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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 software is documented for the acquisition of both fixed-

wavelength and spectroscopic data from an automatic, self-nulling ellip- · 

someter by a LSI-11 microcomputer. This ellipsometer has resulted from 

the addition of spectral scanning capabilities over the visible-UV to a 

previously reported (1) automatic, magneto-optic instrument. Additional 

programs are presented to aid in the interpretation of the acquired 

ellipsometry data. Software is categorized as being for either (a) 

fixed-wavelength 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: Development and Use of a Spectroscopic Eliip

someter," the Ph.D. thesis of J. C. Farmer. This documentation serves 

as an appendix to that dissertation (2). 

FORTRAN software (3) was written to make possible acquisition 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 collection; (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 ahd 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; theoretical and experimental 

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

.. 
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programs so that visual comparisons can be made. Plotting can be done 

eith~r on the screen of the VT55 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 (l) the Bruggeman theory, (2) the Maxwell

Garnett theory, (3) the coherent superposition of reflection coeffi

cients, or (4) a uniaxial anisotropic film model. These basic theories 

were applied to both single and multilayer film models (see Chapters 5, 

6, 7, and 8). 

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. These programs exploit 

the complex arithmetic capabilities of this particular calculator 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 PLOT01, 

and will be discussed first (see appendix 1). These programs are demon

strated using a typical data storage disk (see appendix 2). 
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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. ChanneJ. gains can be either o, 1, 2, or 3 

(1X, 2X, 4X, 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. EDR002 (appendix 4 through 6). 

EDR002 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 to 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 3 

Cell Potential 2 3 

Cell Current 3 3 

Polarizer Manual 4 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 VT55 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 are 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. 
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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 and analyzer" are both 

10 degrees. During the experiment, 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). Inputs 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). 
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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 numbers are time (tics), 

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 

VT55 screen with PLOT01. 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 storage 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 increases disk 

storage efficiency by storing a single parameter used to reconstruct 

time values for each stored set of data points. Here, in an analogous 

fashion, 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 

wavelength reconstruction are stored in WLCALC.DAT , a single formatted 

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, ~nd regression coefficient for wavelength calibration 

of the spectral scanner. Linear regression 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 graphics with alpha

numeric characters. Almost all spectroscopic programs, SEV0002, RECALL, 

etc. call subroutine PLOT. 
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I. SEV002 (appendix 15). 

This is the main spectroscopic data collection program for monitor

ing variations in Faraday cell current levels via two channels of the 

AID 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 indexing pulse on a separate 

channel 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 necessary 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 sometimes 

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 w'ith wavelength 

dependent effective Verdet coefficients (degrees of rotation per ADCU); 
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one constant is stored for each encoder pulse (wavelength). CALFC1 

requires three spectroscopic data files as input. One spectral scan is 

required with the ellipsometer nulled (zero Faraday cell de current lev

els) at some reference wavelength (say with the spectral scanner azimuth 

set at M = 120 degrees); another spectral scan is required with the 

polarizer Glan-Thompson prism azimuth incremented (increment unimpor

tant), and final spectral scan with the analyzer Glan-Thompson prism 

azimuth incremented (increment unimportant). The effective Verdet coef

ficients (degrees 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 factors 

(subroutines INFC and OUTFC). In appendix 19 these factors are referr~d 

to as "FC RESPONSE FACTORS" and were stored in a file called 

11DY1FARADYDAT." 

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, increments of the polarizer azimuth should 

only result in changes in the polarizer Faraday cell de current; how

ever, due to cross-modulation, some ~esponse 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 CALFC1 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 VT55 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. DYER! (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 Chapter 

8). 

XIII. MINUS (appendix 27). 

This program generates "difference spectra" by subtracting one 

spectroscopic 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 upon the Bruggeman theory. This 

routine was also used extensively in Chapter 7 to predict spectroscopic 

ellipsometry measurements of thin, porous Pb electrodeposits on Cu. 

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 calculate the overall 

reflection coefficients, when are then used to calculate delta and psi. 

See Chapters 5 and 1. 
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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

copic complex refractive index data files created by DYER! 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). 

Thi~ 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, TEK003, 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 (appendix 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 TEK002 is shown in appendix 42. TEK003 (appendix 43) reads the for

matted data file PLTDAT.DAT (appendix 44) and draws graphs (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 46). 

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 48). 

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 i.s 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 substrate optical 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. 

III. 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 in 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 VT55 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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Appendices 



Appendix 1. 

Directory of Working Disk DYO: 

~DIR DY-t: 
2.6~J&n-83 

SWAP .SYS 24 11-tt.r--78 JYMNSJ. SYS 63 11~78 
TT SY~ . ..... ~ 

' 11-ftat 78 PIP .SAV 1G 11--ftir-78 
LIBR .SAV 18 11-Mar-78 IIR .SAV 17 11-Mar-78 
BATCH .SAV 2b 11-Mar-78 Fit£( .SAV 18 11-ftar-78 
SRC-COK. SAV 11 11 -ltitr-78 JUF .SAV 7 11..-Har-78 
PAT .SAV 7 114tar 78 RESDRC. Sit\! 12 11--ftar-78 
FtlRMAT. SAV 6 11--ttar-78 PATOf .SAV 9 11-Har-78 
1IF .SAV 21 29-flar-79 .._ • S"t'"S 2 11-Mar-78 
SA sv~ . ~ 7 U-Kilr-78 EDIT .SA\€ 19 11-tiar-7S 
au .SAV 6 11-Mar-78 )OOtiSJ. SYS 63 11-Mar-78 
STAATS. COM 1 1G4Fr 81 EIR002.SAV 32 13-Feb--Si * 
DEC002.SAV 25 13-feb-81* TRHSLT.SAV 94 13-Feb-81 * 
PUrr if * SAV 69 ~1* ~ .SAV 18 13-Feb-81 * 
R[CRLL.SAV 8327-Ha¥-82 SEV6i2 * SAV 86 2-"l-Oct --81 
RI~~.SAV 80 164Fr 81 MmJS SA" • ¥ " 17-Jun-81 
+1. ~I!. NE:W 1 28-Qct.-81 IIJDtft.OiF 1 1~1 
DSCL~~.SAV 90 27-HaY-82 
J3 files, ~P-4 Blocks 
•r~ t!ioeks 

./ 

*programs for data acquisition with automatic ellipsometer at a fixed wavelength; 
general purpose data acquisition and data reduction programs 

SCAN - reading A/D converter channels with numeric display- on VT55 screen 
EDR002 - data ac.quisi tion program for data collection over A/D converter channels 
DECOD2 - recalling unformatted data files created by EDR002 with numeric display 
TRNSLT - conversion of data files to delta, psi, etc. and creation of PLTDAT.DAT 
PLOTOl - generation of graphic display on VT55 screen from PLTDAT.DAT data 
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Appendix 1 (continued). 

Directory of Fixed-Wavelength Ellipsometry Data Acquisition Programs Disk 

15-Nov-82 
EDR002.FOR 5 23-Jun-80 INIT02.FOR 3 23-Jun-BO 
CLOSE2.FOR 1 23-Jun-80 SETUP2 .FOR ·a 23-Jun-80 
INPUT2.FOR 13 23-Jun-80 TIME02.FOR 10 23-Jun-80 
PSI DEL. FOR 8 05-Sep-80 OUTPUT.FOR 11 12-Feb-81 
DEFINE. FOR 6 12-Feb-81 FLMMOD.FOR 3 12-Feto-81 
CHGTKE.FOR 1 12-Feb-81 TRNSLT.FOR 7 12-Feb-81 
DECODE.FOR 13 12-Feb-81 CONVRT.FOR 6 13-Feb-81 
DELPSI.FOR 9 13-Feb-81 PLOT .FOR 15 13-Feb-81 
SCAN .FOR 9 13-Feb-81 DECOit2. FOR 14 13-Feb-81 
PLOTER.FOR 4 15-Feb-81 FLMFIT .FOR 14 15-Feb-81 
PLOT01.FOR 4 30-Aug-81 SUBPLT.FOR 6 30-Sep-81 

22 Files, 170 Blocks 
256 Free blod,s 
15-Nov-82 

EXP002.DAT 13 25-Jun-80 FUtDAT .DAT 1 11-Feb-81 
PLTDAT.DAT 53 · 12-Feb-81 TEST .IIAT 3 17-Feb-81 
TRNSLT .DAT 1 12-0c t-81 
5 Files, 71 Blod,s 
256 Free blod,s 
15-Nov-82 

SCAN .SAV 18 13-Feb-81 TRNSLT.SAV 94 13-Feb-81 
PSIDEL.SAV 24 13-Feb-81 EDR002.SAV 32 13-Feb-81 
DECOit2.SAV 25 13-Feb-81 PLOTER.SAV 70 15-Feb-81 
FLKFIT .SAV 88 15-Feb-81 PLOT01.SAV 69 30-Sep-81 

8 Files, 420 Blocks 
256 Free blocks 

.. 
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Appendix 2. 

Example Directory of a Data Storage Disk DYl: 

.D!R 
19-Jan--S3 

TITLE .BAT 4 17-..km--81 TJIELT.514 1 ~B.i 
'TRi6L T. 555 1 17-Nov-Si IEUill.MT 2 13-AFT" Si 
li..CALC~DHT 1 25--HaY-S2 fltiiiWY. rn n 9 25-¥-~.:.-82 

RX..:IL1. DR T 5 26--tt~-'-82 fCCAL2.MT 5 26-¥:tiY ~ 
fCCAL3.DHT 5 26-KaY-82 ft\AL4.MT 5 2(# ·~ ·82 
fARA:n'f.~ , 2.G-tta¥-B2: fAiiiirrf .IRT 9 ~ 
CVPBCU.MT 13 »--..Jun-82: KJIIIY.MT 11 82-.Ju!-82 
1ItLmi.117 5 12-..ktl-82 l£.fl.Dt:.11B 5 12-~l-82 
TITL00.119 5 12-.Jul-82 ~-~ 5 12 .Jiil-£2 
1UL00.121 5 12-.Jul-82 1Efl..m.122 5 12-.Jul-82 
TEH ... !J4. 123 5 12-Jul-82 lEfUJN.1.2-4 5 12-~1-82 
lEf'l_OO. 125 5 12-Jul--82 l[F"~.~ 5 13-Jul-82 
l[tlifi.127 5 13-Jul-82 TE:F"~.128 5 13-Jul-.82 
mtrn.129 5 13-.. ld-82 1£HJJ.t.1:W 5 13-Jul-82 
1Ul.(Jf. 131 5 13-Jul-82 l£FL00.132 5 13-Jul-82 
1UUJri.133 5 13-..All-82 l£VL1J;i. 134 5 13-Jui-82 
~.135 5 13-.Jul-82 lEFl..I* .136 5 13-Jul-82 
1IT"LON.137 5 13-Jul-82 lEF11»t.138 5 13--iul-82 
TEfl .. ON. 139 5 13-..lil-82 1Efl.~.14-V 5 13-Jul-£2 
1IfLON&14i 5 13-.Jul-82 1Ul.DN.142 5 13--Jul-£2 
T.ITLON. 143 5 13--.Ju 1-82 ID1JJN.144 5 13-Jui--82 
1U1 .. 0N.145 5 13-...kll-82 RESU..L1~ 5 13-Jul-£2 

RESt!... T. 14-1 F.: 13-Jul-82 Rf~S T.142 5 -~~ 1::~-~ ... ...~ ~i. ~ 

RESH~ 1.143 F.: 
s.l 13-.Ju! --82 RfSH~ T.i# " ... 13-~lil! -B2 

·REStL T .145 5 13--Jui-82 lffiUS . .141 5 13-Ju!-82 
tUtuS .142 5 13-Jul~ IIDUS .143 5 13-Jul-82 
I'UiL-"5 .1« 5 13-.Jul~ tmLfS .145 5 13-Jul-82 
"IEJ1..0W. 1-46 5 13-Jul-£2 TIF'i...OH .14 7 5 13-...kil-82: 
1UUlN.148 5 13-Jul-82 tun.T.1~ 5 13-Jul-82 
R£SU..T.147 5 13-~l-82 RESHLT.i48 5 13-Jul-82 
lfi~JS .14-6 5 13-..kil-82 tU._f;L~ .147 ~ 13-.Jtil-82 v 

IU.IUS .1.W 5 13-Jul-82 lU""iJ."J;i .149 5 13-Jui-82 
ltt~.1~ 5 13-..Ll-82 ml .. m.151 5 13-Jul-82 
IULDH.152 5 13-Jul-82 1IH .. ~.153 5 13-.Ju]-£2 
l£t~.154 5 13-Jul-82 "l"ErLiJti. !55 5 13-Jlll--H? 
n:.H .. ~-156 " 13-Jul--82 l£F"~c157 s;; 13-Jul ii2 w v 

TEfl .. ON.15B 5 13--Jul-82 Rf~~ T .149 s;; 15-.Ju!--82 w 

~T.1~ 5 15-..kil--82 R£St.L T .151 5 15-.Jul-82 
f££id. T .152 5 15-Jul-82 RESU..T.153 5 15-Jul-£2: 
RL.'U.. T .154 5 15--.hl-82 ~T.155 5 15-..iul-82 
JE:'">i.L T .156 5 15-Jul-82 R£Sa..T.157 5 15-Jul--82 
RESt!.. T .158 5 15-.All-82 fEU..T.135 5 15-..lil-82 
KI.~ .149 5 1&-Jul-82 tiDU5 .15i 5 1G-..ktl-B2 
IILtU5 .151 5 16-...kll-82 ~ ~~ ~ 16-.Ail-82 . ~ ... 
KI~ .153 5 16-Jul-82 tmi..JS .154 5 1 G--Ju i -B2 
I'lL~ .155 5 16-Jul-82 tfiNUS .156 5 1G-.J;il-i2 
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Appendix 2 (continued). 

ltm_iS .157 5 16--Jul-82 ~.1$ 5 1&-Jal-82 
lU11!~.1Ge 5 16-..Jul-82 IIES.LT.1~ 5 16-Jui--82 
trni..iS .1~ 5 1(;-Jnl-82 ~-161 5 17-J!!! --82 
IUU»i= 162 5 17-.. .kii-82 1£FUJi.1G3 5 17-Jiii..-B2 
Itt !...ON~ 1£.4 5 17-.ld-82 l£fl.ili.165 5 17-.Jill --82 
IDL.a4.1G£ 5 17-..Atl-82 ~-1C7 5 17-Ju!-82 
1Ul!lN.168 5 17-.Jal-82 1EtU..1e 5 17-.Jul-£2 
l£F~.17¥ 5 17-Jul-82 l£FL[Jf.171 5 17-Jel-fi2 
liTtm.172 5 17-..Jul-82 1Efl .. t»i.173 5 17-.Jui-82 
IU~.174 5 17-Jul--82 1EfllW.175 5 17-Ju! --B2: 
1ti~.176 5 17-Jul--82 l£H1»i. 177 5 17-Jul-82 
R£StLT.175 5 17-Jul--82 REStLT.17£ 5 17-Jui--82 
tfi:iL~ .175 5 17-Jul--62 liTL-~.178 5 17-Ju!-82 
iliLL~-179 5 18-Jul-82 liHJJi.tBi 5 18-Jui--62 
IU~:181 .. 18-Jul-82 1£fl .. DN.182 5 18-Jiil--82 v 

h:.tl-.00.18.3 5 18-Jul-82: 1£fl.00.184 5 18--Jui-82 
1Ul.~.185 5 18-Jul--82 l[f"'UJN. ~ 5 18-.Ju.l-82 
IU~z187 5 18-,.hl-82 ID11~=18B 5 18-. .Ad-82 
U.t~.189 5 18-.A!l-82 lEtLIJi.l~ 5 18-~lu l-82: 
1Uu.~.191 5 18-Jul-82 T£f""L~.192 s;: 

aJ1 u~--tul-£2 
ihL[~.1~3 5 18-.)..tl-82 lEfl.tJt,i. 191- 5 18-Jl! i --62 
U:..t L.Qtt. 195 5 19-.Ju.l-82 1IT111i.1* 5 19-.Ju 1-82 
ltlL~.197 5 19-Ju!-82 l'IF~.198 5 19-Jul-82 
1flL(IH.193 5 19--Jul-82 1IFL0t4. 2W 5 19-Jul-82 

itli....ON. 185 5 18-Ju.l--82 TEf1.0N.18£ IL 
aJ1 1&--~1-82 

1U"'~.187 5 18-Jul-82 TEF~.188 5 16-Jul-82 
TfTLL~.189 5 18-Jul-82 ~-1~ 5 18-Ju!-62 
liH .. fl4. 191 5 18-..iul-62 m-um.1~ 5 18-.Ju.l--82 
1EtLDU.193 5 18-Jul-82 mu~.t~ 5 18-,.kil--82 
h:JU::~.195 5 19-Jui--62 lifl£.~:15£ 5 15-Jul--82 
T£fLOtt.197 5 i.S-Jul-82 lEfl .. DN. 1~ 5 19-Jul~ 
lfH .. ~.199 5 19--.All-82 lEJUI;i.~ 5 19-Ju!-82 
f&L~.2t1 5 19-Jul-82 liflllt.~ 5 19--lu.l-82 
!tl LOU. 2i-3 5 1s-Jul-B2 TEP~.2t4 5 19-Jul-82: 
i&~.~ 5 19--Jul--82 R£StLT.~3 5 1!-Jul-82 
c=~.K¥i 13 19--.AI 1--82 CVPiiRU.Hi 13 19-Jui--82 
CVPf.J'iUc If~ 13 19--Ju l-E2: ~.K3 13 19-.Jul-82 
C.tPBAU.~ 13 19-Jul-82: lRNSLT.DAT 1 es friD\,"--81 
FLTDAT.DAT 5B 19-Jul--82 lEfl.ili. 2eG 5 15-Jui-£2 
1Ul.~-2e7 5 19-..bl-92 CVPBAU.et5 13 19-Jul-82: 
CVF-BRU.~ 13 19-Jul~ ln..D .18£ 5 1!1---.J¥.-B3 
ron .183 5 19--.Jan-83 ~ J .186 5 15--Jan--53 
S)i p .188 5 19-...Jiln-83 tiDiS .188 5 19-...ian--S3 
liLD .185 5 19--.Jan--63 tmi.S .185 5 19-..ian--S3 

1G4 file-s .. 935 !Hocks 
39 Free bh.d<..s 
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Appendix 3. 

Demonstration of SCAN 

152.310 · • • · • · • • · · ... · · · ............ system "crashed" 
@-1~ ...•......•..••••........• command entered from VT55 keyboard to "boot" 
RT-11Sj V.JB ~ •..•.•.•.••...•• VT55 response to "boot" 

• S£T IT: St...""lF£ 

.ASSI~ DY1: Ia': 

.RUN DYj:SCAN .••••.•.••....•.•••. running program SCAN 
TYPE 1 FOR ON£ ~ 

A F"IR AU. ~s 
C FOR \Dt'TINOOS OifrriJT 
S FUR SIM!-:g ;:- OUIPUT 
R FOR RETLRN 
P Fm STOP 

cmm;r~=A 

GAIN= 3 

CDNTR(L -: 
cmrr;-.q:t_ =A 

GRIN= 3 

~7 
1626 
1727 
1812 
1895 
197-ii 
2847 
2647 
2347 
2M7 
2i-47 
2&47 
2*47 
2047 
2M7 
2M7 
2647 
2*47 
2&47 
2647 
~7 
2i47 
2@47 
2t47 

1 
2W47 

le-47 
2647 
2647 
2&47 
~7 
-..-=.a-, 
~-
2M7 
2647 
2e47 
2M7 
~7 
2e47 
.264""' .F 

2V47 
2M7 
~7 
2047 
2{47 
2047 
2e47 
2M? 
~7 
2047 
2647 

2 
a47 

2e47 
~7 
2347 
2.e47 
~7 
2&4~ .f 

~7 
2oi47 
2047 
2047 
2(H.? r 

2347 
2647 
2&47 
~"7 .; 

2M7 
~7 
2*47 
2e-47 
204-7 
~7 
G47 
2M7 
2i47 

3 
155 

2e47 
2e-47 
2e47 
2347 
2e47 
21:47 
2i47 
2647 
2e47 
.2e47 
2.947 
2847 
a47 
2&47 
2M? 
2847 
2647 
2e47 
.2847 
2e47 
2M7 
2e47 
2:147 
.2847 

2.64-7 
2&-47 
a47 
~7 
~7 
2M? 
2e47 
2CM7 
2et7 
~7 
.~7 

2e47 
2e47 
~.., 

E 

2D47 
·N47 
Z:M7 
2e47 
2.647 
2M7 
2t47 
~7 
£0.47 
a47 
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grounded 

204-7 
input 
~ 

2&47 -3 
2e-47 -4 
2e47 --5 
~7 -5 
2&47 -3 
2&47 -3. 
a47 -2 
2M7 -5 
~7 -5 
347 -3 
20-47 -3 
~7 -3 
2e4"7 = -5 
2e47 -5 
2347 -5 
2e47 -3 
2M7 -3 
2047 -4 
2f.•-. ?Fi" -5 
~7 -5 
2347 -4 
~7 -3 
a-47 -4 

7 
274 •••• A/D converter 

channels scanned 
a single time 

-121 ••• continuous A/D 
-1.28 converter scanning 

254 -
-110 

125 
17& 
-34 

-231 
-182 

61 
189 

€1 
-169 
-2£-v 
-14 
177 
127 

-119 
-~ 
-11~ 
114 
1~ 
-4-4 
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Appendix 3 (continued). 

Listing of SCAN 

CALL SCAN 
CALL EXIT 
END 
SUBROUTINE SCAN 

C*********************************************************************** 
C TH1S SUBROUTINE SCANS THE A/D CHANNELS CONSTANTLY, AND DISPLAYS 
C VALUES FOUND IN THE REGISTERS ON THE VTSS SCREEN. THIS SUBROUTINE 
C ALSO ALLOUS ONE TO SELECT THE CHANNEL GAIN USED DURING THE SCAN. 
C*********************************************************************** 
C DEFINITION OF TERMS: 
C STA = STATUS FOR SCANNING 
C 1 FOR CONTINUS SCANNING 
C 0 FOR SINGLE TIME SCANNING 
C MES =MESSAGE FROH-USER. 
C IGAIN= GAIN OF PGA 
C************************************************************************ 

COKHON/PRINT/STA,HES,IGAIN 
INTEGER*2 STA,MES 
STA=O 
I=O 

C*****TYPE MESSAGE FOR USER********************************************* 
100 TYPE 1 
1 FORMAT<' TYPE 1 FOR ONE CHANNEL' 

1 ,/,7X,'A FOR ALL CHANNELS' 
2 ,1,7X,'C FOR CONTINOUS OUTPUT' 
3 ,1,7X,'S FOR SINGLE OUTPUT' 
4 ,1,7X,'R FOR RETURN 
5 ,1,7X,'P FOR STOP'J 

101 TYPE 3 
3 FORHATC'SCONTROL='J 
C*****GET MESSAGE FROH USER********************************************* 

ACCEPT 2,HES 
2 FORHAT<A1J 

IF<HES.EG.1H1JCALL SINGLE 
IF<MES.EQ.1HAJ(ALL ALL 
IFCKES.EG.1HClSTA=1 
IF<MES.EG.1HS>STA=O 
IF<MES.EG.1HRJRETURN 
IF<MES •. EG.1HPJSTOP 
GOTO 101 
END 
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Appendix 3 (continued). 

SUBROUTINE SINGLE 
C*****ITIME AND JTIHE ARE TIMING VARIABLES FOR TIME DELAY****~********** 

COKHON/PRINT/STA,KES,IGAIN 
INTEGER*4 1TIKE, JTIHE 
INTEGER•2 STA,KES,C 
I=O 

C*****SET UP ADC FOR PROGRAM CONTROL, NO INTERUPT**********************~ 
CALL IPOKEC"170400,0> 

100 TYPE 1 
1 FORKATC/,'SCHANNEL = ') 

ACCEPT 2,C 
2 FORMAT< I2) 
C*****GET CODED GAIN**************************************************** 

TYPE 4 
4 FORMAT('$ GAIN = ') 

ACCEPT 2, IGAIN 
C*****RETURN IF INPUT CHANNEL IS NOT VALID********************1********~ 

IF(C.LT.O.OR.C.GT.7lRETURN 
C•••••SET UP CHANNEL******************************************~*******~* 
1000 CALL IP0r(E("170402,C.OR.<6HIGAIN)) 
C*****CHECK TO SEE IF ADC IS FINISHED*********************'************~ 
1001 IF<.NOT.CIF'EEr:C"170400>.AN!I."100000>>GOTO 1001 
C*****OUTF'UT THE RESULT*************************************~**********i 

TYPE 3,IPEEf~("170402) 

3 FORMAT19X,I8,X> 
C*****SET UP TIME !IELAY FOR NEXT SAMPLE********************************* 

CALL GTIK<ITIMEl 
CALL JJCVT(ITIMEI 
JTIKE=ITIME 

500 CALL GTIHIITIMEI 
CALL JJCVTCITIME> 
IF<iiTIHE-JTIHEl.LT.60l60TO 500 

C*****RETURN IF ANY MESSAGE IS COHHING FROM THE KEY BOARD*************** 
IFCITTINR<Il.GT.OlRETURN 

C*****LOOF' FOR NEXT CHANNEL*******************************************~~ 
IFCSTA.EG.O>GOTO 100 

C*****IF CONTINUOUS KO!IE IS USE!I, SCAN LOOP AGAIN*********************** 
GOTO 1000 
END 
SUBROUTINE ALL 
COMHON/F'RINT/STA,MES,IGAIN 
INTEGER•2 STA,MES,CCSl 

-31-



Appendix 3 (continued). 

C*****GET THE CODED GAIN****~**************************************~~i~• 
TYPE 4 

4 FORKAT<'S GAIN = ') 
ACCEPT 3,IGAIN 

3 FORKAHii) 
C*****PRINT HEADING****************************************************~ 

TYPE 1 
FORKAT<' CHAN 0 2 3 4 5·', 

1 • 6 7') 
CALL IPOKE<"170400,5J 

C*****SET UP FOR SEQUENTIAL SCAN AND AUTO START ON READING OUTPUT******* 
C*****START UITH FIRST CHANNEL*************************************~**** 
100 · CALL IPOKE<"170402,64*IGAINJ 

DO 1001 I=1 ,8 
C*****CHECK FOR THE END OF CONVERSION ON EACH CHANNEL******************* 
1000 IF<.NOT.<IPEEK<"170400J.AND."100000>JGOTO 1000 
C*****INPUT THE RESULT*************************************************+ 

C<IJ=IPEEKC"170402> 
1001 CONTI HUE 
C*****PRINT THE RESULT************************************************** 

TYPE 2,<Ci!J,I=1,8) 
2 FORKATC2X,8I8> 
C*****IF IN SINGLE SCAN HODE, RETURN********************************~*** 

IF<STA.EQ.O>RETURN 
C*****IF THE USER TYPES ANY KESSAGE, RETURN***************************** 

IF<lTTINR(I).GT.O>RETURH 
C*****LOOF'**************************************************•*********** 

GOTO 100 
END 
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Appendix 4. 

Demonstration of EDR002 - setting up channel parameters 

TYPE : 8 rtF. GETTING ~ fRUF. A iHSf: FilL 
1 FUR ~INS n£ DPJT P~. 
2 FnR A LISTINS IT Tt£ CL~i¥"1 F'Aie~ERS= 
3 fDR START SE1TIN6 UP CiJooJH ~. 

INlUT = 1 

00 YOU WISH TO CHM6£ nus ~ 0' IN1?Y 

LOCATION U21= I 
GAIN <121= 3 
PERIOD.TIC CI4i= ~ 
IMNS[ ( 12:)= 
lltiTS <AU= DES 
NAt£ AND ~"T {A,_~)= Pfi..NUZI:R ~"T 
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Appendix 5. 

Demonstration of EDR002 - getting parameters from a stored data file 

CVPBAU.H4 13 l!t-Jul-82 lRHSLT .. MT 1 ~~ 
PlTDRT.MT 58 19-d!l-82 IE:fU»i,.~ 5 19-..li!i-82 
mL~.201 s ts--.kil-82 ~ .. w..: n ~,J;ii-E"=L 
CVPM_!.M6 13 15--Jul-82 &£1 ~ .1~ 5 ~~ 
liiLll .18.3 5 t~..Jan-83 1ml..iS .taG 5 19-~ 
&aLi .tSB 5 19-~ JIDiJS .tUB 5 19-..ian-B3 
ID..D .185 5 19-Jiln-83 tmiJS .. 185 5 D-.Jan-83 

1£4 riles, 535 Blod..s 
']!; r..-ee- bl~ ••••••.•••••••.•••••••••••••••.••••••••••••.••. end of directory 

.II.Jtf DY't: E:~Jfti4i2 ••••••••••••••••••••••••••••••••••••••••••••••• rtmning EDR002 

TYP£ : I FOR 6£TTitti PltRAt£TERS ~ A DISt: FILE .. 
1 fli( OfANGDii Tt£ JMlUT ~-
2 ffl( A USTING IF llE ~"T Plit~S. 
3 fll{ STMT SETTii«l tF ~"T PA.~IR. 

DPJT = e 

lti'UT = 2. 

tL-mER or CHANNElS = t 

tUmtR LOCN GAIN P£P..1007 TIC RHNSE lliiTS 

1 • 3 li • 2 1 3 31 • 3 2 3 31 • -4 3 3 31 • 5 • 3 38 • 6 5 3 31 • 
Dflt.IT = 3 

TYPE •s• f1lR START Of IUt: 6 

-34-

tiN£ AND~ 

·Pa. 
lfi'1 
POTDfl!~ 
~~,. 

Pfl~ 
AtL~ 



Appendix 5 (continued). 

Listing of EDR002 

PROGRAM EDR 
C*********************************************************************** 
c 
c 
c 
c 

THIS IS THE HAIN PROGRAH OF THE ELLIPSOMETER DATA RECORDER UHICH 
CALLS VARIOUS SUBROUTINES FOR THEIR SPECIFIC OPERATIONS. 

C*********************************************************************** 
COMMON/URUBUF/ICHAN,IBLOCK,IFLAG 
COHMON/AREA/IAREA(4) 
IF(IGSET(S>.NE.O>STOP 'NOT ENOUGHT FREE SPACE FOR QUEUE ELEMENT' 
IFLAG=l 
CALL FINISH 

C*********************************************************************** 
C COMPLETION ROUTINE FOR URITING DATA ONTO DISK. 
C********************************************************************•** 

CALL INIT02 
C****************************************i****************************** 
C THIS SUBROUTINE INITIALIZES ALL THE STARTING PARAMETERS BEFORE ANY 
C OPERATION IS DONE •. 
C*********************************************************************** 

CALL INPUT2 
C*********************************************************************** 
C THIS SUBROUTINE COMMUNICATES UITH THE OPERATOR FOR INPUT PARA-
e HETERS TO SETUP THE DATA ACQUISITION PROCESS. 
c••••••••••••••••••••••••••••••••••••••••******************************* 

CALL SETUP2 
c•••••***************************************************************~•• 
C THIS SUBROUTINE SETS UP THE NECESSARY PARAMETERS FOR THE DATA 
C GATHERING PROCESS ON THE BASIS OF THE OPERATOR INPUT. 
C*********************************************************************** 

CALL TIHE02 
C*******************************•***********'*************************** 
C THIS SUBROUTINE KEEPS TRACK OF THE TIHING AND CALLS THE ACTUAL 
C DATA RECORDING ROUTINE TO RECORD DATA AT THE RIGHT TIHE. 
C IT ALSO KEEPS TRACK OF THE STATUS OF THE BUFFER AND CALLS THE 
C ROUTINE FOR URITING DATA ONTO DISK. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~ 

CALL CLOSE2 
c•••••••••••••••••••**************************************************** 
C THIS IS THE ROUTINE THAT COMMUNICATES UITH THE OPERATOR TO 
C HANDLE MODIFICATIONS ON THE EXISTING DATA. 
C HORE DATA CAN ALSO BE GATHERED IF DESIRED. 
c•••••••••••••••******************************************************** 

END 
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Appendix 5 (continued). 

SUBROUTINE INIT02 
C********************~*~**************~*******************************~* 
C ISETUP=SET UP 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 •••• GAIN 
C 3 •••• SAMPLE RATE IN TICS. 
C 4-5 •• UNIT 
C 6 •••• RANGE 
C 7-16.NAME AND COMMENT 
C ID = IDENTIFICATION FOR THIS RUN 
C LENGTH= LENGTH OF RUN IN TICS 
c 
C LIMIT=MAXIMUM LIMIT OF THIS PROGRAM 
C NHAHAX=MAXIMUH NUMBER OF CHANNEL 
C NERMAX =MAXIMUM NUMBER OF DIFFERENT SAMPLE RATE 
C*********************************************************************** 

COMMON /ISETUP/NUH,LIS<16,16l,ID<20l,LENGTHC4) 
COMMON /LIHIT/NHAHAX,NERHAX 
NHAHAX=16 
NERHAX=3 
NUM=S 
DO 100 I=1,16 
DO 100 J=1,NHAMAX 
LIS<l,J)=O 

100 CONTINUE 
RETURN 
END 
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Appendix 5 (continued). 

SUBROUTINE CLOSE2 
COHHON/URBUF/ICHAN,IBLOCK,IFLAG 

C*********************************************************************** 
C SEE SUBROUTINE INIT01 FOR DISCRIPTION OF COHHON BLOCK. 
C THIS SUBROUTINE TERMINATES DISC STORAGE. 
C*********************************************************************** 

CALL CLOSEC<ICHAN> 
CALL IFREEC<ICHANl 
CALL EXIT 
END 
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Appendix 5 (continued). 

SUBROUTINE SETUP2 
C*********************************************************************** 
C SEE SUBROUTINE INIT01 FOR EXPLANATION OF THE COKKON BLOCKS. 
C*********************************************************************** 
C IRUND = COKKON BLOCK FOR RUNNING PARAMETER 
C COUNT = COUNT DOUN TO UARDS ANOTHER SAKPLE TIKE FOR EACH CHANNEL 
C !BUFF = BUFFER FOR DATA STORAGE 
C*********************************************************************** 

INTEGERt2 COUNT<16) 
COKKON/ISETUP/NUK,LIS<16,16l,ID<20>,LENGTH(4) 
COKKON/IRUND/IDUKKY<55>,IBUFF(768) 
COHKON/URBUF/ICHAN,IBLOCK,IFLAG 
REAL*4 DBLK<2>,NAKE<3> 

C*********************************************************************** 
C SET UP THE BUFFER FOR DATA INPUT. 
C**********************************************************************~ 

DO 1005 1=1,768 
IBUFF<I>=O 

1005 CONTINUE 
C*********************************************************************** 
C STORE THE SET UP INFORMATION FOR THIS RUN IN THE BUFFER. 
C*********************************************************************** 

DO 1007 1=1,20 
IBUFF<Il=ID<I> 

1007 CONTINUE 
IBUFF<21 >=NUK 
IBUFF<22)=LENGTH<1> 
IBUFF<23>=LENGTH(2) 
IBUFF<24)=LENGTH(3) 
IBUFF<25>=LENGTH(4) 

C*********************************************************************** 
C STORE THE BUFFER CONTENTS ON A DISK. 
C*********************************************************************** 

TYPE 1 
FORMAT<I,'S FILE NAKE FOR NEU DATA <A12) = ~) 

ACCEPT 2, <NAKE<I>,I=1,3) 
2 FORKAT<3A4) 

N=IRAD50(12,NAKE,DBLK> 
ICHAN=IGETC<O> 
IF<ICHAN.LT.OJSTOP 'CANNOT ALLOCATE CHANNEL~ 

IERROR=IENTER<ICHAN,DBLK,Ol 
IF<IERROR.LT.O>GOTO 9001 
IBLOCK=O 
IFLAG=IFLAG+1 
CALL URBUFF<IBUFF> 
CALL IUAIT<ICHAN) 
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Appendix 5 (continued). 

I 

C*********************************************~************************~ 
C RECORD RUN PARAHETERS FOR EACH CHANNEL IN BUFFER. 
C*********'************************************************************i 

DO 1009 1=1,256 
IBUFF<I>=O 

1009 CONTINUE 
DO 1010 I=1,NUH 
DO 1010 J=1,16 
IBUFF<<I-1)t16+J)=LIS<J,I> 

1010 CONTINUE 
C*********************************************************************-· 
C STORE BUFFER CONTENTS ON A DISK. 
C*********************************************************************-· 

IF<IFLAG.GT.O>CALL IUAIT<ICHANi 
IFLAG=IFLAG+1 
CALL URBUFF<IBUFF> 
CALL IUAIT<ICHAN> 

C*********************************************************************i· 
C SETUP ADC FOR: 
C NO END-OF-CONVERSION INTERUPT 
C NO AUTO INCREMENT 
C PROGRAM CONTROL A-D CONVERSION 
C**********************************************************************• 

CALL IPOKE("170400,"000000l 
RETURN 

9001 TYPE 3,IERROR 
3 FORHAT<X,I5> 

STOP 'ENTER FAIL' 
END 
SUBROUTINE URBUFF<IBUFF> 
COHMON!URBUF/ICHAN,IBLOCK,IFLAG 

C**********************************************************************' 
C URITES IBUFF INTO FILE ICHAN. 
C********************************************•************************~• 

COMHON/AREA/IAREA(4) 
EXTERNAL FINISH 
IERROR=IURITF<256,IBUFF,IBLOCK,ICHAN,IAREA,FINISH> 
IF<IERROR.LT.O>GOTO 2000 
IBLOCK=IBLOCK+1 
RETURN 

2000 TYPE 1,IERROR 
1 FORHAT<I,3X,I2> 

STOP 'FATAL URITE' 
END 
SUBROUTINE FINISH 
COHHON/URBUF/ICHAN,IBLOCK,IFLAG 
IFLAG=IFLAG-1 
RETURN 
END 

-39-



Appendix 5 (continued). 

SUBROUTINE IHPUT2 
C*******************~*************************************************** 
C SEE SUBROUTINE INIT01 FOR AN EXPLANATION OF THE COHHON BLOCKS. 
C*********************************************************************** 

COHHON/ISETUP/NUH,LISC16,16>,IDC20>,LENGTHC4> 
COHHON/LIHIT/NHAMAX,NERHAX 
COHHON/IRUND/IDUMMYC55>,IBUFFC768> 
REAL*4 NAME<3>,BDLKC2) 

C*********************************************************************** 
C THE REQUIRED OPERATOR RESPONSE IS EXPLAINED AND DISPLAYED ON 
C THE CRT IN CODED FORM FOR REFERENCE. 
C*********************************************************************** 
100 TYPE 1 
1 FORHAT(///,6X,'TYPE : 0 FOR GETTING PARAMETERS FROM A DISK FILE.', 

1 1,13X,'1 FOR CHANGING THE INPUT PARAMETERS.', 
2 1,13X,'2 FOR A LISTING OF THE CURRENT PARAMETERS.', 
3 1,13X,'3 FOR START SETTING UP ·cuRRENT PARAMETER.'> 

C*********************************************************************** 
C THE PROGRAM NOU GETS A RESPONSE FROM THE USER. 
C*********************************************************************** 
200 TYPE 26 
26 FORHATC/,'S',5X,'INPUT = ') 
101 ACCEPT 2,J 
2 FORMATCI1> 
C****************************************'****************************** 
C THE USER'S RESPONSE IS NOU CHECKED. 
C 100 = NOT LEGEL RESPONSE, TYPE MESSAGE AGAIN. 
C 102 = PRINT CURRENT PARAMETER TABLE CONTENT 
C 103 = MODIFY CURRENT TABLE OF PARAMETER 
C 104 = ASK FOR RUN IDENTIFICATION 
C 105 = GET TABLE FROM A DISK FILE. 
C*********************************************************************** 

IF (J.GT.3.0R.J.LT.O> GOTO 100 
GOTO !105,103,102,104) J+1 

C*********************************************************************** 
C CONTENTS OF THE CURRENT PARAMETER LIST ARE PRINTED. 
C*********************************************************************** 
102 TYPE 3,NUH,<K,<LIS!M,K>,H=1,16>,K=1,NUH> 
3 FORMAT (//,6X,~NUKBER OF CHANNELS= ',I2,11, 

1 6X,'NUMBER',2X,'LOC N~~3X,'GAIN',4X,'PERIOD,TIC',2X,'RANGE', 
2 3X,'UNITS',3X,'NAKE AND COKMENT',I/, 
3 !7X,I2,6X,I2,6X,I2,6X,I4,8X,I2,5X,2A2,6X,10A2)) 

GOTO 200 
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Appendix 5 (continued). 

C***************************************************************'*•***** 
C THE CURRENT PARAMETERS ARE NOU CHANGED ONE AT A TIHE; SEE 
C SUBROUTINE "INIT01" FOR AN EXPLANATION OF ARRAY "LIS<I,Jl". 
C*********************************************************************** 
103 TYPE 4 
4 FORMAT(//,'$ UHAT IS THE DESIRED NUHSER OF CHANNELS CI217') 

ACCEPT 5, NUH 
5 FORMAT <I2> 

DO 1000 J=1,NUI1 
TYPE 6,J 

6 FORI1ATC/,'S','CHANNEL ',I2,4X,'DO YOU UISH TO CHANGE THIS CHANNEL~ 
1 ,' <Y/NJ?·') 

ACCEPT 7,IRES 
7 FORMAT< A1 > 

IF CIRES.NE.1HYJ GOTO 1000 
C*********************************************************************** 
C CHANNEL LOCATION 
C*********************************************************************** 

8 

9 

TYPE 8 
FORMAT<!,'$. LOCATION 
ACCEPT 9,LIS<1,J) 
FORMAT ( 12 I 

( 12) = ·') 

c••*************************************************************~'*'**** 
C GAIN 
c•••••••••************************************************************** 

TYPE 10 
10 FORI1ATI'$ GAIN (12>= ') 

ACCEPT 9,LISC2,J> 
C*********************************************************************** 
C PERIOD 
C*********************************************************************** 

TYPE 11 
11 FORHAT('$ PERIOD,TIC CI4l= ') 

ACCEPT 12,LISC3,J) 
12 FORMAT <I4> 
C*********************************************************************** 
C RANGE 
C***********************~*********************************************** 

TYPE 13 
13 FORMAT('$ RANGE CI2l= ') 

ACCEPT 9,LIS<4,J> 
C*********************************************************************** 
C UNITS 
C*********************************************************************** 

TYPE 14 
14 FORH~T{'$ UNITS CA4)= 'l 

ACCEPT 15,LISC5,J>,LISC6,J) 
15 FORMAT<2A2l 
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Appendix 5 (continued) • 

C*********************************************************************** 
C NAHE AND COHHENT 
C**********************************************************************~ 

TYPE t 6 
16 FORHAT</S NAHE AND COHHENT<A20>= /) 

ACCEPT17,<LIS<K,J>,K=7,t6> 
17 FORHAT<10A2> 
1000 CONTINUE 

GOTO 200 
C*********************************************************************** 
C PREVIOUSLY STORED INPUT PARAMETERS ARE OBTAINED FROM DISK FILE. 
C*********************************************************************** 
105 TYPE 22 
22 FORHAT<I,'S',5X,'NAHE OF FILE OF UHICH THE TABLE IS STORED ' 

1 '<At2> = ') 
ACCEPT 23, <NAHE<I>,I=1,3) 

23 FORHAT<3A4) 
N=IRAD50(12,NAHE,BDLK) 
ICHAN=IGETC<I> 
IF<ICHAN.LT.O>STOP 'CANNOT ALLOCATE CHANNEL' 
IF<IFETCH<ICHANl.LT.O>STOP /FETCH FAIL' 
IF<LOOKUP<ICHAN,BDLK).LT.OlSTOP 'BAD LOOK' 
IBLoc•:=O 
CALL READ<IBUFF,IBLOCK,ICHAN) 
NUH=IBUFF<21> 
CALL READ<IBUFF,IBLOCK,ICHAN> 
IIO 1005 I=1,NUH 
DO 1 005 J= 1, 16 
LIS<J,I>=IBUFF<<I-tlt16+J) 

1005 CONTINUE 
CALL CLOSEC<ICHAN> 
CALL IFREEC<ICHAN> 
GOTO 200 

C*********************************************************************** 
C GET THE DURATION <LENGTH> OF THE RUN. 
c••••••••••••••****************************************4*********'****~• 
104 TYPE 24 
24 FORHAT<I,'S',5X,'RUN DURATION: "HRS:HIN:SEC:TIC" <4<I2,Xll ~ ') 

ACCEPT 25,<LENGTH<I>,I=t,4> 
25 FORHAT<4<I2,iX>> 

TYPE 27,<LENGTH<I>,I=1,4) 
27 FORHAT(/,6X,'RUN DURATION IS ENTERED AS ',3<I2,':/>,I2) 
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Appendix 5 (continued). 

C******************************************************************~t~~' 
C INPUT COHHENT OR RUN IDENTIFICATION. 
c•••••••**************************************************************~• 

TYPE 20 
20 FORHAT<I,'S',SX,'RUN IDENTIFitATION!A40) = ') 

DO 1001 1=1,20 
ID< I>=2H 

1001 CONTINUE 
ACCEPT 21,<III<I>,I=.1,20) 

21 FORMAT <20A2> 
RETURN 
END 
SUBROUTINE READ!IBUFF,IBLOCK,ICHANI 

C*********************************************************************** 
C READ FILE !CHAN INTO !BUFF. 
C*********************************************************************** 

IERROR=IREADU!256,IBUFF,IBLOCK,ICHANJ 
IF<IERROR.LT.OJ GOTO 2000 
IBLOCK::IBLOC.\+1 
RETURN 

2000 STOP 'FATAL READ' 
END 
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Appendix 5 (continued). 

SUBROUTINE TIHE02 
C*******************************************************************~~~i 
C SEE SUBROUTINE INIT01 FOR EXPLANATION OF THE COKKON BLOCKS. 
C******************************************************************~t4*' 

DIHENSION SUK(16> 
INTEGER*2 COUNT(16) 
COKHON/ISETUP/NUK,LIS(16,16),JD(20),LENGTH(4) 
COHKON/IRUND/IDUHKY(55),1BUFF(768) 
COKKON/URBUF/ICHAN,IBLOCK,IFLAG 

C*********************************************************************** 
C SETUP THE COUNT-DOUN TABLE AND ZERO THE SUH ARRAY. 
C********************************************************************** 

DO 1005 I=1 ,NUH 
COUNT(l>=Ll5(3,I> 
SUiH I> =0 

1005 CONTINUE 
C*********************************************************************** 
C INITIALIZE BUFFER 'COUNT. 
C******************************************•**************************** 

NBC=1 
c••••*****************************************************************~' 
C UAIT FOR OPERATOR O.K. BEFORE STARTING DATA RECORDING PROCEDURE. 
C**'******************************************************************~ ~ 
14 TYPE 15 
15 FORHAT(/,'$',5X,'TYPE "G" FOR START OF RUN: ') 

ACCEPT 16, INF' 
16 FORHAT<A1) 

IF(INP.NE.1HG>GOTO 14 
C********************************************************************t~• 
C OBTAIN THE TIHE FROH THE INTERNAL CLOCK AND COMPUTE THE TIME OF 
C EXPERIMENT COMPLETION USING THE "RUN DURATION". 
C*********************************************************************** 

CALL GTIK< IT I HE> 
CALL CVTTIK<ITIKE,IHRS,IMIN,ISEC,ITIC> 
ENDHRS=LENGTH(1)+1HRS 
ENDHIN=LENGTH<2>+IKIN 
ENDSEC=LENGTH(3)+ISEC 
ENDTIC=LENGTH<4>+ITIC 

1000 CALL GTIH(ITIME> 
CALL CVTTIM(lTIKE,IHRS,IMIN,ISEC,ITIC) 

C*********************************************************************** 
C READ All CHANNELS FOR DIGITAL SAMPLING. 
C*********************************************************************** 

DO 2000 I=1,NUH 
C**********************************************************************~ 
C SET ADC FOR NEXT CHANNEL: 
C LIS( 1, I>=CHANNEL LOCATION 
C LIS(2,I>=CODED GAIN 
C*********************************************************************•i 

CALL IPOKE("170402,LISC1,I>.OR.<LISI2,I)t64)) 
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Appendix 5 (continued). 

C*********************************************************************** 
C CHECK FITR END OF CONVERSION. 
C*********************************************************************** 
1500 IFI.NOT.<IPEEKI"1704DOl.AND."100000JlGOTO 1500 
c••••••••••••••••••••••••••••••***************************************** 
C NOU DO THE SUMMATION FOR DIGITAL FILTERING. 
c•••••••*****************************••••••••••••••••••••••••••••••••·~~ 

SUMIIl=SUHIIJ+IPEEKI."170402l 
c•••••••••***************************************************'********** 
C NEXT CHANNEL: 
c••••••••••••****''*****'''**************************************'**''*' 
2000 CONTINUE 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C CHECK THE COUNT-DOUN TABLE FOR A "READY" CHANNEL. 
c•••~******************************************************************* 

DO 3000 I=1,NUM 
COUNTII)=COUNi<IJ-1 
IF<COUNT(l).GT.O)GOTO 3000 

C******************************************************************i**** 
C URITE DATA INTO BUFF(R. 
(*********************************************************************~* 

L=I-1 
ISUM=SUMIIl/LIS13,I) 
IFIL.GE.BlL=L.OR."177770 
IBUFF<NBCJ;("7777.AND.ISUH.OR.C"170000.AND.ILt4096Jll 

c•••••••••~••••••••••••••••••••••••••••••••••••••••••~••••••••••~••••••• 
C CLEAR THE SUM ARRAY AND RESET THE COUNT-DOUN TABLE. 
c•••••***************************************************************~•• 

SUH<Il=O. 
COUNiiii=LIS<3,Il 

C*********************************************************************** 
C CHECK TO SEE IF THE BUFFER IS FULL. 
c••••******************************************************************* 

IFIHOD<N~C,256l~NE.Ol GOTO 2500 
IF<IFLAG.E0.1 lCALL IWAIT<ICHAN) 
IFLAG=IFLAG+l 

c•••••••**************************************************************** 
C URITE THE BUFFER ONTO A DISK FILE. 
c••••••••••••••••••••••••••********************************************* 

CALL URBUFF<IBUFF<<INBC-1l/256l•256+1 )) 
2500 NBC=1+HOD<NBC,768) 
3000 CONTINUE 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C CHECK FOR THE END OF THE RUN. 
C******************************************************•*************~** 

ENDTIH=ENDTIC+60.tENDSEC+3600.•ENDHIN+216000.•ENDHRS 
CURTIM=ITIC+60.t1SEC+3600.•IHIN+216000.•IHRS 
IFICURTIM.LT.ENDTIMlGOTO 1000 

(**************'****************************************~***********~**• 
C URITE THE REMAINING DATA IF THERE ARE ANY. 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~, 

IF(!FLAG.GE.1 lCALL IUAIT<ICHANl 
IF<MODINBC,256l.NE.1>CALL URBUFFIIBUFF<<<NBC-1l/256lt256+1 ll 
RETURN 
END 

-45-



Appendix 5 (continued). 

