKON/F/CHULLO,PNULLO,FNULLT,AKULLO, ARULLI
CORMON/B/ASLOFE(400),FSLOFE(400) ,AIRTER(400) ,PINTER(400)

REAL#4 BLLK(2),NAHE(20) o

1BLOCK=0

FACTO1=1.E05

FACT02=1.E02

TYFE 1

FORKAT(/,“$ FC RESFONSE FACTOR FILE TO BE RETRIEWED = <)

ACCERT 2, (NANE(D),I=1,3)

FORHAT(3A4)

N=IRADS0{12,NAKE ,BDLE)

ICHAN=IGETC(I)

IF(ICHAN.LT.0)STOF “CANNDT ALLGCATE CHANNEL

IFCIFETCHICHAN) LLT.G)STGF “FETCH FAIL”

IF(LOGHUF (ICKAN,BELK) LLT.0)STOF “BAD LGOKUF”

00 10 1=1,256

TRUFF(I)=0
ChLL REAL
0o 20 1=1,2
KANEDR(I)=1
I0(1)=IBUFF
LHFTTF=IBUF

UFF(
20+1
{41}

0
E
(20
rid4
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Appendix 20 (continued).

LHFVLT=IBUFF{31)
LAFAKRF=IRUFF(32)

IFHASF=IBUFF (34} g¢
IGAINF=IRUFF(53)
IANFLP=1RUFF(54)
ITINEF=TEBUFF(57) G5

IFHASA=IEUFF{58)
IGAINA=TRUFF(39)

TAMFLA=TIBUFF (60)
ITIREA=TEUFF (1)

16A6F =IBLUFF(62) ,
IGATF =IBUFF(63) Pid
16A6GF =IRUFF (64}

IGATA =T1RBUFF(43)

KRATE =IRUFF{(86)

HSCAN =IBUFF{67)

irCGt  =1BUFF(&8)

Thith  =IBUFF(&9)

IlinY  =1RUFF{F0)

I7x =IBUFF(71)
LEFRR3=1BUFF{72)
InGk{1i=TBUFF(73)
IMON:Z2I=1EUFF(74)
IRCHIZI=TEUFF(7D)
LG 39 i=1,i¢
IFdTYFII)ZIRBUFF {7
IFRTOY=TIRUFF{Bé)
CHULLO=IBUFF{87)/100.
FNULLO=IEUFF(88)/100.
FRULLI=IEUFF(89)/1090.
AMULLG=TEUFF(901/100.
ARULLI=IBUFF{91)/100.
CALL READ

DG 4¢ 1=1,200
FSLOGPECII=1RUFF (I)/FACTO
CALL RtAl

LG 5¢ I=1,200

.JTLI

0 ASLOFE(II=IEUFF{I)/FACTOI

CALL REATD
D0 60 1=1,2060
FLOFE(I+200) = IBUFF(1}/FACTGI
ChLL READ

IG 70 I=1,200

O ASLOFECI+ZC0 = IRUFFLIY/FACTON
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CALL REAL

BC 60 I=1,20¢
FINTER(I)=1BUF
CALL Rzl

0 90 1=1,20¢
AINTER(I)=TBUFF(I)/FACTO2
CALL READ

L0 100 1I=1,200
FIRTER(I+2001=1RUFF(I)/FACTOZ2
CALL READ

0 110 1=1,200
AINTER(I+200)=TRUFF I
Cail CLOSEC(ICRAN]
Cail IFREeC(ICHAN
RETURN

ERD

F(I3/FACTO2

JFATTOZ

> T

SUBRGUTINE RoAd
HEGK/ N/ ICHAN, IBL th,

SNl e vrv

WUF;lrtHLHELJ

(]
£
F

e o1y e r-«»—dt.‘!(
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Appendix 20 (continued).

SUBROUTINE SMOOTH
R R I  E e PR R e T F R

OBJECTIVE:

TO REWOGVE NOISE FROM VERDET COEFFICIENT CALIERATION
FILES USING AN NTH LEGREE LAGRANGIAN INTERFOLATING
FOLYNDMIAL WHERE THE USER SPECIFIES "N". THE USER
ALSO SFECIFIES THE RANGE OF ENCODER INDICES TO BE
USED IN COEFFICIENT ESTIMATION, THOUGH THE FUNCTION
CAnN BE USED OUTSIDE OF THE RANGE SFECIFIED. THIS
FERNITS EXCLUSION OF DATA COLLECTED IN REGIONS OF
“SIGNAL DROF-OUT",ETC. SUCH SHOOTHING FREVENTS
ERROR FRCPAGATION FROM FARADAY CELL CALIBRATION
FILE NOISE.

WRITTEN BY JOSEFH C. FARMER ON OCTORER 30, 1981 OF LEL-NHMRD, UCB.

R I P R T R e e e R E L IR R T IR S TR
DIHENSION FOLY(400) "

COHNOR/H/TUAVEL400)
COMAGN/Q/ASLOPE(400) ,FSLOFEC40G) ,ATHTERC400) ,FINTER(400)

1000 FORMAT(IZ)

TYPE 10061 :

1061 FORKAT(/,"$ LOWER ENCODER INDEX FOR SHOGTRING POLVNOMIAL = )
ACCEFT 1000,1IL
TYFE 1002

1602 FORRAT(/, % UPPER ENCODER INLEX FOR SMOOTHING POLYNOMIAL = 7
ACCEFT 1000, IH :
TYFE 1003

1003 FORHAT(/, % FOMER OF LAGRANGIAN SHOOTHING FOLYNOHMIAL =7

ACCEFT 1000,N
RANGE=(IH-IL)/(N-1)
[0 4000 INLEX=1,400

SUK=0.

[0 3000 I=1,N
RI=IL+(I-1)*RANGE

11=RI
FROD=1.

00 2000 J=1,N
IFCI.EG.JIGOTE 2000
RJ=IL+(J-1)*RANGE

JJ=Rd

FROD=FROD* CIWAVECIRDEX ) -TUAVETJJ ) ZCTHAVECT T - THAVE(JJ))

2000 CONTINUE

3000 SUM=SUM+FROI#FSLOFE(ID)
4000 FOLYUIRDEX)=5UH
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3000

Appendix 20 (continued).

FERR=0.

DO 5000 INDEX=1,400
PERR=FERR+(FOLY(INBEX)-PSLOPECINDEX) ) #(FOLY(INDEX)-FSLOFE (INDEX))
FSLOPECINDEX)=FOLY{INDEX)

[0 8000 INLEX=1,400

 SUM=0.

6000
7000
8000

9600

10000
10001
C

100602

DG 7000 I=1,N

RI=IL+(I-1)*RANGE

11=R1

FRGD=1,

DO 4000 J=1,N

IF(I.EQ.J)GOTO 4000

RJ=IL+{J-1)*RANGE

JJ=RJ ,

PROD=PROD+ (IMAVE (INDEX)-IWAVE(JJ) )/ (TWAVE (11)-TUAVE (JJ))

CONTINUE

SUM=SUM+FRDD*ASLOFE(ID)

FOLY(INDEX)=SUN

AERR=0.

IO 9000 INDEX=1,400

AERR=AERR+(FOLY (INDEX)-ASLOFE(INDEX) )% (FOLY (INDEX)-ASLOFE (INLEX))

ASLOFE (INDEX)=POLY{ INDEX)

PERR=SGRT(FERR/4G0.)

AERR=SART (AERR/400.)

00 10000 I=1,400

TYFE 10001, INAVE(I),FSLOPE(I),ASLOFE(I)

FORMAT(2X, WL = “,15,5X, POL VERDET COEF
' “ANA VERDET COEF

*,E10.3,5%,
< E10.3)

[ L]

TYFE 10002,FERR,AERR

FORHAT(//,2X, PERROR = “,E10.2,5X, "AERROR = 7 ,E10.2)
RETURRN

END

-167-



Appendix 21.

Demonstration of FCAVG2 - averagingi.polarizer and analyzer Verdet coefficients

BB IVLIFOAGE

IWSFRT OISE WITH WAWELFHGTH CALIBRATION - "RETLEES,

BG OYE! BT TO BEVIEE FNCDOER UAVEIENGTH (R TEEATION FARSETIRGIVARIT N
JNELET EBIGE WITH VERDET COEF FILE TO B AERAGT: OF INTERGHERESTE - “RETiEC.
FO BESPEEE FACTOR FILE TC BE RETRIESED = DYLIFARADTEEE

PR (EF DBEY(P)., ANA (0T OWLY(A), DR AVGIRIT H

SIGhH LOSC - | OWER Wi LINIT = 4082

SIGS 1065 - UPPER B LIMIT = 78

IESEET THE DISE FiE ERDET (F BRis STRAE - "RETEs©.

FILE NAE FOR THE NEW FC RESPORSE FACTORS {(Al2} = DYIFCAVESTEH

18- dul-g= TEFL . 100
§-dui-g2 TEFLEE. 282
16-kil-E= TEFLIE 282
19-ui-g TEFL OB, 284
§9—k:l-B2 BT, 283
1% ul-E2 CYPRA:E 881
$9-Jul-B2 CVFFRREE. 882
19— k182 TN T.BAT

15 k:I-82 CVPEALL, &85
. 49— k:1-g2 BED B
KIS i85
s $5-5B2 e5 L iEE
E 18— =83 MIES 155
8 A -dan B3 ...ttt iiircicitct et eeseracnans averaged file

TEF: (8¢, 197
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e
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Appendix 21 (continued).

Listing of FCAVG2

FROGRAM FCAVG ,
R Ry E R TR T I RT SRR R SRR SR R Bt P R gt R 1 S AT R W S Iy e
C OBJECTIVE: 71O FACILITATE USE OF EITHER FOLARIZER OR ANALYZIER
C VERDET COEFFICIENT FILES, OR AN AVERAGE OF THE TWO
c FOR BOTH CHANNELS(FOL & ANA).

C
C WRITTEN BY JOSEFH C. FARMER ON OCTOBER 30, 1981, LRL-MMRII, UCH.
C
CJH:**:t:H:**-‘i**#****#**ﬂ}:#*JH-#VLt****##*******3&»-&t****t***#***#**#***:{:-H-#:i-:H-
COMMON/A/NAVG(400),POL(400),ANAT400) '
COMMON/B/NRATE,NSCAN, IFOL,IANA
COMMON/E/NAMECF(20),10(20)
COMHON/F/LMPTYF,LMFSER{10),LMFVLT,LHFANF
COMMON/G/IPHTYF(10),IPHTDY
COMMON/H/ IFHASF , IFHASA, IGAINF, IGAINA, TAMFLP , IANPLA, ITINEF, ITINEA
COMMON/I/IGAGF,IGAGA, IGATP,IGATA
COMMON/L/IDAY, IKON{3),IYRS,LMFHRS
COMMON/H/THAVE(400)
COMHON/N/ICHAN, IBLOCK,IFLAG, IBUFF(256)
COMMON/F/CNULLO,FNULLO,FNULLT,ANULLO, ANULLY
COMMON/Q/ASLOFE(400) ,PSLOFE(400) ,AINTER(400) ,FINTER(400)
100 FORMAT(A1) - Lo '
200 FORMAT(IS)
10060 CONTINUE
TYFE 1
1 FORMAT(/,”$ INSERT DISK WITH WAVELENGTH CALIBRATION - "RETURN". '}
HCCEFT 100, IUWALT
CALL WLCALC
TYFE 2
2 FORMAT(/,”$ INSERT DISK WITH VERDET COEF FILE TD BE AVERAGEL
C OR INTERCHANGED - "RETURN".") =~
HCCEFT 100, IWALT
CALL INFC
2000 TYFE 3
3 FORKAT(/,”$ FOL COEF ONLY(F), ANA COEF ONLY{A), OR ANG(HI? )
ACCEFT 100,10FT
IF(IOFT.NE.1HF.AND.IGFT.NE.THA.ANILIOFT.NE.1THM)GOTO 2000
TYFE 4
4 FORMAT(/,” 6 SIGNAL LOS5 - LOWER WL LIMIT
ACCEFT 200,ILOWER
TYFE S
S FORMAT(/,”$ SIGNAL LOSS - UPFER WL LIKIT =
ACCEFT 200,IUFFER
IF({IOPT.NE.THF)GOTG 2002

i
~
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2001

2002

2003

2004

2605

2006

2007

6

2008

7

Appendix 21 (continued).

bDg 2001 I=1,400
ASLOPE(I)=FSLOPE(I)

GOTD 2606

CONTINUE

IF(IOFT.RE.1HAIGOTOD 2004

B0 2003 I=1,400
FSLOFE(I)=ASLOFE(I)

GOTD 2006

CONTINUE

IF(IOFT.NE.THKMIGOTO 2006

g 2003 I=1,400
AVG=(FSLOFECI)+ASLOPE(I))} /2,
FSLOFE(I}=AVE

ASLOFE(I)=AVG

CONTINUE

DO 2007 I=1,400

IF(IWAVEC(D) LLT.IUFFER.ARD.IWAVE(I) .6T. ILOWER)GOTO 2007
FSLOFPECI)=0.

ASLOFE(I)=0.

CONTINUE

TYFE 6

FORNAT(/, ¢ INSERT THE BISK FOR VERDET CGEF DaTA STORADE

C - "RETURN".")

ACCEFT 100,IUWAIT

Catt OUTFC

CONTINUE

TYFE 7 :

FORMAT(/,"§ ARE DTHER FILES TO HE AVERAGED OR INTERCHANGED

ECY/niT )

ACCEFT 1060,IWAIT
IF(IUATIT.NE.THY.AND.IWALIT.NE. THN)GOTD 2007
IF(IWAIT.EQ.THY)GOTO 1000 '

STOF

END
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Appendix 22.

Demonstration of DSCONV - conversion of spectroscopic measurements to delta and psi

wl!

YT CEGMENT MEELR 20
—$E.

ATIO L3

e
FEeE

i

il

K

-171-



Appendix

"

W

H

22 (continued).
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delta (degrees)

Appendix 22 (continued).

Au in'1 M NaClOa at pH 2.4
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Appendix 22 (continued).

Au in 1 M NaClO4 at pH 2.4
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Appendix 22 (continued).
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Appendix 22 (continued).
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Appendix 22 (continued).
Listing of DSCONV
FROGRAM DSCONV
Ct:}; R P Y PR R E TR RN E TR R PR PP PRI PR R NP R R B RE R R ST
OBJECTIVE: TG CONVERT RAW DATA FROH ELLIFSOMETER SFECTRAL SCAN
iNTO FSI, DELTA, AND WAVELENGTH.

FROGRAM WRITTEN BY JOSEFH C. FARMER IN SPRING 1981 AT LBL-MMRD

[y B o N ur B v B o B o]

LEEE SRR EEE LS EE R PR EE R RS E R FE P SR E T E L Y P E T P R R Y S R T ELI LY ]
COMMON/A/NAVG{400) ,FOL(400),ANAL400)
COMMON/B/NRATE ,NSCAN, IFOL, IANA
COMMON/E/NAKEGF(20),10(20)

COKHON/F/LHPTTYF ,LMFSER(10),LEFULT,LNPANF
CORMON/G/IFHTYF(10), IFNTIV
COMMON/H/IPHASF, IFHASA, IGAINF, IGAINA, IANFLF, TAMFLA, ITINEF, ITIAEA
COMMON/I/IGAGF,1GAGA, IGATF, IGATA
COMMON/J/NUL , NFOL ,NCHP , NANA
COMMDN/K/IHKSO, IMINO,ISECO,ITICO, IHRSF, ININF, ISECF,ITICF
COMKON/L/IDAY,IMON(3),IYRS,LMPHRS
COKMON/M/ TWAVE(400)
COHMON/N/ICHAN, IELOCK, IFLAG, IBUFF(256)
COMHON/D/NFASS
CONHON/RBRIEF/ASLOFE(400),FSLOFE(400)
COMMON/TITLE/NTITLE(S,30),NWORD(2,21)
CONMDN/HODE /HOLEG, KODES,FACTOR
INTEGER+2 ANGOFT
' NFASS=1 ,
Cod+#+THE ENCODER COUNT IS CONVERTED TG TO WAVELENGTH BV "WLCALC".4#ed
CALL WLCALC
Co##4%+TITLES FOR LABELING GRAFHICS ARE READ FROM "DYi:TITLE.DAT".#kktwd
MODE(=2
CALL TITLE
C#++44THE FARADAY CELL CALIBRATION DATA IS OBTAINED.A#ki ks bikahhhthist
TYFE 999
TYFE 1000
ACCEFT 1603, IWAIT
CALL FCREAD
Ca#$¥+RAW SFECTRAL SCAN DATA IS OBTAINED FROM. THE FLOFEY DISK.#hws#dnis
1 TYFE 1001
ACCEFT 1003, IWAIT
CALL INFUT
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Appendix 22 (continued).

C++4++%THE OFERATOR SELECTS THE AZIMUTH CONVERION FORNULAS TO RE USED.++
2 TYFE 1013
ACCEFT 1014, ANGOFT
IF(ANGOFT.NE.1.AND.ANGOPT.NE.2)GGTO 2
TYFE 1015
00 5 I=1,400
F=NFOL/10G.+FOL(I)#FSLOFE(D)
A=NANA/100.+ANA{I) #ASLOFE(T)
C=NCHF/1006.
CALL DELFSI(#,C,A,Li,5,ANGOFT)
IF{D.LT.180.)G0TC 3
POL(I)=(D-360.)%100.
GOTO 4
3 CONTINUE
FOL(I)=D+100G.
4 ANACI)=S54100.
5 CONTINUE
Cr++++IF DESIRED BY THE OFERATOR, THE CONVERTED DATA IS PLOTTED.#k¥#d4x
10 TYFE 1002 ’
ACCEFT 1003,1F1 .
IF(IF1.NE.THY.AKD.IF1.NE.THN)BOTO 10
IF(IF1.EQ.1HNIBOTO 20
CALL FLGT
20 CONTINUE
Co4++4IF DESIRED, THE CONVERTED DATA IS STORED IN & LISK FILE #skxasis
C (AZIMUTHS STORED AS HUNDRETHS OF A DEGREE).
30 TYPE 1004
ACCEFT 1003,1F2
IF(IF2.NE.1HY . AND.IF2.NE.THN)GOTO 30
IF(IF2.EQ.1HN)GOTO 40
cALL OUTFUT
40 CONTINUE
DO 41 I=1,400
POL(I)=FOL{I}/100.
41 ANA(I)=ANA(I)I/100.

TYFE 1006
50 TYFE 1007
ACCEFT 1003,IF4
IFC(IF4.NE.1HA.AND.IF4.NE. 1HE . AND. IF4.NE. 1HC)GOTO 50
IF(IF4.EQ.1HC)BOTO 70 .
IF(IF4.NE.1HA)BOTD 60
CH###4NUHERICAL DATA IS PRINTED ON THE MODEL 41 TELETYPE.##vbidtisbists
TYPE 1016
ACCEFT 1003, IWAIT
CALL FTINFO
CALL FITIKE
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Appendix 22 (continued).

[0 56 iFAGE=1,4
J=IPAGE-1
PRINT 10GB, IFAGE
FRINT 1009
IG 55 1=1,50
I1=J410G+1
o I2=11450
55 PRINT 1010,11,IWAVE{I1),POLCIT),ARA(IT), 12, I0AVECI2),FOL(IZ),
CANA{IZ) : '
56 FRINT 1017
60 CONTINUE
IF(IF4.NE.THE)GOTD 70
CHva+xNUKERICAL DATA IS DISFLAYED ON THE VT55 TERMINAL SCREEN.##44wssia
CALL T1INFO
CALL T1TIME
TYPE 1011
10 65 I=1,400
65 TYFE 1012,1,THAVE(T,FOL(I),ARACD)
70 CONTINUE :
CH+4%+HEFENDING UFON OFERATOR RESFONSE, THE PROGRAM IS REFEATED.#4#4ts
80 TYFE 1005
ACCEFT 1003,1F3
IF(IF3.KE.1HY.AND.IF3.NE. THNIGOTO B0
NFASS=NFH55+1
IF(IF3.EQ.1HY)GOTD i
TYFE 1016
ACCEFT 1003,TuWAlIT
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Appendix 22 (continued).

999 FORKAT(/,” FOR RT-11 V.4 : DATA LISK READ VI "DVO:"",/,
c “ FOR RT-1t V.3.B: DATA DISK READ VI4 “DYi:"")
10600 FORMAT(/,”$ INSERT THE DISK WITH THE FARALAY CELL CALIBRATION
C DATA, THEN "RETURN".")
10017 FORMAT(/,"$ INSERT THE DISK WITH THE DATA TO BE CONVERTED
C TO FSI AND DELTA, THEN "RETURN".")
1002 FORMAT(/,"$ DO YDU UANT TO PLOT DELTA OR FSI AGAINST UAVELENGTH
CLY/NIT )
1003 FORKAT(AT) :
1004 FORMAT(/,"$% DD YOU WANT TO STORE THE CONVERTED DATA(Y/NIT 7)
1005 FORMAT(/,”$% IS5 THE PROGRAM TO BE EXECUTED AGAIN{Y/N}T )
1006 FORMAT(/,” ODUTFUT MENU: (A) HARDCOFY”",
C /! (B) CRY LISFLAY”,
C /e {C) NEITRER")
1007 FORHAT(/, $ YOUR RESFONSE: 7)
1068 FORMAT(///,10X, DELTA(GEG) AND FSI{DEG) A5 A FUNCTION OF
C WAVELENGTH(ANGSTROHS)",9X, "FAGE ~,I1)
1009 FORMATC(///7, 1%, 2¢9K, "INDEX ", 5%, "BL” ,6X “DELTA” ,BX "FSI )
1010 FORHAT(IX,B\IIX I3,2X,10,4X,F7.2,4X,F7.2})
1611 FORMAT{(//,5X, "DELTA(DEG) AND FSI(DEG) AS A FUNCTION OF
C WAVELENGTH(ANGSTROMS) ,/)
1012 FORRAT(OK, "I = *,13,3X, WL = “,15,3X, " DELTA = “,F7.2,3X,
C°FSI = 7,F7.2)
1013 FORHAT{/, % ARE STANDIARL{1) OR ROTATED(2: AZINUTH
C CONVERSION FORMULAS TO BE USED{(I13}? )
1014 FORNAT(IN)
1015 FORMAT(/,” CONVERSION IN FROGRESS....cccvvevacasnas “)
1016 FORMAT(/,"$ BE SURE THAT THE SYSTEM VOLUME IS IN “DYO",
C THEN "RETURN".")
1017 FORMAT(////7777)
5T0F
END
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Appendix 22 (continued).

SUBRDUTINE FCREAD
CHYRARRAFRFRE ARk bR R AR b 2 AR kR bR A bbb bR ARk h R b b bbb h 4
OBJECTIVE: TO RETRIEVE ONLY THE VERIETY COEFFICIEWTS STORCD BY
o THE FARADAY CELL CALIBRATION ROUTINE “CaLFfLi™,

DISREGARLING ODTHER INFORMATION STOREL ON THE

DISK WITH THE VERDET COEFFICIENTS. THIS

INFORMATION 1S USED BY "DSCOHY" TG CONVERT

A/ CONVERTOR READINGS TO FOLARIZER ARD

GNALYZER AZINUTHS FRIOR T0 CALLIANG

SUEROUTINE "IELFSI™ FOR AZINMUTH

CONVERSION TO FSI AND DELTA.

CHdddd b Exd bbb Fdd b b b b h b KAk AR AR SR AR R R bR R E S F DT SRR E TR RS 4
COHMON/N/ICHAN,IBELOCK ,IFLAG, IBUFF {236}
COMMON/QRRIEF/ASLOFPE(40D) ,FSLOFE(400)

REAL#+4 FCELOLK(2),NARE{20)
IBLOCK=0
FACTGi=1.
TYFE 1
1 FORMAT(/,"$ VERLET COEFFICIENT FILE TO BE RETRIEVED = )

ACCEFT 2, (NANE(I),I=1,3)

FORMAT(3A4)

N=IRADDO(12,NAME,FCRILR)

ICHAN=IGETC( 1)

IF{ICRAN.LT.0iSTGF "CANNOT ALLOCATE CHANNELS

IFCIrETCR{ICHAN) JLT.0)8TGF “FETCH FAILS

IF(LOOKUF(ICHAN,FCERLRY.LTLO)STOF “BAD LOOKUFR”

CaLL READ

CALL REALD

GO 40 I=1,200

40 FSLOFE{I)=IRUFF{I)/FACTOY

CALL REALD

g 50 1=1,200

AOLOGFE(I)=IBUFF{1}/FACTOL

CALL READ

00 60 I=1,200

60 FSLOFECI+Z200)=1IBUFFC(I)/FACTO!

CALL READ

L0 70 1=1,200

ASLOFE(I+200)=IBUFF(I}/FACTOI

CALL CLOSEC({ICHAN)

CALL IFRECC{ICHAN)

RETURN

END

[ar 3k oo I or 8 oo B ur B ar B oo B o Y o ]

(28]

o]

Ll

~d

<>
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Appendix 22 (continued).

SUEROUTINE Rial

CHvhsbddd b4 58T A RRFEAREARERRARERFEF R AT FRFF AR F AR LR AT b BB IA AT

C OBJECTIVE: TU ACTUALLY READ THE LATA STORED OW THE FLOPFY DISk

£ INTG BUFFER MWEMORY.

CHRRRERREIR AR AR RF R EAEERANF AR AR F R KB TR AR R E SRS AR F R AR FR B Ad
CONHON/N/ICHAN, TBLOCK, IFLAG, IBUFF{256)
IERROR=IREADU(256,IBYFF,IBLGCR, ICHAR)

IF(IERROR.LT.O)STOF "FATAL READS
IBLOCH=1BLOCK+1

RETURN

Ewl
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Appendix 22 (continued).

SUBKOUTINE LeiPSi(F,C,A,DI,5,ARGOFT)
Chdddddbd bbb d bbb b bbb 2 bR bbb F 8 £ R4 B S b b2 AR EERFFE SR FRFEREERERE AR AT 434
¢ GBJECTIVE: THIS SUBROUTINE, GIVEW THE FOLARIZER, COMFENSATOR, Anl
¢ ANALYZER AZINUTH COHFUTES THE CORRESFONDING FSI AND
C DELTA ELLIPSOMETER ANGLES USING tiTHci STANDARD GR
c ROTATCH CONVERSION FORMULAS{DEFENIING UPON THE
C VALUE OF "ANGGFT". If ANGOFT=1 STANLARD FORMULAS
C ARE USED; If ANGOFT=2 ROTATEL FORMULAS ARE USCD.
I EEE T FE R E T R R R E R R e N T R Y R PR R Y RNy
INTEGER42 FFLAG,AFLAG,CFLAG,FLAG,ANGOFT
D=3,

[= O A, |

CONTINUE

IF{F.LE.1BO.IFFLAG=400

IT(FLE.135.)FFLAG=300

IF(P.LE. 90.)FFLAG=200

IF(P.LE. 45.)FFLAG=100 ‘
IF{F.LE. 0.)6070 3
AFLAG=0

6070 §

A=AT180.

8 CONTINUE
IFiA.LE.1BO.)AFLAG=2G
IF{A.LE. 90.)AFLAB=1C
iIF{a.LT. 0.)60T0 7
CFLAG=D
IF(C.ER.43.)CFLAG=1
IF(C.E0.133.)CFLAG=2
FLAG=FFLAG+AFLAGH+CFLAG
IF(ANGOFT.HE.ZIGGTE 180
IF(FLAG.NE.312)60TC 10
D=270.-2.%F
§=90.-4A

iU CONTINUE
IF{TLAB.NE.41136DT0 2
D=2.4F-270.
§=%0.-A
20 CONTINUE
IF(FLAG.HE.122)60T0 30
I=90.-2.4F
S5=R-90.

~J

<
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Appendix 22 (continued).

30 CONTINUE
IF(FLAG.NE.221)G070 40
[=2.%F-90.
5=A-%0.

40 CONTINUE
IF(FLAG.NE.321)60TOD
I=2.%F-96.
8=4-50.

30 CORTINUE
IF{FLAG.NE.422)G070 69
b=3450.-3.#F
S=#-90.

60 CONTINUE

IF(FLAB.NE.TT3I60T0 7O

[=2.4F-90,

§=90.-4A

CONTINUE

IF(FLAG.RE.ZT2)G0TO B9

D=270.-2.4F

5=50.-4

B0 COWNTINUE
Ir{FLAG.NE.322)B0TD 90
[=450.-2.4F
5=h-90.

G CONTINUE
IF(FLAG.NE.421)B60TC 104G
[=2.%F-90.
3=A-90.

100 CONTINUE
IF(FLAG.NE.112)G0TD 110
[=370.-2.4F
§=%90.-h

116 CORTINUC
IF(FLAG.NE.211)GDTC 12
D=2.4F+90,

§=90.-A

120 CONTINUE
iF(FLAG.NRE.311)6070 130
D=2,4F+90C.

§=90.-4A

130 CONTIRUE
IF(FLAB.NE.412)G0TO 140
[=63G.-2.%F
5=93.-5

[y ]
<>

~d

<

<
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Appendix 22 (continued).
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m
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"y
fJ

2:6070 160

.
P e

=
* m
T .

160 CONTINUE
IF(OLEQ.O.C.AND.S.EG.O.OXTYFE 170
IF(D.EQ.0.0.AND.S.ER.O.CGISTOF : )
170 FORM&T{/,iX, #FRUBABLE ELLIPSOH[TFR AnGLE CONVERSIGH ERRCGR I
C SUBROUTINE "FSIDEL" DETECYED; 7,7,  EXECUTION TERMINATEG )
GOTO 1189
160 CORTINUE
IFCANGOFT.NEL1)GOTO 1180
IFCFLAB.NE. 12136070 1010
[=90.-2.%F
5=180.-4
1010 CORTINUE
IFCFLAG.NEL2Z22)6GTT 1020
D=2,4F~50,
=ig0.-A
1020 CONTINUE
IF(FLAG.NE
D=276.-2.+#
S-#
1630 CORTINUE
IFFLAGLNE. 41236070 10490

U

4

31136070 1039

T .

1040

1050 CONTINUE
IF(FLAG.NE.21713G0GT0 1080
[=2270.-2.4%F
S=4

1060 CONTINUE
IF{FLAG.NE.322)5070 1070
L=2.4F-%G.
£=160.-4A
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1080

1096

1110

1120

1130

1160

1189

2000

2016

Appendix 22 (continued).

CONTINGE
IF{FLAG.NE.421)G0T0
=450 -2, 4F
§=160.-4

COnTINUE
IF{FLAG.NE.111360T0

D=270.-2.%F

w
"
>

CONTINUE .
IF(FLAG.NE.212)6GTO

Be2.F+90,

IF{FLAG.NE.422}G07C
D=2.4F-90.