SUBROUTINE OUTPUT 
C*********************************************************************** 
C PROGRAK "OUTPUT" CONTROLS <1> THE YRITING OF THE CONVERTED DATA TO 
C "PLTDAT.DAT" VIA SUBROUTINE "LOOP", (2) THE CONVERSION OF THE 
C QUANTATIES READ FROK A/D CONVERTORS TO USEFUL NUKBERS SUCH AS THE 
C POLARIZER AND ANALYZER AZIKUTHS VIA THE CALIBRATION CURVE 
C SUBROUTINE "CONVRT", (3) THE CONVERSION OF POLARIZER AND ANALYZER 
C AZIMUTHS TO THE ELLIPSOMETER PARAMETER "PSI" AND "DELTA". THE 
C "PSI" AND "DELTA" CONVERSION IS DONE BY ANOTHER SUBROUTINE, 
C "DELPSI", YHICH IS CALLED FROK UITHIN "CONVRT". 
C*********************************.************************************* 

COKKON/JTIK£0/JHRSO,JKINO,JSECO,JFLAG 
COKKON/DATPLT/TIHE<512J,PLTDAT(512,7J,NDATA 
COKKON/ZAP/JPZAP,JAZAP 
COMKON/EXPDATIP,A,VOLT,AKPS,POLKAN,ANAKAN 
COHHON/HANSET/POLOAZ,ANAOAZ,ADJPOL,ADJANA,C 
COHKON/CHGAIN/IGP,IGA,IGCP,IGCC,TOL 
COKHON/CALBRT/RESIST,PSLOPE,ASLOPE,PYI~T,AYINT,IGPCAL,IGACAL 

COHKON/ELLIPS/D,S 
COKKON/OPTDAT/OPTION,TIKOPT,ANGOPT 
INTEGER•2 OPTION,TIKOPT,ANGOPT 
COKKON/FILDAT/ARRAY(16J,T 

C**********************************************************************~ 
C "TICS" ARE CONVERTED TO HOURS, KINUTES AND SECONDS. 
C**********************************************************************J 

THRS=T 
IHRS=THRS/216000. 
TKIN=THRS-IHRS•216000. 
IKIN=TKIN/3600. 
TSEC=TKIN-IKIN*3600. 
ISEC=TSEC/60. 
TTIC=TSEC-ISEC•60. 
ITIC=TTIC 
IF<JFLAG.NE.lJGOTO 3000 

C*********************************************************************** 
C THE FLAGS CONTROLLING THE EXPERIMENTAL TIKE LAPSE BETUEEN DATA 
C POINTS RECORDED IN "PLTDAT.DAT" ARE INITIALIZED. 
C*********************************************************************** 

JHRSO=IHRS 
JHINO=IHIN 
JSECO=ISEC 

3000 CONTINUE 
C*********************************************************************** 
C VARIABLES IN THE COKHDN BLOCK FOR "CONVRT" ARE ASSIGNED VALUES. 
C**********************************************************************~ 

P=ARRAY(1) 
A=ARRAY<2> 
VOLT=ARRAY<J> 
AHPS=ARRAY<4> 
POLKAN=ARRAY(5) 
ANAKAN=ARRAY(6J 
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C*********************************************************************** 
C "IIELTA" AND "PSI" VALUES ARE RETURNEII FROM "CONIJRT". 
C*********************************************************************** 

CALL CONVRT 
ARRAYi1>=P 
ARRAY<2>=A 
ARRAY<3>=1JOLT 
ARRAY ( 4 l .:: AtiF'S 
ARRAY(5)=[1 
ARRAY<6>=S 
ARRAY<?>=O. 
IF<N[IATA.GT.1lGOTO 4015 

C******************•**************************************************** 
C DATA IN THE PLOTTING ARRAY IS DISPLAYEII ON THE VT55 FOR REVIEU BY 
C THE OPERATOR. 
C*********************************************************************** 

TYPE 4000 
4000 FORMAT(/19X,'THE DATA AVAILABLE FOR PLOTTING:') 

TYPE 4010 
4010 FORMAT(/8X,'TIME',2X,'POL(I!EG>',2X,'ANA<DE6l',1X,'VOLTS<MV>', 

C2X,'AMPS<MA>',2X,'DEL<DEGl',2X,'PSI<DEG>'l 
4015 CONTINUE 

TYPE 4020,IHRS,IMIN,ISEC,ITIC,<ARRAY<K>,K=1,6> 
4020 FORHATC1X,3(I2,':'l,I2,6<1X,F9.3ll 

IF<NDATA.GE.512lGOTO 6000 
C**************************************************************'******** 
C THIS "IF" STATEMENT SCREENS DATA FROM CHANNEL 5 AND 6, UHICH ARE 
C USED TO FLAG DATA DISTURBED UHILE HAKING HANUAL ADJUSTMENTS 
C DURING AN EXPERIMENT. 
C*********************************************************************** 

IF<ABSIPOLMANl.LT.TOL.OR.ABS<ANAHANI.LT.TOL)GOTO 6000 
C*********************************************************************** 
C THE EXPERIMENTAL TIHE LAPSE BETUEEN RECORDED, CONVERTED DATA IS 
C DETERMINEII. 
c•••••··~~************************************************************** 

IFITIMOPT.NE.1>GOTO 5020 
IF<JHRSO-IHRS>5010,6000,6000 

5010 CALL LOOP 
JHRSO=IHRS 

5020 CONTINUE 
IF<TIMOPT.NE.2/GOTO 5040 
IFIJMINO-IMIN/5030,6000,6000 

5030 CALL LOOP 
JMINO=IHIN 

5040 CONTINUE 
IF<TIHOPT.NE.3>GOTO 5060 
IF(JSECO-ISEC>5050,6000,6000 

5050 CALL LOOP 
JSECO=ISEC 

5060 CONTINUE 
IFITIHOPT.NE.4>GOTO 5080 

5070 CALL LOOP 
5080 NDATA=NDATA+1 
6000 JFLAG=JFLAG+l 

RETURN 
END 
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SUBROUTINE LOOP 
C*******************~*~*~***~******************************~*~*~******** 
C THIS SUBROUTINE WRITES DATA TO THE FILE "PLTDAT.DAT" AND FILLS THE 
C TWO DIMENSIONAL ARRAY "PLTDAT" FOR DATA POINTS NOT DISTURBED BY 
C MANUAL ADJUSTMENTS, AND HAVING THE DESIRED SPACING IN TIME. 
C**********************************************************~********4t~t 

COMMOH/OPTDAT/OPTION,TIKOPT,ANGOPT 
INTEGER•2 OPTION,TIMOPT,ANGOPT 
COMMON/DATPLT/TIME<512l,PLTDAT<512,7l,NDATA 
COMMON/FILDAT/ARRAY<16l,T 
TIHE<NDATA>=T 
DO 1 K= 1 , 7 
PLTDAT<NDATA,Kl=ARRAY<K> 
IF<OPTION.NE.1>GOTO 3 
WRITE<2,2lT,<ARRAYiKl,K=1,7l 

2 FOR~AT<1X,F9.0,7<1X,F9.3)) 
3 CONTINUE 

RETURN 
EN[I 
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SUBROUTINE DEFINE 
C*********************************************************************** 
C SUBROUTINE "DEFINE" IS CALLED FROM THE MAIN PROGRAM "TRNSLT'' TO 
C DEFINE INPUT PARAMETERS READ FROM "TRNSLT.DAT" FOR THE OPERATOR. 
C**********************************************************************f 

COMMON/MANSET/POLOAZ,ANAOAZ,ADJPOL,ADJANA,C 
COMMON/CHGAIN/IGP,IGA,IGCP,IGCC,TOL 
COMMON/CALBRT/RESIST,PSLOPE,ASLO~E,PYINT,AYINT,IGPCAL,IGACAL 
COMMON/OPTDAT/OPTION,TIMOPT,ANGOPT 
INTEGER*2 OPTION,TIMOPT,ANGOPT 
TYPE 10 

10 FORHATI/,5X,'CALIBRATION CURVE AND MANNUAL SETTING DATA:') 
TYPE 20,RESIST 

20 FORMATC/,10X,'111RESISTOR FOR CELL CURRENT DETERMINATION IKOHMI 
1 = ',F10.41 

TYPE 30 
30 FORHATI/,10X,'121INITIAL MANUAL AZIMUTH SETTINGS OF POLARIZERS 

1 AND COMPENSATOR:') 
TYPE 40,POLOAZ,ANAOAZ,C 

40 FORHATC/,15X,'POLARIZERCDEGI = ',F10.4,1,15X,'ANALYZERIDEGJ = 
1F10.4,1,15X,'UTR. UAVECDEGl = ',F10.41 

TYPE 50 
50 FORHATI/,10X,'C31INCREMENTAL MANUAL ADJUSTMENTS OF POLARIZERS 

1 DURING EXPERIMENT:') 
TYPE 60,ADJPOL,ADJANA,TOL 

60 FORMATI/,15X,'POLARIZERIDEGI = ',F10.4,/,15X,'ANALYZERCDEGI = 
1F10.4,1,15X,'FLAG TOLERANCE = ',F10.4l 

TYPE 70 
70 FORMATI/,10Xi'C4lFARADAY CELL CALIBRATION CURVE EQUATION 

1 PARAMETERS:') 
TYPE 80 

80 FORMATI/,15X,'POLARIZER-'l 
TYPE 90,PSLOPE,PYINT,IGPCAL 

90 FORMATC/,15X,'SLOPEIDEG/ADCUl =',F10.4,1,15X, 
1'INTERCEPTIDEGl =",F10.4,1,15X,'GAIN DURING CALIBRATION=', 
29X,I1 l 

TYPE 100 
100 FORMATI/,1SX,'ANALYZER-'J 

TYPE 90,ASLOPE,AYINT,IGACAL 
TYPE 110 

110 FORHATC/,10X,'15JOUTPUT FILE OPTIONS:· I 
TYPE 120,0PTION 

120 FORHATI/,15X,'OPTION = ',Ill 
TYPE 130 

130 FORMATC/,15X,'1=FILE CREATED UITH REDUCED DATA',I,1SX, 
1'2=NO OUTPUT FILE CREATED'> 

TYPE 140,TIMOPT 
140 FORMATI/,15X,'TIME OPTION= ',I1J 

TYPE 150 
150 FORMATI/,15X, '1=DATA POINT OUTPUT OR STORED IN PLOTTING ARRAY 

1 FOR EVERY HOUR',I,15X,'2=FOR EVERY MINUTE',I,15X,'3=FOR EVERY 
2 SECOND',I,1SX,'4=ALL DATA POINTS OUTPUT OR STORED IN PLOTTING 
3 ARRAY',I,15X,'5=NO DATA POINTS OUTPUT OR STORED IN PLOTTING 
4 ARRAY') 

TYPE 160,ANGOPT 
160 FORMATI/,15X,'ANGLE CONVERSION OPTION= ',11) 

TYPE 170 
170 FORMATI/,15X,'1=AZIHUTH READINGS CONVERTED TO DELTA AND PSI USING 

1 STANDARD FORMULAS' ,;,15X,'2=USI~G kDTAlED ANGLE FORMULAS· l 
RETURN 
END 
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Directory of data storage diskshowing data file created by EDR002 

1Dllli.187 5 18-..Jul--412 1IfUJN.188 5 18--Jul-82 
1Eflllt.189 5 18-..Jul-82 ml.fii. 15i !i 18-Jul~ 
1£f1 .. ~.191 5 18--l.tl-82 ~Lflf. 192 5 18-Jul--82 
1E.'fU)N.193 5 1B-.Jul-82 l£fll»f.194 5 18-.ld -82 
l[fUJi.155 5 19-.id-82: 1EfUJi.19£ 5 19-Jul-82 
1EfL!W. 197 5 1.9-Jul-82 IDUit.198 5 t!hJul-82 
1U1Jit.199 5 19-Jul-62 1Efl.DN.2W 5 19-Jul-82 
1£fUJt.2t1 5 19-Jul-12 1IT"I..flN.2e2 5 ts-~l-82 
1£tUW.213 5 19-Jul-82 liT"LDN.~ 5 1~Jul-82: 
liFl-00.215 5 19-Jul--82 I£5UlT.263 5 19-Jul-82 
~-'" 13 19-Jul-82: CVP'BAU:Hi 13 19-Jul-82 
tvfilAU.H2 13 19-Jul-82 CVPiAU.M3 13 19-Jul-£2 
CVP~fiil.H-4 13 19-..kll-82 lRNSLT .BAT 1 e9-Hov-£1 
Pi.. ~T. M T !iB 19-.. ill-82 1Ef1.0N. 2e6 5 19-Jul-82 
TEH.~. 207 5 19-.All --82 CVPBAU. H5 13 19--Jul-82 
CVP!WJ. Me 13 19-Jul-82 tn.D .tBG 5 19-Jan-83 
In n .183 5 19-..Jiln--83 IIDt.fS .18b 5 19-Jan-83 
GOLD .188 5 19-..Jan-83 llm.S .188 5 19-.Jan 83 
Gil! n .185 5 19--lan-83 tmLIS .185 5 1!t--~ 
DEnG .BAT 4 19-Jan-SJ: ••••••.••.•.....•••••• created data file 

165 fil~ .. 939 Blocks 
l5 f~ blocks 
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Appendix 7. 

Demonstration of DECOD2 - conversion of unformatted data file to formatted output 

t: 

t: 

•= 
t: 

e: 

•= 
i: 

t: 

t: 

I! 

1: 

1: 

ril£ Wtt1E IF DATA = DY1CVPS~tlii4C 

DO YW WISH TC UST lltiN DFOIMi\TIDN ? Y 

In = PB ON AU - te~HJD-B - -e.GV OC 

JIRATION fF iUN *ti!S:Jfitl:SEC:TIC* -= e: 3: t: t 

I!II&R lOC H Gftlii PDUOO .. TIC ~ WITS 

1 • 3 3t • 2 1 3 31 • 3 2 3 31 • .f 3 3 3t • 5 4 3 3i • 6 5 3 :31 • 
DO YOU WISH TO PP .. .UfT OUT DATA ? Y 

e: 8:29 c 1= 1382 r - 557 c J= -332 c 4= -2 c "' £-

c 

·= 
e:59 c 1= 1374 c 2= !i7V c l= -332 c 4= -1 c 

c 
t: 1:.29 c 1= 14&3 c 2= 596 c 3= -:tV c 4= • c 

c 
•= 1:59 c 1= 141. c 2= 613 c 3= -332 c 4= • c 

c 
t: 2:29 r 1= 1387 r 2= 5B2 c 3= -~ c 4= • r-.... ... .... 

c 
i: 2:59 - 1= t5f~ F- 2= ~ c 3= -331 "" 4= • c ..,. ... .... 

c 
i: 3:29 c t= 1417 c 2= am c 3= -332 c 4= • c 

c 
t: 3:59 c 1= 1381 c 2= 586 c 3;:: -331 t 4= -4 c 

c 
e: 4:25 r ~- 13b7 c 2= ~ c 3= -JJZ t 4= ~ .r-

v -- £ ~ 

c 
I! -4:59 c 1= 1431 c 2= G32 c 3= - -332 c 4= e c 

c 
i: 5:29 c 1= 1lB1 c 2= 587 c 3= -332: c 4= 2 c 

c 

·= 
5:59 c 1= 1415 c 2= 612 c 3= -331 c 4= -:1 c 

c 
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trW£ MID ~:T ~! 

POl 
ANA 
POTDrriAL 
CURRHH 
PFJtS 
AfL4S 

§= 751 ,. 
6= a"'lU_ \.,. -=..: 

5= 268 c G= ~7 

5= 48 c G= 2M7 

5= -7! c 6= ~? 

5= -131 c 6= 2e47 

5= -1« c ~ cF47 

5= -lSi c 6= a47 

~ -153 c G= a47 v-

I;- -1~~ c b= 2&47 ..:-

5= -155 c 6= 2iH7 

s= -153 c 6= 2M7 

5= -14~ e tF ~7 



Appendix 7 (continued). 

Listing of DECOD2 

CALL DECODE 
CALL EXIT 
END 
SUBROUTINE DECODE 
COHHON/ISETUP/NUM,LIS<1o,16>,ID<20>,LENGTH<4> 
COHHON/IRUND/COUNT(16J,IBUFF<768J 
INTEGER*2 DATA<16>,CHANNEL<16>,CHAN,RD,INP 
INTEGER*4 NAHE<3>,BDLK<2> 
DIMENSION TIH(16> 

C**********************************************~************************ 
C GET FILE NAHE FROH USER. 
f*********************************************************************** 

TYPE 1 
FORHAT<I,'S/,4X,/FILE NAHE OF DATA= 'J 
ACCEPT 2,<NAHE<I>,I=1,3) 

2 FORMAT<3A4J 
C*********************************************************************** 
C CONVERT THE FILE NAHE INTO THE CORRECT FORMAT. 
C********************************************************************~~~ 

N=IRAD50<12,NAHE,BDLKJ . 
C********************************************************************~•i 
C OPEN A CHANNEL FOR FILE INPUT. 
C****************************************.****************************** 

ICHAN=IGETC(l) 
IFIICHAN.LT.OJSTOP 'CANNOT ALLOCATE CHANNEL' 
IFILOOKUP<ICHAN,BDLKJ.LT.OlSTOP 'BAD LOOKUP' 

c•••••••••************************************************************~* 
C READ THE FIRST BLOCK OF DATA. 
c••••••***************************************************************** 

IFLOCK=O 
CALL READ<IBUFF,IBLOCK~ICHAN> 

C*********************************************************************** 
C DECODE THE "ID" OF THE DATA. 
C*********************************************************************** 

DO 100, 1=1,20 
IDIIJ=IBUFFIIJ 

100 CONTINUE 
C*********************************************************************** 
C DECODE THE NUHBER OF CHANNELS (NUH> AND THE RUN DURATION <LENGTH•. 
C*********************************************************************~j 

NUH=IBUFF<21J 
LENGTH<1>=IBUFF<22) 
LENGTH(2)=1BUFF<23) 
LENGTH(3J=IBUFF<24J 
LENGTH<4>=IBUFF<25J 
STOPT=216000.•LENGTHI,)+!600.*LENGTHC21+60.*LENGTH(J)+LENGTH!4) 
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Appendix 7 (continued). 

c••••••••••••••••••••••************************************************~ 
C READ THE SECOND BLOCK OF DATA; GET SETUP INFO PERTAINING TO DATA. 
c•••••••••••••••••••••••••••••••••************************************** 

CALL READIIBUFF,IBLOCK,ICHANl 
DO 200,I=1,NUH 
DO 200 J=1,16 
LISIJ,Il=IBUFF<<I-1lt16+Jl 

200 CONTINUE 
c••********************************************************************i 
C ASK USER IF A LIST OF RUN INFO IS NEEDED. 
c•••••*********'******************************************************t• 
1001 TYPE 3 
3 FOR~ATCI,'$',4X,'DO YOU WISH TO LIST RUN INFORMATION 7 ·1 

ACCEPT 4,INP 
4 FORMATiAll 

IFiiiNP.NE.1HYl.AND.IINP.NE.1HNllGOTO 1001 
IFIINP.NE.1HYIGOTO 1002 

c•••••••**************************************************************** 
C TYPE HEADING OF DATA. 
c•••••••••••••••••••••••••*******************************************~** 

TYPE 5,1IDIIl,I=1,20l 
5 FORMATI/,SX,'ID = ',20A2J 

TYPE 6,<LENGTH!Il,I=1,4l 
6 FURMATI/,SX,'DURATION OF RUN ''HRS:MIN:SEC:TIC" = ',3<12,':'l,I2l 

TYPE 7,NUM,CK,<LIS<M,KI,M=1,16l,K=1,NUMI 
7 FORMAT C!/,5X,'NUHBER OF CHANNELS = ',12,11, 

1 5X,'NUMBER',2X,'LOC N',3X,'GAIN',4X,'PERIOD,TIC',2X,'RANGE', 
2 3X,'UNITS',3X,'NAME AND COMMENT',!/, 
3 16X,I2,6X,I2,6X,I2,6X,I4,8X,I2,5X,2A2,6X,10A2ll 

C*********************************************************************** 
C ASK IF THE USER UANTS TO PRINT OUT THE COLLECTED DATA. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
1002 TYPE 8 
8 FORHATI/,'$',4X,'DO YOU UISH TO PRINT OUT DATA ? 'J 

ACCEPT 9,INP 
9 FORMAT\AI) 

IFCINP.NE.1HY.AND.INP.NE.1HNIGOTO 1002 
c•••••••••••••••••••••••••••••****************************************** 
C IF NOT, RETURN CONTROL TO KAIN PROGRAM AND TERMINATE. 
c•••••••••••••••••••••••••••••••••************************************** 

IF(INP.EQ.1HNIGOTO 1003 
c•••******************************************************************** 
C IF YES, PRINT THE DATA. 
c•••***************************'**************************************** 
C SET UP INITIAL CONDITION 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~~ 

J=O 
T=O 
DO 400,I=1,NUM 
TIHCil=-1 

400 CONTINUE 
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Appendix 7 (continued). 

C*************************************************************~********* 
C READ THE BUFFER. 
c••••*******************'*********************************'**'********** 
1004 CALL READ<IBUFF,IBLOCK,ICHAN> 
C*********************************************************************** 
C DECODE THE BUFFER. 
C*********************************************************************** 

DO 500,I=1,256 
c•••••••**************************************************************** 
C DECODE EACH UORD. 
C*********************************************************************** 

CHAN=((("170000.AND.IBUFF<Ill/4096).AND."17l+1 
RD=IBUFFCI).AND."7777 

C*********************************************************************** 
C EXTEND SIGN BIT FOR BIPOLER SIGNAL. 
c••••••••*************************************************************** 

IFCRD.AND."4000>RD=RD.OR."170000 
C*********************************************************************** 
C RECONSTRUCT TIHE BY CALCULATION. 
c••********************************************************************* 

TIH<CHAN>=TIH<CHANl+LIS<3,CHAN) 
C*********************************************************************** 
C IF THE TIHE HASN'T CHANGED, RECORD THIS DATA AND GO TO THE NEXT POINT. 
c•••••••••••••••••••••••••••••••••••••••••••••••************************ 

IF<TIMICHANl.LE.TlGOTO 600 
THRS=T 
IHRS=THRS/216000. 
THIN=THRS-IHRS•216000. 
IHIN=TMIN/3600. 
TSEC:TMIN-IHINt3600. 
ISEC=TSEC/60. 
TTIC=TSEC-ISECt60. 
ITIC=TTIC 
IF<T.EG.O.OlGOTO 300 
TYPE 10,IHRS,IHIN,ISEC,ITIC ,<CHANNEL<K>,DATAIK>,K=1,J) 

10 FORHAT<1X,3<I2,':'l,I2,3(6(1X,'C',I2,'=',I5)/,12X)) 
c••***************************************************'***************** 
C RESET THE PRINTING PARAMETER. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
300 J=O 

T=TIH<CHANl 
C*********************************************************************** 
C IIIF TIME IS UP, RETURN. 
C*********************************************************************** 

IF<T.GT.STOPTlGOTO 1003 
600 J=J+1 

DATAiJ)=RD 
CHANNEL<Jl=CHAN 

300 CONTINUE 
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c••••••••••••~•••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C IF TIME IS NOT UP YET, READ THE NEXT BUFFER. 
c••••••••••••••••••••••••••••••••••••~•••••••*•••••••••••••••••••••••~t• 

IFIT.LT.STOPT)GOTO 1004 
1003 RETURN 

END 
SUBROUTINE READIIBUFF,IBLOCK,ICHANI 
IERROR=IREADWI2~6,IBUFF,IBLOCK,ICHANl 

IFIIERROR.LT.OJ GOTO 2000 
IBLOCK=IBLOCK+l 
RETURN 

2000 STOP 'FATAL READ' 
END 
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Demonstration of TRNSLT - conversion of unformatted data file to delta, psi, etc. 

LBAll niSi:: WIW. DATA TD BE 1£f:fif;fn IfiTO iiSi:: BfUVE ·r.i:• 
2 ..... 
17.~ 
e.ete5 

1 

li.MH ...... 
2 

11.8iie 135.~ 

·-~ J 
·-~ J 

DO YnU WtKT THIS DIPt.'T DATA IEFI!ED <YitO? Y •••••••• input file TRNSLT. DAT 
parameters defined; 

CALIBRATIOO ORR: MID ~ S£TTINS DATA: see appendix 9. 

Pilt..APJlfR{D£5} = 17. ~ 
Mf'LT""ZUHlEH :: 125.~ 
flffi. WA\-'EUES> = 135.~ 

1\NALi'ZfJHD£81 = 
F'LMi Tf~ ~:£ = 

11.1£~ 

·-~ 

SUF£ Hi£6/ADClH = 
UH£R""..£PT H£6) = 
GAIN BUIUtil C14LIJIRATION= 

IINALY!ER-

su:PLHEfi/ADOJ:i = 
Th~ .. HT<iEGi = 
GAIN m~INE CALIBRATIOO= 

tF'P...W = 1 

t.t1e5 
I.HH 

J 

••• 115 
I.Nft 

J 

t:;;flL£ CRE.CiTED WITH R£DUcrD DATA 
2=NU OOTPU""T Fit£ CREAiUf 
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ENI£RCEPT<DE61 = 
GAIN IIJHHS CALIBRA TIDN= 

(5HIITPUT fll£ IFTIDNS: 

IPTI(J( = 1 

1=filE ClEATED UITH REmLfJi DATA 
2=tll OUTPUT fiLE CREATED 

IDE fFTION = -4 

1=DATA POINT £L"TPUT OR STOR£n IN PLOTTING ARFJiY fOR EVERY ~ 
2==flE EVERY tUNUTE 
l=F€1( r-vun S£a:JND 
4=ltl. DATA POINTS (lJIPUT OR STORIT IN P'LlliTitiG ARRHY 
5=1«} DATA POINTS wwtrr OR STORED IN PLDTIINS ARR.4Y 

fiLE NAME or DATA= DY1~~ ............ data file converted 

DO YOO WISH TD liST RlJii UFiF.ttATION ? Y 

m = PB ON AU - 11RHDD-B- -..;v OC 

JU(HTION €T RUN •ti(S:KIN:S£C:TIC" = i: 3: e: t 

tum£R lOC N GAlli PERJ(ID .. TIC ~ lii~Te .i.EV ~ ~ ~"T 

1 • 3 » • POL 
2 1 3 3e • Mit 
3 2 3 Je • POTDtTIAL 

• 3 3 3e • eu&-;n-r 
5 4 3 31 • PnA£ 

' 5 3 3t • N1.A£ 

THE DATA A\lA!tA!t£ f~ fE.JlTIIttS: •••••• creation of formatted output 
data file PLTDAT.DAT 

TIME 
t: t: t:29 
i: t: 1:59 

POL<nni! 
31a4£4 
31.300 

ANHU£S> VOL TSO'i'¥'} 
131.248 -21£zfuf 

13i.~ -~.bJ.f 

AHPSH'if~} 

-..s1~ 
-e. :liS 
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Listing of TRNSLT 

PROGRAM TRNSLT 
C********************************************************************~t~ 
C THIS IS THE MAIN PROGRAM CONTROLLING THE DATA DECODING AND 
C CONVERSION FROM ON-LINE ELLIPSOMETER EXPERIMENTS. 
C**********************************************************************• 

COMMON/JTIHEO/JHRSO,JMINO,JSECO,JFLAG 
COMHON/DATPLT/TIKE(512>,PLTDAT(512,7>,NDATA 
COHMON/ZAP/JPZAP,JAZAP 
COMHON/EXPDAT/P,A,VOLT,AMPS,POLHAN,ANAKAN 
COKKON/MANSET/POLOAZ,ANAOAZ,ADJPOL,ADJANA,C 
COKKON/CHGAIN/IGP,IGA,IGCP,IGCC,TOL 
COKKON/CALBRT/RESIST,PSLOPE,ASLOPE,PYINT,AYINT,IGPCAL,IGACAL 
COMMON/ELLIPS/D,S 
COMKON/OPTDAT/OPTION,TIMOPT,ANGOPT 
INTEGERt2 OPTION,TIMOPT,ANGOPT 
COMMON/FILDAT/ARRAY(16>,T 
TYPE 1 
FORMAT(/'$ LOAD DISK UITH DATA TO BE DECODED INTO DISK DRIVE 

1 "DY1:" AND THEN "RETURN".') 
ACCEPT 2,NUAIT 

2 FORMAT<Il) 
C**********************************************************************• 
C THE FILE "TRNSLT.DAT" CONTAINS BASELINE ELLIPSOMETER PARAMETERS 
C AND PARAMETERS RELATED TO THE ELECTROCHEMICAL EXPERIMENT SUCH AS 
C THE MANUAL AZIMUTH SETTINGS, RESISTOR VALUES, ETC. 
C*********************************************************************i' 

OPEN<UNIT=1,NAME='DY1:TRNSLT.DAT',TYPE='OLD') 
READ<1,10>RESIST 
TYPE 10,RESIST 
READ<1,10>POLOAZ,ANAOAZ,ADJPOL,ADJANA,C,TOL 
TYPE 10,POLOAZ,ANAOAZ,ADJPOL,ADJANA,C,TOL 
READ<1,11>PSLOPE,ASLOPE,PYINT,AYINT,IGPCAL,IGACAL 
TYPE 11,PSLOPE,ASLOPE,PYINT,AYINT,IGPCAL,IGACAL 
READ<1,12>0PTION,TIKOPT,ANGOPT 
TYPE 12,0PT1GN,TIMOPT,ANGOPT 
TYPE 3 

3 FORMAT<!,'$ DO YOU UANT THIS INPUT DATA DEFINED <YJNJ? 'l 
ACCEPT 4,IDEFIN 

4 FORMAT<iA) 
IF<IDEFIN.ED.1HN>GOTO 5 

C•*******************************************************************•~• 
C SUBROUTINE "DEFINE" IS CALLED FROM THE MAIN PROGRAM "TRNSLT'' TO 
C DEFINE INPUT PARAMETERS READ FROM "TRNSLT.DAT" FOR THE OPERATOR. 
C••******************************************************************••• 

CALL DEFINE 
5 CONTINUE 

IF<OPTION.NE.l>GOTO 6 
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C*********•**********************************************************i~~ 
C THE FILE "PLTDAT.DAT" IS USED FOR URITING THE CONVERTED DATA. 
C*****************************************************************~**~'i 

OPENIUNIT=2,NAHE='DY1:PLTDAT.DAT',TYPE='UNKNOUN',INITIALSIZE=100l 
6 CONTINUE 

10 FORHAT<10X,6<F10.4ll 
11 FORHAT<10X,41F10.4),2(9X,I1ll 
12 FORKAT<10X,419X,I1ll 

NDATA=1 
JFLAG=1 
JPZAP=O 
JAZAP=O 

C*********************************************************************~* 
C SUBROUTINE "DECODE" IS USED TO ACTUALLY DECODE THE ORIGINAL 
C UNFORHATED DATA FILE FOR A GIVEN EXPERIMENT. VARIOUS DATA 
C REDUCTION SUBROUTINES ARE ACCESSED FROM THIS SUBROUTINE. THE 
C OUTPUT FILE "PLTDAT.DAT" IS CREATED BY A SUBROUTINE <"OUTPUT'') 
C CALLED FROH "DECODE". 
C*********************************************************************** 

CALL DECODE 
c••••••••••••••••••••••••*********************************************** 
C SUBROUTINE "PLOT" IS CALLED AND IS A GENERAL PURPOSE PLOTTING 
C SUBROUTINE URITTEN FOR THE VT-55 GRAPHICS TERMINAL AND ALLOUS 
C VARIOUS COHBINATIONS OF EXPERIMENTAL PARAMETERS TO BE PLOTTED 
C AGAINST ONE ANOTHER. 
c•••••****************************************************************** 

CALL PLOT 
STOP 
END 
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SUBROUTINE CHGTHE<TIHE1,IHRS,IHIN,ISEC,ITIC> 
C**********************************************************************' 
C THIS SUBROUTINE CONVERTS THE TIHE IN "TICS" TO HOURS, MINUTES, 
C SECONDS, AND TICS. 
C*********************************************************************** 

THRS=TIHE1 
IHRS=THRS/216000. 
THIN=THRS-IHRS•216000. 
IHIN=THIN/3600. 
TSEC=THIN-IHIN•3600. 
ISEC=TSEC/60. 
TTIC=TSEC-ISECt60. 
ITIC=TTIC 
RETURN 
END 
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SUBROUTINE DECODE 
C*********************************************************************** 
C SUBROUTINE "DECODE" IS A VARIATION OF THE MAIN DATA DECODING 
C PROGRAM "DECODE". THE PURPOSE OF THIS SUBROUTINE IS TO CONVERT 
C THE UNFORMATTED EXPERIMENTAL DATA FILES INTO A STANDARD FORM 
C HORE EASILY USED BY AUXILIARY FORTRAN DATA REDUCTION SUBROUTINES. 
C SEVERAL OF THESE AUXILIARY SUBROUTINES ARE THEN CALLED FROH 
C "HCODE". 
C*********************************************************************** 

COHHON/JTIHEO/JHRSO,JHINO,JSECO,JFLAG 
COMHON/DATPLT/TIHEIS12l,PLTDATCS12,7l,NDATA 
COHHON/ZAP/JPZAP,JAZAP 
COHHON/EXPDAT/P,A,VOLT,AHPS,POLHAN,ANAHAN 
COMHON/HANSET/POLOAZ~ANAOAZ,ADJPOL,ADJANA,C 

COHHON/CHGAIN/IGP,IGA,IGCP,IGCC,TOL 
COHHON/CALBRT/RESIST,PSLOPE,ASLOPE,PYINT,AYINT,IGPCAL,IGACAL 
COHHON/ELLIPS/D,S 
COMHON/OPTDAT/OPTION,TIHOPT,ANGOPT 
INTEGER•2 OPTION,TIHOPT,ANGOPT 
COHHON/FILDAT/ARRAYI16),T 
COHHON/ISETUP/NUH,LISI16,16l,ID120l,LENGTHC4l 
COHHON/IRUND/COUNT116J,IBUFFI7681 
INTEGER•2 DATAI161,CHANNELC16l,CHAN,RD,INP 
INTEGERt4 N~HEI31,BDLKI21 
DIMENSION TIHI16l 

C*****GET FILE NAHE FROH USER******************************************* 
TYPE 1 
FORHATC/,'S',4X,'FILE NAHE OF DATA = 'I 
ACCEPT 2,1NAHE<Il,I=1,3l 

2 FORHAT\3A4l 
C*****CONVERT THE FILE NAHE INTO THE CORRECT FORMAT********************* 

N=IRADSOI12,NAME,BDLKI 
C*****OPEN A CHANNEL FOR FILE INPUT**********************************~** 

ICHAN=IGETCI I) 
IF<ICHAN.LT.O>STOP 'CANNOT ALLOCATE CHANNEL' 
IFILOOKUPIICHAN,BDLKI.LT.OlSTOP 'BAD LOOKUP' 

C*****READ THE FIRST BLOCK OF DATA************************************** 
IBLOCK=O 
CALL READIIBUFF,IBLOCK,ICHANJ 

C*****DECODE THE "ID" OF THE DATA*************************************** 
DO 100, 1=1 ,20 
I!l(li=IBUFFII) 

100 CONTINUE 
C*****DECODE THE NUMBER OF CHANNELS CNUH) AND THE RUN DURATION <LENGTHl• 

NUH=IBUFF(21) 
LENGTH<11=IBUFF(221 
LENGTH<2l=IBUFF<231 
LENGTHI3>=IBUFFC24l 
LENGTH(4)=1BUFF125) 
STOPT=216000.*LENGTHI1 1+3600.•LENGTHI2l+60.*LENGTHI3)+LENGTHC4) 
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C*****RE~D SECOND BLOCK OF DATA; GET SETUP INFO PERTAINING TO DATA****** 
CALL READ<IBUFF,IBLOCK,ICHAN> 
DO 200,I=1,NUH 
DO 200 J=1,16 
LISCJ,I>=IBUFF<<I-1i*16+J) 

200 CONTINUE 
C*****ASK USER IF A LIST OF RUN INFO IS NEEDED*************************~ 
1001 TYPE 3 
3 FORHATC/,'S~,4X,'DO YOU UISH TO LIST RUN INFORMATION ? 'J 

ACCEPT 4,INP 
4 FORHATCA1J 

IF<<INP.NE.1HYJ.AND.<INP.NE.1HNJJGOTO 1001 
IFCINP.NE.1HYJGOTO 1002 

C*****TYPE HEADING OF THE DATA*****************************************~ 
TYPE 5,CID<I>,I=1,20J 

5 FORHATC/,5X,'ID = ',20A2J 
TYPE 6,CLENGTH<IJ,I=1,4J 

6 FORHAT<I,5X,'DURATION OF RUN "HRS:HIN:SEC:TIC" = ~,3<I2,':~>,I2J 
TYPE 7,NUH,<K,<LIS<H,KJ,H=1,16J,K=1,NUH> 

1 FORMAT C/1,5X,'NUHBER OF CHANNELS = ',I2,11, 
1 5X,'NUHBER',2X,'LOC N',3X,'GAIN',4X,'PERIOD,TIC',2X,'RANGE', 
2 3X,'UNITS',3X,'NAHE AND COHHENT',I/, 
3 (6X,I2,6X,I2,6X,I2,6X,I4,8X,I2,5X,2A2,6X,10A2l) 

C*****ASK IF THE USER UANTS TO PRINT OUT THE COLLECTED DATA************* 
1002 CONTINUE 
C*****SET UP THE INITIAL CONDITION************************************** 

IF<OPTION.NE.1JGOTO 1005 
URITE<2,8J 1 IDIIJ,I=1,20) 

8 FORHATC/,5X,20A2> 
1005 CONTINUE 

J=O 
T=O 
DO 400,I=1,NUH 
TIH<I>=-1 

400 CONTINUE 
C*****READ THE BUFFER*************************************************** 
1004 CALL READ<IBUFF,IBLOCK,ICHAN> 
C*****DECODE THE BUFFER************************************************* 

DO 500,1=1,256 
C*****DECODE EACH UORD************************************************** 

CHAN=<<<"170000.AND.IBUFF<IJJ/4096>.AND."17J+1 
RD=IBUFF<I>.AND."7777 

C*****EXTEND THE SIGN BIT FOR BIPOLAR SIGNAL***************************~ 
IF<RD.AND."4000>RD=RD.OR."170000 

C*****RECONSTRUCT THE TIME BY CALCULATION******************************* 
TIH<CHAN>~TIH<CHAN>+LIS<3,CHAN> 
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C*****IF THE TIME HASN'T CHANGED, RECORD THIS DATA AND GO TO NEXT PT.•• 
IF<TIM!CHANl.LE.T>GOTO 600 

C*********************************************************************** 
C THE TIME IN "TICS" IS CONVERTED TO HOURS, MINUTES, SECONDS, AND 
C TICS. NOTE THAT A TIC IS DEFINED AS 1/60 TH OF A SECOND. 
C***~******************************************************************~ 

THRS=T 
IHRS=THRS/216000. 
TMIN=THRS-IHRSt216000. 
IMIN=-TMIN/3600. 
TSEC=TMIN-IMINt3600. 
ISEC=TSEC/60. 
TTIC=TSEC-ISEC•60. 
ITIC=TTIC 
IF<T.EQ.O.O>GOTO 300 
IGP=LIS<2, 1 > 
IGA=LIS!2,2> 
IGCF'=LIS<2,31 
IGCC=LIS(2,4) 
DO 700 IJr:=1 ,6 

700 ARRAYIIJK)=DATAIIJKl 
CALL OUTPUT 

c•••••••••••************************************************************ 
C SUBROUTINE "OUTPUT" IS CALLED. THIS SUBROUTINE ACTU~LLY CONTROLS 
C 11) THE URITING OF THE CONVERTED DATA TO "PLTDAT.DAT" VIA SUBRGU-
C TINE "LOOP", (2) THE CONVERSION OF THE QUANTITIES READ FROM AID 
C CONVERTORS TO USEFUL NUMBERS SUCH AS THE POLARIZER AND ANALYZER 
C AZIMUTHS VIA THE "CALIBRATION CURVE" SUBROUTINE "CONVRT", (3) THE 
C CONVERSION OF POLARIZER AND ANALYZER AZIMUTHS TO THE ELLIPSOMETER 
C F'Ar:AnETERS "F'SI" AND "DELTA". THE "PSI" AND "DELTA" CONVERSION lS 
C DONE BY ANOTHER SUBROUTINE, "DELPSI", WHICH IS CALLED FROM UITHl~ 

SUBROUTINE "CONVRT". 

c•a••··································································· C*****RESET THE PRINTING PARAMETER************************************** 
300 J:O 

T=THI(CHANi 
C*****IF THE TIME IS UP, RETURN***************************************** 

IFIT.GT.STOPT>GOTO 1003 
600 J=j+j 

DATA<J>=RD 
CHANNH!J>=CHAN 

500 CONTINUE 
C*****IF THE TIME IS NOT UP, READ THE NEXT BUFFER*********************** 

IFIT.LT.STOPTJGOTO 1004 
1003 RETURN 

END 
SUBROUTINE READIIBUFF,IBLOCK,ICHANI 
IERROR=IREADU<256,IBUFF,IBLOCK,ICHANl 
IF<IERROR.LT.OJ GOTO 2000 
I BLOCt:= I BLOO: + 1 
RETURN 

2000 STOP 'FATAL READ' 
END 
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SUBROUTINE CONVRT 
C*********************************************************************** 
C THIS SUBROUTINE USES CALIBRATION CURVE DATA FOR THE ELLIPSOMETER 
C FARADAY CELLS TO CONVERT A/D READINGS CORRESPONDING TO FARADAY 
C CELL CURRENT TO AZIMUTHS OF ROTATION. THE CELL POTENTIAL AND 
C CELL CURRENTS ARE ALSO COMPUTED IN MILLIVOLTS AN] MILLIAMPS. 
C THESE CALIBRATION CURVES TAKE INTO ACCOUNT VARIABLE CHANNEL GAIN 
C BETWEEN THE CALIBRATION RUNS AND EXPERIMENTS. 
C*********************************************************************** 

COHMON/ZAP/JPZAP,JAZAP 
COHKON/EXPDAT/P,A,VOLT,AHPS,POLKAN,ANAKAN 
COKKON/KANSET/POLOAZ,ANAOAZ,ADJPOL,ADJANA,C 
COHHON/CHGAIN/IGP,IGA,IGCP,IGCC,TOL 
COKHON/CALBRT/RESIST,PSLOPE,ASLOPE,PYINT,AYINT,IGPCAL,IGACAL 
CnHKON/ELLIPS/D,S 
COKKON/OPTDAT/OPTION,TIMOPT,ANGOPT 
INTEGER*2 OPTION,TIHOPT,ANGOPT 
IF<POLHAN.GT.-TOL.AND.POLHAN.LT.TOLJGOTO 1000 
IF!ANAHAN.GT.-TOL.AND.ANAHAN.LT.TOLJGOTO 1100 

C*********************************************************************** 
C THESE ARE THE LINEAR EQUATIONS FOR THE CONVERSION. 
C*********************************************************************** 

P=<PSLOPE*P+PYINTJ•<2••IGP/2**IGPCALl+POLOAZ 
A=<ASLOPE*A+AYINT>•<2••IGA/2**16ACAL>+ANAOAZ 
VOLT=<<VOLT•10.)/(204B.•<2••IGCP>>>•1000. 
AHPS=<AMPS•10.l/(RESIST•2.04B•<2••IGCCll 
JPZAP=O 
JAiAP=O 

(*********************************************************************** 
C SUBROUTINE "DELPSI" IS A SPECIAL SUBROUTINE THAT, GIVEN THE 
C QUARTER UAUE PLATE, POLARIZER, AND ANALYZER AZIMUTH ANGLES~ 
C COMPUTES "PSI" AND "DELTA" USING THE CONVERSION FORMULAS FOR THE 
C APPROPRIATE ZONE. 
C*********************************************************************** 

CALL DELPSI 
GOTO 2000 

1000 JPZAP=JPZAP+1 
C*********************************************************************** 
C THIS "SCREENING" STEP INCREMENTS THE MANUAL POLARIZER AND ANALYZER 
C AZIMUTHS UHEN IT DETECTS THAT MANUAL ADJUSTMENTS HAVE BEEN MADE TO 
C KEEP THE SIGNAL IN THE RANGE OF THE FARADAY CELLS. RECALL THAT 
C CHANNELS 5 AND 6 ARE USED TO FLAG THE DATA DURING SUCH ADJUSTMENTS. 
C*********************************************************************** 

IF<JPZAP.NE.1lGOTO 1200 
POLOAZ=POLOAZ+ADJPOL 
GOTO 1200 

1100 JAZAP=JAZAP+1 
IF<JAZAP.NE.1lGOTO 1200 
ANAOAZ=ANAOAZ+ADJANA 

1200 P=O. 
A=O. 
VOLT=O. 
AHPS=O. 
POLHAN=O. 
ANAHAN=O. 
D=O. 
S=O. 

2000 CONTINUE 
RETURN 
END 
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SUBROUTINE DELPSI 
C**********************************************************************~ ·-:--. 

C THIS PROGRAM, GIVEN THE POLARIZER, OUARTER UAVE PLATE, AND 
C ANALYZER AZIMUTH ANGLES COMPUTES "PSI" AND "DELTA" USING THE 
C APPROPRIATE ZONE CONVERSION FORMULAS. 
C*********************************************************************** 

INTEGER*2 PFLAG,AFLAG,CFLAG,FLAG 
COMMON/EXPDAT/P,A,VOLT,AHPS,POLKAN,ANAKAN 
COKMON/KANSET/POLOAZ,ANAOAZ,ADJPOL,ADJANA~C 

COHHON/ELLIPS/D,S 
COMKON/OPTDAT/OPTION,TIKOPT,ANGOPT 
INTEGER*2 OPTION,TIKOPT,ANGOPT 
D=O. 
S=O. 
PFLAG=O 
GOTO 6 

5 F'=F'+180. 
6 CONTINUE 

IFIP.LE.180.JPFLAG=400 
IFIP.LE.13S.lF'FLAG~300 

IFIP.LE. 90.lPFLAG=200 
IFCP.LE. 4S.JPFLAG=100 
IFIP.LE. O.JGOTO 5 
AFLAG=O 
GOTO 8 

7 A=A+180. 
8 CONTINUE 

IFIA.LE.180.lAFLAG=20 
IFCA.LE. 90.lAFLAG=10 
IFIA.LT. O.lGOTO 7 
CFLAG=O 
IFCC.E0.45.JCFLAG~1 

IFIC.E0.135.JCFLAG~2 

FLAG=PFLAG+AFLAG+CFLAG 
IFIANGOPT.NE.2lGOTO 180 
IFIFLAG.NE.312)60TO 10 
D=270.-2.*P 
S=90.-A 

10 CONTINUE 
IF<FLAG.NE.411lGOTO 20 
D=2.•P-270. 
5=90.-A 

20 CONTINUE 
IFIFLAG.NE.122lGOTO 30 
D=90. -2. >l:f' 
S=A-90. 

30 CONTINUE 
IF<FLAG.NE.221JGOTO 40 
£1=2.•P-90. 
S=A-90. 
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40 CONTINUE 
IF<FLAG.NE.321)GOTO 50 
D=2.*F'-90. 
5=A-90. 

50 CONTINUE 
IF<FLAG.NE.422>GOTO 60 
D=450.-2.*f' 
5=A-90. 

60 CONTINUE 
IF<FLAG.NE.111>GOTO 70 
D=2.*P-90. 
5=90.-A 

70 CONTIIWE 
IF<FLAG.NE.212)GOTO 80 
[1=270. -2. *P 
5=90.-A 

80 CONTINUE 
IF<FLAG.NE.322>GOTO 90 
D=4S0.-2.*f' 
5=A-90. 

90 CONTINUE 
IF<FLAG.NE.421>GOTO 100 
D=2.*f'-90. 
5=A-90. 

100 CONTINUE 
IF<FLAG.NE.112>GOTO 110 
D=270.-2.•P 
5=90.-A 

110 CONTINUE 
IF<FLAG.NE.211>GOTO 120 
D=2.*P+90. 
5=90.-A 

120 CONTINUE 
IF<FLAG.NE.311>GOTO 130 
D=2. *f'+90. 
5=90.-A 

130 CONTINUE 
IF<FLAG.NE.412)GOTO 140 
Li=630.-2.*P 
5=90.-A 

140 CONTINUE 
IF<FLAG.NE.121 >GOTO 150 
[1=2. *f'+270. 
5=A-90. 

150 CONTINUE 
IF<FLAG.NE.222>GOTO 160 
D=450.-2.•P 
S=A-90. 

160 CONTINUE 
IF<D.EO.O.O.AND.S.EO.O.O>TYPE 170 
IF<D.EO.O.O.AND.S.E0.0.0)5TOP 

170 FORHAT<I,1X,'*f'ROBABLE ELLIPSOMETER ANGLE CONVERSION ERROR IN 
C SUBROUTINE "P5IDEL" DETECTED;',!,' EXECUTION TERMINATED•'> 

GOTO 1180 
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180 CONTINUE 
IFIANGOPT.NE.1>GOTO 1180 
IF<FLAG.NE.121 iGOTO 1010 
I1=90. -2. *F' 
5=180.-A 

10i0 CONTINUE 
IF<FLAG.NE.222>GOTO 1020 
D=2.*F'-90. 
5=180.-A 

1020 CONTINUE 
IF<FLAG.NE.311>GOTO 1030 
D=270.-2.*F' 
S=A 

1030 CONTINUE 
IF<FLAG.NE.412lGOTO 1040 
D=2.*P-270. 
S=A 

1040 CONTINUE 
IF<FLAG.NE.112>GOTO 1050 
D=90.+2.*P 
S=A 

1050 CONTINUE 
IF<FLAG.NE.21 i >GDTO 1060 
II=270.-2.*-P 
S=A 

1060 CONTINUE 
IF<FLAG.NE.322>GOTO 1070 
II= 2. H'-90. 
s-~180.-A 

1070 CONTINUE 
IF<FLAG.NE.421lGOTO 1080 
II=450.-2.*P 
5=180.-A 

1080 CONTINUE 
IF <FLAG.NE.111 lGOTO 1090 
D=270. -2. *F' 
S=A 

1090 CONTINUE 
IFIFLAG.NE.212lGOTO 1100 
II=2.*P+90. 
8=A 

11 00 CONTINUE 
IF<FLAG.NE.321>GOTO 111 0 
II=450.-2.*P 
8=180.-A 

111 0 CONTINUE 
IFiFLAG.NE.422lGOTO 1120 
D=2.*P-90. 
8=180.-A 

1120 CONTINUE 
IF<FLAG.NE.122>GOTO 1130 
D=2.*F'+270. 
8=180.-A 
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1130 CONTINUE 
IF<FLAG.NE.221>GOTO 1140 
D=450.-2.•P 
S=1SO.-A 

1140 CONTINUE 
IF<FLAG.NE.312)GOTO 1150 
D=2.*f'+90. 
S=A 

1150 CONTINUE 
IF<FLAG.NE.411>GOTO 1160 
I1=o30.-2.H' 
S=A 

1160 CONTINUE 
IF<D.EG.O.O.AND.S.EO.O.O>TYPE 170 
IF<D.EO.O.O.AND.S.EO.O.O>STOP 

1180 CONTINUE 
IF<ANGOPT.E0.1.0R.ANGOPT.E0.2>GOTO 2010 
TYPE 2000 

2000 FORHAT<I,tX,'*INCORRECT OPTION CODE SPECIFIED IN SUBROUTINE 
C "PSIDEL" SO EXECUTION UAS TERMINATED*') 

201 0 CONTINUE 
RETURN 
EN II 
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Appendix 8 (continued). 

PROGRAH PLOTER 
c•••**************************************************************••••t• 
C THE PURPOSE OF "PLOTER" IS TO ACCESS SUBROUTINE "PLOT" AND THE 
C DATA FILE "PLTDAT.DAT" SO THAT THE ItATA CAN BE PLOTTEIJON THE 
C VT-55 SCREEN. A HARD COPY OF THE DATA IN THAT FilE CAN ALSO 
C BE OBTAINED THROUGH EXECUTION OF PLOTER. 
C*********************************************************************~~ 

COHHON/DATPLT/TIHEI512l,PLTDATI512,71,NDATA 
DIMENSION IItl20l 
TYPE 1 
FORHATI/'S LOAD DISK UITH DATA TO BE PLOTTED INTO DIS~ DRIVE 

C "DY 1:" AN[I "RETURN".' J 
ACCEPT 2, NUA IT 

2 FORMAT< I1 > 
OF'ENIUNIT=1,NAHE='DY1:PLTDAT.DAT',TYPE='OLD'J 
TYPE 3 

3 FORHATI/,'S AT UHAT INDEX IS THE READING TO BE STARTED 1151? 'l 
ACCEPT 4,NSTART 

4 FORMATII5l 
TYPE 5 

5 FORMAT!!,'$ HOW MANY DATA POINTS ARE TO BE READ CIS>? ') 
ACCEPT 6,NDATA 

6 FO~:~iAT<I5l 

T n:·E 7 
7 FORMATI/,'S UOULD YOU LIKE A "HARDCOPY" OF DATA TO BE 
C PLOTTED IY/Nl?'l 

ACCEPT B,IHDCF'Y 
8 FORMAT(iAI 

READ<1,9l1IDIII,I=1,20l 
9 FORHATI/,5X,20A2l 

IFIIHDCFY.NE.1HY)GOTO 1000 
PRINT 9,1III(II,I=1,201 

1000 CONTINUE 
IFINSTART.EG.1l60TO 1500 
DO 100 I=l,NSTART-1 

100 READI1,101TIHEIII,IPLTDATII,JJ,J=1,7l 
10 FORHATI1X,F9.0,711X,F9.31l 

1500 CONTINUE 
DO 200 I=1,NDATA 
READI1,101TIHEIII,IPLTDAT<I,Jl,J=1,7l 
IFIIHDCPY.NE.lHYIGOTO 2000 
PRINT 10,TIMEIII,<PLTDATII,Jl,J=1,7J 

2000 CONTINUE 
200 CONTINUE 

CALL PLOT 
STOP 
END 
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SUBROUTINE PLOT 
C***********************************~**~**~***************************** 
C THIS IS A GENERAL PURPOSE PLOTTING ROUTINE URITTEN FOR THE VT55 
C GRAPHICS TERMINAL. 
C*********************************************************************** 

COMMON/STATUS/ISTATC1o> 
DIMENSION ALPHA(512> 
DIMENSION IXC512>,IYC235> 
COKHON/DATPLT/TIMEC512>,PLTDATC512,7l,NDATA 
LOGICAL*1 IYLABLC24> 

C*********************************************************************** 
C INITIALIZATION OF STATUS UORDS FOR THE "PLOT55" SUBROUTINE. 
C*********************************************************************** 

IFLAG=O 
DO 1000 1=1,16 

1000 ISTATCI>=O 
CALL UIPE01 
MAXDAT=NDATA 
DO 1100 I=1,HAXDAT 

1100 ALPHACI>=TIME<I> 
C**********************************************************************• 
C THE OPERATOR IS CONSULTED TO DETERMINE EXACTLY UHAT GRAPHICS ARE 
C UANTED. THERE ARE TUO TYPES OF PLOTS AVAILABLE: (1) CHANNEL US 
C CHANNEL, OR (2) CHANNEL US TIME. CHANNELS FOR THE "TRNSLT'' MAIN 
C PROGRAM HAVE BEEN ASSIGNED AS: 
C CH1 = POLARIZER <DEGREES) 
C CH2 = ANALYZER <DEGREES> 
C CH3 = CELL POTENTIAL CHV> 
C CH4 = CELL CURRENT CMAl 
C CH5 = MEASURED DELTA <DEGREES> 
C CH6 = KEASURED PSI <DEGREES> 
C ALTERNATIVELY, THE KAIN PROGRAM "FLMFIT" ASSIGNS CHANNELS FOR 
C THE PLOTTING ROUTINE AS: 
C CH1 = FILM THICKNESS <ANGSTROMS) 
C CH2 = COMPOSITE ERROR <DEGREES> 
C CH3 = CELL POTENTIAL CKV> 
C CH4 = CELL CURRENT CKA) 
C CH5 = CALCULATED DELTACDEGREESl 
C CH6 = CALCULATED PSI <DEGREES> 
c•••••••~******~***********~******************************************** 

TYPE 41 
41 FORHATC/'S ARE ANY CHANNEL-CHANNEL PLOTS UANTED CY/N}T ') 

ACCEPT 42,KANYCC 
42 FORMAT(1A> 

IF<KANYCC.E0.1HY>GOTO 1500 
GOTO 315 

1600 IFLA6=1 
DO 1200 I=1,MAXDAT 

1200 TIKE<Il=ALPHAII> 
TYPE 43 

43 FORKAT(/,2X,'THE X-AXIS NO~ CORRESPONDS TO TIME.'> 
GOTO 1700 
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1500 TYPE 50 
50 FORMAT(/'$ UHAT CHANNEL CORRESPONDS TO THE X-AXIS? 'J 

ACCEPT 60,NCHX 
60 FORMHT<I2J 

1700 TYPE 70 
70 FORHATI/'S UHAT CHANNEL CORRESPONDS TO THEY-AXIS? 'l 

ACCEPT BO,NCHY 
80 FORMAl<I:2l 

TYPE 90 
90 FORMAT!/'$ AT UHAT It~TA INDEX SHOULit THE PLOT BE STARTED? 

ACCEPT 100,NHIN 
100 FORHATII4l 

NHIN=NHIN-1 
109 TYPE 11 0 
11 0 FORHATC/'S HOlJ MANY POINTS ARE TO BE PLOTTED' .. ) 

ACCEPT 120, NMAX 
120 FORHATCI4J 

IF<NMAX.GT.512JGOTO 109 
TYPE 130 

130 FORMAT(/'$ UHAT IS THE X-OFFSET? .. ) 

ACCEPT 140,XOFFST 
140 FORMAT<FlO.OJ 

TYPE 150 
150 FORMAT!/'$ UHAT IS THE Y-OFFSET? ' ) 

ACCEPT 160,YOFFST 
160 FORMATCF10.0J 

TYPE 170 
i 70 FORMAT(/'$ UHAT IS THE NORMALIZATION FACTOR FOR X-VALUES? 

ACCEPT 180,XNORM 
180 FORMATCF10.0) 

TYPE 190 
190 FORHATC/'S UHAT IS THE NORMALIZA.TION FACTOR FOR Y-VALUES? 

ACCEPT 191, YNORH 
1 91 FORHATCF10.0l 

TYPE 192 
192 FORMAT(/'$ ARE THE SCALES OF THE AXES TO BE PRINTED IY/N)? 

ACCEPT 193,IORIGN 
193 FORHATCA1 J 

.. · ) 

:··) 

·' ) 

·' ) 

C***************************************************************!******~ 
C NORMALIZATION OF THE DATA TO FIT IT ONTO THE CRT SCREEN. 
c•••*******************************************************************' 

XO=-XOFFSH50. 
YO=-YOHST*50. 
XItiV=50.*XNORM 
YDI V=SO. *YNORH 
DO 210 I=1,NHAX 
IFCIFLAG.NE.OJGOTO 201 
IX<IJ=<XOFFST+PLTDAT<I+NMIN,NCHXlJ/XNORM 
GOTO 202 

201 IXCIJ=<XOFFST+TIHE<l+NM~N)l/XNORH 

202 IY <I J = <YOFFST+PLTIIA.T (I +NM IN, NCHY J) /YNO~~H 
210 TYPE 220,IXCIJ,IY<I> 
220 FORHATC2C15X,10I>> 

TYF'E 240 
240 FORHATC/'$ ARE DATA POINTS TO BE CONNECTED BY LINES CY/Nl? ') 

ACCEPT 250, I LINE 
250 FORMATCA1) 
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c•••******************'*****''~***************************************** 
C THIS SERIES OF SUBROUTINES CREATES THE GRAPH DESIRED, USING 
C VARIATIONS OF "PLOT55". THE SUBROUTINE FUNCTIONS ARE: 
C "GRAF01" -PLOTS DATA POINTS ON SCREEN 
C "LINE01" - DRAUS LINES <INTERPOLATES> BETUEEN POINTS 
C "LABEL " - LABELS AXES <NOT USED CURRENTLY> 
C "UIPE01" -CLEARS THE CRT SCREEN 
C "GRID01" -PRODUCES A RECTANGULAR GRID AS BACKGROUND FOR THE 
C GRAPHS PLOTTED 
C "PLOT55" - SOFTIJARE "HEART" OF THE VT55 GRAF'HICS •••••••••••• 
C COHHERCIAL SOFTUARE ONLY AVAILABLE AS AN OBJECTIVE 
C SUBROUTINE FOR LINKING 
C*********************************************************************** 

IIO 1800 I=1,16 
1800 ISTAT<I>=O 

CALL UIF'E01 
CALL PLOT55<2,1+2+4+32+o4+512,,ISTAT> 
CALL GR1II01 
CALL LABEL('','') 
IFCIORIGN.NE.1HYJGOTO 1920 
TYPE 1900, XO, YO 

1900 FORHATC40X,'GRAPH ORIGIN: X= ',F8.2,' Y = ',F8.2l 
TYPE 1910,XDIV,YDIV 

1910 FORHATC40X,'SCALE DIVISION: X= ',FB.2,' Y- ',F8.2J 
1920 CONTINUE 

CALL GRAF01CNHAX,IX,IYJ 
IF<ILINE.NE.1HYJGOTO 2000 
CALL LINE01 iNi'iAX, IX, IY> 

2000. READ<5,2010) KR 
2010 FORiiAT<I2l 

IIO 3000 1=1, 16 
3000 ISTAT<I>=O 

CALL UIF'E01 
IF(lFLAG.ED.1 lGOTO 3400 
TYPE 300 

300 FORHATC/'$ ARE HORE CHANNEL-CHANNEL PLOTS IJANTED CY/Nl? ') 
ACCEPT 310,HORPLOT 

310 FORHAT< A1) 
CALL UIF'E01 

3400 CONTINUE 
IF<IFLAG.EQ.1lGOTO 3500 
IF<HORF'LOT.ED.1HYlGOTO 1500 

3500 DO 4000 I=1,16 
4000 I STAT< I l=O 

CALL UIF'E01 
315 TYPE 320 
320 FORHATC/'$ IS A TIME-CHANNEL PLOT UANTED (Y/Nl? ') 

ACCEPT 330,HORTCF' 
330 FORHATCA1 l 

IFCHORTCF'.EQ.1HY>GDTO 1600 
RETURN 
END 
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SUBROUTINE GRAF01 \NHAX,IX,IY> 
DIMENSION IX<512i,IY<235l 
COMHON/STATUS/ISTATI16l 
CALL PLOT55<7,0,0,ISTATl 
CALL PLOT55<1,0,ISTATl 
IIO 1 1=1 ,NHAX 
HXO=IX<Il 
HYO=IY<U 
CAll PLOT5513,HXO,HYO,ISTATl 
RETURN 
END 
SUBROUTINE L1NE01(NMAX,IX,IYl 
IIIMENSION 1XI512l,IY<235l 
COMMON/STATUS/ISTAT!16l 
DO 1 I=2,NMAX 
LOX=IX<I-1) 
LOY=IY<I-1> 
LFX=IX<Il 
LFY=IY<I> 
CALL PLOT55<7,LOX,LOY,ISTATJ 
CALL PLOT55<8,LFX,LFY,1STATl 
r:ETURN 
EN II 
SUBROUTINE LABEL<IXLABL,IYLABLl 
COHMON/STATUS/1STAT<16l 
LOGICAL*l IYLABL(24l 
CALL PLOT5519,0,23,ISTATl 
CALL PLOT55(12,,IXLABL,ISTATl 
LID 3 I=1 ,24 
IFIIYLABL~Il~EQ.OlGOTO 4 
CALL PLOl~SC9,0,I-1,ISTATl 

3 CALL PLOT55112,1,IYLABL<Il,ISTATl 
4 CALL PLOT55<9,0,23,ISTATl 

CALL PLOT55(13,91,,ISTAT) 
CALL PLOT55!13,92,,ISTATl 
RETURN 
EN[I 
SUBROUTINE UIPE01 
COHHON/STATUS/1STATC16l 
CALL PLOT55(13,72,,ISTATl 
CALL PLOT55113,74,,ISTATl 
CALL PLOT55<2,1+512,,ISTATl 
RETURN 
END 
SUBROUTINE GRID01 
COMMON/STATUS/ISTAT<16l 
CALL PLOT5515,0,1,ISTAT> 
[10 1 1=50,500,50 
CALL PLOT55<5,I,1,ISTATi 
DO 2 1=50,200,50 

2 CALL PLOT55(4,1,I,ISTATl 
RETURN 
END 
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Input Data File TRNSLT.DAT 

39 rree bloct..s •••••• end of directory 

.ll'P[ TRHSL T. l 
riles aried: 

•••••• to view all data files on DYl: called TRNSLT 

JK:TANSLT.514 to TT: 
2.1 

17.H 
1.11MG6 

1 

••••••• stored data file TRNSLT.514 with Verdet 
for a wavelength of 514.5 nm 

125.11 1t.K it .. H 13S.H 
1.111466 1.111110 ····~~~; 3 

4 2 

coefficients 

JK:lRNGLT.555 to TT: ••••... stored data file TRNSLT.555 with Verdet coefficients 
2.1 for a wavelength of 555.0 nm 

17.M 125.H 11.H te.ti 135.N I.~ 
1 .. 118715 l.te8715 1.1188~~ 1.11~~90 3 3 

1 4 2 

JIK:TRNSLT .BAT to TT: 
2.1 

17 .. 11 
1.11H6G 

1 

•••••••• stored data file TRNSLT.DAT actually read by TRNSLT.SAV 

125.18 
1.11t466 

4 

11.K 
l.ltHN 

2 

1i.H 
l.liiite 
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Appendix 10. 

Output Data File PLTDAT.DAT 

.TYPE P'LTDAT .BAT 

Pi ON AU - tiRHOB-B - -t.i¥ r=-· 
L£-:-

29. 31.464- 131.248 '72i2.6-37 -e.G!~ 27.en 41.2-ffi .. ~~~~-

59. 31.38i t:w.~· -2e2.ii3./ -..Jt5 27.239 .-.~ ~::~~ 

89. 31.£84 1.31.238 -.le2.t~/ . .,~:. 2G.~ 41.238 ~:==~ 
119. 3L75/ 131.416 -le2.63/ •.. ~: 3.~ 4L-U.6 ~=rr~ 
149. 31.516 131.191 -212.6.;7 ·-~ 2£.567 41.191 ~===~ 
179. 31.181 13!.756 -2V2.12£ ·-~ 27.637 -4t.~ ~=;;::; 

219. 31.~ 1J1.JW -212.63/ •. Hi 2G.339 41.3G-3 i:~-; 

239. 31.558 131.133 -212.126 -1sa~ 2G.SS4 41.133 ~==-=~ 
2£9. 31.~7 1J1.t7i -~.&.3! 1.61& 27.~ 41.17~ ~===~ 
aJ. 31.977 1J1.G15 -212.b.i/ e. ern 2t.i4£ 41.615 ~:€~~ 

329* 31.454 131.144 ~212.637 1.€1~ 27.193 -41.1« ~-~~ 
359. :u.se9 131.415 -212.ez£ -..~ 26.381 41.~ ..~-:· 

383. 31.558 131.342: -2t2.637 ·-~ 2G.S84 41.342 ~-~-=" 
419. 31.642 131.1£4 -lez.t-37 '=~ 2€. 716 41.1f..4 . ~=~-~~-

-«S. 31.5t6 131.2Ea -~2:.6..37 ---~ 26.9E~ 41.2€~ ~-~~ 
479. 31.851 131.353 -2e2:.£-37 -1.221 26.297 41.35-3 .1.~ 
509. 31.8f;S 131.374 -202.6.37 ·-~ 2€.:!=81 41.374 fL~~ 
~=9. 31.if~ 131.~ -2e2.637 .. ~..; ...... ~ ..... :-. 41sL:Vb e.~ ~-~...:~ ' 
5E:S. 31.569 131.133 -2f2.f;_J7 f..:WS 2G.Sf3 -41.133 e.IT:c 
599 -. 3L5i£ 131.133 -~.f~S! i.9ib ~=~3 .... --J. a 1,j..._j: ~=~~ 

~- 31.;485 131.997 -2¥2:.~~ -8~91G 27ci~ 41.957 ~-~~ 
659 -. 31.652 131.1~ -N2.~7 t.Gi~ 26.~ 41.67i lcbf:;~ 

689& 31.412 130.955 -2e2.637 ·-~~ 27al77 #:3t~~ ~= ~;;t 
719. 31.-454 131.139 -2t2z£~/ --..61~ 27.193 -4i.t3..~ ~= ~~~~-

749. 31.·799 131.~ -2t2:.637 -e.£1~ 2G.#2: 41.~ ~-~~~ 
779. 31.4?4 131.~ -2e2%6-37 --..~ 27 l:~i 41.~ ~= ~;;-_j 

009. 31.631 131.118 -~.k'-6 -e.9i6 2G. f.5f -4LtiB e~~'i 
839. 32.176 131.003 -1Si.~ -1.5<:.iG 25.64S 41.~3 ea~" 
8£9 . 31.715 131.19G -17iL S:.!~s ~.Gi~ 2G.57. 41.1~ i:~~; 

SS9. :u.663 1:W.997 -16-4.755 ·-~ d.£74 ~1:997 ~-==~ 
929. 31.7£8 131.573 -15.LS?B t.i1f fi.-4£;5 -4-1~5!~ v. :::~ 
·959. 31.621 131.3G3 -1JB.!T.A 1.£"1~ 2£.r..£ 41.~3 e.~~:: 
989. 31.579 131.381 -125.1?~ --e.61~ 2£.842: 41.~1 t.~~ 

Utt9. 31.401 13LH7 -112.~ ·-~ 2.7.198 -41.~7 ~=~} 
1M9. 31.548 13V.819 -99.487 e.et¥: ~.!...£:; ~eG-iS ~.¥-%,~ 

1179. 31.7e5 13L2et: -BG.~ -1.221 2£.~1 -41.~ e.:~:.:. 
11;9. :u.73G 131.3:84 -73.853 ....:.w5 lb .• !k'B 41.3£.4 ~.¥%~ 
1139. 31.359 131.112 -59.814 -1.~ 27.2.81 4! H~ -- .... ~ 

~~ 
~.:z..~~ 

11(;9. 31.38i 131.164 -4G.3S7 -1&2:21 27.23S 41.1f:-4 .;:. =·==-: 
¥-~~' 

1199. 31 • .fG.t 131.531 -33.565 ~-Sf~ 27.172 41.53i ~:~:~ 
la=Q 

~· 
31.474 131.1# -19:53:1 -1.5£~ 2.7.~1 -41.144 ~~~~~ 

1259 . 31.349 1Ji.913 -£.7i4 -2.«1 V.:W2: ~~913 ~=~.b 
1289. 31.464 131.175 5.493 -e.,a; 27.872 4!.175 ~~~~ 
1319. 31.464 131.217 18.S21 -2.13G 27.172 41.217 ~:~';;:::; 
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Demonstration of PLOTOl - plotting data file PLTDAT.DAT 

JS f~ blocl:...s ••••••••••• end of directory after DIR command 

.RUN DYi:PLOTwi ••.•••••••• running plotting program PLOTOl 

AT tltAT INIEX IS lt£ READIHS TO IE STMTrn U!D? 1 

1111 tWrf DATA POINTS ARE ro IE READ U5>? 3ft 

X-CfiJ.Jt.i = i. 

Y-aJU.IW = 1 

XLO = •• 29iC6iE~2 
nn = •· 2:JW7iiE ..e2 

XHI = 1.899911£ +e.t 
YHI = t. 3217W£ +12· 

IS THE 6R4PH TO BE LllBD ... EIH Y /tH? N 

X-coli.JJ'tN = I 
Y=COl~ = 1 

tllW ~'Y sr..ALE DIVISI005 DO YOU WAt.'T FOR THE X-AXIS? 1 

~-----------------------------------------------------------------------------------------------------------------------------: - YHI E--: -__ ... _- -.. -... :_ -· -- -
~- • • --·- • I • • • • ... 

... _ .. ~ 
....... --- --

~0 graphic output on VTSS screen XHI -~ 

-: - _-.. -~ 
-- -"-

- -- -- -- -_ ... 

YLO 
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MORE PLOTS!Y/N)? Y 

XLO= 
n.D= 

... 29111:0C:+e2 
• • 2»78i£ +92 

Appendix 11 (continued). 

liU = ... ~lOC+f4 
YHI = t. 3217Gi£ +12 

IS 1l£ GRAPH TO 1£ lAIELDH Y .ltO? Y 

1-tnLL~ = • 
Y=CDLUKN = 1 

lllW twf'( SCALE DIVISIONS DO YOU Wth'T FOR ll£ X-AXIS? 1 

NnW MKI' SCALE mVISitJtS DO YOU WANT FOR Tl£ Y-AX!S? J 

~--------~-------------------------------------------------------------------------------------------------------~-----------;_ 

~-~ ~ ~--af-hJ.-~- -ttRHOn B - -1. E)y OC :.· ___ ... ___ , 
: - - .. .r-_ --

; XU) = •• £~1{iOO=OC Pi2 
YlO= 

XHI= 
YHI= 

t.OOf.~+i-4 
1.3£:~~~ 

X-rot.L~ =I 
Y=Cm..~ = 1 

~---------,--------:------------------------------------------------ . 

. -

- -.,__. ___________________________ . --------------------------------
: ~ 

------
-- - -- ---~ -·----:·:_-=:--... - :_ -~-~--------: __ -___ - --- - -- ---- ~:. -.:---: __ , __ 

. 
. ·--.-
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Appendix 11 (continued). 

Listing of PLOTOl 
PROGRAM PLOT01 

c•••*********************************************************if******i•* 
C THE PURPOSE OF "PLOT01" IS TO ACCESS SUBROUTINE "PLOT" AND THE 
C DATA FILE "PLTDAT.DAT" SO THAT THE DATA CAN BE PLOTTED ON THE 
C VT-55 SCREEN. A HARD COPY OF THE DATA IN THAT FILE CAN ALSO 
C BE OBTAINED THROUGH EXECUTION OF PLOTER. 
C********************************************************************••~ 

DIMENSION Z<512,SJ 
COHHON/ARRAY/IDC20J,IX,IY,INDEX,X<S12>,Y<512J 
COHHON/LIHITS/ILIHX,ILIMY,IGRIDX,IGRIDY,IDELX,IDELY 
COHHON/STATUS/ISTATC16J 
TYPE 1 
FORHATI/'$ LOAD DISK UITH DATA TO BE PLOTTED INTO DIS~ DRIVE 

C "DY1:" AND "RETURN".') 
ACCEPT 2,NU~IT 

2 FORHATII1 l 
OPEN<UNIT=1,NAME='DY1:PLTDAT.DAT',TYPE='OLD'l 
TYPE 3 

3 FORMAT<!,'$ AT UHAT INDEX IS THE READING TO BE STARTED Cl5l7 'J 
ACCEPT 4,NSTART 

4 FORMATCI5J 
TYPE 5 

5 FORMATC/,'$ HOU MANY DATA POINTS ARE TO BE READ CI5J? ') 
ACCEPT 6,NDATA 

6 FORHAT<IS) 
INDEX=NDATA 
READ<1,8)1IDIIJ,I=1,20J 

8 FORHAT\/,5X,20A2J 
1FCNSTART.EQ.1lGOTO 1000 
DO 100 I=1,NSTART-1 

100 READI1,10J(ZCI,J>,J=1,8) 
10 FORKATC1X,F9.0,7C1X,F9.3Jl 

1000 CONTINUE 
DO 200 I=l,NDATA 
READI1,10)1Z<I,JJ,J=1,8) 

200 CONTINUE 
2000 CONTINUE 

TYPE 11 
11 FORKATI/,'S X-COLUMN - ') 

ACCEPT 2,IX 
IX~IX+1 

TYPE 12 
12 FORMATI/,'S Y-COLUHN- ') 

ACCEPT 2,IY 
IY=IY+1 
DO 300 I=t,NDATA 
X<I>=Zil,IXl 

300 YI~J=Z<I,IYl 
CALL SUBPLT 
TYPE 13 

13 FORMATII,'S MORE PLOTSCY/N)? ') 
ACCEPT 14,MORPLT 

14 FORHATCA1> 
IFIHORPLT.EQ.lHYlGOTO 2000 

. STOP 
END 

-78-



Appendix 11 (continued). 

SUBROUTINE SUBPLT 
COHHON/ARRAY/IDI20),IX,IY,INDEX,X<5121 1 Y(512l 
COMHON/LIHITS/ILIMX,ILIHY,IGRIDX,IGRIDY,IDELX,IDELY 
COHMON/STATUS/ISTATI16l 
XLO=X<1 l 
XHI=X<1> 
YLO=Y<1> 
YHI=Y<l l 
IX=IX-1 
IY=IY-1 
ItO i 0 1=2, INitEX 
IF<XLO.GT.XIIllXLO=X<Ii 
IF<XHI.LT.X<I>IXHI=X<II 
IF<YLO.GT.Y(IllYLO=Yill 
IF<YHI.LT.Y<IIlYHI=Y(Il 

10 CONTINUE 
TYPE 1000,XLO,XHI,IX,YLO,YHI,IY 

1000 FORMAT<I,SX,'XLO = ',E14.6,5X,'XHI = ',E14.6,5X,'X-COLUMN - ',11, 
1 I,SX,'YLO = ',E14.6,5X,'YHI = ',E14.6,5X,'Y=COLUHN = ·,11 l 

20 TYPE 1001 
1001 FORMAT(/,'$ DO YOU WANT TO CHANGE THE3E(Y/NI? ') 

ACCEPT 1002,IF1 
1002 FO~:MAI\111) 

IFIIF1.NE.1HY.AND.IF1.NE.1HNIGOTO 20 
IF(IF1.EG.1HNlGOTO 30 
TYFE 1003 

1003 FORMAT<I,'f XLO = 'l 
ACCEPT 1004,XLO 

1004 FORMAT<F10.3) 
TYPE 1005 

1005 FORMATI/,'S XHI = ') 
ACCEF'i 1004,XHI 
TYPE i 006 

1006 FORMATl/,'S YLO = 'l 
ACCEPT 1004, YLO 
TYPE 1007 

1007 FORHAT(I,'f YHI = ') 
ACCEPT 1004,YHI 

30 TYPE 1008 
1008 FORMAT(/,'$ IS THE GRAPH TO BE LABELED<YINJ? ') 

ACCEPT 1002, IF2 
IFIIF2.NE.1HY.AND.IF2.~E.1~NlG01Q 30 
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Appendix 11 (continued). 

ItO 40 1=1 ,INDEX 
X<I>=<X<I>-XLO>I<XHI-XLOJ 

40 Y<I>=<Y<Il-YLOl/(YHI-YLOl 
TYPE 1 009 

1009 FORMATC/,'$ HOU HANY SCALE DIVISIONS DO YOU UANT FOR THE 
1 X-AXIS? ·' > 

ACCEPT 1010,IGRIDX 
1010 FORMATil2) 

TYPE 1011 
1011 FORMATC/,'$ HOU HANY SCALE DIVISIONS DO YOU WANT FOR THE 

1 Y-AXIS? ·') 
ACCEPT 1010,IGRI!IY 
CALL IJIF'E 
CALL PLOT5512,2+4+32+64,,ISTATI 
ILIHX=51 1 
ILIMY=235 
ID~LX=lL1~X/iGRlDX 

IDELY=ILIMY/IGRIDY 
CALL GRID 
I'I=INDEX/2 
no 5o I=1 ,n 
I1=<I-1J:t:2+1 
HX=X i I 1) *ILII'IX 
MY=Y(Ill*ILII'IY 
CALL PLOT55Cl,O,ISTATJ 
CALL PLOT5513,MX,MY,ISTATJ 
12=1+-2 
HX=X!l2H:ILHIX 
MY=Y ( I2l* I LIMY 
CALL PLOT5512,0,,ISTATJ 
CALL F'LOT55C3,HX,HY,ISTATJ 

50 CONTINUE 
IF<IF2.NE.1HYJGOTO 60 
TYPE 1012,CID(Il,I=1,20l 

1012 FORHATC/,5X,20A2J 
TYPE 1000,XLO,XHI,IX,YLO,YHI,IY 

60 CONTINUE 
ACCEPT 1013,IUAIT 

1013 FORHAT<A1l 
CALL WIPE 
RETURN 
END 
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Appendix 11 (continued). 

SUBROUTINE IHPE 
COKKON/STATUS/1STAT<16J 
no 1 1=1,16 
ISTAT(l)=O 
CALL PLOl55(13,72,,ISTATl 
CALL PLOT55113,74,,ISTATJ 
CALL PLOT5512,1+512,,ISTATJ 
RETURN 
END 

SUBIWLITINE GRID 
COKKON/SlATUS/iSTATC16J 
COHHON/LIHITS/ILIHX,ILIHY,IGRI£1X,IGRIDY,IDELX•IDELY 
CALL PLOT55C5,0,1,ISTAT> 
CALL PLOT55i4,1,0,I5TAT> 
DO 1 I=I£1ELX,ILIMX,IDELX 
CALL PLOT5515,I,1iiSTATl 
DO 2 l=IDELY,ILIMY,I£1ELY 

2 CALL PLOT55C4,1,I,ISTAT> 
RETURN 
END 
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Appendix 12. 

Directory of Working Disk DYO: 

.IIR DYi: 
19-.Jan-83 

SWAP • SYS 2.._ 11-ftar-78 
TT .SYS 2 11-Har-JB 
liBR • SA¥ 18 11-Har-78 
ll!TCH .SAV ~ 11-Mar-78 
SR-~:DM. SA-V 11 11-ftar-78 
PAT .SAV 7 11-tlar--78 
f~~T.SHV 6 11-Kar-78 
J:I.F .SAV li 29-t'.ar-79 
~ .SYS 7 11-ftar--78 
m:F .SAV 6 11-Kar-7B 
S1ARTS.C:C~ 1 16--APr--81 
JECG=fi2zSAV 25 13-Feb-81 
PLOTt1 z SAV 69 Ji-SeF-81 
I£CAl .. LSAV 83 27--Kco.-st* 
IU~..M. SAV 8t 16--APr-St** 
ll.K~•.t£w 1 28-0ct-81 
.DSL~. 5111/ 9i 27--MaY~* 

33 filess 57-4 llocl..s 
I free blod<.s 

IYIHiJ.SYS 
PIP .SAV 
DIR .SAY 
Fil£x • SA¥ 
IU1P .SAV 
RESORC.StW 

tL .SYS 
EDIT .S.W 
DXtt6.J. S T-;j 

~2aSAV 
TRN5t. T. SiW 
~ .SN 

KIKiS .SAv 
ILeotrr.OLD 

6311~78 
16 11--Miw--Tt! 
17 11--Har--78 
18 11-l'lar-JB 

711--Jtar--78 
12 11--tlar--7~ 
s 1 i ~siii'-7B 
211-Kar--78 

iS 11~7B 
b3 11~7B 
32 13-f e!;--81 
~ 13-Fet-Si 
18 13-F~ i;i 
86 23 Oct-s-f* 
~ 17-Jufi--Sfc* 
11~1 

**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 - conv~rsion 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 SEV002 to delta and psi 
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Appendix 12 (continued). 

Directory of Spectral Scanning Programs Disk A 

21-Nov-82 
NEIJSET.FOR 5 07-Apr-81 RESET .FOR 7 07-Apt·-81 
INOUT .FOR 13 07-Apt·-81 P1INFO.FOR 6 07-Apt·-81 
T1INFO.FOR 6 .07-Apr-81 F' 1 TI HE. FOR 2 07-Apt•-81 
T1TIHE.FOR 2 07-Apr-81 FCSET 1 • FOR 7 07-Apt•-81 
FCF'RNT.FOR 6 07-Apr-81 FCTYF'E.FOR 6 07-Apt•-81 
FCIO .FOR 13 07-Apt•"'81 [IELPSI .FOR 9 07-Apr-81 
UL TEST. FOR 1 07-Apr-81 FCCAL .FOR 5 07-Apr-81 
ULCALC.FOR 6 10-Apr-81 SEV001.FOR · 27 11-Apr-Si 
RISURF .FOF: 12 11-Apr-81 PLOT .FOR 26 17-Jun-81 
DSCONV.FOR 14 15-Apt•-81 . RECALL.FOR 14 16-Apr-81 
FCSF'EC.FOR 3 16-Apr-81 OUTF'UT.FOR 7 14-Jun-81 
INPUT .FOR 7 14-Jun-81 OUTFC .FOR 7 14-Jun-81 
IHFC .FOR 7 14-Jun-81 FCPLOT.FOR 10 17-Jun-81 
CALFC1.FOR 12 16-Jun-81 HI NUS .FOR 3 17-Jun-81 
SEV002.FOR 18 23-0ct-81 EIIATA .FOR 3 23-0ct-81 

30 Files, 264 Blocks 
7 Free bloc.Y..s 
21-Nov-82 

CALFC1.DAT 5 18-Hat·-81 CALFC2.[1AT 5 18-Har-81 
CALFC3.IJAT 5 18-Hc:.t·-81 UAVE01.DAT 5 26-Har-81 
UAVE02.DAT s 26-Hc:n·-81 UAVE03.DAT 5 26.,Mc:n·-81 
UAVE04.DAT 5 26-Hc:.r-81 UAVEOS.[IAT 5 2 6-Mm·-81 
RISURF.DAT 5 30-Mar-81 ULBONIJ.DAT 1 28-0ct-81 
ULCONT.DAT 1 25-Ha~·-82 ULCALC.DAT 1 28-0ct-81 
FARADY.DAT 9 02-Nov-:81 TITLE .IJAT 4 17-Jun-81 
RECALL.IIAT '"l 13-Apr-81 4 

15 Files, 63 Blod..s 
7 Free blods 
21-Nov-82 

IISCONV. SA 1J 90 15-Apr-81 RECALL.SAV 83 16-Apr-81 
S~V001 .SAV 87 16-Apr-81 RISIJRF.SAV so 16-Apt·-81 
FCF'LOT.SAV 83 17-Jun-81 CALFC1.SAV 89 16-Jun-81 · 
MINUS .SAV 40 17-Jun-81 SEV002.SAV 86 23-0d-81 

8 Files, 638 Bloc~,s 

7 Ft·ee blocks 
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Appendix 12 (continued). 

Directory of Spectral Scanning Programs Disk B 

21-Nov-82 
NEIJSET .FOR 5 07-Apr-81 RESET .FOR 7 07-Ap,·-81 
IN OUT .FOR 13 07-Apr-81 P1INFO.FOR 6 07-Apr·-81 
l1 INFO.FOR 6 07-Apr-81 f'1THIE.FOR 2 07-Apr-81 
l1TIHE.FOR 2 07-Apr-81 FCSET1.FOR 7 07-Ap,·-81 
FCPRNT.FOR 6 07-Apr-81 FCTYPE.FOR 6 07-Apl·-81 
FCIO .FOR 13 07-Apr-81 ItELF'SI. FOR 9 07-Apr-81 
ULTEST.FOR 1 07-Apr-81 FCCAL .FOR 5 07-Apr-81 
ULCALC.FOR 6 10-Apr-81 SEV001.FOR 27 11-Ap·,·-81 
RISURF.FOR 12 11-Apr-81 PLOT .FOR 26 17-Jun-81 
RECALL. FOR 14 16-Apr-81 FCSPEC.FOR 3 16-Ap,·-81 
OUTF'UT.FOR 7 14-Jun-81 INPUT .FOR 7 14-Jun-81 
OUTFC .FOR 7 14-Jun-81 INFC .FOR 7 14-Jun.;.81 
FCPLOT.FOR 1 0 17-Jun-81 CALFC1.FOR 12 16-Jun-81 
MINUS .FOR 3 17-~lun-81 El!ATA .FOR 3 23-0ct-81 
SEV002.FOR 18 23-0ct-81 RUNTST.FOR 2 23-0ct-81 
EDATA2.FOR 3 22-0ct-81 PLOTXX.FOR 5 23-0ct-81 
FCAV61.FOR 5 02-Nov-81 FCAVG2.FOR 6 02..;Nov-81 
FCSHTH.FOR 4 02-Nov-81 SMOOTH.FOR b 02-Nov-81 
FCF: EAit, FOR 4 07-Itec-81 DSCON1.FOR 11 07-Itec-81 
RISMTH.FOR 4 13-Itec-81 RI6EN1.FOR 6 13-Dec-81 
RILINE.FOR 4 13-Itec-81 FILM .FOR 3 14-Itec-81 
EHASES.FOR 11 18-J<•n-82 CSHSES.FOR 10 12-Jan-82 
FILH02.FOR 5 20-Jan-82 CSMFIT .FOR 11 12-Jan-82 
EHAFIT .FOR 12 21-J<•n-82 NORHAL.FOR 4 18-Feb-82 

48 Files, 366 Blocks 
23 Free blod,s 
21-Nov-82 

CALFC1.DAT 5 18-tlar-81 CALFC2.DAT 5 18-He:w-81 
CALFC3.ItAT 5 18-Mal·-81 ULCALC.DAT 28-0ct-81 
UAVE01.IIAT 5 26-H<•r-81 UAVE02.IIAT 5 26-Hal·-81 
UAVE03.DAT 5 26-Kar-81 UAVE04.DAT 5 26-Mm·-81 
UAVE05.DAT 5 26-tlar-81 RECALL. DAT 2 13-Apl·-81 
TITLE .DAT 4 17-Jun-81 FARADY.DAT 9 02-Nov-81 

12 Files, 56 Blocks 
23 Free blocks 
21-Nov-82 

DSCON1.SAV 90 07-Dec-81 RISHTH.SAV 63 13-Ilec-81 
RI6£N1.SAV 49 13-Dec-81 EHASES.SAV 83 18-Jan-82 
CSIIFIT .SAV 46 12-Jan-82 CSHSES.SAV 93 12-J<m-82 
EKAFIT .SAV 43 21-Jan-82 NORKAL.SAV 41 18-Feb-82 
8 Files, 508 Blocks 
23 Free blocks 
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Appendix 12 (continued). 

Directory of Spectral Scanning Progra~s Disk C 

21-Nov-82 
FCSKTH.FOR 4 02-Nov-81 SHOOTH.FOR 6 02-Nov-81 
ULCALC.FOR 6 10-Apr-81 INFC .FOR 7 14-Jun-81 
OUTFC .FOR 7 14-Jun-81 FCAVG2.FOR 6 02-Nov-81 
DSCONV.FOR 11 07-Dec-81 INPUT .FOR 7 14-Jun-81 
OUTPUT.FOR 7 14-Jun-81 PLOT .FOR 26 17-Jun-81 
P1INFO.FOR 6 07-Apr-81 T1INFO.FOR 6 07-Apt·-81 
P1TIHE.FOR 2 07-Apr-81 T1TIHE.FOR 2 07-ApP-.81 
FCREAD.FOR 4 26-Hay-82 DHF'SI.FOR 9 27-May-82 
RECALL. FOR 14 27-Hay-82 FIXPCA.FOR 3 05-Jul-82 

18 Files, 133 Blocks 
138 Free blocks 
21-Nov-82 

ULBONII. DAT 28-0ct-81 ULCONT.DAT 1 25-Hay-82 
ULCALC.DAT 25-Hay..;82 TITLE .DAT 4 17-Jun-81 
4 Files, 7 Blocks 
138 .Free bloc~.s 

21-Nov-82 
FCSHTH.SAV 65 23-Hay-82 FCAVG2.SAV 59 25-Hay-82 
DSCONV.SAV 90 27-Hay-82 RECALL.SAV 83 27-May-82 
FIXPCA.SAV 37 05-Jul-82 
5 Files, 334 Blod,s 
138 Free blocks 
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Appendix 12 '(continued). 

Directory of Spectral Scanning Progra~s Disk D 

21-Nov-82 
NEUSET .FOR 5 07-Apr-81 RESET .FOR 7 07-A~n·-8 1 
INOUT .FOR 13 07-Ap,·-81 P1INFO.FOR 6 07-ApP-81 
T1INFO.FOR 6 07-Apl·-81 P1THIE.FOR 2 07-A~·r-81 
T1TH1E.FOR 2 07-A~·P-81 FCSET1 .FOR 7 07-A~q·-81 

FCPRNT.FOR 6 07-Apr-81 FCTYPE. FOR 6 07-Ap,·-81 
FCIO .FOR 13 07-Apr-81 DELPSI.FOR 9 07-Apr-81 
ULTEST .FOR 1 07-Apr-81 FCCAL .FOR 5 07-Apr-81 
ULCALC.FOR 6 10-Apr-81 SEV001.FOR 27 11 -Apl·-81 
RISURF.FOR 12 11-Apr-81 PLOT .FOR 26 17-Jun-81 
RECALL.FOR 14 16-Apr-81 FCSPEC.FOR 3 16-ApJ•-81 
OUTPUT.FOR 7 14-Jun-81 INPUT .FOR 7 14-Jun-81 
OUTFC .FOR 7 14-Jun-81 INFC .FOR 7 14-Jun-81 
FCPLOT.FOR 10 17-Jun-81 CALFC1.FOR 12 16-Jun-81 
MINUS .FOR 3 17-Jun-81 EIIATA .FOR 3 23-0ct-81 
SEV002.FOR 18 23-0ct-81 RUNTST.FOR 2 23-0ct-81 
EIIATA2.FOR 3 22-0ct-81 PLOTXX.FOR 5 23-0ct-81 
FCAVG1.FOR 5 02-Nov-81 FCAVG2.FOR 6 02-Nov-81 
FCSKTH.FOR 4 02-Nov-81 SMOGTH.FOR 6 02-Nov-81 
FCREAD.FOR 4 07-Dec-81 DSCON1.FOR 11 07-Dec-81 
RISKTH.FOR 4 13-I•ec-81 RIGEN1.FOR 6 13-Ilec-81 
RILINE. FOR 4 13-Dec-81 FILM .FOR 3 14-Dec-81 
EKASES.FOR 11 18-J<m-82 CSMSES.FOR 10 12-Jan-82 
FIU102. FOR 5 20-J<•n-82 CSKFIT .FOR 11 12-Jan-82 
EHAFIT .FOR 12 21-J<nJ-82 NORKAL.FOR 4 18-Feb-82 
PROEMA.FOR 13 01-Sep-82 BRUGHN.FOR 19 03-Sep-82 
AIFILH.FOR 3 30-May-81 AISPEC.FOR 12 01-Sep-82 
IIYEiiTB. FOF: 15 04-Sep-82 IIYERI .FOR 4 04-Sep-82 
SHIFT .FOR 4 05-Sep-82 

55 Files, 436 Blocks 
65 Free blocks 
21-Nov-82 

RECALL. IiAT 2 13-Apl·-81 TITLE .DAT 4 17-Jun-81 
FARADY.DAT 9 02-Nov-81 RHOIIB .DAT 5 31-Aug-82 
COPPER.IIAT 5 27-Jul-82 SOLN .DAT 5 27-Jul-82 
ULCALC. I• AT 25-K<•y-82 RHOI•BO. DAT 5 05-Sep-82 
8 Files, 36 Blocks 
65 Free blocks 
21-Nov-82 

BRUGMN.SAV 95 03-Sep-82 AISPEC.SA'J 87 01-Sep-82 
DYEMTB.SAV 91 04-Sep-82 I1YERI .SAV 40 04-Sep-82 
SHIFT .SAV 43 05-Sep-82 
5 Files, 356 Blod,s 
65 Free blocks 
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TU1 .. 00.193 5 18-Jul-82: 
TITl .. OO .195 5 19-Ju l-82 
nTLUN.197 5 19-Jul-82 
UJL00.199 5 l~ .... lul-82 
1ITLONc201 5 19-Jul-82 
TEfLON. 2\l3 5 19-Ju 1-82 
1U1 .. 0H.~'"t5 5 19-Jul-82-
CYPBAU.~ 13 19-Jul-82 
CVPBAD.tf2 13 19-Jul-82 
~J.iM 13 19-Jul-82: 
Plr'&JHT .MT 58 t!t-Jul-82 
TITL00.2e7 5 19-Jul-82 
CWi;\U. 30i! 13 19-Ju 1--82 
sm r1 .183 5 19-Jarr-83 
fif~ R .1BB 5 19-JarrB-3 
oo n .185 5 19--.Jan-83 

164 files, !35 Blocks 

Appendix 13. 

Input Data File WLCALC.DAT 

lU1JlN.1M 
TITLON.i~ 
lUUlW.19B 
lifl .. OO.~ 
1Efl .. OH.2a2 
1If1 . .DM.~ 
REStLT.2e3 
CVPBAU.Hi 

TRNSLT.DAT 
lUl .. DN.lit 
CVPBAU.HS 
li(LU .1~ 
KI~ .18£ 
IUNL~ .1BB 
tWW5 .185 

5 18-~!-82 
5 iS....-Itd--£2 
5 19-Jul--62 
5 19:--Jul-52 
5 19-Jt~~....P..? 
5 19-Jul-82 
5 19-• .Ad--82 

13 19-.Jul-82 
13 19-..ful-82 
1 ft-tk.v-81 
5 19-.Jul--82 

13 19-Ju l-82 
5 19-..idFrS3 
5 ts-Jan-2=3 
5 19--Jan-£3 
5 19-.Jan-83 

19 fl"'ee bioc...-i.;,.s •••••••••••••• end of directory of DYl: 

.TYPE WlC~C.DAT ............ display of WLCALC.DAT on VT55 screen 
. 121 321 16./3.52 5137.13 i.~ -1S.SiSB 5Gf;B.~7 i.Y.?'".;S ..... regression parameters 
.t~"l'§F.;P"J'h""'Q -'.0 '~"'2ild:''"F,l'':z(A ~· ~"l'iJ:;I"-,c:,Y ~12J4!t;;E"'ff:=L• f,f, "'>"l'A~......-~ Ni .,.~ •. ld:,.-=-·' d li id i ~JOI'uvi" .. ,~~...=-th.FF .i.~-~;-Oii'J s:t"''~E(hF't ~==.,.'-~!"~:- .i.LJ:Ati...~fc.:...~f' ••• ummy ne to a n 

formatting data file 
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Appendix 14. 

Input Data file TITLE.DAT 

.TYPE TITlLJJAT 
PILAR..!ZER CiMRENHADCU .. Y-AXIS> VS [W';fJ!JfR aufl !X-AXIS} 
MfL m aaun <ADCU, Y-AXIS> vs £W.OflfR Cii.M" <X-AXIS! 
P(L4RT/E~ CtJm"DUtAOCU.-Y-AXIS> VS ~llifX--AXISi 
~'ffrk ~.JIHAOCU:Y~.IS> YS WA~1lHX-4~JS} 
,_,"il 'I li:.H Cii~REJHTf -AXIS) VS PlLVUZER CURRDIT fi:--AXIS! 
POL~ILER CL~ 
~~MAL Y 1i:R euRRorr 

1ELHHY-AXIS1 YS EMCO!ER CDtJofHX-AXIS! 
PSH¥-AX!Si VS Di.COD£R COUh"T\X-AX1S1 
IELTACT-AXISi VS WiWU..ENGTHtX-AXISi 
PSHY-AXHD VS WA:Vfl.E"'GTH\X--tU.ISi 
PSHY-AA"1S1 VS 1ELTfitX-AXISl 
Dfi.T A (DfT$'f f ;;} 
.PSI (I£~S} · 
2 1~. 
R£HL Rtf~TIVE INDD.T1-AXIS> VS ~ tnt~-HX~.::IS 
.L~ Rli~SCTI'f'£ IN!On-AXISI VS ~ COON"Tf;(-AAIS 
R£HL ~T!\>"£ INDEXCT-AXIS> VS VAVP~THC:(~Si 
~ REFAACTIYI:. Dm£tn'-AXIS1 VS VfW""dflibHHX-AXISi 
L~ R:Ia {Y--Ii.XISj VS R£./L Ral. <X--AXISJ 
~~ Rtl-~~:Tifi. IH!£t 
I:~ ID ~:TITE Dlii: ~ 

~ R.I. C1-M.ISJ VS RUtL R.I. fX-tU:!S} 
RL~ ~ F::~TI~~ INLC: 
I~3 ~f~TIY-r I~ 
3 1~: 
ffi_ V!Jil£T COEF!1~XF IFh/ADQJ) YS [N!~ a!lfl"{~-AX!SJ 
Nfl: ~i:C WITU~X .. lE&/AOCtH VS E..WC::Ui.~ C(l!i~'TC(-AXIS; 
rJL P:JWET mrfU~X .. DEii.!t\DCU) VS ~THfX-AXIS) 
~ n::PIC OJITUiteX, DEG/ADC\D YS W.-Yn ~TtHJ;~...IS! 
~ ~ CUfF \Y--AUS 1 VS POL vt:RDt.--r CO£f (X-AX!Si 
r~ ~iliET cnrr J-lh:~ 
~~. ~u mrr ~-1~ 
4 1R. 
P.Jl r.R"~S-TAU: PAP.JW:ff.JH1MXJ VS ~ C!l.MHX~YS1 
~i: ~JES-THLK Pi4R..f~£lUHif3X} VS rnc·nr~ CilUN""TO~-AXISi 
Y~ CRL~-T~ PRP~ i£..1H ieiXi VS Wt\~~TtH:A-RXIS1 
~; ~~:S-TAL.i: PAP~itJH1HX1 \IS VAVf"i t=~THCX-MI51 
~ OIDf.:S-Tfit.K PAR~l£R VS P€L CROSS TALK ~uHX~..IS::t 
FJL CRLSS-T~{Xi~! 
~~;' aiDES-TILt:: {Xi"} 
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Appendix 15. 

Demonstration of SEV002 - collection of spectroscopic ellipsometry data 

.I!:Jl · DYt: S£VH2 

DI61Titl D«lJD£R PIES£TS: 

CAl TEATIDN aJN£ SE1itt£:k"T tUtB£R 1: 
SlOP£ = 18.7332 . 
DfTERCEPT = 5137.13 
a:IIR£lA TION CIETICIIlH = e. S!t96 

Clil.IIRATION Ci.R'i£ srntiJfl ~ 2: 
Sl{P[ = -18.8188 
DIIER"JYT :: KGB. 17 
CIREUiTUJN anTICIDIT = e.9SSS 

l.DUTS rF WPLICATIOt: 
lrPER = 321 
L£JiER : 12i 

10 YOU WANT TO Ctwa: Tt£SE <YIN)? N 

I ..... spectral scanner not rotating 

lS S£TtF DFO TO 1£ (A)EJ(f[R£D ~ lr~ OR tB>REA.D f1ifm OLD DATA FH F? ~ 

IW£ f.F SPECTRA Fll£ TO IE. R£TJUEVED = DY1TUl.DN18-3 

IW'E (A.ft) = JOSEPH CCU.IN FARttER 

BAT£ ( 12-AJ-12/DAY-mt"TH-YEARi = 19--..wHi3 

lNfil ~TIONAL LIITU5/HOORS! o:: leti 

£XP£Rit'DIT Il£_1fliFICATIOtHMtl : IIOt(I!SlRATUm OF ~ "'sr-¥H2"' 

ANi\LDS/DI6!TAL c:otfi'ERTOR PRES£T IW'iiWO:t£1{5: 
POL. Lifl'u"T CH. = • 
MiA. IlruT CH. z 1 
AOC GAIN = 3 

DO YOO WANT TD Otitttt 1l£S[ \ Y INi? N 
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•••••••• assumes Faraday cells monitored 
over channels 0 and 1; PMT out
put can be monitored by changing 
input channels; only gains of 0, 
1, 2, and 3 are allowed. 



Appendix 15 (continued). 

MtiLOS.t1HGTIRL ~"ERTOR PR£S£T ~: 
m... ItrP •. JT CH. = t 
AW~c ItrFtrr 01s = 1 
AOC GAIN = 3 

SFEC~ BEING COLLECTED .•••••••••• 
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Appendix 15 (continued). · 

Listing of SEV002 

PROGRMl SEV002 
c·· * * •" * • • * * * * * * * • ** • ** =~ * ,, * ''· *'' • **"' *"' * *·" ** *· • ''''u"' *"'*'• * * * * ~-** * ~, ''· * * * ;f ~.:f.*,,. :f.*~-
c OBJECTIVE: TO COORDINATE THE ACTUAL DATA ACQUISITION DURING AN 
C ELLIPSOMETRIC SPECTRAL SCAN UITH OPERATOR REVIEU OF 
C THE RAU DATA. THIS IS THE MAIN DATA COLLECTION 
C ROUTINE. 
c 
C PROGRAM URITTEN BY JOSEPH C. FARMER 1N SPRING 1981 LBL-HMRD 
c 
C********************************************************************** 

COMHON/A/NAVGC400l,POLI400J,ANA(400J 
COHHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/E/NAHEOP<20l,ID<20) 
COHHON/F/LHPTYF,LHPSERI10l,LHPVLT,LHP~MP 

COHMON/G/IPHTYPI10J,IPHTDV 
COHMON/H/IPHASP,IFHASA,IGAINP,IGAINA,IAMPLP,IAKPLA,ITIHEP,ITIHEA 
COHHON/1/IGAGP,IGAGA,IGATP,IGATA 
COMHON/J/NUL,NPOL,NCMP,NANA 
COKMON/K/IHRSO,IMINO,ISECO,ITICO,lHRSF,IHINF,ISECF,IliCF 
COHHON/L/IDAY,IHONI3J,IYRS,LHPHRS . 
COHHON/H/IUAVEI400l 
COHHON/N/ICHAN,IBLOC~,IFLAG,IBUFFI256) 
COHKON/0/NPASS 
COHHON/STATUS/ISTATI16l 
COHHON/TITLE/NTITLEI5,30l,NUORDI2,21 > 

COHnON/KODE/MODEO,HODE1,FACTOR 
NPASS"l 

C*****THE ENCODER COUNT IS CONVERTED TO UAVELENGTH.******************** 
C~LL ULCALC 

C*****THE GRAPHICS TITLES ARE READ FROM "DY1:TITLE.DAT".*************** 
MODE0=1 
CALL TITLE 
THE 10 

10 FORHATI/,'$ INSERT DATA STORAGE DISK, THEN "RETURN".') 
ACCEF"T 20, NUAIT 

20 FORMATIA1) 
C•~•••THE FOURTH CHANNEL OF THE ADAC KODEL 1604/0PI COUNTER CARD IS ••~ 

C READ AT VARIOUS TIHES TO ASSURE THAT THE RATE OF ROTATION OF 
C THE FILTER DISCISPECTRAL SCANNING RATE> IS CONSTANT. PROGRAM 
C EXECUTION IS DELAYED UNTIL A SPECIFIED STABILITY CRITERIA IS 
C MET. CHANNEL 4 OF THIS COUNTER CARD IS WIRE URAPPED TO 
C OPERATE IN THE FREQUENCY MODE; THE FREQUENCY OF THE ENCODER 
C*****GENERATED PULSES IS KEASURED BY THIS CHANNEL.******.************* 

30 CALL RATE 
NSAVE=NRATE 
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Appendix 15 (continued). 

CtttttSETUP INFORhATION IS EITHER READ FROM A PREVIOUS EXFERIHENTAL **** 
C DATA FILE OR INPUT FROM THE VT55 KEYBOARD BY THE OPERATOR, 
C DEPENDING UPON THE OPERATOR'S RESPONSE AT THIS POINT. 

100 TYPE 110 
110 FORMAT<!,'$ IS SETUP INFO TO BE (AJENTERED FROM KEYBOARD 

C OR <B>READ FROM OLD DATA FILET ') 
ACCEPT 20, IF 1 
IF<IF1.NE.1HA.AND.IF1.NE.1HB>GOTO tOO 
IF<IFi.NE.1HAlGOTO 120 

C*****THIS SUBROUTINE ALLOUS THE OPERATOR TO INPUT THE SETUP ********** 
C INFORMATION FROM THE KEYBOARD. 

CALL NEUSET 
GOTO 130 

120 CONTINUE 
C*****THIS SUBROUTINE ACCESSES AN OLD DATA FILE SPECIFIED BY THE ****** 
C OPERATOR TO REASSIGN OLD SETUPYALUES TO THE CURRENT 
C EXPERIMENT. 

CALL INPUT 
NRATE=NSAVE 

130 CONTINUE 
C•••••SDHE PARAMETERS MUST BE ENTERED FROH THE KEYBOARD SINCE ********* 
C THEY UILL PROBABLY BE CHANGED FROM ONE SPECTRAL SCAN TO 
C ANOTHER<FDR EXAMPLE MANUAL AZIMUTH SETTINGS). SUBROUTINE 
C "RESET" ALLOUS FOR THIS. 

CALL RESET 
CtttttTHE OPERATOR CAN SPECIFY THE TYPE OF OUTPUT DESIRED FOR ********* 
C THE SETUP INFORMATION. 

200 TYPE 210 
210 FORMAT(/,'$ IS SETUP INFORMATION TO BE OUTPUT <AlTO CRT, 

C (BJTO PRINTER, OR <CINOT AT ALLT ') 
ACCEPT 20, IF2 
IF(IF2.NE.1HA.AND.IF2.NE.1HB.AND.IF2.NE.1HCJGOTO 200 
IF<IF2.EG.1HCJGOTO 230 
IF\IF2.EG.1HCJGOTG 230 
IF<IF2.NE.1HA)GOTG 220 

Ct:t.HtSETUF' INFDRiiATION IS IIISF'LAYED ON THE CRT .:+:n:+o:+.t::~~.:f:ll::~u,u:t.H ~H·H 
CALL T1INFO 
GOTO 230 

220 CONTINUE 
C•••••SETUP INFORMATION IS SENT TO THE LINE PRINTER.******************* 

CALL P1INFO 
230 CONTINUE 
400 TYF'E 410 
410 FORHATU,'S ENTER "G" ANII "RETURN" FOR Sr'ECTRA COLLECTION. ') 

ACCEPT 2C,IF3 
IF\IF3.NE.1HGJGOTO 400 
TYf'E 411 

411 FORMAT(/,' SPECTRA BEING COLLECTED ••••••••••• ') 
CALL EIIATA 
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Appendix 15 (continued). 

C*****THE REQUIRED DATA ACQUISITION TIME FOR THE SPECTRAL SCAN IS ***** 
C EITHER DISPLAYED ON THE CRT OR OUTPUT ON THE LINE PRINTER. 

IF<IF2.EG.1HClGOiO 630 
IF<IF2.NE.1HAIG010 620 
CALL Tli HIE 
GOTO 630 

620 CONTINUE 
CALL P1TitiE 

630 CONTINUE 
C*****IF DESIRED, THE SPECTRAL SCAN IS DISPLAYED ON THE VT55 ****''*'** 
C TERMINAL IN GRAPHICAL FORti. 

700 TYPE 710 
710 FORHAT!/,'S DO YOU UANT TO PLOT SPECTRAIY/NI? ') 

ACCEF'T 20,IF4 
IFIIF4.NE.1HY.AND.IF4.NE.1HNJGOTO 700 
IF<IF4.EG.1HNJGOTO 720 
CALL PLOT 

720 CONTINUE 
C*****IF DESIRED, THE SPECTRAL SCAN IS STORED ON A FLOPPY DIS~********* 
C FOR SUBSEQUENT RETRIEVAL AND ANALYSIS. 

BOO TYF'E 810 
810 FORtiATI/,'S ARE THE SPECTRA TO BE STORED ON FLOPPY DISKIY/NI? 'I 

ACCEF'T 20, IF5 
IFIIF5.NE.iHY.AND.IF5.NE.1HNIGOTO 600 
IF<IF5.EG.1HNJGOTO 620 
CALL OUTPUT 

620 CONTINUE 
c~••••DEFENDING ON THE OPERATOR'S RESPONSE, VARIOUS COMBINATIO~S ****'* 
C OF NUMERICAL OUTPUT CAN BE GENERATED!EITHER CRT DISPLAY OR 
C HARDCOPY FROM THE LINE PRINTER. 

TYPE 890 
890 FORMAT!/,'$ IS ANY NUMERIC OUTPUT DESIREDIY/N)? ') 

ACCEF'T 20,IF6 
IFIIF6.NE.1HY.AND.IF6.NE.1HNIGOTO 820 
IF<IF6.EG.1HNJGOTO 960 

9oo T n·t: Ho 
910 FORtiATI1,5X,'NUHERIC OUTPUT tiENU:', 

C 1,10X,'CAlHARDCOPY OF SETUP INFO. ONLY/, 
C 1,10X,'CB>HARDCOPY OF SETUP INFO. AND PLOTTED DATA PTS.', 
C 1,10X,'CC>CRT DISF'LAY OF SETUP INFO. ONLY', 
C 1,10X,'CDJCRT DISPLAY OF SETUP INFO. AND PLOTTED DATA 
C PTS.', 1,10X,'CE>NDNE OF TH~ ABOVE'J 

TYPE 920 
920 FORMATI/,'$ YOUR CHOICE IS: ') 

ACCEPT 20,IF6 
IFIIF6.NE.1HA.AND.IF6.NE.1HB.AND.IF6.NE.1HC.AND.IF6.NE.1HD 

C.AND.IF6.NE.1HEJGOTO 900 
IF<IF6.EG~1HEiGOTQ 960 
IFCIF6.NE.1HA>GOTO 930 
CALL F'11Nr0 
CALL F'1TIME 
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Appendix 15 (continued). 

930 CONTINUE 
IFIIF6.NE.1HBJGOTO 940 
CALL P1INFO 
CALL Pl TIME 
DO 934 IPAGE=1,4 
PRINT 931,IPAGE 

931 FORHATI///,5X,'DATAIADCUJ FROH POLARIZER AND ANALYZER CHANNELS 
CAS A FUNCTION OF UAVELENGTHIANGSTROHSJ ••• PAGE ',I1, 
C /I/,2C5X,'INDEX',5X,'UL',3X,'NAVG',7X,'POL',7X,'ANA'J) 

DO 932 1=1,50 
11=11PAGE-1 >*100+1 
12=11+50 

932 PRINT 933,11,1UAVEII1>,NAVG<I1>,POLII1i,ANAI11>,I2,1UAVEII2>, 
CNAVGCI2J,POL!I2J,ANAI12J 

933 FORHATC2<5X,I5,2X,I5,2X,I5,3X,F7.0,3X,F7.0)) 
934 PRINT 935 
935 FORHAi(//1/////) 
940 CONTINUE 

IFIIF6.NE.1HCJG0i0 950 
CALL T1INFO 
CALL T1THIE 

950 CONiiNUE 
IFIIF6.NE.1HD>GOTO 960 
CALL T1INFO 
CALL T1TIHE 
TYPE 95i 

951 FORHATCI/,5X,'RAU DATA FROK SPECTRAL SCAN',//) 
DO 952 1=1,400 

952 TYPE 953,I,IUAVEII>,NAVGIIJ,POLIIJ,ANAIIJ 
953 FORHAiCSX,'I = ',I3,5X,'UL = ',I5,5X,'NAVG = ',I3,5X,'F'OL = ', 

CF7.0,5X,'ANA = ',F7.0> 
960 CONTINUE 

C*****THE OPERATOR HAS THE OPTION OF REPEATING PROGRAM EXECUTION.****** 
1000 TYPE 1010 
1010 FORMATC/,'S IS THE PROGRAM TO BE EXECUTED AGAINCY/N)? ') 

ACCEPT 20, IF7 
IFIIF7.NE.1HY.AND.IF7.NE.1HNJGOTO 1000 
NPASS=NPASS+1 
IF<IF7.EG.1HY)GQTQ 30 
STOP 
END 
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Appendix 15 (continued). 