5=180.-A

CORTINGE

IF('LRG NELT1Z2236070
D=2,+F+Z70.

S—io” -

CONTINUE
IF{FLAG.RE.221:6070
D=450.-2.+F
S=180.-4

CONTINUE
IF(FLAG.NE,. 31256070
D=Z.4F+50,

S=4

0 CONTINUE

IF(FLAG.NE.411)G0TO
B=a30.-2.47

\J"F‘

CONTInRUE
IFvli.eU.0.0.AKD.S.E
IF{D.EG.O.0.ANDLBLE
CORTINUE

1070

1160

-

14

1154

1140

G:TYFE 170

.0,
G.0.0)570F

IF{ANGOFPT.EQ.1.OR.ANGOFT.EQ.2)G0TD 2019

TYFE 2009

FORHAT(/,1X, "#INCORRECY OFTiIO# CODE SFECIFIcD IN SUERGUTIwE

CORTINUE
RETURN
£

€ "PSIDNEL" SO tAcCUTION WAS TERWINATED#)
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Appendix 23.

Demonstration of RISURF - complex refractive indices of surface computed from files
created by program DSCONV
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Appendix 23 (continued).

WAVELENGTH(IS/ANESTROME: = 7868
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Appendix 23 (continued).
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Appendix 23 (continued).

FROGRAM RISURF
R R N e T R TR Py P S TS L L LTI e

C OBJECTIVE: COMPUTATION OF COMFLEX REFRACTIVE INDEX OF A BARE

€ SUBSTRATE AS A FUNCTION GF WAVELENGTH FROM AR

C ELLIPSONWETRIC SFECTRAL SCAN.

C .

c FROGRAM WRITTEN BY JOSEFH C. FARMER IN SFRING 1981 AT LBL-MHMRD
C

C#-t*i-‘J:ZQ-:téi*#*#*****:&:**#***#*********#*******#*#**#**#t##****50126:**:01*#*:&11-:0:*16
COMMON/A/NAVG{400),POLIA00),ANACA00)
COKMON/E/NRATE,NSCAN, IFOL, IANA
COMMON/E/NAREDR(207,10(20)

COMMOK/F/LMPTTYF, LHFSER(10),LHFVLT, LEFAKF
CONMDN/G/IFHTYF{10), IFHTDV

COUNON/H/IFHASF, 1FHASA, IGAINF, IGAINA, TARFLR, IAKPLA, ITIHEF, ITIAEA
COWMGN/I/16AGF,16AGA, IGATP,16ATA

CORKON/J/NKL, NFOL , NCHP , NANA ,
COHHORN/H/1RRSO, IMIND, ISECO,1TICO, IKRSF, IHIKF, ISECF, ITICF
COMHON/L/IDAY,IHON(3),IVYRS, LHFHRS :
COMKGN/ N/ THAVE(400)
COMMON/N/ICHAN, IBLOCH , IFLAG, IFUFF(256)

COMRON/D/HFASS

COMRON/TITLE/NTITLESS,307,NHORE(2,21)

COMRDH/KODE/HGDEG, MODET,FACTOR

NFAS5=1 |

CH# i+ CALIBRATE THE DIGITAL ENCODER FOR WAVELENGTR&A4iditsskbhhibdhididid
CALL WLCALC

CH#+444TITLES FOR LABELING GRAFHICS ARE REAL FROM "DY1:TITLE.DAT".#4adts
BGDEG=3
CALL TITLE

C#+44+INFUT STORED DELTA/FSI DATA FOR SUBSTRATE FROM FLOPFY DISHtsk#siss

1 TYFE 2018
ACCEFT 2019,WAIT

CaLL INFUT
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Appendix 23 (continued).

Ca+#4ACCEFT INCIDENT WEDIUM REFRACTIVE INDEX AND ANBGLE OF INCIDEWCE#+#4
FRIL=75.
2 TYPE 2008,FHID
TYFE 2009
ACCEFT 2010,1F0
IF(IFO.NE.THY.AND.IFO.NE.THN)GOTO 2
IF(IFO.EQ. THNIGOTO 3
TYPE 2011
ACCEFT 2012,FRID
GOTD 2
3 CONTINUE
THG=1.0
4 TYFE 2013,7ND
TYFE 2014
ACCEFT 2015,1F0
IF(IFO.NE.iHY.ANDLIFO.NE. THN)GOTO 4
IF(IF0.EQ.1HN)BGTO 5
TYFE 2016
4CCEFT 2017,TND
GOTO 4
5 CONTINUE
Caks4+4FERFORA REFRACTIVE INDEX COMPUTATION USIHG SUERGUTINE "REFIND"#4+4
TYPE 2024
L0 10 1=1,400
DELD=FOL(I) /100,
FSID=ANAIII/100.
Chii REFIND(PHID,DELD,FSID,TND,TH,TK)
FOL(I)=TN#1000.
ANG D) =THAT00G,
19 CONTINUE
Cx++44FLGT THE RESULTS OGN VT3Y GRAFPHICS TERNMIWNAL#tdddsdbbdbdbbbisvdbddds
106 TYPE 2006
ACCEFT 2000,1F4
IF(IF4.HE.THY .AND.IF4.NE. THNIGGTO 100
IFCIF4.EQ.THN)GOTO 116
CALL FLOT
110 CONTINUE
Cai4%4STORE THE COMFLEX REFRACTIVE INDEX SPECTRA ON THE FLOFFY DISK#st
260 TYPE 2001
ACCEFT 2000,IF1 ,
IF(IF1.NE.1HY.A4RD.IF1.NE. THN)GOTO 200
IF(IF1.EQ.1HN)GOTO 300
CALL OUTFUT
300 CONTINUE
10 310 I=1,400
FOL(I)=FOL(I)/1000.
310 ANACI)=ANACII /1000,
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Appendix 23 (continued).

400 TYFE 2002
ACCEFT 2600,1F2
IF(IF2.NE.THY . AKDLIF2.NE. THNIGOTO 400
IF(IF2.EG. THNIGOTO 600
CALL T1INFO
CALL TiTIKE
TYFE 2003
00 500 I=1,400
500 TYFE 2004,1,IWAVE(I),FOL(I),ANACD)
C#+#444PROBUCE A HARGCOFY OF REFRACTIVE INDEX DATA ON LINE PRINTER####4 4
600 TYFE 2005
ACCEFT 2000,1F3
IF(IF3.NE.1HY.AND.IF3.NE.1HN)GOTG 600
IF(IF3.EQ.1HN)GOTG 80D
CALL F1INFO
CALL FiTIME
I0 710 IFAGE=1,4
J=IFAGE-1
FRINT 2020,1FAGE
FRINT 2021
00 700 I=1,50
I1=J#100+1
12:11+50
FOU FRINT 202,11, 14AVECTT),FOLITT),ARA(T1), 12, TWAVECIZ),FOL(IZ)
C,ANALI2)
716 FRINT 2023
800 CONTINUE
CoraddEXECUTE "RISURF" ABHIN IF DESIRED4+4# 24 d b bkt bb bbbk bdbedd b
1600 TYPE 2007
ACCEFT 2006,1F5
IF(IFS.NE.1RY.AND.IFS.KE. THK)GOTO 1000
IFCIFS.RE.THY)STGF
NFASS=REASE+T
GOTO 1
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Appendix 23 (continued).

FORBAT(AL)
FORMATC/, "8 D10 YOU WANT THE COHFLEX REFRACTIVE INDEX STORED
CY/7H3T )
2002 FORMATC(/,7% DO YOU WANT TO DISFLAY THE CONFLEX RZFRACTIVE
€ INDEX OR THE CRT(Y/NM)T ")
2003 FORMAT(//,5%, COMPLEX REFRACTIVE INDEX AS A FUNCTIOGN OF
C WAVELENGTH",/)
2004 FORHAT(OX,"T = 7,13,5X,78L = 7,153,534, N = 7,
2000 FURMAT(/, % DO YOU WANT A HARDCOFY OF THE RE
C INLGEX DATA(Y/NIT )
2006 FORMAT/,7% DO YOU WANT TO FLOT THE REFRACTIVE INLEX DaTA
C AGAINST WAVELEKGTHI{Y/H)T? 7}

2000
0gi

ta ro

F7.4,5%, 7K = *,f7
FRACTIVE

20067 FGRMAT(/,"$ DO YOU UANT TG EXECUTE THAE FROGRAH AGAINCY/HIT 7)
20G8 FORAAT(/,” THE ASSUMED ANGLE OF INCIDENCE(LEG) = 7,F6.2)
2009 FORMAT(/, % SHOULD THIS VALUE BE CHANGED(Y/NJT )

2010 FORMAT(RT)

2011 FORMAT(/,“$ FHID(F6.2/0EG) = )

2012 FORMATIFE.2)

2013 FORMAT(/,* THE ASSUMED INCILENT MELIUM REFRATIVE INDEX = °,
CF7.4)

2014 FORMAT(/,”$ D0 YOU UANT TO CHANGE THIS VALUE(Y/NJT )

2015 FORMAT(AT)

20146 FORMAT(/,"$ I WCIDENT MEDIUN REFRACTIVE INDEX(F7.4) = ©)

2017 FORMAT(F7.4)

2018 FORNATI/, $ INSERT THE STORAGE DISK WITH SUBSTRATE LELTA/PEI
C DATA, THEN "RETURN".

2019 FORKAT(AT)

2020 FORKAT(//7,10%, “COMPLER REFRACTIVE INIEX DATA A5 A FUNCTION OF

C WAVELENGTH FABE *,I1)

FORMAT(///,14,209%, "INDEX ", 3X, “WL",7X, "REAL", 4%, " THABINART )

FORMAT(2(11X, 13,2X,15,4X,F7.4,4X,F7.4))

(SO JS I O O 26
et I se BN oo
[ S I S I %)

FORBMAT(/, " CDHFU?&TION IN FROGRESS.eeorenensncenverse )
END
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Appendix 23 (continued).

SUEROUTINE REFIMD(PHID,DELD,FSID,TNO,TN,TK)
Chiddkdbttbsddddbbhbbdiddisdddkttiribadbastatbbbpbedddtddbibbbddbibdtis

C OBJECTIVE: TO COMFUYE THE COGMPLEX REFRACTIVE INDEX OF A EARE
C SURFACE FOR A SIWNGLE SET OF VALUES GF DELTA, FSI,
c WAVELENGTH, AND INCIDENT MEDIU® REFRACTIVE INDEX.

(XTI R I R E L E S R E R R R TR F R F I F R TR E LR R R HE R,
COMFLEX RHD,72,52,TNC,I
ALFHAZ0.01745329252
FHI=FHII4ALPHA
FSI=FSID+ALFHA
DEL=DELI+ALFHA
I=CHFLX{0.0,1.0)
RHO=(SIN(FSI}/COS{FSI))4CEXF(I+TEL)
S1=SIH{FKI)

T1=SIN(FHI}/CGS(FHI)

T22 (1. 0+RHO /(1. 6-RHOI#T1)
§2=T2/CSRRT(1.0+T24T2)
TNC=(TNO4§1) /82

TH=REAL (TNC?

TH=AINAG{TNC)

RETURRN

EN

=195~



Appendix 24.

Demonstration of RISMTH - Langrangian smoothing of complex refractive index spectra

BC YR WSHT TO REVIEY ENCOIEE WAVELINGTH

INSEFT DISE WITH RI SPECTRA FIIE TO BE SMOOTHED - “RETIEN®.

FILE TO B RETRIEVED = DViLEAR

LR ERCOIER INDEY FOR SMODTHING PREYRIMIAL

'
i

i
3

SHEITHIR: PIE YHEE

DAT

148

: ENCODER INDEX FOR SHOOTHING POLYNOMIAL = 322
2

akn

+;

H

= VERIEY (EF = 8,313
& = VIRDET CfeF = @, 3i45+84 =
£ = VIRDET {I¥FF = —§, 3185 +84 =
—&,

1
;
)

L}

e b o oo b o b

!

e - =
g - -

I

= = = - TFiE+84 AMA VERDLY OGETF =
g = = —§, 3665484 i VERIET (IFF =
E = = ~g. 6T 8% s VERET OEF = .
E = = £, £+54 4 YIETTY [fEF = £,

H

i m|w n!‘w n’lﬂv '!'t:v :ﬂ!lv ':JI:' n!'ln r.Jw Aih m‘w

"
!

v ]
Yy py
i
”:5:]

"

b-l.! )

I‘:]r!‘
"

L

i f
{1y i
RS RU R

b
wl o,

had ©,

"o
bhobbbdbbd
' |

i i

|

g = . RS =
E = = —£, 2133 =
- = .

fa

H

= —g, 3240 +84
Note: POL VERDET COEF and ANA VERDET COEF are n and k, respectively, both mult
pereal’ =008 440404 AERROR = €. 140424

2
I}

R TR Ll L ey

s

i

INGIET THE BISE FOR SHOOTHED RI

iy
o

FILE NOE FE THE NI SPECTRAD SOAKN (/i2) = DYIDHENTEFE:

ST —
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Appendix 24 (continued).

Listing of RISMTH

PROGRAH RISMTH
R Ry R T X L E T R R R TR E PR E TR E LT
OBJECTIVE: 70 CONTROL I/0 ANL SMOOTHING OF RI SFECTRA.

"WRITTEN BY JOSEPH C. FARMER ON OCTORER 30, 1981, LBL-MHRG, UCB.

R T Y P I 2 AR Lt TSIy
COMMON/A/NAVG{400),FOL(400),ANAL400)
COMHON/B/NRATE,NSCAN,IFOL, IANA
COMMON/E/NAMEDF(20),1D0{20)

COMHON/F/LMFTYP,LHFSERCIQ) ,LMPVLT,LHFANP
COHHUN/G/IFHTIP(?O) IFMTLY

COMMON/H/IPHASF, IPHASA IGAINP,IGAINA, IANFLF, IANFLA, ITIHER,ITINEA
COMMON/I/1GAGF, IGAGA IGﬁTF‘IGATH
COHHON/L/IHQY,IHDN(Z),IYRS,LHFHRS

COMMON/H/TWAVE(400)

COHMON/N/ICHAN,IBLOCK,IFLAG, IBUFF(254)
COHHGN/Q/ASLOFE\400) FSLOPE(400) AINTER(400), PINTER(400)
CONTINUE

FORMAT(AT)

TYFE 1

FORMAT(/, "% INSERT DISK WITH WAVELENGTH CALIBRATION - "RETURN".")
ACCEFT 100,1IWAIT

CaLl WLCALC

TYFE 2

FORMAT(/, ¢ INSERT DISK UITH RI SFECTRA FILE TO BE SHOOTHED
C - "RETURN".")

ACCEPT 100,IWAIT

CALL INFUT

Do 20060 I=1,400

FSLOPE(I)=FOL(D)

ASLOFE(T) =ANALD)

CALL SMOOTH

po 3000 I=1,400

FOL{I)=FSLOFEC(])

ANACT)I=ASLOFE(I)

TYFE 3

FORMAT(/, % INSERT THE DISK FOR SMOOTHED RI SFECTRA
C - "RETURN".")

ACCEFT 100,IVAIT

CALL DUTFUT

CONTINUE

TYPE 5

FOR®AT(/, % ARE OTHER FILES TO BE SHOOTHED(Y/N)T? )
ACCEFT 100,IUAIT

IF(IUAIT.NE.1HY.ﬁND.IUAIT.NE.THN)GOTU 4
IF(IWAIT.EQ.1HY)GOTD 10060

STOF

END
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Appendix 25.

Demonstratlon of RIGEN1l - generation of spectroscopic refractive index data file
by linear regression of literature data; assumes no
absorption bands over spectral range of data

girig. 1y = 3.9

SORRECTION(Y/NI? N

= 4299.
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Appendix 25 (continued).

1D¢2842) = SYNTHETIC SPECTROSCOPIC RI FOR BEMD
CORRECTION{Y/H)? N

FILE HAME FOR THE NEW SPECTRAL SCAN (A12} = BYIRIGEWIDEH
IS PROSRAH TO BE EXECUTED AGAIN(Y/K)? Y

INGEET BISE WITH WAVELEMNGTH (A TBRATIOR FOR THE BIBITE EECTIER AL EETIEES.

DO YOU WANT TO REVIEW ENCODER WAVELENGTH CALIBRATION PARGMETERS(Y/HI? Y

DISITA ENCODER PRESETS:

Ch IBRATION CURVE SEGMERT MMBER 1:
S0Pt = 18. 8232
INTERCEPT = 5600. 68

CORRELATION COEFFICIENT = f.652

SEOPE = -1B.&382
INTERCEPT = 8635, 82

€ﬁ§ﬁ£i§?iﬁﬁ COEFTICIERT = i.8888

[

[™S
Sl o Ph

gl

m

[
™

[

ﬁ¢¢mmmmw

Tod fd 1,

& tn

$4-Rin-5i1
1€-kin-8¢
2i-Got-gi
230t -81
23-{ict-81
& -Hov-oi
@2-Hou84
17-Jhin-gi
7-Dec-Ei
€7-Tier—g§
$3-Gec—Ei
$3-Dec-BE
{4-De~—B¢
{6-JdanR2
2¢-lan—82
{z-Jar8=
2i-Jan—82
{8-FehR=
ci-¥Hav-52

FCRLOT.FTRE
HIKE JFOR
Stvese.Fim
31 S H A 5
MOHCNEE
Flavoe.Fom
SHETTH.FCRE
FARADY. DAY
DEOELFOR
RICHTH.FIE
RIGEH!.FOE
RILIE.LFE
EMASES. FOR
COMEL S FOR
o In.F

(OMGEG. GAY
EWFIT.5+Y
MR SaY
MG TH. OB

ié

o
ory o v ] 00 0

[y

Mot oo Gl Bavd ok e ot i (R e e R

P e B e B e

P R B AT A B RN B BN B B

17-Jun8i
17-Ln84
23-Got-B
22-0ct-81
2B-{int-f1
és—hov-Bi
g2-Hov-81
&2-Ho-B4
€7-Dec—8:

£3-Hav-&=

..generated data file

L o3 P | T Leeeneoe
ot 21_ SEYTES in directory of DY1:

-199-



Appendix 25 (continued).

Listing of RIGEN1

PROGRAM RIGENI
CHiasd b kb btk b ST RRFEREFRLEFFR R RRRRRRARTRRRE R KRR R F LTRSS R SRR F AR
OBJECTIVE: TO USE A LINEAR REGRESSION ROUTIME 7O CREATE A
SIMULATED RI SFECTRA THAT VARIES LINEARLY WITH
WAVELENGTH. REGRESSION IS [LONE ON REFRACTIVE INDEX
DATA ENTERED FROM THE KEYBOARD BY THE OFERATOR. '

for]

C
C
C
C
€ BY JOSEFH C. FARMER, DECEMBER 13, 1981, LBL-MHRD, UCBH.
c
NI I I I I I s I I T e T I I T T I I T ITIE LTI IIT
COMMON/A4/NAVG(400),POLC400),ANAC400)
COMMON/B/NRATE ,NSCAN, IFOL, IANA
COMMON/E/NAREGF(20),1ID(20)
COXMON/E/LNPTYF,LMFSER(10) ,LHFVLT,LHFANF
COMMON/G/IFPMTYF(10),IPHTDV
CONMON/H/IPHASP, IFHASA, IGAINP, IGAINA, IAHPLF , IAKPLA, ITIHEP,ITIHEA
COWMON/I/IGAGP,IGAGA, IGATF,IGATA
CORAON/J/NWL,NFOL,NCHF, NANA
uDHHDh/k/;HRSO IHINO ISECO 1TICO, IHKSF, IHINF ISECF,ITICF
COMMON/L/1DAY, IHON(J) IYRS, LﬁthS :
CDHMUN/H/I#AUE(400)
CGMMON/N/ICHAN, IBLOCK, IFLAG, IBUFF(256)
REAL#4 DBELK{2),NAHE(Z20)
REAL*4 H1,H2
1 CONTINUE
TYFE 10
10 FORMAT(/, % INSERT DISK WITH WAVELENGTH CALIBRATION FOR TdE
C DIGITAL ENCODER AND "RETURH".
ACCEFT 11,1UWAIT
11 FORMAT(IT)
CALL WLCALC - '
CALL RILINE(M1,M2,B1,B2,R1,R2)
Bo 146400 1I=1, 400
FDL(I)-(Hi*IUAJE(I;+B!141000.
1000 ANA(I)= (H’*lUAUE\I/+B“)iTuOO
12 TYPE 13
13 FORMAT(/,$ 1S SYNTHETIC RI SPECTnn 10 BE STORED(Y/N)7 )
ACCEFT 14, IFLAGT
14 rOnHAT(AI) '
IF(IFLAGT NEJIHY . AND.IFLAGT .NELTHNIGOTO 12
IF(IFLAGT.EQ.THN)IGOTO 40 ' '
N0 2000 I=1,10
LHFSER(I)=1HX
IPHTYP(I)=1HX
D0 3000 1=1,3
GO0 THON(II=1HX

r2

=3
<>
<>
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Appendix 25 (continued).

LHPULT=0 TYFE 20

LBRPAAF=0 20 FORMAT(/,”$ INSERT DISK FOR SYNTHETIC RI SPECTRA AND "RETURN".")
IFHASF=0 ACCEPT 21,IWAIT

IGAINP=0 21 FORMAT(IT)

14MPLP=0 30 TYPE 31

ITIKEP=0 31 FORMAT(/, S NAME(20A2) = )

IFHASA=0 ACCEFT 32, (NAMEOP(I),I=1,20)

IGAINA=0 32 FORMAT(20A2)

TA¥FLA=0 TYFE 33

ITINEA=O 33 FORMAT(/,”$ ID(20A2) = 7)

1GAGP=0 ACCEFT 32,(1ID(1),1=1,20)

IGATF=0 TYFE 34

iGAGA=0 34 FORMAT(/,”$ CORRECTION(Y/N)? )

IGATA=0 ACCEFT 35,IFLAG2

NRATE=0 35 FORMAT(A1)

NSCAN=0 IF(IFLAG2.NE.THN.AND. IFLAG2.NE.1HY)GOTO 30
IFO0L=0 CALL QUTFUT

TIANA=O 40 CONTINUE

NWL=0 41 TYPE 42

NFOL=0 42 FORMAT(/,“$ IS FROGRAM. TO BE EXECUTED AGAIN(Y/N}? 7)
NCHKP=0 ACCEPT 43,IFLAG3

NANA=Q 43 FORMAT(A1)

IHRS0=0 IF(IFLAGI.NE.THY.AND.IFLAGI.NE.1HN)GOTO 41
IMINO=0 IF{IFLAG3.EQ.1HY)GOTO 1

ISEC0=0 STOF

1ITIC0=0 END

IHRSF=0

THINF=0

iSECF=0

ITICF=90
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Appendix 26.

Demonstration of DYERI - simulation of dye adsorbate refractive index data file
: from absorption spectra measured with the spectral scan-
ning ellipsometer serving as spectrophotometer

i3 48

3 34

5 5

5 § &7-5

5 % 78 B
5 5 §7-Ser B2
5 5 §7-Ser-£2
5 5 &7

5 5 &7

& £ &7

5 5

5

5

5

5

g

"
o

S n RA RS A R

B S it itereretanestsecossesssssansnsnsseesssgenerated data
: file in directory
i of DY1:

R R
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Appendix 26 (continued).

Simulated rhodamine-B complex refractive index spectra:
required input data

E:‘-‘é_ REFR&C? VE INIEX(Y-AYIS)} Vo BAVEIEEETH{E-HRIIG:
Bies PrET & BYE BRI SFEOTER
ASSIRES R=1.5

EIGIN:
- K 2

1

PO e TR D a e

o
o
g
::ll:
iy
%
wlf,
((]}
i b
A
b

data file DY1RHODBIDAT

Dot

NN N T LR AR LA NEN]

DRISIN: X = 883,822 ¥ = :
CSCAT: X = 3sEE.ESss Y = :
data file DY1RHODBODAT ) :
: -~ i
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Appendix 26 (continued).

Simulated rhodamine-B complex refractive index spectra:
data output by DYERI

REAL REFRACTIVE IWDEX(Y-4XIS} ¥S o

AB111/HEE/ L. SRIEDE P=A=6
ORIGIN: X = 4088.868 Y=  1.488 °
SCEE: X = £5. 652 ¥ = .85 |

Vb

IR

ere

data file DY1DYERI DEM

I
[
[}

Sttt othy,

b b e

Bnana

DT ITTII

file DY1DYERI DEM

data

wif) ol

ST P ey
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Appendix 26 (continued).

Listing of DYERI

FROGRAM DYERI

I T Ry N N e R TR ey R P R R E ST TR P PSP E LT S

c
C
c
c
C
C

ORJECTIVE: TO GENERATE RI SFECTRA FOR DYE SOLUTIONS FRON ABSORBANCE
SFECTRA MEASURED WITH THE ELLIPSOMETER.

BY JOSEFH C. FARMER, DECEMRER 13,1981, LBL-MMRD, UCE.

FRRERER AR RO R R R R R R R R R R R R R R Ak

600
760
701

CONMON/A/NAVG (4007 ,FOLT400),ANAC400)
COMMON/B/NRATE ,NSCAN, IPOL, IANA
CONMON/E/NAMEDOF(20),1D(20)
COMHON/F/LMFTYF,LKPSER(10) ,LMPULT ,LHFANP
COHKON/G/IPKTYF{10),IFHTDV

COMKON/H/IFHASF, IPHASA, IGAINP, IGAINA, IANPLF, IAMFLA, ITINEF, ITINEA
COMHON/1/1GAGF,16AG4,16ATP,IGATA
CONMGN/J/NWL ,NFOL , NCHF , NANA
COHMON/K/IHRS0,IMING, ISECO,ITICO, IHRSF, IMINF,ISECF,ITICF
COMNON/L/ITAY,IHON(3),IYRS,LMPHRS

COMKON/M/ THAVE (4060)
COKMON/N/ICKAN, IBLOCK, IFLAG, IBUFF (256)

REAL*#4 DELK(2),NANE{20)

DIKENSION DN(400)

FORMAT(I1)

FORKAT(F10.4)

TYFE 100

FORMAT(/,”$ INSERT REAL RI COMFONENT DISK - "RETURN".")
ACCEFT 1, IWAIT

CALL INFUT

06 200 J=1,400

DNCJ)=POL(D)

TYPE 300

FORMAT(/,“$ INSERT IMAG RI COMFONENT DISK - "RETURN".)
ACCEFT 1,IUALT

CALL INPUT

TYFE 400

FORMAT(/,“$ EXTINCTION COEFFICIENT MAXIMUM
ACCEFT 2,DKMAX

TYFE 500

FORMAT(/,"$ FILE MAXINUM VALUE = )
ACCEFT 2,FILMAX

10 400 J=1,400

ANACJ)=(ANALJ) *DKNAX/FILKAX) #1000,

POL(J)=DN(J)

TYFE 70t

FORMAT(/,“$ IS THE DYE KI SPECTRA TO BE STOREB{Y/M)T *)
ACCEFT 702,1FLAB :

FORNAT(AT)
IF(IFLAG.NE.1HY.AND.IFLAG.NE.1HN)GOTD 700
IF(IFLAG.NE.THTIGOTO 10

CALL BUTFUT

STOF

END

]
—
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Appendix 27.

Demonstration of MINUS - subtraction of spectroscopic ellipsometer data files

BEoanE A8V 25 13-Feb-B: TS TU6EY ad §3-FsE
FLOTEL. 58 & J&-Ser8i SaN 5 i85 i3-Feb-Ei
SR LBAY 81 27-Mav-EB2 SEVeE: . B5Y 23-5t-5:
RISeds  GAV 88 16—5wr81 HIRE .55 13-k B3
MBEEL e i ¢B-Oct-Bi MOOHT.ERE f$&-arr-El
PEOiRE  5AY 82 27-Mav-Be
I3 Fiies: 974 Biocks .
$Fres bBilookes cvercienvenciennns eescocsvtecesssansenonas end of directory of DYO:

o B B

R DR HIBEIS (...t iiiciiiicrtteercctesacsacnnans '«+..running MINUS

INRIT SPECTRA TO BE USED AS BAGEITHE

#

NAME OF SPECTRA FIIF TO BE BETRIEVED = BYiGEER 83
I8PUT SPECTRA TO BE GUBTRACTEIN

EeE OF SPE(TRA FILE TO EE BETRIEVED = BYiGEE 6S

FILE WS FOR THE MW SPECTRAL S0AN (Af1Z2) = EYIRIRE HE

5T —

TEFLOH, {6S
TEFLOR. 184
TEFLON, 192

(™
¥
2
ot
3
i
FaRS S R R R R R

?
-
8
?

B B B 6 e e e o o e e e en
s h [ % ot & A v oS
&r
ot
1,
?
[y
¥

"
(LR RO NG N |
Er?'

..:g. ..l'
£
]
&
y
i

P
o
5
il
%
Bl
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VLN LGN A el B b ) Cad 0
[
B
i
}"nul

EiEE pEH 1983 . .............. l...............:;data file created by
$£7 Files, 958 Blocks MINUS on DYl:
24 Free blorks
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Appendix 27 (continued).

Listing of MINUS

PROGRAN MINUS

T T T I F e I T I I I T P ET R E2

c
c
c
c
c
c

i

1

2

[

0

3

0

DBJECTIVE: TO FROVIDE "SUBRTRACTED" ELLIFSOMETRIC SPECTRA.

PROGRAM EY JOSEFH C. FARMER IN SPRING 1981 AT LEL MMRD

*1#4*1it**#**********#*****#*#***ttl#i**##***t*##***#*#*kl*#ttil**tli0

COMMON/A/NAVG(400) ,FOL(400),ANA(400)
COMMON/B/NRATE, NSCAN IFOL, 1ANA
COHHON/E/NAHEOF(EO),ID(EO) ]

COMMON/F/LMPTYP ,LMPSER(10),LKFPVULT,LHPANF
COMMON/G/IPNTYF(10),IFNTLV

COMMON/H/ IPHASF, IFHASA IGAINF,IGAINA, IAKFLF, IAMPLA, ITINEF, ITIHEA
COMMON/I/1GAGF, IBaGﬁ IGATF, IGATA

COMMON/J/NUL, NFOL NCHF NANA
COHHON/K/IHRSG,IHXNO,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF
COMMON/L/1DAY,INON(3),IYRS,LMFHRS
CONMON/H/IUAVE(400)

COMMON/N/ICHAN, IBLOCK,IFLAG, IBUFF(256)

DINENSION PG(400),A00400)

TYFE 10

FGRMAT(/,* INPUT SPECTRA TO BE USED AS BASELINE:")
CALL INPUT

D0 15 1=1,400

POLI)=FOL(I)

AO(I)=ANACT)

TYPE 20

FORMAT(/,” INPUT SFPECTRA TO BE SUBTRACTED:")

CALL INPUT -

U0 25 I=1,400

FOL(I)=FOL(I)-FO(I)

ANR(T)=ANA(T)-A0(T)

CALL QUTFUT

STOF

END
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Appendix 28.