SUBROUTINE ULCALC 
C***********************************************~********************** 
C OBJECTIVE: TO CONVERT ENCODER COUNTS INTO UAVELENGTH USING 
C PREDETERMINED CALIBRATION CURVE PARAMETERS. 
C*****************************~*~****************•••••••••••••••••••••t 

COKKON/H/IUAVE(400) 
OPENIUNIT=2,NAHE='DY1:ULCALC.DAT',TYPE='OLD') 
READI2,996JIU,IL,A1,B1,R1,A2,B2,R2 

996 FORH~T(2(1X,I3J,2(1X,F8.4,1X,F8.2,1X,F6.4l) 
CLOSEIUNIT=2,DISPOSE='SAVE'J 

997 TYPE 998 ' 
998 FORMATI/,'1 DO YOU UANT TO REVIEW ENCODER UAVELENGTH CALIBRATION 

C PARAHETERSIY/NI? 'I 
ACCEPT 999,IFO 
IF\IFO.NE.1HY.AND.IFO.NE.1HNJGOTO 997 
IF(IFO.EG.1HNlGOTG 3 

999 FORKAT(A1 l 
TYPE 1000 

1000 FORKAT(//,10X,'DIGITAL ENCODER PRESETS:') 
1 TYPE 100i,A1,B1,R1 

1001 FORHAT<I,10X,'CALIBRATION CURVE SEGMENT NUMBER 1:', 
C 1,15X,'SLOPE = ',F10.4, 
C 1,15X,'INTERCEPT = ',F10.2, 
C 1,15X,'CORRELATION COEFFICIENT= ',F10.4l 

TYPE 1002,A2,B2,R2 
1002 FOR~ATI/,10X,'CALIBRATION CURVE SEGMENT NUMBER 2:', 

C 1,15X,'SLOPE = ',F10.4, 
C 1,15X,'INTERCEPT = ',F10.2, 
C 1,15X,'CORRELATION COEFFICIENT = ',F10.4l 

IYF'E 1003,IL,IU 
1003 FORKATI/,10X,'LIHITS OF AF'F'LICATION:·, 

C 1,15X,'UF'PER = ',I6, 
C 1,1SX,'LOUER = ',I6l 

2 TYPE 1004 
1004 FORHAT<I,'S DO YOU UANT TO CHANGE THESE<YINI? 'J 

ACCEPT 1005,IF1 
1005 FORHATIA1) 

IF I IF 1 • N E. 1 H Y • ANii. IF 1 • N E. 1 H N I G 0 T 0 2 
IF<IF1.EG.1HNIGOTO 3 
TYPE 1006 

1006 FORHAT(/,2X,'SEGMENT 1:') 
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Appendix 15 (continued). 

TYPE 1007 
1007 FORMAT<!,'$ SLOPE<F10.4/ANGSTROMS PER COUNT> = ') 

ACCEPT 100B,A1 
1008 

1009 

1010 

1 011 

1012 

FORMATIF10.4l 
TYPE 1009 
FORMAT<!,'$ INTERCEPTIF10.2/ANGSTROMS> 
ACCEPT 1010,B1 
FORMATIF10.2) 
TYPE 1011 
FORMAT!/,'$ CORRELATION COEFFICIENT1Fi0.4l 
ACCEPT 1012,R1 
FORMATIF10.4l 
Ti'F'E 1013 

~-

1013 FORMATII,2X,'SEGMENT 2:') 
TYPE 1007 
ACCEPT 1008,A2 
TYPE 1009 
ACCEPT 1010,B2 
TYPE 1011 
ACCEPT 1012,R2 
TYPE 1014 

= ·') 

= ·') 

1014 FORMAT(/,'$ UPPER LIMIT OF APPLICATIONII6l = ') 
ACCEPT 1015,IL 

1015 FORI'IATII6l 
TYPE 1016 

1016 FORMAT(/,'$ LOUER LIMIT OF APPLICATIONII6l = ') 
ACCEPT 1015,IU 
GOTO 1 

3 COIHINUE 
DO 40 1=1,400 
IFII.LE.IL.AND.I.GE.IU>GOTO 10 
IF(l.Gl.IL>GOTO 20 
COUNT=l 
UL:::;A1*COUNT+B1 
GOTO 30 

10 COUNT"'! 
UL=A2*COUNT+B2 
GOTO 30 

20'COUNT=-I-400 
UL=A1*COUNT+B1 

30 CONTINUE 
40 IUAVEII>=UL 

RETURN 
END 
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Appendix 15 (continued). 

SUBROUiiNE RATE 
C**************************************~****************************••• 
C OBJECTIVE: MAKE TUG "AVERAGED" DETERMINATIONS OF THE ROTATION 
C RATE OF THE FILTER DISK<SPECTRAL SCAN RATE) VIA 
C CHANNEL 4 OF THE ADAC 1604/0PI COUNTER CARD UHICH 
C IS UIRE URAPPED IN THE FREQUENCY MODE. THESE TUO 
C RATES OF ROTATION ARE KADE AT A TIME INTERVAL 
C DETERMINED BY THE SUBROUTINE "DELAY"C15 SECONDS>. 
C IF THE TUO RATES ARE IDENTICAL, THE SCAN RATE IS 
C DETERMINED TO BE STABLEIFREE OF "CHATTER", ETC.) 
C AND PROGRAM CONTROL IS RETURNED TO THE MAIN 
C PROGRAM "SEV001". 
C********************************************************************** 

COHHON/B/NRATE,NSCAN,IPOL,IANA 
10 TYPE 20 
20 FORHATC/,'S DO YOU UANT TO ADJUST THE SCAN RATEIY/NJ? ') 

ACCEPT 30,Pii\ATE 
30 FORMATIAl I 

IF<HRATE.NE.1HY.AND.HRATE.NE.lHNJGOTO 10 
IFIHRATE.NE.1HYJGOTO 85 
TYPE 40 

40 FORMAT!/,'$ ADJUST THE SPECTRAL SCANNER SPEED, THEN "RETURN'',') 
ACCEPT 50, I wAIT 

50 FORHATIAli 
60 ISUHO=O 

D070I=1,3 
70 I SUMO= I SUMO+ IF'EE K I" i 64406 l 

CALL DELAY 
ISUH1"'0 
DO 60 I"'l ,3 

80 ISUM1=ISUHI+If'EEK1"1644061 
IFCISUMO.NE.ISUK1JGO TO 60 

85 NRATE=IPEEK<"164406) 
Ti'f'E 90,NRATE 

90 FDRHATI/,' STEADY SCAN RATE ESTABLISHED. SC~N RATE= ',151 
RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE DELAY 
C*********************************************************************~ 
C OBJECTIVE: TO GENERATE A 15 SECOND TIME DELAY FOR SUBROUTINE 
C "RATE". 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~•·•~ 

IIHEGER*4 ITIME 
10 CALL 6TIMC1TIME> 

CALL CVTTIM<ITIME,IHRS,IMIN,ISEC,ITICl 
ISECO=ISEC 
IF<ISECO.GT.44l60TO 10 

20 CALL GTIM\ITIHEl 
CALL CVTTIM<ITIME,IHRS,IHIN,ISEC,ITICl 
ISECF=ISEC 
IF<ISECF.EG.ISEC0+15lRETURN 
GGTO 20 
END 
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Appendix 15 (continued). 

SUBROUTINE RATE 
C*********•************************************************************ 
C OBJECTIVE: MAKE TUO "AVERAGED" DETERMINATIONS OF THE ROTATION 
C RATE OF THE FILTER DISK<SPECTRAL SCAN RATE> VIA 
C CHANNEL 4 OF THE ADAC 1604/0PI COUNTER CARD UHICH 
C IS UIRE URAPPED IN THE FREQUENCY MODE~ THESE TUO 
C RATES OF ROTATION ARE MADE AT A TIME INTERVAL 
C DETERMINED BY THE SUBROUTINE "DELAY"(15 SECONDS>. 
C IF THE TUQ RATES ARE IDENTICAL, THE SCAN RATE IS 
C DETERMINED TO BE SlABLElFREE OF "CH~TTER", ElC.> 
C AND PROGRAM CONTROL IS RETURNED TO THE MAIN 
C PROGRAM "SEU001". 
C********************************************************************** 

COMMON/B/NRATE,NSCAN,IPOL,IANA 
1 0 TYPE 20 
20 FORMAT</,'$ DO YOU UANT TO ADJUST THE SCAN RATE<Y/Nl? ') 

ACCEPT 30,MRATE 
30 FORMAT ( A1 > 

IF<MRATE.NE.1HY.AND.MRATE.NE.1HNlGOTO 10 
IF<MRATE.NE.1HY>GOTO 85 
TYF'E 40 

40 FORMI1TU,'$ ADJUST THE SPECTRAL SCANNER SPEED, THEN "RETURN".·') 
ACCEF'T 50, lUAIT 

SO FORMAT ( A1) 
60 lSUHO=O 

{10 70 I=1 ,3 
70 ISUMO=ISUHO+IPEEK<"164406l 

CALL DELAY 
ISUM1=0 
DOBOI=1,3 

80 ISUK1=1SUM1+1F'EEK<"164406) 
IF<ISUMO.NE.lSUn1>GO TO 60 

85 NRATE=IPEEK<"164406l 
TYPE 90,NRATE 

90 FORKAT<I,' STEADY SCAN RATE ESTABLISHED. SCAN RATE = ~,15) 
RETURN 
END 
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SUBROUTINE DELAY 
C*******************************************************'************** 
C OBJECTIVE: TO GENERATE A 15 SECOND TIME DELAY FOR SUBROUTINE 
C "RATE". 
C***********************~********************************************** 

INTEGER*4 ITIHE 
10 CALL GTIH(ITIHE> 

CALL CVTTIM<ITIHE,IHRS,IHIN,ISEC,ITIC> 
lSECO=ISEC 
IF<ISECO.GT.44>GOTO 10 

20 CALL GTIH<ITIME> 
CALL CVTTIH<ITIHE,IHRS,IHIN,ISEC,ITIC> 
ISECF=ISEC 
IF<ISECF.EG.ISEC0+15>RETURN 
GOTO 20 
END 
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Appendix 15 (continued). 

SUBROUTINE RATE 
C*******************************************************************~** 
C OBJECTIVE: HAKE TUO ~AVERAGED" DETERMINATIONS OF THE ROTATION 
C RATE OF THE FILTER DISKISPECTRAL SCAN RATE> VIA 
C CHANNEL 4 OF THE ADAC 1604/0PI COUNTER CARD UHICH 
C IS UIRE URAPPED IN THE FREQUENCY HODE. THESE TUO 
C RATES OF ROTATION ARE MADE AT A TIME INTERVAL 
C DETERMINED BY THE SUBROUTINE "DELAY"I15 SECONDS). 
C IF THE TUO RATES ARE IDENTICAL, THE SCAN RATE IS 
C DETERMINED TO BE STABLEIFREE OF "CHATTER", ETC.) 
C AND PROGRAM CONTROL IS RETURNED TO THE MAIN 
C PROGRAM "SEU001". 
C************'********************************************************* 

COMHON/B/NRATE,NSCAN,IPOL,IANA 
i 0 TYF'E 20 
20 FDRMATI/,'S DD YOU UANT TO ADJUST THE SCAN RATEIY/Nl? ') 

ACCEPT 30,MRATE 
30 FORMAT!Ai) 

IFCMRATE.NE.1HY.AND.MRATE.NE.1HNlGOTO 10 
IFIHRATE.NE.tHYlGOTO 85 
TYPE 40 

40 FORMAT 1/, ···s AIIJUST THE SF'ECTRAL SCANNER Sf'EHI, THEN "RETURN".··> 
ACCEPT 50, I wAIT 

50 FORHATIA1) 
60 ISUfl0..;0 

IIO 70 1=1 ,3 
70 ISUHO=ISUMO+IPEEKC"164406) 

CALL DELAY 
ISUii1=0 
DO 80 I=i ,3 

80 ISUM1=ISUHi+IPEEf:i"164406) 
IFCISUI'IO.NE.ISUM1)GQ TO 60 

85 NRA JE;;I PEEr:<" 164406 > 

TYPE 90,NRATE 
90 FORKATi/,' STEADY SCAN RATE ESTABLISHED. SCAN RATE ~ ',I5l 

RETURN 
END 

SUBROUTINE DELAY 
C********************************************************************** 
C OBJECTIVE: TO GENERATE A 15 SECOND TIME DELAY FOR SUBROUTINE 
C "RATE". 
c•••~•••••••••••••••••••••••••••••••••••••••••••••••••••*************~* 

INTEGEiU4 ITIME 
10 CALL GTIH<ITIME> 

CALL CVTTIM<ITIME,IHRS,IMIN,ISEC,ITIC> 
ISECO=ISEC 
IF<ISECO.GT.44lGOTO 10 

20 CALL GTIH<ITIHE) 
CALL CVTTIHIITIHE,IHRS,IMIN,ISEC,ITICi 
ISECF=ISEC 
IFIISECF.EG.ISEC0+15lRETURN 
GOTO 20 
ENLI 
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SUBROUTINE NEUSET 
C*********************************************************************~ 
C OBJECTIVE: TO ALLOU THE OPERATOR TO COMPLETELY INITIALIZE ALL 
C THE SETUP PARAMETERS FROM THE VT55 KEYBOARD. 
C*********************************************************************" 

COMMON/F/LMPTYP,LMPSER<10J,LKPVLT,LKPAHP 
COHHON/G/IPMTYP<10>,IPHTDV 
COKKON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAKPLP,IAMPLA,ITIHEP,ITIMEA 
COHHON/1/IGAGP,IGAGA,IGATP,IGATA 
TYPE 140 

140 FORMAT(/,' LAHP PARAMETERS:') 
TYPE 141 

141 FORMAT('$ TYPE<A2/XE,ETC.I : ') 
ACCEPT 142,LHPTYP 

142 FORHAT<A21 
TYPE 143 

143 FORMAT('$ SERIAL NO.(A18) = ') 
ACCEPT 144,<LHPSER<I>,I=1,9) 

144 FORMATC9A2) 
TYPE 145 

145 FORMATC'S LAMP VOLTAGEII3/VOLTSJ = ') 
ACCEPT 146,LMPVLT 

146 FORHAT<I4> 
TYPE 147 

147 FORMAT('$ LAMP CURRENTII2/AMPS> - ') 
ACCEPT 148,LMPAHP 

148 FORMATCI31 
TYPE 150 

150 FORMAT(/,' PHOTOMULTIPLIER PARAMETERS:'> 
TYPE 151 

151 FORMAT('$ HODELCA20J = ') 
ACCEPT 152,<IPHTYP<II,I=1,10J 

152 FORMATC10A2> 
TYPE 153 

153 FORHATI'S DYNODE VOLTAGECI4/VOLTS> = ') 
ACCEPT 154,IPHTDV 

154 FORM~TII5J 

TYPE 160 
160 FORMAT!/,' FARADAY CELL CONTROLLER PARAMETERS:') 

TYPE 161 
161 FORMAT!/,' POLARIZER CHANNEL') 

TYPE 162 
162 FORMATC'S PHASE<I3/POT SETTING) = ') 

ACCEPT 163,IPHASP 
163 FORMAT<l4) 
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TYPE 164 
164 FORMAT<'$ GAIN<I3/POT SETTING) : ') 

ACCEPT 163~IGAINP 
TYPE 165 

165 FORMAT('$ AMPLITUDE<I3/POT SETTING> = ') 
ACCEPT 163,IAMPLP 
TYPE 166 

166 FORHATI'$ TIME CONSTANT<I3/HILLISECONDS> - ') 
ACCEPT 163,ITIHEP 
TYPE 167 

167 FORHATI/,' ANALYZER CHANNEL') 
TYPE 162 
ACCEPT 163,IPHASA 
TYPE 164 
ACCEPT 163,IGAINA 
TYPE 165 
ACCEPT 163 1 IAHPLA 
TYPE 166 
ACCEPT 163,ITIMEA 
TYPE 170 

170 FORMAT<!,' GALVANO~ETER AMPLIFIER PARAMETERS:') 
TYPE 171 

171 FORMAT!/,' POLARIZER CHANNEL') 
TYPE 172 

173 

174 

FOR~ATI'$ GAINII5> = ') 
ACCEPT 173,IGAGP 
FORHAT<I6l 
TYPE 174 
FORMAT('$ TIME CONSTANTII5/HILLISECONDSJ = ') 
ACCEPT 173,IGATP 
TYPE 175 

175 FORMAT!/,' ANALYZER CHANNEL') 
TYPE 172 
ACCEPT 173,IGAGA 
TYPE 174 
ACCEPT 173,IGATA 
RETURN 
END 
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SUBROUTINE INPUT 
C*********************************************************~*~***~**~*** 
C OBJECTIVE: TO READ THE SETUP INFORMATION AND SPECTRAL SCAN DATA 
C FROM ANY FLOPPY DISK FILE SPECIFIED BY THE OPERATOR 
C AND CREATED BY SUBROUTINE "OUTPUT". 
C*********************************************************************t 

COHHON/A/NAVGI400l,POL(400l,ANA(400) 
COHMON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/E/NAHEOP<20J,ID(20l 
COHHON/F/LHPTYP,LHPSER(101,LHPVLT,LHPAHP 
COMMON/G/IPHTYP(10J,IPHTDV 
COHHON/H/IPHASP~IPHASA,IGAINP,IGAINA,IAHPLP,IAMPLA,ITIHEP,ITIMEA 
COHHON/1/IGAGP,IGAGA,IGATP,IGATA 
COHHON/J/NUL,NPDL,NCHP,NANA 
COMHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF 
COHMON/L/IDAY,IHON(3J,IYRS,LMPHRS 
COMMON/H/IWAVE1400J 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF!256l 
REAL*4 BDLKI2l,NAMEI20J 
IBLOCK=O 
TYPE 100 

100 FORMAT!/,'$ NAME OF SPECTRA FILE TO BE RETRIEVED - 'J 
ACCEPT 200,INAMEIIl,I=1,3l 

200 FORMAT\3A41 
N=IRADSGI12,NAME,BDLKJ 
lCHAN=IGETCIIl 
IFIICHAN.LT.OJSTOP 'CANNOT ALLOCATE CHANNEL' 
IFIIFETCHIICHANl.LT.OlSTOP 'FETCH FAIL' 
IFILOOKUPIICHAN,BDLKl.LT.O)STOP 'BAD LOOKUP' 
DO 10 1=1 ,256 

10 IBUFFIU=O 
CALL READ 
DO 20 1=1,20 
NAMEOPiil=IBUFFIIJ 

20 IDIIl=IBUFFI20+Il 
LMF'TYF'=IBUFFI41 J 
DO 30 !=1 ,9 

30 LHF'SERIIJ=IBUFF141+I) 
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Appendix 15 (continued). 

LMF'VLT=IBUFFC51) 
U!F'AMP=IBUFF (52> 
IF'HASF'=IBUFFC54l 
IGAINP=IBUFF <55> 
IAiiF'LF'=IBUFF (56> 
IT HIE F'= I BUFF< 57> 
IPHASA=IBUFFC58l 
IGAINA=IBUFFC59J 
I AHf'LA= IBUFF i 60) 
ITIHEA=IBUFF(61) 
IGAGP =IBUFF<62) 
IGATF' =IBUFF ( 63) 
IGAGA =IBUFF\64) 
IGAiA =IBUFFC65) 
NRATE =IBUFF\66) 
NSCAN =IBUFFC6l) 
IPOL =IBUFFC6Bl 
lANA =IBUFFC69) 
NUL =IBUFF<70) 
NF'OL =IBUFF i 71 l 
NCHF' = IBUFF <72) 
NANA =IBUFFC73l 
IHRSO =IBUFFC74) 
IHRSF =IBUFF\75) 
IMINO =!BUFF <76 l 
HHNF =IBUFF\77) 
ISECO =IBUFFi78l 
ISECF =IBUFFC?9) 
ITICO =IBUFFC80l 
ITICF "lBUFFC81 l 
InAY "'IBUFF<B2l 
IYRS =IBUFFi83) 
LHF'HF:S=IBUFFC84) 
IHON(1 l=IBUFFC85J 
IHONC2l=IBUFF<86l 
I110Ni3l=IBUFF<B7l 

DO 3:i 1'-1,i0 
3:i IPHTYPCil-IBUFFI87+I) 

lrHIIivo HUFF< 98 l 
CALL READ 
no 40 1=1, zoo 

40 POLCil=IBUFFCl) 
CALL READ 
no so 1"1 ,2oo 

50 ANACIJ=IBUFFCIJ 
CALL READ 
DO 60 1=1,200 

60 POLCI+200l=IBUFFIIJ 
CALL READ 
[10 70 1=1 ,200 

70 ANA<I+200l=IBUFF<I> 
CALL CLOSECiiCHANJ 
CALL IFREECCICHANl 
RETURN 
EN£; 

SUBROUTINE READ 
c~•••••••••••••••••*************•••••••••••••••••••••••••••••••••••••~~ 
C OBJECTIVE: TO ACTUALLY READ THE DATA STORED ON THE FLOPPY niSK 
C INTO BUFFER HEHORY. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••*******~•~••••+t 

COHHON/N!ICHAN,IBLOCK,IFLAG,IBUFFI256l . 
IERRGR=IREADW(256,IBUFF,IBLOCK,ICHANJ 
IF<IERROR.LT.OISTOF' /FATAL READ' 
I BLOCt;= I BLOCt: + 1 
RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE RESET 
C********************************************************************** 
C OBJECTIVE: TO ALLOU THE OPERATOR TO CHANGE ONLY THOSE SETUP 
C PARAMETERS UHICH ARE TYPICALLY CHANGED FROM ONE 
C SPECTRAL SCAN TO ANOTHER. THIS KODIFYS SETUP 
C INFORMATION READ FROH OLD DATA FILES TO MAKE IT 
C APPLICABLE TO THE CURRENT SPECTRAL SCAN OR 
C COMPLETES THE INITIALIZATION OF SETUP 
C INFORMATION STARTED UITH "NEUSET". 
C*******************************************************************ttt 

COHMON/A/NAVGI4001,POLC400l,ANAC4001 
COMHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/E/NAHEOPC20I,ID<201 
COM"ON/J/NUL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COHHON/L/IDAY,IMON<31,IYRS,LMPHRS 
COHMON/0/NPASS 
IFCNPASS.GT.llGOTO 106 
TYPE 100 

100 FORMAT!/,'$ NAHECA40) = 'I 
ACCEPT 101,1NAHEOPIII,I~1,201 

10i FORHATC20A21 
TYPE 102 

102 FORMATI/,'$ DATEII2-A3-I2/DAY-MONTH-YEARJ - 'I· 
ACCEPT 103,IDAY,IIHONIIJ,I=1,31,IYR5 

103 FORHATI12,1X,3A1,1X,I21 
TYPE 104 

104 FORHATC/,'$ LAMP OPERATIONAL LIFEII5/HOURSJ - ~~ 

ACCEPT 105,LMPHR5 
105 FORMATIISJ 
106 CONTINUE 

TYPE 107 
107 FORMAT<!,'$ EXPERIMENT IDENTIFICATIONIA40) - 'I 

ACCEPT 101,1IDIIJ,I=1,20J 
108 TYPE 109 
109 FORHATI/,'$ HAVE MANUAL AZIHUTHS BEEN CHANGEDIY/Nl? 'I 

ACCEPT 110,MANAZ 
110 FORMATIAli 

IFIHANAZ.NE.1HY.AND.HANAZ.NE.1HNJGOTO 108 
IFIMANAZ.NE.1HYJGOTO 119 
TYPE 112 

112 FORMAT!/,' MANUAL AZIMUTH SETTINGSIDEGI:'J 
TYPE 113 

113 FORMAT!'$ POLARIZERIF7.2) = ') 
ACCEPT 114,P 

114 FORMATIF7.2l 
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Apoendix 15 (continued). 

NPOL:of'*100. 
TYPE 115 

115 FORMA:('$ ANALYZERIF7.2J = ~~ 
ACCEPT 1i4,A 
NANA=A*100. 

116 TYPE 117 
117 FORMATI'S COHPENSATORIF7.21 = ') 

ACCEPT 114,C 
IFIC.NE.135.0.AND.C.NE.45.0JGOTO 116 
NCHf':;;C*100. 
TYPE 118 

118 FORHATI'$ MONOCHROMATOR SETTING AT NULLIF7.21 :;;; ') 
ACCEPT 114,UL 
NUL:;;IJL*100. 

119 CONTINUE 
IGAIN=3 
NCHF'=O 
NCHA=l 

120 TYPE 121 
121 FORHATU,·' ANALOG/DIGITAL CONVERTOR PRESET PARAMETERS:') 
122 TYPE 123,NCHP 
123 FORMAT (' POL. INPUT CH. = , ' I 1 I 

TYPE 124,NCHA 
124 FORMAT<·' ANA. INPUT CH. = ' , I 1 J 

TYPE 125,IGAIN 
125 FORHAT ("' AitC GAIN = ·' , I i I 

TYPE 126 
126 FORHATC/,'$ DO YOU UANT TO CHANGE THESECY/NJ? ') 

ACCEPT 110,NADC 
IFCNADC.NE.1HY.AND.NADC.NE.1HNJGOTO 120 
IFCNADC.EQ.1HNIGOTO 131 
TYPE 127 

127 FORMAT('$ POL. INPUT CH.CiiJ :;;; 'I 
ACCEPT 12B,NCHP 

128 FORI'IATCI1J 
TYPE 129 

129 FORHATC'$ ANA. INPUT CH.CI11 = ') 
ACCEPT 128,NCHA 
TYPE 130 

130 FORHATC'S ADC GAINCI11 = 'I 
A C CE F'T 1 2 B, I GAIN 
GOTO 120 

131 CONTINUE 
IPOL=IGAIN*64+NCHP 
IANA=IGAIN•64+NCHA 
TYPE 132 

132 FORHATC/,'$ HO~ HANY SPECTRAL SCANS ARE TO BE AVERAGED!I5J? ') 
ACCEPT 133,NSCAN 

133 FORHATCISI 
DO 140 1=1 ,400 
POLCIJ"O. 
ANACil=O. 

140 NAUGCIJ=O 
NPASS=NPASS+1 
RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE T1INFO 
C********************************************************~********•*•tt 
C OBJECTIVE: DISPLAYS ALL THE SETUP INFORMATION FOR A GIVEN 
C SPECTRAL SCAN ON THE VT55 GRAPHICS TERMINAL SCREEN·, 
C EXCEPT FOR THE DATA ACGUISTION TIME. 
C*********************************************************************t 

COMHON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOPI20l,IDI20) 
COMHON/F/LMPTYP,LMPSERI10J,LMPVLT,LMPAHP 
COHMON/6/IPMTYP<lOl,IPHTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIHEA 
COMMON/!/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NUL,NPOL,NCHP,NANA 
COMHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COHHON/L/IDAY,IMONI3J,IYRS,LMPHRS 
TYPE 100,IDAY,IIHON<I>,I=1,3),1YRS 

100 FORHATI/10X,I2,'-',3A1,'-',I2l 
TYPE 101,1NAHEOP!Il,I=1,20) 

101 FORHATI10X,10A2> 
TYPE 102,<IDIIJ,I=1,20l 

102 FORHATI10X,20A2l 
TH'£ 110 

110 FORMATC/lOX,'HANUAL AZIHUTHSIDEGJ:') 
P=NPOL/ 100. 
A=NANA/iOO. 
C=NCMP/100. 
UL=NWL/100. 
TYPE 111,P,A,C,UL 

111 FORMATI/12X,'P = ',F7.2, 
C /12X,'A = ',F7.2, 
C /12X,'C = ',F7.2, 
C /12X,'UL= ',F7.2l 

TYPE 120 
120 FORMATI/10X,'LAHP:') 

TYPE 121,LHPTYP 
121 FORHATI/12X,'TYPE = ',A2l 

TYPE 122,<LKPSER!I>,I=1,9) 
122 FORMATI12X,'SERIAL NO. = J,9A2) 

TYPE 123,LiiF'VLT 
123 FORHATI12X,'LAHP VOLTAGE<VOLTSJ - J,I4J 

TYPE 124, LHPAMP 
124 FORHATC12X,'LAHF' CURRENTIAhPSJ ',13) 
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Appendix 15 (continued). 

TYPE i25,LHPHRS 
125 FORHATC12X,'LAHP OPERAiiDNAL LIFEIHOURSl - ',I5l 

TYPE 130 
130 FORHATC/10X,'PHOTOHULTIPLIER:') 

TYPE 131,CIPHTYF'ill,I=1,101 
131 FORHATC/12X,'HODEL = ',10A21 

TYPE 132,lPHTDV 
132 FORHATC12X,'DYNODE VOLTAGECVOLTS> = ',15) 

TYPE 140 
140 FORHATC/10X,'FARAD~Y CELL CONTROLLER:') 

TYPE 141 
141 FORHATC/12X,'POLARIZER'I 

TYPE 142~IPHASP,IGAINP,1AHPLP,1TIMEP 

142 FORHATC/12X,'PHASE = ',I4, 
C /12X,'GAIN = ',14, 
C /12X,'AHPLITUDE = ',14, 
C /12X,'TIHE CONSTANTCHSI = ',141 

TYPE 143 
143 FORHATi/12X,'ANALYZER'I 

TYPE 142,IPHASA,IGAINA,IAMPLA,ITIHEA 
TYPE 150 

150 FORHATC/10X,'GALVANOMETER AMPLIFIER:') 
TYPE 141 
TYPE 151,IGAGP,IGATP 

151 FORHATCJ12X,'GAIN - ',16, 
C /12X,'TIHE CONSTANTlHSI = ',I61 

TYPE 143 
TYPE 151,IGAGA,IGATA 
IGAIN=IPOL/64 
NCHP=IPOL-IGAIN•64 
NCHA:IANA-IGAIN*64 
TYF'E 160 

160 FOR~ATC/10X,'ANALOG/DIGITAL CONVERTOR:'> 
TYPE 161,NCHP,NlHA,IGAIN 

161 FORHATC/12X,'POL. INPUT CH. 
C /12X,'ANA. INPUT CH. 
C /12X,'ADC GAIN 

RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE T1TIHE 
C******~*******************************~****************************~•t 
C OBJECTIVE: DISPLAYS THE DATA ACQUISITION TIME FOR THE GIVEN 
C SPECTRAL SCAN ON THE CRT SCREEN. 
C********************************************************************** 

COHHON/B/NRATE,N5CAN,IPOL,IANA 
COHHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF 
TYF'E 100, NSCAN 

100 FORHATC/,10X,'THE NUMBER OF SPECTRA AVERAGED= ',15) 
TYPE 110,NRATE 

110 FORHATC10X,'HEASURED SCAN RATE VIA COUNTER= ',!51 
TYPE 120,IHRSO,IHINO,ISECO,ITICO 

120 FORHATI/10X,'DATA COLLECTION INITIATED AT: ',3CI2,':'>,I2l 
TYPE 130,IHRSF,IHINF,ISECF,ITICF 

130 FORHATC10X,'DATA COLLECTION FINISHED AT: ',3112,':'),12) 
RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE P1INFO 
C******************'******************************************'*******• 
C OBJECTIVE: OUTPUTS ALL THE SETUP INFORMATION FOR A SPECTRAL SCAN 
C TO THE LINE PRINTER, EXCEPT FOR THE DATA ACQUISITION 
C TIME. 
C**************************************************''***************~•~ 

COMMON/B/NRATE,NSCAN,IfDL,IANA 
COMMON/E/NAMEOPI201,ID!20l 
COMMON/F/LMPTYP,LMPSER<10I,LMPVLT,LMPAMP 
COMMON/G/IPMTYPilOI,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/1/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,N~NA 

COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONI3l,IYRS,LMPHRS 
PRINT 100,IDAY,!IMON1Il,I=1,3J,IYRS 

100 FORMATI/10X,I2,'-',3A1,'-',I21 
PRINT 101,1NAMEOPIII,!=1,20) 

101 FORHAT(10X,20A21 
PRINT 102,<ID<I>,I=1,201 

102 FORMAT(i0X,20A2l 
PRINT 110 

110 FORMATU10X,'MANUAL AZIMUTHSIDEG>:··> 
F-'=NF'OL/1 00. 
A=NANA/100. 
C=NCMF'/100. 
UL=NUL/100. 
PRINT 111,P,A,C,WL 

111 FORMAT(/12X,'P = ' 1 F7.2, 
C /12x,··A = ·,F7.2, 
c ;;2x,··c = ',F?.2, 
C /12X,'UL= ',F7.21 

F'RINT 120 
120 FORMATI/10X,'LAHP:'l 

PRINT 121,LHPTYP 
121 FORMATI/12X,'TYPE = ~,A2J 

PRINT 122,1LMPSERII>,I=i,9) 
i22 FORMATi12X,··sERIAL NO.= ',9H2) 

PRINT 123, LMF'VLT 
123 FORMAT<12X,'LAHP VOLTAGEiVOLTS> = ',14) 

PRINT 124,LMPAMP 
124 FORMATI12X,'LAMP CURRENiiAM~Sl ',13) 
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Appendix 15 (continued). 

PRINT 125,LHPHRS 
125 FORHATI12X,'LAHP OPERATIONAL LIFECHOURSJ = ',I5l 

PRINT 130 
130 FORMATI/10X,'PHOTOHULTIPLIER:'l 

PRINT 131,CIPMTYPIIl,I=1,10l 
131 FORHATI/12X,'HODEL = ',10A2l 

PRINT 132,IPHTDV 
132 FORHATC12X,'DYNODE VOLTAGECVOLTSJ = ',15) 

PRINT 140 
140 FORMATI/10X,'FARADAY CELL CONTROLLER:') 

PRINT 141 
141 FORHATI/12X,'POLARIZER') 

PRINT 142,IPHASP,IGAINP,IAMPLP,ITIMEP 
142 FORMATI/12X,'PHASE = ',14, · 

C /12X,'GAIN = ',14, 
C /12X,'AMPLITUDE = ',14, 
C /12X,'TIME CONSTANTIMSJ = ',14) 
PRitH 143 

143 FORMATC/12X,'ANALYZER'J 
PRINT 142,IPHASA,IGAINA,IAMPLA,ITIMEA 
PUNT 150 

150 FORMATI/10X,'GALVANOMETER AMPLIFIER:') 
PRINT 141 
PRINT 151,IGAGP,IGATP 

151 FORMATU12X,'GAIN - ·',16, 
C /12X,'TIHE CONSTANTCHSJ = ',I6l 

PRINT 143 
PRINT 151,IGAGA,IGATA 
IGAIN=IPOL/64 
NCHP~IPOL-IGAINt64 

NCHA=IANA-IGAIN*64 
PRINT 160 

160 FORMATI/10X,'ANALOG/DIGITAL CONVERTOR:') 
PRINT 161 ,NCHP ,NCHA, I GAIN 

161 FORMATI/12X,'POL. INPUT CH. 
C /i2X,.ANA. INPUT CH. 
C /i2X,'ADC GAIN 

RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE PlTIME 
C*******************************************************************~~~ 
C OBJECTIVE: OUTPUTS THE DATA ACQUISITION FOR THE GIVEN SPEClRAL 
C SCAN TO THE LINE PRINTER. 
C*********************'**********************************************t+ 

COMHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,lMINF,ISECF,ITICF 
PRINT lOO,NSCAN 

100 FORMATI/,lOX,'THE NUMBER OF SPECTRA AVERAGED= ',I5) 
PRINT 110,NRATE 

110 FGRHATilOX,'HEASURED SCAN RATE VIA COUNTER= ',15> 
PRINT 120,IHR50,IHINO,ISECO,ITICO 

120 FORHATI/10X,'DATA COLLECTION INITIATED AT: ',31I2,':'),I2l 
PRINT 130,IHRSF,IMINF,ISECF,ITICF 

130 FORMAT<lOX,'DATA COLLECTION FINISHED AT: ',31I2,':'l,I2l 
RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE EDATA 
COMMON/A/NAVGC400>,POLC400>,ANAI4001 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COKMON/K/IHRSO,IMINO~ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
INTEGER•4 ITIMEO,ITIMEF 
CALL IPOKEC"170400,0) 
IGAIN=3 
JGAIN=IGAIN*64 
N=1 
DO 100 1=1,400 
POL< I> =0. 
ANACI/=0. 
NAVGCI>=O 

100 CONTINUE 
CALL GTI M Iii MEF) 
CALL IPOKEC"164400,0) 

1000 IFCIPEHC"164400>.LE.O>GOTO 1000 
CALL IPOK£("164404,1) 

2000 IO=IPEEKI"164404l 
2500 CONTINUE 

CALL IPOKE1"170402,IPOL.OR.CJGAIN)l 
3000 IFC.NOT.CIPEEK1"170400J.AND."10000011G010 3000 

POLINI=POLINI+IFEEKI"170402l 
CALL IFOKEI"170402,IANA.OR.iJGAINl> 

4000 IFI.NOT.<IPEHi"170400/.AND."10000011GOTO 4000 
ANAINJ=ANAiNI+IPEEK1"1704021 
NAVGINI~NAVG<Nl+l 

IF<IPEEKi"164404>.EG.IO>G010 2500 
N=N+1 
IF<N.LE.399lGOTO 2000 
N=1 

4500 IFCIPEEKC"164400>.EG.I1>GOTO 4500 
I1=IPEEKC"1644001 
IFII1.LE.NSCANIGOTO 2000 
CALL GTI M I Ti MEF l 
CALL CVTTIMiTIHEO,IHRSO,IMINO,ISECO,ITICO> 
CALL CVTTIMCTIMEF,IHRSF,IMINF,ISECF,ITICF> 
DO 6000 1=1,399 
IFiNAVG<Il.EG.OIGOTO 5000 
POLii>=POLCII/NAVGii) 
ANAili=ANAil)/NAVGII> 
GOTO 6000 

5000 POLil)=O. 
ANACI>=O. 

6000 CONTINUE 
SUM=O. 
DO 7000 1=1,399 

7000 SUM=SUH+NAVGCI> 
SUM=I1•<SUM/399.> 
TYF'E 8000, SUM 

8000 FORMAT<!,' EACH POINT AN AVERAGE OF: ',FS.O,' CHANNEL SCANS') 
RETURN 
END 
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Appendix 15 (continued). 

SUBROUTINE EIIATA 
COHHON/A/NAVGC400l,POLC400l,ANAC400) 
COHHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IHINF~ISECF,ITICF 
INTEGER*4 ITIHEO,ITIHEF 
CALL IPOKEC"170400,0l 
IGAIN""3 
JGAIN=IGAIN:~64 

N=i 
DO 100 1=1 ,400 
POL<IJ=O. 
ANA<I>=O. 
NAVG(Ii=O 

100 CONTINUE 
CALL GTIM(TlliEFl 
CALL IPOK£("164400,0) 

1000 IFCIF'EEi:\"164400l.LE.OlGOTO 1000 
CALL IPOKEI"164404,1l 

2000 IO=IPEEKI"164404i 
2:i00 CONTINUE 

CALL IPOKEC"170402,IPOL.OR.CJGAINll 
3000 IF!.NOT.CIPEEKC"170400l.AND."100000llGOTO 3000 

POL < N >=PoL< N > + 1 PEEr:< " 1 7 o 4 o 2 > 

CALL IPOKEI"170402,IANA.OR.IJGAINll 
4000 IFI.NOT.IIPEEKI"170400l.AND."100000llGOTO 4000 

ANAINl=ANAIN)+IPEEK1"170402l 
NAVG\Nl=NAVGIN/+1 
IFCIPEEK("164404J.EG.IOlGOTO 2500 
N=N+i 
IFIN.LE.399lGOTO 2000 
N=1 

4500 IFIIPEEKC"164400l.EQ.I1lGOTO 4500 
I1=IF'EEK1"164400J 
IF<I1.LE.NSCANiGOTO 2000 
CALL GTIMITIMEF> 
CALL CVTTIIiiTIHEO,IHRSD,IHINO,ISECO,ITICO> 
CALL CVTTIHITI~EF,IHRSF,IHINF,ISECF,ITICFI 
{10 6000 1=1,399 
IFCNAVG<I>.EG.OlGOTO 5000 
FOLIIl=POLill/NAVGII) 
ANACil=ANA<Il/NAVGIIl 
GOTO 6000 

5000 F'OL<I>=O. 
ANA<Il=O. 

6000 CONTINUE 
SUH=O. 
DG 7000 1=1,399 

7000 SUH=SUM+NAVG<I> 
SUH=Il*ISUii/399.) 
TYPE 8000, SUM 

8000 FORHATI/,' EACH POINT AN AVERAGE OF: ',F5.o,· CHANNEL SCANS'l 
RETURN 
EN II 
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Appendix 15 (continued). 

SUBROUTINE EDATA 
COHHON/A/NAVG1400>,POL<400>,ANAI400) 
COHHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
INTEGERt4 ITIHEO,ITIHEF 
CALL IPOKE<"170400,0> 
IGAIN=3 
JGAIN"'IGAIN*64 
N=1 
DO 100 1=1,400 
f'OL<I>=O. 
ANA<I>=O. 
NAVG (I> =0 

1 00 CONTINUE 
CALL GTHHTIHEF> 
CALL IPOKE<"164400,0> 

1000 IF<IPEEK<"164400l.LE.O>GOTO 1000 
CALL IPOK£1"164404,1> 

2000 IO=IPEEK<"164404l 
2500 CONTINUE 

CALL IPOKE1"170402,IPOL.OR.<JGAINIJ 
3000 IFI.NOT.<IPEEK("170400l.AND."1000001lGOTO 3000 

POL<Nl=POLCNI+IPEEK<"170402l 
CALL IPOKEI"170402,IANA.OR.IJGAIN>> 

4000 IFI.NOT.IIPEEK1"170400l.AND."100000llGOTO 4000 
ANAIN>=ANAINl+IPEEKI"170402) 
NAVGCNl=NAVG<Nl+1 
IF<IPEEKI"164404l.EG.IOlGOTO 2500 
N=N+l 
IFIN.LE.399lGOTO 2000 
N=1 

4500 IF<IPEEKC"164400l.EG.I1>GOTO 4500 
11=IPEEKI"164400) 
IFIIl.LE.NSCAN>GOTO 2000 
CALL GTIHiTIHEF> 
CALL CVTTIHITIHEO,IHRSO,IMINO,ISECO,ITICO> 
CALL CVTTIHITIHEF,IHRSF,IHINF,ISECF,ITICF> 
DO 6000 I=1,399 
IF<NAVG<I>.EG.OlGOTO 5000 
POL<I>=POL<I>INAVG<I> 
ANA<I>=ANAII)/NAVG<I> 
GOTO 6000 

5000 POL< I> =0. 
ANAII>=O. 

6000 CONTINUE 
SUH=O. 
DO 7000 1=1,399 

7000 SUH=SUH+NAVG<I> 
SUH=I1*1SUH/399.l 
TYPE BOOO,SUH 

8000 FORMAT<!,' EACH POINT AN AVERAGE OF: ',F5.0,' CHANNEL SCANS') 
RETURN 
END 

-116-



Appendix 15 (continued). 

SUBROUTINE PLOT 
C******************•*************************************************i* 
C OBJECTIVE: TO PREPARE PLOTS OF SPECTROSCOPIC ELLIPSOMETRIC DATA 
C USING VARIOUS COMBINATIONS OF ARRAYS FOR THE X AND Y 
C COORDINATES. 
c 
C PROGRAM URITTEN BY JOSEPH C. FARMER IN SPRING 1961 AT LBL-MHRD 
c 
C********************************************************************** 

COMMON/A/NAVGI400l,POL(400l,ANA\400i 
COMMON/E/NAMEOPI20l,IDI20i 
COMMON/M/IWAVE\4001 
COHMON/STATUS/ISTATI16i 
COMMON/LIMITS/ILIMX,ILIMY,IGRIDX,IGRIDY,IDELX,IDELY 
COMMON/MAXM!N/MAXP,MINP,MAXA,MINA,MAXUL,MINUL,XHI,XLO,YHI,YLO 
COMMON/XYCONV/NOPT,INDEX,MX,MY 
COMMON/VECTOR/LOX,LOY,LFX,LFY 
COMMON/TITLE/NTITLE(5,30I,NUORDI2,21i 
COMMON/MODE/MODEO,MODE1,FACTOR 

100 CONTINUE 
C*****TH~ MAXIMUM AND MINIMUM VALUES OF DATA ARRAYS ARE FOUND SO ****** 
C THAT THE SCALE PARAMETERS FOR GRAPHS CAN BE SPECIFIED. 

CALL KAXMIN 
F'MAX= MAXF' IF ACTOR 
PMIN=IiiNP/FACTOr: 
AMAX=MAXA/FACTOR 
AtiiN"MINA/FACTOR 

1000 TYPE 1010,MAXUL,MINUL,iNUORDC1,Jl,J=1,21),PtiAX,FHlN 
C , iNUORIIi2,Ji ,J=1 ,21) ,AtiAX,AMIN 

1010 FORMAT( /10~,'RANGES OF DATA iO BE PLOTTED:', 
C /15X, .·MAXIMUM UAVELENGTHiANGSTI\Oi'IS) - · ,SX,I5, 
C /15X,'MINIMUM = ·,sX,IS, 
C /15X,'MAXIMUM ',21Ai, = ',F10.3, 
C /15X, ··MINHHJM = ',F10.3, 
C /15X,'MAXIMUM ',21A1, = ',F10.3, 
C /15X,'HINIMUM = ',F10.3) 

1020 TYF'E 1030 
1030 FORMATC/,'S DO YOU UANT TO CHANGE THESEIY/NJ? ') 

ACCEF'T i040,IFO 
1040 FORMATIAi i 

IF<IFO.NE.1HY.AND.IFO.NE.1HNlGOTO 1020 
IF(IFO.EG.lHNlGOTO 1060 
TYf'E 1 050 

1050 FORMATI/,'S MAXIMUM UAVELENGTH<IS/ANGSTROMSl - ') 
ACCEPT 1051,MAXUL 

1051 FORnAT<ISl 
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TYPE 1 052 
1052 FORHAT< ~s HINIHUH 

ACCEPT 1051,HINUL 
TYPE 1053,CN~ORD<1,JJ,J=1,21J 

1053 FORMAT<!,'$ HAXIHUM ',21A1, 
ACCEPT 1054,PHAX 

1054 FORHATCF10.3) 
TYPE 1 055 

1055 FORHAT< '$ HINIHUH 
ACCEPT 1054,PMIN 
TYPE 1056,<NWORD<2,Jl,J=1,21l 

1056 FORMAT</,'$ HAX)MUM ',21A1, 
ACCEPT 1054,AHAX 
TYPE 1057 

1057 FORHATC ~s HINIHUH 
ACCEPT 1054,AMIN 
HAXP=f'HAX•FACTOR 
HI NF'=PM I NtF ACTOR 
HAXA=AHAXHACTOR 
MINA=AHIN•FACTOR 
GOTO 1000 

1060 CONTINUE 
Flt1G1 ::.fifiXF'-tiiNP 
FLAG2=KA XA-H INA 

= ') 

'CF10.3) = ') 

- ·') 

'(F10.;3) = ') 

- .··) 

FLAG3=HAXUL-HINUL 
IF\FLAGl.EQ.O.O.OR.FLfiG2.EO.O.O.OR.FLAG3.EG.O.OJGOTO 1070 
GOTO 1080 

1070 TYF'E 1071 
1071 FORiiATU,-' BE~AF:E: POTENTIAL NORiiALIZAiiON ERROR Hi PLOTTER'!!') 

GOTO 1000 
1080 CONTINUE 

C*****THE COMBINATION OF THE DATA ARRAYS TO BE USED AS X AND Y •******* 
C COORDINATES ARE SPECIFIED BY THE OPERATOR. 

HPE 2000, ( \NTITLE<I,Jl ,J=1 ,30>,1=1 ,Sl 
2000 FORMAT< /10X,'PLOTTING HENU FOR REFRACTIVE INDEX DATA:', 

C /15X,'C1) ',30A2, 
C /15X,'(2) ',30A2, 
C /15X,'C3J ',30A2, 
C /15X,'(4) ',30A2, 
C /lSX,'(5) ',30A2) 

201 0 TYPE 2020 
2020 FORHATC/'$ YOUR CHOICEC1,2,3,4,0R 5>? ') 

ACCEPT 2030,NOFi 
2030 FORHATCI1 > 

IFCNOPT.GT.S.OR.NOFT.LT.1JGOTO 2010 
C*****THE GRAPH IS PLOTTED ON THE VT55 GRAPHICS TERMINAL SCREEN.**i**** 

CALL GRAPH 
C*****IF THE OPERATOR DESIRES, PROGRAM EXECUTION IS REPEATED.********** 

4000 TYPE 4001 
4001 FORHAT<J,'S ARE ANY ADDITIONAL PLOTS UANTEDIY/Nl? 'J 

ACCEPT 4002,IFi 
4002 FORHAT<A1 J 

IF<IF1.NE.1HY.AND.IF1.NE.1HNJGOTO 4000 
IF<IF1.EU.1HY>GOTO 100 
RETURN 
EN II 
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SUBROUTINE GRAPH 
C*********************************************************~************ 
C OBJECTIVE: TO PLOT GRAPHS OF INPUT DATA AT VARIOUS SCALE 
C EXPANSIONS. 
C********************************************************************** 

COMMON/A/NAUG<400I,POL<400l,ANAI400) 
COMHON/E/NAMEOP<400l,IDI400) 
COKHON/M/IUAVE<400) 
COKKON/STATUS/ISTAT(16l 
COKMON/LIMITS/ILIMX,ILIKY,IGRIDX,IGRIDY,IDELX,IDELY 
COKHON/MAXMIN/MAXP,HINP,HAXA,MINA,MAXWL,MINUL,XHI,XLO,YHI,YLO 
COMHON/XYCONV/NOPT,INDEX,KX,MY 
COMMON/TITLE/NTITL£(5,30) 

C*****THE SCALE EXPANSION IS REQUESTED FROM THE OPERATOR.************** 
TYPE 1 

1 FORMATI/,'S HOW MANY SCALE DIVISIONS DO YOU UANT FOR THE 
C X-COORDINATECI21? ') 

ACCEF'T 2, IGRIDX 
2 FO~:HAT ( I2 I 

TYPE 3 
3 FORMAT(/,'$ HOU MANY SCALE DIVISIONS DO YOU UANT FOR THE 
C Y-COORDINATECI2>? ') 

ACCEPT 2,IGRIDY 
C*****THE OPERATOR DETERMINES IF THE GRAPH IS TO BE lABELED.*********** 

4 TYF'E 5 
5 FORMAT(/,'S IS THE GRAPH TO BE LABELEDIY/N)? 'l 

ACCEF'T 6, !LABEL 
6 FORMAT I AI I 

IFCILABEL.NE.1HY.AND.ILABEL.NE.1HNlGOTO 4 
C*****THE VT35 GRAPHICS TERMINAL SCREEN IS CLEARED OF ALL GRAPHICS,ETC. 

CALL wiPE 
C•••••THE DESIRED PLOT5S FUNCTIONS ARE ENABLED; i.E., VERTICAL AND ~+tt 
C HORIZONTAL LINES, POINT PLOTTING, AND FIGURES 1 AND 2. 

CALL PLDT5SI2,2+4+32+64,,ISTATI 
C•••••SCREEN LIMITS ARRE SET AND PARAMETERS CONTROLLING GRID MESH ***** 
C SIZE COMPUTED IN ACCORDANCE UITH OPERATOR iNPUT. 

ILIMX=511 
ILIMY=235 
IDELX=ILIMX/IGRIDX 
IDELY=ILIMY/IGRIDY 

C*****THE GRID IS DISPLAYED ON THE SCREEN.************~*******t******'* 
CALL GRID 

C•••••IF DESIRED BY THE OPERATOR, THE GRAPH IS LABELED.**************** 
IF<ILABEL.E0.1HNIGOTO 10 
INDEX=1 
CAi..L XYCONV 
CALL LABEL 

10 CONTINUE 
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C*****POINTS ARE PLOTTED ON THE SCREEN AS FIGURES 1 AND 2. THIS **~***~ 
C IS NECESSARY SINCE ONLY ONE Y-VALUE CAN BE PLOTTED FOR A 
C GIVEN X-VALUE ON A GIVEN FIGURE. TO PROVIDE FOR THE CASE 
C UHERE ONE X-VALUE KIGHT HAVE TUO Y-VALUES ASSOCIATED UITH 
C IT<FOR EXAMPLE PSI-DELTA PLOTS> IT IS NECESSARY TO DISTRIBUTE 
C*****THE DATA POINTS BETUEEN FIGURES 1 AND 2.***********************~* 

DO 21 1=1,200 
INDEX=<I-1>*2+1 
CALL XYCONV 
IFCKX.GT.ILIMX.OR.MY.GT.ILIKY>GOTO 20 
IF<KX.LT.O.OR.KY.LT.O)GQTO 20 
CALL PLOT55(1,0,,ISTAT> 
CALL PLOT55C3,KX,KY,ISTAT> 

20 CONTINUE 
INHX=h2 
CALL XYCONV 
IF<KX.GT.ILIKX.OR.KY.GT.ILIKY>GOTO 21 
IF<MX.LT.O.OR.HY.LT.O>GOTO 21 
CALL PLOT55C2,0,,ISTAT> 
CALL PLOT55(3,HX,KY,ISTAT) 

21 CONTINUE 
C****•THE GRAPH IS DISPLAYED ON THE VT55 SCREEN UNTIL THE OPERATOR **** 
C DEPRESSES THE "RETURN" KEY. 

ACCEPT 30, I UA IT 
30 FORiiATCA1) 

C*****THE UT55 SCREEN IS AGAIN CLEARED OF ALL GRAPHICS AND CHARACTERS * 
CALL UIPE 
RETURN 
E Nil 
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SUBROUTINE XYCONV 
C********************************************************************** 
C OBJECTIVE: TO SCALE<NORMALIZEI DATA POINTS FOR DISPLAY ON GR~~H. 

C•*******************************************************************'~ 
COHHON/A/NAVGC400J,POL(400J,ANAC4001 
COMMON/H/I~AVEC400l 

COHHON/LIHITS/ILIHX,ILIHY,IGRIDX,IGRIDY,IDELX,IDELY 
COHMON/HAXHIN/KAXP,HINP,HAXA,KINA,KAXUL,HINUL,XHI,XLO,YHI,YLO 
COHHON/XYCONV/NOPT,INDEX,HX,HY 
COHHON/HODE/MODEO,HODE1,FACTOR 
IF<NOF'T.EG.1JGOTO 1 
IFCNOPT.EG.2JGOTO 2 
IFCNOPT.EG.3JGOTO 3 
lFCNOPT.EG.4lGOTO 4 
IFCNOPT.EO.SlGOTO 5 
GOTO 6 
XLO=O. 
XHI=400. 
YLO=MINP/FACTOR 
YHI =-HAXF'/FACTOR 
X= INDEX 
Y=POLIINDEXI/FACTOR 
GOTO 6 

2 XL0=-0. 
XHI=400. 
YLO=niNA/FACTOR 
YHI=MAXA/FACTOR 
X= INDEX 
Y=ANAIINDEXl/FACTOR 
GOTO 6 

3 XLO=MINUL 
XHI=MAXUL 
YLO=MINP/FACTOR 
YHI:oi'IAXP/FACTOR 
X::.l~AVE\INDEXI 

Y=POLIINDEXI/FACTOR 
GOTO 6 

4 XLQ:I'IINUL 
XHI=MAXIJL 
YLO=HINA/FACTOR 
YHI=HAXA/FACTOR 
X=I~AVE<INDEX/ 

Y::.ANAIINDEXI/FACTOR 
GOTO 6 

5 XLO=HINP/FACTOR 
XHI=HAXP/FACTOR 
YLO=IHNA/FACTOR 
YHI=KAXAIFACTOR 
X=POLIINDEXI/FACTOR 
Y=ANACINDEXJ/FACTOR 

6 CONTINUE 
X=<X-XLO)/(XHI-XLOJ 
Y=<Y-YLOl/(YHI-YLOl 
KX:X*ILIMX 
KY=HILIIfl 
RETURN 
END 
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SUBROUii NE TITLE 
C**************************~******************************************~ 
C OBJECTIVE: TO READ THE TITLES USED TO LABEL THE GRAPHICS 
C GENERATED BY SUBROUTINE "PLOT"; THE INFORMATION 
C READ HERE IS ACTUALLY USED IN "PLOT" ANII "LABEL". 
C THE FILE READ IS "DY1:TITLE.DAT". IN ADDITION 
C TO THE GRAPHICS TITLES, A GRAPHICS KODE FLAG 
C "KO!IE1" AND A DATA NORMALIZATION FACTOR "FACTor:·· 
C ARE READ. 
C********************************************************************** 

COKHON/TITLE/NTITLEl5,30J,NUORDl2,21) 
COKKON/KODE/KODEO,HODE1,FACTOR 

C*****TITLES FOR GRAPHS TO BE PLOTTED ARE READ FROM "DY1:TITLE.DAT''**** 
OPENlUNIT=1,NAME='DY1:TITLE.DAT',TYPE='OLD'I 
DO 6 H10DE=1 ,5 
DO 1 I=1,5 
REA !I ( 1, 2 liNT ITLE I I, J), J= 1, 30) 

2 FORI'IAT<30A2> 
IIO 3 1=1 ,2 

3 READl1,4)1NUORDII,JI,J=1,211 
4 FORKATI21A11 

READI1,51HODE1,FACTOR 
5 FORMATII1,1X,F4.01 

IF<HODE1.EG.MOI1EO/GOTO 100 
6 CONTINUE 

100 CONTINUE 
CLOSEIUNIT=1,DISPOSE='SAVE'I 
RETURN 
END 

SUBROUTINE UIPE 
c••••********************************************************~•••••••~• 
C OBJECTIVE: TO CLEAR ALL GRAPHICS AN!I CHARACTERS FROM THE VTS5 
C GRAPHICS TERMINAL SCREEN. 
c••••••********'*********************************************'**~*****~ 

COHHGN/STATUS/ISTATI161 
DO 1 I:::1,16 
ISTAT<II=O 
CALL PLOT55(13,72,,ISTAT) 
CALL PLOT55(13,74,,ISTATJ 
CALL PLOT55i2,1+512,,ISTATJ 
RETURN 
END 
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SUBROUTINE GRHI 
c•••••••••••••••••••••****'*******•**'*********************t******~~··~ 
C OBJECTIVE: DISPLAY ~ GRID AS BACKGROUND FOR THE GRAPHIC DISPLA~ 
C OF PLOTtED ELLIPSOMETER DATA OH THE VTS5 SCREEN. 
C*******************************************************************~~~ 

COHHON/STATUS/ISTAT(i6) 
COMHON/LIMITS/ILIHX,ILIHY,IGRIDX,IGRIDY,IDELX,IDELT 
CALL PLOT5515,0,1,ISTAT) 
CALL PLOT55i4,1,0,ISTAT> 
DO 1 I=IDELX,ILIHX,IDELX 
CALL PLOT5515,I,1,ISTATJ 
DO 2 I=IDELY,ILIHY,IDELY 

2 CALL PLOT55i4,1,I,ISTATJ 
RETURN 
END 

SUBROUTINE LABEL 
c•••••••••••••••••••••***************'**************************'******* 
C OBJECTIVE: TO LABEL THE GRAPH UITH A TITLE, EXPERIMENTAL INFOR-
C HATION, THE COORDINATES OF THE ORIGIN, AND THE SCALE 
C ALONG THE X AND Y AXES. 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••******•••• 

COHHDN/E/NAMEDPI20l,IDI20> 
CDMMON/STATUS/ISTATI16) 
COHMDN/LIMITS/ILIHX,ILIHY,IGRIDX,IGRIDY,IDELX,IDELY 
COHHON/HAXMIN/MAXF,MINP,MAXA,HINA,MAXWL,MINUL,XHI,XLO,YHI,YLO 
CGHMON/XYCDNV/NOPT,INDEX,MX,MY 
COMHON/TITLE/NTITLEI5,301 
TTFE 1,CNTITLEINDPT,Il,I=1,301 
FORKA.TC12X,30A2) 
TYPE 2,CNAHEOP<I>,I=1,20l 
TYPE 2,1ID<I>,I=1,20l 

2 FORHATC/40X,20A2) 
TYPE 3,XLO,YLO 

3 FORMATC/40X,'ORIGIN: X= ',F9.3,4X,'Y- ',F9.3) 
XDIU=iXHI-XLO)/IGRIDX 
YDIV=CYHI-YLOI/IGRIDY 
TYPE 4,XDIV,YDIV 

4 FORHATI 40X,···scALE: X= ',F9.3_,4X,'Y = ',F9.3) 
RETURN 
END 
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SUBROUTINE LINE 
C********************************************************************** 
C OBJECTIVE: DISPLAY A VECTOR ON THE Vi55 SCREEN UITH ITS TAIL AT 
C THE POINT CLOX,LOY> AND ITS TIP AT THE POINT CLFX,LFYl. 
C********************************************************************** 

COKHON/STATUS/ISTATC16) 
COHHON/VECTOR/LOX,LOY,LFX,LFY 
CALL PLOT55C7,LOX,LOY,ISTAT> 
CALL PLOT55CB,LFX,LFY,ISTAT> 
RETURN 
END 

SUBROUTINE HAXHIN 
c••••••••••••••••••••••••••••••************************************'**~t 
C OBJECTIVE: TO DETERMINE THE MAXIMUM AND MINIMUM VALUES OF THE 
C ARRAYS TO BE PLOTTED SO THAT THE SCALES CAN BE SET 
C AUTOMATICALLY BY THE SDFTUARE. HDUEUER, THE OPERA-
C· TOR HAS THE OPTION OF CHANGING THESE AUTOMATICALLY 
C SET VALUES. 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

COMMON/A/NAVGI400>,POLC400J,ANAi400) 
COHMON/M/IUAUEC400) 
COMHON/KAXHIN/HAXP,MINP,HAXA,KINA,HAXUL,KINWL,XHl,XLO,YHI,YLO 
MAXWL~IWAVECl) 

KINUL~IUAVE\1) 

KAXP ~POLClJ 

MINP =POLC1) 
HAXA =ANA(1) 
KINA =ANA(l) 
DO 1 I=2,400 
IFIKAXwL.LT.IUAVEII>>HAXUL=IUAVECI> 
IFIMINUL.GT.IUAVEII>IKINUL=IUAVEII> 
IFCHAXP.LT.POLCI>>HAXP=POLCIJ 
IFIHINP.GT.POLIIl>KINP=POLII) 
IFlKAXA.LT.ANACI>>KAXA=ANACI> 
IFIMINA.GT.ANAIIIJKINA=ANAil> 
CONTINUE 
RETURN 
END 
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SUBROUTINE PLOT 
COKHON/ARRAY/X(400>,Y<400>,INDEX 
COHMON/LIHITS/ILIHX,ILIHY,IGRIDX,IGRIDY,IDELX,IDELY 
COKHON/STATUS/ISTAT(i6> 
XLO=X( 1) 
XHI=X<1> 
YLO=Y<1 > 
YHI=Y< 1) 
DO 10 I=2,INDEX 
IF<XLO.GT.X<I>>XLO=X(l) 
IF<XHI.LT.X<I>>XHI=X<I> 
IF<YLO.GT.Y<I>>YLO=Y<I> 
IF<YHI.LT.Y<I>>YHI=Y<I> 

10 CONTINUE 
TYPE 1000,XLO,XHI,YLO,YHI 

1000 FORHAT<1,5X,'XLO = ',E14.6,5X,'XHI = ',E14.6, 
1 1,5X,'YLO = ',E14.6,5X,'YHI = ',E14.6J 

20 TYPE 1001 
1001 FORMAT(/,'$ DO YOU UANT TO CHANGE THESE<YJN>? ') 

ACCEPT 1002,IF1 
1002 FOR HAT ( Ai > 

IF<IF1.NE.1HY .AIHI.IF1.NE.1HN>GOTO 20 
IF<IF1.EG.1HN>GOTO 30 
TYPE 1003 

1003 FORMAT!/,'$ XLO = ') 
ACCEPT 1004,XLO 

1004 FORMAT<F10.3) 
TYPE 1005 

1005 FORMAT<!,'$ XHI = ') 
ACCEPT 1004,XHI 
TYPE 1006 

1006 FORMAT<!,'$ YLO = ') 
ACCEPT 1004,YLO 
TYPE 1007 

1007 FORMAT<f,··s YHI = ·') 
ACCEPT 1004,YHI 

30 CONTINUE 
DO 40 I=1,INDEX 
X<I>=<Xii>-XLO)/(XHI-XLO> 

40 Y<I>=<Y<I>-YLO)/(YHI-YLO> 
TYPE 1 008 

1008 FORMAT<!,'$ HOU MANY SCALE DIVISIONS DO YOU UANT FOR THE 
1 X-AXIS? ·' > 

ACCEPT 1009,IGRIDX 
1009 FORMAT<I2> 

TYPE 1010 
1010 FORMAT<!,'$ HOU MANY SCALE DIVISIONS DO YOU UANT FOR THE 

1 Y-AXIS? '> 
ACCEPT 1009,IGRIDY 
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CALL UIPE 
CALL PLOT55!2,2+4+32+64,,ISTAT> 
ILIHX=511 
ILIHY=235 
IDELX=ILIHX/IGRIDX 
IDELY=ILIHY/IGRIDY 
CALL GRID 
i'i=INI•EX/2 
110 50 1=1 ,H 
Il=!I-1>*2+1 
HX=X (I 1 H:ILIHX 
HY=YCI1 >*ILIHY 
CALL PLOT55C1,0,,ISTAT> 
CALL PLOT55!3,HX,HY,ISTAT> 
I2=h2 
i'IX=X < I2>*ILIHX 
~IY=Y < 12) *ILl HI' 
CALL PLOT55C2,0,,ISTAT> 
CALL PLOTS5C3,HX,HY,ISTAT> 

50 CONTINUE 
TYPE 1000,XLO,XHI,YLO,YHI 
ACCEPT 1011,IUAIT 

i 011 FORnAT< A1) 
CALL iJIPE 
RETURN 
END 

SUBROUTINE UIPE 
COMHON/STATUS/ISTATC16l 
DO 1 1=1,16 
I STAT< I l =0 
CALL PLOT55!13,72,,ISTAT> 
CALL PLOT55C13,74,,ISTAT) 
CALL PLOT55C2,1+512,,ISTATl 
RETURN 
END 

SUBROUTINE GRID 
COHMON/SiATUS/ISTAT<16) 
COMHON/LIMITS/ILIMX,ILIMY,IGRIDX,IGRIDY,IDELX,IDELY 
CALL PLOT55!5,0,1,ISTAT> 
CALL PLOT55C4,1,0,ISTATl 
DO 1 J:IDELX,ILIMX,IDELX 
CALL PLOT55<5,I,1,ISTAT> 
DO 2 I=IDELY,ILIMY,IDELY 

2 CALL PLOT55<4,1,I,ISTAT) 
RETURN 
EN It 
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SUBROUTINE OUTPUT 
C**********************i****************'*****************************~ 
C OBJECTIVE: TO URITE THE SETUP INFORMATION AND DATA FROM THE 
C SPECTRAL SCAN INTO ANY FLOPPY DISK FILE SPECIFIED 
C BY THE OPERATOR. 
c••••***********************************************************'***'~~ 

COMHON/A/NAVGC400),POLC400l,ANAC400l 
COHHON/B/NRATE,HSCAH,IPOL,IANA 
COHHON/E/NAHEOPC20>,IDC20) 
COMMON/F/LHPTYP,LHPSERC10l,LHPVLT,LMPAHP 
COHHON/G/IPHTYFI10>,IPHTDV 
COHHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIHEP,ITIMEA 
COHMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NW~,NPOL,NCMP,NASA 

COHMON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COHHON/L/IDAY,IHON<3>,IYRS,LHPHRS 
COHMON/H/IUAV£<400) 
COHMON/N/ICHAN,IBLOCK,IFLAG,IBUFFC2S61 
REAL*4 DBLK<2>,NAHE!20l 
IBLOCr~=O 

TYPE 100 
100 FORHATC/,'S FILE NA"E FOR THE NEU SPECTRAL SCAN CA12) - ') 

ACCEPT 200,CNAHEIIl,I=1,3) 
200 FORMAT\3A4/ 

N=IRAD50112,NAME,DBLKJ 
ICHAN=IGETCCO/ 
IFCICHAN.LT.O>STOP 'CANNOT ALLOCATE CHANNEL' 
IERROR=IENTERiiCHAN,DBLK,OJ 
IFCIERROR.LT.OlSTOP 'ENTER FAILURE' 
DG 10 I:;:i,2S6 

10 IBUFF\1}=0 
no 20 1:::1,20 
IBUFFCil=NAMEQP(l) 

20 IBUFF<20+Il=III<II 
IBUFF<4i J:::UIF'TYF 
ItO 30 1:;.:1 ,9 

30 IBUFFC41+Il=LMPSER<Il 
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IBUFF<51 l=UIPVLT 
I BUFF ( 52 I = L tl PA PI f· 
IBUFF<54>=IPHASF' 
IBUFF<SSI=IGAIHP 
IBUFF<56l=IAHPLP 
IBUFF<57>=ITIHEF' 
IBUH<58l=If'HASA 
IBUFF<S9>=IGAINA 
!BUFF< 60 I =I AHPLA 
IBUFF(61 l=ITIMEA 
IBUFF162l=IGAGP 
IBUFF<63l=IGATP 
IBUFF(641=IGAGA 
IBUH\65l=IGATA 
IBUFF<66i=NRATE 
IBUFF<67l=NSCAN 
IBUFF<6B>=IF'OL 
IBUFF<69/=IANA 
IBUFF(70l=NUL 
IBUFF<7i >=NF'OL 
IBUFF < 72 I =NCi~P 
IBUFF<73l=NANA 
IFUFFI74):.JHRSO 
IBUFF<751=IHRSF 
IBUFF(761=ltt1NO 
I B lJ F F i 77) =I tl I NF 
!BUFF <78) =ISECO 
IBUFF<79l=ISECF 
IBUFH 80 i =IT I CO 
IBUFF\81 l=IT1CF 
IBUFFi821=IliAY 
IBLIFFI83l=IYRS 
IFUFFi84l=-LiiF'HRS 
IBUFFi851~IKON<1> 

IBUFF<86l=IHON<2l 
IBUFF(87l=IHON(3) 
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DO 35 I=1,i0 
35 IBUFFI67+Il~IPMTYP<II 

IBUFF<9Bl=IF'IHDV 
CALL wRITE 
CALL IWAIT<ICHANl 
IIO 40 1=1 ,200 

40 IBUFF<I>=POLII> 
CALL URITE 
CALL IUAIT<ICHANl 
DO 50 1=1,200 

50 IBUFF<Il=ANA<Il 
CALL URITE 
CALL IUAIT<ICHANl 
DO 60 1=1,200 

60 IBUFF<Il=POL<I+200) 
CALL URITE 
CALL IUAIT<ICHANl 
DO 70 1=1,200 

70 IBUFFIII=ANAI1+200) 
CALL URI TE 
CALL IUAIT<ICHANl 
CALL CLOSEC<ICHANI 
CALL 1FREECIICHANI 
RETU~:N 

EIHI 



Appendix 15 (continued). 

SUBROUTINE URPE 
C~******************************************************'*************~ 
C OBJECTIVE: THIS SUBROUTINE ACTUALLY URITES THE DATA STORED IN THE 
C BUFFER HEHORY TO THE SPECIFIED DISK FILE. 
C***'*******'**'******************************************************* 

COHHON/N/ICHAN,IBLOCK,IFLAG,IBUFF<256) 
EXTERNAL FINISH 
IERROR=IURITF<256,IBUFF,IBLOCK,ICHAN,IAREA,FINISH) 
lF<IERROR.LT.O>STOP 'FATAL URITE' 
!BLOCK: IBLOCf: + 1 
RETURN 
END 

SUBROUTINE FINISH 
COMMONIN/ICHAN,IBLOCK,IFLAG,IBUFFI256) 
IFLAG=IFLAG-1 
RETURN 
END 
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Appendix 16. 

Demonstration of RECALL - recalling s~ectroscopic ellipsometry data file 

••• end of directory of DYO: 

••• running RECALL 

F-~_xi~L~~ p[g_F:-RIZER (jJPS:~fff 

MINif~t.~ 
~~~XI~-~ ~\L ~y7FR (j_k~l~T 

= 
= 
= 
= 

after DIR DYO: connnand 

{4} P!!;.:.;t_··rzE~~ (j_~~:~¥:fi(F:I~(=L~.~ Y-P=-XISJ w~s ~~v-t:~ F~~TH~X ~J(ISJ 

~51 ~4~ YLt.R C:t~~E~T(~-=-pJ:~ISJ ¥-~; f~E~~:RIZER C~~JRRENT (X-HKl~f 
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Appendix 16 (continued). 

R6=~=~s Uf I!HTH TO BE f=LDTTELt: 
~~~:I f=fL~ ~H ~iELE~b~~ ( ~3.ST~=G~~~} = 
HINIF~-~ = 

Hfi...:XIf¥~~~ ~l.. TLr..r=; (1_~$~;:-~JT 

~INI~J~ 

= 
= 
= 

~~7~~~~~: 

~=~~ 

F:EL~]TTI~3 ~N!~.J f[~~ ~:EFRRCTI.VE INJ)EX IIATA-~ 
{11 F~ RRIZER C:t~~~ENT~P~CU: Y ~XISJ VE~ L~CUDE~ CJ::~L~~T(X-AXISJ 
~2} ~~LYZER C~~l~T{FJ)~U:Y-RXISJ ~~ E~~UI~R CL~§~T(X ?~XIS! 
(3) f=L~AAILL~~ C:L~~~{[~l"(PI~{:JJ? Y ~XISJ VS ~VTi F~3TH(X-~~==~ISJ 
{41 M~i. YZER C!.~=fJ:N-r\PI~C:t~.= Y-P=-XISJ \=~S ~VELE~GTH(X-P~XIE~J 

BE 

---------------------------------------------------------------------------------------------- ·=-------'--
2047 analog-to-digital converter units (ADCU) 

~----~~ _______ ....:--~~----:_~---,.~-~ 
--· 
-~ 

~- ~ :,._ 
-:. ·. 

~ encoder counts 400 encoder counts 

0 analog-to-digital converter units (ADCU) 
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Appendix 16 (continued). 

HINI~L~ 
HAX!Ht~ PW~ARII~ C:t.~P£~1 

M:XI~-~ ANAL lLER c:tp_;~f~T 
tUNIKL!i=l 

= 
= 
= 
= 
= 

,.'":....~.::=.~ .:;:.:...:~ 

C'=f:.~~ .. ~""'ti 

~= ~-=-0 

Ft .. OTTING HD~U FOF~ ~~FP""-ACTI\tt. If.rr~X r~TA: 
(1) P~_ARIZER C~~~£NT(AD(U:Y-HXISf VS E~~DBER C~~~T(X-HXISJ 
(2) AN:ALYLER (j_~l=;tJ~T{HI~C:U: ·~"{-F~X!SJ V"S E~~JJ[:=£~~ (:[§Jf.ff{X-AXISl 
(31 FULHRIZER C:L~~.£~-r(AIJC:iJ: Y-~~)~!f~) .:WS ~t~~::.ELE~GTH(X-AJ:!E~J 
(4) ANALYZL~ (~t;~=fQ~ff(f=lJCiJ: r-p;;i__If;J \tS ~~if.~ rNBTH(X-F~XISJ 
{51 ~l-YZER C~L~s:;;~EJ~T (Y-HXIS) ~~ f=~~~~IZER CL~E~ENT ( X-~~-l~ .~ 

DI VISI CEf~S TL.=t'" 
;::~ 

-~--+ ---- --~------~- t~:1.uiM; 
SF:~~ F~ 

-4~~~-~~~~..:----.:-. 1---=~---~----?:-~~-:f:. __ . 

1~~=~~~ y· i~~=~%~~ .- X = 

.-
r--------------~~~:;~~-~-------------------~------------------------------------------r---------------------------------------
- -- -- -

o A!lcu 
4000 5000 6000 7000 

wavelength (angstroms) 
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Appendix 16 (continued). 

iB-Jt~_-82 
At~ IN i~ ~.;;~;(:L[t4 AT A 

F=H L;t 2& 41 
i ~ ~I c:tt=L~:~~~-;~~ F~:n::~~I~.:[ -E AT +~V 

A = ::=S=~~ 
c = 1~~5; ~~ 

TYPE = J.j:_ 

L~~~ VULTAGE(VDLTSJ = i5 
~ ~~~, CL~~lt~T ( ~~~E~~~} = f; 
L~~~ ~~ERATl~~PL LifE(HQL~S) 

-.::. 
1 
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Appendix 16 (continued). 

Listing of RECALL . 

F'ROGRAI'I RECALL 
C******************************************************~*************** 
C OBJECTIVE: TO RECALL ANY DATA FILEISF'ECTRAI AND OUTPUT THE 
C INFORMATION IN NUMERIC AND/OR GRAPHIC FORM. 
c 
C PROGRAM WRITTEN BY JOSEPH C. FARMER IN SPRING 1961 AT LBL-MHRD 
c 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~• 

COMHON/A/NAVGl400J,POLI400l,ANAi400l 
COHMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOFC20l,IDI20J 
COHHON/F/LMPTTYP,LMPSERC10J,LHPVLT,LMPA"F 
COHKON/G/IPMTYPCiOI,IPMTDV 
COMHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIHEP,JliMEA 
COMMON/1/IGAGP,IGAGA,IGATP,IGATA 
COHMON/J/NWL,NPOL,NCMP,NANA 
CDMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONI3J,IYRS,LMPHRS 
COMMON/M/IUAUEC400l 
CDHHON/N/ICHAN,IBLDCK,IFLAG,IBUFFI256J 
CGMMON/GBRIEF/ASLOPE<400l,PSLOPEI4001 
COHMON/TITLE/NTITLEI5,301,NWORDC2,21l 
COMMON/MODE/MODEO,MODE1,FACTOR 
DIMENSION ALPHA(35l,PUORD<5l,AUORDC5l 
NF'ASS=i 

Ci*i~iTHE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC''·**+•• 
CALL ULCALC 

C**'**THE OUTPUT MODE FOR ''RECALL" IS SELECTED BY THE OPERATOR.•~*****+ 
TYF'E i 002 
TYPE i 003 
ACCEPT 1004,KODEO 
IFIMODEO.LT.1.0R.MODEO.GT.4lGOTO 

C•••••TITLES FOR LABELING GRAPHICS ARE READ FROM "DY1:TITLE.DAT".****** 
CALL TITLE 

C*****THE NUMERIC OUTPUT COLUMN HEADINGS ARE READ FROM "DYi.RECALL.DAi'' 
OPENIUNIT=l,NAME~'DYi:RECALL.DAT',TYPE='OLD'l 

DO 2 J=1,4 
READ<1,1005J(ALPHA<Il,I=1,35J 
READ< 1,1006 l I PiJOR[I( JF'l, JF'= 1, 5 l, ( AUOR[I( JA), JA= 1, 5) 
READ(1,1007lMODE1 
IFiMODE1.EG.MODEOlGOTO 100 

.:. CONTINUE 
i 00 CONTINUE 

CLOSEIUNIT=1,DISF'OSE='SAVE'l 
200 COiH INUE 

IFINF'ASS.EG.1 )GOTO 220 
TYPE 1002 

210 TYFE 1003 
ACCEPT i004,MGDEO 
CONTINUE 
IFIHODEO.LT.1.0R.MODEO.GT.41GOTO 210 
IFCMODEO.NE.4lGOTO 3 
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Appendix 16 (continued). 

C~****THE FARADAY CELL CALI~RATION DATA IS OBTAINED.*******'*****'***'* 
TYPE 1 000 
TYPE 1008 
ACCEPT 1001,IUAIT 
CALL FCREAD 
IIO 300 1=1,400 
POLCil=PSLOPE<I> 

300 ANA<I>=ASLOF'ECII 
GOTO 4 

C•••••RAU SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.**'****** 
3 TYPE 1009 

ACCEPT 1001,IUAIT 
CALL INPUT 

4 CONTINUE 
C****•IF DESIRED ~y THE OPERATOR, THE DATA IS PLOTTED.***************'* 

10 TYF'E 1011 
ACCEPT 1001,IF1 
IF<IF1.NE.1HY.AND.IF1.NE.1HNIGOTO 10 
IF<IF1.EG.iHNlGOTO 20 
CALL PLOT 

20 CONTitiUE 
DO 40 1=1,400 
POL<Il=POLCIJ/FACTOR 

~u ANAIIl=ANACil/FACTOR 
C*****THE NUMERICAL OUTPUT KDDE IS SELECTED.*********************'*~~•• 

TYH. 1012 
50 TYPE 1013 

ACCEPT 1001 ,IF4 
IF<IF4.NE.1HA.AND.IF4.NE.1HB.AND.IF4.NE.1HClGOTO 50 
IF<IF4.EG.1HClGOTO 70 
IF<IF4.NE.1HAlGDTO 60 

C*****NUMERICAL DATA IS PRINTED DN THE MODEL 41 TELETYPE.********~**Jit 
TYPE 1020 
ACCEPT 1001,IUAIT 
CALL P1INFO 
CALL F'1TIME 
DO 56 IF'AGE:1 ,4 
J=IPAGE-1 
PRINT 1014,<ALPHA<ICHAR>,ICHAR:1,351,IPAGE 
PRINT 1015,1PWORDIJF),JP=1,51,CAWORDlJAl,JA=1,51 

C , CPUORD(JF') ,JP=i ,5>, \AUORD<JAI ,JA,=l ,51 
DO 55 1:1,50 
Ii:JI100+1 
I2=Ii+50 

55 PRINT 1016,11,IUAUE<I1l,POL<I1l,ANACI1l,I2,IUAVEII21,POLCI2), 
CANA<I2l 

56 PRINT 1021 
60 CONTINUE 

1F(IF4.NE.1HB>GGTG 70 
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Appendix 16 (continued). 

C•****NUMERICAL DATA IS DISPLAYED ON THE UT55 TERMINAL SCREEN.~*****~*~ 
CALL T1INFO 
CALL T1TIItE 
TYPE 1017,CALPHACICHAR>,ICHAR=1,35> 
DO 65 1=1,400 

65 TYPE 101B,I,IUAVE<Il,<PUORD<JPl,JP=1,5),P0L(Il 
C,CAUORDCJAJ,JA=l,5l,ANAIIJ 

70 CONTINUE 
C*****DEPENDING UPON OPERATOR RESPONSE, THE PROGRAM JS REPEAIED.*****t* 

80 TYPE 1019 
ACCEPT 1001,IF3 
IFIIF3.NE.1HY.AND.IF3.NE.1HNlGOTO 80 
NPASS=NPASS+1 
IFIIF3.EG.iHYJGOTO 200 
TYPE 1 020 
ACCEPT 1001,IUAIT 

1000 FORMAT!/,' 
c 

FOR RT-11, V.4 DtiTA IIISK READ VIA "DYO:"',I, 
FOR RT-11, V.3.B: DATA IIISf( READ VIA "DY1:"·') 

1001 FORMATIA1) 
1002 FORMAT<!,-' 

C I,-·· 
OUTPUT MODE: lilRAU DATA··, 

(2JPSi/DELTA·', 
c /, .. 
C I,-·· 

C3lCOHPLEX REFRACTIVE INDEX', 
14JVERDET COEFFICIENTS') 

1003 FORiiATU, .. $ 
1004 FORMATii1) 

YOUR CHOICE: ·' l 

1005 FORMAT(35A2l 
1006 FORMAT(2(5A2,1Xll 
i007 FORMAT<I1l 
1008 FORHATC/, '$ INSERT THE DISK UITH THE FARADAY CELL CALIBRATION 

C DATA, THEN "RETURN".') 
1009 FORMAT!/,'$ INSERT THE DISK WITH THE DATA TO BE. OUTPUT, 

C THEN "RETURN".') 
1011 FORMAT<!,'$ DO YOU WANT TO PLOT THE DATAIY/NJ? ') 
1012 FORMAT!/,~ OUTPUT MENU: CAl HARDCOPY', 

C 1,' IBl CRT DISPLAY·, 
C ;,·· CCJ NEITHER .. > 

1013 FORMtiTi/,'$ YOUR CHOICE: ') 
1014 FORMATI///,10X,35A2,1X,'PAG£ ',Iil 
1015 FORMATI/// 1 5X,2<3X,'INDEX',6X,'WL',3X,SA2,3X,5A2l) 
1016 FORMAT\5X,2(5X,I3,3X,I5,3X,F10.4,3X,Fi0.4l) 
1017 FGRHATI//,5X,35A2~/l 
1018 FGRMATI1X~'I = ',i3,5X,'WL = ',I5,5X,5A2~' = ' 1 F10.4,5X, 

C5A2,' ~ · ,f10.4) 
1019 FORMAT<!,'$ IS THE PROGRAM TO BE EXECUTED ~GAINCY/Nl? 'l 
1020 FORMAT<!,'$ BE SURE THAT THE SYSTEM VOLUME IS IN ''fiYO:", 

C THEN "RETURN".') 
1021 FORMAT(///////) 

STOF' 
EN£1 
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Appendix 17. 

Demonstration of FIXPCA - corwection of manual azimuth input parameters 

7 05- -~J l-82 

blc=c.-¥-.s 

.. ' ..... 

f!X~~::H= FL~ 
FIY.F:C:A= S=AV 

.end of directory of DYO: 

••• running FIXPCA 

= 70. 

= 45, 

• ••• data file being corrected 

FILE ~~E FC~ THE t~~ ~'EC1~4L f£~~~ {Ai21 = DYiFIXPk4I~~ .... corrected data file 

TEFLL~= 1S7 
TEJ LL~~ :z 1 SB 
T£fLL~t~~i 

G¥]L.D 
e:.na r: 
~=-?'-.l.i 

5 18-~h.ll -82 
5 l~; ~~.11-c:.:: 

5 1:..; -Ju l-B2 
5 i~Ju1-82 

13 iS-~.Ju 1-s-2 
13 i~-~~.Jl-E~-

13 ift-~!i-1! -e~ 

13 1~--~1-£;2 
5 19-Jar~-83 

TITLC~~= lt~o 
Tr-:-: r=.: ~ : .... :.:. 
i t..r i.....Uf"~ = .1 ::!'f} 

Ml~J:3 ~ iC"~~ 
t~J:f~_rs = i t;;3 

5- 1 ;_; ~§J. i -82 
13 1:; ~Jt~ 1-82 

••••••••• end of directory of DYl: showing corrected data 
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Appendix 17 (continued). 

Listing of FIXPCA 

PROGRAM FIXPCA 
COMMON/A/NAVG<400>,POL<400>,ANA<400) 
COMHON/B/NRATE,NSCAN,IPOL,IANA 
COMHON/E/NAMEOP<20l,ID<20) 
COKMON/F/LMPTYP,LHPSER<10),LMPVLT,LMPAHP 
COMMON/G/IPMTYP(10J,IPKTDV 
COMMON/HI I PH ASP, I PHASA, I GA I NF', I GAI NA, IAMF'LP, I MP.LA, IT HiEF', IT IliE•~ 
CGMMON/1/IGAGP,IGAGA,IGATP,IGATA 
COMHON/J/NUL,NPOL,NCMP,NANA 
COMHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COHMON/L/IDAY,IMONC3>,IYRS,LMPHRS 
COMHGN/M/IWAVE<400l 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFC256J 
REAL*4 DBLK<2l,NAME<20l 

1000 CALL INPUT 
TYPE 1 
FORMAT</, ·'S POLARIZER AZIMUTH< IiEGREES l = .. · ) 
ACCEF'T 100,XPOL 
TYPE 2 

2 FORMT<J, 'S ANALYZER AZIMUTHiliEGREESI = ' ) 

ACCEPT lOO,XANA 
TYF'E 3 

3 FORMAT(!, .. , RETARliER AZIHUTHCDEGi\EESl = ·') 
ACCEF'T 100,XCMP 
TYF'E 4 

4 FORMAT<!,'$ CVF NULL AZIHUTHIDEGREESl - ') 
ACCEPT 100,XUL 
NPOL=XPOL*100. 
NANA=XANA•100. 
NCMF'=XCMP•100. 
NiJL =XIJL *100. 
CALL OUTF'UT 

2000 TYPE 5 
5 FORMAT<!,'$ DO YOU UANT TO CORRECT OTHER SPECTRA<YINI? ') 

ACCEPT 200,IFLAG 
IF<IFLAG.NE.1HY.AND.IFLAG.NE.1HNlGOTO 2000 
IF<IFLAG.EG.1HYJGOTO 1000 
IF<IFLAG.EG.1HNJSTOP 

100 FORMAT<F10.4l 
200 FORHAT<All 

ENli 
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Appendix 18. 

Demonstration of SHIFT - shifting measurements to different encoder counts 

~nCTRA 

667i~*-{~] 
f7~.~~}•2 

6.fb-9. ~~k* 
£774"~~~1 

f;;3~4 :: ~{~tf1 
6323" i;-€1{;~ 
€:J52; ~-0~J{~ 
f~~~~ = ~4::-0 

f?(}t5:::.:~~30 
71 ~-4 : ~-0~~=f~ 

6447 ll ~1--~-0 
t:477:~j00 
6434 = 0~.e~J 
65 i 9. 0ttf10 
6~:E~;:~~~ 
~--=;;3" f~~}{; 

64fz3 = ~~-t::rt~ 
fr-485:~~00 

4-:::#. ~~~~ 
4344.~~ 
435-5.~;:~ 

4.5~=3.~~~~ 
4351.~--'{'! 

4354:: ~~~~5 
43E~~~k~ 
~~o0. i.~:.::~-0 
43E~:~~1 
42=-E~ = ~~_.£~ 

-43-4i1: ~~~ 
433-S=~~~~ 

44~~"=~~~~ 
4~E~9=~~J~ 

i·B3 

b/:-::=-9 = ~~~ft 
~ f .f ~ = i-;.{~~0 

t~=;.:::/:: ~~~~ 

~=~~4.~~00 

/~~t~. ~~~~ 
7429::~~~~3 
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4~~3 .. f¥~::00 
43~5.:3. ~~0~ 
43-f=S.~~~ 
4351:~~€~ 
4354:~00 
4 352 :: ~~JtJ~:E 
435~:~~?0 

4~-4~ = ~~~~~ 
432-f: = ~~0~~ 

~~:=~3 = ~~~;;:7 
43~~ = ~kJ€%~ 

455.~~~~~ 
43=2::~~~~] 



Appendix 18 (continue~). 

Listing of SHIFT 

PROGRAM SHIFT 
c•••••••••••••••••~•••••~••••••••••••••••••••••************************** 
C OBJECTIVE: TO SHIFT ENCODER CALIBRATION OF SPECTRA BY ~JSHIFT" 

c 
C BY JOSEPH C. FARMER, DECEMBER 13,1981, LBL-KMRD, UCB. 
c 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

COMKON/A/NAUGI4001,POLC400J,ANAC400J 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOPI20J,IDC20l 
COMMON/F/LHPTYP,LMPSERClOl,LMPULT,LMPAMP 
COHMON/G/IPMTYPC10J,IPHTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
CDHHON/1/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NUL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONI3l,IYRS,LMPHRS 
COHKON/H/IUAVEC400) 
COMHON/N/ICHAN,IBLOCK,IFLAG,IBUFFC256) 
REALt4 DBLKI2J,NAMEC20J 
DIMENSION POLOC400l,ANAOC4001 
FORKAT<I11 

2 FOi\nATIF10.4) 
10 TYPE iOO 

100 FORMAT(/,'$ INSERT DATA DISK - "RETURN".') 
ACCEF"T 1, IUAIT 
CALL INPUT 
TYPE 1 SO 

i:::rO FORMATU,"$ JSHIFT = ·1 
ACCEPT 1Sl,JSHIFT 

i 51 FORi'iAT \13) 
DO 200 J=1,400 
F"OLO I J I =POL< J) 

200 ANAO(Jl=ANAIJ) 
DO 300 J=1,400 
JTGTAL=J+JSHIFi 
IFCJTOTAL.LE.O >GOTO 298 
IFIJTOTAL.GT.400JGOTO 299 
ANA\JTOTALl=ANAO(J) 
POLIJTOTALI=POLO(J) 
GOTO 300 

298 ANAIJTOTAL+400l=ANAOIJJ 
POLIJTDTAL+400l=FOLOIJ) 
GGTO 300 

299 ANAIJTDTAL-400l~ANAOIJ) 

PULIJiOTAL-400l~fGL0(Jl 

300 TYPE 9999,J,POLOIJl,ANAOIJl,POLIJI~ANAIJi 
9999 FORKATCiX,I3,411X,F15.4)) 

/ V'J TYPE 70i 
701 FORMAT<!,'$ IS THE SPECTRA TO BE STOREDIY/Nl? 'I 

ACCEPT 702, I FLAG 
702 FGRHATCAi) 

IFIIFLAG.NE.1HY.AND.IFLAG.NE.1HNlGOTO 700 
IFIIFLAG.NE.iHYlGGTO 10 
CALL OUH'UT 
STOF" 
END 
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Appendix 19. 

Demonstration of CALFCl - calibration of Faraday cells at different wavelengths 

C:Al!E;RATI()f~ CtiF-:V£ SE~}~T ~~JF~~EF~ 1 = 

SL[iF~ = 1Bz ~{7€1 
INTERCEPT = 5f"~-0. ~ 
Cl~RELATIC~ C~~FFICIENT = 

i8-~EAR-t;i 

C-ALIE~ATIC~~ BY: 11..~~!£: f~:~~ 

TYPE 
= 1A7-E~ 
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Appendix 19 (continued). 

tiiDH. = ~TSU fe.£2, 
DYNODE VOLTAGE<V"ULTSi = ~ ~ 

POUtRIZER 

PHA-SE 
GAIN 
AtP'L-I Tl1Ti£ 

PHA-SE 
E-=AIN 
~LITUTiE 

~>L 
GAI~ 

= 6ft 
::: it 
= ~ 

= 
= 
= 

= 
= 

AMPLITUTI£ = 
Tit£ C'~TAtiT(~i = 

SfliN = 1& 
TIME CONSTRtii{KS) = 1 

GAIN = 11 
TH£ CONSTANT !H5) = 1 

POL. INPtn· CH. = I 
ANA. I~JT CH. = 1 
ADC GAIN = 3 
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Appendix 19 (continued). 

&~!~~ = i0 
TIME (J~"E~T A~~T ( r.LS) = i 

ANALlLER 

GAIN = 1~ 
TH£ C:CIN"3T H,~T 0·'.-S 1 = i 

tiJ~A. INPUT 
ABC GAIN 

= 
= 
= 

r. 
v 
~ 
..i. 

3 

STQP --fATAL WRITE •••••••...•. not enough storage space on DYl: for DYlFARADYDAT 
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Appendix 19 (continued). 

Listing of CALFCl 

PROGRAM CALFC1 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
C OBJECTIVE: TO RECALL THE THREE OUTPUT FILES GENERATED BY "SEVOOi'' 
C FOR FARADAY CELL CALIBRATION, TO USE THIS INFORHATIOI 
C TO COMPUTE APPARANT VERDET COEFFICIENTS FOR EACH 
C F ARAIIAY CELL AND QUANT I FY THE DEGREE OF "CROSS-Hti..f(" 
C BETUEEN THE FARADAY CELLS DURING CALIBRATION, TO 
C DISPLAY THIS INFORMATION ON THE CRT SCREEN 
C NUMERICALLY, AND TO STORE THE INFORMATION ON 
C A FLOPPY IiiSK FOR ACCESS BY "DSCONV" AND "FCFLOT". 
C****************************************************************~***** 

COMMON/A/NAUG<400l,FOL(400l,ANAI400l 
CDMMON/B/NRATE,NSCAN,IFOL,IANA 
COMMON/E/NAKEGPI20l,IDI20) 
CGMMON/F/LMPTYP,LMPSERI10>,LMPULT,LMPAMP 
CDMMON/G/IPMTYP(10l,IPMTDV 
COKMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAHPLA,ITIK£P,ITIMEA 
COHMON/I/IGAGP,IGAGA,IGATP,IGATA 
CGMMON/J/NWL,NPOL,NCKP,NANA 
COMMON/K/IHRSO,lMlNO,ISECO,ITICO,IHRSF,IMINF,iSECF,iTICF 
COHMGN/L/IDAY,IHQN13J,IYRS,LMPHRS 
COMHGN/M/IUAV£(400) 
COMMON/N/ICHAN,IBLOC~,IFLAG,IBUFFI256l 

COMMON/0/NPASS 
CGKMON/P/CNULLO,PNULLO,PNULL1,ANULLO,ANULL1 
COMMON/G/ASLOPEI400l,PSLOPEI400l,AINTER!400l,PINTERI400J 
COMMON/R/POI400>,.AOI400),P1l400),A114001,PAI400l,AP(4001 
COKKON/MODE/MODEO,MDDE1,FACTOR 
NFASS=1 

C*****ENCODER COUNTSIDATA INDICESl ARE CONVERTED TO WAVELEHGTHS.******* 
CALL WLCALC 

CtttitTHE TOLERANCE FOR DETECTING DATA IN WAVELENGTH REGIONS •~*****~*~ 

C GUT-OF-RANGE OF THE FARADAY CELLS IS INPUT. 
TYFE i OOi 
ACCEFT 1002, TOL 

CtttttTHE SPECTRAL SCAN FOR THE NULL AT A STATIC ROTATING FILTER ~•••~• 

C AZIMU1H OF 120 DEGREESiM~120l IS READ FROM A DISK FiLE. 
TYPE 1003 
CALL INFUT 
DO 10 I=1,4C·O 
F'O (I I =POL I I) 

10 AO\iJ.::.ANAIIJ 
PNULLO=NPOL 
PHULLO=PNULL0/100. 
ANULLO"NANA 
AHULLO=ANULL0/100. 
CN UL L 0= NC MF' 
CNULLO=CNULL0/100. 
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Appendix 19 (continued). 

C*****THE SPECTRAL SCAN FOR THE NULL AT M=120 UITH THE MANUAL ***~**~'* 
C POLA~IZER INCREMENTED IS READ. 

TYPE 1004 
CALL INPUT 
DO 20 I=1,400 
f'1< I) ;;f'QL< I) 

20 AP<I>=ANA<I> 
f'NULL1=NF'OL 
f'NULL1;PNULL1/100. 

C'*'**THE SPECTRAL SC~N FOR THE NULL AT M"120 UITH 
C ANALYZER AZIMUTH INCREMENTED IS READ. 

TYPE 1005 
CALL INPUT 
DO 30 I=1,400 
f'A (I> =POL< I) 

30 A1ii>=ANA<il 
ANUi.ll.;;;NANA 
ANULL1=ANULL1/100. 

"T'• tr 

IM:. 

C****tTHE DIFFERENCES IN THE ANALYZER AND POLARIZER NULL AZIMUTHS *~*** 
C ARE COMPUTED. 

PNULL=ABSIPNULL1-PNULLOl 
ANULL=ABSiANULL1-ANULLOl 
F'SUM==O. 
ASUM=O. 
SUM=O. 
DO 50 1=1 ,400 

CtitttTHE OUT-OF-RANGE DATA POINTS ARE DETECTED AND NO VERDET ********* 
C COEFFICIENTS COMPUTED FOR THESE ANGULAR POSITIONS OF 
C THE ROTATING FILTER<WAVELEHGTHS). 

IFIABS<PG<I>l.GT.TOL.OR.ABSIPiiill.GT.TOLlGOTO 40 
IFiABSiAO(I)).GT.TDL.OR.ABS<Aliill.GT.TOLJGOTO 40 
PDENOM~ABSiP1 II>-PO<I>> 
ADENOM"ABS<Ai\I/-AO<I>> 

C•••••THIS STEP PREVENTS ~DIVISiON BY ZERO'' ERRORS.******************** 
IF<PDENOM.EG.O.O.OR.ADENGH.EO.O.OlGOTO 40 

C*****THE UERDET COEFFICIENTS ARE COMPUTED FOR EACH ROTATING FILTER *** 
C ANGULAR POSITIONIWAVELENGTHl. 

PSLOF'EIIl~PNULL/PDEHOM 

ASLGPEII>=ANULL/ADENDM 
IFIPSLOPEIIl.GT.0.32767.0R.ASLOPEIIl.GT.0.32767lGOTO 40 

C•••••THE "CROSS-TALK" OR INTERACTION PARAMETER IS COHPUTED FOR EACH •~ 
C INBEX. 

PINTERIIl=ABS(PAIIl-POIIll/ADEHOM 
AINTER<I>=ABSIAP<I>-AO<Ill/PDENOM 
IF<PINTER(ll.GT.327.67.0R.AINTERIIl.GT.327.67lGGTO 40 
PSUM~PSUM+ABSIPINTERill) 

A5UM=ASUM+ABSIAINTERCII) 
SUM=SUM+1. 
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Appendix 19 (continued). 

GOTO 50 
40 PSLOPE<Il=O. 

ASLOPE<I>=O. 
PINTERCil=O. 
AINTER<Il=O. 

50 CONTINUE 
PSUM=PSUM/SUM 
ASUM=ASUM/SUM 

C•••••NUMERIC DATA IS DISPLAYED ON THE VT55 SCREEN.•~**~*~*****•******~ 
60 TYPE 1006 

ACCEPT IOOO,IF4 
IF<IF4.NE.IHY.AND.IF4.NE.1HNlGOTO 60 
IFCIF4.NE.1HYlGOTO 140 

100 CALL FCTYPE 
DO 110 1=1,400 

110 TYPE 1007,I,IUAVEiil,PSLOPE<Il,ASLQPE<Il,PINTERIIl,AINTER<Il 
TYPE 100B,PSUM,ASUM 

140 CONTINUE 
TYPE 1011 
ACCEPT 1000,IWAIT 

CtttttFARADAY CELL SETUP CALIBRATION INFO IS INPUT FROM VT55.tttttttttt 
150 CALL FCTYPE 
160 TYPE 1009 

ACCEPT 1000,IF5 
IFiiF5.NE.1HY.AHD.I~3.NE.1HHlGOTG 160 
IFili5.NE.1~1iGGlO 170 
CALL FCSET1 
GOTO 150 

170 CONTINUE 
CtttttVERDET COEFFICIENTS ARE OUTPUT TO A DISK FILE.************~***'** 

180 TYPE 1010 
ACCEPT 1000,IF6 
lFiiF6.NE.1HY.AND.IF5.NE.1HNlGOTO 180 
IFCIF6.NE.1HYlGDTO 190 
CALL OUTFC 

190 CONTINUE 
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Appendix 19 (continued). 

1000 FORMATiA1 I 
1001 FORMAT<!,'$ DATA REJECTION LIMITCADCU AT SATUR~TIONl - 'l 
1002 FORMATIF10.0) 
1003 FORMAT<I,' INPUT SPECTRA FOR NULL AT "M=120".') 
1004 FORMAT(/,' INPUT SPECTRA FOR NULL WITH INCREMENTED POLARIZER 

C AZIMUTH.') 
1005 FORMATI/,' INPUT SPECTRA FOR NULL WITH INCREMENTED A~ALYZER 

C AZIMUTH.') 
1006 FORMAT!/,'$ DO YOU WANT CRT DISPLAY OF THE NUMERIC DATAIY/Nl? 'I 
1007 FORKATi/,lX,'I = ',I3,3X,'UL = ',I5,3X,'POL. RESPONSE ~ ',E10.4, 

C3X,'ANA. RESPONSE = ',E10.4,1,24X,·PoL. INTERACT. = ',E10.4, 
C3X,'ANA. INTERACT. = ',E10.4) 

1008 FORHATI///,5X,'AVERAGE CROSS-TALK PARAMETERSIINTERACTIONSI:', 
C !,5X,'PGLARIZER = ',£14.6, 
C 1,5X,'ANALYZER = ',£14.61 

1009 FOF::itHU, '$ IiO YOU WANT TO CHANGE ANY INFORMATION TO BE 
C OUTPUT WITH FACTORSCY/NJ? ') 

1010 FORHATCI, 'S DO YOU WANT TO OUTPUT THE RESPONSE FACTORS TO A 
C DISK FILEiY/Nl? ') 

1011 FORMATII,'$ ~RETURNq FOR PROGRAM CQNTINUATlON.'l 
STOF' 
EN II 
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Appenpix 19 (continued). 

SUBROUTINE FCTYPE 
C************************************************************'********* 
C OBJECTIVE: TO DISPLAY THE SETUP INFORMATION RELEVENT TO THE 
C FARADAY CELL CALIBRATION ON THE CRT SCREEN. · 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••+••• 

COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMHON/E/NAMEOPI20),IDI20) 
COMMON/F/LMPTYP,LMPSERilOJ,LMPULT,LMPAMP 
COMHON/G/IFHTYPilOJ,IPHTDU 
COMHON/H/IPH~SP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITirlEP,ITIME~ 

COHMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/L/IDAY,IHGNl3),IYRS,LMPHR3 
C OHi·! G H/0 I NPAS S 
COMMON/P/CNULLO,PNULLO,PNULL1,ANULLO,ANULL1 
COMMON/G/ASLOPE1400l,fSLOPEI400l,AIHTER(400l,PlNTERI400J 
TYPE 1GO,IDAY,IIMONIIl,I=1,3l,IYRS 

iOO FORMATI/10X,I2, '-',3A1,'-',I2) 
TYPE 101,1NAi'IEOP\Il,I=i,20> 

101 FDRKAT!10X,'CALIBRATIOH BY~ ',2DA2l 
TYPE 102,ii](Il,I=1,20l 

i02 FORMATI10X,20A2l 
IFINPASS.E0.1>GOTO 112 
TYFE iiO 

110 FGRMATI/IOX, 'MANUAL AZIMUTHSIDEG) AT NULL:') 
F"'FNULLO 

11 i 

A=ANliLLO 
C=CrlULLO 
IJL=120. 
TYPE 111,P,A,C,WL 
FORMATI/12X,'F = ',F7.2, 

C /12X,'A = ',F7.2, 
C /12X,'C = ',F7.2, 
C /12X,'WL= ',F7.2) 

i i2 CGi-iTINuE 
TYF'E 120 

120 FORKAT!/10X,'LAHF':'l 
TYPE 121, LMPT YF' 

121 FGRMATI/i2X,'TYPE = ~,A2) 
TYPE 122,iLMF'SERili,I=i,91 

122 FORMAT!12X,'SERIAL NO. = ',9A2> 
THE i 23, LMF'VLT 

123 FORMATI12X,'LAMP VOLTAGE{V0L1Sl = ·,141 
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Appendix 19 (continued). 

TYPE i24,LHPAiiP 
FORMATI12X,'LAMP CURRENTIAMFSl = ',131 
THE i 25, LMPHRS 
FORMATI12X,'LAMP OPERATIONAL LIFEIHOURSl = 
TYPE 130 
FORMATI/10X,'PHOTOMULTIPLIER:'l 
TYPE 131,1IPiiTYPIIl,I=1,10l 
FORMATI/12X,'MODEL = ',10A2l 
TYFE 132, IPIHDV 
FORHATI12X,'DYNODE VOLTAGEIVOLTSl 
TYPE i 40 

= ... , I 5 l 

140 FORKATI/10X,'FARADAY CELL CONTROLLER:') 
T'iF'E 1 41 

141 FORMATC/12X,'PDLARIZER') 
TYPE 142,IPHASP,IGAINP,IAMPLP,ITIHEP 

142 FORMATI/12X,'PHASE - ',14, 
C /i2X,'GAIN = ',I4, 
C /i2X,'AHPLITUDE = ',14, 
C /12X,'TIME CONSTANTIMSl = ',141 

TYr'E 143 
143 FORMATI/12X,'ANALYZER') 

TYPE 142,IPHASA,IGAINA,IAMPLA,I1IMEA 
TYPE 150 

1~0 FORMATI/10X,'GALVANOMETER AMPLIFIER: 'l 
TYPE 141 
TYPE i51,IGAGP,IGATP 

151 FORMATI/12X,'GAIN = ' 1 16, 
C /12X,'TIME CGNSTANTIHSl = ',16l 

TYr·E 143 
TYF'E j 51, I GAGA, IGATA 
IGAIN;;:IPOL/64 
NCHP=IPOL-IGAIN,64 
NCHA~IANA-IGAIN•64 

TYF'E i 60 
160 FGR~~f(/10X, 'ANALOG/DIGITAL CONVERTOR:') 

TYPE 161,NCHP,NCHA,IGAIN 
161 FOF:i'iAT\/1 X,'POL. INF'UT CH. ·,11, 

C / 1 X , ··AN A • liiF'U T C H. - ·· , I 1 , 
C /i X,'AliC GAIN - ' 1 li) 

F:i::TURN 
END 
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Appendix 19 (continued). 

SUBROUTINE FCPRNT 
c•••••••••••••••••••••••~•••~·~••••••••••••••••••••••••••••••••••••••~• 
C OBJECTIVE: TO OUTPUT THE SETUP INFORMATION RELEVENT TO THE 
C FARADAY CELL CALIBRATION TO THE LINE PRINTER. 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~ 

COM~ON/F/NRATE,NSCAN,IPOL,IANA 

COMMON/E/NAMEOP<20>,ID<20J 
COMMGN/F/LHPTYP,LHPSERC10J,LKPVLT,LKPAKP 
COMMON/G/IPKTYPC10J,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAHPLA,ITIKEP,ITIMEA 
COHMON/i/IGAGP,!GAGA,IGATP,IGATA 
COMMCN/L/IDAY,IKON<3>,IYRS,LKPHRS 
COHMON/0/NPASS 
COMKON/P/CNULLG,FNULLO,PNULL1,ANULLO,ANULL1 
COH"ON/Q/ASLOPEC400J,PSLDPEC400l,AINTER<400J,PINTER(400J 
PRINT 100,IDAY,<IHON(IJ,l=1,3J,IYRS 

100 FDRKATC/10X,I2,'-',3At,·-·,I2J 
PRINT 101,<NAMEDF{Il,I=1,20J 

101 FDRMAT!lOX,'CALIBRATIDN BY: ',20A2J 
PRINT 102,<IDIII,I~1,20J 

102 FORKATC10X,20A2J 
IFCNPASS.EG.1JGOTO 112 
PRINT 110 

110 FORMATC/iOX,'MANUAL AZIMUTHSIDEGl AT NULL:') 
P~PNULLD 

A:ANULLO 
C=CNULLO 
UL=120. 
FRINT 111,P,A,C,UL 

111 FORHATI/12X,'P- ',F7.2, 
C /12X,'A ~ ',F7.2, 
C /12X,'C = ',F7.2, 
C /12X,'UL= ',F7.2> 

112 CONTINUE 
PRINT 120 

120 FORMATC/iOX,'LAMP: 'l 
PRINT 121,LMPTTP 

i~l FORKATI/12X,'TYPE = ",A2l 
FRINi 122,1LMPSER!l),l=1,9l 

122 FORKAT<12X, ·sERIAL NQ.·; ·,9A2> 
PRiNT 123,LMPVLT 

123 FORMA1!12X,'LAHP VOL~AGEIUGLTSj = ·,14> 
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Appendix 19 (continued). 