Demonstration of NORMAL - normalization of spectroscopic ellipsometer data files

L¥PRALL. 886
.183
.188
185

g n
GEn

13 1% k:l-B2
5 1% G832
5 $9-Jan83
B {9 lan83

i64 Files: 935 Blocks
¥ Free blocks

RN DY1:RORMAL
INPUT SPECTRA TO BE USED AS MORMALIZATION BASIS:
NAE OF SPECTRA FILE TO BE RETRIEVED = BY{GOLD 483
INPUT SPECTRA TO BE NORWALIZED:
HAME F SPECTRA FILE YD BE RETRIEVED = DYiGHLD 185
FILE MM FOR THE NEW SPECTRAL SCAN (A12) = DYINORNA DEW

i85
-i66
-i88
.185

5 15 JanE3
5 19-JanE85
5 19-ien-83
5 15 Jan83

................................................. end of directory of

i5 THE PROGRAM TO BE DXECUTED AGAIN(Y/AHIT K

TEFLON. 201

BbE 485
REe R

16 F;}egf

5

Lol Tl G €0 L0 EM C0 C LN EN K 1

Fﬂ"""

[,
AL LN L I

5

34 Free hlorks

iE-:1-8F
16-kil-BF
$6-k:1-87
18-ki-f7
1% Rii-B2
49— k:1-82
18-l-82
19-4l-B2
18- kil-B=
15-kil-BF
$5-kil-82
18- kii-BF
19-:1-B2
19— k:1-82
18-G5z
8- k)82
15 Jarn—83
18-JanB83
19%-Jan—821

s S = 4 e X, S
%48 Blioris

YEF L O iP5
TEFLON. 156
TEFLOK. 182
TEFLOH, 154
TEFi 0. 156
TEFLOM. 488
TEFLOK. 265
TEFLON. 262
TEFLON, 284
HSET.283
CVPBALL 88!
CVPEAL. 883
TRNGLY.BAT
TEFL W, 288
8 HR -
63D .1B&
HINEG
KIMIS

o o '
LY LY G LI fad Y b Ll el G0 EST 00 AN KN AN LN O L o
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Appendix 28 (continued).

Listing of NORMAL

PROGRAN NORMAL

ChekrrddksddsidrbdichbddbkbhbkbkbkbirbhhbRibrkkhrs kbbb okbbokkhbbhas

c
c
c
C w
C
c

21

31

- 32
35

40
45

50

ODBJECTIVE: TO PROVIDE "SUBTRACTED" ELLIPSOMETRIC SFECTRA.

FPROGRAM BY JOSEPH C. FARMER IN SPRING 1981 AT LBL MHRD

#***#**t******#*t*************#******************§#**3#************###

COMNON/A/NAVG(400) ,POL(400),ANA(400)
COKMON/B/NRATE,NSCAN, IPOL,1ANA
COXMON/E/NAKEOR(20),1D(20)
COMMON/F/LMPTYP,LMPSER(10),LHPYLT,LHPANP
COKMON/G/IPHTYP(10),IFPHTDY

COMMON/H/IPHASF, IFHASA, IGAINF, IGAINA, IAKPLF, TAMPLA, ITIMER, ITINEA
COMNON/1/16AGF,1GAGA,IGATF,IGATA
COMNON/J/NUL , NPOL ,NCHP , NANA
COMMON/K/IHRSO0,ININO, ISECO,ITICO, IHKSF,ININF, ISECF,ITICF
COMMON/L/IDAY,IMON(3),1YRS,LHFHRS

COKMON/M/ TUAVE (400)
COKNON/N/ICHAN, IBLOCK, IFLAG, IBUFF (256)

DIMENSION PO(400),A0(400)

TYPE 10

FORMAT(/,” 1INFUT SFECTRA TO BE USED AS NORNALIZATION BASIS:®)
CALL INPUT

DO 15 1=1,400

POCI)=POLLI)

AO(T)=ANACT)

TYPE 20

FORMAT(/,” INPUT SPECTRA TO BE NORMALIZED:®)

CALL INPUT

10 25 I=1,400"

IF(FOL{I).EQ.FO(I))GOTO 21

IF(PO(I).EQ.0.)G0TD 22

POL(I)=FOL(I)/POCI)

60TO 25

POL(I)=1.

6070 25

2 POLCI)=0.
3 FOL(I)=2047.%F0OL(1)

D0 35 1=1,400

"IF(ANACT) ER.AO(T))GOTD 31

IFC(AO(I).EQ.0.)G0TO 32
ANACI)=ANALT)/A0(1)

G070 33

ANACT) =1,

60TO0 35

ANA({I)=0.

ANA(T)=2047 .+ANACT)

CALL OUTPUT

TYPE 43

FORMAT(/,”% IS THE PROGRAM TO BE EXECUTED AGAIN(Y/N)? )
ACCEFT 50,IFLAG

FORMAT(AT)
IF(IFLAG.NE.1HY.AND.IFLAG.NE.1HN)GOTO 40
IF(IFLAG.EQ.1HN)STOP

5070 1

END
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Appendix 29,

Demonstration'of EMASES - simulation of spectroscopic elliﬁsometer measurements
based upon the Maxwell-Garnett theory

BN YL EMASES

INSERT DISE WITH WAVELENGTH CAILTBRATION FOR THE BIGITTR [ROGDEE - "RETIENS.
BG Y0 WANT TO REVIEW ENCORER WAVELEMGTH C& TBRATION PARAETERS(Y/HIT K
IMSERT HOST MEDIUM RI DATA BISK - “RETURN®.

MO OF SPECTRA FILE TO BE RETRIEVED = DY{SOEN DAT

MWMBRER OF FILM COMPOMNENTS = 4

INSERT COMPOMENT *1° RI DATA DISE - “RETURN".

COMPONENT VILAME FRACTION = 6.3

BO YOU WANT TO CORRECT ENTRY{Y/N)? N

MAME OF SPECTRA FILE TO BE RETRIEVED = DY4LFAD BAY

DO YD WANT APPARANT FILM RI STOREL{YAIT Y

IBENTIFICATION(Z8AZ) = REFRACTIVE INDICES OF 76% PORGS PE DBEPOSIY

FILE N&E FOR THE HEW SPECTRSE SCAK (Af2) = BYIFILMZAeGaT

INGERT SUBSTRATE RI DATA DISK - "RETURK'.

WAE (F SPECTRA FILE YO BE RETRIEVED = DYILUPPEERAT

ANGIE OF INCIDEWCE(IEG.Fi1e.4) = 75,

FIi® THICKRESS{ANG.F18.8) = fees.

PHI = 75, ebed T= féas, THEIn = &. 7880
CORRECTIONG(Y/NI? N

i

IDERTIFICATION(Z28AL ) = SIMEATION FOR 38 B CEenlY DEFDSIT. 7o PEEE
FUE BT FOR THE NEW SPECTRA SCAN (A2 = BYIEMARIGETS

Bl YOU Wt TO EXEGITE THE PROORAM AGATHIYAHIT H
STF —
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Appendix 29 (continued).

Listing of EMASES

PROGRAM EMASES
R T L I PP TR T F P E AL PR TS
£ OBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SFECTRA BASED UFON
c EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX
c SPECTRA, AND OFERATOR INFUT FILM THICKNESSES AND VOID
C FRACTIONS. THE THEORETICAL BASIS IS THE MAXWELL-
c GARNETT THEORY AND ALLOWS ONE TO TAKE INTO '
c ACCOUNT HICROFOROSITY AND INCLUSIDNS LESS THAN THE
c WAVELENGTH OF THE LIGHT.
C
c
C
c

BY JOSEFH C. FARMER, DECEMBER 13,1981, LBL-MMRI}, UCB.

L X R Y 22 R R e R P R R R AR PRI TSRS I E IS LRI EY Y HY X
COMMON/A/NAVG(400) ,POL(400),ANAC400)
COMMON/B/NRATE ,NSCAN, IPDL, IANA
COMMON/E/NAKEOF(20),1D(20)
COMMON/F/LMFTYF,LHFSER(10),LMPVLT,LKFAMF
CONMON/G/IPHTYR(10), IPKTIV
COMMON/H/IPHASP, IFHASA, IGAINF, IGAINA, IAKPLF, IAKFLA, ITIMEP, ITINEA
COMMON/1/16AGF,1GAGA,IGATF,IGATA
CONMON/J/NUL , NFDL , NCHP , NANA
COMMON/K/IHKSO,IMINO,ISECO,ITICO, IHRSF, IHINF,ISECF,ITICF
COMMON/L/IDAY,IHON(3) ,IYRS,LHFHRS
COMMON/M/ TUAVE (400)

COHHON/N/ICHAN, IBLOCK, IFLAG, IBUFF (256)
COMMON/FLMDAT/TNA, TNKA, TNF, TNKF, TNS, TNKS, UL, FHI1, T,0ELL,PSIC
COMPLEX TN2,TN3,CFHIZ2,CPHI3,R1S,R1F,R25,K2F,Z,RS,RF,RHO
COMFLEX EH(40G0),E{400),5UNM(400)
REAL*#4 DBLK(2),NAME(20)
DIMENSION X(10)
1 FORMAT(ID)
2 FORKAT(AT)
C#++++JAVELENGTH CALIBRATION OF DIGITAL ENCOLER
TYFE 3
3 FORMAT(/,”$ INSERT DISK WITH WAVELENGTH CALIBRATION FOR THE
C DIGITAL ENCODER - "RETURK".”)
ACCEFT 1,IWAIT
CALL WLCALC
CH+#4+HOST MEDIUKW RI SFECTRA INFUT FROM FLOPPY DISK
100 TYFE 4
4 FORKAT(/,”$ INSERT HOST MEDIUM RI BATA DISK - "RETURN".")
ACCEPT 1,IWAIT
CALL INPUT
DO 1000 J=1,400
POL(J)=FOL{J)/1000.
ANA(J)=ANA(J) 71000,
EH(J)=CHFLACFOL(J) ,ANACD))
EH(J)=EH(JI*EH(D)
1000 SUK(J)=0.
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Appendix 29 (continued).

Ces+44FILN COMFONENTS” RI SPECTRA INPUT FROM FLOPPY DISK
TYFE 5
5 FORMAT(/,”$ NUMBER OF FILM COMPONENTS = )
ACCEFT 20,NCOMP
20 FORMAT(IS)
THETA=1.
DO 3000 I=1,NCOMF
TYPE &
& FORMAT(/,”$ INSERT COMPONENT "I“ RI DATA DISK - "RETURN".”)
ACCEPT 1,TUAIT
100 TYFE 7
7 FORMAT(/,”% COMPONENT VOLUME FRACTION = )
ACCEFT 21,X(I) :
21 FORMAT(F5.3)
TYPE 8
8 FORMAT(/,”$ DD YOU WANT TO CORRECT ENTRY(Y/N)? )
ACCEFT 2,IFLAG
IF{IFLAG.NE.THN)GOTO 100
CALL INFUT
C#+4++AFFARANT FILM RI SPECTRA COMFUTEL FROM COMPONENT SFECTRA
b0 2000 J=1,400
FOLC(J)=FPOL(J)/1000.
ANA(JY=ANA{J) /1000,
ECJ)=CHFLX(POL(J),ANALI))
E(J)=E(J)*E(J)
2000 SUMCH)Y=SUK(D+X{DIH(E(H-ER{IN/(E(J)+2.#ER(J))
3000 THETA=THETA-X(I)
00 4000 J=1,400
ECH=EH(I) (1. 42 48UM(J) )/ (1.-5UMLJ))
ECJ)=CSART(E(D))
FOL{J)=REAL(E(J))
ANACJ)=AINAG(ECS))
POL{J)=FOL(J)*10600.
ANA(J)=ANACI) %1000,
4000 CONTINUE
Cok+x4THE AFPFARANT FILM RI SPECTRA IS5 STORED OW DISK
1206 TYFE 9
9 FORMAT(/,“$ DO YOU WANT AFPARANT FILM RI STORED(Y/N)T 7}
ACCEFT 2,1FLAG
IF(IFLAG.NE.1HY . AND.IFLAG.NE.THN)GOTO 120
IF(IFLAG.EQ. THNIGOTO 130
TYFE 14
ACCEFT 24,(ID(ID),1=1,20)
CALL OUTFUT
130 CONTINUE
C+++*x+SUBSTRATE RI SFECTRA INFUT FROK FLOFFY DISK
TYPE 10
10 FORMAT(/,“$% INSERT SUBSTRATE RI DATA DISK - "RETURN".")
ACCEFT 1,IWAIT
CALL INFUT
B0 5000 J=1,400
FOLCJ)=FOL(J)/1000.
ANACD)=ANALJ) /1000,
5000 SUM(J)=CHPLX{(FOL(J),ANALJ))
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Appendix 29 (continued).

C#4+44ANGLE OF INCIDENCE AND FILM THICKNESS INFUT FROM CRT
140 TYFE 11
11 FORMAT(/,”$ ANGLE OF INCIDENCE(DEG,F10.4)
ACCEFT 22,PHIT
22 FORNAT(F10.4)
145 TYPE 12
12 FORMAT(/,”$ FILM THICKNESS(ANG,F10.0)
ACCEFT 23,T
23 FORKAT(F10.0)
TYPE 13,FHI1,T,THETA
13 FORMAT(/,” PHI = “,F10.4,10X,” T = “,F10.0,10X, THETA = *,F10.4)
150 TYPE 14
14 FORNAT(/,“$ CORRECTIONS(Y/N)? *)
ACCEFT 2,1F0
IFCIFO.NE.1HN.AND.IFO.NE. 1HY)G0TO 150
IF(IF0.EQ.1HY)GOTO 140
C#+*++THE FSI-DELTA SPECTRA IS CONPUTED FROM INFUT SPECTRA
D0 6000 J=1,400
EH{J)=CSART(EH(J))
THA=REAL (EH(J))
TNKA=-ATMAG(EH{J))
TNF=REAL(E(J))
TNKF=-AIHAG(E(J)),
TNS=REAL(SUK(J))
TNKS=-ATMAG(SUN(J))
WL=TWAVE(D)
CALL FILM
IF(DELC.GT.180.)60T0 160
FOL(J)=DELC*100.
60TO 170
160 FOL(J)=(LELC-340.)#100.,
170 ANA{J)=FSIC*100.
6000 CONTINUE
Coa43%THE COMPUTED FSI-DELTA SPECTRA IS STORED ON DISK
180 TYPE 15
15 FORMAT(/,”$ DO YOU UANT TO STORE THE SIMULATED SPECTRA(Y/N)T 7)
ACCEFT 2,1F1
IF(IF1.NE.THN.AND.IF1.NE.1HY)GOTO 180
IF(IF1.EQ.THN)GOTO 190
TYFE 16
16 FORMAT{(/,”$ IDENTIFICATION(20A2) = *)
ACCEFT 24,(1D(I),1=1,20)
24 FORKAT(2042)
CALL OUTRUT
Ck+#4%QFERATOR CAN EXECUTE PROGRAM AGAIN WITHOUT LOADING BUFFER
190 TYPE 17
17 FORMAT(/,”$ D0 YOU.WANT TO EXECUTE THE FROGRAM ABAIN(Y/N)T )
ACCEFT 2,1F2
IF(IF2.NE.THN.ANDL.IF2.NE. 1HY)GOTO 190
IF(IF2.EQ.1HN)STOF
200 TYFE 18

.’)

i
-
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Appendix 29 (continued).

18 FORMAT(/,”¢ [0 YDU UANT TO CHANBE RI DATA(A) OR
C FILM THICKNESS(B)? )
ACCERT 2,1F3
 IF(IF3.NE.1HA.AND.IF3.NE.1HB)GOTO 200
IF(IF3.EQ.1HAYGOTO 100
IF{IF3.EQ.1HE)IGOTO 145
STOP
END
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Appendix 29 (continued).

SUBROUTINE FILM
2T 22 FE R RE E R R E R e F I R R I I RS E S LR RS RIS RS ET 2
c THIS SUBROUTINE COMFUTES “PSI" AND "DELTA" FOR A SIMPLE HOMO-
C  +BENEOUS FILM ON A SUBSTRATE BIVEN (1) THE REFRACTIVE INDICES OF
c THE SUKSTRATE, FILM, AND INCIDENT MEDIUN; (2) THE FILM THICKNESS;
c (3) THE WAVELENGTH OF THE SOURCE; AND (4) THE ANGLE OF INCIDENCE.
CHtkbkktv bbb dkbbksbbrbbhb bbbk rdbkbbbkbbbbrsebbrbbdkdbbhbdbdtsdb kbbb bbdsd
CONMON/FLMDAT/TNT, TNF, TNKF, TNS, TNKS, UL, PHI1,T,DELC,PSIC
COMFLEX TN2,TN3,CPHI2,CFHI3,K1S,RIF,R25,R2F,Z,KS5,RF,RHO
PHI=0.01745329252%FHI1
CP=RCOS(FHI)
SP=DSIN(FHI)
TN3=CHFLX(TNS, -TNKS) |
CPHIZ=CSART(1.0-TN1#$245P+#2/ (TN3+42))
TN2=CHFLX (TNF , =TNKF)
CPHI2=CSORT(1.0-TN1#+245P*+2/ (TN2¥42))
R1S=(TN1+CP-TN24CFHI2) / (TNT4CF+TN2+CFHI2)
R1P=-(TNT*CPHI2-TN2%CP)/( TNT#CPHI24TN24CF)
R26=(TN24CFHI2-TN3#CPHIZ)/ (TN24CFHI2+TN3#CPHIZ)
R2F=-(TN24CFHI3-TNI4CPHIZ)/ (TN24CPHIZ+TNI4CFHI)
Z=(0.0,1.0)%(4,0%3,1415927%T/UL) 4TNZ¥CPHI2
RS=(R1S+R2SHCEXF(=2)) /(1. 0+4R1S*RISHCEXF(-Z))
RF=(RT1F+R2ZFACEXF(-2)) /(1 0+R1F+R2FHCEXP(~Z))
RHO=RF /RS
FSIC=DATAN(CABS (RHD))/0,01745329252
DELC=DATAN2(ATHAG(RHO) ,REAL (RHD))/0.01745329252
RETURN
END
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Appendix 30.

Pemonstration of BRUGMN - simulation of spectroscopic ellipsomefer measdrements
based upon the Bruggeman theory

BB PYLIBRUGHN

INGERT DISK WITH WAVELENGTH CALIBRATION FE THE BIGITa ERCOBER - “RETURES.
BO YOU WAHT TO REVIEW ENCODER WAVELENGTH (AL TERATIOH PARMETERG(Y/HI? K
INGERT AMBIENT MEDIUM RI BATA BISK - °RETIEHN®.

NAE OF SPECTRA FILE TO BE RETRIEVID = DYISIEN DBAT

INGERT COMPOMENT *I® RI DATA DISK - "RETURK".

NAE OF SPECTR& FILE TO BE RETRIEVED = BYLLEAD DAT

INGERTY (el NT *1° RI BaTa BISK - “HETIREC.

NAME OF SPECTRA FILE YO BE RETRIEVER = DYiSEN DBAT

JWSERT SUESTRATE RI BATA DISE - "RETURE".

Weg OF SPECTRA FILE TO BE RETRIEVED = BYiiFFeRBAT

&EF OF INCIDENCE(DEG-F1e.4) = 75,

FILM THICENESE(ANG. Fie. &) = &8,

CoEmENT #4 VEISE FRACTION = 0.5
PHI =  75.6ea2 I= €25, TETA = &.5a882

CORRECTIONS{Y/H)? N
BO YOI WANT TO STORE THE SIMILATED SPECTRA(Y/HI? Y
IBENTIFICATION(28A2) = SIMAATION BASED UPDH BRUSGORAN MIXIKG REE
FILE RAME FOR THE MEW SPECTRAL SCAM (AiZ2) = DYiBRUGHNGSS |
CALCIE ATION OF SUBSTRATE RI FOR MEXT IMCROWENT....

B0 YOS UAMT TO EXECUTE THE PROSRAM AGAINY/HIT N

15 & COMPOSITE FILM RI WANTED(Y/H}? N
SR — ‘
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Appendix 30 (continued).

Listing of BRUGMN

FROGRAM BRUGMN

Ct***##*********##t***##k#'*t***t*#*l***#*f*l*t#**i*#&#fa&#i4'i£4}tf*f1f*&*

C
c
c
c
c
g
c
€
c
€
C

OBJECTIVE: 7O GENERATE SIMULATED ELLIPSOMETER SPECTRA BASED LPON
. EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX
SFECTRA, AND DPERATOR INFUT FILM THICKNESSES AND VOID
FRACTIONS. THE THEORETICAL HASIS IS THE BRUGGEMAN
EFFECTIVE MEDIA APPROXIMATION, ALLOWING ONE TG TAKE INTO
ACCOUNT MICROPOROSITY AND INCLUSIONS LESS THAN THE
WAVELENGTH.

BY JOSEPH C. FARMER, DECEMEER 13,1981, LBL-MMRD, UCE.

fkkkkdbkrkdkkb bk bkt bhkk ko ko kb kb Rk ek kb kbR Rk Rk ¥

COMNON/A/NAVG(400),POL(400),ANA(400)
COMMON/B/NRATE ,NSCAN, IPOL , 1ANA

COMKON/E/NAMEDP (203 ,1D¢20)

COMKON/F/LMFTYP,LMPSER(10) ,LMPULT ,LMFANP
COMMON/G/IPMTYP(10), IPHTDV

COKMON/H/IPHASP, TPHASA, IGATNP, TGATNA, IAHFLP IANPLA, ITIKEF, ITIMEA
COMHON/1/1GAGF , 16AGA, IGATF , 1GATA

COMMON/J/NUL, NFOL , NCKF , NANA

COMMON/K/THRSO, ININO, ISECO, 1TICO, IHRSF, ININF, ISECF, ITICF
COMMON/L/IDAY, THON{3), IYRS ,LNPHRS

COMMON/H/ TWAVE (400)

COKMON/N/ICHAN, IRLOCK, IFLAG, IBUFF (256)
COMMDN/FLMDAT/TNA, TNKA, TNF , TNKF, TNS, TNKS, UL, PHI1,T,DELC,PSIC
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2F,Z,RS,RP,RHO
DIMENSION FN(3,400),FK(3,400),AN(400),AK(400)
COMMON/THETA/THETA

REAL#4 DELK(2),NAME(20)

1 FORMAT(I)
2 FORMAT(A1)

Cx#xxxUAVELENGTH CALIBRATION OF LDIGITAL ENCODER

TYPE 3

3 FORMAT(/,”$¢ INSERT DISK UITH WAVELENGTH CALIEBRATION FOR THE
C DIGITAL ENCODER - "RETURN".")

ACCEPT 1, TUAIT
CALL WLCALC

CH#+++AMNBIENT MEDTUM RI SPECTRA INPUT FROM FLOFPY DISK

100 TYPE 4
4 FORMAT(/,”$ INSERT AMBIENT MEDIUM RI DATA DISK - "“RETURN".®)

ACCEPT 1,IHAIT
CALL INPUT

Do 1000 J=1,400
AN(J)=POL(J)/1000.

1000 AK(J)=ANACJ)/1000.
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Appendix 30 (continued).

Ce++%FILM COMPONENTS® RI SPECTRA INPUT FROM FLOPPY DISK
Do 3000 I=1,2
TYPE & .
& FORMAT(/,”$% INSERT COHWPONENT "I" RI DATA DISK - "RETURN".")
ACCEPT 1,IUAIT
¢aLL INPUT
Do 2000 J=1,400
FNCI, D =POL(J)/1000.
2000 FK(I,J)=ANA(J)/1000.
3000 CONTINUE
C+++%xSUBSTRATE RI SPECTRA INPUT FROM FLOPFY DISK
TYFE 10
10 FORMAT(/,’$ INSERT SUBSTRATE RI DATA LISK - "RETURN".")
ACCEPT 1,IUAIT
CatL INPUT
Do 5060 J=1,400
POL{J)=POL(J)/1000.
5000 ANA(JI=ANA(J)/1000.
Cx+¥+*ANGLE OF INCIDENCE AND FILM THICKNESS INPUT FROM CRT
140 TYPE 11
11 FORMAT(/,’$ ANGLE OF INCIDENCE(DEG,F10.4)
ACCERT 22,PHIY
22 FORMAT(F10.4)
145 TYPE 12
12 FORMAT(/,”$ FILM THICKNESS{ANG,F10.0)
ACCEFT 23,7
23 FORMAT(F10.0)
TYFE 7
7 FORMAT(/,”$ COMPONENT #1 VOLUME FRACTION
ACCEPT 21,THETA
21 FORMAT(F5.3)
TYPE 13,FHI1,T,THETA _
13 FORMAT(/,” PHI = “,F10.4,10X,” T = “,F10.0,10X, THETA = *,F10.4)
150 TYFE 14
14 FORMAT(/,”$ CORRECTIONS(Y/N)? *)
ACCEPT 2,IF0
IF(IFO.NE.1THN.AKD.IFO.NE.1HY)BOTO 150
IF(IFO0.EQ.1HY)GOTO 140
CH*+**APPARANT FILM RI SFECTRA COMPUTED FROM COMPONENT SPECTRA
D0 4000 J=1,400
TNF=FN(1,J)
TNKF=-FK(1,J)
TNA=FN(2,J)
TNKA=-FK(2,0)
CALL EMA
FN(3,J)=TNF
4000 FK(3,J)=-TNKF

!)

)

1
.
~

-218-



Appendix 30 (continued).

Cy#+++THE PSI-DELTA SPECTRA IS COMPUTED FROM INPUT SPECTRA
DO 4000 J=1,400
THA=AN(D)
TNKA==-AK(J)
TNF=FN(3,J)
TREF==FK{3, 1)
TNS=POL{J)
TNKS=-ANA(J)
UL=TUAVE())
CALL FILM
IF(IELC.GT.180.)60T0 140
FOL(J)=DELC#100.
6OTO 170
160 POL(J)=(DELC-360.)%100.
170 ANA(J)=PSIC#100.
6000 CONTINUE
Cox+4THE COMPUTED PSI-DELTA SPECTRA IS STORED ON DISK
180 TYPE 15
15 FORMAT(/,“$ DD YOU WANT TD STORE THE SIKULATED SPECTRA(Y/NIT *)
ACCERT 2,1F1
IF(IF1.NE.THN.AND.IF1.NE. 1HY)GOTO 180
IFCIF1.ED.1HN)BOTOD 189
TYPE 14
16 FORMAT(/,“$ ILENTIFICATION(20A2) = )
ACCEPT 24,¢ID(1),1=1,20)
24 FORMAT(2042)
CALL DUTPUT
189 CONTINUE
Cx++x¥AN APPARANT SUBSTRATE RI SPECTRA OF FILM COVERED SURFACE COMPUTED
C BEFORE NEXT FILM LEVEL INCREMENT
TYPE 6999
6999 FORMAT(/,” CALCULATION OF SUESTRATE RI FOR NEXT INCREMENT....")
I0 7000 J=1,400
DELC=FOL(J)/100.
PSIC=ANA(J)/100.
CALL REFIND
FOL(J)=TNS
7000 ANACJ)=-TNKS
CH++++0FERATOR CAN EXECUTE PROGRAM AGAIN WITHOUT LOADING BUFFER
190 TYPE 17
17 FORMAT(/,”$ DD YOU WANT TD EXECUTE THE PROGRAM AGAIN(Y/N)? *)
ACCEFT 2,1F2
IF(IF2.NE.THN.ANDLIF2.NE. 1HYIGOTD 190
IF(IF2.EQ.1HN)GOTD 9999
200 TYPE 18
18 FORMAT(/,“$ DD YOU WANT TO CHANGE RI DATA(A) OR
C INCREMENT FILM(B)? )
ACCEPT 2,1F3
IF(IF3.NE.1HA.ANDLIF3.NE. THR)GOTD 200
IFCIF3.EQ.1HAIGOTD 100
IF(IF3.EQ. THR)GOTO 145
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Appendix 30 (continued).

C#++4¥p COMPOSITE FILM RI SPECTRA IS COMPUTED IF DESIRED
9999 TYPE 9998
9998 FORNAT(/,’$ 15 A CONPOSITE FILM RI WANTED(Y/N)? *)
ACCEPT 2,IFLAG
IF(IFLAG.NE. THY . AND.IFLAG.NE. THN)GOTO 9999
IF(IFLAG.EQ. THN)STOP
9997 TYPE 9994
9996 FORMAT(/,”$ COKFONENT M1 VDOLUME FRACTION = )
ACCEFT 21,THETA
9995 TYPE 9994
9994 FORMAT(/,”$ CORRECTIONS(Y/N)? )
ACCEFT 2, IFLAG
IF(IFLAG.NE. THY.AND. IFLAG. NE. THN)GOTO 9955
IF(IFLAG.ER.1HY)GOTO 9997
I0 9993 J=1,400
TNF=FN(1,J)
TNKF==FK{1,J)
TNA=FH{2,J)
TNKA=-FK(2,1)
CALL EMA
FN(3,J)=THNF
FKi3,J)=-TNKF
POL(J)=TNF¥1000,
9993 ANA(J)=-TNKF*1000.
TYFE 16
ACCEPT 24,(II(I),I=1,20)
CALL OUTPUT
6OTO 9999
STOF
ENI
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Appendix 30 (continued).

SUERQUTINE EMA
IR T S e PR R PN F R ST E R R PRy P R Y R R S R TR P R T R PR R e S LT Er]
£ - OBJECTIVE: TO COMPUTE THE EFFECTIVE MEDIA REFRACTIVE IKDEX VIA
€ ’ THE BRUGGEMAN MIXING RULE FOR A BINARY COMFONENT FILH.
CAHbtaddbhddbh bkt h ko ke R AR RN KRR AR AR AR SRR R R RN R R R R Rk A FE RG24 4
COHHON/FLMDAT/TNA, TNKA, TNF, TNKF, TNS, TRKS, WL, PHI1,T,DELC,PSIC
COMMON/THETA/THETA
COMFLEX TN2,TN3,CFHI3,R1S,R1F,R25,R2P,Z,RS,RF,RHD
COMFLEX E,E1,E2,A,B,RO0T1,RO0T2
SFLAG=0.
E1=CHFLX(TNF,-TNKF)
E2=CHFLX(TNA,-TRKA)
Et1=E14E1
E2=E24E2
X1=THETA
X2=1.-THETA
A=0. S (ET#(X2-2. X 1) +E24(X1-2.4X2))
B=-0.5%{E1%E2)
ROOT1=0,.5%(~-A+CSART(A*A-4,.%F))
RMAG1=CABS{ROOT1;
FO0TZ2=0.5%(-A-CSART(A+A-4.%1))
RMAG2=CABRS{ROOT2)
IF(RMAG2.6T.RNAGT1}G0OTO 98
E=ROO0T1
RFLAG=1.
GOT0 99
g8 E=ROOT2
RFLAG=2.
99 CONTINUE
-~ TNZ2=CSQRT(E)
TNF=REAL(TN2)
TNEF=-RIMAG{TNZ)
IF(TNF.GE.0.0.AND.TNKF.GE.0.0) GOTO 102
SFLAG=SFLAG+1.
IF(SFLAG.GT.1.)STOF
IF(RFLAG.EG.1.)B0T0 101
E=RCOT1
G070 99
107 CONTINUE
E=RO0T2
GOTO 99
102 CONTINUE
RETURN
END
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-Appendix 31.