FRINT 124,LMPAMP 
FORMATI12X,'LAHP CURRENTIAMPS) = ',13) 
PRINT 12S,LMPHRS 
FORMATI12X,'LAMP OPERATIONAL LIFEIHOURSJ = 
P-RINT 130 
FORMATI/lOX,'PHOTOMULTIPLIER:') 
PRINT 131,CIPMTYPIIl,I~1,10) 
FORMATI/12X,'MODEL = ' 1 10A2J 
PRINT 132,IPHTDV 

132. FORHATI12X,'DYNODE VOLTAGEIVOLTS) ~ ',ISJ 
r·F;INT 140 

140 FORHATi/iOX,'FARADAY CELL CONTROLLER:') 
Ffil :n 141 

141 FORMATI/12X,'POLARIZER') 
PRINT 142,IPHASP,IGAiNP,IAMPLP,ITIMEP 

142 FORMATI/12X,'PHASE - ',14, 
C /12X, .·GAIN = ',I4, 
C /12X,'A~PLITUDE = ',14, 
C /12X,'TIME CONSTANTIHSl = ',14) 

PF:INT 143 
143 FORMATC/12X,'ANALYZER'l 

PRINT i42,IPHASA,IGAINA,IAHPLA,ITIHEA 
PRiriT 150 

:~v FDRMATI/10X,'GALVANGMETER AMPLIFIER:') 
F'RINT 141 
PRINT lSi ,IGAGr.,IGATP 

1~1 FGRMATI/12X,'GAIN 
C /12X,'TIME CGNSTANTIMSJ 

F'fdNT 143 
PRINT 151,IGAGA,IGATA 
IGAIN=IPOL/64 
NCHP~IPOL-IGAINt64 

NCHA~IANA-IGAIN•64 

r·;;; un 160 

- .. , I6, 
···,I 6) 

160 FORMAi(/10X,'ANALOG/DIGITAL CONVERTOR:') 
F~INT 161 NCHP,NCHA,IGAIN 

161 ~GRMATI/1 X,'PGL. INPUT CH. = ',11, 
L /i X,.·Arit1. INF'UT CH. = ·,11, 
c /1 X, 'f1DC GAiri .·,I 1l 
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Appendix 19 (continued). 

SUBROUTINE FCSET1 
c•~**'******'****'***'********************************************'**~~ 
C OBJECTIVE: TO ALLOW THE OPERATOR TO INPUT SETUP INFORMATION 
C REGARDING THE FARADAY CELL CALIBRATION. 
C*********************************************************************~ 

COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMDN/E/NAMEOPI20),IDI20> 
COMMON/F/LMPTYP,LHPSERIIOl,LMPVLT,LHPAMP 
COKMON/G/IPHTYPI10l,IPMTDV 
COHMDN/H/IPHASP,lPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIHEP,ITIME~ 

COHHON/1/IGAGP,IGAGA,IGATP,IGATA 
CDMMON/L/IDAY,IMON(3l,IYRS,LMPHRS 
Tvr·E 100 

100 FORMAT!/,'$ NAME<A40J ; ') 
ACCEPT 110,1NAMEOPCil,l;1,2~l 

TYPE 101 
101 FORMATI/,'$ DATEII2-A3-I2/DAY-MONTH-YEAR> = ') 

ACCEPT 102,IDAY,IIMDNII),I~1,3i,IYRS 

102 FDRHATCI2,1X,3A1,1X,I21 
110 FORnAT\20A2> 

TYPE 120 
120 FORMAT!/,'$ IDENTIFCATIDN OF FC CALIBRATIONIA40) - ') 

td:CEF'T 130,0D<IJ,I=1,20) 

TYPE i 40 
140 FORMAT!!,' LAMP PARAMETERS:') 

TYPE 141 
i 41 

. •-: 
I 'I~· 

i 44 

FGRMATi'! TYFE!A2/XE,ETC.J; ') 
ACCEPT 142,LHPTYP 
FORMAT!A2/ 
TYPE 143 
FORMAT!'$ SERIAL HD.IA18) = ') 
ACCEPT 144,<LMF'SER<I>,I:1,9l 
FORHAT<9A2l 
TYF'E 145 

1~5 FORMAT('$ LAMP VOLTAGE(IJ/VOLTSJ = ') 
ACCEPT 146,LMFVLT 

146 FOR&'i~;T\141 

TYr·c. i 47 
i47 FOF:Mi1T! '$ LAi'1P CURREN.Tii2/AHFSi = ··1 

ACCEPT 148,LMPAMP 
i4o FORMAT<I3J 

TYPE i 49 
149 ~ORKATC'i LAKP OPERATIONAL LIFEil4/HOURSl - ') 

ACCEPT i46,LMPHRS 
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Appendix 19 (continued) •. 

TYPE 150 
150 FORMAT!/,' PHOTOMULTIPLIER PARAMETERS:') 

TYPE 151 
151 FORMAT('$ MODELIA20) = ') 

ACCEPT 152,1IPMTYP<i>,I=1,10) 
152 FORHAT(i0A2l 

TYPE 153 
153 FORMAT('$ DYNODE VOLTAGECI4/UOLTS> = ') 

ACCEPT 154,IPMTDV 
154 FORMATII5J 

TYPE 160 
160 FORMAT!/,' FARADAY CELL CONTROLLER PARAMETERS:') 

TYPE 161 
161 FGRHATI/,' POLARIZER CHANNEL') 

TYPE 162 
10~ FDRMATI'$ PHASEII3/POT SETTING) = 'l 

ACCEPT 163,IPHASP 
163 FOR~ATII4l 

TYPE 164 
164 FGRHAT('i GAINII3/POT SETTINGl - 'i 

ACCEPT 163,IGAINP 
TYPE 165 

16~ FORMAT! ·s AMPLITUDEII3/POT SETTING) - 'i 
ACCEPT 163,IAMPLP 
TYPE 166 

166 FGRMATI'I TIME CGNSTANTCI3/HILLISECONDSl - 'i 
ACCEPT 163,ITIMEP 
TYPE 167 

167 FORMAT!/,. ANALYZER CHANNEL') 
TYPE 162 
ACCEPT 163,IPHASA 
TYPE 164 
ACCEPT 163,IGAINA 
TYPE 165 
ACCEPT i63,IAMPLA 
TYPE 166 
ACCEPT 163,ITIMEA 
TYPE 170 

170 FORMAT!/,' GALVANOMETER AMPLIFIER PARAMETERS:') 
TYPE 171 

:(' FORMAT I/,' POLARIZER CHANNEL') 
TYPE 172 

172 FORMAT('~ GAINII~l = ') 
ACCEP1 173,IGAGP 

1,~ FORHATII6) 
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Appendix 19 ''(continued). 

TYPE 174 
FORMAT('$ TIME CONSTANTli5/MILLISECONDSJ - 'J 
ACCEPT 173,IGATP 
TYF'E 175 
FORMAT<!,' ANALYZER CHANNEL') 
TYF'E 172 
ACCEPT 173,1GA6A 
TYF'E 174 
ACCEPT 173,I6ATA 
IG~~IN=IPOL/64 

NCHP=IPGL-IGAINt64 
NCHA~IANA-I6AIN*64 

130 TYF'E 161 
181 FORAATC/,' ANALOG/DIGITAL CONVERTOR PRESET PARAMETERS:') 
182 TYPE 183,NCHP 
163 FOF:MATC' PGL. INFUT Cn. = ·,11) 

TYPE 1S4,NCHA 
184 FDRHATC' ANA. INPUT CH. = ',11) 

TYF'E i85,IGHIN 
18J FtFi~AT\' ADC GAIN = ... , I 1 J 
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Appendix 19 (continued). 

SUBROUTINE OUTFC 
C**********t*************************i*********'*********************** 
C OBJECTIVE: TO WRITE THE FARADAY CELL CALIBRATION DATA O~TO THE 
C FLOPPY DISK; I.E., VERDET COEFFICIENlS, ETC. 
C*********************************'************************************ 

COMKON/A/NAVGI4001,POLI400l,ANAI4001 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COKMON/E/NAMEOFI20l,IDI201 
COMMON/F/LMFTYF,LMPSERI10l,LMPVLT,LMPAHP 
COHMON/G/IPMTYP(101,IPMTDV 
COMMGN/H/IPHASF,IPHASA,IGAINP,IGAINA,IAMPLP,IAHPLA,ITIMEP,ITIHEA 
COMKON/1/IGAGP,IGAGA,IGATP,IGATA 
COMMON/L/IDAY,IHONI3l,IYRS,LMPHRS 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF12561 
CO~HON/P/CNULLO,PNULLO,PNULL1,ANULLO,ANULL1 

COHMON/Q/ASLOPEI4001,PSLGPEI400l,AiNTERI400J,PlNTERi400l 
RE~Lt4 DBLK~2l,NAMEI201 
IBLOCK=O 
FACT01=1.E05 
FACT02:o 1. E02 
T :'f'E 1 
FORMATU, · $ FILE NAME For; THE NEiJ FC RE3r"ONSE FtKTOES (,;L?l - . ) 
ACCErT 2,iNAhEIII,I=1,31 

2 FORI-IAT<3A41 
N=IRAD~Ol12,NAME,DBLK) 

ICHAN=IGETC\01 
IF!ICHAN.LT.OISTOP 'CANNOT ALLOCATE CHANNEL' 
IE.RRGR~IENTERIICHA~,DBLK,Ol 

IFIIERROR.Li.OlSTOP 'ENTER FAILURE' 
DO 1:1 I"i,2::i6 

no 20 I=1 ,20 
IBUFFIIl=NAMEOPill 

LV IBUFFI20+Il=IDiii 
HUFF \41 l=LMFTH 
DO 30 I=-1,9 

30 IBUFF(4i+Il~LMPSERIII 

-157-



Appendix 19 (continued). 

IBUFFC51 >=UiPVLT 
IBUFFC52J=LKPAKP 
IBUFFI54>=IPHASP 
IBUFFC55J=IGAINP 
IBUFFC56l=IAKPLP 
IBUF F <57>= IT I KEF' 
IBUFFCSBJ=1PHASA 
IBUFFC59J;1GAINA 
IBUFFI60J=1AMPLA 
IBUFF<61 l=ITHIEA 
HiUFFI62J.::IGAGP 
IBUFFI63J=16ATP 
IBUFFC64J=IGAGA 
IBUFF(65J=1GATA · 
IBUFFi66J=NRATE 
I BUFF< 67> =NSCAN 
1BUFF1t.Sl=IPOL 
IBUFF\69J=IANr~ 

lBUFFC70l=IIiAY 
IBUFFI7i l=IYRS 
IBUFF<72J=LKPHi\S 
IBUFF\73J=IMONC1l 
1BUFFC74l=IMON<2> 
IBUFFC75J=IMON(3J 
DO 35 1=1,10 

35 IBUFFI75+lJ=IPMTYPill 
IBUFFI86J=IPKTDV 
IBUFFI87J=CNULL0•100. 
IBUFFC88J=PNULLOt100. 
IBUFFC89J~PNULL1•iOO. 

IBUFFC90J=ANULL0•100. 
IBUFF\91J~ANULL1,100. 

CALL wRITE 
CALL IwAITIICHANJ 
DO 40 !=1,200 

40 IBUFFIIJ=PSLOPEII>•FACTOi 
CALL URITE 
CALL IWAITIICHANJ 
[IG 50 1=1 ,200 

50 IBUFFC1l=ASLOPEIIl•FACT01 
CALL wRITE 
CALL IWA1TI1CHAN) 
[10 60 1=1,200 

60 1BUFF<I>=PSLOPE<I+200ltFACT01 
CALL wRITE 
CALL 1UA1TI1CHANJ 
DO 70 1=1 ,200 

70 IBUFFIIl~ASLOPEII+2001tFACT01 
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CALL URITE 
CALL IUAIT<1CHANJ 
l!O SO 1=1,200 

BO IBUFFCIJ=PINTER<I>•FACT02 
CALL URITE 
CALL IWA1T<ICHANJ 
DO 90 I=l ,200 

90 IBUFFIII=A1NTEF:IIJ•FACT02 
CALL WRIT E. 
CALL 1UAIT<ICHANi 
no 100 I=1,2oo 

100 IBUFFIIl=PINTERII+200J•FACT02 
CALL IJF:ITE 
CALL IUAlTIICHANJ 
ItO i i 0 1=1 ,200 

110 IBUFFIIJ=AINTERII+200l*FACT02 
CALL URITE 
CALL IIJAIT<ICHAN) 
CALL CLOSECIICHAN> 
CALL IFREECIICHAN> 
F:ETURN 
EI'HI 



Appendix 19 (continued). 

SUBROUTINE URITE 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFC256) 
EXTERNAL FINISH 
IERRGR~IWRITFI256,IBUFF,IBLOCK,ICHAN,IAREA,FINISHJ 

IFCIERRDR.LT.OlSTOP 'FATAL WRITE' 
I BL OCr::: IBL OCr(+ 1 
RETURN 
END 

SUBROUTINE FINISH 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256l 
lFLAG=IFLAG-1 
RETURN 
END 
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Appendix 20. 

Demonstration of FCSMTH - Langrangian smoothing of Verdet coefficients at different 
wavelengths 
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Appendix 20 (continued). 

peg_ i/E~:IiET (J]EF = 
PDL VERiiET C:CiEF = 
f=L~ V~RI~T C:[~~ = 
F~t::iL vt:RDET C:DEF 

FILES 

i3 iS-,Ju.l-E~2 
E=~~ i 8- ~§_! l -E~2 

Tf,j"~~4... T = L~ T 
f i:J LL~~ = ~~~~~~ 

~ i 9-, .. J~-ll-c;~ 
13 i9-~~~ l-2~2 

::.-. l :,__:- ::.J==-r;-83 
5 lS-~.J2..;-;-83 

8 1~----~~-~Es 
~: l~~ ~t3rr-t:~J 
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Appendix 20 (continued). 

Verdet coefficients before and after smoothing 
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Appendix· 20 (continued). 

Listing of FCSMTH 

PROGRMI FCSMTH 
' . . . 

C*****************************************************~~•*t********~*** 
C OBJECtiVE: TO CONTRJL I/0 AND SMOOTHING OF VERDET COEFFICIE~f 
C CALIBRATION FILES. 
c 
C WRITTEN BY JOSEPH C. FARMER ON OCTOBER 30, 1981, LBL-MMRD, UCb. 
c 
c••••••••••••••••••••••••••••••••••••••••••~••••••••••••••••t•••••~•·i~ 

COMMON/A/NAVGI400l,PGLI400l,ANAI400l 
COHMON/B/NRATE,NSCAN,IPDL,IAN~ 

COHHON/E/NAMEOP!20l,IDI20l 
CQKMO~/F/LKPTYP,LKP3ERI10),LMPVLT,LMPAMP 

COMMGN/G/IPMTYP110l,IF~tDU 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAHPLP,I~MPLA,ITIHEP,ITIMEA 

COMMON/1/IGAGP,IGAGA,IGATP,IGATA 
C~MMONiL/IDAY,IMON13l,IYRS,LMPHRS 
COMMGN/M/IWAVEI400l 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF12S6l 
COMMOH/PiLNULL0,PNULLO,PHULLl,~NULL0,~NULL1 

CGMHON/Q/ASLOPEi400l,P3LOPEi4001,AiHTER(400l,PINTER!4001 
i ((;(• CONTINUE 

iOO FG1ir;i1T(A1 I 
T'if··E i 
rOF:HATi/,·; 
f.tCCEFi iGO,lWHIT 
CALL WLCHLC 

2 FGRMATi/,'$ INSERT DISK WITH VERDET CDEF FILE TO BE SMOOTHED 
C - ''RET Li F: N " • ' l 

ACCEF'T iOO,IWAIT 
CALL INFC 
CALL SMOOTH 
TYPE 3 

3 FORMAT!/,'$ INSERT THE DISK FOR SMOOTHED VERDET CDEF DATA 
C- "RETURN".·) 

ACCEF"T iOO,IWAIT 
CALL OUTFC 

4 CONTINUE 
i'I'F'E 5 

5 F 0 R M,; l \/ , .. $ ARE 0 T HE R F I L E 5 T 0 BE S M 0 0 1 HE D i'i /ifi ·;· ' ) 
ACCEPT 100,IUAIT 
IF i I WAIT • N E. 1 H Y • AN II. I lolA IT • N £. 1 HN I G 0 T 0 4 
IFIIWAIT.EQ.ihYlGOTO 1000 
STOP 
END 
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Appendix 20 (continued). 

SUBROUTINE INFC 
C********************************'************************************* 
C OBJECTIVE: TO READ THE FARADAY CELL CALIBRATION DATA FROM THE 
C FLOPPY DISK; ·I.E., VERDET COEFFICIENTS, ETC. 
c••••••••••••••••••••••••••••••••••••••*****'************************** 

COHMON/A/NAVGC400J,POLC400J,ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOF<20l,IDC20J 
COMMON/F/LMPTYP,LMPSER(10J,LMPVLT,LMPAMP 
CDMHGN/G/1PMTYPC10J,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAISA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMHON/I/IGAGP,IGAGA,IGATP,IGATA 
CDMHON/L/IDAY,IMON<3l,IYRS,LMPHRS 
CDMMON/N/ICHAN,IBLOCK,IFLA~,IBUFFC256) 

COHMON/P/CNULLO,PNULLO,FNULL1,ANULLO,ANULL1 
COMMON/G/ASLOPEC40GI,PSLOPEC400J,AINTERl400),PlNTER<400J 
REAL•4 BDLK<2>,NAMEI20J 
IBLOCf(=O 
FACT01=1.E05 
FACT02=1.E02 
TYPE 1 
FORMAT<!,'$ FC RESPONSE FACTOR FILE TO BE RETRIEVED- ') 
ACCEPT 2,CNAME<I>,I=1,3) 

2 FGRI1ATI3A4) 
N=IRAD50112,NAME,BDLKl 
ICHAN=IGETC\Il 
lFIICHAN.LT.OlSTOP 'CANNOT ALLOCATE CHANNEL' 
IFIIFETCHCICHANl.LT.OlSTOP 'FETCH FAIL' 
IFILODKUPCICHAN,BDLKJ.LT.OJSTOF 'BAD LOOKUP' 
DO 10 I=1 ,256 

10 IBUFFCii=O 
CALL READ 
DO 20 1=1 ,20 
NAMEOP<Il~IBUFF<IJ 

20 IDIII=IBUFFI20+ll 
LMFTIF'"IBUFF\41) 
li0301=1,9 

30 LMPSER(Il=IBUFF<41+I) 
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Appendix 20 (continued). 

LMF'VL T=I BUFF i 51) 
LMF'AMP=IBUFF!52) 
I F'HASP= I BUFF (54) 
IGAINF'=IBUFF<55) 
IAMF'LP=IBUFF<56) 
I Tl MEF'= !BUFF ( 5?> 
IF'HASA=IBUFFI58l 
IGAINA=IBUFF<59l 
I AM F' L A = I B U F F i 6 0 ) 
ITIHEA=If:UFF\61) 
IGAGP ::IfiUFF<62) 
IGATP ::JBUFF\631 
I GAG r~ =IBUFF<64l 
IGATA ::.IBUFF\65) 
NRATE ::IBUFF<66l 
NSCAN =IBUFF\67) 
I F'OL =IBUFF!68) 
I AriA =IBUFF<69) 
IDAY =IBUFF\?Ol 
nr:s =IBUFF!7i) 
Li1Fi1RS=I BUFF I 72) 
IMONI1l=IBUFFI73) 
IMON(2l=IBUFF!74l 

no 35 l"-l,iO 
35 IF'MTYF(IJ~IBUFF175+Il 

rr· I'll D ~·=I BUFF ( 8 6 l 
CNULLO=IBUFF187J/100. 
PNULLO=IBUFF!BBl/100. 
PNULL1=IBUFF(89)/100. 
ANULLO~IBUFF190l/100. 

ANuLLi=IBUFF19iJ/iOO. 
CALL READ 
DO 40 I=-i ,200 

40 PSLOPEIIl=IBUFFill/FAC·ro1 
CALL READ 
liD 50 1=1 ~2(10 

Ju ASLOPEIIl~IBUFF(ll/FACTOi 

CALL REAli 
no 60 l-'1 ,200 

CALL READ 
DO 80 I= i , 200 

80 PINTER!Il=IBUFFIIl/FACT02 
CALL READ 
DO 90 1=1,200 

90 AINTER<I>=IBUFF!IJ/FACT02 
CALL READ 
DO 100 1::.1,200 

100 F'IN1ERI1+200l~I6UFFIIJ/FACT02 

CALL READ 
i.IO 110 1=1,200 

110 AINTERII+200l~IBUFFIIl/FACT02 
CALL CLOSECIICHANI 
CALL IFREECIICHANl 
F:ETURN 
END 

SUBEOGT IriE READ 
COMMGN/N/ICHAN,IBLOC~,IFLAG,IBUFF1256l 

IERROR=IREADW(256,IBUFF,IBLOCK,ICHANl 
IFIIERROR.LT.OJSTOP 'FATAL READ" 
I BLOCf> I f.LOC r( + 1 
F:ETURN 
Ei-lli 

60 PSLOFEII+200l"-IBUFF1Il/FACT01 
Ct1LL RE Aii 
DO 70 I=i ,200 

70 ASLOF'EII+200l~IBUFF1ll/FACT01 
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Appendix 20 (continued). 

SUBROUTINE SMOOTH 
c••******************************************************************'* 
C OBJECTIVE: TO REMOVE NOISE FROM VERDET COEFFIClENT CALIBRATION 
C FILES USING AN NTH DEGREE L~GRANGIAN INTERPOLATING 
C POLYNOMIAL UHERE THE USER SPECIFIES "N". THE USER 
C ALSO SPECIFIES THE RANGE OF ENCODER INDICES TO BE 
C USED IN COEFFICIENT ESTIMATION, THOUGH THE FUNCTION 
C CAN BE USED OUTSIDE OF THE RANGE SPECIFIED. THIS 
C PERMITS EXCLUSION OF DATA COLLECTED IN REGIONS OF 
C "SIGNAL DROP-OUT",ETC. SUCH SMOOTHING PREVENTS 
C ERROR PROPAGATION FROM FARADAY CELL CALIBRATION 
C FILE NOISE. 

C WRITTEN BY JOSEPH C. FARMER ON OCTOBER 30, 1981 OF LBL-HMRD, UCB. 

c••******************************************************************** 
DIMENSION POLYI400) 
COMMON/M/IUAVEf400) 
COMHDN/Q/ASLOPEI400>,PSLOPEI400l,AINTERI400),PINTERI400) 

1000 FORMAT<I3> 
TYPE 100i 

1001 FORHATC/,'$ LOWER ENCODER INDEX FOR SMOOTHING POLYNOMIAL= ') 
ACCEPT IOOO,IL 
TYPE 1002 

1002 FORMAT<!,'$ UPPER ENCODER INDEX FOR SMOOTHING POLYNOMIAL 
ACCEPT 1000,IH 
TYPE 1003 

1003 FORHATC/,'$ POUER OF LAGRANGIAN SMOOTHING POLYNOMIAL 
ACCEPT 1000,N 
RANGE=CIH-IL)/CN-1) 
DO 4000 INDEX=1,400 
SUM=O. 
DO 3000 I=1,N 
RI=IL+CI-1>*RANGE 
II=RI 
PROD=l. 
DO 2000 J=i,N 
IFII.EO..JiGOTO 2000 
RJ=IL+IJ-l>•RANGE 
JJ=RJ 
PROD=PROD•<IWAVE!INDEXJ-IUAVEIJJl)/\IUAVEIII)-IWAUEIJJ)J 

2000 CONTINUE 
3000 SUM=SUM+PRODtFSLOPEIIIJ 
4000 POLYIINDEXJ=SUM 
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Appendix 20 (continued). 

F'ERR=O. 
DO 5000 INDEX=1,400 
PERR=F'ERR+CPOLY<INDEXl-PSLOF'ECINDEX>l•<POLY<INDEXl-PSLOPEIINDEXIl 

5000 PSLOPE<INDEXl=POLYIINDEXl 
DO 8000 INDEX=1,400 

. SUH=O. 
DO 7000 I=1,N 
Rl=IL+II-1l*RANGE 
II=RI 
PROD= 1. 
DO 6000 J=1,N 
IFII.EQ.JlGOTO 6000 
RJ=IL+(J-1l*RANGE 
JJ=RJ 
PROD=PROD•<IUAVEIINDEXl-IUAVE<JJll/(IUAVECII>-IUAVEIJJ)) 

6000 CONTINUE 
7000 SUH=SUH+PROD*ASLOPE<IIl 
8000 POLYIINDEXl=SUH 

AERR=O. 
DO 9000 INDEX=1,400 
AERR=AERR+IF'OLYIINDEXl-ASLOPEIINDEX>I•<POLYIINDEXl-ASLOPEIINDEXll 

9000 ASLOPEIINDEXl=POLYIINDEXl 
PERR=SQRTIPERR/400.1 
AERR=SQRTIAERR/400.1 
DO 10000 1=1,400 

10000 TYPE 10001,IUAVEIIl,F'SLOPEill,ASLOPE<Il 
10001 FORHATI2X,'UL = ',IS,SX,'POL VERDET COEF = ',E10.3,5X, 

C 'ANA VERDET COEF = ',E10.3l 
TYPE 10002,PERR,AERR 

10002 FORHATI//,2X,'PERROR = ',E10.2,SX,'AERROR = ',E10.21 
RETURN 
END 
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Appendix 21. 

Demonstration of FCAVG2 - averaging"Lpolarizer and analyzer Verdet coefficients 

.0 IIT1:FCAVG2 

DEiERT DISK WITH WAVELE1«<TH Cltli.BRATif* - ~,.. 

rc P.ESF'ONS£ FACT(J( FILE TO IE f£TRI£'v"ED = DY1fliRAD'fl£~ 

POl a:Ef" £K.Y<P> .. IMA COIT (JLY<A) .. M A¥~0'H? M 

~ LOSS - U1ER &.L LIMIT :.: 4tH 

S~L l.OSS - tFPER WL liMIT = 7tte 

iH~.H~7 5 1&-.... \il-82 
-ruLL~; if;:3 5 19-.Ju.I-82 
Iff 1 f~. 19-i 5 18-Ju l-82 
ID~.193 5 18-Jul-82 
IDi...tlN.195 5 1!'---lul-82 
1U i DN.197 5 1s--.... tul-82 
iUL.UN.i~ 5 1!1-Jui-82 
lUL(~=~i 5 19-Jul--82 
lt;J• ~.~3 5 19-Jul--82 
ID~.~ 5 19-Jul-B2 
c=yp=~.M:.V 13 19-.i!l-82 
cn:-~-.1.~2 13 19-.Jul-82 
tv;~~-~ 13 19-Jti1~82 
PliT!HT.UAT 5B 19--.... lul--82 
tt%L~.~7 5 15--..kil-82: 
~~.J.~ 13 19---.Jul...-82 
~u .iB-3 5 1s-Jan-83 
&1@ n .1E:8 5 19---liirr-83 
~ ii .185 5 19--~-8-3 

TEfUJt.L 188 
ll-.fL[~.t~ 
TITLL"ltl. 1 ~=2: 
TfTLON.i~ 
TITUJtt.1~ 
TEH-~=198 
IUL.fl.i.~ 
TEFUJi.~ 
llTL~.e:~ 
RESt!. T .2e3 
CW:>iAU. iii 
CVF~.R-3 
~~ T.DAT 
1£flJ)N.2K 
CVPBAU.~ 
GOLD .18€ 
KINJS .1Bb 
tnR.iS .188 
tUtiJS .185 

5 18--Jti i --82 
5 1S-Jul-f52 
5 1~Jial n2 
5 19--j§.l!-£2 
5 ~Jul--£2 
5 1~ j._1_ :t -B2 
5 19-Jui-82 
5 15-Jul-& 

13 1~-ic.J.i-82 
13 ts--Jul-£2 

1 es NiY .. ~s1 
5 19-Jul-£2: 

13 i9-Ju i -82 
5 19--Jan--£2 
5 19--Jar.----£.3 
5 1!; .Jan-£=3 
~ 19-Jan-E=3 

feH\'G2.~ 5 21-JarrS3 ..................................... averaged 
t£5 F il it-S.- 9« B 1 ock.s 
~ fr-ee blocks 
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Appendix 21 (continued). 

Listi~g of FCAVG2 

PROGRAM FCAVG 
C*******************************************************************i** 
C OBJECTIVE: TO FACILITATE USE OF EITHER POLARIZER 0~ ANALYZER 
C VERDET COEFFICIENT FILES, OR AN AVERAGE OF THE TUO 
C FOR BOTH CHANNELSIPOL & ANAl. 
c 
C WRITTEN BY JOSEPH C. FARMER ON OCTOBER 30, 1981, LBL-MMRD, UCB. 
c 
C*****************************************f**************************** 

COMMON/A/NAVGI400l,POLI400l,ANAi400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOPI201,ID120l 
COMMON/F/LKF'TYP,LtiF'SERilOI,LKF'VLT,LKPAMF' 
COKKON/G/IPMTYPI10l,IPKTDV 
COHMON/H/IF'HASP,IPHASA,IGAINP,IGAINA,IAHPLP,IAKPLA,ITIMEP,ITIMEA 
COMMON/{/IGAGP,IGAGA,IGATP,IGATA 
COKMON/(JIDAY,IKON~31,IYRS,LKPHRS 
COMMON/M/IUAVE14001 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI2561 
COMMON/F/CNULLO,PNULLO,PNULL1,ANULLO,ANULL1 
COMHON/Q/ASLOPEI400l,PSLOPEI~OOl,AINTERi400l,PINTERI4001 

100 FORMATIA11 . . . . 
200 FORMATII5l 

1000 CONTINUE 
TYPE 1 
FORtiATI/,'$ INSERT DISK UITH WAVELENGTH CALIBRATION- ''RETURN",') 
ACCEPT .100,,IUAIT 
CALL ULCALC 
TYPE 2 

2 FORHATI/,'$ INSERT DISK UITH VERDET COEF FILE TD BE AVERAGED 
C OR INTERCHANGED - "RETURN~.'). 

ACCEf'T lOO,IUAIT 
CALL INFC 

2000 TYPE 3 
3 FORtiATi!,'$ POL COEF ONLYiPI, ANA COEF ONLYIAI, OR AVGIMJ? ') 

ACCEPT 100,IOPT 
IFIIOPT.NE.1HP.AND.IOPT.NE.1HA.AND.IOPT.NE.1HKIGOTO 2000 
TYPE 4 

4 FORMATI/,'$ SIGNAL LOSS - LOUER UL LIMIT = 'I 
ACCEPT 200,ILOUER 
TYPE 5 

5 FORtiATI/,'$ SIGNAL LOSS- UPPER UL LIMIT = ') 
ACCEPT 200,IUPPER 
IFIIOPT.NE.1HPIGOTO 2002 
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200i 

2002 

2003 

2004 

") r, "'C" 
1-VV.J 

2006 

Appendix 21 (continQed). 

DO 2001 1=1 ,400 
ASLOPEIIl=PSLOPE!Il 
GOTO 2006 
CONTINUE 
IF!IOPT.NE.1HAlGOTO 2004 
DO 2003 1=1,400 
PSLOPEIIl=ASLOPEIIl 
GOTO 2006 
CONTINUE 
IF!IOPT.NE.1HH>GOTO 2006 
DO 2005 1=1,400 
AVG=!PSLOPE!Il+ASLOPEIIll/2. 
PSLOF'E!Il=AVG 
ASLOPEIIl=AVG 
CONTINUE 
DO 2007 I=-1,400 
IFIIUAUEill.LT.IUPPER.AND.IUAVE!Il.GT.ILOUERlGOTO 2007 
F'SLOPE (I l =0. 
ASLOPE!Il=O. 

2007 CONTINUE 
TYPE 6 

6 FORHAT!I,/S INSERT THE DISK FOR VERDET COEF DATA STORAGE 
C - "RETURN".' l 

ACCEPT 100,IUAIT 
CALL OUTFC 

2008 CONTINUE 
TYF'E 7 

7 FORHAT!/,'$ ARE OTHER FILES TO BE AVERAGED OR INTERCHANGED 
C<Y/NJ'? ·') 

ACCEPT 100;IUAIT 
IFIIUAIT.NE.1HY.AND.IUAIT.NE.1HNlGOTO 2007 
IF!IUAIT.E0.1HYlGOTO 1000 
STOP 
END 
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Appendix 22. 

Demonstration of DSCONV - conversion of spectroscopic measurements to delta and psi 

CAL!Bft~TI~ O_&rwt 5£~~""1 ML:~~ ~ 
SLOPE = 18.73::.2 
I~!L~CEPT = 5137.13 
CORR£LATIC~ C:onTICIHH = 

CAL !BRAT I ON CLIR'¥"£ ~;£(-!ML~·fi Nt!f'd:l:ER 
SLUF=i: = -1B.BiBB 
INTERC~T = 9bbB.t7 
CC~~lLAT![~ CC£ftiCILN1 = 

LIMITS Of Ar~LICATION: 
llf'f"t:R = 
Lm£R = 

32-i 
121 

~ Of Sfi:GTRA FILE TD BE RETR!H'ED = Ir1HITL[~iB3 ••••.•• spectral scan of Au 

Ki'"(~i~~ WR\:t~TH ( ~~;:3Tf-~-~~ J 
KINJJ~-;~ = 

ttlNI~-~ 
Kit~IH!JM PSHDH:~S} 
KiiliKLifl 
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Appendix 22 (continued). 

:====:XL$=-s~ DELTA ( L~GREES) 
~I~ I~~ 

MP:XI~~ PSI\I~[;t.fl:S> 
~INI~JM 

{f1t.J) 

{f1t.3) 

R~3£S Of TIHTA TO BE F'LU! lt:n: 

= 91& 
= 45. 

= I= ..A 
~-:lfiir• 

= •• 
MR:U:~!M ~¥llF~~TtH~~'G.SS) = 
~IN!ML!H 
MA-XIiiti IfiTA(!£6R££Si = 

= 

F1JJTT!NG ~NU FOR ~V~::P.:TIVL !~I£~ L=:~TA: 

~:Kt~ 
45s;=H 
~.~ 
i.~ 

(1) Dfi.TA<Y-AXIS} ¥"5 rn<::JJti£R O:li_~""TfX-#i_XISi 
(2} PSiti-AXISl ~~ E.~::or£K c~-~-~T(X-AXISJ 

ftiNI~JM 
~-XL--;..!1 OCLTA{r£~n)) 

MIN1~!1 
~_xr~ F:SI ( r~GRE£s·J 
KIN!~ 

= 
= 
= 
= 
= 

F1-GTTI~3 rE;J FL~ ~~~:TIV£ I~T~~ L~TA: 

5i.fit 
i.~ 

{i) OCLTA(Y~-:X!S} ~=s L~::I:h:~ (J3_;.;"T(~-ft.XISi 

C2) PSH'f-f..X_!S) VS L~:::er~~ CL~.JN""TfX-AXIS> 
\3} nELTA(i--ft_x!SJ V~ ~1jTI F"~3T;~~~~_AlSJ 
{41 F'SlCf-A.-XIS> \'S ~wn ~~}TWX H.~!S) 
(51 PSHY~HXlSi VS llELTAfX-H.iUSi 
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Appendix 22 (continued). 

Au in'l M NaCl0
4 

at pH 2·.4 

90 r-------------------------------r------------------------- ~ ----------------------
- -

' -------------------------~------------i-----------------------------------------1'-------------------: _____ :::~~:::_:__.__... 
-------------------:r~=-------_ .. --· ~-------------------------------!------------

~----
_z-: 

~--------------------------t----------~----~~;- --=- ~ -----

~ r---------------------------------+--------;;---:--_,-- ---------- ~ -----------------------
(1)= : ,_ : 
<LI - ---- - - - --! i --=-~------::"~-~=-:;:.,.--=-~------:-!- ---~------- -----------------+------------------------------

'-"" : : 

... -
~ ~----------------------------!-------------------------------+------------------------
.-l = : 

<LI 
'"d 

- - -z-.-----------------------------------·-------------------------------:!------------------------

;-----------------------------------------~--------------------------------------~----------------------------------
- - -: : = - -

45 ~ 
400~0~------------------5-0~00------------------~~6-0~00 _____________________ 7 __ 000 

wavelength (angstroms) 

50 ~ -----------------------------------r--------------------------------------+---------------------------------
- - -- - -- - -- - -- - -- - -- -- - ------------------------------------------------------------------------------------------------------
: ~- --- ---=---,.,__--.,-----~----.....-~-----~--~-------·---~-~-~ 
- .......Jr-_.~_._---...: ~ 
r--------;;_-::::;:::;:~-""'C-----------'!------------------------------~-------------------------

- -
::--'------------------------------~----------------------------~-----------------------
- -- -- -- -- -

:-----------------------------------------·-----------------------------------------~------------------------------------------

=----------------------------------~----------------------------------~----------------- -: :. - -- -.: : 

r---------------------------------------~-----------------------------------~---------------------------------------

?------------------------------------~------------------------------ ~ -------------------------

r------:-0-----------------------------~-----------------------------------t-------------------------------
- -

:--:----------------------------------- ---?---------------------------------~ --------------------------------
- -- -

o·~:------------------------~------------------------~---------------------------
4000 5000 6000 7000 

wavelength (angstroms) 
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Appendix 22 (continued). 

Au in 1 M NaC10
4 

at pH 2.4 

TI£LTHCf-fiXISl 

X= y = 
X= y = 

----------~--7~-
--------=-

---
---------

--.z.....-~---~~:~--~----_,_ _____ ----

-----
___ ...... 

----

--------------------------------------------·-

~----------------------------------------------------------------------------------------------------------------

~ 
~ 

--=~-_-z.. ___ _ 

-:=--

GRibl~: X= +~:~~ 
_/:_-------~~--£(~_;-.. ~-=:,__ __ ~:~a-~~-~ 
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y = 

---------

~:;;;:;;:= 

2~;;:~: 
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--=--~-



! = 
T 

..i.. = 
1 = 
.i. = 
1 = 
I = 
i = 
I = 
I = 
"Y 
.i. 

! = 
I = 
I = 
I = 

Appendix 22 (continued). 

Bi CRT DISfi AY 
C) NEIT.~ 

THE ;.,;;~~~ [if SPEC~_A AWL~~Jt.D ::: 
~S-JfB S-{~~~ RAT£ VIA (J}l~TER = 

1 

1 
2 
3 
4 
5 
6 
7 
s 
9 

ifl 
11 
12 
i3 
14 
15 

~~FCTIUN !NITIHTED 
CGLLECTIL~ f!NI~~ 

RT: 
£Ta 
H5 • 

~= 
iit.= 
WL= 
~= 

WL= 
Wl.= 
Wl= 
1£_= 

~= 
WL= 
Wl= 
WL= 

5155 
517-4 
5133 
5212 

5~49 

52i!B 

53~ 
5324 
~ ... 343 

5~~ 

5""""~ 
5-418 

llfi.TA = 
f~i TA = 
rc TA = 
OCLTA = 
,;J TA = 
TIElTA = 
f!fi TA = 
Iit..LTA = 

!ELTA = 
In.TA = 
OCLTA = 
OCi.TA = 
OCLTA = 
Dtl..TA = 

i: i: ~= i 
1:16:12:~! 

67.i1 
67.i9 
67.6e 
b7.75 

f2=Z,B 
~-~ 

7~.~ 
7~.35 
~.58 
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••.•• time from "booting" measured 
by line clock 

PSI~ 

PSI= 
F~! = 

F"SI = 

43:+4 
43.5G 
-43.54 
4-3.53 
43.58 
43:58. 
-43.52 
43.54 

43.:;4 
~3.e--4-
43.54 



1~ ,_L~; 83 
11TLE .r~T 
~ ~~~t.T a ~~:3 
~-CRC=f~T 
rcc==4LI = DHT 
fCC:;;~ 3:nAT 
F ~~~-~ = ~i:i 

TITLE~~ 11? 
iuU::~. H3 

~~JLL~= 123 
1UU::~.i25 

TITL~.i~ 
TEFL[~= 137 
n:: .. H ... ~=E~ 

~tF~ ~~. 191 
~LcLL~~ 1~3 
TEFL[~= 195 
wrL~=197 
~ULL~~ 199 
itfl .. L~=..C~i 

~~LL~=~ 
[~¥1="£:;~ = ~~ 

c¥=pf=HU~~ 
F1-TL~T =L~T 
f£f1 .. L!N= 2~7 
C¥11~~.~~ 
Fif~D • iE~3 
~U! . iE2 

4 17-~ltil: iii 
1 i?-~:::rv:-31 
4 ~~3Y-E;2: 4 

5 c~ ~:ay-82 

"' 26 ~idY-E~ .,j 

9 ~'-b~..ay-~.2 
13 36-~iun--82 

5 12-Jul-82 
5 i2-J•.J.l-82 
5 !2-Jul-E~ 
5 12-..Jul-82 
5 12-Jui-82 
5 13-Jul-82 - 13-Jul-82 ~ 
!!':: 13-Jul--82 ""' 5 13-,_~J l-s2 
5 13-Jul--82 
5 13-Jul-82 
5 13-,Jul-82 
5 13-~§J.l-82 
5 13-,_~l-82 

5 1B-~~l-E=2 
5 iB-Jui-BZ 
5 iS-~Jul-82 
5 18-Jul-82 
5 i3-Jul.-32 
5 19-,_Jul-32 
5 i~..Jul-~-2 
5 19-,_iji-82 
5 19-Ju!-82 
5 :ls.-Jul-82 

13 !9-~~l-82 
13 19-Jul-82 
i3 19-Jul-82 

19-._!i_I}-32 
5 19-,_iu! -82 

13 19-Jui-82 
5 19--Jan-3..] 
5 13-Jan-83 
5 19--~~-83 
5 19-,_~83. 

Appendix 22 (continued)'. 

gi-~~Ts514 
REC:HLL = I~T 

FCCAU.liiiT 
fCC.AL4. HAT 
f~5Jr!=I~1 
POTDEP=I~T 
~tiL[~= 11g 
!ilL[iN. i~~ 
TITL~s122 
-p:-.._ft....L!H.i£4 
iuLUfi. 126 
filL[~= 1£.i:t 

itiL[!N.132 

IULDN.i~ 
tltL~= 138 
~~-~L[~= 14t 
i}i-LL~:1~2 

~ULUH= 1+4 

~~JL~J~: 1BS 
TUL[~= 1~ 
~UL~= iS2 
~ EJ· LL!N. i94 
itiLDNz iSG 
TITI .... .GN. i 38 
!t-H .... DH. 2:~ 
ii:..tL[iWa2i2 
TITLLiNzC~ 
Rr~d-~ T = ~~3 
c~~=*I 
CV'Pf~=~3 
TRNSLT:~T 
IUL~=2~ 
c~vn=AU=~ 

SOLD 
~!~ 
HI~iS 
~!~ 

= itib 
.1$ 
.ifiB 
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2 1~ fg:-:;- 81 
! a r:~--E~ 

5 ~ ~~ ti2 
9 ~=-.. =---- :-r~ 

L~-r:~-:u,c 

~ ~iji-82 

5 1£ ,_~i-82 
5 1~ ~~~ l-c;z 
§ 12-~~I-E:l 

5 12-'-~l-82 
5 13-Jul-82 
5 i~ Jill G2 
5 13-Ji.Ii-82 
5 i3-~.J== 1 ti2 

5 i3-Ju!-~ 
5 13-,_!u!-82 

5 ifl-,_~l-k-7 

5 i ti-~~J.l-tl"'2 

5 18--.ii.i] -82 
5 i 9-,_!u 1-82 
5 i~~g.l!-E;£ 

5 1~-.§_aj -82 
5 19:-:..~i-82 
5 19--.§-Ii-E~ 

5 19-7...~1-H? 

13 l~~J!-82 
i ~=! ~,.~tit 
5 i~ ,_~..il-82 

13 l~ 7.--§..E!-82 
a i!i 7...L:1n-~ 
5 19-J-~-S-3 
5 19-~~e.J 
51~ ~~S3 

.data file created by 
program DSCONV 



Appendix 22 (continued). 

Listing of DSCONV 

PROGRAM DSCONV 
C********************'************************************************* 
C OBJECTIVE: TO CONVERT RAU DATA FROM ELLIPSOMETER SPECTRAL SCAN 
C INTO PSI, DELTA, AND UAVELENGTH. 
c 
C PROGRAM URITTEN BY JOSEPH C. FARMER IN SPRING 1981 AT LBL-MMRD 
c 
C********************************************************************** 

COMMON/A/NAVGI~OOI,POLI400l,ANAI400l 

COMHON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAHEOPI20I,IDI20l 
COMHON/F/LMPTTYF,LMPSERI10l,LMPVLT,LHPAMP 
COMHON/G/IPMTYPI10l,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIHEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NUL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMHON/L/IDAY,IMONI31,IYRS,LMPHRS 
COHHON/M/IUAVEI4001 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI2561 
COMHON/0/NPASS 
COHMON/QBRIEF/ASLOPEI400l,PSLOPEI4001 
COMHDN/TITLE/NTITLEI5,30I,NUORDI2,21 I 
COMMON/MODE/MODEO,HODE1,FACTOR 
INTEGERt2 ANGOPT 
NPASS=1 

C*****THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY ''ULCALC".***** 
CALL ULCALC 

C*****TITLES FOR LABELING GRAPHICS ARE READ FROM "DYI:TITLE.DAT''·****** 
HODE0=2 
CALL TITLE 

C*****THE FARADAY CELL CALIBRATION DATA IS OBTAINED.******************* 
TYPE 999 
TYPE 1000 
ACCEPT 1003,IWAIT 
CALL FCREAD 

C*****RAU SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.tti****** 
1 TYPE 1001 

ACCEPT 1003,IUAIT 
CALL INPUT 
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C*****THE OPERATOR SELECTS THE AZIMUTH CONVERION FORMULAS TO BE USED.** 
2 TYF'E 1013 

ACCEPT 1014, ANGOPT 
IF<ANGOPT.NE.1.AND.ANGOPT.NE.2lGOTO 2 
TYPE 1015 
DO 5 1=1 ,400 
P=NPOL/10G.+POL(II*PSLOPE(IJ 
A=NANA/100.+ANAII>•ASLOPE<I> 
C=NCMP/100. 
CALL DELPSI<P,C,A,D,S,ANGOPTJ 
IFID.LT.1BO.IGOTO 3 
PDL<I>=<D-360.1•100. 
GOTO 4 

3 CONTINUE 
POL<I>=D:+100. 

4 ANA<I>=S:+100. 
5 CONTINUE 

C*****IF DESIRED BY THE OPERATOR, THE CONVERTED DATA IS PLOTTED.******* 
10 TYPE 1002 

ACCEPT 1003, IF 1 
IFIIF1.NE.1HY.AND.IF1.NE.1HNIGOTO 10 
IF<IF1.EQ.1HNIGOTO 20 
CALL F'LOT 

20 CONTINUE 
C*****IF DESIRED, THE CONVERTED DATA IS STORED IN A DISK FILE ********* 
C <AZIMUTHS STORED AS HUNDRETHS OF A DEGREE>. 

30 TYPE 1004 
ACCEPT 1003,IF2 
IFIIF2.NE.1HY.AND.IF2.NE.1HN>GOTO 30 
IFIIF2.EQ.1HNIGOTO 40 
CALL OUTPUT 

40 CONTINUE 
DO 41 I=1 ,400 
POL<I>=POLIII/100. 

41 ANA<I>=ANA<II/100. 
C*****THE NUMERICAL OUTPUT MODE IS SELECTED.*************************** 

TYF'E 1006 
50 TYPE 1007 

ACCEPT 1003,IF4 
IFIIF4.NE.1HA.AND.IF4.NE.1HB.AND.IF4.NE.1HCIGOTO 50 
IF<IF4.EG.1HCIGOTO 70 . 
IFIIF4.NE.1H.AIGOTO 60 

C*****NUHERICAL DATA IS PRINTED ON THE MODEL 41 TELETYPE.************** 
TYPE 1016 
ACCEPT 1003,IUAIT 
CALL P1INFO 
CALL P1TIME 
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DO 56 IFAGE=1, 4 
J=IF'AGE-1 
PRINT 1008, IPAGE 
PRINT 1009 
DG55I=1,50 
11::.J:+·iOO+I 
12=11+50 

55 PRINT 1010,I1,IUAVEII1l,POLII11,ANAII1J,I2,IUAVE<I2J,POLII2l, 
CANA\121 

56 PRINT 1017 
60 CONTINUE 

IF\IF4.NE.1HB)GOTO 70 
C*****NUMERICAL DATA IS DISPLAYED ON THE VT55 TERMINAL SCREEN.********* 

CALL T1INFO 
CALL T1TIME 
TYPE 1011 
DO 65 1=1 ,400 

65 TYPE 1012,I,IUAVEIII,POL1ll,ANAIII 
70 CONTINUE 

C*****DEPENDING UPON OPERATOR RESPONSE, THE PROGRAM IS REPEATED.****4*4 
60 TYPE i 005 

ACCEPT 1003,IF3 
IFIIF3.NE.1HY.AND.IF3.NE.1HNlGOTO 80 
NPASS=-NFt13S+1 
IF!IF3.EQ.iHYlGOTO 
TYPE 1016 
ACCEPT 1003,IUAIT 
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999 FORiiATU,-·· FOR RT-11 V.4 : DATA IiiSr: READ 1JIA "DYO:"···,/, 
C ... FOR RT-11 V.3.B: nATA DISK READ VIA "DYi:"··l 

1000 FORMAT<!,'$ INSERT THE DISK WITH THE FARADAY CELL CALIBRATION 
C DATA, THEN "RETURN".') 

1001 FORMAT<!,'$ INSERT THE DISK UITH THE DATA TO BE CONVERTED 
C TO PSI AND DELTA, THEN "RETURN".'') 

1002 FORMAT<!,'$ DO YOU UANT TO PLOT DELTA OR PSI AGAINST WAVELENGTH 
C<Y/N>? ·') 

1003 FORMATIA1 l 
1004 FORMAT!/,'$ DO YOU UANT TO STORE THE CONVERTED DATAIY/Nl? ') 
1005 FORMATII,'$ IS THE PROGRAM TO BE EXECUTED AGAINIY/Nl? ') 
1006 FORMAT<!,' OUTPUT MENU: <Al HARDCOPY', 

C 1,·· <Bl CRT DISPLAY', 
C 1,' <Ci NEITHER .. ) 

1007 FORHATil,-·$ YOUR RESPONSE: ') 
1008 FORHAT(///,10X,'DELTA<DEGl AND PSIIDEGl AS A FUNCTION OF 

C UAVELENGTHCANGSTROMSl',9X,'PAGE ',Ill 
1 009 FORMAT il I I, 1 X, 2 I 9 X, .·I NilE X ', 5 X, 'UL .. , 6X, ... liE LT A ·· , 8X, ·PSI · l l 
1010 FORMAT<1X,2111X,I3,2X,I5,4X,F?.2,4X,F7.21l 
1011 FORHATI//,5X,'liELTACDEGl AND PSIIDEGl AS A FUNCTION OF 

C UAVELENGTHIANGSTROHSl',/l 
1012 FORMATISX, 'I ~ ·,I3,5X,'UL ~ ',IS,SX,'DELTA = ',F7.2,5X, 

C''PSI = ',F7.2l 
1013 FORHATI/,'$ ARE STANDARD(1l OR ROTATEDC2) AZIMUTH 

C CONVERSION FORMULAS TO BE USEDII1l? 'l 
1014 FORHATII1l 
1015 FORMAT!/,' CONVERSION IN PROGRESS ••••••••••••••••• ') 
1016 FORMAT(!,·$ BE SURE THAT THE SYSTEM VOLUME IS IN "DYO", 

C THEN "RETURN".') 
1017 FORMAT!////////) 

STOP 
END 
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SUBROUTINE FCREAD 
C********************************************************************** 
C OBJECTIVE: TO RETRIEVE ONLY THE VERDET COEFFICIENTS STORED BY 
C THE FARAIIAY CELL CALIBRATION ROUTINE "CALFCi ", 
C DISREGARDING OTHER INFORMATION STORED ON THE 
C DISK UITH THE VERDET COEFFICIENTS. THIS 
C INFORMATION IS USED BY "DSCONV '' T 0 CONVERT 
C AID CONVERTOR READINGS TO POLARIZER AND 
C ANALYZER AZIMUTHS PRIOR TO CALLING 
C SUBROUTINE "DELPSI" FOR AZIMUTH 
C CONVERSION TO PSI AND DELTA. 
c••••••••***********************************************~************* 

COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI256l 
CDMMON/QBRIEF/ASLOPE<400I,PSLOPE<400l 
REALt4 FCBDLKI2l,NAMEI20l 
IBLOCr:"O 
FACTOi=i. 
TYPE 1 
FORMAT<!,'$ VERDET COEFFICIENT FILE TO BE RETRIEVED - 'l 
ACCEPT 2,<NAMEIIl,I=1,3l 

2 FORMATi3A4) 
N=IRAD50112,NAME,FCBDLKl 
ICHAN=IGETCIIl 
IF!ICHAN.LT.OlSTOP 'CANNOT ALLOCATE CHANNEL' 
IFIIFETCHIICHANJ.LT.OISTOP 'FETCH FAIL' 
IFILOOKUPIICHAN,FCBDLKl.LT.OlSTOP 'BAD LOOKUP' 
CALL READ 
CALL READ 
DO 4.J I=1 ,200 

40 PSLOPEIIl=IBUFFIII/FACT01 
CALL READ 
DO 50 1=1 ,200 

50 ASLDPEIIl=IBJFF!l)/FACTOI 
CALL READ 
no 60 I=1 ,200 

60 PSLOPEII+2001=IBUFFIIJ/FACT01 
CALL READ 
no 70 I=1 ,2oo 

70 ASLOPE<I+200l=IBUFFIII/FACT01 
CALL CLOSECIICHANl 
CALL IFREECIICHANJ 
RETURN 
END 
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SUBROUTINE READ 
c••••••••••••••••••••••••••••••••••••••••••••••••••••••••~·••••••••••~~ 
C OBJECTIVE: TO ACTUALLY READ THE DATA STORED ON THE FLOPPY DISK 
C INTO BUFFER MEMORY. 
c•••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••~ 

COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFC256) 
IERROR=IREADUI2~6,IBUFF,IBLOCK,ICHAN) 

IF<IERROR.LT.OlSTOP 'FATAL READ' 
IBLOCK:IBLOCK~1 

RETURN 
END 
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SUBROUTINE DELPSIIP,C,A,D,S,ANGOPT) 
c•••••••****'***************************************************t•••••• 
C OBJECTIVE: THIS SUBROUTINE, GIVEN THE POLARIZER, CD~PENSATOR, AND 
C ANALYZER AZIMUTH COMPUTES THE CORRESPONDING PSI AND 
C DELTA ELLIPSOM~TER ANGLES USING EITHER STANDARD OR 
C ROTATED CONVERSION FORHULAS!DEPENDING UPON THE 
C VALUE OF "ANGOPT". IF ANGOPT=1 STANDARD FORMULAS 
C ARE USED; IF ANGOPT;2 ROTATED FORMULAS ARE USED. 
C*i****************i**************~************************************ 

INTEGER•2 PFLAG,AFLAG,CFLAG,FLAG,ANGOPT 
D"-0. 
S=O • 
.... r-' ~ ,.. ·- 1\ 

rrLHIJ-V 

GGTO 6 
5 F'=F'+180. 
6 CONTINUE 

IFCP.LE.180.JPFLAG=400 
lFCP.LE.135.lPFLAG=300 
IFIP.LE. 90.lPFLAG=200 
IFCP.LE. 45.JPFLAG=100 
!FiP.LE. O.lGOTO 5 
AFLAG=O 
GOTO 8 

7 A:=A+1BO. 
8 CONTINUE 

IFIA.LE.180.lAFLAG=20 
IFiA.LE. 90.!AFLAG=10 
lFiA.LT. O.lGOTO 7 
CFLAG.::O 
IFIC.EG.45.lCFLAG=1 
IFIC.EG.135.JCFLAG=2 
FLAG=PFLAG+AFLAG+CFLAG 
IFIANGOPT.NE.21GGTO 180 
IF<FLAG.NE.312lGOTO 10 
n~270.-2.*f' 

5=90.-A 
i 0 CONTINUE 

IFiFLHG.NE.411/GOTO 20 
D=2.*F'-270. 
5=90.-A 

20 CONTINUE 
IF<FLAG.NE.1221GOTO 30 
D=90.-2.*P 
S=A-90. 
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30 CONTINUE 
IFIFLAG.NE.22i /GOTO 40 
{l:o2. *F'-90. 
S:;;A-90. 

40 CONliNUE. 
IF\FLAG.NE.321 >GOTO 50 
If:o2,:ff-90. 
S=A-90. 

I:' I\ .Jv COi:.fTINUE 
IF\FLAG.NE.422/GOTO 60 
D=450.-2.*F' 
S=A-90. 

60 CONTINUE 
IF<FLAG.NE.1iilGOTO 70 
£;:::2. H'-90. 
5=90.-A 

70 CONTINUE 
IFIFLAG.NE.212>GDTO so 
Ii=270. -2. *f' 
5"'90.-A 

80 CONTINUE 
IF\FLAG.NE.322)GQTG 90 
li"4:'i0. -2. ·•F' 
S:..:A-90. 

90 CONTINUE 
IFIFLAG.NE.42iiG01D 100 
{l:o2.H-90. 
S=A-90. 

100 CONTINUE 
IFIFLAG.NE.112lGOTO 11 0 
Ii=270.-2.*F' 
5:o90.-A 

11 0 CONTINUE 
IFIFLAG.NE.211lGOTO 120 
!1:::2. H'+90. 
S=90.-A 

120 CONTINUE 
IF<FLAG.NE.311 /GOTO 130 
!1=2. *F'+90. 
5=90.-A 

130 CONTINUE 
IFIFLAG.NE.412lGOTO 140 
Il=630.-2.H' 
S=90.-ri 

-184-



Appendix 22 (continued). 

140 CONTINl.:E 
lF(FLAG.NE.121lGDTO 150 
!1=2. :+:F.+270. 
S=A-90. 

150 CONTINUE 
IF<FLAG.NE.2221GOTO 160 
Ii:::450.-2.H' 
s~A-90. 

160 CONTINUE 
IFiD.EO.O.O.AND.S.EO.O.OlTYPE 170 
IFiD.EO.O.O.AND.S.EO.O.OlSTOP 

170 FORMATil,iX,'*PRUBABLE ELLIPSOMETER ANGLE CONVERSION ERROR IN 
C SUB~:GuTINE "F'SIDEL" DETECTED;·,;,· EXECUTION TERr!INfiTE:Gi · l 

GOTO 1180 
i 80 CONTINUE 

lF(ANGDPT.NE.1lGOTO 1180 
IF<FLAG.NE.121 IGOTG 1010 
D=90. -2. *f' 
5=180.-A 

1010 CONTINUE 
IF\FLAG.NE.2221GOTQ i020 
D::2.H'-'1'0. 
8=100.-A 

1020 CONTINUE 
IF(FLAG.NE.3ii !GOTO 1030 
D:.;;270. -2. H· 
S..:.A 

1030 COiil1iii.iE 
IFiFLAG.NE.4121GOTO 1040 
D::2. H'-270. 
S=A 

1040 CONTI i~UE 
IFIFLAG.NE.112lGOTO 1050 
It=90.+2.H' 
S.:.:A 

1 0~0 CONTINUE 
IF\FLAG.NE.211JGOTD 1060 
11=270. -2. :;.p 

S=A 
1060 CONTINUE 

IF\FLAG.NE.322lGGTO 1070 
D=2. H'-90. 
5=180.-A 
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1070 CONTINUE 
IFiFLAG.NE.421iGDTO 1080 
D=450.-2.•P 
5=180.-A 

1080 CONTINUE 
IFiFLAG.NE.1111GOTO 1090 
D=270.-2.•P 
5=A 

1090 CONTINUE 
IF\FLAG.NE.2121GOTO 1100 
D~2.tP+90. 

S=A 
1100 CONTINUE 

IFIFLHG.NE.3211GOTO 1110 
D~4S0.-2.•P 

5=180.-A 
1110 CONTINUE 

IF<FLAG.NE.422JGOTO 1120 
D=2.•P-90. 
5=180.-A 

1120 CONTINUE 
IFIFLAG.NE.122JGOTO 1130 

s~1ao.-A 

1130 CONTINUE 
IFIFLAG.NE.22ilGOTO 1140 
D=4S0.-2.tP 
s~tco.-A 

1140 CONTINUE 
IFIFLAG.NE.312JGOTO 1150 
D=2.tF+90. 
s~A 

1150 CONTINUE 
IFIFLAG.NE.4111GOTO 1160 
D=630.-2.tP 
S=A 

1160 CONTINUE 
IF(D.ED.O.O.AND.S.EQ.O.OJTYPE 170 
IFiD.EG.O.O.AND.S.EG.O.OlSTOP 

1180 CONTINUE 
IFiANGOPT.EG.1.0R.ANGOPT.EG.21GOTO 2010 
TYPE 2000 

2000 FORHATZ/,1X,'tiNCDRRECT OPTION CODE SPECIFiED IN SUBRGUTIHE 
C ''PSIDEL" SO EXECUTION WAS TERMINATED*') 

2010 CONTINUE 
RETURN 
END 
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Demonstration of RISURF - complex refractive indices of surface computed from files 
created by program DSCONV 

C'>J"'PE.~. ~2 
~~.004 
P~InRT z£~T 
~= :-~; "'.2:.: 
iLii.......!Jif'ii ... c~; 

CwE;~;!J. ~-=~ 

.1P.3 

.188 

5 1!1-Ju! -£2 
~ i~Jul ~ 
~ 19-.Jui--82 
5 19-Jul :i2. 

13 19-Ju.!-82 
13 19-Jui-82 
13 19-Jul-82 
58 i~.Jul--82 

5 19--Ju.i--82 
13 19-Jul-B-2 

5 19-Jan-B-3 
5 19-.Jar, G-3 
5 1 s-..ian--R3 
5 19-Jan-B-3 
~ Blrl...s 

TErL~~£.~2 
liTL(~=~~ 
RIT~T.~~3 
tw=.~~U.~i 
CVP~J.w3 
lRNSLT.DHT 
TITH:~.~ 
C~-BHU.~ 

KINU:3 .1~ 
KIK..~ .185 

.running program 

--=-- --· 
!5.~ 

HF~;{!~~~ ~¥-Ti F~TH { ~;5~1:~ J 
KINI~-~ = 
HAXI~~ F£AL RETRHCTI~ Ik=nfX 

= 
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5 i~~i-€;2 
5 19-~~J.!-82 
5 1~~~i-f;2 
5 19--&ii-E=2 

13 13--j§J.l-82 
13 19-Jul-82 

1 e9 ~v-81 
5 19-~Jul-f~ 

13 i9-Ju.i-f;2 
~ ts-~ ~.3 
5 i~~ian-83 
5 19--~= E~ 
5 1~-lan 8-3 

.file to be used for calculation; 
Au in 1 M NaCl0

4 
at pH 2.4 

~:~ 
~~-:..-:. 

~=£! 
7 ~-€~ 
ra.4£.F 

-1.«2 



Appendix 23 (continued). 

WL.X!KL~ 
tUKI~~ = 

itt<-XL~iM Wt\VEl..£N61 ti { I5i ~!;YR'i:~! 
t~J~!~ 

= 7t€: = 4:.::: 

MAXI~ I~ RITAACTiv'E INIL~\f1t.3i = e. 
~J~I~ % ~4. 

IWffS Of DATA TO 11£ PLDTTUi: 
ttAYJMtit1 WRVELENETH\~STF~~ 1 = 
KINIMUft = 
MX!Ml~ REAL REFRACTI'v'£ INDEX = 
KINI~~ = 
~X!!f.JM IttAG RITR~TIVE Ih~~ 
f'JHIKllii == 

PLuTTI~3 Mti~J fOR f;'H-~f!CTIV£ INI£X l;:";TA~ 

7i::-
4w-¥ 
2.~ 
t.i@~ 
tLe:e 

< 1 } REAL R£i. ~~~::T I \i£ INI!LX ( Y ~~~IS) V'=3 L~:1JI~R L-L~L .. ~~T {X -H:XI S i 
(2) lHAi3 Rt.tRA(:TI\r£ INlJL~(Y~=-XISJ V=s L~.:1JI£R o=~-~·ff(X ~;..XIE;) 
<3) REAL REfRACTIVE INL~XC!'-AXIS) ~i'3 WA'i'n f~-i;:tn-HX-f:...XIB1 
(4) It'-~ Ffl---pA:TI\1£ INritX(Y~;{ISJ v=s WR¥£LE~TH(~*~IS) 
(5} IHAG R.!.\Y-AXIS> 'v~ ~~ R.!,\X-~..XIS) 
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~-·---------------------------------------~------------------------------------------:--------------,--------------------------· : P.£:""-- REf"AA'~TTifE lh'!,.---·y AYT.--'- L'"~ ••.=..<a-. r-L=~-.--<:v """'"'"~--, , ~ ~ 'si-i '\.:t.a.v ~ -~~\ --rt_-:..i~J .~en::::·::- =-;EJ~~~;:o~-:.-r:.F-:.l..~.: • 

- - -: = : .6 

~ ~ AU I~ 1Ft ~:LC~ AT ~ PH (~ 2z41 

ORiblN: X = 
SCHLE: :;.: = 

4t~~~.t¥~ 
i~~-~~ 

y = 

~-------------:---------------------------i-----------------------------------------~------------------------------------------
: = : 
: : . ---- -:: --.:.- : 
: -:.-:.- : 
: ---- : 
~ ------- ~ 
~ ~ ·. 

··-
-~--
: - ---;._ 

--=-=--
------------

~:----------------------------------------~-----------------------------------------::-----------------------------------------·-

IMHG REfRA(;TI\it: jNDEX{Y-HX!f;j \:S ~\tLENGTH(J~-A)~ISJ 
-. 

·. 

f-- ~ ----------- --------------- -----------.1--------- .. -=--.---- -y@: -rua;~J§-~-~~.:.~!~~.=.~-RT- Y~~; --------------

- - . : ~ : 
ORIGIN: X= 4f:~~:r~~ y = 

t--------------------------------~-----~-~~------------------------------~----------~-----------------------------------------

. . 
i.-.- -----~- ----------- ... ..,. - -·------------ ____ ..,_ __ -.-..:: .......... _- ------------------- _._ -------i- --- --·-------------------- ------ ------- --
~ . ~ -~- ~ 

~ ~ -~-:_____ ~ 

- ---- ------
--L. __ 

--------
~-----------------------------------------=----------------------------------------~-------------------~:=~=~---~-------------:·. : : -----~----

-
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STCiP 

T£fLC~4= 1B7 
TEtLC~ ;< 189 
TEFL[~= 191 
TITLC~.1S3 
JEJ! r~= 195 
llf L[~i; 197 
1£~L[~. 199 
IEfLL~=~~l 
TtTLC~.a3 
TITL~.2-~ 
C~FF~~J~~~ 
C¥:PBHU:~2 
c~~F~J=~~ 

tu UiN& 207 
c~~r=HU.~ 
~~ 
i:~g r~ 

.183 

.1E2 

5 iB-.. t:~i-8:2 
5 18-a_li_i l-82 
5 18-Jd-82 
5 18-Jul-82 
5 19--Jti!-82 
5 ts-~Ji-82 
5 19-.k.d-S:l 
5 19--Ju!-82 
5 19-..!ui-82 
5 19--Ju!-82 

13 ts-Jul-82 
13 19--iul-82 
13 19-Jul-82 
5B 19---iul-82 

§ 19-Jui-82 
13 19--Jul-82 
5 19-Jan-ID 
5 19-Jan-83 

«~ n .1E~ 5 19---~3 
iL~iAU.MT 5 19--Jafl-83 
1~ fi 1~5: S-45 !locl:...s 
~ f Fee b! ocl:...s 

Appendix 23 (continued). 

TITLCiN: 1&~~ 
IULON.i~ 
JEtLON.i92 
li:J L[~.194 
'T£fLON.1~ 

lHU:~~L"'* 
TITL~.202 
TITLOW.~ 
RESULT .2i3 
CVPBPJJ.~i 
CV?P.HU.~3 
TJe~=L T. DH T 
TITU1N.~ 
C'vP~J. fil5 
fn...U .1Sb 
MHiLIS .1~ 

tH~JS .185 
RIHL~i.DAT 

-190-

5 1 B-~ii.l -82 
5 18-Ju -E=2 
5 18-.ki -82 
5 18-Ju -82 
5 13--Jti -82 
5 i9-:...ii.l -ij~ 
5 1 9=-Ji.l -82 
5 1S--~ -82 
5 19--iu -82 
5 19-Ju -E;2 

13 19-.J~.l -82 
13 19---!u -82 
1 i=J Krr~ ~i 
5 19--~i-S2 

13 19-Jui-82 
5 19--~.3 
5 19---~r-63 
5 19=-J.~! -~3 
5 1!; :;_~~ S-1 
51~~~ R3 ••••• data file 

created by 
RISURF 



Appendix 23 (continued). 

PROGRAM RISURF 
c••••••••••••••••••••~••~•******~***~****'****************************** 
C OBJECTIVE: COMPUTATION OF COMPLEX REFRACTIVE INDEX OF A BARE 
C SUBSTRATE AS A FUNCTION OF UAVELENGTH FROM AN 
C ELLIPSOMETRIC SPECTRAL SCAN. 
c 
C PROGRAM URITTEN BY JOSEPH C. FARMER IN SPRING 1981 AT LBL-MMRD 
c 
C************************************************************~*********~ 

CDMMON/A/NAVGI400l,POLI400l,ANAI400l 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOPI20l,IDI20) 
COHMON/F/LMPTTYP,LMPSERI101,LMPVLT,LMPAHP 
COMMON/G/IPMTYPI10l,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAHPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/lHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMHON/L/IDAY,IMON!3l,IYRS,LMPHRS 
COMMON/H/IWAVEI400l 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI236l 
COMHON/0/NPASS 
COHMON/TITLE/NTITLEI5,30l,NUORDI2,21l 
COMMON/MODE/MODEO,MODE1,FACTOR 
NPASS=1 

C*''**CALIBRATE THE DIGITAL ENCODER FOR UAVELENGTH••~*t*~*~***~********* 
CALL WLCALC 

C***~*TITLES FOR LABELING GRAPHICS ARE READ FROH "DY1:TITLE.DAT".***t** 
MODE0=3 
CALL TITLE 

C*****INPUT STORED DELTA/PSI DATA FOR SUBSTRATE FROM FLOPPY DISK******** 
1 TYPE 2018 

ACCEPT 2019,UAIT 
CALL INFUT 
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Appendix 23 (continued). 

C*****ACCEPT INCIDENT HEDIUH REFRACTIVE INDEX AND ANGLE OF INCIDENCE*~** 
f'HID=7S. 

2 TYPE 200B,PHID 
TYPE 2009 
ACCEPT 2010, IFO 
IFIIFO.NE.1HY.AND.IFO.NE.1HN>GOTO 2 
IFiiFO.EG.1HN1GOTO 3 
TYPE 2011 
ACCEPT 2012,PHID 
GOTO 2 

3 CONTINUE 
TNO=i.O 

4 TYPE 2013, TNO 
TYF'E 2014 
ACCEPT 201S,IFO 
IFCIFO.NE.1HY.AND.IFO.NE.1HNIGOTO 4 
IF\IFO.EG.lHNlGOTO S 
TYPE 2016 
ACCEFT 2017, TNO 
GOTO 4 

5 CONTINUE 
CtttttPERFORM REFRACTIVE INDEX COMPUTATION USING SUBROUTINE "REFIND''**** 

TYPE 2024 
DO 10 1=1,400 
DELir::POi. <I) /1 00. 
PSID"ANA\Ii/100. 
CALi. REFINDIPHID,DELD,PSID,TNO,TN,TK> 
F'OL\l)=TN:+-1000. 
ANAii/=H(~·1000. 

iO CONTINUE 
C*****Pi.OT THE RESULTS ON VTSS GRAPHICS TERKIWAL*~*********~*******~**** 

100 TYPE 2006 
ACCEPT 2000,IF4 
IFIIF4.NE.1HY.AND.IF4.NE.iHNJGOTO 100 
IF<IF4.EQ.1HN>GOTO 110 
CALL PLOT 

i 1 0 CONTINUE 
C*****STORE THE COMPLEX REFRACTIVE INDEX SPECTRA ON THE FLOPPY DISK***** 

200 TYPE 2001 
ACCEF"T 2000,IF1 
IFIIF1.NE.1HY.AND.IF1.NE.1HN>GOTO 200 
IFIIF1.EQ.1HNIGOTO 300 
CALL OUTPUT 

300 CONTINUE 
IIO 310 1=1,400 
POLII)•POLII)/1000. 

310 ANAill=ANAII)/1000. 
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Appendix 23 (continued). 

C*****DISPLAY THE NUMERICAL RESULTS ON THE V1S5 CRT SCREEN****~****i**** 
400 THE 2002 

ACCEPT 2000, I F2. 
IF<IF2.NE.1HY.AND.IF2.NE.1HNlGOTD 400 
lFIIF2.EG.iHN/GOTO 600 
CALL T1INFO 
CALL Ti TIME 
TYPE 2003 
DO 500 1=1,400 

500 TYPE 2004,l,IUAVEII>,POL<I>,ANA<IJ 
C•••••PRODUCE A HARDCOPY OF REFRACTIVE INDEX DATA ON LINE PRINTER*~**~*~ 

600 TYF"E 2005 
ACCEPT 2000,IF3 
IFIIF3.NE.1HY.AND.IF3.NE.IHN)G0i0 600 
IF<IF3.E0.1HNlGOTO 800 
CALL P1INFO 
CALL F.i TIME 
IIO 710 IPAGE::.i ,4 
J=IPAGE-1 
PRINT 2020,IF'AGE 
PRINT 2021 
DO 700 1=1,50 
I1=J:+.100+I 
12=11+50 

7 0 0 F' R I N T 2 0 ::: 2 ~ I 1 , l U A V E \I 1 i , P 0 L \ I i I , Mi '~ I I 1 > , I 2 , I W ,;v E I I 2 l , P 0 L< 12 ) 
C,ANAII2J 

710 PRINT 2023 
BOO CONTINUE 

C*****EXECUTE ''RISURF~ AGAiN IF D~Sl~ED********************************~ 
1000 TYPE 2007 

ACCEr-T 2000,IF5 
IFIIF5.NE.1HY.AND.IF5.NE.1HNlGOTO 1000 
IFIIF5.NE.iHYlSTOP 
NPASS=Nr·t=tSS+1 
GOTO 1 
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Appendix 23 (continued). 

20.:10 FORnATIA1l 
2001 FORMAT\/,'$ DO YOU UANT THE COMPLEX REFRACTIVE INDEX STORED 

C\Y/NI? ') 
2002 FORMAT!/,'$ DO YOU WANT TO DISPLAY THE COMPLEX REFRACTIVE 

C INDEX ON THE CRTIY/NJ? ') 
2003 FORMATI//,5X,'COMPLEX REFRACTIVE INDEX AS A FUNCTION OF 

C WAVELENGTH',/) 
2004 FORMAT<5X,'I = ',I3,5X,'Ul; ',I5,5X,'N = ',F7.4,5X,'K = ',F7.4l 
2005 FGRMATII,'$ DO YOU UANT A HARDCOPY OF THE REFRACTIVE 

C INDEX DATAIY/Nl? ') 
2006 FORMAT!/,'$ DO YOU UANT TO PLOT THE REFRACTIVE INDEX DATA 

C AGAINST UAVELENGTHIY/NJ? 'l 
2007 FGRMATII,'$ DO YOU UANT TO EXECUTE THE PROGRAM AGAINIY/Nl? ') 
20GB FORMATI/,' THE ASSUMED ANGLE OF INCIDENCEIDEGl ~ ',F6.2l 
2009 FDRMATI/,'$ SHOULD THIS VALUE BE CHANGEDIY/Nl? 'l 
20i0 FORMATIA1 l 
2011 FORMATI/,'$ PHIDIF6.2/DEGl = ') 
2012 FORMATIF6.2) 
2013 FORMAT!/,' THE ASSUMED INCIDENT MEDIUM REFRATIVE INDEX -

CF7.4l 
2014 FORMATII,'$ DO YOU WANT TO CHANGE THIS UALUEIY/N)? ') 
2015 FGRMAT<Ail 
2016 FORMATI/,'$ INCIDENT MEDIUM REFRACTIVE INDEXIF7.41 = ') 
2017 FORMAT<F7.4) 
2018 FORHAll/,'$ INSERT THE STORAGE DISK WITH SUBSTRATE DELTA/PSI 

C DATA, THEN "RETURN" ... I 
2019 FORHATIAi) 
2020 FORKATI//1,10X,'COMPLEX REFRACTIVE INDEX DATA AS A FUNCTION OF 

C wAVELENGTH F'AGE .·,I 1 I 
2021 FORHATI///,1X,2C9X,'INDEX',3X,'UL',7X,'REAL',4X,'IMAGINARY'll 
2022 FORHATI2111X,I3,2X,I5,4X,F7.4,4X,F7.4J) 
2023 FORHATI////1////) 
2024 FORMATII,' COHF'UTATION IN PROGRESS •••••••••••••••••••• ') 

END 
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Appendix 23 (continued). 

SUBROUTINE REFIND!PHID,DELD,PSID,TNO,TN,TKi 
c•••••••••••••••••••••••••••**********'******************************~* 
C OBJECTIVE: TO COMPUTE THE COMPLEX REFRACTIVE INDEX OF A BARE 
C SURFACE FOR A SINGLE SET OF VALUES OF DELTA, PSI, 
C UAVELENGTH, AND INCIDENT HEDIU~ REFRACTIVE lNDEX. 
c•••••••••••••••••••••••••••••••••••••••••***************************** 

COMPLEX RHO,T2,S2,TNC,I 
ALPHA=0.01745329252 
F'HI=PHID~ALPHA 

PSI.:.: F'S HI;~; AL F' HA 
DEL::.DELI~tALPHA 

I=CiiF'LXiO.O, 1.0) 
RHO=ISINIPSil/COSiPSll)*CEXP<I•DELl 
Sl=SINiPHil 
Tl=SINIPHIJ/COSIPHIJ 
T2=< i .O+RHOI/i < 1.0-RHOHTi) 
S2=T2/CSGRT< 1 .O+T2H2) 
TNC=<TNQ:+.Si )!52 
TN=REAL<TNCi 
TK=AinAG \TNC) 
RETURN 
END 
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Appendix 24. 

Demonstration of RISMTH - Langrangian smoothing of complex refractive index spectra 

.RUN DYi:RISMTH 

POWER 
WL= 
WL= 
~= 
~= 

~= 
ilL= 
WL· = 
~- = 

~z:: 

WL= 
Wl.:o;:: 
WL= 
WL= 
WL= 
WL= 
wt_:c: 

~
WL= 
WL= 

OF L.AGR.ANGIAN SMODTH:rnb PlL YND~·HRL 
5155 POL Y"ERDET COIT = --e.319£+~ 
5174 POL v'fJIDET c:ocr = -t.314£~ 
5133 POL VERLG (;(!fJ = -t.31¥£~--4 
1\::H:;; ro_ \WYoi:!ET CLTI = -t. 3i5E ~ 
~:2~~ 
5243 
s;.::~~ 
~~=-= 

52£-£ 
~5 

·~ .987 
~~ 
~24 

5iiB 
5137 

PGL 
Fi)L 

F-=-=-r 
~-i_=Lf" 

CJ:u 
F({_ v'E~i:8 CUEF = ~. 2E~; ~ 
POL VtJ~~D C:C£F = -e. 281E +~4 

f'DL VERnET CO£F - ~~.371E~-4 
PC~t_ VE¥~T CULt = -t. 3€-tt: +~4 
ffi_ Vt:PJiL T CUEf = -t ~ltd +i4 
POL ~..nET COIT .., -e. 357"£ ~ 
P:i:il ¥£RG'£T COEF = -t. 3!:2£ ~ 
POL VERDL T CCit..F :: -t. 34-7£ +~ 
PL!L VEPJlET C~ = -t .. 34-~;[~ 
P'dl VE¥~--r (:(ff = -t: ~=~~ +~-4 
POL \lfP..DET COEr :: :. 3-:JJE ~-4 
POL V£Rl:i£T C:OJ = -i. J?:=C +~ 
POL VEF~T IT«T = ...e.324E~ 

= 2 
ANA 
~ ... 
~ 
N~l; 

~\ 
fi:0_""; 

ANA 

\'ERDET COCF = -o.197£ ~ 
vuu:u o:~r = -e. 199£: ~ 
vmT C::!J£f = ~- Z$~: +~ 
Yt.ttjjt_ ~ CLiEF = ~ = l~~~ ~rl 

VLRnt.-r 
VE~-..DET 

r--~ 

LL!i:..~ 
r_-..z-_ 
\....!Jt...t 

= ~=~;~E~~~ 
= ~=~==+~ 

F~ \=~~~T (:[~f = -~=~Pz1:.~~~ 
AWR VERt~ T C:C!EF = -t = ~9£ ~~ 

A....i...!,F 
Hi'!ri 

ANR 
tfil; 
ANA 
A.~ 
RNA 
~ 
~ 
~": 

ANR 

VER-JJET 
\:l(~~~T 
VERI~T 
Y't-FXV 
Vt-~~T 
VtifJJET 
V[Rnf"T 
:~~~ 

¥Lt=l~~ 
YrCTET 
§~:..L~= 

VL~~~T 

CLi[f = ~s 1E;ft+~~ 
(:[~F = ~ c 1 E;..?:[ ~-4-
CUEF = -i.1E~=E ~~ 
(:[~f = ~a 1E:£=£ +~ ~ 
C:O£f == ~: 1BE1:. ~-+ 

Note: POL VERDET COEF 

PERF~y;l00 •• 44E+i4 

and ANA VERDET COEF are n and k, respectively, both multiplied 

STOP 
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Appendix 24 (continued). 

Listi~g of RISMTH 

PROGRAM RISMTH 
c•••••••••••••••••••••************************************************* 
C OBJECliVE: TO CONTROL I/0 AND SMOOTHING OF RI SPECTRA. 
c 
C URITTtN ~y JOStPH C. FARHER ON OCTOBER 30, 1981, LBL-MHRD~ UCB. 
c 
c••••••••••••••******************************************************** 

COMHON/A/NAVGI400>,POLI400l,ANAI400) 
COHHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/E/NAHEOP<20l,IDI20) 
COHHON/F/LHPTYP,LHPSERI101,LHPVLT,LHPAHP 
COHMON/G/IPHTYPI10>,IPHTDV 
COHHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAHPLP,IAHPLA,ITIMEP,ITIMEA 
COMHON/I/IGAGP,IGAGA,IGATP~IGATA 
COHMON/L/IDAY,IMONI3l,IYRS,LHPHRS 
COHHON/M/IUAVE1400) 
COHHON/N/ICHAN,IBLOCK,IFLAG,IBUFFI256l 
COMMDN/G/ASLOPEI4001,PSLOPEI400l,AINTERI400),PlNTER<400l 

1000 CONTINUE 
100 FORMAT<A1) 

TYPE 1 
FORMAT il, '$ INSERT DISK UITH WAVELENGTH CALIBRATION - "RETURN''.'> 
ACCEPT 100,IUAIT 
CALL ULCALC 
TYPE 2 

2 FORMAT!/,'$ INSERT DISK UITH RI SPECTRA FILE TO BE SMOOTHED 
C - "RETURN".·') 

ACCEPT 100,IUAIT 
CALL INPUT 
DO 2000 I=1,400 
PSLOPE<I>=POLII> 

2000 ASLOPE<I>=ANAII> 
CALL SMOOTH 
DO 3000 I=1,400 
F'OLII)=PSLOPE<I> 

3000 ANA<I>=ASLOPE<I> 
TYPE 3 

3 FORMAT<!,'$ INSERT THE DISK FOR SMOOTHED RI SPECTRA 
C - "RETURN".') 

ACCEPT 100,IUAIT 
CALL OUTPUT 

4 CONTiNUE 
TYPE 5 

5 FORHATI/,'$ ARE OTHER FILES TO BE SHOOTHEDIY/Nl? ') 
ACCEPT 100,IUAIT 
IF<IUAIT.NE.1HY.AND.IUAIT.NE.1HNIGOTO 4 
IFIIUAIT.EG.1HYIGOTO 1000 
STOP 
EN II 
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Appendix 25. 

Demonstration of RIGENl - generation of spectroscopic refractive index data file 
by linear regression of literature data; assumes no 
absorption bands over spectral range of data 

~.EER Of PDINIS TO BE REGRESSED = 3 

O];~CTIC~\Y/N}? N 

K{fit.:n = 5. t 

fii = ~= ~7£~ i1 = ~: ~'{k""{,_"\l_ ~1 ~..1 = i. Gi=¥£+i11 
·~., 

F:L = fi. :i~~-i2 B2 = ~.4333£+91 R2 - i. cea£¥.11 

IS S'h=t"Tt£TIC RI SP£CTR4 Tu !E STOREIHY/10? Y 

-198-



Appendix 25 (continued). 

~tTIOOn/N)? N 

flU tw£ FOR 11£ NEW SPECTRAL SCAN <td2! ::: lff1RI6Liti0CM 

IS ~"!UP~ TO BE EXECUTED AGAHHY/10? Y 

DIGITAL ENCODER PRESETS: 

CALIBF.HTION aJRV£ S£6MOH trU1i£R 1: 
SLOPE = 18. Hi0 
IhiERCEPT = 5600. H 
CORREL.ATION COEfTICifJH = 1.~ 

CALIBRATION C:LIRV£ S£6tEt:ff ~;E.=ER 2: 
SLOPE = -18. ~ 
ltf!H~CEPT = 8£95.H 
CORRELATION COITfiCIEJH = 1. ~ 

.fOR 
UJJCi.FUR 
£DATA .fUR 
Rl~'TST. fOR 
~ .. UT~=~ = FL!R 
fCA~bi.FUR 

THi f" .nAT 

tiJE~iH. SHV 
R16Ettl:SHV 
FILM .FCiR 

7 14-Jun-Si 
12 16-Ju.n-81 

3 23-[iet -Bi 
2 23-Det-81 
5 23-[tct --81 
50~iii 
4 12-NQ;..>-81 
4 17-.Ju .. rr-81 
4 t7-~c-t:a 
~ i7-[tec-8i 
G3 13-~c-81 
49 13-~e-Si 

fCPLOT .fllR 
"nrus .roo 
SE:VH2.FOR 
EDATAL..FOR 
ILC-ALC.Hft.J 
fCAv~b£. fUR 
SMOOTH. FOR 
fAA..ADY.DAT 
I&.~i.FOR 
RIStiTH.FOR 
RI6£~1.FOR 
P~LI~.r0R 
DtASES.FOR 
CSHS£S.FOR 
CS?1fiT. Hit 
CSMSES.SAV 
£HAfiT.SA¥ 
NDRrtAL.Wl 

it 17-Ju..rr81 
3 17-Jun-81 

18 23-0et-81 
J 22-ikt-81 
1 28-0ct-81 
G ~-Wov-Bi 
6 ~2--fiD:...;-81 
9 i-2-Nn¥--81 

11 07-!iec--B! 
4 13-r~e-~Hi 
G 13-~c-Si 
-4 13-~:.-Bi 

11 18-~larr-82 
~~ i2-~ 
11 12-'-~ 82 

41 18-fet-82 

FI~2=F[~ 
C~IT.SHV 
L~IT.FOR 
t£~~g_.FQR 
fC~TH.OlU 

3 14-[~-81 
S3 1 S-Jan-82: 

5 20--Jan-82 
4ii 12-~iarr-82 
12 21-Jarr-82 

4 18-feb-82 
7 23-fiay-82 

Rl~~i.DEM 5 21-Jan-a3 
SMOUTH. OB.J i2 z3-¥od:Y-82 

••••••.••..•.•.•••••••.••.••••.••.••• generated data file 

73 files, 95€ Blocks in directory of DYl: 

1B fr~ bloe¥-..s 
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Appendix 25 (continued). 

Listing of RIGENl 

PROGRAM RIGEN1 
c•••******************************************************************* 
C OBJECTIVE: TO USE A LINEAR REGRESSION ROUTINE TO CREATE A 
C SIMULATED RI SPECTRA THAT VARIES LINEARLY UITH 
C WAVELENGTH. REGRESSION IS DONE OH REFRACTIVE INDEX 
C DATA ENTERED FROM THE KEYBOARD BY THE OPERATOR. 
c 
C BY JOSEPH C. FARMER, DECEMBER 13, 1981, LJL-MMRD, UCB. 
c 
C********************************************************************** 

COMMON/A/NAVGC400>,POLC400>,ANA<400> 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COHMON/E/NAMEOPI20>,ID<20) 
COMMON/F/LHPTYP,LMPSERClOJ,LMPVLT,LMPAMP 
COMHGN/G/IPMTYPC10J,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/1/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NUL,NPOL,NCHP,NANA 
COHMON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONC3>,IYRS,LHPHRS 
COMHON/H/IUAVE(400> 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFC256) 
REAL•4 DBLKI2J,NAMEC20) 
REAL-1<4 H1, M2 
CONTINUE 
TYPE 10 

tu FORMAT(/,~$ INSERT DISK UITH WAVELENGTH CALIBRATION FOR THE 
C DIGITAL ENCODER AND "RETURN" •. J 

ACCEPT 11 ,IUAIT 
11 FORMAT(Il) 

CALL ULCALC 
CALL RILINECM1,M2,Bl,B2,R1,R2> 
DO 1000 1=1,400 
POL<Il~<Ml•IUAUE<Il+B1lt1000. 

1000 ANACIJ=CM2tiUAVEIIJ+B2lt1000. 
12 TYPE 13 
13 FORHAT(/,'$ IS SYNTHETIC RI SPECTRA TO BE STOREDCY/N)? ') 

ACCEF'T 14, IFLAG1 
14 FORMATCA1 > 

IF II FLAG 1 • N E • 1 H Y • AND. IF LAG 1 • N E. 1 HN l G 0 T 0 1 2 
IFCIFLAG1.EG.1HNlGOTO 40 
DO 2000 I=1, 10 
LMPSER<Il=lHX 

2000 IPMTYP<I>=1HX 
DO 3000 I=1,3 

3000 IHONII)=1HX 
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UIPVLT=O 
LiiPAnP=O 
IPHASP=O 
IGAINP=O 
IAMPLP=O 
ITIMEP=O 
IPHASA=O 
IGAINA=O 
ItiMPLA=O 
ITIMEA=O 
IGAGP=O 
IGATP=O 
IGAGA=O 
IGATA:=O 
NRATE::O 
NSCAN=O 
IPOL=O 
IANA=O 
NIJL=O 
NPOL::O 
NCMP=O 
NANA=O 
IHRSO=O 
I11INO=O 
ISECO=O 
ITICO::O 
IHRSF::O 
IMINF::O 
ISECF::O 
ITICF=O 

Appendix 25 (continued). 

TYPE 20 
20 FORMAT(/,'$ INSERT DISK FOR SYNTHETIC RI SPECTRA AND ''RETURN".') 

ACCEPT 21, IIJAIT 
21 FORMAT<I1l 
30 TYPE 31 
31 FORMAT(/,'$ NAME<20A2) = ') 

ACCEPT 32,<NAHEOP<I>,I=1,20) 
32 FORHATC20A2l 

TYPE 33 
33 FORMAT<I,'S IDC20A2) = ') 

ACCEPT 32,<ID<Il,I=1,20) 
TYPE 34 

34 FORHAT<I,'S CORRECTION<Y!Nl? ') 
ACCEPT 35,IFLAG2 

35 FORMAT<All 
IF<IFLAG2.NE.1HN.AND.IFLAG2.NE.1HYlGOTO 30 
CALL OUTPUT 

40 CONTINUE 
41 TYPE 42 
42 FORMAT(/,'$ IS PROGRAM TO BE EXECUTED AGAIN<Y/Nl? ') 

ACCEPT 43,IFLAG3 
43 FORKATiAll 

IF<IFLAG3.NE.1HY.AND.IFLAG3.NE.1HN>GOTO 41 
IFiiFLAG3.EQ.lHY)GOTO 1 
STOP 
END 
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Appendix 26. 

Demonstration of DYER! - simulation of dye adsorbate refractive index data file 
from absorption spectra measured with the spectral scan
ning ellipsometer serving as spectrophotometer 

= 1274. 

IS THE D'f"£ RI Sf'ECTRA TO BE STGREIH'I.tlt!? Y 

STOP --

I~:~~IT & t[~ 

~I~~a:2JLE. ~OR 

SL~~~3.HAT 
r~TNL~.DAT 

.r~HT 
Sf~C:~;c I~ T 
SF~C~-B. DR T 

SL~=!~J. DR T 
ec:r r·" § ru-.._ T 
,_;:: i....';;..-.E.'::aL.~; 

~Ci2:!JHT 
SF=~Ci4z nAT 
SU~i2.[~T 
~-~i4.[1AT 
~C1S.DAT 
sr-t:Ci5:DAT 
~~~lB:LEHT 
Sfi.:Ci7 .nAT 
DIT~I .[~ 
i-3 fi!esJr 

5 ~7-£~-82 
t3 e7-Rf'r-B.i 
3 07-Se-F-82 
5 07-E~B2 
5 17-SeF-82 
5 ~7-£.eF-S2 
5 e7-SeF--82 
5 17-Sa----82 
5 07-C:....e-F-£:2 
5 07-Se¥-a2 
5 17-Se-Y-82 
5 ~7-Se~-8-2 
5 ~7-Se-P---82 
5 ~7-Se-F-82 
5 17-SeF--82 
5 10-~-82: 
5 1~-Sef>-82 
51~£~ 
5 1i'-£~-S2 

MI~JD. SRV 
I~.rr .mu 
Sl~.I!RT 
SILVER. IIHT 
SPEC~.I~T 
SP£Ci7:DHT 
SPEC~.I~T 
~7.[iAT 
su~~3. r<A T 
SP£C11.DAT 
SPEC13.DAT 
~iLI:iHT 
SLJW13.UHT 
SPECib.[~T 
SP£C19. [iHT 
St.~16.DRT 
SU~.iS.I:>HT 
~17.DHT 

4~ ~7~-B2 
34 i7-~-B2 
5 i7-Sef:-H2 
5 i7-f;ep-82 
5 ~7-ScP-82 
5 ~7~82 
5 i7-SEF-B2 
5 07-£~-E~ 
5 *7-~~.2 
5 17-E::ft=--& 
5 t7-£~B2 
s v7-SeF-6-~ 

5 f7-~F-S2: 

5 1~~-82 
5 1~~~-s-2 
5 1.._~~-fQ 
5 i~Set=-82 

5 21----~rS-.3 •••••••••••••••••••••.••••••••.••••••.•• generated data 
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Appendix 26 (continued). 

Simulated rhodamine-B complex refractive index spectra: 
required input data 

~-------------- ... -------------------------------------------------------------------: 

ASSUHES N=1. 5 

ORIGIN: X = 
SCALE: X = 

------------
-----~--------

data file DYlRHODBlDAT 

y = 
y = 

-----------

1.4~ 

··~ 

-----------------------------------------------------------------------------------------------------------·-

data file DYlRHODBODAI-

----

--
A611i/H2e/1 & SF3-runB;-p-H-~ 
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Appendix 26 (continued). 

Simulated rhodamine-B complex refractive index spectra: 
data output by DYERI 

=--------------------------------------------------------------------------------------------------------------------------------

X= 
X= 

4~¥.H~ 
3H!.t~ 

y = 
y = e.L¥ 

--------------------------------------------------<-

data file DYlDYERI DEM 

.-~•&•a=u-~ts~·······•··-·----····------·---······---··---·····-----·---·-···-·········------·-··-----------·---~---·------=·------: 

TIIL~~~~ft.~-..Tf\f{:' TU~v-/V-.-AT.,:,TC'- \{'i-__ -; ~--~1- ~ F~_-;'"r",=~.~(_-_Y_--A¥_-_--1*' __ -,_-_.: "-.---~-----=.- --------------
.&..iti"'E_: c~ -..F-r~ i .a. Ta- ~~:. ~ i --,.--':.:-~.&.-= f • =" -r-=- . . ~ -

~ -.. 
'11.~-

·-... 

ORI6H~: X = ~= ~~ y = -2= ¥-~~ 
SC~=.£: X = ~ a...-"3;.~ "' = C.~ 

~ . ~~ I ....... --= 

data file DYlDYERI DEM 
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Appendix 26 (continued). 

Linting of DYERI 

PROGRAM DYERI 
C************************************************************************ 
C OBJECTIVE: TO GENERATE RI SPECTRA FOR DYE SOLUTIONS FROM ABSORBANCE 
C SPECTRA MEASURED UITH THE ELLIPSOMETER. 
c 
C BY JOSEPH C. FARMER, DECEMBER 13,1981, LBL-HHRD, UCB. 
c 
C************************************************************************ 

COHHON/A/NAVG1400i,POL~400l,ANAI400l 

COMHON/B/NRATE,NSCAN,IPOL,IANA 
COMHON/E/NAMEOPI20l,IDI20l 
COMMON/F/LMPTYP,LHPSERI10l,LHPVLT,LHPAHP 
COHMON/G/IPHTYPI10i,IPHTDV 
COMHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAHPLP,IAMPLA,ITIHEP,ITIHEA 
COMHON/I/IGAGP,IGAGA,IGATP,IGATA 
COHHON/J/NUL,NFOL,NCHF,NANA 
COHHON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONI3l,IYRS,LMPHRS 
COHKON/H/1UAVEI400l 
COHMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI256l 
REAL*4 DBLKI2l,NAMEI20) 
DIMENSION DNI400l 
FORMAT<I1 l 

2 FORMATiF10.4i 
10 TYFE 100 

100 FORMAT!/,'$ INSERT REAL Rl COMPONENT DISK - "RETURN".') 
ACCEPT 1, HIAIT 
CALL INF'UT 
DO 200 J=1 ,400 

200 DN (J l =POL< J l 
TYPE 300 

300 FORMAT<!,'$ INSERT !HAG RI COMPONENT DISK - "RETURN".') 
ACCEF'T 1 , I UA IT 
CALL INPUT 
TYPE 400 

400 FORMATI/,'$ EXTINCTION COEFFICIENT MAXIMUM- ') 
ACCEF'T 2,DKHAX 

500 

600 
700 
701 

702 

TYPE 500 
FORKATI/,'$ FILE MAXIMUM VALUE 
ACCEPT 2,FILMAX 
DO 600 J=1,400 
ANAIJl=IANAIJl•DKHAX/FILHAXl•lOOO. 
POLl J l =DN I J i 
TYPE 701 
FORMAT!/,'$ IS THE DYE RI SPECTRA TO BE STOREDIY/Nl? ') 
ACCEPT 702,IFLAG 
FORHAT<Al l 
IFIIFLAG.NE.1HY.AND.IFLAG.NE.1HNlGOTO 700 
IFIIFLAG.NE.1HYiGOTO 10 
CALL OUTPUT 
STOP 
END 
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Appendix 2 7. 

Demonstration of MINUS - subtraction of spectroscopic ellipsometer data files 

1Effit~.SHV 25 13-feb-81 
PUITtn ~ ~V 59 Ji SeP Bi 
RECALL~ SAV 83 27--Ka:t-£2 
RISlfP.F ~ SAV 8& 16--lrr-81 
~- rcw 1 28--0et-81 
DSCON'i.SAY H 27-HaY-82 
l3 Files., 974 Blocks 

lRKSL T .SAw 
SCM .SRV 
~~~¥ 
IIIMJS • Sl!V 
ILCDNT.OU 

·13 13-F eb-R1 
Db 23-&t -Bi 
.. 17-~r-81 
11~1 

• r~ blocks ........................................ end of directory of DYO: 

.RUN DYi: tf.!NUS •••••••••••••••••••••••••••••••••••••••• running MINUS 

INPUT SPECTRA TO BE US£D AS IASf! INE: 

twE Of SPECTRA FILE TO IE RETRI£\'ED ~ IIT160LD 183 

D1PUT SPECTRA TO BE SUBTRACTED: 

liTLL~=1E:S 5 18-=-lul--82 IULfJJ~~1~ 5 18-.Ju~-fif 
li.H .. ~. 191 5 iB-~.d-82 iuU:iN. 1~ 5 1B--~l-H2 
1&~.193 5 18-Jul-82 TEf]-~.194 5 1S--!ul-S2 
TITUW.195 5 19--iu!-82 1ITLOH.1~ 5 ts---Jul--£2 
TITLI!ri.197 5 19-Jul-82 TITUIN.1~ 5 15-Jul-B2 
IULOH.199 5 19-Ju!-82 TITLON.2H 5 19-.Jul-82 
li:JLDN.~i 5 19-Jui-82 TIT~.£."'V2 5 1!t--iu1-S2 
TITLOti.~3 5 19-Jul-82 ~.214 5 t:r-Jul-S2 
TiTU:~.~ 5 19-Jul-82 RL..~T .~3 5 19-J~..Il-82 
C'wiiHU.~ 13 19-Jul--62 CWBHU.~i 13 19-..iui-S2 
CYPBFJ.J.tfJ2 13 19-Jul-82 CVPV...AU~~ 13 19--~1-BZ 
C'¥"f~.~ 13 19-Jul-EZ TRHSLT.£1HT 1 00 ~-...~Bi 
Pa...TDAT.DRT 58 19-Jul-82 Trfl.L~.~-w£ 5 1.9-Jul-82 
ftiLCIN~~? 5 1~-~!-82 CVPP:AUsUJ 13 19-~iul-e2 
Cw~.W£ 13 19-...Jul-82 GOLD .1Sb 5 19-Jdfi f:-3 
~ .18.3 5 19-Jan-83 tUNL~ .1~ 5 15-J&r;..--83 
StiLE ~ 100 5 19-.. Jan-83 MINUS • !RK 5 19--~~ f~J 
~ .18.5 5 i!t-Jan-83 KlfWS .if~ 5 ~~-imr~-3 
~"1HU.DAT 5 19--~83 IUAUtLDAT 5 19-Jur.-B-3 
~J~_E .DEH 5 19--~ .................................. data file created by 

1G7 File-s, S5i Blod..s MINUS on DYl: 
24 Free blod!..s 
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Appendix 27 (continued). 

Listing of MINUS 

PROGRAM MINUS 
C**************************************~******************************* 
c 
C OBJECTIVE: TO PROVIDE "SUBTRACTED" ELLIPSOHETRIC SPECTRA. 
c 
C PROGRAM BY JOSEPH C. FARHER IN SPRING 1981 AT LBL HHRD 
c 
c•••••••••••*********************************************************'~ 

COHKON/A/NAVGC400J,POL<400J,ANAC400J 
COKKON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/E/NAHEOP(20J,IDC20J . 
COHHON/F/LHPTYP,LHPSERC10>,LKPVLT,LHPAHP 
COHHON/G/IPHTYP(10>,IPHTDV 
COHHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAHPLP,IAHPLA,ITIMEP,ITIHEA 
COHHON/I/IGAGP,IGAGA,IGATP,IGATA 
COHHON/J/NUL,NPOL,NCHP,NANA 
COHHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF 
COHHON/L/IDAY,IHON<3J,IYRS,LHPHRS 
COHHON/H/IUAVEi400) 
COHHON/N/ICHAN,IBLOCK,IFLAG,IBUFFC256> 
DIMENSION POC400>,AOC400) 
T'iF'E 10 

10 FORHATI/,' INPUT SPECTRA TO BE USED AS BASELINE:/) 
CALL INPUT 
DO 15 I"1,400 
PO< I l =POL< I J 

15 AO<IJ=ANACI) 
TYPE 20 

20 FORHAT<I,' INPUT SPECTRA TO BE SUBTRACTED:/) 
CALL INPUT 
DO 25 I=l ,400 
POL<IJ=POLCIJ-POCIJ 

25 ANACIJ=ANACIJ-AO<I> 
CALL OUTPUT 
STOF' 
END 
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Appendix 28. 

Demonstration of NORMAL - normalization of spectroscopic ellipsometer data files 

~-liG 
GOLD .183 
6f:!i n .188 
GCLli .185 
!64 tiles.-

13 19-Jill...a2 
5 19-Jan-83 
5 19-.Jan-63 
5 1&--Jiln-83 

S35 llodls 

&OliJ .taG 
IIINUS .taG 
lffiriS .. 188 
tWiJS .185 

5 19-Jarrll3 
519--~ 
5 19-Jarrll3 
5 19-Jan-a3 

'39: r~ .bl~...s ................................................. end of directory of 

.RUN DY1:NDRMAL .•..•.•••••..•••..••.•••.... running NORMAL 

JfPJT SPECTRA TO BE USED AS IIRW..IZATifJC BASIS: 

Wit£ fF SPECTRA tilE TO BE R£TRI[V[D : DY1GOLD 183 

IWUT SPECTRA TO B£ I«RffiLIZ£1): 

tWtE Of SPECTRH riLE TD BE RETRI£VED = DY100l.D 185 

fit£ NAME fOR THE NEll SPECTRAL SCAN (t\12} = DY1HORtW ... DB1 

IS rrt: PRL~ TO I£ EXECUTED AGAINC1/Hi? H 

STOP-

U:fLGN.187 5 18-Jul-82 TULON.ia£ 5 18-Jlll-82 
fULr!N.189 5 1&-Jul-82 TITLOH.t~ 5 18-.Jul-82 
HJLL~.191 5 18-Jul-62 TEFLON.1S2 5 18-Jul-82 
TITL~.193 5 18-Jul-82 1ITL00.1M 5 18-... lul...-82 
TEfLDN.195 5 19-.Jul--82 TITtfli.19b 5 19--Jui-82 
tr..FLOH.197 5 19--Jul--82 TEfl.flt.1~ 5 19--Jul-82 
TEH£~.199 5 19-Ju l-82 TEtLON. 2ft 5 19-Ju.l-82 
l£ft.ON.201 5 19--Jul-& 1ITLON.2e2 5 19--Jul-82 
IULON.2i3 5 ts-.-Jul~ TEfLON.~ 5 19-.... lul-82 
rtJ U1N. cw 5 1!f-Ju l-82 R£SlL T. 2i3 5 19-Jul--82 
~.He 13 1~Ju!~ CVPBAU.H1 13 19--Ju!-82 
CVPBAU.H2 13 19-.Jul-82 CVPBAU.H-3 13 19-Jul--82 
CVPBAU.004 13 19--Jul-82 TRNSLT.DAT 1 ~1 
Pj...TDAT ,BAT 5B 19--Jul~ 1ULOW.2eb 5 19-Jul-82 
IULL~.2t7 5 19-Jul-82 CVPEAU.H5 13 1~-Jul--82 
~-106 13 i~Jul-82 6ilJ) .. 186 5 19-..Jan-83 
liD! n .183 5 19--Jan-B3 tfiti.JS .. ~ 5 19-.Jan-83 
&nLD .100 5 19-Jarr-83 KIHUS .. um 5 ts-.JN.-83 
OOLD .185 5 19--Jan-83 tmiJS .. 185 5 ts--..Jan-£:3 

DYl: 

NORKRL.DEF. 5 21-Jan-SJ •.••...•.•.••.••....••.....•...... data file created by 
165 riles. 94-t lHDCks NORMAL on DYl: 
34 free blocY-..s 
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Appendix 28 (continued). 

Listing of NOR}~L 

PROGRAM NORMAL 
C********************************************************************** 
c 
C OBJECTIVE: TO PROVIDE "SUBTRACTED" ELLIPSOMETRIC SPECTRA. 
c 
C PROGRAM BY JOSEPH C. FARMER IN SPRING 1981 AT LBL KMRD 
c 
C********************************************************************** 

COMHON/A/NAVG<400>,POL<400>,ANA<400> 
COHHON/B/NRATE,NSCAN,IPOL,IANA 
COHHON/E/NAHEOP<20>,ID<20> 
COMHON/F/LKPTYP,LMPSER<10>,LMPVLT,LHPAHP 
COMKON/G/IPMTYPi10>,IPMTDV 
COHHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMHON/1/IGAGP,IGAGA,IGATP,IGATA 
COMHON/J/NUL,NPOL,NCHP,NANA 
COKMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COHMON/L/IDAY,IHON<3>,IYRS,LMPHRS 
COMKON/M/IUAVEi400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF<256) 
DIMENSION P0<400>,A0<400> 

1 TYPE 10 
10 FORMAT<!,' INPUT SPECTRA TO BE USED AS NORMALIZATION BASIS:'> 

CALL INPUT 
DO 15 I=1,400 
PO<I>=POL<I> 

15 AO<I>=ANA<I> 
TYPE 20 

20 FORMAT<!,' INPUT SPECTRA TO BE NORMALIZED:'> 
CALL INPUT 
no 25 I=1,400 
IF<POL<I>.ED.PO<I>>GOTO 21 
IF<PO<I>.EO.O.lGOTO 22 
POL<I>=POL<I>IPO<I> 
GOTO 25 

21 POL<U=1. 
GOTO 25 

22 POL< I> =0. 
25 POL<IJ=2047.*POL<I> 

DO 35 I=1,400 
IF<ANA<I>.EQ.AO<I>>GOTO 31 
IF<AO<I>.ED.O.>GOTO 32 
ANA<I>=ANA<I>IAO<I> 
GOTO 35 

31 ANA<I>=l. 
GOTO 35 

32 ANAii>=O. 
35 ANA<I>=2047.*ANA<I> 

CALL OUTPUT 
40 TYPE 45 
45 FORKATi/,'S IS THE PROGRAM TO BE EXECUTED AGAIN<YIN>? ') 

ACCEF'T SO,IFLAG 
50 FORHAT<A1) 

IF<IFLAG.NE.1HY.ANII.IFLAG.NE.1HN>GOTO 40 
IF<IFLAG.EQ.1HN>STOP 
GOTO 1 
END 
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Appendix 29. 

Demonstration of EMASES - simulation of spectroscopic ellipsometer measurements 
based upon the Maxwell-Garnett theory 

INSERT HOST ttEDILI'I R1 DATA II~ - -JIETt&i". 

IMt£ fF SPECTRA FilE TO BE RETRI£V£D :;z: DYiSfL~ !JAT 

llltiER Of FIUt eotFf»EHTS :: 1 

INSERT CfJ1POt£NT •p Rl DATA Dis.;; - ·REllh~·. 