Demonstration of CSMSES - simulation of spectroscopic ellipsometer measurements
based upon the coherent superposition model

S|Iz: T e e
S HYiTiazmecs &
BITLTT SR iz nonEm L= Y

INGERT DISE WITH WAVELENGTH CALTBRATION FOR THE DIGITAL EMCODER - *RETURN:.
PO YDU WANT TO REVIEW ENCOIER mm CAl TBRATION PARME TERS(Y/ N7 N
INSERT DISE WITH INCIDENT MEDIA RI SPECTRA - "RETLRNC.

N OF SPECTRA FILE 10 BE RETRIEVED = DYISGLN  DAT

IMSERT DISK WITH FILM COMPOMENT #1 RI SPECTRS - *RETURN-.

N&E OF SPECTRA FILE TO BE RETRIEVED = DY{LFAD BaAT

INSERT DISK WITH FILM COMPOMENT 2 RI SPECTRA - "RETIRNT.

WAME OF SPECTRA FILE TO BE RETRIEVED = DY{S3iR  DAT

IWNSERT DISK WITH SURSTRATE RI SPECTR: - *RETURN".

WAME OF SPECTRA FILE TO BE RETRIEVED = DY{COPPERBAT

RGE OF INCIDERCE(DEG.Fig. 4)

FIiy THIGERESS{pdE: . Fi6. é; = {685

FRACTION [ SEFAlr NFRID BY FIIM $1{Fis. 4} = €.2

PHI = 7o gesé I= 182, THEIA = . @.3&88
CHERECTIONSIYARIT N

B0 YIR WANT TO STORE THE SIMEATED ?@E{ﬁa{n‘"&'f 4
ENTIFICATIONG 2842} = (U CONTRED BY PE ICLASES. I8Y SIFFALE CDVERAGE

STP —
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Appendix 31 (continued).

Listing of CSMSES

PROGRAM CSMSES

IR L L R Ry Ty NP R Ty PP e P PR R T P

[ IR w2 o B8 or BN or B ov N or B wr B ov B oo N 9]

DBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SFECTRA BASED UFOW
EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX
SPECTRA, AND OFERATOR INPUT FILM THICKNESSES AND VGID
FRACTIONS. THE THEDRETICAL BASIS IS THE COHEZRENT
SUFERFOSITION MODEL, ALLOWING ONE TO TAKE INTO
ACCOUNT ISLAND FORMATION. THIS MODEL IS AFFLICABLE
WHEN THE ISLANDS ARE SMALLER THAN THE COHERENCE LENGTH.

BY JOSEFH C. FARMER, DECEMBER 13,1981, LBL-MMRD, UCB.

2R S RS 2SR s R R R R R R e I T P TR FE RS ¥ FE

COHKON/A/NAVG(400),FPOL(400),ANAC400)
COMMON/B/NRATE,NSCAN, IPOL,IANA
COMMON/E/NAMEDF(20),1D(20)
COMMON/F/LMPTYP LMPSERC10),LHFVLT ,LHFANF
COBMON/G/IFHTYF(10),IFHTDV

- COHMON/H/IPHASF,IPHASA,IGAINF,IGAINA,IANPLF, IANPLA, ITIKEF,ITIHEA .

COMMON/I/1GAGF,IGAGA, IGATF,IGATA
COMMON/J/NUL ,NPOL ,NCHP , NANA

. COMMON/K/IHRS0,IMINO,ISECO,ITICO, IHRSF, IMINF,ISECF,ITICF

COMMON/L/IDAY,IKON(3), IYRS,LHFHRS

COKMON/H/IWAVE (400) .

COMKON/N/ICHAN, IBLOCK,IFLAG, IBUFF (256)
COMMON/FLMDAT/TNA, TNKA, TNF, TNKF, TNS, TNKS, WL, FHI1,T,DELC,FSIC
COMMON/CSHDAT/TNF1,TNKF1, TNF2, TNKF2, THETA

COMFLEX TN2,TN3,CFHI2,CPHI3,R1S,R1F,R25,R2F,Z,RS,RF,RHO
REAL*4 DBLK(2),NAKE(20),N(4,400),K(4,400)

i FORKAT(IN)

Co*x++JAVELENGTH CALIBRATION OF DIGITAL ENCODER

TYFE 2

2‘FORHAT(/,}$ INSERT DISK UWITH WAVELENGTH CALIBRATION FOR THE

€ DIGITAL ENCODER - "RETURN".”)
ACCEFT 1,IHAIT
CALL WLCALC

C+++#xR] SFECTRA OF INCIDENT MEDIA INFUT FROM FLOFPY DISK

9 TYFE 10
10 FORMAT(/, "¢ INSERT DISK WITH INCIDENT MEDIA RI SFECTRA

C - "RETURN".")
ACCEFT 1,IWAIT

CALL INFUT

B0 11 I=1,400
N(1,I)=POL(I)/1000.

11 K{1,1)=ANA(1)/1000.

Cx#+3%KI SPECTRA OF FILM COMPONENT #1 INPUT FRON FLOPPY DISK

TYPE 20

20 FORMAT(/,”$% INSERT DISK WITH FILM COMPONENT #H1 RI SFECTRA

C - "RETURN".")
ACCEFT 1,IMAIT

CALL INFUT

B0 21 I=1,400
N{2,1)=POL(1)/1000.

21 K(2,1)=ANR{I)/1000.
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Appendix 31 (continued).

CH+++*K]1 SPECTRA OF FILM COMPONENT #2 INFUT FROM FLOPFY DISK
TYPE 30
30 FORKAT(/,“$ INSERT DISK WITH FILM COMPONENT #2 RI SPECTRA
C - "RETURN".") 3
ACCEFT 1,IWAIT
CALL INPUT
10 31 I=1,400
N(3,1)=POL(I)/1000.
31 K(3,1)=ANATII/1000.
C#s++*K1 SFECTRA DF SUBSTRATE INPUT FROM FLOPPY DISK
TYPE 40
40 FORMAT(/,$ INSERT DISK WITH SUBSTRATE RI SFECTRA
L - "RETURN".") 4
ACCERT 1,IWAIT
CALL INPUT
DD 41 I=1,400
N(4,1)=FOL(I)/1000.
41 K(4,1)=ARACI)/1000.
CH++440FERATOR INFUTS ANGLE OF INCIDENCE, FILH THICKNESS, ETC.
1600 TYFE 1001
1001 FORMAT(/,”$ ANGLE OF INCIDENCE(UEG,F10.4)
ACCEFT 1002,PHIT '
1002 FORMAT(F10.4)
TYFE 1003 ,
1003 FORMAT(/,$ FILM THICKNESS(ANG,F10.0)
ACCEFT 1004,T
1004 FORMAT(F10.0)
TYFE 1005

)

0
-

1005 FORKAT(/,”$ FRACTION OF SURFACE COVERED BY FILM #1(Fi0.4) = ~

ACCEPT 1006, THETA
1006 FORMAT(F10.4)
TYFE 1007,FRI1,T,THETA

1007 FORNAT(/,” FHI = 7,F10.4,10X,” T = 7,F10.0,10X,"THETA = ",F10.4)

1008 TYFE 1005

1009 FORMAT(/,”$ CORRECTIDNS(Y/N}? 7}
ACCEFT 1010,1F0 :

1010 FORMAT(AT)
IF(IFO.NE.1HN.AND.IFO.NE.THY)GOTC 1008
IF(IFO.EQ.THY)GOTD 1000
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Appendix 31 (continued).

Cx#xx+THE PSI-DELTA SPECTRA IS COMFUTED
DO 2000 1=1,400
TNA=N(1,1)
TNKA=-K(1,1)
TNF1=N(2,1)
TNF2=N(3,1)
TNKF1=-K(2,1)
TNKF2=-K(3,1)
TNS=N(4,1)
TNKS=-K(4,1)
WL=IWAVE(D)
CALL FILMO2
IF(DELC.GT.180.)G0TO 100
FOL(I)=DELC#100.
6OTO 200
100 POL(I)=(DELC-360.)%100.
200 ANACI)=PSIC*100.
2000 CONTINUE
Ce+4+#+THE PSI-DELTA SPECTRA IS STORED
50 TYPE 51
51 FORNAT(/,“$ DO YOU WANT TO STORE THE SIMULATED SPECTRA(Y/N)? )
ACCEFT 52,1F1
52 FORMAT(AT)
IF(IF1.EG. THN)GOTO 40
IFCIF1.NE.THN.AND.IF1.NE.1HY)BOTO 50
TYPE 53
53 FORMAT(/,”$ IDENTIFICATION(20A2) = *)
ACCEFT 54,(ID(I),I=1,20)
54 FORMAT(20A2)
CALL OUTFUT
Co++++THE OFERATOR EXECUTES THE PROGRAM ABAIN IF DESIRED
60 TYPE 61
61 FORMAT(/,”$ DD YOU WANT TO EXECUTE THE PROGRAM AGAIN(Y/N)? )
ACCEPT 62,1F2 :
62 FORMAT(A1) :
IF(IF2.NE.1HN.AND.IF2.NE. 1HY)GOTO 40
IF(IF2.EQ. 1HN)STOP
70 TYPE 71
71 FORKAT(/,”$ DO YOU WANT TO CHANGE RI DATA(A) OR
C FILM THICKNESS(E)? *)
ACCEFT 72,1F3
72 FORKAT(A1)
IF(IF3.NE.1HA.ANL.IF3.NE.1HB)GOTO 70
IF(IF3.EQ.THA)GOTO 9
IF(IF3.EQ.1HE)GOTD 1000
STOP
END
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Appendix 31 (continued).

SUBROUTINE FILMOZ
COMMON/FLMEBAT/TNT, TNF, TNKF , TNS, TNKS WL ,PHI1,T,DELC,FSIC
COMMON/THETA/THETA

COMFLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2F,Z,KkS5,RF,RHO
COMPLEX RSX,KFX,RSY,RPY

TNFO=THNF

TNKFO=TNKF

FHI=0.017453292524FHT

CP=ICOS{FHI

SP=DSIN{FHI)

TH3=CHPLX (THS,-THKS)
CFHIZ=CSART(1.0-TN1+#248P 42/ (TNI#42))

TH2=CHPLX{TNF, -TNKF)
CPHIZ=CSORT(1.0-TN14£245P4%2/ (TND 4425 )
Ri§=(TN1#CF-THIACFRIZ)/ (TNIACP+THIACPHID)
RiF=-(TNT#CPHI2-TN2#CF)/ (TN1CFHI24TN2CF)
R25=(TN2#CFRI2-TNI*CPHIZ) /(TN24CPHI2+THI4CFRIZ}

R2F=- (TNZ#CFHIZ-TN3#CPHI2)/(TN2+CPHIZ+TRI*CPHIZ)
Z=(0.0,1.074(4,0+3,14159274T/UL)#TN24CPHI2
RS=(R1S+R2SHCEXF(-2))/ (1. 0+R1§+R2G4CEXFi~-1))
RP=(RIP+RZFACEXF(=2)) /(1. 0+R1FER2PHCEXF(-2))
REX=THETA%RS

REX=THETA%RF

TNF=TH1

TREF=0.

TN2=CHPLY (THF , -TRKF)
CPRIZ=CSORT (1. 0-TNT#4248F 442/ {TN2442))
R1S=(TNI4CF-TR24CFHIZ) Z/ (TNI4CF+TNZHCPHI2)
R1P==(TNT#CFHI2=TH24CF )/ (TNT4CPHIZ+TN24CF)
R25=(TN24CFHI2-TN34CFHIZ)/(TN24CFHI2+TN3#CPRIS
R2F=-(TN2+CFRI3-TN3+CFHIZ)/ (TN2HCPRIZ+TNI#CFHI
7=(0.0,1.00%(4,043.1415927+T/UL)#TN24CPHI?
RS=(R1G+RIBHCEXF(-2))/ (1, 6+R15*R2G4CEXF(-1))
RP=(RIP+R2PHCEXF(-2)) /(1 0+RIPR2F4CEXF(-1})
RSY=(1.-THETA)*#RS

RPY=(1.-THETA) #RF

RS=RSX+RSY -

RP=REX+RPY

TNF=TRFO

TNKF=TNKFO

RHO=RF/RS

FSIC=DATAN(CABS(RHO))/0.01745329252
IELC=DATAN2 (AIMAG (RHO) ,REAL(RHCG))/0.01745329252
RETURN

END

)
2)
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Appendix 32.

Demonstration of AISPEC - simulation of spectroscopic ellipsometer measurements
based upon the uniaxial anisotropic film model

LB BTIIAIEHC
INGERT DISK WITH WAVELENGTH (M IBRATIDN FOR THE BIGITAL ERCCERR - "RETAEES.
BG YDR WANT TO REVIER ENCODER WAVELERGTH CALTBRATION PARAME TERE{YAH:T

.

INSERT MMEIENT MEDIUM RI DATA DISK - “RETURN®.
NAE OF SPECTRA FILE TO BE RETRIEVED = DYISHEK DAT
INGERT RI SPECTRA DISK FOR 2-AXIS - *RETURN®.
KAE OF SPECTRA FILE TO BE RETRIEVED

DYL{HIEYT BAY

INEET RI SPECTRA DISK FOR L/Y-PLdE - “RETURES.

K#F OF SPECTRA FILE TO BE RETRIEVED = DY{RODEIBAT

INSERT SUESTRATE RI DATA DISE - *RETURNC.

ry-x br‘ £ Y i £ x £y } . 2 & PF3 % 3 70 2
NS 0¥ OPICTRA FIIE 1O BE BETRIDVER = DYiSILVERDAT

a5 oF IRIIDENT (L. Fié.4F = 75,

YIB! WaT TO STORE THE SIMEATED SPECTRAIY/RIZ Y

IEENTIFICATION(Z8a7: = DYIAIGPI(CHER

|

B YO} BANT TO EXECUTE THE PROGRA AGRIN(Y/HIT R

816F —

-227-



AppendiwaZ'(nontinued).

Recalling simulated spectroscopic data file

5 {é-Sse-fF SPECEn. BAT
E {&-5Sep-B2 SiBSi6. BRT
§ 18582 SIRais AT
5 {6 See—HE SRai7 DAT
E 2i-JanB3 A&ISPEC . BEH
i : B4% EBlorks

{175 Free Glocks

(L RS A )

ROl
B0 ¥IED WANT TO REVIEW ENCODER WAVELENGTH (R TBEATION

ENFT MGE D (11RAE DRTA
(2¥PSI/DELTA
(33CIFLER REFRACTIVE IKEEX
(4IVERIET COEFFICIENTS
YEE GHEILED 2
INGERT THE DISE WITH THE DATA TO BE GRITPUT. THER "RETURES.
BabE (7 SPECTRA FILE 7O EE BETRIEVED = BYIAIGPICHEH

B OwrED LLART YA fd 0T T ETEY AITT ¥
iRi IiR: wEei O PLOT THE BRETAIYAHIT Y
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Appendix 32 (continued).

Recalling simulated spectroscopic data file

e

N

PELTA{Y-AXIE! VG BAVELENGTHIE

?{:2 —
e

IL¥ER RI DATA - LITERATURE
BY1AISPECEEN -

ORISIN: X = 327,680
SCAE: X = I76l.888

R T I I

-

: - |
: - z
: -
: ~ :
: o g
e
§ Jf( §
: e %
.
PSI{Y-AXIS) VS WAVELENGTH{X-AXIS) -
e SIL VR RI D&Ta - g;r:g,ﬁ e _
i DyiarseEcEER  ©
ORIGIN: X = 3&27.888 Y = :
- X = IF6i.eae Y =

L O by

rnnoaTnn

Siinn

*

R R TS EAN R RN TR ST NNTY

ST RN I R AN REA)
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Appendix 32 (continued).

Listing of AISPEC

PROGRAK AISPEC

(R R R e R R E R R R R R e e R E R P R F T LT £ T T L1

C
C
c
c
c
c
c
C
C
£

OBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SPECTRA BASED UPON
EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX
SPECTRA, AND OPERATOR INFUT FILM THICKNESSES AND VOID
FRACTIONS. THE THEORETICAL EBASIS IS THE ANISOTROFIC
FILM MODEL FOR A UNIAXIAL ANISOTROPILC, HOMOGENEOUS
DVERLAYER.

BY DSEFH C. FARMER, LECEMBER 13,1981, LRL-MMRD, UCE.

(EEEESEEEE R E 22 R 222 SRR R RS R SRR R S SR L2 R 222 SRS ERE RS EL LT ES ST REY

COMMON/ATT/NO,NTER,NTEI,N1OR,N10T,N2R,N21,WL,PHI,D,FSI,DEL
COMMON/AI2/RO1FP,R12FP,R0O1S5,K1258,RFF,RE5,RHO, N2, N1E,N1D
COMMON/A/NAVG (4003 ,FOL (400),ANA(400)
COMMON/E/NRATE,NSCAN, IFOL, IANA

COKMON/E/NAMEOP(20),10(20)
COMMON/F/LMPTYF,LMPSER(10) ,LMFULT ,LKPANP
COMMON/G/TIFKTYF(10), IPNTIV

COMMON/H/IFHASP, IPHASA, IGAINF, IGAINA, IAMFLF, IANFLA, ITIMER, ITINEA
COMMON/1/1GAGF, IGABA, IGATF, IGATA
COKMDK/5/NUL, NFOL, NCHP , NANA
COMMGN/K/IHRSO, IHINO, ISECO, ITICO, IHRSF, ININF, ISECF,ITICF
COMMON/L/IDAY,IMON(3),1YRS,LNPHRS

COMKON/M/IWAVE{400)

COMMON/N/ICHAN, IBLOCK, IFLAG, IBUFF{256)

COMFLEX SPHI2,CPHI2,EX0,EX2,0R0,0R2,BETAF,BETAS

COMFLEX RO1PP,R12PF,R018S,R1255,RFF,RSS,RHO,N2,N1E,N10D
REAL NO,N2R,N2I,NTER,N1EI,N1OR,N1DI

DIMENSION FN(3,400),FK{3,400),AN(4007,AK(400)

REAL*4 DELK(2),NANE(20)

1 FORMAT(IT)
2 FORMAT(AT)

CH4+x+YAVELENGTH CALIBRAYION OF DIGITAL ENCODER

TYPE 3

3 FORMAT(/,”$ INSERT LISK WITH WAVELENGTH CALIEBRATION FOR THE

C DIGITAL ENCODRER - “"RETURN".")
ACCERT 1,IHAIT
Catt WLCALC

Co+#++ANKIENT MEDIUM RI SPECTRA INFUT FRON FLOFPY DISK

100 TYFE 4
4 FORMAT(/,”% INSERT AMBIENT MEDIUM RI DATA DISK - “RETURN".")

ACCEPT 1,IVUAIT
CALL INFUT

Do 1000 J=1,400
AN(J)=FBL(J)/1000.

1000 AKCIY=ANA(L)I /1000,

~230-



Appendix 32 (continued).

C#+s+4FILM COMPONENTS RI SPECTRA INPUT FROM FLOPPY DISK

TYPE 2001

2001 FORMAT(/,”$ INSERT RI SPECTRA DISK FOR Z-AXIS - “RETURN".)
ACCEPT 1,IUWAIT
CALL INPUT
B0 2002 J=1,400
FNC1,J)=POL(J)/1000.

2002 FK{1,0)=ANA(J)/1000.
TYPE 3001

3601 FORMAT(/, ¢ INSERT RI SPECTRA DISK FOR X/Y-FLANE - "RETURN",")
ACCEPT 1,IUAIT
CALL INFUT
1o 3002 J=1,400
FN(2,0)=POL(J} /1000,

3002 FE(2,J)=ANA(J)/1000,

TYPE 10
10 FORMAT(/,”$ INSERT SUESTRATE RI DATA DISK - “RETURN".”)
ACCEPT 1,1UAIT
CALL INFUT
IO 5000 J=1,400
FOL(J)=FOL{J)/1000.
5000 ANACJI=ANALL)/1000.
Co+#%+ANGLE OF INCIDENCE AND FILM THICKNESS INFUT FROM CRT
140 TYPE 11
11 FORMAT(/,”$ ANGLE OF INCIDENCE(LEG,F10.4)
ACCEPT 22,PHIY
> FORMAT(Fi0.4)
5 TYPE 12
> FORKAT(/,$ FILK THICKNESS(ANG,F10.0)
ACCEFT 23,7
23 FORMAT(Fi0.0)
TYPE 13,FHIN,T
13 FORMAT(/,” PHI = “,F10.4,10X,” T = * ,F10.0)
150 TYPE 14
14 FORMAT{/,*$ CORRECTIORS(Y/N)? *)
ACCEPT 2,IF0
IF(IFO.NE.THN.ANDL. IFO.NE.1THY)GOTO 150
IFCIFO.EG.THYIGOTD 140

)

paey
- D
[ IR0 BN ON

)

[}

-231-



Appendix 32 (continued).

Cé+#x+THE PSI-DELTA SPECTRA IS COMPUTED FRON INFUT SFECTRA
DO 4000 J=1,400
NO=AN(J)
NTER=FN(1,J)
NTEI=FK(1,J)
N1OR=FN(2,.)
N1DI=FK(2,0)
N2R=POL(J)
N21=ANA(D)
PHI=PHI1
D=7
WL=IWAVE( D)
CALL AIFILM
FOL(J)=DEL¥100.
ANA(J)=PSI#100.
IF(IEL.LE.180.)60T0 4000
POL(J)=(DEL-360.)%100.
4000 CONTINUE
Co#x++THE COMPUTED PSI-DELTA SFECTRA IS5 STORED ON DISK
180 TYFE 15 _
15 FORMAT(/,”$ DO YOU WANT TD STORE THE SIMULATED SPECTRA(Y/N)T )
ACCEFT 2,1F1
IF(IF1.NE.THN.AKDL.IF1.NELTHY)GDTO 180
IF(IF1.ER.THNYGOTO 190
TYFE 16
16 FORMAT(/,“$ IDENTIFICATION(2042) = )
ACCEPT 24,(1D{I1),I=1,20)
24 FORMAT(2042)
CALL OUTPUT
C+++++0PERATOR CAN EXECUTE PROGRAM AGAIN WITHOUT LOADING BUFFER
190 TYPE 17
17 FORMAT(/,”$ [0 YOU WANT TD EXECUTE THE PROGRAM AGAIN(Y/N)? /)
ACCEPT 2,1F2 .
IF(IF2.NE. 1HN.AND.IF2.KE. THY)IGBTO 190
IF(IF2.EQ. THN)STOP
6OTD 100
STOP
END
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Appendix 32 (continued).

SUBROUTINE AIFILM
Chekkrrdrdtrbbhbbbdhbrbkkhbkbbkhkbkbkke bk kb hk bbb bbb bbb bbb e bbbt dbtt
C OBJECTIVE: TO COMPUTE DELTA ANDI PSI FOR A UNIAXIALLY ANISOTROFIC
C FILM
Chkdrtdkkbsbhbbk bbb dbhrrkkbrkrb kbbb b kbR kbbb s bR R kb Rk b dd Sbbd v k54558

COMMON/AT1/NO,NTER,N1EI,N10OR,NTDI,N2R,N2T,WL,PHI,D,PST,DEL

COMMON/AI2/RO1FF,R12PP,R0O155,R1285,RFP,RSS,RHO, N2, NTE,N10

COMFLEX SPHI2,CFHI2,EX0,EX2,0R0,0R2,BETAP,RETAS

COMFLEX RO1FF,R12PF,R0155,R1285,RkPF,RSS,RHO,N2,N1E,N10

REAL NO,N2R,N2I,N1ER,N1EI,N10R,N10I

NTE=CHPLX(NTER,N1EI)

N10=CHPLX{N10R,N101)

N2=CHPLX (N2R,N21)

PI1=3.1415927

PHIO=FHI*0.01745329252

SPHIO=SIN(PHIO)

SPHI2=NO*SIN(PHIO) /N2

CPHIO=COS(FHIO)

CPHI2=CSQRT(1,-SFHI2+SPHI2)

EXO=CSQRT(NTE+NTE-NO*NO*SPHIG*SPHIO)

EX2=CSORT(NTE+N1E-N2*N2+SFHI24SFHI2)

DRO=CSORT(NIO*N10-NO+NO*SPHIO*SPHIO)

OR2=CSORT(N10+N10-N2+N2+SFHI2%SFHI2)

ROTPP=( NIO*NTE4CFHIO-NOEXO}/(iNi0xNiEXCFHIO+NOEXO)

R12PF=(-N1D#NTEXCPHI2+N24EX2) / (N104ANTE*CPHI2+N2+EXD)

RO158={ NO+CFHIO-DRO)/{NO*CPHIO+OR0)

R1255=(-N24CPHI2-0R2) / (N2+CPHI240R2)

BETAF=(0.0,1.0)%4, 0PI+ {N10/NTE)*EXO*(D/ML)

KETAS=(0.0,1.0)+4.0+PI*0RO0*(D/WL)

RFP=(ROTFF+R12PP*CEXP(~BETAF))/(1.+ROTPF+R12FF#CEXP (~-BETAP))

RS5=(R01S5+K1258+CEXP(~BETAS) )/ (1.+R0O156+R125S+CEXP (~EETAS))

RHO=RPF/RSS

PSI=DATAN(CARS(RHD))/0.01745329252

DEL=DATAN2 (ATMAG(RHO) ,REAL (RHD))/0.01745329252

RETURN

END
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Demonstration of EMAFIT

ENTRY{Y/NI7 N

ENTRY(Y/N? N

wof ERTRY{YANY?

EHTEY{YAIY N

H

ERIRY{Y/R:?

EMIRYLYAHIT H

= FHIRYIYAIT R

Appendix 33.
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Appendix 33 (continued).

= = Bi4E.

i%a"—if"f = BiiS. 8882

B OYIED BANT TO CHANSE ENTHRY(Y/H!? N
FEECIT M = 287,

i SHEES 7. 0008

B0 YOI WANT TO CHAMGE ENTRY(YAHI? K
PEECSIT BEMNCITY(RMALMI: = {1,

IEUT = 11 gaas

I YO BANT TO CHAMEE DHTRYIY/AHIZ N

(51T ERERE = 2.

IET = Z.8a8z

DECTROIE AREAICHE: = 3.

T = 3.&888

B0 YED BANT TO CHSNGE ENTRY(Y/AI? M
TETaET = 25,

BC YIE WANT YO CHANGE ENTRY(Y/KI7 M
VIR = $15.

IET = {55, 88828

B YR WHT TO (NG EXHTRY(YAHIZ R

-

B Y3 gAY T THEE

I s

118, 68.432  431.328  7.88

—¢. 262
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24— Jan—BZ
26— Jan82
28-Jan-87
: @5-Jan8&

3z Files: 924 Rlocks
7& Free blocks

Appendix 33 (continued).

P?:E.ﬁ:_‘_ é—f
FEOIE4L.BaT

372 . BRT
TR 7.514
(R IT.€72
PLIBaT.872
PLIBAT. G2
EWMarIT 872
EMNEIT.EBRY
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Appendix 33 (coatinued).

Listing of EMAFIT

FROGRAM EMAFIT

C*******#*********#*#*****#****##**#*t$#$*##**********t#**t*****t**#**##t

c
c
C
C
c
c
c
€

OBJECTIVE: TO INTEGRATE THE CURRENT PASSED DURING A FIXED
WAVELENGTH EXPERIMENT AND COMFUTE A& DEPOSIT THICKNESS
AND FILM MICRO-FOROSITY CONSISTENT WITH ELLIFSOMETER
MEASUREMENTS USING THE COHERENT SUFERPOSITION HODEL
AS A BASIS.

BY JOSEFH C. FARMER, LBL-MMRD, UCB, 1-20-82

Credtddkdhkkbkhhdhbbkdkdsdhtbkbhbkbbbbbbdrbdibdsdbbhkibhdbbbbbtht bbb sds

100

101

NO- LT R —

8

?
C#4#+++%THE REFRACTIVE INDICES

110
10

111
11

COKKON/FLMDAT/TNA, TNKA, TNF, TNKF, TNS, TNKS, WL, FHI1,T,DELC,FSIC

COMPLEX TN2,TN3,CFHI2,CPHI3,R1S,R1F,R25,R2F,Z,RS,RF,RHO

COMPLEX E,EH,EF,SUH

DIKENSION ID(20)

TYFE 100

FORMAT(/,$ INSERT DATA DISK - "RETURN".")

ACCEPT 101,TUAIT

FORKAT(I1) :

OPEN(UNIT=1,NAME="DY1:PLTDAT.DAT*,TYFE="OLD")

OFEN(UNIT=2,NAKE="DY1:ENAFIT.DAT*,TYPE="NEW")

FORMAT{F10.4)

FORMAT(IS)

FORMAT(/,5X,2042)

FORKAT(1X,F9.0,7(1X,F9.3))

FORKAT(/,” INPUT = “,F10.4)

FORMAT(/,”$ DO YOU WANT TO CHANBE ENTRY(Y/N)7 *)

FORNAT(A1)

FORMAT(/,” INFUT = *,15) |
OF THE SYSTEK ARE INPUT BY OPERATOR

TYPE 10

FORMAT(/,"$ TNA = )

ACCEFT 1,TNA

TYFE 5,TNA

TYFE 6

ACCEPT 7,IFLAG

IF(IFLAG.NE.THN)GOTO 110

TYPE 11

FORMAT(/,“$-TNKA = /)

ACCEFT 1,TNKA

TYPE 5,TNKA

TYPE &

ACCEFT 7,IFLAG

IF(IFLAG.NE.THN)GOTO 111

2 TYFE 12
2 FORMAT(/, 8 THF = )

ACCEFT 1,TNF
TYFE 5,TNF

TYPE 6

ACCEFT 7,IFLAB
IF(IFLAG.NE.THN)GOTO 112
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Appendix 33 (continued).

113 TYPE 13
13 FORKAT(/,"$-TNKF = *)
ACCEFT 1,TNKF
TYPE 5, TNKF
TYFE &
ACCEFT 7,IFLAG
IF{IFLAG.NE.1HN)GOTO 113
116 TYPE 16
16 FORMAT(/,”$ TNS = °)
ACCEPT 1,TNS
TYPE 5,TNS
TYPE 6
ACCEFT 7,IFLAG
IF(IFLAG.NE.THN)GOTO 116
117 TYPE 17
17 FORMAT(/, $-TNKS = )
ACCEFT 1,TNKS
TYPE 5,TNKS
TYPE 4
ACCEFT 7,1FLAG
IF(IFLAG.NE. THN)GOTO 117
Ca4*+4THE ANGLE OF INCIDENCE AND WAVELEWGTH ARE INFUT
118 TYFE 18
18 FORKAT(/,”$ PHI1 = °)
ACCEPT 1,PHI1
TYFE 5,PHI1
TYPE 6
ACCEFT 7,1FLAG
IFCIFLAG.NE.THN)GOTO 118
119 TYPE 19
19 FORMAT(/,"$ BL = )
ACCEFT 1,UL '
TYPE 5,uL
TYPE 6
ACCEFT 7,1FLAG
IF(IFLAG.NE. THN)GOTO 119
CH+++THE PHYSICAL FROPERTIES OF THE DEPOSIT ARE INFUT
120 TYFE 20
20 FORMAT(/,”$ DEPOSIT MV = )
ACCEFT 1,DEPNW
TYFE 5,DEPMU
TYFE 6
ACCEPT 7,IFLAG
IF(IFLAG.NE.1KN)GOTO 120
121 TYFE 21
21 FORMAT(/,“$ DEPOSIT DENSITY(GM/CN3)
ACCEPT 1,DEPRHO
TYPE 5,DEPRHO
TYPE 6
ACCEPT 7,IFLAG
IF(IFLAG.NE.1HN)GOTO 121

i
~
~
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Appendix 33 (continued).

TYFE 22
FORMAT(/,”$ DEFOSIT VALENCE
ACCEFT 1,DEFVAL '
TYPE 5,DEFVAL
TYPE 6
ACCEFT 7,IFLAG
IF(IFLAG.NE. THN)GOTO 122
123 TYPE 23
23 FORMAT(/,“$ ELECTRODE AREA(CH2)
ACCEFT 1,AREA
. TYFE 5,AREA
CTYPE 6
ACCEFT 7,IFLAG
IF(IFLAG.NE.1HN)GOTD 123
Co+*+4THE LINITS OF CURRENT INTEGRATION ARE SET
124 TYPE 24
24 FORMAT(/,“$ TSTART = )
ACCEFT 1,TSTART
TYFE 5,TSTART
TYFE 6
ACCEPT 7,IFLAG
IF(IFLAG.NE.THN)GOTO 124
TYFE 25
FORMAT(/,“$ TFINAL = °)
ACCEFT 1,TFINAL
TYPE 5,TFINAL
TYPE 6
ACCEFT 7,IFLAG
IF(IFLAG.NE.THN)GOTO 125 _
C###%+THE NUHBER OF ITERATIONS OF THE “POROSITY" ARE SFECIFIED
126 TYPE 264
26 FORMAT(/,“$ NITER = /)
ACCEFT 2,NITER
TYPE B8,NITER
TYPE &
ACCEFT 7,IFLAG
IFCIFLAG.NE. 1HN)GOTO 126
READ(1,3)(ID(I),I=1,20)
MRITE(2,3)(ID(I),I=1,20)
200 READ(1,4)TIME1,POL,ANA,POT,CUR,DELM,FSIHN
IF(TINE1.LT.TSTART)GOTO 200
TIKEO=TINE1
CUR0=0.
@=0.
ERRFIT=1.E06
DTHETA=1./NITER
C##+++DIELECTRIC CONSTANTS ARE COMPUTED FROM REFRACTIVE INDICES
EH=CHPLX{TNA,-TNKA)
EF=CHFLX (TNF,-TNKF)
EH=EH*EH
EF=EF+EF
SUH=(EF-EH)/(EF+2.%EH)

-
[SC IS

ry 2

1]
K9
—~

"
.
~

-
[ S I N ]
w T
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Appendix 33 (continued).

Cr++#4THE DATA TO BE FIT IS INPUT FROM "PLTDAT.DAT"
300 READ(1,4)TIME1,POL,ANA,FOT,CURK,DELK,FSIN 4 '
Cx#x+4THE TOTAL SPECIFIC CHARGE PASSED {MICROCOULOMBS/CH2) AND THE
C COMFACT FILM THICKNESS BASED ON THIS CHARGE BALANCE (ANGSTRONS)
C ARE COMFUTED BY INTEGRATION .
Q=0+(TIME1-TIMEQ) *{CUR+CURQ)/(1.2E02+AREA)
T0=(-0*DEFKU) /(9. 64846E04+DEFVAL# DEPRHD)
T0=T0#100.
Coxx+«THE FILK KICKO POROSITY IS VARIED GIVING AN AFPARANT FILM OPTICAL
c PROPERTIES MINIMIZING THE COMPOSITE ERROR BETWEEN MEASURED AND
C PREDICTED VALUES OF FSI AND DELTA. FREDICTED VALUES ARE BASELD
C ON BRUGGEMAN’S EFFECTIVE MEDIA APPROXIMATION (ENA)
THETA=-DTHETA
10 1000 J=1,NITER
THETA=THETA+DTHETA
T=T0/(1.~THETA)
E=SUM* (1.-THETA)
E=EH#(1,+2.%E)/(1,~EF)
E=CSGRT(E)
TNF=REAL (E)
TNKF=-AIHAB(E)
CALL FILM
ERROR=ABS(DELC-DELM) +ARS(PSIC-PSIN)
IF(ERROR.GT.ERRFIT)GOTO 1000
QFIT=0/1.E06
TFIT=T
THETAF=THETA
DELFIT=DELC
FSIFIT=FSIC
ERRFIT=ERROR
1060 CONTINUE
Cax#3+4THE CALCULATED FILM FROPERTIES AKE OUTFUT TO “EMAFIT.DAT"
TYFE 4,TIME?,DELFIT,PSIFIT,ERRFIT,QFIT,TFIT, THETAF
WRITE(2,4)TIMEY,DELFIT,FSIFIT,ERRFIT,QFIT,TFIT, THETAF
TIKEG=TINE1
CURO=CUR
ERRFIT=1.E06
IF(TIKE!.GE.TFINALISTOP
60TO 300
END
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Appendix 34.

Demonstration of CSMFIT

B DY1:CSMFIT
W = 134

NUT = 13408

DO YO WAKT TO CHANGE ENTRY(Y/A)? N

IEUT = e.0002
BG YOU WAKT TO CHEHBE ENTRY(YAH)? B

PFEIT = Z. 8288
B YO BANT TO OHANED ERTRY(Y/RIT N
~TREFL = 3.

pEUT = 36802

DO YOU WANT TO CHANGE ENTRY(Y/N)? N
™z = 1.34

IUT = 1.1408

DO YOE WANT TO CHANGE ENTRY(Y/N)? N
-meTE = e

=2

&.6888

B YD BENT TO (HEE ENTRY(Y/RI? K
e = .2

I = ¢.288

E YR @aRT 10 CHAGE EHTRYOVARIT R
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I = 2.heee

Appendix 34 (continued).

D0 YOU BANT TO CHANGE ENTRY(Y/N)? K

33
FHii = 7E,

NPT = 75, egae

IS YOI @ANT TO CHANGE ENTRY(Y/NIT N

é = 5145,
IRT = Bi4G.e8es

B YR @AHT TO CHANGE ENTRY(Y/HIZ K

PEFERIT M

T = 287 e8sd

= 287,

BC Y3 AT TO CHANBE ENTRY(Y/HIT K
BEFOSIT DERSITY(BM/CHMI: = (1.

WEUT = tf.e88s
D0 YIE! WANT TO CHANGE

PEFGSIT VA ENTE

WEUT = 2.8000

ENTRY{Y/RIZ K

= 2.

B OY[E! WANT TO CHAMGE ENTRYIY/AHIZ K

ELESTRODE AREAICHZ)
nET = 3. p232

BD OYIE:D WANT TD CHANEST
T5TaRT = 28.

IFT = 25 aass
BT YIED BANT YD CHANST

TFINA = 118,

DBEUT = 119,888
DO YOU WaHT TO CHANGE
NITER = 4

T = 4

BG YOU WAHT TO CHANGE
1128, €€.493

ERTRYIY/RIZ? K

ENTRY(

/R

3
£

? R

ENTRY(Y/MI? K

ERTRY{Y/NI? R

43,142

7.582
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Appendix 34 (continued).

Data file created by CSMFIT from PLTDAT

16 z24-Nov-Bi PRAGIL.BAT i€ 5-Rov-8i

16 25-H—B1 AEE2.BaY 1€ 27-8-B

16 28hin81 PECIEE, DAT 5 25 ¥ fi

{5 Z8-8o-Bi PROIES BaT 15 28-Eo—81

1€ 38Mo—P1 s oY $€ IeHnoBs

1€ TEEnu-Ei PEGEE.BAT if I&-Ho-Ei

$5 I Ho8i PEEES.DAT 45 38-Ho B

2& Ia-Eov-Bi PRO78. BT 1% @f{-Be~—RI

&8 @i-bBec—gi 72 . BRT 1% 6i-BscES

2& @i-Dec-BS S T.6is § €581

1 &7-hov-8i TRES T.BAT 1 e B2

g éE-Jar82 CSEIT.678 47 24-igr-B2

47 24-JanE2 PLIDAT.E72 £ 88— iar52

€E ft-Jar—E2 PLIDRT.E872 g2 FB-Jar—BZ

47 28-Ian 82 EMaFiT.872 47 28-Jlan85

B éb-.la R EWArIT BaY i Fe-aE3
b R = P created file
B
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Appendix 34 (continued).

Listing of CSMFIT

FROGRAM CSMFIT

I e R Y R P I E R R EE R Y

c
c
c
c
c
C
C
c
H

VIR « R A, I 78 B 6 IR

8

OBJECTIVE: TO INTEGRATE THE CURRENT FASSED DURING A& FIXED
WAVELENGTH EXFERIMENT AND COMPUTE # DEFDSIT THICKNESS
AND SURFACE COVERAGE CONSISTENT WITH ELLIFSOHAETER
MEASUREMENTS USING THE COHERENT SUPERFDSITION HODEL
AS A BASIS.

BY JOSEPH C. FARMER, LBL-MMRD, UCE, 1-20-B2

L s R 2 e e R R R R R R R R R TR EI ET R R R TR

COMMON/FLNDAT/TNA, TNKA, TNF, TNKF, TNS, TNKS, WL, PHI1,T,DELC,FSIC
CONMON/CSMIAT/TNF1, TNKF1, TNF2, TNKF2, THETA

COMFLEX TN2,TN3,CFHIZ,CFHI3,R1S,R1F,R25,R2F,Z,RS,RP,RHO
DIKENSION ID(20)

TYPE 100

FORMAT(/,“$ INSERT DATA DISK - “RETURN".")

ACCEPT 101,IWAIT

FORMAT(I1) .
OFEN(UNIT=1,NAME=“DY1:FLTDAT.DAT, TYPE=0LD")
OFEN(UNIT=2,NAKE="DY1:CSHFIT.DAT ", TYPE="NEU")
FORKAT(F10.4)

FORMAT(IS)

FORMAT(/,5X,2042)

FORMAT(1X,F9.0,7(1X,F9.3))

FORMAT(/,* INFUT = “,Fi0.4)

FORKAT(/,“$ DO YOU WANT TO CHANGE ENTRY(Y/N)? )

FORKAT (A1)

FORMAT(/,” INPUT = 7,15}

C#+¥#+THE REFRACTIVE INDICES OF THE SYSTEH ARE INFUT BY OPERATOR

110
i0

111
114

TYFE 10

FORMAT(/,"$ TNA = *)
ACCERFT 1,TNA

TYFE 5,TNA

TYFE &

ACCEFT 7,IFLAG
IFCIFLAG.NE. 1HN)GOTO 110
TYPE 11

FORKAT(/,“$-TNKA = “)
ACCERT 1,TNKA

TYFE 5, THKA

TYPE &

ACCEFT 7,IFLAG
IF(IFLAG.NE.THN)GOTD 111
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Appendix 34 (continued).

112 TYPE 12
2 FORMAT(/,”$ TNFI = *)
ACCEPT 1,TNF1
TYFE 5,TNF1
TYFE &
ACCEFT 7,1FLAG
IF(IFLAG.NE.THN)GOTD 112
113 TYFE 13
13 FORMAT(/,”$-TNKF1 = )
ACCEPT 1,TNKF1
TYPE 5,TNKF1
TYPE 6
ACCEPT 7,IFLAG
IF(IFLAG.NE.THN)GOTG 113
114 TYPE 14
14 FORKAT(/,“$ TNF2 = *)
ACCEFT 1,TNF2
TYFE 5,TNF2
TYPE &
ACCEFT 7,1FLAG
IF(IFLAG.NE.1HN)GOTO 114
115 TYPE 15
15 FORMAT(/,’$-TNKF2 = )
ACCEFT 1,TNKF2
TYFE 5,TNKF2
TYPE &
ACCEFT 7,IFLAG
IF(IFLAB.NE. THN)GOTO 115
116 TYPE 14
16 FORNAT(/,“$ TNS = *)
ACCEFT 1,TNS
TYPE 5,7NS
TYFE 6
ACCEPT 7,IFLAG
IF(IFLAG.NE.THN)GOTD 116
117 TYPE 17
17 FORMAT(/,"$-TNKS = )
ACCEFT 1,TNKS
TYFE 5,TNKS
TYPE 6
ACCEFT 7,I1FLAB
IF(IFLAG.NE.THN)GOTO 117
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Appendix 34 (continued).

CH++++THE ANGLE OF INCIDENCE AND WAVELENGTH ARE INFUT
118 TYFE 18
18 FORMAT(/,”$ FHI1 = /)
ACCEPT 1,FHIt
TYPE 5,FHII
TYFE 4
ACCEFT 7,IFLAG
IF(IFLAG.NE.THN)GOTD 118
119 TYPE 19
19 FORMAT(/,“$ WL = )
ACCEPT 1,ML
TYPE 5,4l
TYPE &
ACCEPT 7,IFLAG
IF(IFLAG.NE.THN)GOTD 119
Ca#+++THE PHYSICAL PROPERTIES OF THE DEFOSIT ARE INPUT
120 TYFE 20
20 FORMAT(/,$ DEPOSIT Hu = )
ACCEFT 1,DEFHY
TYPE 5,DEFHW
TYFE 6
ACCEPT 7,IFLAG
IF(IFLAG.NE. THN)GOTO 120
121 TYPE 21 4
21 FORMAT(/,”$ DEFOSIT DENSITY{GH/CH3)
ACCEFT 1,DEFRHOD
TYFE S,DEFRHO
TYFE &
ACCEFT 7,IFLAG
IF(IFLAG.NE.THN)GOTD 121
TYFE 22
FORMAT(/,”$ DEFOSIT VALENCE = 7)
ACCEPT 1,DEPVAL
TYPE 5,DEFVAL
TYPE &
ACCEFT 7,IFLAG
IF(IFLAG.NE.1HN)GOTO 122
123 TYPE 23
23 FORMAT(/,”$ ELECTRODE AREA(CH2)
ACCEPT 1,AREA
TYPE 5,AREA
TYPE &
ACCEFT 7,1FLAB
IF(IFLAG.NE.1HN)GOTD 123

]
~
~—

ey
r R
) ra

fl
N
~
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Appendix 34 (continued).

C#++¥THE LINITS GF CURRENT INTEGRATION ARE SET
124 TYPE 24
24 FORMAT(/,”$ TSTART = )
ACCEFT 1,TSTART
TYFE 5,TSTART
TYFE 6
ACCEFT 7,I1FLAB
IF(IFLAG.NE.THN)GOTO 124
125 TYPE 25
25 FORMAT(/,$ TFINAL = °)
HCCEFT 1,TFINAL
TYFE 5,TFINAL
TYFE &
ACCEFT 7,IFLAB
IF(IFLAG.NE.THN)GOTO 125
CH+#+4THE NUKBER OF ITERATIONS OF THE “COVERAGE" ARE SPECIFIEL
126 TYFE 26
26 FORMAT(/,“$ NITER = )
ACCEFT 2,NITER
TYFE 8,NITER
TYFE 6
ACCEFT 7,IFLAG
IFCIFLAG.NE. THN)GOTO 126
READ(1,3) (ID(1),1=1,20)
WRITE(2,3)(1D(I),1=1,20)
200 KEAD(1,4)TINME1,POL,ANA,FOT,CUR,DELM,FSIN
IF(TIMEL.LT.TSTART)GOTG 200
TIKEO=TIKE1
CURO=0.
B=0.
ERKFIT=1.E04
DTHETA=1./NITER
C##+%4THE TOTAL CHARGE PASSEL (MICRO COULOMBS) AND THE FILM THICKNESS
c BASED ON THIS CHARGE BALANCE (ANGSTROMS) ARE COMFUTED
360 READ(1,4)TIKE1,POL,ANA,FOT,CUR,DELM,FSIN
THETA=-DTHETA
Q=0+ (TIKE1-TINEO) *(CUR+CURD)/ (1.2E02%AREA)
D0 1000 J=1,NITER
THETA=THETA+DTHETA
T=(-Q+DEFHN)/(9.64B46E04 ¥ IEPVAL*IEPRHO* (1,-THETA))
T=141060.
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Appendix 34 (continued).

C+##¥+F5]1 AND DELTA ARE PREDICTED BASED ON CSH MODEL FOR COMFARISON

€
c
c

1000

WITH EXPERIMENTALLY DETERMINED VALUES...THE COVERAGE HINIMIZING
THE COMFOSITE ERROR IS SELECTED AS THE CORRECT VALUE FOR THIS
SINGLE ADJUSTABLE FARAMETER

CALL FILMOZ2

ERROR=ABRS(DELC-IELM)+ABS(FSIC-PSIN)
IF(ERROR.GT.ERRFIT)IGOTO 1000

QFIT=0/1.E06

TFIT=T

THETAF=THETA

BELFIT=DELC

FSIFIT=FSIC

ERRFIT=ERROR

CONTINUE

TYPE 4,TIMEY,BELFIT,PSIFIT,ERRFIT,QFIT,TFIT, THETAF
WRITE(2,4)TIMEY ,DELFIT,PSIFIT,ERRFIT,QFIT,TFIT,THETAF
TIKEO=TINET

CURO=CUR

ERRFIT=1.E06

IF(TIMEY.GE.TFINAL)STOF

GOTO 300

END
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22-Jan-83
PLIOLE.OBRJ
INPUT .FOR
WiCALC.OLD
I8FEST.SAV
I0OTEST.FOR

TEKFLT.FOR

RANGES.FDR
SCALE .FOR
TEST .SAV
AXIOLD.FOR
TEKOG2.FOR
TEKOD3.FOR
RANGES. 001
AXES03.001
RANGES. 002
AXES02.002
AXES02.004
RANGES. 005
RANGES.006
LARMOL.FOR
LAEMDD.SAV
AXINEW.OBJ
AXINEU,.LST
RANGES. D07
RANGES. 008
AXES03.002
AXES03.004
RANGES.09A
AXES03.05A
AXES03.006
AXES02.010
AXESOZ. 011
RANGES.012
RANGES.013
WLCALC.DAT
AXES .DAT

304

4
N -

- -
B3 = ot b b et B = ke b et et U] OO KD G =~ b bt = B = O UG SO = = R DD

Appendix 35.

23-Mar-80
04-Hay-82
04-May-82
06-May-B2
06-Hay-82
O6-May-82
06-May-82
04-May-82
09-Hay-B2
10-Kay-82
16-Hay-82
11-Kay-82
11-May-82
12-Hay-82
01-Aug-82
03-Augq-82
03-Aug-82
03-Aug-82
03-Aug-82
17-Aug-82
17-Aug-82
17-Auq-82
17-Auqg-82
20-Aug-82
20-Aug-82
22-Aug-82
24-Aug-82
08-Sep-82
26-Sep-82
30-Sep-82
0B-Jan-83
08-Jan-83
06-Jan-83
08-Jan-83
23-Jul-82
12-Jan-83

71 Files, 934 Eiocks
40 Free blocks
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TEKPLT.SAY
SFCTRA.TST
WLCALC.FOR
SPCTRA.DAT
TEK0O01.FOR
TEKOO 1 .5AV
LABEL .54V
LABEL .FOR
TEST .FOR
AXIOLD.SAV
TEK002,5AY
TEK003.5AY
AXES02.001
WLCALC.NEW
RANGES.003
AXES02.003
RANGES. 004
AXES02.005
AXES02.006
LAENOD.OBJ
AXINEW.FOR
AXINEW.SAV
AXES .SAV
AXES02.007
AXES02,008
AXES03.003
RANGES. 009
AXES02.009
AXES03.005
AXES03.06A
RANGES.010
RANGES.011
AXES02.012
AXES02.013
RANGES.DAT

()

A
SIS B RS B S e

& 0o
il B ]

N

et b b b B ) b b b et ot Py Pe O N =t ok mb ed b s

Directory of Tektronix 4662 Interactive Plotter Software Disk DY1l:

05-Kay~-82
it1-iar-82
06-May-82
06-May-82
0b6-May-82
06-May-82
0B-May-82
08-May-~-§2
09-May-82
10-May-82
10-Hay-82
11-May-82
11-May-82
23-Jul-82
03-Aug-82
G3-Aug-82
03-Auq-82
03-Aug-82
G3-Auq-82
17-Aujy-82
17-Aug-82
17-fugq-82
17-Aug-87
20-Aug-82
20-Auq-82
24-Auy-82
08-Sep-82
10-8ep-82
26-5ep-82
30-Sep-82
08-Jan-83
08-Jan-83
08-Jan-83
08-Jan-83
12-Jan-83



Appendix 36.

Demonstration of AXES and LABMOD - labeling axes and positions on graph

LU AXES .....A.i..running AXES
iwilz: = 1
BO YIR! WAT TO CHANGE THE ORIGIR{(Y/HI7 N
JEE LARMOD eseessss.running LABMOD
X-POSITION{I4}. 482
Y-FOEITION{I4:: 488
EOTRIION ARGIE: 45,
LABEL IRG(3&A1 . JDE FaRBER
E-RIZFL13; H.
Y-SIZE{I3: : 45

HORE LABFIS{YAR:
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Appendix 36 (continued).

Listing of AXES

PROGRAH AXES
COMMON/TEKTYP/IX,1Y,I5X,ISY,NCHAR,ANGLE, IARRAY (30)
DINENSION LABELX(30),LABELY(30),NX(4,10),NY(2,10)
TYPE 1
1 FORKAT(/,”$ OPTION(I2) = 7)
ACCEFT 2,MOPT
FORMAT(I2)
OFEN{UNIT=1,NAME="DY1:AXES.DAT*, TYPE="0LD" )
10060 READ(1,1001)NOFT
REATI(1,1002) (LABELY(I),1=1,30)
REAL(1,1002) (LARELX(I),I=1,30)
READ(1,1001)NTICY
10 100 III=1,NTICY
100 READCT,1003)(NY(II,1I1),11=1,2)
REAL(1,1001)NTICX
I0 200 IT1I=1,NTICX
200 READ(1,1004) (NX(II,111),11=1,4)
IF{NOPT.NE.HOFT)GOTO 1000
1001 FORMAT(1X,12)
1002 FORMAT(1X,3041)
1003 FORMAT(1X,241)
1004 FORHAT(1X,4A1)
CLOSE(UNIT=1,DISPOSE="SAVE")
CALL INITT(120)
CALL TERH{1,1)
Catl PLINIT()
CALL FLOW
10X=0
I0Y=0
300 IX=1DX+50
IY=1DY+50
CALL MOVABS(IX,IY)
310 TYPE 320
320 FORMAT(/,”$ DO YOU WANT TC CHANGE THE ORIGIN(Y/N)7 *)
ACCEPT 330,IFLAG
330 FORMAT(AT)
IF(IFLAG.NE. THY.AND. IFLAG.NE. THN)BOTD 310
IF(IFLAG.EQ. THN)BOTO 370
TYPE 340
340 FORMAT(/,“$ IDX
ACCEFT 340,1DX
TYPE 350
350 FORKAT(/,’$ IDY
ACCERFT 340,1DY
340 FORKAT{IS)
GOTO 360
370 CONTINUE

rJ

)

11
~
-
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Appendix 36 (continued).

CALL DRUREL(400,0)
CALL DRUREL(0,400)
CALL DRUREL(-600,0)
CALL DRUREL(0,-400)
IX=1DX+15
IY=IDhY+130
18X=50
I18Y=75
NCHAR=30
ANGLE=90.
0 2000 I=1,NCHAR
2000 TARRAY(I)=LARELY(I)
CALL TEKTYF
IX=1DX+25
1Y=1LY+450
15X=45
1§Y=40
NCHAR=2
ANGLE=O.
RO 4000 III=1,NTICY
0 3000 II=1,NCHAR
3000 IARRAY(II)=NY(II,III)
CALL TEKTYP
ISTOP1=450+IDY
1S70F2=50+1DY
IFC(IV.GE.ISTORT.DR.IY.LE.ISTOF2)6OTO 3500
IIX=50+1DX
CALL MOVARS(IIX,IY)
CALL DRUREL(10,0)
IIX=640+1DX
CALL MOVABS(IIX,IY)
CALL DRUREL(10,0)
3500 IY=IY-(400./(NTICY-1))
4000 CONTINUE
IX=IDX+225
IVY=10Y+10
I1§X=50
15Y=735
NCHAR=30
ANGLE=0.
BO 5000 I=1,NCHAR
TARRAY(I)=LARELX{1)
CALL TEKTYF
IX=TDX+650
IY=1DY+35
I15X=435
I18Y=40
NCHAR=4
ANGLE=0.

wn
<>

=t}
<
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Appendix 36 (continued).

DO 7000 III=1,NTICX
DD 6000 II=1,NCHAR
6000 IARRAY(ID)=NX(II,IID)

CALL TEKTYF
ISTOF3=450+1DX
ISTOP4=50+1DX
IF(IX.BE.ISTOP3.0R.IX.LE.ISTOF4)G0OTO 4500
11Y=50+1DY
CALL MOVABS{(IX,IIY)
CALL DRUREL(0,10)
1IY=440+1DY
CALL MOVABS(IX,IIY)
CALL DRUREL(0,10)
6500 IX=IX-(400./(NTICX-1))
7000 CONTINUE
CALL HOME
CALL EXIT
ST0F
END
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01
D
05
79
70
63
60
35
04
700
600
500
400
02
P

G4
40
38
34
34
04
700
600
500
40¢

ELTA{DEGREES)

HAVELENGTH(NM)

SI(DEGREES)
WAVELENGTH (NR)

03

Appendix 37.

BELTA(DEGREES)
WAVELENGTH(NN)

04
80
70
690
50
04
700
600
500
400
04

PSI{DEGREES)
VAVELENGTH(NH)

04
50
40
30
20
04
700
600
500
400

-254-

Input Data File AXES.DAT

05

REFRACTIVE INDEX - N
WAVELENGTH(NM)

0

- B G e LN

0
04

700

600

500

400

04

EXTINCTION COEF - K

VAVELENGTH(NH)

04

0

-1

-2

-3

-4

-5

04

700

600

500

400



Appendix 38

Listing of ‘LABMOD'

PROGRAK LAREL
DIKENSION IARRAY(30)
CALL INITT(120)
CALL TERM(1,1)
CALL PLINIT(1)
CALL PLON
10 CONTINUE
TYFE 20
20 FORMAT(/,”$ X-POSITION(I4): *)
4CCERFT 30,1X
30 FORMAT(I4)
TYFE 40
40 FORMAT(/,“$ Y-POSITION(I4): *)
ACCEFT 50,1 '
50 FORMAT(I4)
CALL MOVABS(IX,IY)
TYPE 60
60 FORKAT(/,”$ ROTATIDN ANGLE: *)
ACCEFT 70,ANGLE
70 FORMAT(F10.2)
TYPE 80
BO FORKAT(/,”$ LABELING(30A1): )
ACCEPT 90, (IARRAY(I),I=1,30)
90 FORMAT(3041) '
TYFE 100
100 FORMAT(/,”$ X-SIZE(I3}
ACCEFT 110,15
110 FORMAT(I3)
TYPE 120
120 FORMAT(/,”$ Y-SIZE(I3) : )
ACCEFT 130,15SY
130 FORMAT(IZ)
CALL LINROT(ANGLE)
CALL FLCHAR(ISX,I5Y)
CALL A10UT(30,IARRAY)
135 TYPE 140
140 FORMAT(/,“$ MORE LABELS(Y/N)? )
ACCEFT 150, IFLAG
150 FORMAT(AT)
IFCIFLAG.NE.1HY.ANG.IFLAG.NE.1THN)GOTO 135
160 IF(IFLAG.EQ.1HY)GOTO 10
CALL HOME
CALL EXIT
ENI

s
~—
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Appendix 39.
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Appendix 40.

Demonstration of TEK002 - plotting spectroscopic ellipsometer data files

RN TEKER2

LDAD DISK & TYPE SPECTRA FILE NAME: DYiRESIE 774z
PAR PLOT{(A), A/WE PLOT(B). DR AP PLOT(CIT &
BOTTED{A)} OR CONTINUDLS(E) LIMES? B

MORE PLOTTED SPECTRA(Y/N)? N

RUN LABMOD

X-POSITIOH(I4): 288

Y-POSITION(I4): 260

ROTATION ANGLE: 8.

LABELING(38A1): EXAMPLE EXECUTION OF TEKSSZ
X-SIZE(IZ) @ 6@

-SIZECIZY @ 75

BOEE (ABFIS(YANI? N
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160
200

300
409
300

600

700

8OO

900

1000

1160
1200

1400

Appendix 40 (continued).

Listing of TEK002

PROGRAN TEK002

COMMON/A/FOL(400) ,ANA(400)

COMMON/B/UL(400)
COMMON/C/ULNAX, WLNIN,PHAX ,PMIN,FSCALE,ANAX,ANIN, ASCALE
COMMON/TEKPLT/X(400),Y(400)

CALL RANGES
CALL WLCALC
DO 100 1=1,399 .
WLED = COLCTY =ULHIND / (ULMAX-WLNIN) ) %600

CALL INPUT

I0 300 I=1,399
FOL(I)=(POL(I)/PSCALE-PHIN)*400./ (PMAX-PHIN)
ANACT)=(ANACT) /ASCALE-AKIN) £400./ (AMAX-AMIN)

TYFE 500

FORMAT(/,”$ F/UL PLOT(A), A/WL PLOT(R), OR A/P PLOT(C)? )
ACCEPT 400,FLAGY

FORMAT(AT)

IF(FLAGT.NE.THA.AND.FLAGY .NE.1HE.AND.FLAGT.NE . 1HC)BOTO 400
IF(FLAGT.NE.1HA)GOTO 800

D0 700 1=1,399

X(D=uL(D)

Y(D)=POL{I),

GOTO 1200

CONTINGE

IF(FLAGI.NE.THR)GOTO 1000

I0 900 I=1,399

X(I)=UL(I)

Y(I)=aNA(D)

BOTO 1200

CONTINUE

IF(FLAG1.NE.THC)GOTO 400

10 1100 I1=1,399

X(1)=POL{I)

Y(I)=ANA(D)

CONTINUE

CALL TEKPLT

230 TYPE 1300
0 FORMAT{(/,"$ MDRE PLOTTED SPECTRA(Y/N)T )

ACCEPT 1400,FLAG2

FORMAT(AY)
TF(FLAG2.NE.1HY.AND.FLAG2.NE.THN)GOTO 1250
IF(FLAB2.EG.T1HY)GOTO 200

CALL EXIT

STOF

END
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100
200

300

460

300

800
700

Appendix 40 (continued).

SUBRDUTINE TEKPLT _
COMMON/TEKFPLT/X(400),Y(400)
CALL INITT(120)

CALL TERM(1,1)

CALL FLIKIT(1)

CALL PLON

TYFE 200

FORMAT(/,”$ DOTTED(A) OR CONTINUDUS(R) LINES? *)
ACCEPT 300,FLAG

FORMAT (A1)
IF(FLAG.NE.1HA.AND.FLAG.NE. THR)BGTO 100
CALL HOVAES(50,50)

CALL DRUREL(600,0)

CALL DRUREL(0,400)

CALL DRUREL(=600,0)

CALL DRUREL(0,-400)
IF(FLAB.EQ.1HR)GOTO 500
IF(FLABG.NE.1HA)GOTO 100

D0 400 I=1,399

IX=X{1)+50.

IY=Y(1)+50.
IF(IX.6T.650.0R.IX.LT.50)60T0 400
IF(IY.B6T.450.0R. IY.LT.50)60T0 406
CALL FNTARS(IX,IY)

CONTINUE

GOTO 700

CONTINUE

D0 600 I=2,399

IX=X(I-1)+50

IY=Y(I-1)450
IF(IX.67.450.0R.IX.LT.50)60T0 400
IF(IY.6T.450.0R.IY.LT.50)60T0 400
CALL MOVABS(IX,IY)

IX=X(I)-X(I-1)

IY=Y(I}-Y(I-1)

CALL DRMREL(IX,IY)

CONTINUE

CALL HOME

RETURN

END

-259-



Appendix 40 (continued).

SUBROUTINE RANGES

CORKON/C/ULMAX,ULMIN, PMAX,PMIN,PSCALE ,AMAX ,AMIN,ASCALE

OPEN(UNIT=1,NAME="DY1:RANGES.DAT",TYPE="0LD")

READ(1,100)ULMAX,ULKIN, PHAX,FHIN,PSCALE,AMAX,AMIN,ASCALE
100 FORMAT(B(iX,F6.0))

CLOSE(UNIT=1,DISFOSE="SAVE")

RETURN

END

SUBROUTINE WLCALC
COMNON/E/UWL(400)
OPEN(UNIT=1,NANE="DY1:ULCALC. DAT’ TYFE “oLDp)
READC(T, 100)IU IL,A1,B1,R1,A2,82,

160 FDRHAT(2(1X,I3),2(1X,F8.4,1X,F8.2,1X,F6.4))
CLOSE{UNIT=1,DBI5FO08E="5AVE")
bo 30 I=1,400
IF(I.LE.IL.AND.I.GE.IU)GOTO 10
IF(I.6T.IL)GOTOD 20
COUNT=I
WL{T)=A1*COUNT+RI
6070 30

10 COUNT=I
WL(T)=A2+C0URT+R2
GGTO 30

20 COUNT=I-400
WL(I)=AT+COUNT+E1

30 CONTINUE
RETURN
END

SUBRDUTINE TEKTYFP
COMMON/TEKTYF/IX,1Y,15X,ISY,NCHAR,ANGLE, TARRAY (301
CALL MOVABS{IX, IY)

CALL LINROT(QNGLE)

CALL PLCHAR(ISX,ISY)

CALL A1OUT(NCHAR, IARRAY)

RETURN

END
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Appendix 40 (continued).

SUBRGUTINE INPUT
REAL*4 BOLK(2),NAME(20)
COMMON/A/POL(400) , ANAC400)
COKKON/N/ICHAN, IELOCK, IFLAG, IBUFF (254)
~ TYPE 100
100 FORMAT{(/,”$ LDAD DISK & TYPE SPECTRA FILE NAME: )
ACCEFT 200, (NANE(I),I=1,3)
200 FORMAT(3A4)
N=TRADS0(12,NAKE,RILK)
ICHAN=IGETC(I)
IF(ICHAN.LT.0)STOP “CANNOT ALLOGCATE CHANNEL-
IFCIFETCH(ICHAN) .LT.0)STOP “FETCH FAIL
IF (LOOKUP { ICHAN,BIiLK) .LT.0)STOP “BAD LOOKUP-
IBLOCK=1
10 300 I=1,256
300 IBUFF(I1)=0
CALL READ
L0 10006 I=1,200
1600 FOL(T)=IBUFF(D)
CALL READ
DO 1910 I=1,200
1010 ANA(I)=TRUFF(1)
CALL REAT
D0 1020 I=1,2060
1620 POL(I+200)=IRUFF(I)
CALL READ
10 1030 I=1,200
1030 ANA(I+200)=TBUFF(I)
CALL CLOSEC(ICHAN)
CALL IFREEC(ICHAN)
RETURN
END

SUEROUTINE READ
COHHON/N/ICHAN, IBRLOCK, IFLAG, TRUFF(256)
ItRROR=IREADU (256, IRUFF,IRLOCK, ICHAN)
IF(IERROR.LT.0)STOP "FATAL READ’
IBLOCK=IBLOCK+1

RETURN

END
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Appendixiél.

Input Data File RANGES.DAT

7000. 4000. 93. 45, 100. 50. 20. 100.
/123456/123456/123456/123456/123456/123456/123456/123456/123454/
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Appendix 42.
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Appendix 43 (continued).
Listing of TEK003

PROGRAN TEK003
DIMENSION ARRAY(8),ID(20)
TYFE 10
ACCEPT 1,TUAIT
999 OPEN(UNIT=1,NAHE=/DY1:PLTDAT.DAT®, TYPE=7OLE")
READ(1,5)(ID(I),1=1,20)
TYFE 5,(ID(I),1=1,20)
1000 TYPE 20
ACCEPT 1,ICHANX
TYPE 30
ACCEPT 2,XMAX
TYFE 40
ACCEPT 2,XMIN
TYPE 50
ACCEFT 1,ICHANY
TYPE 40
ACCEFT 2, YHAX
TYPE 70
ACCEPT 2,YHIN
TYFE 80
ACCEPT 2,TSTART
TYPE 90
ACCEPT 2,TFINAL
2000 TYPE 100
ACCEFT 3,FLAG
IF(FLAG.ER.1HY)GOTO 1000
IF(FLAG.NE.1HY.AND.FLAG.NE.1HN)GOTD 2000
3000 TYPE 200
ACCEPT 3,FLAG
IF(FLAG.NE.1HA.ANI.FLAG.NE. 1HE)GOTD 3000
CALL INITT(120)
CALL TERM(1,1)
CALL FLINIT(1)
CALL PLON
CALL MOVABS(50,50)
CALL DRWREL{400,0)
CALL DRWREL(0,400)
CALL DRWREL(-600,0)
CALL DRWREL(0,-400)
IF(FLAG.EQ.1HBIGOTD 5000
40060 CONTINUE
READ(1,4) (ARRAY(I),I=1,8)
IF (ARRAY (1) .GE.TFINAL}GOTO 7000
IF(ARRAY(1).LE.TSTART)GOTO 4001
IX=(ARRAY (ICHANX) -XNIN) #4600,/ (XMAX-XNIN)+50
IY=CARRAY (ICHANY)-YMIN)*400./ (YHAX-YHIN)+50
IF(IX.67.650.0R.IX.LT.50)60T0 4001
IF(1Y.6T.450.0R.1Y.LT.50)60T0 4001
CALL PHTABS(IX,IY)
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Appendix 43 (continued).

4001 CONTINUE
BOTO 4000
5000 CONTINUE
READ(1,4) (ARRAY(I),I=1,8)
IF (ARRAY (1), LE.TSTART)GOTO 5000
READ(1,4) (ARRAY(I),I=1,8)
X0=(ARRAY (CICHANX) ~XNIN) #4600,/ (XMAX-XHIN)
YO=(ARRAY (ICHANY ) -YHIN) #400./ (YHAX-YMIN)
6000 IX=X0+50
1Y=Y0+50
IF(IX.B6T.450.0R.IX.LT.50)60T0 6001
IF(IY.6T.450.0R.IY.LT.50)G0T0 4001
CALL MOVABS(IX,IY)
READ{i,4) (ARRAY(I),1=1,8)
IF(ARRAY(1).GE.TFINAL)GOTO 7000
IF(ARRAY (1) .LE.TSTART)GOTO 4001
X=CARRAY (ICHANX) =XNIN) #600. / (XMAX-XNIN)
Y={ARRAY (ICHANY) -YHIN) %400,/ {YHAX-YHIN)
IX=X-X0
IY=Y-Y0
X0=X
Yo=Y
CALL DRUREL(IX,IY)
6001 CONTINUE
GOTO 4000
7000 CALL HOME
8000 TYFE 300
ACCEFT 3,FLAB
IF(FLAG.NE.1HY.AND.FLAG.NE. 1THN)GOTO 8000
CLOSE(UNIT=1,DISPOSE="SAVE")
IF(FLAG.EQ.1HY)GOTO 999
FORMAT(I1)
FORMAT(F10.0)
FORMAT(A1)
FORMAT(1X,F9.0,7(1X,F9.3))
FORMAT{/,5X,2042)
10 FORMAT(/,“$ INSERT DATA DISK & RETURN. *)
20 FORMAT(/,”$ ICHANX(I1) = )
30 FORMAT(/,“$ XMAX(F10.0) = *)
40 FORMAT(/,”$ XMIN(F10.0) = )
50 FORMAT(/,”$ ICHANY(I1) = )
60 FORMAT(/,”$ YHAX(F10.0) = *)
70 FORMAT(/,“$ YHIN(F10.0) = °)
B0 FORMAT(/,”$ TSTART ‘)
90 FORMAT(/,”$ TFINAL “y
100 FORMAT(/,”$ CORRECTIDNS(Y/N)? )
200 FORMAT(/,”$ DOTTED(A) OR CONTINUOUS(E) LINES? )
300 FORMAT(/,“$ MORE PLOTS(Y/N)7 *)
STOP
END
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Appendix 43.

Demonstration of TEKOO3 - plotting information in data file PLTDAT.DAT

RUN TEK@EZ
INSEET DATA DISK § RETURN.
{1854/ -JPEAIH NAD DA/I@MINALD YT
JOHREX (L = 1
BnicFie. @) 545

"

o @
e h
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Mikirie. e;

ﬂ L
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Yy, Wy

"~y | il
it [ o
iy [ (=
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H
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WI!E‘Q = 3%5‘32'
CORRECTIONS(Y/K1? N
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Appendix 44.

A Portion of the Input Data File PLTDAT.DAT

CUCT111)84/5E-3PB/1X NACLOA/1OMIN/NO DYE
39. 104.814 52.063 -601.196 -202.433 60.372 37.937 0.000

1179, 104,814 32.0843 -600.586 -202.433 60.372 37.937 0.000
179. 104.814 52.063 -400.386 -201.416 60.372 37.937 0.009
239. 104.804 52.074 -4600.586 -20i.416 60.393 37.926 0.000
299. 104,825 52.063 -600.3846 =-201.416 60.351 37.937 0.000
339. 104,825 52.074 -600.586 -201.416 60.351 37.926 0.000
419. 104.839 52.074 -600.386 -201.414 60.330 37.92¢4 0.000
479. 104.814 52.074 -5%9.976 -201.414 60.372 37.924 0.009
539. 104.814 52.053 -3599.976 -201.416 60.372 37.947 0.000
59%. 104.814 52.074 -599.974 -200.399 60.372 37.926 0.000
699. 104.825 52.063 -599.9746 -200.399 60.351 37.937 0.000
7i9. 104.814 52.084 -5%9.976 -200.399 60.372 37.916 0.600
779. 104.825 52.063 -599.976 -201.414 60.351 37.937 0.000
839. 104.835 52.074 -599.976 -201.416 60.330 37.926 6.000
B9Y. 104.804 52.053 -5%9.%76 -200.399 60.393 37.947 0.000
95%. 104.825 52.063 -599.976 -200.399 60,351 37.937 0.00¢
1019. 104.825 52.074 -599.976 -200.399 60.351 37.926 0.000
1079. 104.814 52.063 -599.976 -200.399 60.372 37.937 0.000

Definition of numeric values:

Column 1. time, tics (1/60 second units)
"Column 2. polarizer azimuth, degrees
Column 3. analyzer azimuth, degrees
Column 4. cell potential, millivolts (with respect to reference electrode).
Column 5. cell current, microamps
Column 6. delta, degrees :
Column 7. psi, degrees
Column 8. =zeros, due only to length of format statement in TRNSLT
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X-AXIS: 58 TO 38508 TICS '- . Y-AXIS: @ TO
X = COLUMN % 1 . 80 DEGREES

Y = COLUMN ¢ ©

GENERATED FROM “PLTDAT.DAT®

DELTA VS TIME

EXAMPLE EXECUTION OF TEKBO3
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Appendix 46.

Directory of Model Optimization Programs Disk DY1:

21-Nov-82
FILMO1.FOR
FLOT LFOR
FILM02.FOR
EMA .FOR
EHATIM.FOR
FLETST.FOR
FROEKA.FOR
MODEL1.FOR
MODEL3.FOR
CEHTST.FOR
GOGOGG.FOR
WLGOGO.FOR
EMATST.FOR

[T AN R S A Y - )

[}

13

13

14
4
19
18
6

01-Sep-82
01-Sep-B2
06-Sep-82
12-Sep-82
29-5ep-82
19-Nov-82
13-Nov-82
20-Nov-82

26 Files, 204 Blocks
B0 Free blocks
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ATFILM.FOR
CSFILM.FOR
CSFLOT.FOR
EMAFIT.FOR
MULTIF.FOR
REFIND.FOR
FROLIN.FOR
MODEL2.FOR
CSFIT .FOR
FILK .FOR
AIGOGO.FOR
OHGOGO.FOR
ERUGHN.FOR

— s
O LN = L O~ 1 P 2N O O

30-May-81
28-Auq-81
28-Aug-at’
01-Au3-81
01-Sep-82
01-Sep-82
02-Sep-82
12-Sep-82
29-Sep~-82
14-Tlec-81
12-Nov-82
19-Nov-82
20-Nov-82



Apnendix 47.

PROGRAK SEARCH
DIMENSION B(20),7(20),0(20),EN{20)
COMMON Y, X(20)
OFEN(UNIT=1,NAME="DYi :SEARCH.DAT ", TYPE="0LD")
READICT, 1)NVAR, NF EF
TYFE 1,NVAR,NF,EF
REAT(1,2)CB(I),I=1,NVAR)
TYPE 3,(B(I),I=1,NVAR)
REATICT,2)(D(I),I=1,NVAR)
TYFE 4,(D(I),1=1,NVAR)
CNT=0
50 CONTINUE
L0 300 1=1,NVAR
00 100 J=1,NVAR
100 X{)=E(D)
CALL ERROR
EO=Y
X(IY=E(1)-D(I)
CALL ERROR
E1=Y
X(Ii=B(1i+0¢ 1)
CalL ERROR
E2=Y
IFLEQ.LT.ET.ANDLEO.LLT.E2360T0 200
IF(ET.LT.EO.ANDLET1.LT.E2)G0TO 201
IF(E2.LT.EO.ANDLE2.LT.E1)GETO 202
200 TCD)=E(1}
ER{II=ED
6070 300

200 T{Li=BLI)-D(1)
EN(IY=ES
6070 3060
202 TOIy=R{T+D1) Objective subroutine optinized:
ENCIN=EZ
300 CONTINUE
ID 350 J=1,NVAR SUBROUTINE ERROR
Bidy=T(d) COMMON Y, x(20)
356 ¥ =T() Y=1.+X(1)#X(2)*X(3?—X(l)#2(1)+X(2)#X(2)-15.*X(3)
CALL ERROR RETURM
ET=Y END
NT=NT+1

IF(ET.GT.EQ)GOTO 998
IF{NT.EG.NFIGOTG 999
IF(ET.LE.EF}GOTO 1900
GOTO 50

958 TYFE &
GOTO 1000

999 TYPE 4

1060 TYFE 7,(X{1),1=1,NVAR)
TYFE 8,ET

1 FORMAT(5X,15,5X,15,1%,F9.3)
2 FORMAT(I{1X,F9.3))
3 FORMAT(/,° STARTING VALUES: *,3(1%,F9.3,7;°))
4 FORMAT(/,’ INCREMENTS : 7 301X, F9.3,70°0)
S FORMAT(/,* NO CONVERGENCE : )
& FORHAT(/,” NOT FINISHED ¢ °)
7 FORMAT(/,” FINAL VALUES & *,3(1X,F9.3,”:°))
B FORMAT(/,” FINAL ERROR  : ,1X,F9.3)

STOF

END
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Appendix 48.

Listing of OHGOGO

FROGRAN OHGOGO

COMMON/SEARCH/Y,X(267,Y0¢20)
CONMON/FLMEAT/TNA, TNKA, TNF, TNKF , TS, THKS, WL, FRI1, T,DELC,FSIC
COMMON/THETA/THETA

COMFLEX TW2,Tw3,CPHI3,Ri8,RiF,R2S,R2F,Z,RS,RF,RHD

COWFLEX E,E1,E2,A,B,RO071,R0072

DIHENSION B1¢20),B0(20},D(20),EN(20),ENI(20)
DPENCUNIT=1,NAKE="DY1:0HG0GD.DAT ", TYFE="CGLD ")

300¢ TYFE 11
ACCEFT 12,FLAG
IF(FLAG.NE.IHY.AND,FLAG.NE.THRN)BOTD 3500

2000 READRCT,1)NVAR,NERR,NF,EF ,ALFHA
IF(NVAR.EQ.999)STOF
IF(FLAG.NEL.THY)BOTO 30G1

: PRINT 1,NVAR,NERR,NF,EF,ALFHA

3541 TYFE 1,NVAR,NERR,NF,EF,ALFHA
READGT,20(Y0L{I),I=1,RERR)
READ{1,2:(B0(1),1=1,NVaR)
IF(FLAG.NELTHY)GOTO 3002
FRINT 3,(BG(I),1=1,RVAR)

3602 TYFE 3,(B0{I),I=1,NVAR)
READGT,2)(D(15,1=1,NVRR)
IF(FLAG.NE.TRY )GGTO 3003
PRINT 4,(0(1,1=1,NVAR)

3003 TYFE 4,(D(I1),I=1,NVAR}

ETO=1.EG9
NT=§
30 CONTINUE
DG 36C I=1,kVAR
£00=0.0
E106=0.0
E20=0.0
IF(E(LY . e0.0.0)G070 200
I8 100 J=1,NVAR
106 X{ ) =E0{d)
CALL ERROR
EOG=Y
XCI)=BO(I)-BC 1)
Cati ERROR
gE10=7
XCD)=BO(I+0(1)
CaLi ERRODR
£20=7
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Appendix 48 (continued).

IF(EQO.LT.E10.ANDLEQD.LT.E2G)
IF(EiIO.LT.EOOLARDLEIO.LTLEZO)
IF(E20.LT.EOG.ARDL.E20.LT.ET1Q)
" BI(I)=Bo{1)

GOTO 3006
E1(L)=R0O(I)-DI{1)
GOTO 300

202 B1(I)=BOLT)+I{I)

Gl Ol
[, &
~) o~

36C

798

3004

999

O EN(II=0.3+(E106+E20)-EQD

B0 350 J=1,RVAR
EO(JY=R1{d)

X{Jr=p0{d)

CALL ERROR

ET=Y

[ 357 I=1,NVAR
IF(D(I).NE.O.0Q)GGTO 3355
tN(I)=0.000
EN1(13=0.000

GOTO 357
ENCII=SENCTR /(DT i4D0T0)
IFCER{I}.NE.GLOIGETO 350
ENT{I)=0.

GGTO 357
ERTCII=ET/ENCT)
CONTINUE

NT=NT+1
IF{ET.GT.ETOIBGTO 998
iF (NT.EQ.NFIGOTD 997
IF(ET.LELEFIBET0 1000
Do 340 J=1,NVAR
L{JI=ALFRA+TI(])

ETO=ET

GOTO 50

TYFE &
IF(FLAG.NE.THYIGOTU 3004
FRINT S

CONTINUE

GOTO 1660

TiFe 6
IF(FLAG.RE.THTIGOTG 3005
FRIRT 4

CONTINUE
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Appendix 48 (continued).

1000 TYPE 7,(X(11,1=1,
TYFE 13,(EN(D), 1=
TYFE 14,(EN1(D),I
TYFE §,ET
TYFE 9,(Y0(1),1=1,NERR)

TYFE 10,(Y0(1),1=1+NERR,NERR+HERR
IF(FLAG.NE.1HY)GOTO 3606

FRINT 7,(X{1),1=1,NVAR)

FRINT 13, (EN(I),I=1,NVAR)

FRINT 14, (ENT(I),I=1,NVAR)

FRINT B,ET

FRINT 9,(Y0(1),I=1,NERR)

PRINT 10,(Y0(I),I=1+NERR,NERR+NERR)

 NYAR

NVAR )
1
=1, NVAR)

3006 CONTINUE

1 FORMAT(I(5X,15),2(1X,F9.3))

I FORMAT(3(1X,F9.3))

3 FORMAT(/,” STARTING VALUES: *,5(1%,F9.3, ;7))

4 FORRAT(/,” INCREMENTS : 7, 501K,F9.3, 7370

5 FORMAT(/,” NO CONVERGENCE : )

& FORMAT(/,” NOT FINISHED : *)

7 FORNAT(/,” FINAL VALUES ¢ “,5{1X,F9.3,7;7))

B FORMAT(/,” FINAL ERRCR 1 “,1X,F9.3)

9 FORMAT(/,” MEASURED VALUES: *,5(1%,F9.3,7;71)
10 FORMAT(/,* CALCULATED 2 7,501%,F9.3,3°))
11 FORKAT(, $ PRINTER IN SYSTEM(Y/N)? °)

12 FORMAT(AT)
13 FGREAT(/,  VARIANCE COEF 1z *,5(i1X,£9.2, ;1)
14 FORMAT/,” VARIANCE COEF 2: *,50(1%,£9.2,73°))

GGTO 2000
STOF
END
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Appendix 48 (continued).

Objective subroutine optimized by OHGOGO

SUERDUTINE ERROR

COMMON/SEARCH/Y,X(26),Y0(20)
COMMON/FLKDIAT/TNA, TNKA, THF , THKF , TNS, TRKS, UL, PHIT,T,DELS,FSIC
COKMGN/THETA/ THETA

COMFLEX TN2,TH3,CFHIZ,R1S,KRiF,R2S,R2F,Z,RS,RF,RHO
COMFLEX E,E1,£2,A,K,R00T1,R0GT2

THA=X(1)

THEA=X(2)

THF=%(3)

TREF=X{4)

TNS=X(5)

TNKS=X(6)

WL=K(7)

FHIT=X(8)

T=X(9)

IF(T.LE.0.0)G0TC 10

CaLlL FILH

CALL REFIND

i0 CONTINUE

TNF=X {100
TNKF=X(11)

T=X{12i

THETR=X(13}
DELH=TO{T)
FI®=Y0{2)
IF(T.LE.0.0)GOT0 20
ChLL EHMA

CALL FiL#

CONTINUE

YO{3)=btLl
YO(4)=FSiC
Y=(BELC-DELBI+ 42+ (FSIC-FSIN) 242
Y=8GrT{Y)

RETURN

END
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Line

Line
Line
Line
Line
Line
Line

Line
Line
Line
Line
Line
Line

13 2 20¢ .
72.060 43.270

1.340 0.060 1.270
4,230 0.176 3.219
5145.000 73.000 5.450
2.000 3.000 0.000
1.000 0.000 0.000
0.060 0.000 0.005
G.005 0.000 0.000
0.000 0.000 0.010
0.000 6.008 0.000
0.000 0.000 0.000

§9¢% 9¢9 999 0.

Appendix 48 (continued).

Input Data File OHGOGO.DAT

000

0.975

0.000

123456789/123456789/123456789/123456765/123456789/123454 789/

Numeric values defined:

total number of input parameters which can be optimized, number of terms
involved in sum-of-squares calculation (delta and psi), maximum number

of iterations, desired tolerance for optimization, contraction factor.

measured value of delta, measured value of psi.
n of incident medium, k of incident medium, n of film closest to substrate.
k of film, n of substrate, k of substrate.
wavelength, angle-of-incidence, thickness of film closest to substrate.
n of second porous film, k of second film,
volume fraction of deposit in second film,
value read but mot used.

increments (step
increments (step
increments (step

. increments (step

increments (step

size)
size)
size)
size)
size)

of
of
of
of
of

values
values
values
values
values

terminates reading of input data

listed in
listed in
listed in
listed in
listed in

thickness of second film.
value read but not used,

line
line
line
line
line

Nov W

used
used
used
used
used

in
in
in
in
in

file (reading stops when

Notes:

search. -
search.
search.
search.
search.

999 is read).

If a value listed in lines 3 through 7 has its respective step size listed in lines
8 through 9 set to zero, this value is taken as a constant in the optimization; it
is not optimizied and retains its starting (original) value.

Delta, psi, and the angle-of-incidence are given in degrees; thickness and wavelength
are given in angstroms; and extinction coefficients (k) are entered as positive values.

This example is for optimization of a single compact film model (second film thick-
ness set to zero and not varied).
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Appéndix 48 (continued).

OHGOGO output to line printer

3 2 200 0.0i0 0,975
STARRTING VaALUES: 1.340; 0.406; 1270, 4,210, 0,17:;
3.219;  5145.000; 75.000; 5.450; 2.000;
3.000; 0.000; 1.000;
THOREHENTS : 6.000; 6.000; 0.005; 0.005; 0,040,
0.000; 0.000; 0.0060; 0.010; 0.000;
G.000; 0.000; 0.000;
FINAL VALUES H 1.340; 0.000; 1.293; 4,287, D.174;
3.219; 5145,000; 75.000; 5.523; 2.900;
3.000; 0.000; 1.000;
VARTANCE COEF 13 0.GOE+00; 0.C0E+00; O.85E+01;  0.,298+01; 0.00E+00;
0.0GE+0G;  0.00E+00; 0.00E+00; -0.112-02; 0.00E+00;
0.G0E+00:  0.0CE+DT 0.00E+00;
VARIANCE COEF 2: 0.00E+0G; O.00E+G0; 0.B1E-03; O0.18E-02; 0.00£400;
5.00E+06; 0.00E+00; 0.00E+00; -0.62E+01; 0.00F+00;
0.06E+00; 0.00E+80; 0.00E400;
- 1KAL ERFOR : 0,007
SEACURED UALUES: 72.060; 43,270,
L 4LCULATED : 72,0547 43,974
Numeric values defined:
First line .....c.... cecaesasesanas ~ same as line 1 in OHGOGO.DAT

Starting values ..cceevecenccnn

IncrementsS cevecesescocccscsccaanse

Final values .c.c.eeeveerteennennns

Variance coef 1

e 0 0000000000

Variance coef 2

.................

same input values in the same order

as in lines 3 through 7 of OHGOGO.DAT,
same initial step sizes in the same
order as in lines 8 through 12 of
OHGOGO. DAT.
“values of parameters after optimization
listed in the same order as in lines

3 through 7 of OHGOGO.DAT.

numeric estimates of the partial deri-
vative defined by equation 26 of chapter
5 for each optimized parameter.

numeric estimates of the variances de-
fined by equation 23 of chapter 5 for
each optimized parameter assuming df=1.
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Appendix 48 (continued).

Final error .t.ceicesscesvoassssersss. sumof-squares error after optimization
v of parameters in ellipsometer model .
Measured values ...c.cveeeacescessss. measured values of delta and psi, re-
spectively.
Calculated values ....veeceevsassess. calculated values of delta and psi,
- . respectively; values predicted with
optimized parameters.
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Aprendix 49.

Listing of GOGOGO

FROGRAM GDGDGO
COMMON/SEARCH/Y,X{20),7G(20)
COMNON/FLMDAT/TNA, TNKA, TNF, TNKF , TS, TNKS, WL ,FRI1, T, DELC,PSIC
CORHON/THETA/THETA
COMFLEX Tw2,TN3,CFHI3,R1S,K1F,R2S,R2F,Z,RS,RF,RHO
COMFLEX €,E1,E2,A,B,R00T1,R0O0T2
DIHENSION Bi(203,50(20),0{20),EN{20),ENT(20)
OPEN(UNIT=1,NAHE="DY1:606060.DAT*,TYFE="0LD*)

3000 TYPE 11
ACCEFT 12,FLAG
IF(FLAG.NE.1HY.AND.FLAG.NE.THN)GOTD 3000

2000 READLT,1)NVAR,NERR,NF,EF,ALFHA
IF(NVAR.ER.999)5TOF
IF(FLAG.NE.THYIGGTO 3001
FRINT 1,NVAR,NERR,NF,EF,ALFHA

3001 TYFE 1,NVAR,NERR,NF,EF,ALFHA
REAL(H,23(Y0(1),1=1,NERR)
READ(1,2)(BOCI),I=1,KVAR}
IF(FLAG.NE.THYIGOTD 3002
FRINT 3,(BO(I),I=1,NVAR)

3002 TYFE 3,(BOCI),I=1,NVAR)
READNT, 25 (ICI), I=1,NVAR)
IF{FLAG.NE.1KYIGOTO 3003
FRINT 4,(D{1),I=1,NVAR}

3093 TYFE 4,(D(1),1=1,HVAR)
NT=0

S0 CONTINUE

IG 300 I=1,NVaAR

I

Y
100 X{Ji=E0{

E

ALD)=BOCII-DCI)
CALL ERRKOR
£10=Y
X{Ii=BOLI)+0¢DH
€atl ERROR
E20=Y
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Appendix 49 (continued).

IF(E00.LT.ET0.AND.EOD.LT.E20)G0TO
IF{E10.LT.EGO.AND.ETO.LT.E20)GOTO
IF(E20.LT.ECO.AND.E20.LT.E10)GOTO

200 B1(I)=B3{D)
60TD 300

201 BI(I)=B0¢D)-D(D)
6OTG 300

202 B1(D=B0(1)+D(D)

300 EN(I)=0.5%(E10+E20)-E00
00 350 J=1,NVaR
BO(J)=B1(J)

350 X(J)=B0(J)

CALL ERROR

E7=Y

10 357 1=1,NVAR
IF(D(I).NE.0.0IBOTD 355
EN(1)=0.000

ENI (126,000

GOTO 357

355 ENCI)=ERCI) /(DI *D(T))
IF(ENCI).NE.0.0)GOTO 354
ENT (0.

6070 357

356 ENICII=ET/EN(D)

357 CONTINUE
NT=NT+i
IF(ET.BT.E00IGUTO 993
IF(NT.EG.NF)BOTD 999
IF(ET.LE.EF)GOTD 1000
DO 386 J=1,NVaR

350 Li{JI=ALFAAD(D)

GOTO 56
996 TYFE S
IF(FLAB.NE. THT)BOTD 3064
FRINT §
G4 CONTINUE
GOTD 1000
999 TYFE &
IF(FLAG.KE.THYIGOTO 3005
FRINT &
3005 CONTINUE

N I
OO
-—

o)

[#2)
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Appendix 49 (continued).

1000 TYFE 7, (X(I),I=1,NVAR}
TYPE 13, (EN(I),I=1,)VAR)
TYFE 14,(ENT{T},1=1,NVAR)
TYFE 8,ET
TYFE 9,(Y0(I),I=1,NERR)
TYFE 10,(Y0(1),I=1+NERR, NERR+NERR)
IF(FLAG.NE.1HY)GOTD 3004
PRINT 7,(X(1},I=1,NVAR)
FRINT 13,(EN(I),I=1,NVAR)
PRINT 14, (EN1(I),I=1,NVAR)
FRINT B,ET
FRINT 9,{Y0(1),I

=1, NERK)
FRINT 10,(V0(I),I=1+

1+NERR ,NERR+iRERR

3006 CONTINUE

1 FORMAT(3(5X,15),2{1%,F9.3))

2 FORMAT{3(1X,F9.3))

3 FORMAT(/,* STARTING VALUES: °,5(1X,F9.3,75°))

4 FORKAT(/,” INCREHENTS § 7, 501X,F9.3,757))

5 FORKAT(/,* NO CONVERGENCE : °) :

6 FORHAT(/,” NOT FINISHED & )

7 FORKAT(/,” FINAL VALUES  : #,50(iX,F9.3,73°%)

B FURBAT(/,” FINAL ERROR & °,1X,F9.3)

7 FORMAT(/,” MEASURED VALUES: *,5(1X%,F9.3,7;°))
10 FORMAT(/,” CALCULATEL s 7, 5(1X,F9.3,757))
11 FORMAT(/, $ FRINTER IN SYSTERIV/NIT 7)

12 FORMAT(AT)
13 FORMAT{/,” VARIANCE COEF i: *,5(1X,E5.2,°;° 1)
14 FORHAT(/,” VARIANCE COEF 2: *,5(1X,E9.2,°;°))

GGTG 2000
STOF
END
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Appendix 49 (continued).

Objective subroutine optimized by GOGOGO

SUBROUTINE ERROR
COMMON/SEARCH/Y,X{20),Y0(26)
COMMON/FLRLAT/TNA, TNKA, TNF, TRKF , TNS, TNRS UL, PRI1,T,DELC,F5IC
COMMON/THETA/THETA

COMFLEX TwZ,TN3,CFHI3,R18,kIF,R25,R2F,2,RS,RF,RHO
COMFLEX E,E1,E2,A,B,RO0TI,RGOT2
TNA=X(1)

TNKA=0.

THF=X(2)

TNKF=X(3)

TNS=X(4)

THRS=X(5)

Wi=X{g)

FRIT=X(7)

T=X{8)

CaLl FILH

CALL REFIND

THF=X(9)

THEF=4(10)

T=X(11)

THETA=X(12)

IF(T.EG.0.)G0TO 10

CALL EHA

CALL FILH

CALL REFIKD

THF=X{13)

THRF=X(14)

T=X{15)

THETA=X(14)

PF(T.EG.0.7GTD0 10

CALL CEFILM

CORTINUE

DELH=Y0(1)

FSIA=Y0(2)

VG{3)=DELL

Y0i4)=PSIC
Y=(BELC-DELH) 442+ (FSIC-PSIN) #42
1=8GRT(Y)

RETURN

END
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Appendlx 49 (contlnued)

Modified version of FILM02 required by GOGOGO

SUBROUTIRE CSFILM

COMMON/FLMDAT/TiNA, THKS TNr,anr,lHS THRS,, Wi, FHIT, T,0ELL
COﬁﬁGﬂITHETH!ThETﬁ

COMFLEX TNZ,TN3,CFHI2,CFHIZ,RIS, R1r R2S, JR2F,Z,RS,RF,RED
COMFLEX RSX,RFX,RSY,RFPY

TH1=TNA

TRFO=TNF

TNEFO=TNKF

FHI=0.0174533292524PR1I1

Cr=LCOS(FHI)

SF=DSIN(FHI)

TN3=CHFLA{TN3,-THRS]
CPAIZ=CSGRT(T.O-TNI+4245F %2/ (TN3#42} )
TN2=CHFLX(TNF,-THNRF)
CPHIZ=CSART{1.0-TRI++245F %42/ {TN2+42))
R1S=(TN14CF-TH2#CFHI21/(TN1#CF+TR2+CFHIZ)
R1IF==(TNI+CFRI2-TRE+CF}/{TRI4CFPRIZ+TNIZSCF)
A25=({TN2+CPHIZ-TNI+CFAI3) /{TN24CFHIZ+THI4ACFRIS)
(2F=~{TN24CFHIA-THI4CFRI2) /{TN2+#CFHI3+TNIHCPHIZ)
2=00,0,1,00%{4,0+3,71413527+7/WLI#TN2#DFHIZ
RS=(R1S+REZS4CEXF(-Z1 /01 .0+RIS4R254CEXF(-2))
RE=(RIF+R2F+CexF(-23)/ (1. 0+R1F+R2F$CEXF{-1))
REX=THETA*RS

RFX=THETA+RF

TNF=TN1

TNRF=G.

TNE=CﬁPL¥(TNF,-TNKF)

CFHIZ2=CS5ORT(1.O-TRI1#+248F 442/ (TH2442})
RiS—xTn1~CF ~TR2#CFRI2Z)/(TNT4CF+TNZHCPHRIZ)
Ri1F=-(TRI*CPRIZ-THZ+CF)/{TNT4CPRIZFTHZ*CM)
RZS={TN24CFRIZ-TNI#CFRIZ) / {TRZHCFAIZHTNI#CFAISZ)
ﬁ7'=-(7ﬂ”4£rnla-'W04b-Hig)/(TNQ*EfHI:+TNJ4LrnI )
Z={0.0,1.03% (4,043, 1413927+T/UL+TN2#CFHI2
RS={(RIS+R254CELF{-ZI /{1 0+RIS#R2540EXF{-2))
KF={RIF+RZFHCEXF(-Z2) /(1 0+RIFR2P4CEAP(-2}}
RSY=(1.-THETRI4RS

RFY=(1.-THETA)*RF

R5=RSX+RSY

RF=RFX+RFY

THF=TNF @

TREF=TRKEFO

RRD=RF/RS

FEIC=DATAN{CAES{RHG))/0.01745329252
DELC=DATANZ{AIMAG(RHO) ,REAL(RHD))/0,01745329232
RETURH

ERD

Ti
oy
[
fan)

;-n
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Line

Line
Line
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Line
Line
Line

Appendix 49 (continued)

Input Data File GOGOGO.DAT

17 2 100 0.039 1.00
65.000 38.000
1.340 0.000 1.293
4.267 0.174 3.219
5145.000  75.000 3.523
2.000 3.000  300.000
0.500 2.000 3.000
10000.000 0.200 0.000
0.000 6.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
0.000 0.000 0.000
o 0.000 6.000 6.000
100.000 6.010 0.000
999 999 999 0.000 0.000
123456789/123456789/123456789/123456789/123436789/123456789/123454789/

Numeric values defined:

total number of input parameters which can be optimized, number
of terms involved in sum-of-squares calculation (delta and psi),
maximum number of iterations, desired tolerance for optimization,
contraction factor.

measured value of delta, measured value of psi

n of incident medium, k of incident medium, n of film closest to
substrate. :

k of film closest to substrate, n of substrate, k of substrate.
wavelength, angle-of-incidence, thickness of film closest to
substrate.

n of second porous film, k of second porous film, thickness of
second porous film.

volume fraction of deposit in second film, n of islands, k of
islands.

thickness of islands, fraction of surface covered by islands,
value read but not used _
increments (step sizes) of values listed in line
increments (step sizes) of values listed in line
increments (step sizes) of values listed in line
increments (step sizes) of values listed in line
increments (step sizes) of values listed in line used in search.
increments (step sizes) of values listed in line 8 used in search.

terminates reading of data file (reading stops when 999 is read).

used in search.
used in search.
used in search.
used in search.

[e BN R o WLV, B - OV)
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Appendix 49 (continued).

Notes:

If a value listed in lines 3 through 8 has its respective step size listed
in lines 9 through 14 set to zer, this value is taken as a constant in the
optimization; it is not optimizied and retains its starting (original) value.

Delta, psi, and the angle-of-incidence are given in degrees; thickness and
wavelength are given in angstroms; and extinction coefficients (k) are en-
tered as positive values.

Any film structure which can be simulated by OHGOGO can also be simulated by
GOGOGO (by assuming island thickness to be zero); however, the converse is
not true.

This example is for optimization of a layer of islands sitting on a two-

layer film. The two layer film consists of a compact layer (5.523 angstroms
thick) covered by a more porous layer (300 angstroms thick, 507% porosity).
Parameters specific to these first two layers are not varied in this example.
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Appendix 49

GOGOGO output to

(continued).

line printer

17 2 100 0.050 1.600
STARTING VALUES: 1,340 0.000; 1.293; 4.267;
3.219; 5145.000;  75.000; 5.523; 2.000;
3.000;  300.0600; 0.500; 2.000; 3.000;
10000.000; 0.200;
INCREMENTS : 0.000; 0.000; 0.000; 0.000;
0.000; 0.000; 0.000; 0.000; 0.000;
0.000; 0.000; 0.000; 0.000; 0.000;
100.000; 0.010;
NOT FINISHED :
FINAL VALUES = 1.340; 0.000; 1.293; 4,247;
3.219; 5145.000;  75.000; 5.523; 2.000;
3.000;  300.000; 0.500; 2.000; .000;
5400.000; 0.530;

VARIANCE COEF 1:  0.G0E+00; 0.00E+00; 0.00E+00; 0.00E+00;
0.00E+00; 0.00E+00; 0.G0E+00; 0.00E+00; 0.00E+00;
0.00E+007 0.00E+00; 0.00E+00; O0.00E+00; 0.00E+00;
0.51E-04; 0.30E+04;

VARIANCE COEF 2:  G.00E+00; 0.00E+00; G.00E+00; 0.00E+00;
0.00E+00; 0.00E+00; 0.00E+00; 0.00E+00; 0. 00E400:
G.00E+00; 0.00E+00; 0.00E+00; 0.00E+00; 0.00E+00;
0.33E+04; 0.57E-04;

FINGL ERROR 1 0.148

MEASURED VALUES: 65.000;  38.000;

CALCULATED : 64.923;  38.149;

First line

Starting values

Increments ....

Final values

Variance coef 1

Variance coef 2

Numeric values defined:

----------------

oooooooo

R I I R A A I N R A B T S

. values of

0.000;

0.00E+00;

same as line 1 in GOGOGO.DAT.
same input values in the same order
as in lines 3 through 8 of GOGOGO.DAT.

listed in
9 through
values of
listed in
3 through

14 of GOGOGO.DAT.

8 of GOGOGO.DAT.

parameters after optimization
the same order as in lines

parameters after optimization
the same order as in lines

numeric estimates of the partial deri-
vative defined by equation 26 of chapter
5 for each optimized parameter.

numeric estimates of the variances de-
fined by equation 23 of chapter 5 for
each optimized parameter assuming df=1.
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Appendix 49 (continued).

Final error .....ccviveeeseeneenss.. sumof-squares error after optimization

' of parameters in ellipsometer model.

measured values of delta and psi, respec-

tively

Calculated valueés ...vsceeesseesees. calculated values of delta and psi, re-
spectively; values predicted with opti-
mized parameters.

Measured values ....eceesesnnscences
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Appendix 50.

Listing of WLGOGO

FROGRAN WLGOGO
COMHON/SEARCH/Y,X(20),Y0(20,40) ,NDAT
COMMON/FLKDAT/TNA, TNKA, TNF , TNKF, TNS, TNKS UL, FHI1,T,DELC,FSIC
COKMON/THETA/THETA
COMFLEX TN2,TN3,CPHI3,R1S,RIF,R25,R2F,Z,RS,RF,RHD
CONFLEX E,E1,E2,A,B,RODT1,RO0T2
DIMENSION B1(20),E0(20),1{20),EN(20),ENT{20)
OPENCUNIT=1,NAME="DIY1:ULGOGO. DAT, TYPE="0LD")
3000 TYFE 11 :
ACCEFT 12,FLAG
IF(FLAG.NE.THY.AND.FLAG.NE. THN)BOTO 3000
READ(T,1INVAR,NYO,NF,EF ,ALPHA
IF(NVAR.ER.999)STOF
IF(FLAG.NE.THY)GOTD 3001
FRINT 1,NVAR,NYO,NF,EF,ALPHA
3001 TYPE 1,NVAR,NYO,NF,EF ,ALFHA
READ(1,2) (EO(I),I=1,NVAR)
IF(FLAG.NE.THY)GOTO 3002
PRINT 3,(RO(I),I=1,NVAR)
3602 TYFE 3,(R0(I),I=1,NVAR)
READ(T,2)(I(1),I=1,NVAR)
IF(FLAG.NE.1HY)GOTO 3003
FRINT 4,(D(I),I=1,NVAR)
3003 TYPE 4,(D(1),I=1,NVAR)
30 READ(T,15)NDAT
IF (NDIAT.EQ.9999)GOTO 40
READ(T,2)V0(1,NEAT),Y0(2,NDAT), (YO(I,NDAT), 1=5,NYD)
IF(FLAG.NE.1HY)GGTO 3007
FRINT 16,Y001,NDAT),Y0(2,NDAT),(YO(I,NDAT), T
30067 TYPE 16,Y0(1,NIAT),Y0(2,NDAT),{YO(I,NTAT), 1=
NDAT1=NDAT
GOTO 30
40 NDAT=NDATI
ET0=1.E09
NT=0
50 CONTINUE
10 300 I=1,NVAR
£0020.0
E1G=0.0
E2020.0
IF(D(I).EQ.0.0)60T0 200
10 100 J=1,NVaR
100 X(H=R0()

ry
<
>
(=1

=5,NY0)
5,NY0)
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Appendix 50 (continued).

ChLl ERRGR

EQ0O=Y

XCI=Ro(1)-D(I)

CALL ERROR -

E10=Y

X({I}=BO{I)+D(I)

CaLi ERROR

E20=Y
IF(EOG.LT.E10.AND.E0O.LT.E20)G0TD 200
IF(E1C.LT.EQD.ANDLLETO.LT.E20)6070 201
IF{E20.LT.EO0.AND.E20.LT.E10)60T0 202
B1¢1)=F0(1)

G0OTO 300
Ri(I)=RO(I)-D(I)

6070 300
B1(1)=RO(I)+D(])
ENII)=0.54(ET10+E20)-E00
IO 350 J=1,NVAR
BOCJI=RI(J)

X(J)=BO(J)

CALL ERROR

ET=Y

D0 357 I=1,NVAR
IF(I(I)Y.NE.0.0)GOTO 355
ENCII=0.000

EN1{1}=0.000

6070 357

ENCID=ER{D /(I(TI*B(1))
IF(EN(I).NELD.0)GOTD 356
EN1{I}=0.

6OTO 357

5 EHVT(I)=ET/(ENCT) (2. #NIIAT-NVAR))

CONTINUE

NT=NT+1
IF(ET.GT.ET0)G0TO 998
IF(NT.EG.NFIGOTO 999
IF(ET.LE.EF)GOTOD 1000

00 360 J=1,NUAR
I(J)=ALERATID)

ETO=ET

60T0 50

TYFE 5
IF(FLAG.NE.1HY)GOTD 3004
FRINT 5

CONTINUE

GOTO 1000

TYFE &
IF{FLAG.NE.1HY)GOTD 30605
PRINT &

CONTINUE
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Appendix 50 (continued).

TYPE 7,(X(I},1=1,NVAR)
TYFE 13, (EN(I),I=1,NVAR)
TYFE 14,(EN1(I1),I=1,NVAR)
TYPE 8,ET"

D0 7000 J=1,NDAT

TYPE 9,(Y0(1,J),1=1,2)
TYFE 10,(Y0(I,J),1=3,4)
IF(FLAG.NE.THY)GOTO 3006
FRINT 7,(X(I),I=1,NVAR)
PRINT 13,(EN(I),I=1,NVAR)
PRINT 14, (EN1(I),I=1,NVAR)
FRINT 8,ET

D0 7001 J=1,NDAT

PRINT 9,(Y0(I,d),I=1,2)
FRINT 10,(Y0(I,J),1=3,4)
CONTIRNUE
FORKAT(3(5X,15),2(1X,F9.3))
FORMAT(7(1X,F9.3))
FORKAT(/,” STARTING VALUES
FORMAT(/,” INCREMEWTS
FORMAT(/,” NO CONVERGENCE
FORMAT(/,” NOT FINISHED
FORKAT(/,* FINAL VALUES
FORMAT(/,” FINAL ERROR
FORMAT(/,” MEASURED VALUES
FORMAT(/,* CALCUL&TET

* 5(1X,F9.3, "
501X, F9.3,”
)

S SU1X,F9.3,”
XL F9L3)

4 5{1X,F9.3,"
4 S5{1X,F9.3,"

FORMAT(/,”¢ PRINTER IN SYSTEM(Y/M)T )

FORMAT(AT)

FORMAT(/, " VARIANCE COEF t: -,5(1X,E9.2,”

FORHAT(/,” VARIANCE COEF 2:
FORMAT(3X,I3)

FORMAT{/,” KNDUN PARAMETERS:"
6070 2000

8T0F

END
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Appendix 50 (continued).

Objective subroutine optimized by WLGOGO

SUBRQUTINE ERROR
COMKON/SEARCH/Y,X(20),Y0(20,40),NDAT : '
COMHON/FLMDAT/TNA, TNKA, TNF, TNKF, TNS, TNKS UL, PHIT,T,DELC,FSIC
COMMON/THETA/THETA
COMFLEX TN2,TN3,CFHI3,R1S,R1F,R25,R2F,Z,RS,RF,RHO
COMFLEX E,E1,E2,4,B,RO0T1,RO0T2
Y=0.
DO 100 J=1,NDAT
GELH=Y0(1,0)
FSIN=Y0(2,1)
TRA =Y0(5,0)
TNKA=Y0(6,J)
TNF =Y0(7, )
THKF=Y0(8,J)
TNS =Y0(9,0)
TNKS=Y0(10,)
WL =Y0(11,0)
PHIT=Y0(12,)
T =X
IF(T.EQ.0.0)B0TO 10
CALL FILM
CALL REFIND
16 CONTINGE
THE  =Y0(13,0)
THEG =Y0(14,0)
THF =Y0(15,4)
TNEF =Y0(14,4)
THETA=X(2)
CALL EH&
THA  =Y0(5,d)
TNEA =Y0(6,d)
T =X
IF(T.EQ.0.0)G0TO
CALL FILM
CatL REFIND
CONTINUE
TNF  =X(4)
TNKF =X{5)
THETA=X(&)
T =X{7)%16000.
IF(T.ER.0.0)60T0 30
CALL CSFILH
30 CONTIRUE
Y0(3,.4)=DELC
Y0(4,4)=PSIC
Y=Y+ (DELM-DELC)#4 2+ (FSIM-FEIC) 442
100 CONTINUE
Y=50RT(Y)
RETURN
ENT

8]
o

"
>

-290-



”

fad
[

82.
0.30

o

1

[
it e BN |

58,6490
2.766

2
50.070
2,610

3
53.450
3.560

4
52.730
2.725

5
£ 49.970
2,980

6
51.030
3.201

31.850
3.359
8

~ed

w

[ 75 I g
. .
£ O

==

(4]
N}
.
A IS |
£

- O

R -
.
O N0 S O

55.480
2.759

9999

i
0.530
0.005

32.9%90

4248.000

31.730
53586.000
36.110
6991.000

30.990
5155.000

33.580
5998.000

34.470
6242.000

33.330
6504.000

36.3%0
6748.000

31.120
44%92.000

3¢.880
4756.000

100
260.000
1.000

1.352
75.000

1.344
75.000

1.33%
73.000

1.347
75.000

1.351
75.000

1.349
73.000
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Tnput Data File WLGOGO.DAT
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Appendix 50 (continued).

Numeric values of WLGOGO.DAT defined

Line 1. total number of input parameters (wavelength independent) which
can be optimized, number of terms involved in sum-of-squares
calculation (delta and psi), maximum number of iterations,

~ desired tolerance for optimization, contraction factor.

Line 2. wavelength independent model parameters which can be optimized
a) thickness of first compact layer, angstroms.

b) volume fraction of component #1 in Second composite layer.
c) thickness of second composite layer, angstroms.

d) effective refractive index of islands.

e) effective extinction coefficient of islands.

f) effective surface coverage by islands.

g) effective island thickness, microns.

Line 3. increments (step sizes) of values listed in line 2 used in search;
listed in same order as corresponding parameter values in line 2.

Line 4. data point number

Line 5. measured delta, measured psi, incident medium refractive index,
incident medium extinction coefficient, refractive index of film
closest to substrate, extinction coefficient of film closest to
substrate, refractive index of substrate.

Line 6. extinction coefficient of substrate, wavelength, angle-of-incidence, .
component #2 refractive index (second composite layer), component #2
extinction coefficient, component #1 refractive index, component #1
extinction coefficient.

Line 7. see line 4.
Line 8. see line 5.
Line 9. see line 6.
Line 34. reading of data file terminated when "999" values is read.

Notes:

Input values for 10 diffefent data points, each corresponding to a different
wavelength, are given in WLGOGO.DAT. More data points could have been included.

The refractive indices of the islands are assumed to be wavelength independent,

which is a reasonable assumption if optical constants are linear and do not
change appreciably over the spectral range of the measurements.
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Appendix 50 (continued).

WLGOGO output to line printer

-293-

7 16 100 5.000 1.000

STARTING VALUES: 82.000; 0.530;  260.000;
0.000; 0.000;

INCREHENTS : 0.500; 0.005; 1.000;
0.000; 0.000; .

KNOUN FARAMETERS:  58.490;  32.990; 1.352;
4,438; 0.645; 2.766; 4248.000;  75.000;
1.352; 0.000; 2.811; 4,438;

KNOWN FARAMETERS:  50.070;  31.730; 1.344;
3.588; 0.612; 2.610; 5586.000;  75.000;
1.344; 0.0093 2.490; 3.588;

KNOWN FARAMETERS:  53.450;  38.110; 1.335;
3.377; 0.100; 3.560; 4991.000;  75.000;
1.335; 0.000; 1.644; 3.377;

KNOWN FARAMETERS:  52.730;  30.990; 1.347;
3.707; 0.880; 2.725; 5155.000;  75.000;
1.347; 0.000; 2.4646; 3.707;

KNOWN PARAMETERS:  49.970;  33.580; 1.341;
3.480; 0.190; 2.980; 5998.000;  75.000;
1.341; 0.000; 2.447; 3.480;

KNOWN FARAMETERS:  51.030;  34.470; 1.340;
3.409; 0.133; 3.201; 6242.000;  75.000;
1.340; 0.000; 2.373; 3.409;

KNOWN PARAMETERS:  51.850;  35.350; 1.338;
3.357; 0.098; 3.359; 6504.000;  75.000;
1.338; 0.000; 2.228; 3.357;

KF¥OUN PARAMETERS:  52.870;  34.390; 1.337;
3.351; 0.050; 3.484; 6748.000;  75.000;
1.337; 0.000; 2.049; 3.351;

KWOWN PARAMETERS:  57.240;  31.120; 1.351;
4.152; 0.845; 2.762; 4492.000;  75.000;
1.351; 0.000; 2.225; 4,152;

KNOWN PARAMETERS:  55.480;  30.880; 1.349;
3.920; 0.912; 2.759; 4754.000;  75.000;
1.349; 0.000; 2.39%; 3.920;

1.000;

0.100;

0.000;

0.000;

0.600;

0.000;

0.000;

0.000;

0.000;

0.000;

6.006;

0.000;

0.009;

2.811;

2.4%0,

1.644;

2.4646;

2.447;

2.228;

2.391,



NOT FINISHED

Appendix 50 (continued).

FINAL VALUES : 71.000;
0.000; 0.000;
VARIANCE COEF 1:  0.12£-02;
0.00E+G0; 0.00E+00;
VARIANCE COEF 2:  0.33E+03;
0.00E+00; 0.00E+00; '
FINAL ERROR : 5.235
MEASURED VALUES: 58.690;
CALCULATED : 58.637;
MEASURED VALUES: 50.070;
CHLCULATED : 50.733;
MEASURED VALUES: 53.450;
CALCULATED : 55.139;

MEASURED VALUES:

CALCULATED :
HEASURED VALUES:

CALCULATED :

CALCULATED :
MEASURED VALUES:
CALCULATED :
HEASURED VALUES:
CALCULATED :
MEASURED VALUES:
CALCULATED :
MEASURED VALUES:

CALCULATED :

52,7303
52.391;
49.970;
50,455;

51.030;

0.540;

0.38E+04;

0.10E-03;

32.990;

29.781;

31.730;
31.327;
38.1106;
36.288;
30.990;
31.098;
33.580;
32.889;
34.470;
33.701;
35.350;
34.,545;
36.390;
35.308;
31.120;
32.003;
30.880;

31.304;

-294-

254.000;

0.13E-02; 0

0.326403; 0

1.000; 0.000;

L00E+00; 0.00E+00;

LOOE+Q0;  0.00E+0G]

delta and psi,
respectively



Appendix 50 (continued).

Numeric values in WLGOGO output defined

First 1line ....cceecvevencccecsccascs
Starting values ...cccecccecncscaces
Increments ..ccececscccscocsscnscnse
Known parameters ..cececcocsccconsas

Final values ..cvcescesocoscsococens

Variance coef 1 .cvveeeeeerecennonces

Variance coef 2 ...iveereecerncnenss

Final error cecveeecveeescreessosccnce

Measured values ....ccocevencenccnsn
Calculated values ...e.cveeevscnancee

same as line 1 of WLGOGO.DAT

same as line 2 of WLGOGO.DAT

same as line 3 of WLGOGO.DAT

same as lines 5 and 6 of WLGOGO.DAT,

etc.

optimized model parameters corresponding

to the starting values given in line 2

of WLGOGO.DAT; listed in the same order.
numeric estimates of the partial derivative
defined by equation 26 of chapter 5 for each
model parameter; a measure of the model
sensitivity to each parameter; larger

values are indicative of greater

sensitivity.

numeric estimates of the variances of

model parameters (the number of degrees-of-
freedom is determined by the number of
wavelength independent adjustable parameters
and the total number of data points); these
values can be used directly (with correspond-
ing value of t-statistic) to estimate the
confidence intervals of ‘model.parameters.

total sum-of-squares error between model
predictions and measured values of delta and
psi for all data points read.

measured values of delta and psi, respectively.
calculated values of delta and psi, respectively;
based upon optimized values of model parameters.
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Appendix 51.

Listing of AIGOGO

FROGRAM AIGOGO
COMMON/AIMOD1/NO, NTER,NTET,N1OR,N10T,N2R,N21, WL, PHI,T,FST,TEL
COMMON/AINOD2/RO1FF,R12FF,R0158,R1285,RPF,RSS,RHD, N2, N1E,N10
COMFLEX SPHI2,CFHIZ2,EX0,EX2,0K0,0R2,BETAF,BETAS

COWFLEX RO1FF,R12PF,R0155,R1258,KFF,RSS,RHO,N2,N1E,N10

REAL NO,N2R,N21,NT1ER,N1EI,N10R,N10]
COMMON/SEARCH/Y,X(207,Y6(20)

DIMENSION B1(20),B00(20),0(20),E8(20),ENT(20)
OFEN(UKIT=1,NAKE="DY1sAIG0G0.DAT",TYFE= "OLE")

TYFE 11

ACCEFT 12,FLAB

IF(FLAG.NE.THY . AND.FLAG.NE. THN)GOTO 3000

READ{1,1)NYAR, NERR,NF,EF ,ALFHA '
IF(NVAR.ER.99958TOF

IF(FLAG.NE.THYIBOTE 3001

FRINT 1,NVAR,NERR,NF,EF,ALFHA

TYFE 1,NVAR,NERR,NF,EF,ALFHA

REAL(1,2)0Y0¢13,1=1,NERR)

REAL{T,2)CROLIT, I=1, NVAR)

IF(FLAG.RE.THYIGOTD 3602

FRIKT 3,(BOCI),I=1,KVAR)

3 TYFE 3,(80CI),1=1,NVAR)
READCT,2)(D01),1=1,NVAR)

IF(FLAB.NE.1RYJ60TC 3003 Variation:
FRINT 4,(D{1),I=1,NVAR) '

TYFE 4,{D(1),I=1,KVAR) ' ET0=1.E09
NT=0 NT=0
CONTINUE ‘ 50 CONTINUE
IG 300 I=1,NVAR

E00=0.0

£10=0.0

£20=0.0

IF(D(I).EG.0.0)B0T0 260

I 100 J=1,NVAR

X(d)=B0()

CALL ERROR

E0O=Y

X(I)=BO{I)-1(D)

CALL ERROF

E10=Y

X(I)=BO(I)+D(I)

CAiLL ERROR

E20=Y
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Appendix 51 (continued).

IF(EGO.LT.E10.ANDLEGO.LT.E20)GCTO
IFCET0.LT.EQO0.ANDIILET1O.LT.E20)60TD
IF(EZ0.LT.EGO.AND.E20.LT.E10)GOTO
O B1(I1;=BG{I)

60TO 300
BU(I)=R0C(I)-Li{1;

GOTG 300
E1(1)=BO(Ii+L(1)
Ea(1)=0.54{E10+E205-E60
I8 350 J=1,NVAR
FOidi=Bi())

X(d1=B0{d)

CALL ERROR

ET=Y

D0 357 I=1,NVAR
IF(D(I}.NELO.0IGOTD 355
ER{1)=0.000
EN1(1)=0.000

6670 357

0 ERCDI=ERAT/CDCT DT )

IF(EN(I).NE.0.0)GOTO 356
ENICII=0.
G070 357

6 ENT(II=ET/ERLD)
7 CONTINUE

NT=HNT+1
IF(ET.GT.ECGIGOTD 998
IF(RTEQ.NFIGOTD 9579
IF(ET.LE.EFIG0T0 1000

Do 360 J=1,NVAR
Dedi=ALFRA+L(J)

6G70 30

TYFE 5
IF(FLAG.NE.1HYIGOTO 3004
FRINT 5

CONTINUE

6070 1600

TYFE &
IF(FLAG.NE.THY)GOTO 3905
FRIKT 6

CORTINUE
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1000 TYPE 7,(X(1),I=1,NVAR)

TYFE 13, (EN(I},I=1,NVAR)

TYFE 14, (ENT(I),I=1,NVAR)

TYFE 8,ET L '

TYFE 9,(Y0(I},I=1,NERR)

TYFE 10,(Y0(I),I=1+NERR, NERR+NERR)
IF(FLAG.NE.THY)BOTO 3006

FRINT 7,(X(I),I=1,NVAR)

FRINT 13, (EN(I),1=1,NVAR)

FRINT 14,(ENI(I),I=1,NVAR)

FRINT 8,ET

FRINT 9,¢Y0(I),I=1,NE
PRINT 10,(Y0(1),I=1+
CONTINUE
FORMAT(3(5X,15),2{1%,F9.3))
FORKMAT(Z(IX,FT.301
FORAAT(/,” STARTING VALUES
FORMAT(/," INCREHENTS
FORMAT(/,* NO CONVERGENCE
FORMAT(/,” NOT FINISHED
FORMAT(/,* FINAL VALUES
FORMAT(/,  FINAL ERROR ‘L 1%,F9.3)
FORMAT(/,” MEASURED VALUES: “,5(iX,F5.3,"
FORMAT(/,© CALCULATED : 7, 501X,F9.3,7
FOGRMAT(/,” % FRINTER IN SYSTEM(Y/N)T 7}
FORMAT (AT
FORBATI/,” VARIANCE C
FORMAT(/, " VARIANCE C
GOTO 2000

§TGF

END

(23]
<>
<3
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Appendix 51 (continued).

Objective subroutine optimized by AIGOGO

SUERGUTINE ERROR

COMMON/SEARCR/Y,X(20),70(24)

COKMON/AIMOD1 /NO,N1ER,NTET,N10R,N10T,N2R,N21, UL ,FHI,T,PSI, DEL
CONMON/AIMOD2/RO1PF,Ri2PF,R0O155,K1258,RFF,R5S,RHO, N2, RiE,NID
COMFLEX SFHIZ,CPHIZ2,EX0,EX2,0R0,0R2,RETAP,EETAS
COHPLEX RO1FF,R12FF,K0i5S,Ki285,RFP,KSS,RHO,N2,NIE,N1D
REAL NO,N2R,N21,N1ER,NiEI,NiGR,NiDI

NO=X (1)

NTER=X(2)

NTEI=X(3)

N1OR=X{4)

N1DI=X(5)

NZR=X(6)

NZ1=X(7)

WL=X{8)

FRI=X(9)

T=0.

CALL AIFILH

IELO=DEL

FSI0=FS1

T=X(10)

CALL AIFILN

DELH=Y0i1)

FEIN=Y0(2)

DELC=BEL-DELO

 PSiC=FSI-FSI0

YG{3)=DELL

Y0(4)=FSIC

Y=(DELC-DELM)#+24 (PSIC-PSIN) #42

Y=8GRT(Y) -

RETURN

END
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Appendix 51 (continued).

Input Data File AIGOGO.DAT

10 2 100 0.100 1,000

1.580 -3.530

1.340 2.000 2.060

2.000 2.000 6.830

2.780. 4440.000 . 75.000
25.000 0.000 0.000

0.0G0 0.010  ~ 0.020

0.019 0.020 0.000

0.000 0.000 0.000

0.250 0.000 6.000

10 2 100 0.100 1.060

1.920 ~3.37¢

1.34% 2.600 2.000

2.000 2.000 0.830

2.780  444606.000 75.000
25.000 0.000 6.000

0.000 G6.01¢0 0.02

0.010 0.0620 0.000

0.000 0.060 0.000

0.250 0.060 0.000

Numeric values defined:

total number of input parameters which can be optimized, number of
terms involved in sum-of-squares calculation (delta and psi), max-
imum number of iterations, desired tolerance for optimization,
contraction factor. ' : '

delta and psi, respectively; given as "differences'" from initial
measured values.

incident medium refractive index, extrodinary refractive index of
film, extrodinary extinction coefficient of film.

ordinary refractive index of film, ordinary extinction coefficient
of film, substrate refractive index.

extinction coefficient of substrate, wavelength, angle-of-incidence.
thickness of film, value read but not used, value read but not used.
increments (step sizes) of parameters listed in line 3 used in search.
increments of parameters listed in line 4.

increments of parameters listed in line 5.

. increments of parameters listed in line 6.

Notes:

Two sets of data for optimization are given, lines 1 through 10 and lines 11
through 20, respectively. Reading of data file terminated by "999" value.
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Appendix 51 (continued).

Numeric values in AIGOGO output defined

First line ....ceeeveercnncoccncanenes
Starting values ...cecevevccecccsncnces

IncrementsS .c.ceececeececaccecconscnccnsae

Final values ...cceveecsvonncocscscses

Variance coef 1 ..iciceeecenncocsoscans

Variance coef 2 c.iveeveescvcensccasonne

Final error c.eecececcccecensosssscssse
Measured valueS t.seceseocccssccccsacs

Calculated values ..ccecevosccesccanns

same as line 1 in AIGOGO.DAT,

same input values in the same order as

in lines 3 through 6 of AIGOGO.DAT.

same initial step sizes in the same order

as in lines 7 through 10 of AIGOGO.DAT.
values of parameters after optimization
listed in the same order as in lines 3
through 6 of AIGOGO.DAT.

numeric estimates of the partial derivative
defined by equation 26 of chapter 5 for each
optimized parameter.

numeric estimates of the variances defined
by equation 23 of chapter 5 for each opti-
mized parameter assuming df=1.
sum-of-squares error after optimization of
parameters in ellipsometer model.

measured values of delta and psi, respect-
ively.

calculated values of delta and psi, respect-
ively; values predicted with optimized para-
meters.

Notes:

This program was written to interpret second order optical effects (birefringent
monolayer) and uses "differences" in delta and psi, instead of absolute values.
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Appendix 51 (continued).

AIGOGO output to line printer

10 2 109 0.100 1.000
STQRTING.UALUES: 1.340; 2.000; 2,000, 2.000;
0.830; 2.780; 4460.000; 73.000; 25,000,
INCREMENTS : 0.000, 0.010; 0.020; 0.010;
6.000; 0.000; 0.000; 0.000; - 0.250;
FINAL VALUES : 1.340; 2.140, 1.180; 2.070;
0.830; 2.780; 4450.000; 73.000; 33.750;

VARIANCE COEF t: " 0.00E+00; 0.62E+00; O0.66E+01; 0.74E+01;
0.00E+00; O0.00E+00; 0.00E+00; 0.00E+00; 0.35E-01; ’

VARIANCE COEF 2: 0.00E+00; ~ 0.89E-01; 0,B3E-02;

0.72E-07;

0.00E+00; 0.00E+00; 0.00E+00; 0.00E400; - 0.14E+01;
FINAL ERROR 0.055
MEASUREL VALUES: 1.580; -3.550;
CALCULATED s 1.403;  -3.500;
10 2 100 0.100 1.000
STAKTING VALUES: 1.340; 2.000; 2.000;

2.000;

0.830; 2.780; 4460.000;  75.000;  25.000;
INCREMENTS : 0.000; 0.010; 0.020; 0.0610;
0.000; 0.000; 0.000; 0.000; 0.250;
FINAL VALUES 1.340; 2.170; 1.180; 2.040;
0.830; 2.780; 4460.000;  75.000;  32.750;
VARIANCE COEF 1:  G.00E+00; O0.B1E400; O0.55E+01; 0.11E402;
0.00E+00; 0.00E+00; 0.00E+00; 0.00E+00; 0.25£-01;
YARIANCE COEF 235 0.00E+00; 0.82E-01; 0.126-01; 0.60E-02;
0.00E+60; 0.00E+00; 0.00E+00; 0.00E+00; 0.27E+01;
FINAL ERROR  : 0.066
MEASURED VALUES: 1.520;  -3.370;
CALCULATED : 1.532; -3.30%5;

-302-

D.G6aT
2.0607



€l

w

o

<
(o]

wm

"FORMAT(/, 7% TNI

-FORNAT{/, "8 FHIT

Appendix 52.

Listing of FLMTST

FROGRAM FLMTST

COMMON/FLMIAT/TNT, TNF, TNKF , TNS, TNKS, WL, PHI1,T,DELC,FSIE
COMFLEX TN2,TN3,CFHIZ,CPHIZ,R1S,R1F,R25,R2F,Z,RS,RF,RHO

TYPE 1

11}

ACCEFT 10, T
TVFE 2
FORHAT(/,"$ TNF
ACCEFT 10,TNF
TYFE 3
FORHAT(/, " § THKF=
ACCEFT 10, THEF
TYFE 4 '
FORMAT(/, "8 TNS
ACCEFT 10,TNS
TYFE &
FORMAT(/, ¢ TRKS
ACCEFT 10,TNKS
TYFE &
FORKAT(/,"$ WL
ACCEFT 10,4t
TYFE 7

1]

H

ACCEFT 10,FRIY
TYPE &

FORHAT(/, 78 T = 7

ACCEFT 16,7
CaLL FIid

TiFe 9,0ELC,FSIC

FORKAT(/,1X, "DELTA = “,F10.4,

FORBAT(FIG.A)
G870 100

SToF

END

!)
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Appendix 52 (continued).

Demonstration of FLMTST

f. ....... incident medium refractive index

- £.38 eeeees film refractive index

g . ....... film extinction coefficient

€.8% ,,.... substrate refractive index

= £.32 ....e..85ubstrate extinction coefficient

245i. ,.... wavelength, angstroms
B, L., angle-of-incidence, degrées

428. _.,... film thickness, angstroms

: = 55,7827 PS5 = 41,3378

2&8. _,.... another film thickness, angstroms

EiTa =  61.1869 PSI =  38.8784

T =

iee. eeeses eLC,
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Appendix 53.

Listing of EMATST

FROGRAK ENATST
COKMON/FLKGAT/TNA, TRKA, TNF , THEF , TNS, TNKS UL, PHI1,7,BELC,FEIC
CONMON/THETA/ THETA
1 TYFE 2
FORMAT(/,”$ I5 THERE A PRINTER IN THE SYSTEM(Y/N)T *)
ACCEFT 3,FLAG
3 FORKAT(AT)
IF(FLAG.NE.1HY,AKD.FLAG.NE. THN)BOTO 1
TYFE § ‘
FORKAT(/, $ ARE DELTA AND FSI TO BE COMFUTED(Y/W)7 *)
ACCEFT 3,FLAGH
IF(FLAGT.NE.THY . ANILFLABT.NE.1HN)GOTO 4
TYFE 10
10 FORNAT(/,”$ N2 = )
ACCEFT 100, TNAO
TYFE 15
15 FORKAT(/,“$ K2 = )
ACCEFT 100, TNKAD
TiFE 20
20 FORRAT(/,“$ Ni = )
ACCEFT 100,TNFO
TYFE 30
FORHATC/, "8 K1 = )
ACCEFT 100, TREFO
TYPE 40
40 FORNAT(/,78 X3 = )
ACCEFT 150, THETA
TNA=THAD
TNEA=TNRAD
TRE=THFO
TREF=TNEFO
CALL EMA
TYFE 200, TNFO,TNKFO .
TYFE 205, TNAD, TNKAO
TYFE 210, TNF, TNKF, THETA
IF{FLAG.NE.THY)GOTD 45
FRINT 200,THFO,TNKFO
FRINT 205,TNAO, TNK&O
FRINT 210, TNF,TNKF, THETA
45 CONTINGE

(28]

&

w

>

o
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Appendix 53. (continued).

IF(FLAGT . NE.THYISTOF
TYFE 50

FORBAT(/, 8 NA = “)
ACCEFT 160, THA

TYFE 55

FORKAT(/,"8 NS = )
ACCEFT 100,THS

TYFE 60

FORMAT(/, % K§ = )
ACCEFT 100, TNKS

TYFE 65

FORMAT(/, % WL = )
ACCEFT 100,WL

TYPE 70

FORMAT(/,”$ FHI= )
ACCEFT 100,FHIT

TYPE 75

FORUAT(/," 8 T = ")
ACCEFT 100,T

ThA=TNAT

ThiA=D.

CALL FILM

TYFE 215, TNS, TNKS, THA
TYPE 220,Wi,FHIN

TYFE 225,T,DELC,FSIC
IF{FLAG.NE.THY)GOTO 80
PRINT 215,TNS,THKS,TNA
PRINT 226,4L,FHIY
FRINT 225,7,DELC,FSIC
CONTINUE

TYFE 7

FORKAT(/,”"$ ARE MULTIPLE CALCULATIONS TD BE DONE(Y/N}T -

ACCEFT 3,FLAGZ

IF(FLAG2.KRE. 1HY.AND.FLAG2.HE. 1HN)GGTO &
IF(FLAGZ.NE.THY)ETOF
IF{FLAG.NEL.THYIGOTOD 835

FRINT 230

9 CORTINUE

TYFE 40

ACCEFT 100,THETA
TYFE 75

ACCEFT 100,T
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Appendix 53. (continued).

TNF=THFO

TNKF=TNKFO

TRA=TNAD

THEA=TNKAG

CALL EMA

TNA=TNAT

TNKA=0,

CALL FILM

TYFE 230

TYPE 235,T,THETA, TNF, TNKF,BELC,FSIC
IF(FLAB.NE.1HY)GOTO 95

PRINT 235,T,THETA, TNF, TNKF,DELC,FSIC
CONTINUE

BOTG 90

FORMAT(F10.4)

FORKAT(/,” N1 = “,F6.3," = *,F6.3,71")
FORKAT(/," N2 = *,F6.3,” - “,F4.3,71")
FORMAT(/," N = ",F6.3," = “,F6.3,717,5X, %1
FORKAT(/," NS = ",F6.3," = *,F6.3,1°,5X, NA
FORNATC/ " WL = ",F10.0,5K,°FKI = ,F10.4)
FOREAT(/,* T “yF10.0,5X, ‘DELC = *,F10.4,5X, FSIC = “,F10.4)
FORMAT(/,5%,“T*,9X, " X17,BX"NF ", 8%, "KF*,5X, “DELTA*,5X, FSI’)
FORMAT(/,7(1X,F9.3))

RETURN

ENT

 F6.3)
G F6.3)

[ LI T TR T TR ||
[ [
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Appendix 53 (continued).

EMATST output to line printer

Fio= 1,361 - 4,271

N2 o= 1,340 - 0.0001

N = 1.340 - 0.0001 X1 = 0,000
NE = 0.176 - 3.2191 k& = 1.340
WL = 5145, FHI = 75,0000
T = ] DELC = 71,4059 PSIC = 43.7224
T X1 NF KF DELTA FS8I
.
5.532 6.2540 1.824 0.831 70.6%3 43.464
5.932 0.410 1.617 1.442 70.611% 43.385
5.532 0.860 1.18% 3.718 71.468 43,340
9.532 1.000 1.301 4,271 F2.057 43,279
3.932 0.500 1.423 1.?94' 70,680 43,394
5.932 0.100 " 1.477 0.151 7G.959 43,644
3.332 0.200 1.841 0.616 70.704 43.537
3.3932 0.300 1.780 1.030 70.624 43.424
5.932 0.400 1.636 1.405 70.610 43.387
5.532 0.600 1.169 2.297 70.838 43,440
3.532 0.700 1.083 2.922 71.172 43.443
3.532 G.800 1.138 3.447 71.4%1 43.394
5.532 0.906 1.21E 3.885 71.782 43.335

Definition of numeric values:

complex refractive index of film component #1.

complex rerractive index of film component #2.

apparent complex refractive index of composite film at X1.
volume fraction of component #1 in film.

complex refractive index of substrate.

wavelength

angle-of-incidence
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Appendix 53 (continued).

T ....... thickness of composite film, angstroms

DELC .... calculated values of delta, also given as DELTA

PSIC .... calculated values of psi, also given as PSI

NF ...... real part of the composite film complex refractive index
calculated from N1, N2, and XI1.

KF ...... imaginary part of the composite film complex refractive index
calculated from N1, N2, and XI1.

Notes:

This example is takén from=the work discussed in chapter 5 regarding
the Bruggeman model of the Pb underpotential monolayer on Ag(l1l).

Optical properties of the underpotential layer were estimated at full

coverage by OHGOGO; the substrate refractive index was measured at zero
coverage.
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Appendix 54.

Listing of CSFIT

FROGRAM CSFIT
COKMOM/FLKDAT/TNT, TNF, TNKF, TNS, TNKS UL, FHI1,T,DELC,FSIC
COMMON/THETA/THETA

COMFLEX TN2,TN3,CPHI2,CFHI3,R1S,R1F,R25,R2F,Z,RS,KF,RHD
COMPLEX RSX,RFX,RSY,RFY

97
78

FORMAT(IZ)
FORBATLAT)

w
L]

[44)
(%]

FORMAT(F10.4)
TYPE 1
FORMAT(/,”$ FHI
ACCEFT 99,FHIT
TYPE 2 ,
FORMAT(/,78 WL = )
ACCEFT 99,UL

TYFE 10

FORMAT(/, 8 KO = )
4CCEFT 99, TN

TYFE 20

FORKAT(/," % NF = °)
ACCEFT 99,THF

TYFE 25

FORMAT(/,*$ KF = )
ACCEFT 99, TNKF

TYFE 30

FORMAT(/, $ NS = )
ACCEFT 99,TNS

TYFE 35

FORMAT(/,“ % K& = )
ACCEFT 99,THKS

H
~

COKTINUE
TYFE 40

FORMAT(/,$ DELK = °)
ACCEFT 99,DELH

TYPE 45

FORKAT(/,”8 F8IH = *)

#CCEFT 99,F51H

TYFE 50

FORMAT(/,“$ THICKNESS = )
ACCEFT 99,7

TYFE 55

FORMAT(/,”§ THETA =)

ACCEFT 99,THETA
CALL FIL®OZ
ERROR=SORT ((HELM-DELC) %42+ (FSIH-FSIC)#423
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Appendix 54. (continued).

FRINT 250,FHIT,WL,THT,TNF,TNEF,TNS, TNKS, DELH, DELC,FSIH,FSIC
C,ERROR, T, THETA
250 FORKAT(//,° ANGLE OF INCIDENCE = ,F3.0,5X, WAVELENGTH = *,F5.0,

L /7,° RHBIENT  REFRACTIVE INDEX = *,F5.2,
C sy FILM REFRACTIVE INDEX = “,F5.2,7 - *,F5.2,°1°,
C /,° SURSTRATE REFRACTIVE INDEX = *,F5.2,° - *,F5.2,°1°,
C //,° MEASURED VALUE OF DELTA = “,F7.2,° CALCULATED....
C,F7.2,

c /,° KEASUREL VALUE OF FSI = “,F7.2,7 CALCULATED....
C,F7.2,

c /,° ERRGR BY SUM OF SGUARES = *,F7.2,

c /,’ COKRESFONDING THICKNESS = *,F4.0,
c /o APFARANT SURFACE COVERABE = *,FB.4)

TYFE 300

300 FORMAT(/, % MORE CALCULATIONS? 7)
ACCEFT 98,ANSHER
IF(ANSUER.EQ.1HRY)GOTO 100
STOF
END
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Appendix 54 (continued).

CSFIT output to line printer

2E

ANGLE OF INCIDENCE =

AMHIENT  REFRACTIVE INDEX
FILH REFRACTIVE INDEX
SURSTRATE REFRACTIVE INDEX

MWEASURED VALUE OF DELTA
MEASURED VALUE OF PSI
ERROR BY S5UM OF SQUARES
CORRESFONIIING THICKNESS
AFPARANT SURFACE COVERAGE

ANGLE OF INCIDENCE = 73.
AMBIENT  REFRACTIVE

FILH REFRACTIVE
SUBSTRATE REFRACTIVE

INDEX
INDEX
INDEX

MEASURED VALUE OF DELTA
MEASURED VALUE OF PSI
ERROR BY SUM OF SQUARES
CORRESPONDINING THICHNESS
AFFARANT SURFACE COVERAGE

Notes:

H-tu

Wi

WAVELENGTHR = 5145,

.

-t P ed

g ND B
1

4.081
3.221

&~

& =t
.
]

v

>
[o==]

CALCULATED....
3 CALCULATED....

Ld S O
. .
NO

=

=2
o

5

G.1000

VAVELENGTH = 51435,

S -
. .

- Pt 4

NGB
1

4.
3.

ry O

8
2

b d

0.00 CALCULATED....
0.00 CALCULATED....
83.80

3

V.

.
noa

Vit
VA

71.51

43.49

This example is taken from the work discussed in chapter 5 regarding
the coherent superposition model of the Pb underpotential monolayer on

Ag(111).

Optical properties of the underpotential layer were estimated at full
coverage by OHGOGO; the substrate refractive index was measured at

Zero coverage.
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Appendix 55.

Listing of PSIDEL

PROGRAM FSIDEL

INTEGER FFLAG,AFLAG,CFLAG,FLAG,OFTION

TYFE 93

§3 FORMAT(/, 87 ,1X, "STANDARD(1) OR ROTATED(2) AXIMUTH ANGLES (11)7

96

ACCEFY 946,0PTION
FORMAT(IN)
TYPE 97

97 FORMAT(/,2X, ENTER THE FOLARIZER, ANALYZER, AND COMFENSATOR

98

99

30

40

C ANGLES (3(1X,F8.2)):")
ACCERT 98,F,4,C
FORMAT(3(1X,Fé.2))
1=0.

§=0.

FFLAG=0
IF(F.LE.180.)FPFLAG=400
IF(F.LE.135.)PFLAG=300
IF(P.LE. 90.)PFLAG=200
IF(F.LE. 45.)PFLAG=100
AFLAG=0
IF(A.LE.180.)AFLAG=20
IF(A.LE. 90.)AFLAG=10
CFLAB=0
IF(C.EQ.45.)CFLAG=1
IF(C.EQ.135.)CFLAG=2
FLAG=FFLAG+AFLAG+CFLAG
TYFE 99,F,A,C,FLAG

FORKAT(/,2X, P=",F6.2,2X, A=" F4.2,2X

IFCOFTION.NE.2)G0TO 180
IF(FLAG.NE.312)G0T0 10
D=270.-2.%P

§=90.-4

CONTINUE
IF(FLAG.NE.411)G0TD 20
Li=2,%p-270.

5=90.-4

CONTINUE
IF(FLAG.NE.122)60T0 30
D=90.-2.%F

S=A-90.

CONTINUE
IF(FLAG.NE.221)G070 40
D=2.%P-90.

§=4-90.

CONTINUE
IF(FLAG.NE.321)60TO 50
[=2.4P-90.

8=hA-%0.
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Appendix 55 (continued).

50 CONTINUE
IF(FLAG.NE.422)6GDT0 60
B=450.-2.4P
S§=4-%0.

40 CONTINUE
IF(FLAG.NE.111)6070 70
D=2.+F-%0.

§=90.-A

70 CONTINUE
IF(FLAG.NE.212)60T0 80
B=270.-2.%F
§=90.-4

80 CONTINUE
IF(FLAG.NE.322)60TO 90
D=450.-2.%F
§=4-90.

90 CONTINUE
TF(FLAG.NE.421)GOTD 100
=2.%F-90.

§=A-%0.

100 CONTINUE
IF(FLAG.NE.112)60TG 110
0=270.-2.%F
5=90.-4

110 CONTINUE

CIF(FLAG.NE.211)6UT0 120
b=2.%F+90.
8=90.-4

120 COWTINUE
IF(FLAG.NE.311)60T0 130
D=2.4F+90.

§=90.-4

130 CONTINUE
IF(FLAG.NE.412)GDTD 140
[=636.-2.%F
§=90.-4

140 CONTINUE
IF(FLAG.NE.121)6070 130
D=2.%F+270.

S=A-%0.

150 CONTINUE
IF(FLAG.NE.222)6070 160
[I=450.-2.#F
S=A-90.

160 CONTINUE
IF(D.ER.0.0.ANI.S.EG.O.0)TYFE 170
IF(H.EQR.0.0.AND.5.ER.0.0)STOF

170 FORMAT(/,1X, *PRORARLE ELLIFSOMETER ANGLE CONVERSION ERROR IN

C SUBROUTINE "PSIDEL" DETECTED;”,/, EXECUTION TERMIMATED#")
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Appendix 55 (continued).

GOTG 1188

180 CONTINUE
IF(OFTION.NE.1)GOTO 1180
IF(FLAG.NE.121)G60TO 1010
D=90.-2.%F
§=180.-4

1010 CONTINUE
IF(FLAG.NE.222)60T0 1020
B=2.%P-90.
5=180.-4

1020 CONTINUE
IF(FLAG.NE.311)60TO 1030
D=270,-2.%F
5=4

1030 CONTINUE
IF(FLAG.NE.412)60T0 1040
I=2.%F-270.
5=4

1040 CONTINUE
IF(FLAG.NE.112)60TO 1050
[1=90.+2, +F
5=f

1050 CONTINUE
IF(FLAG.NE.211)GOTOD 1060
D=270.-2.4F
§=4

1060 CONTINUE
IF(FLAG.NE.322)60TD 1070
[=2.4F-90.
5=180.-A

1070 CONTINUE
IF(FLAG.NE.421)G0TD 1080
D=450.-2.%P
§=180.-A

1080 CONTINUE
IF(FLAG.NE.111)G0T0 1090
[1=270.~2.4F
5=A

1090 CONTINUE

‘ IF(FLAB.NE.212)60TD 1100
[=2.%P+90.
5=4

1100 CONTINUE
IF(FLAG.NE.321)60TO 1110
D=450.~2.%F
5=180.-4

1110 CONTINUE
IF(FLAG.NE.422)G0T0 1120
[i=2,%F-90.
5=180.-A
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1120

1130

. D=450.-2.4F

1140

1160

1180

CONTINUE

Appendix 55 (continued).

IF(FLAG.NE.122)60T0 1130

B=2.xP+270.

$=180.-A
CONTINUE

IF(FLAG.NE.221)GOTO 1140

§=180.-4
CONTINUE

IF(FLAG.NE.312)60T0 1150

B=2.%F+90.

S=4
CONTINUE

IF(FLAG.NE.411)60TO 1140

b=630.-2.4F

S=A
CONTINUE

IF(D.EQ.O,
IF(D.EQ.O.

CONTINUE

0.A
0.4

ND.S.EQ.0.0)TYPE 170
ND.S.EQ.0.0)STOF

IF(OPTION.EQ.1.0R.OFTION.EG.2)GOTO 2010

TYFE 2000

2000 FORMAT(/,1X, *INCORKECT OPION CODE SPECIFIED IN SUBROUTINE

2010

RUN DY1:PSIDEL
STAMDARTI(1) OR ROTATED(2) AXIMUTH ANBLES (I{}7 2

CONTINUE

C "FSIDEL" SO EXECUTION WAS TERNINATED#+")

TYPE 3000,0,5
3000 FORKAT(/,2X, DELTA=",F6.2,2X, PSI=*,F6.2)

STOF
END

Demonstration of PSIDEL

L3

&15.00 0G8.&6¢ ¥45. 66

P= 1h. 88 A= 66.82 (= 40.82 FLAL=111

DELTA=—6e.e2 PSI= 32,60
STOP —
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Appendix 56.

Substrate refractive index calculation for Texas Instruments 59 Calculator
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Appendix 56 (continued).
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Appendix 56 (continued).

A Guide to Using the TI-59 Substrate Refractive Index Calculation Program

1.

Load the program froﬁ the two card tracks (1 and 2).:

1, "load track 1"
2, "load track 2"

Enter necessary values. For example, given

incident medium refractive index = 1.00

angle-of-incidence = 75 degrees
delta = 65 degrees
psi = 38 degrees

the key sequence would be:

1, A

75, B

65, C

38, D, E

the dis#lay will show the substrate extinction coefficient:
-2.049199888

the substrate refractive index is recalled with the key sequence:
RCL, O1

the display will show the substrate refractive index:
0.6785396928

the substrate extinction coefficient is recalled with the key sequence:
RCL, 02

new values of delta and psi can be entered:

69, C, 44, D, E ...evne... =—2.280649787 ..... RCL, 01 ....
0.1005854271
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Appendix 57.

film calculation for Texas Instruments 59 Calculator
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Appendix 57 (continued).
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Appendix 57 (continued).

RN R AT RS

Ty

]

[e
ol

SRR o [ R [ T s g

L b

----k —_k

-322-



Appendixl57 (continued).
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Appendix 57 (continued).
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Appendix 57 (continued).
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Appendix 57 (continued).
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Appendix 57 (continued).
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Appendix 57 (continued).

A Guide to Using the TI-59 Film Calculation Program

. Partition calculator memory with the following key sequence:

3, 2nd, Op, 17, RST

the display will show ...... 719.29

Load the program from the four card tracks (1, 2, 3, and 4):
"load first card, track 1"

"load first card, track 2"

"load second card, track 3"
"load second card, track 4"

W N
v w

L]

Store model parameter values into registers. For example, given

angle-of-incidence = 75°

wavelength = 5461 angstroms

incident medium refractive index = 1.00
film refractive index = 1.38
film extinction coefficient = 0.00
substrate refractive index = 0.93
substrate extinction coefficient = -2.39

the key sequence would be:

75, STO, 05

5461, STO, 06

1, sTO, 07

1.38, STO, 08

0, STO, 09

0.93, sTO, 10

-2.39, STO, 11

Then, assuming a film thickness of 400 angstroms:
RST, 400, A

after several seconds, the display will show delta ...... 55.78
One obtains psi by recalling it from memory:

RCL, 18

the display will show ...... 41.12°

One obtains delta again:

RCL, 19
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