CiJfUU.ff WL.lJ£ FRACTION c t. J 

IX) YW WANT TO a:JRRECT ENTRY<YIN/? N 

tw£ Dr SPECTRA flU TO IE RETRI£VI'~ = DY1LEAD BAT 

DO mJ Wlfi'T 11/'PARtiH fiLM RI STmEIHY/'Nl? Y 

JNS[RT SUBSTRRT£ RI DATA DIS*:: - •RE:llJm• • 

. Wit£ Of SPECTRA tiLE TO IE R£TRir-'tU} :: DYiCOPP£RriAT 

1HiL.E Of INCIDD4CEUEG .. f1t.4> = 75. 

75.1fK~ T-= 1~. 

CORRECTIONS<YJN)? N 

SlOP-
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Appendix 29 (continued). 

Listing of E~~SES 

PROGRAM Ei"'ASES 
c•••*********************************************************************** 
C OBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SPECTRA BASED UPON 
C EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX 
C SPECTRA, AND OPERATOR INPUT FILM THICKNESSES AND VOID 
C FRACTIONS. THE THEORETICAL BASIS IS THE MAXWELL-
C GARNETT THEORY AND ALLOWS ONE TO TAKE INTO 
C ACCOUNT MICROPOROSITY AND INCLUSIONS LESS THAN THE 
C UAVELENGTH OF THE LIGHT. 
c 
C BY JOSEPH C. FARMER, DECEMBER 13,1981, LBL-MMRD, UCB. 
c 
C************************************************************************* 

COMMON/A/NAVGI400I,POLI4001,ANAI4001 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOPI20l,IDI201 
COMMON/F/LMPTYP,LMPSERI10I,LMPVLT,LMPAMP 
COMMON/G/IPMTYPI101,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITii"'EA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NUL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONI31,IYRS,LMPHRS 
COMMON/M/IUAVEI4001 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI2561 
COMMON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX EHI4001,Ei4001,SUMI4001 
REAL•4 DBLKI21,NAMEI20) 
DIMENSION Xl10) 
FORMAT(l1 I 

2 FORI'IATIA11 
C*****UAVELENGTH CALIBRATION OF DIGITAL ENCODER 

TYPE 3 
3 FORMAT!/,'$ INSERT DISK UITH UAVELENGTH CALIBRATION FOR THE 
C IJIGITAL ENCODER - "RETURN".·' I 

ACCEF'T 1, IUAIT 
CALL ULCALC 

C*****HOST MEDIUM RI SPECTRA INPUT FROM FLOPPY DISK 
1 00 TYPE 4 

4 FORMATIJ,·'$ INSERT HOST MEDIUM RI DATA DISf:- "RETURN".·') 
ACCEPT 1, ILIA IT 
CALL INPUT 
DO 1000 J=-1,400 
POLIJ)=POLIJI/1000. 
ANAIJI=ANAIJ)/1000. 
EHIJI=CMPLXIPOLIJI,ANAIJII 
EHIJI=EHIJI•EHIJ) 

1000 SUM<JI=O. 
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Appendix 29 (continued). 

C*****FILM COMPONENTS' RI SPECTRA INPUT FROM FLOPPY DISK 
TYPE 5 

5 FORMAT<!,'$ NUMBER OF FILH COMPONENTS = ') 
ACCEPT 20,NCOI1P 

20 FORKAT<IS> 
THETA=l. 
DO 3000 I=l,NCOMP 
TYPE 6 

6 FORMAT<!,'$ INSERT COMPONENT "I" RI DATA DISK- "RETURN".') 
ACCEPT 1, IYAIT 

100 TYPE 7 
7 FORMAT<!,'$ COMPONENT VOLUME FRACTION = ') 

ACCEPT 21,X(I) 
21 FORMAT<F5.3l 

TYPE 8 
8 FORMAT(/,'$ DO YOU YANT TO CORRECT ENTRY(Y/NJ? ') 

ACCEPT 2, I FLAG 
IF<IFLAG.NE.1HNJGOTO 100 
CALL INPUT 

C*****AF'PARANT FILM RI SPECTRA COMPUTED FROM COMPONENT SPECTRA 
DO 2000 J=1,400 
POL<J>=POL(Jl/1000. 
ANA<J>=ANA\Jl/1000. 
E(Jl=CHPLX<POL<JJ,ANA\J)) 
E<Jl=E<J>•E<J> 

2000 SUMiJ>=SUH(Jl+X<I>•<E<J>-EH(J))/(E(Jl+2.*EH(J)) 
3000 THETA=THETA-X<Il 

DO 4000 J=1,400 
E<J>=EH<J>•<1.+2.•SUM(J))/(1.-SUM(J)) 
E<Jl=CSGRT<EiJ)) 
POL(Jl=REAL(E(J)) 
ANAiJ)=AIMAGiE(J)} 
POL<Jl=POL<J>•1000. 
ANA<Jl=ANA(J)*1000. 

4000 CONTINUE 
C*****THE APPARANT FILM RI SPECTRA IS STORED ON DISK 

120 TYPE 9 
9 FORMAT(/,'$ DO YOU YANT APPARANT FILM RI STOREDiY/Nl? ') 

ACCEPT 2,IFLAG 
IF<IFLAG.NE.1HY.AND.IFLAG.NE.1HN>GOTO 120 
IF<IFLAG.EG.1HNlGOTO 130 
TYPE 16 
ACCEPT 24,<ID(Il,I=1,20> 
CALL OUTPUT 

130 CONTINUE 
C*****SUBSTRATE RI SPECTRA INPUT FROH FLOPPY DISK 

TYPE 1 0 
10 FORMAT<!,'$ INSERT SUBSTRATE RI DATA DISK- "RETURN".') 

ACCEPT 1 , I IJA IT 
CALL INPUT 
[10 5000 J= 1 , 400 
POL(J)=POL(J)/1000. 
ANA(Jl=ANA(J)/1000. 

5000 SUM(J)=CHPLX<POL(J),ANA\J)) 
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Appendix 29 (continued). 

C*****ANGLE OF INCIDENCE AND FILM THIC~NESS INPUT FROM CRT 
140 TYPE 11 

11 FORMAT<!,'$ ANGLE OF INCIDENCEIDEG,F10.4l = ') 
ACCEPT 22,PHI1 

22 FORMATIF10.4l 
145 TYPE 12 

12 FORMAT<!,'$ FILM THICKNESS<ANG,F10.0) = ') 
ACCEPT 23,T 

23 FORMATIF10.0> 
TYPE 13,PHI1,T,THETA 

13 FORMAT<!,' PHI = ',F10.4,10X,' T = ',F10.0,10X,'THETA = ',F10.4l 
1 SO TYPE 14 

14 FORMAT<!,'$ CORRECTIONSIY/N)? ') 
ACCEPT 2,IFO 
IFIIFO.NE.1HN.AND.IFO.NE.1HY>GOTO 150 
IFIIFO.EG.1HY>GOTO 140 

C*****THE PSI-DELTA SPECTRA IS COMPUTED FROM INPUT SPECTRA 
DO 6000 J=1 ,400 
EHiJl=CSGRT<EHIJ)) 
TNA=REALI EH ( J)) 
TNKA=-AIMAG<EHiJ>> 
TNF=REALIE(J) l 
TNKF=-AIMAGIE(J)) 
TNS=REALI SUM ( J)) 
TNKS=-AIMAGISUHIJ)) 
UL=IUAVE<J> 
CALL FILM 
IF<DELC.GT.180.JGOTO 160 
POL<J>=DELC•100. 
GOTO 170 

160 POL(JJ=IDELC-360.lt100. 
170 ANA<J>=PSIC•100. 

6000 CONTINUE 
C*****THE COMPUTED PSI-DELTA SPECTRA IS STORED ON DISK 

180 TYPE 15 
15 FORHATI/,'$ DO YOU UANT TO STORE THE SIMULATED SPfCTRAIY/Nl? ') 

ACCEF'T 2, IFl 
IF<IF1.NE.1HN.AND.IF1.NE.1HY>GOTO 180 
IFIIF1.EG.1HNJGOTO 190 
TYPE 16 

16 FORMAT\/,'$ IDENTIFICATIONI20A2l = ') 
ACCEPT 24,<ID<I>,I=1,20l 

24 FORMAT<20A2l 
CALL OUTPUT 

C*****OF'ERATOR CAN EXECUTE PROGRAM AGAIN UITHOUT LOADING BUFFER 
190 TYPE 17 

17 FORMAT<!,'$ DO YOU. UANT TO EXECUTE THE PROGRAM AGAINIY/Nl? ') 
ACCEPT 2,IF2 
IFIIF2.NE.1HN.AND.IF2.NE.1HYJGOTO 190 
IF<IF2.Eu.1HN>STOP 

200 TYPE 18 
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Appendix 29 (continued). 

18 FORKAT<I,'$ DO YOU YANT TO CHANGE RI DATA<A> OR 
C FILH THICKNESS<B>? ') 

ACCEPT 2,IF3 
IF<IF3.NE.1HA.AND.IF3.NE.1HB>GOTO 200 
IF<IF3.EQ.1HA>GOTO 100 
IF(IF3.EQ.1HB>GOTO 145 
STOP 
END 
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Appendix 29 (continued). 

SUBROUTINE FILH . 
C*********************************************************************** 
C THIS SUBROUTINE COMPUTES "PSI" AND "DELTA" FOR A SIHPLE HOHO-
C •GENEOUS FILM ON A SUBSTRATE GIVEN (1) THE REFRACTIVE INDICES OF 
C THE SUBSTRATE, FILH, AND INCIDENT HEDIUH; <2> THE FILH THICKNESS; 
C 131 THE UAVELENGTH dF THE SOURCE; AND 141 THE ANGLE OF INCIDENCE. 
C*********************************************************************** 

COHHON/FLHDAT/TN1,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
PHI=0.01745329252•PHI1 
CP=DCOSIPHil 
SP=DSINIPHil 
TN3=CHPLX<TNS,-TNKS> 
CPHI3=CSQRTC1.0-TN1**2*SP•t2/CTN3**2ll 
TN2=CHPLXCTNF,-TNKF> 
CPHI2=CSQRT<1.0-TN1**2*SP**2/CTN2**2ll 
R1S=<TN1•CP-TN2•CPHI21/(TN1tCP+TN2•CPHI2J 
R1P=-CTN1tCPHI2-TN2•CPI/ITN1~CPHI2+TN2tCP> 
R2S=CTN2•CPHI2-TN3tCPHI31/CTN2•CPHI2+TN3tCPHI3J 
R2P=-<TN2tCPHI3-TN3tCPHI2l/CTN2•CPHI3+TN3tCPHI2J 
Z=<0.0,1.0J•<4.0•3.1415927•TIUL)*TN2*CPHI2 
RS=CR1S+R2StCEXP<-ZJJ/Cl.O+RlS*R2S•CEXPI-Zil 
RP=IR1P+R2PtCEXPI-Zll/C1.0+R1PtR2PtCEXPI-Zll 
RHO=RP/RS 
PSIC=DATANICABSIRHOll/0.01745329252 
DELC=DATAN2CAIHAGCRHOI,REALIRHOII/0.01745329252 
RETURN 
END 
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Appendix 30. 

-Demonstration of BRUGMN .... simulation of spectroscopic ellipsometer measdreinents 
based upon the Bruggeman theory 

INSERT DISk: WITH WA\l£LEHGTH CALIBRATION fOR THi:. DIGITAL £NCrniER - -RET~~·. 

DO YOU WANT TO R£VIDI ENC0D£R WAV£t..£NGTH CALIBRATION PARNET£Rs.tY!lii? N 

JNSERT MmiENT tEDIUK RI lATA DISK - •R£lt.Ri•. 

NNE fF SPECTRA riLE TD B£ R£TRI£V£D : DY1SCL~ BAT 

~T CC-f"lfi£.~1 •r RI DATA DISK - •R£1~". 

1Wt: [F SPECTRA riLE TO 1£ RETRI£VED == In'1SOL~ DAT 

lNSERT SUBSTRATE RI DATA DISK - ·~·. 

~MG.£ fF INCIDENC£<D£G,rtt.4) = 75. 

T= ... ~ 

lS A COMPOSITE FILM RI WANT£D(Y/tH? N 

STOP-
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Appendix 30 (continued). 

Listing of BRUGMN 

PROGRAM BRUGMN 
C************************************************************************** 
C OBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SPECTRA BASED UPON 
C EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX 
C SPECTRA, AND OPERATOR INPUT FILH THICKNESSES AND VOID 
C FRACTIONS. THE THEORETICAL BASIS IS THE BRUGGEMAN 
C EFFECTIVE MEDIA APPROXIMATION, ALLOUING ONE TO TAKE INTO 
C ACCOUNT MICROPOROSITY AND INCLUSIONS LESS THAN THF-
C UAVELENGTH. 
c 
C BY JOSEPH C. FARMER, DECEMBER 13,i98i, LBL-MMRD, UCB. 
c 
C************************************************************************ 

COMMON/A/NAVG<400>,POL(400>,ANA<400) 
COHHON/B/NRATE,NSCAN,IPOL,IANA 
COMHON/E/NAMEOPI20),IDI20> 
COMMON/F/LHPTYP,LMPSERC10>,LHPVLT,LMPAKP 
COMMON/G/IPMTYPI10>,IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NUL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMONI3),IYRS,LMPHRS 
COMKON/M/IUAVE(400) 
COHMON/N/ICHAN,IBLOCK,IFLAG,IBUFF<256) 
COMMON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,WL,PHI1,T,DELC,PSIC 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
DIMENSION FNI3,400>,FK<3,400>,ANC400>,AK(400) 
COHKON/THETA/THETA. 
REALt4 DFLKI2),NAHEI20) 
FORMATII1) 

2 FORHATCA1) 
C*****UAVELENGTH CALIBRATION OF DIGITAL ENCODER 

TYPE 3 
3 FORKAT<I,'S INSERT DISK UITH UAVELENGTH CALIBRATION FOR THE 
C DIGITAL ENCODER - "RETURN".') 

ACCEPT 1,IUAIT 
CALL ULCALC 

C*****AHFIENT MEDIUM RI SPECTRA INPUT FROH FLOPPY DISK 
100 TYPE 4 

4 FORHAT<I,'S INSERT AMBIENT MEDIUM RI DATA DISK- "RETURN".') 
ACCEPT 1,IUAIT 
CALL INPUT 
DO 1000 J=1,400 
AN(J)=PQL(J)/1000. 

1000 AK<J>=ANAIJ)/1000. 
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Appendix 30 (continued). 

C*****FILH COMPONENTS' RI SPECTRA INPUT FROH FLOPPY DISK 
DO 3000 1=1,2 
TYPE 6 

6 FORHATII,'$ INSERT COMPONENT "I" RI DATA DISK - "RETURN".') 
ACCEPT 1, IUAIT 
CALL INPUT 
DO 2000 J=1,400 
FN<I,J>=POL<Jl/1000. 

2000 FK<I,J>=ANA(J)/1000. 
3000 CONTINUE 

C*****SUBSTRATE RI SPECTRA INPUT FROH FLOPPY DISK 
TYPE 10 

10 FORMAT<!,'$ INSERT SUFSTRATE RI DATA DISK- "RETURN".'> 
ACCEPT 1, IUAIT 
CALL INPUT 
DO 5000 J=1,400 
POL(J)=POL(J)/1000. 

5000 ANA<J>=ANA(J)/1000. 
C*****ANGLE OF INCIDENCE AND FILM THICKNESS INPUT FROM CRT 

140 TYPE 11 
11 FORHAT<I,'S ANGLE OF INCIDENCE\DEG,F10.4) = ') 

ACCEPT 22,PHI1 
22 FORHAT<F10.4> 

145 TYPE 12 
12 FORHAT<I,'S FILM THICKNESS<ANG,F10.0) = ') 

ACCEPT 23,T 
23 FORHAT\F10.0> 

TYPE 7 
7 FORMAT<!,'$ COMPONENT 11 VOLUME FRACTION = ') 

ACCEPT 21,THETA 
21 FORHAT<F5.3) 

TYPE 13,PHI1,T,THETA 
13 FORHAT<I,' PHI = ',F10.4,10X,' T = ',F10.0,10X,'THETA = ',F10.4) 

150 TYPE 14 
14 FORMAT(/,'$ CORRECTIONS(Y/N)? ') 

ACCEPT 2,IFO 
IF<IFO.NE.1HN.AND.IFO.NE.1HYJGOTO 150 
IF<IFO.E0.1HY>GOTO 140 

C*****APPARANT FILM RI SPECTRA COMPUTED FROM COMPONENT SPECTRA 
DO 4000 J=1,400 
TNF=FtH1 ,JJ 
TNKF=-FK<1,J) 
TNA=FN<2,JJ 
TNKA=-FK<2,JJ 
CALL EMA 
FN<3,J)=TNF 

4000 FK<3,J)=-TNKF 
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Appendix 30 (continued). 

C*****THE PSI-DELTA SPECTRA IS COKPUTED FROK INPUT SPECTRA 
DO 6000 J=1,400 
TNA=AN(J) 
TNKA=-AK(J) 
TNF=FN13,JI 
TNr:F=-FKi3,JI 
TNS=POL\J) 
TNKS=-ANAiJi 
IJL=IUAUEIJI 
CALL FILM 
IFIDELC.GT.180.1GOTO 160 
f'OLIJI=IIELC•lOO. 
GOTO 170 

160 POLIJI=IDELC-360.1*100. 
170 ANA<Jl=PSIC•100. 

6000 CONTINUE 
C*****THE COMPUTED PSI-DELTA SPECTRA IS STORED ON DISK 

180 TYPE 15 
15 FORMATI/,'S DO YOU UANT TO STORE THE SIMULATED SPECTRAIY/NJ? 'I 

ACCEPT 2, IF 1 
IF!IF1.NE.1HN.AND.IF1.NE.1HYIGOTO 180 
IF<IF1.E0.1HNIGOTO 189 
TYPE 16 

16 FORMATII,'S IDENTIFICATION120A21 = 'I 
ACCEPT 24,<IDIIl,I=1,20l 

24 FORHATI20A21 
CALL OUTPUT 

189 CONTINUE 
C*****AN APPARANT SUBSTRATE RI SPECTRA OF FILM COVERED SURFACE COHPUTED 
C BEFORE NEXT FILK LEVEL INCREMENT 

TYPE 6999 
6999 FORHATI/,' CALCULATION OF SUBSTRATE RI FOR NEXT INCREMENT •••• ') 

flO 7000 J=1,400 
DELC=POLIJI/100. 
PSIC=ANAIJI/lOO. 
CALL REFIND 
POLl J i =TNS 

7000 ANAIJI=-TNKS 
C*****OPERATOR CAN EXECUTE PROGRAH AGAIN UITHOUT LOADING BUFFER 

190 TYPE 17 
17 FORHATI/,'S DO YOU UANT TO EXECUTE THE PROGRAH AGAINIY/NI? ') 

ACCEPT 2, IF2 
IFIIF2.NE.1HN.AND.IF2.NE.1HYlGOTO 190 
IFIIF2.E0.1HNIGOTO 9999 

200 TYPE 18 
18 FORHATI/,'$ DO YOU UANT TO CHANGE RI DATAiAI OR 

C INCREHENT FILHIB)? 'I 
ACCEPT 2,IF3 
IF\IF3.NE.1HA.AND.IF3.NE.1HBIGOTO 200 
IFIIF3.E0.1HAIGOTO 100 
IF<IF3.E0.1HBIGOTO 145 
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Appendix 30 (continued). 

C*****A COMPOSITE FILH RI SPECTRA IS COMPUTED IF DESIRED 
9999 TYPE 9998 
9998 FORMAT<!,'$ IS A COMPOSITE FILH RI UANTEDCY/Nl? ') 

ACCEPT 2, I FLAG 
IF<1FLAG.NE.1HY.AND.IFLAG.NE.1HN>GOTO 9999 
IF<IFLAG.EG.lHN>STOP 

9997 TYPE. 9996 
9996 FORHAT<I,'S COMPONENT Ml VOLUME FRACTION = ') 

ACCEPT 21, THETA 
9995 TYPE 9994 
9994 FORHAT<I,'S CORRECTIONSIY/N)? ') 

ACCEPT 2, IFLAG 
IF<IFLAG.NE.1HY.AND.IFLAG.NE.1HN>GOTO 9995 
IF<IFLAG.EG.1HY>GOTO 9997 
DO 9993 J=1,400 
TNF=FN<1,J) 
TNKF=-FK ( 1, J) 

TNA=Ff.I12,J) 
TNKA=-H!2,Jl 
CALL EHA 
FN<3,J!=TNF 
HI3,J)=-TNKF 
POL<Jl=TNF*1000. 

9993 ANAIJl=-TNKF*lOOO. 
TYPE 16 
ACCEPT 24,<IDII>,I=1,20l 
CALL OUTPUT 
GOTO 9999 
STOP 
END 
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Appendix 30 (continued). 

SUBROUTINE EMA 
C************************************'***********************************4 
C OBJECTIVE: TO COMPUTE THE EFFECTIVE MEDIA REFRACTIVE INDEX VIA 
C THE BRUGGEMAN MIXING RULE FOR A BINARY COMPONENT FILM. 
c•••••***'***************************************************************~ 

COMHON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,E1,E2,A,B,ROOT1,ROOT2 
SFLAG=O. 
E1=CHPLXITNF,-TNKFI 
E2=CHPLXITNA,-TNKAI 
E1=EHE1 
E2=E2tE2 
Xl=THETA 
X2=1 .-THETA 
A=0.5•1E1•<X2-2.•X1J+E2•1X1-2.•X2ll 
B=-0.5•1EhE2> 
ROOT1=0.S•<-A+CSGRTiA*A-4.•B>I 
RHAG1=CABSiROOT1i 
ROOT2=0.5•<-A-CSGRTIA•A-4.•BII 
RHAG2=CABS(R00T21 
IFIRHAG2.GT.RMAG1 iGOTO 98 
E=ROOTl 
RFLAG:l. 
GOTO 99 

98 E=ROOT2 
RFLAG;:2, 

99 CONTINUE 
TN2=CSGRT < E> 
TNF=REAL<TN21 
T NfT=-A I HAG ( TN2 l 
IFITNF.GE.O.O.AND.TNKF.GE.O.OI GOTO 102 
SFLAG=SFLAG+l. 
IF<SFLAG.GT.l.ISTOP 
IF<RFLAG.EG.l.IGOTO 101 
E=ROOT1 
GOTO 99 

101 CONTINUE 
E=ROOT2 
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 

10 YOO IMHT TO REVU:W ENCtiDER WWEl...DI'iTH CALIJIRATION PMNIETERS<YltO? N 

INSERT DI~ WITH INCIDENT I£DIA RI SPECTRA - '"RETlJRH•. 

tiN£ £i" SPECTRR Fli f TO B£ RETRI~~ u: lrf1Sfe N DAT 

INSERT Dis;( WITH Sl iBSTAA TE RI SP£CTAA - ·R£TL~ • • 

= 1~)= 

T = 1~. ncrA = 

STOP-.. 
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Appendix 31 (continued). 

Listing of CSMSES 

PROGRAM CS11SES 
C************************************************************************** 
C OBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SPECTRA BASED UPON 
C EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX 
C SPECTRA, AND OPERATOR INPUT FILM THICKNESSES AND ~OID 
C FRACTIONS. THE THEORETICAL BASIS IS THE COHERENT 
C SUPERPOSITION HODEL, ALLO~ING ONE TO TAKE INTO 
C ACCOUNT ISLAND FORMATION. THIS HODEL IS APPLICABLE 
C UHEN THE ISLANDS ARE SMALLER THAN THE COHERENCE LENGTH. 
c 
C BY JOSEPH C. FARMER, DECEMBER 13,1981, LBL-MHRD, UCB. 
c 
C************************************************************************* 

COHMON/A/NAVG<400l,POL(400l,ANA<400l 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAHEOP<20>,ID<20l 
COMHON/F/LHPTYP,LMPSER<lOl,LHPVLT,LMPAHP 
COHMON/G/IPMTYP<10J,IPHTDV 
COHHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAHPLP,IAMPLA,ITIHEP,ITIMEA. 
COHHON/I/IGAGP,IGAGA,IGATP,IGATA 
COHHON/J/NUL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF 
COHHON/L/IDAY,IHON<3>,IYRS,LHPHRS 
COHMON/H/IUAVE<400) 
COHHON/N/ICHAN,IBLOCK,IFLAG,IBUFF(25o) 
COHHON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,WL,PHil,T,DELC,PSIC 
COMHON/CSHDAT/TNF1,TNKF1,TNF2,TNKF2,THETA 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
REALt4 DBLK<2>,NAHE(20l,N(4,400l,K<4,400J 

1 FORHAT<I1 > 
C*****UAVELENGTH CALIBRATION OF DIGITAL ENCODER 

TYF'E 2 
2 FORMAT<!,'$ INSERT DISK UITH UAVELENGTH CALIBRATION FOR THE 
C DIGITAL ENCODER - "RETURN".') 

ACCEPT 1, IUAIT 
CALL ULCALC 

C*****RI SPECTRA OF INCIDENT MEDIA INPUT FROM FLOPPY DISK 
9 TYPE 10 

10 FORHATC/,'S INSERT DISK UITH INCIDENT MEDIA RI SPECTRA 
C - "RETURN".'> 

ACCEPT 1, IUAIT 
CALL INPUT 
DO 11 I=l ,400 
N(1,Il=POL(IJ/1000. 

11 K<l,Il=ANA<Il/1000. 
C*****RI SPECTRA OF FILM COMPONENT 11 INPUT FROM FLOPPY DISK 

TYPE 20 
20 FORMAT<!,'$ INSERT DISK UITH FILM COMPONENT 11 RI SPECTRA 

C - "RETURN".·'> 
ACCEPT 1, IUAIT 
CALL INPUT 
DO 21 1=1 ,400 
N<2,I>=POL<Il/1000. 

21 K<2,Il=ANA<I>/1000. 
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Appendix 31 (continued). 

C*****RI SPECTRA OF FILM COMPONENT M2 INPUT FROM FLOPPY DISK 
TYPE 30 

30 FORMAT<!,'$ INSERT DISK UITH FILM COMPONENT M2 RI SPECTRA 
c - II RET u R N II • ' ) 

ACCEPT 1, HIAIT 
CALL INPUT 
ItO 31 I=1 ,400 
N<3,I>=POL<Il/1000. 

31 K<3,Il=ANAill/1000. 
C*****RI SPECTRA OF SUBSTRATE INPUT FROM FLOPPY DISK 

TYPE 40 
40 FORMAT<!,'$ INSERT DISK UITH SUBSTRATE RI SPECTRA 

C - "RETURN".' l 
ACCEPT 1, IUAIT 
CALL INPUT 
DO 41 i=1 ,400 
NC4,Il;POLIIl/1000. 

41 KC4,Il=ANACil/1000. 
C*****OPERAfOR INPUTS ANGLE OF INCIDENCE, FILM THICKNESS, ETC. 

1000 TYPE 1001 
1001 FORMAT<!,'$ ANGLE OF INCIDENCE<DEG,F10.4J = ') 

ACCEPT 1002,PHI1 
1002 FORMAT<F10.4) 

TYPE 1003 
1003 FORMAT<!,'$ FILM THICKNESS<ANG,F10.0J = ') 

ACCEPT 1004,T 
1004 FORMAT<F10.0) 

TYPE 1005 
1005 FORMAT<!,'$ FRACTION OF SURFACE COVERED BY FILM M1lF10.4)- ') 

ACCEPT 1006, THETA 
1006 FORMATIF10.4) 

TYPE 1007,PHI1,T,THETA 
1007 FORMATil,' PHI = ',F10.4,10X,' T = ',F10.0,10X,'THETA = ',F10.4) 
1008 TYPE 1009 
1009 FORMATi/,'$ CORRECTIONSCY/NJ? ') 

ACCEPT 1010,IFO 
1010 FORMATCA1> 

IF<IFO.NE.1HN.AND.IFO.NE.1HY>GOTO 1008 
IF<IFO.EG.1HY>GOTO 1000 
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Appendix 31 (continued). 

C*****THE PSI-DELTA SPECTRA IS COKPUTED 
DO 2000 1=1,400 
TNA=N<1,Il 
TNKA=-1{( 1, I> 
TNF1=N<2,I> 
TNF2=N<3,IJ 
TNKF1=-K<2,I> 
TN.{F2=-K < 3, I J 
TNS::oN(4,I> 
TNKS=-K < 4, I> 
UL=IIJAVE <I> 
CALL FIUI02 
IF<DELC.GT.180.JGOTO 100 
F'OL<IJ=DELC*100. 
GOTO 200 

100 F'OL<I>=<DELC-360.>*100. 
200 ANA<I>=PSIC*100. 

2000 CONTINUE 
C*****THE PSI-DELTA SPECTRA IS STORED 

50 TYPE 51 
51 FORKAT<I,'S DO YOU UANT TO STORE THE SIMULATED SPECTRA<YINJ? ') 

ACCEPT 52, IF 1 
52 FORKAT<A1l 

IFiiF1.EG.1HNJGOTO 60 
IF<IF1.NE.1HN.AND.IF1.NE.1HYJGOTO 50 
TYPE 53 

53 FORKAT<I,'S IDENTIFICATIONC20A2l = ') 
ACCEPT 54,<ID<IJ,I=1,20J 

54 FORHAT<20A2l 
.CALL OUTPUT 

C*****THE OPERATOR EXECUTES THE PROGRAH AGAIN IF DESIRED 
60 TYPE 61 
61 FORHAT<J,'S DO YOU UANT TO EXECUTE THE PROGRAM AGAIN<YJNJ? ') 

ACCEPT 62,IF2 
62 FORKAT<A1> 

IF<IF2.NE.1HN.AND.IF2.NE.1HYJGOTO 60 
IF<IF2.EQ.1HNJSTOP 

70 TYPE 71 
71 FORKAT<J,'S DO YOU UANT TO CHANGE RI DATA<A> OR 

C FILH THICKNESS<B>? ') 
ACCEPT 72, IF3 

72 FORHAT<A1) 
IF<IF3.NE.1HA.AND.IF3.NE.1HBJGOTO 70 
IF<IF3.EQ.1HAJGOTO 9 
IF<IF3.EQ.1HBJGOTO 1000 
STOP 
END 
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Appendix 31 (continued). 

SUBROUTINE FILM02 
COMMON/FLMDAT/TN1,TNF,TNKF~TNS,TNKS~WL~PHI1,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX RSX,RPX,RSY,RPY 
TNFO=TNF 
TNKFO=TNr(F 
PHI=0.01745329252•PHI1 
CP=-IICOS I PHI) 
SP=!ISIN\PHil 
TN3=CMPLXITNS,-TNKSl 
CPHI3=CSQRTC1.0-TN1tt2tSP••2/CTNJtt2ll 
TN2=CMPLXITNF~-TNKFJ 

CPHI2=CSQRTI1 .O-TN1**2*SPtt2/CTN2tt2ll 
RiS=ITN1tCP-TN2tCPhi2l/ITN1tCP+TH2tCPHI2l 
R1P=-ITN1tCPHI2-TN2tCF'l/ITN1tCPHI2+TN2tCF'l 
R2S=-CTN2•CPHI2-TN3tCPHI31/ITN2*CPHI2+TN3tCPHI31 
R2P=-CTN2tCPHI3-TN3*CPHI2l/ITN2tCPHI3+TN3tCPHI21 
Z=I0.0~1.0Jt(4.0t3.1415927tT/WLl*TN2tCPHI2 

RS=<R1S+R2StCEXPC-Zll/!1.0+R1StR2StCEXPI-Zll 
RP=CR1P+R2PtCEXPI-ZIJ/C1.0+R1PtR2PtCEXPC-ZJJ 
RSX=THETAH:S 
RF'X=THETM·RF' 
TNF=TN1 
TNKF=O. 
TN2=CHPLXCTNF,-TNKFJ 
CPHI2=CSQRTI1.0-TN1tt2tSPtt2/CTN2tt2ll 
R1S=ITN1tCP-TN2tCPHI2J/ITN1tCP+TN2tCPHI21 
R1P=-CTN1tCPHI2-TN2tCPl/CTN1tCPHI2+TN2tCPI 
R2S=ITN2tCPHI2-TN3tCPHI3l/ITN2tCPHI2+TN3tCPH!31 
R2P=-ITN2tCPHI3-TN3tCPHI2l/ITN2tCPHI3+TN3*CPH12l 
Z=iO.O,l.Ol•l4.0t3,1415927*T/WL>•TN2•CPHI2 
RS=IR1S+R2S•CEXPI-Zll/C1.0+RIS•R2S•CEXPI-Zl) 
RP=IR1P+R2P•CEXPI-Zll/(1.0+R1P•R2PtCEXFI-11l 
RSY=Il.-THETAl*F:S 
RPY=I1.-THETAJ•RP 
RS=r:SX+RSY 
RP=RPX+RPY 
TNF=TNFO 
TNf:F=TNKFO 
RHO=RP/RS 
PSIC=DATANICABSCRHOil/0.01745329252 
DELC=DATAN21AIHAGCRHOJ,REALIRHDIJ/0.017453~92S2 

RETUF:N 
END 
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Appendix 32. 

Demonstration of AISPEC - simulation of spectroscopic ellipsometer measurements 
based upon the uniaxial anisotropic film model 

INSERT DISK WITH iMW£LDSTH CALIBRAT![~ HiR THE DIGITAL D¥:L~ - "'Rat~". 

liD 'tOO WAti"T TO REVIEW ENCODER WAV£L£NETH CALIBRATIOW PftRn.~{ Y ;~}? ~ 

DiSrnT AHBID'i"T tEDIUM RI DATA DISJ:: - "'~ji·. 

NRME Of SP£CTRA FIL£ TO 1£ R£TRIEV£D = DY1SOLN nAT 

NN£ OF SPECTF.A TIL£ TO B£ R£TRI£VED = DY1H!DIT nAT 

J_.tEt""~T ~JBSTAAT£ IU nAT~ Dig: - "'RETURW". 

PHI= 75.~~ T = 32. 

!U IDJ Wtk! TO STOR£ THE SIMULATED SP£CTP.AO'/N1? Y 

STOP -
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Appendix· 32 ·(:continued). 

Recalling simulated spectroscopic data file 

Sf't:CiS: !:.AT 5 1i-SeP-S2 
SF=£Ci5.LIHT 5 ii-Se:P--82 
S~HL IIAT 5 H~-SeF-82 
SP£Ci7.DHT 5 it-~ 
DJERI • DEM 5 21-Jan-83 

G4 files. 84-9 Blocks 
125 r ree b l ocl.s 

.R RECALL 

11Hf1JT MOJJE: C 1 ) RAii DATA 
t2)PSI/D£LTA 

SP£C19.UAT 
SU~i~.I:iHT 
~19&DAT 
SUOOi 7. IIAT 
AISPEC.DEM 

t3ic::otFL£x REJ"RACTI\'£ Itffi£X 
<4H.'£RDET COEITICI£NTS 
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Appendix 32 (continued). 

Recalling simuiatP.d spectroscopic data file 

----------------------------------------------------------------------------------·-:-
~ DELTACY-AX~S; V5 WM'EL£NSTtHX-A.~!S1 -----~-----
~ .,.-:--....~!"'"--= 

~ SIL¥£R RI DATA lillJffiT~~--~----
: ~-

~ DYiAISPEC:nn~ ----------------

IIUSIH: X = _3t~7 ~ i!Hi 
x ::;_--- DGJ. ea: 

__ .,--

y:: 
y = 

~ -------------- .. -- ----------------------------------------------------------------------------------------·-· - -· 

- - -- ---
~...--- -- -----------""-

.:. 

--·- --- --- ---

SILVER RI I~Tfi 

ORIGIN: 
SCALE: 
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Appendix 32 (continued). 

Linting of AISPEC 

PROGRAM AISPEC 
c•••••********************************************************************* 
C OBJECTIVE: TO GENERATE SIMULATED ELLIPSOMETER SPECTRA BASED UPON 
C EXPERIMENTALLY DETERMINED OR GENERATED REFRACTIVE INDEX 
C SPECTRA, AND OPERATOR INPUT FILM THICKNESSES AND VOID 
C FRACTIONS. THE THEORETICAL BASIS IS THE ANISOTROPIC 
C FILM HODEL FDR A UNIAXIAL ANISOTROPIC, HOMOGENEOUS 
C OVERLAYER. 
c 
C BY JOSEPH C. FARMER, DECEMBER 13,1981, LBL-MHRD, UCB. 
c 
c•••••••••*************************************************************** 

COMMON/AI1/NO,N1ER,N1EI,N10R,N10I,N2R,N2I,UL,PHI,D;Psi,DEL 
COHMON/AI2/R01PP,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
COHHON/A/NAVGI400J,POL<400l,ANAC400l 
COMHON/B/NRATE,NSCAN,IPOL,IANA 
COHMON/E/NAHEOP<20l,ID<20l 
COMHON/F/LHPTYP,LHPSERI10l,LMPVLT,LMPAMP 
COHHON/G/IPHTYP!lO),IPHTDU 
COHHON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAHPLA,ITIHEP,ITIMEA 
COHHON/I/IGAGP,!GAGA,IGATP,IGATA 
COMHON/J/NUL,NPOL,NCMP,NANA 
COHHON/K/IHRSO,IHINO,ISECO,ITICO,IHRSF,IHINF,ISECF,ITICF 
COHMON/L/IDAY,IMONC3l,IYRS,LHPHRS 
COHMON/H/IUAVEC400l 
COHHON/N/ICHAN,IBLOCK,IFLAG,IBUFF\256) 
COMPLEX SPHI2,CPHI2,EXO,EX2,0RO,OR2,BETAP,BETAS 
COMPLEX R01PP,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
REAL NO,N2R,N2I,N1ER,N1EI,N10R,N10I 
DIMENSION FNC3,400J,FK13,400J,ANI400),AKI400) 
REALt4 DBLKC2l,NAHEC20) 
FORHAT<I1) 

2 FORHATCA1) 
C*****UAVELENGTH CALIBRATION OF DIGITAL ENCODER 

TYPE 3 
3 FORMAT<!,'$ INSERT DISK WITH WAVELENGTH CALIBRATION FOR THE 
C DIGITAL ENCODER - "RETURN".') 

ACCEPT 1,IUAIT 
CALL ULCALC 

C*****AHBIENT MEDIUM RI SPECTRA INPUT FROM FLOPPY DISK 
100 TYPE 4 

4 FORMAT!/,'$ INSERT AMBIENT MEDIUM RI DATA DISK- "RETURN''.') 
ACCEPT 1,IUAIT 
CALL INPUT 
DO 1000 J=1,400 
ANCJJ=POLIJ)/1000. 

1000 AKCJ)=ANA(J)/1000. 
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Appendix 32 (continued). 

C*****FILM COMPONENTS' RI SPECTRA INPUT FROM FLOPPY DISK 
TYPE 2001 

2001 FORMAT<I,'S INSERT RI SPECTRA DISK FOR Z-AXIS- "RETURN~.') 
ACCEPT 1, IUAIT 
CALL INPUT 
DO 2002 J=1,400 
FN<1,J)=POL(J)/1000. 

2002 FK(1,J)=ANA(J)/1000. 
TYPE 3001 

3001 FORHAT<I,'S INSERT RI SPECTRA DISK FOR X/Y-PLANE - "RETURN",'> 
ACCEF'T 1,IwAIT 
CALL INPUT 
DO 3002 J=1,400 
FN<2,J>=POL(J)/1000. 

3002 FK<2,JJ=ANA<Jl/1000. 
C*****SUBSTRATE RI SPECTRA INPUT FROM FLOPPY DISK 

TYPE 10 
10 FORMATI/,'S INSERT SUBSTRATE RI DATA DISK- "RETURN".') 

ACCEPT 1,IIJAIT 
CALL INPUT 
[10 5000 J= 1 '400 
POL(JJ=F'OLIJ)/1000. 

5000 ANAIJ)=ANA(J)/1000. 
C*****ANGLE OF INCIDENCE AND FILM THICKNESS INPUT FROM CRT 

140 TYPE 11 
11 FORHATI/,'S ANGLE OF INCIDENCE<DEG,F10.4) = ') 

ACCEPT 22,PHI1 
22 FORHAT<Fi0.4) 

145 TYPE 12 
12 FORHATI/,'$ FILH THICKNESS!ANG,F10.0) = ') 

ACCEPT 23, T 
23 FORMAT\Fi0.0) 

TYPE 13,PHI1,T 
13 FORMAT<!,' PHI = ',F10.4,10X,' T = ',F10.0) 

150 TYPE 14 
14 FORMAT(/,'$ CORRECTIONSIY/Nl? ') 

ACCEPT 2, IFO 
IF<IFO.NE.1HN.AND.IFO.NE.1HY>GOTO 150 
IF<IFO.EO..lHYIGOTO 140 
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Appendix 32 (continued). 

C*****THE PSI-DELTA SPECTRA IS COMPUTED FROM INPUT SPECTRA 
DO 6000 J=1,400 
NO=AN<J> 
N1ER=FN<1,Jl 
N1EI=FK<1,J) 
N10R=FN(2,Jl 
N10I=FK<2,Jl 
N2R=POL< J) 

N2I=ANA<Jl 
PHI=PHI1 
D=T 
IJL=IUAVEiJ) 
CALL AIFIU1 
POL<J)=DEL*100. 
ANA(Jl=PSI*100. 
IF<DEL.LE.180.)GOTO 6000 
POL<J>=<DEL-360.)*100. 

6000 CONTINUE 
C*****THE COMPUTED PSI-DELTA SPECTRA IS STORED ON DISK 

1 80 TYPE 15 
15 FORMAT<I,'S DO YOU UANT TO STORE THE SIMULATED SPECTRACY/N)? ') 

ACCEPT 2,IF1 
IF<IF1.NE.1HN.AND.IF1.NE.1HYlGOTO 180 
IF<IF1.E0.1HN>GOTO 190 
TYPE 16 

16 FORMAT<I,'S IDENTIFICATION(20A2) = ') 
ACCEPT 24,<IDiil,I=1,20) 

24 FORMATi20A2l 
CALL OUTPUT 

C*****OPERATOR CAN EXECUTE PROGRAM AGAIN UITHOUT LOADING BUFFER 
190 TYPE 17 

17 FORMATii,'S DO YOU UANT TO EXECUTE THE PROGRAM AGAINiY/N)? ') 
ACCEPT 2,IF2 
IF<IF2.NE.1HN.AND.IF2.NE.lHYIGOTO 190 
IFIIF2.EQ.1HNISTOP 
GOTO 100 
STOP 
ft./II 
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Appendix 32 (continued). 

SUBROUTINE AIFILM 
C************************************************************************ 
C OBJECTIVE: TO COMPUTE DELTA AND PSI FOR A UNIAXIALLY ANISOTROPIC 
C FILM 
C****************************************************************'******* 

COMMON/AI1/NO,N1ER,N1EI,N10R,N10I,N2R,N2I,UL,PHI,D,PSI,DEL 
COMMON/AI2/R01PP,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
COMPLEX SPHI2,CPHI2,EXO,EX2,0RO,OR2,BETAP,BETAS 
COMPLEX R01PP,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
REAL NO,N2R,N2I,N1ER,N1EI,N10R,N10I 
N1E=CHPLXIN1ER,N1Ell 
N10=CHPLX\NiOR,N10Il 
N2=CMPLXIN2R,N2II 
PI=3.1415927 
PHIO=PHI•0.01745329252 
SPHIO=SINIPHIOl 
SPHI2=NO•SINIPHIOl/N2 
CPHIO=COS<PHIO> 
CPHI2=CSQRTI1.-SPHI2tSPHI2l 
EXO=CSORTIN1EtN1E-NO•NO•SPHIOtSPHIOl 
EX2=CSQRTIN1EtN1E-N2tN2tSPHI2tSPHI2J 
ORO=CSORTIN10tN10-NOtNOtSPHIOtSPHIOl 
OR2=CSQRTCN10tN10-N2tN2tSPHI2*SPHI2J 
R01PP=< N10•N1EtCPHIO-NOtEXOI/IN10tN1EtCPHIO+NOtEXOl 
R12PP=I-N10tN1EtCPHI2+N2•EX2l/(N10*N1EtCPHI2+N2tEX2l 
R01SS=( NOtCPHIO-OROl/INOtCPHIO+OROI 
R12SS=I-N2•CPHI2-0R2l/IN2tCPHI2+0R2l 
BETAP=IO.O,l.Ol•4.0•PI•IN10/N1EltEXOtiD/ULl 
BETAS=I0.0,1.0lt4.0tPI•OR0t(D/ULl 
RPP=IR01PP+R12PPtCEXPI-BETAPll/11.+R01PPtR12PPtCEXPI-BETAPll 
RSS=CR0155+R12SStCEXPI-BETASll/(1.+R01SStR12SS*CEXPI-BETASll 
RHO=RPP/RSS 
PSI=DATANICABSIRHOll/0.01745329252 
DEL=DATAN21AIHAGIRHOl,REAL<RHOll/0.01745329252 
RETURN 
END 
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Appendix 33. 

Demonstration of EMAFIT 

ltrUT = ··"" 
ID YOU WANT TO~ EHTRY<YIN)? N 

nF :2. 

ltFUT : 2.MN 

~niT == 3. 

3.:~~ 

ne = e.2 

INPUT = 

PHI1 = 75~: 

IL. : 5H·5. 
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Appendix 33 (continued). 

ii.. ;: 5145. 

lWF~! = 5145.~ 
JD YOU WANT TO ~~ ENTR'"i <Y /N)? N 

D!F •. JT :r: 2e7. MH 

10 YOU WAk'T TC OW4GE t:NTRY<YitO? N 

3.~ 

TSTART = 29. 

N!!!J~ = 4 

INPUT=. 4 

119. 
STOP -

OiiRY\Yf~l? N 
43.3!~ 7.!!~ 
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.JHR 
22-Jiin-£-3 

PBf:Li57. I!H T 

PiC:L~=-9 ~ rsA T 
n-~1J€1 • DA T 
Pll~3.DAi 
PSr::::ut"':5. ~ T 
PIKLiib7. DA T 
fSi:J.J€:9. DA T 
FIC:U71 s DR T 

lli~.L T. 555 
PlUIHT.t~ 

16 24--No' ... r-Si 
16~~81 
1£ 29-~;,.,~81 
15 29--Nu,..~st 
tG li-nov-81 
16 ~'¥~81 
15 3&-Uov-81 
2t 30--Nov-81 
2f 61-D&..-Si 
2i ti-~~81 

1 17-Nov-81 
82 IS-Jan-52 

~IT.e7~ 47 24-J.n--82 
~IT.t73 68 26-Jan-82 
CSW"IT=t72 47 28-Jan-82 
Pl T""ilA T. DA T 82 1&-JiiD-S2 

J2 Fi l@s. H4 Blocl'...s. 
1i r~ bloci-~ 

Appendix 33 (continued). 

Data file created by EMAFIT from PLTDAT 

PBAG11.DHT 
PBAG12.£~T 
PB::l.it.~. [iii T 
PJCt!€2 = ItA T 
PBC:t.i£4. DR T 
PBL~.MT 
PBCUGB.DAT 

PBC:u72. DR T 
TRNSLL514 
1Rf6LT.DRT 
estFIT.t~ 
PLV.DAT .t.t~ 
PU1J¢iT .07"2 
OtAfiT.tn 
[MAfiT.DAT 
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1~ L.'S tK;~~Bi 
16 27~~31 
15 2~ JID:v~Si 
15 ~v=--81 
i£ :!~v~Si 
15 ~=,.~Sf 
15 ~ ~ .... ~i 
19 e-1-~=--81 
te e1-nec-e1 
1 F) ~v~i 
1 lti-Jar:.--82 

47 24-Jan---82 
~ifr~~ 
82 28-~82 
47 2B-Jar-,82 

1 ~Jarr£3 .... created file 



Appendix 33 (co~ti~ucd). 

Listing of EMAFIT 

PROGRAM EMAFIT 
C************************************************************************ 
C OBJECTIVE: TO INTEGRATE THE CURRENT PASSED DURING A FIXED 
C UAUELENGTH EXPERIMENT AND COMPUTE A DEPOSIT THICKNESS 
C AND FILH MICRO-POROSITY CONSISTENT UITH ELLIPSOMETER 
C MEASUREMENTS USING THE COHERENT SUPERPOSITION HODEL 
C AS A BASIS. 
c 
C BY JOSEPH C. FARMER, LBL-MMRD, UCB, 1-20-82 
c 
C************************************************************************ 

COHMON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,EH,EF,SUn 
DIMENSION IIH20l 
TYPE 100 

100 FORMAT(/,'$ INSERT DATA DISK - "RETURN".') 
ACCEPT 101,IUAIT 

101 FORiiAT<I1> 
OPEN<UNIT=1,NAME='DY1:PLTDAT.DAT',TYPE='OLD'l 
OPEN<UNIT=2,~AHE='DY1:EHAFIT.DAT',TYPE='NEU'l 

1 FORMAT(F10.4) 
2 FORMAT<I5l 
3 FORMAT<I,5X,20A2l 
4 FORnAT<1X,F9.0,7<1X,F9.3l) 
5 FORMAT<!,' INPUT = ',F10.4l 
6 FORMAT(/,'$ DO YOU UANT TO CHANGE ENTRY<Y/Nl? ') 
7 FORMATiA1 l 
8 FORMAT<!,' INPUT = ',15) 

C•••••THE REFRACTIVE INDICES OF THE SYSTEM ARE INPUT BY OPERATOR 
11 0 TYPE 1 0 

10 FORMAT<!,'$ TNA = ') 
ACCEPT 1, TNA 
TYF'E 5, TNA 
TYPE 6 
ACCEPT 7, I FLAG 
IF<IFLAG.NE.1HN>GOTO 110 

111 TYPE 11 
11 FORHAT<I,'$-TNKA = ') 

ACCEPT 1, TNKA 
TYPE 5,TNKA 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.iHN>GOTO 111 

112 TYPE 12 
12 FORHAT<I,'$ TNF = 'l 

ACCEF'T 1, TNF 
TYPE 5,TNF 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HN>GOTO 112 
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Appendix 33 (continued). 

113 TYPE 13 
13 FORMAT<I,'$-TNKF = ') 

ACCEPT 1,TNKF 
TYPE 5,TNKF 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HN>GOTO 113 

116 TYPE 16 
16 FORMAT(/,'$ TNS = ') 

ACCEPT 1,TNS 
TYPE S,TNS 
TYPE p 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNJGOTO 116 

117 TYPE 17 
17 FORHAT<I,'S-TNKS = ') 

ACCEPT 1,TNKS 
TYPE 5, TNKS 
TYPE 6 
ACCEPT 7,IFLAG 
IF\IFLAG.NE.lHNJGOTO 117 

C*****THE ANGLE OF INCIDENCE AND UAVELENGTH ARE INPUT 
118 TYPE 18 

18 FORHAT<I,'S PHil = ') 
ACCEPT 1 ,PHil 
TYPE 5,PHI1 
TYPE 6 
ACCEPT 7,IFLAG 
IF\IFLAG.NE.1HN>GOTO 118 

119 TYPE 19 
19 FORMAT(/,'$ IJL = ') 

ACCEPT 1,UL 
TYPE S,UL 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNJGOTO 119 

C*****THE PHYSICAL PROPERTIES OF THE DEPOSIT ARE INPUT 
120 TYPE 20 

20 FORMAT<I,'S DEPOSIT MU = ') 
ACCEPT 1, DEPHU 
TYFE S,DEPMU 
TYPE 6 
ACCEPT 7, I FLAG 
IF<IFLAG.NE.1HNJGOTO 120 

121 TYPE 21 
21 FORHAT<I,'S DEPOSIT DENSITY<GM/CM3) = ') 

ACCEPT 1,DEPRHO 
TYPE S,DEPRHO 
TYPE 6 
ACCEPT 7, IF LAG 
IF<IFLAG.NE.1HN)60TO 121 
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Appendix 33 (continued). 

122 TYPE 22 
22 FORMAT(/,'$ DEPOSIT VALENCE = ') 

ACCEPT l,DEPVAL 
TYPE 5,DEF'VAL 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HN>GOTO 122 

123 TYPE 23 
23 FORMAT(/,'$ ELECTRODE AREACCM2) = ') 

ACCEPT 1,AREA 
TYPE 5,AREA 

. TYPE 6 
ACCEPT 7,IFLAG 
IFCIFLAG.NE.1HNlGOTO 123 

C*****THE LIMITS OF CURRENT INTEGRATION ARE SET 
124 TYPE 24 
24 FORMATCI,'$ TSTART = ') 

ACCEPT 1,TSTART 
TYPE 5,TSTART 
TYPE 6 
ACCEPT 7,IFLAG 
IFCIFLAG.NE.1HN>GOTO 124 

125 TYPE 25 
25 FORMATC/,'S TFINAL- ') 

ACCEPT 1, TFINAL 
TYPE 5,TFINAL 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNlGOTO 125 

C*****THE NUMBER OF ITERATIONS OF THE ''POROSITY" ARE SPECIFIED 
126 TYPE 26 

26 FORMATC/,'S NITER = ') 
ACCEPT 2,NITER 
TYPE B,NITER 
TYPE 6 
ACCEPT 7, I FLAG 
IFCIFLAG.NE.1HN>GOTO 126 
READC1,3lCIIt<I>,I=1,20l 
URITE<2,3><ID<Il,I=1,20l 

200 READC1,4lTIHE1,POL,ANA,POT,CUR,DELM,PSIM 
IFCTIME1.LT.TSTART>GOTO 200 
TIMEO=TIME1 
CURO=O. 
Q=O. 
ERRFIT=1.E06 
ItTHETA=1. /NITER 

C*****DIELECTRIC CONSTANTS ARE COMPUTED FROM REFRACTIVE INDICES 
EH=CMPLXCTNA,-TNKAl 
EF=CMPLX<TNF,-TNKF> 
EH=EH•EH 
EF=EF*EF 
SUM=(EF-EHl/CEF+2.*EH> 
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Appendix 33 (continued). 

C*****THE DATA TO BE FIT IS INPUT FROM "PLTDAT.DAT" 
300 READ<1,4lTIME1,POL,ANA,POT,CUR,DELM,PSIM 

C*****THE TOTAL SPECIFIC CHARGE PASSED CMICROCOULOMBS/CH2l AND THE 
C COMPACT FILM THICKNESS BASED ON THIS CHARGE BALANCE <ANGSTROMS> 
C ARE COMPUTED BY INTEGRATION 

G=G+<TIME1-TIMEO>•<CUR+CUR0)/(1.2E02•AREA> 
TO=<-G•DEPMUJ/(9.64846E04*DEPVAL*DEPRHOJ 
TO=T0*100. 

C*****THE FILM MICRO POROSITY IS VARIED GIVING AN APPARANT FILM OPTICAL 
C PROPERTIES MINIMIZING THE COMPOSITE ERROR BETUEEN MEASURED AND 
C PREDICTED VALUES OF PSI AND DELTA. PREDICTED VALUES ARE BASED 
C ON BRUGGEMAN'S EFFECTIVE MEDIA APPROXIMATION lEMA> 

THETA=-DTHETA 
DO 1000 J=1,NITER 
THETA=THETA+DTHETA 
T=T0/1 1 .-THETA> 
E=SUI'I*I1.-THETA> 
E=EH*< 1.+2.•El/l 1.-E> 
E=CSGRT<El 
TNF=REALI E) 
TNi<F=-AltiAG<E> 
CALL FILH 
ERROR=ABSCDELC-DELtll+ABSIPSIC-PSIK> 
IF<ERROR.GT.ERRFITJGOTO 1000 
QFIT=G/1.E06 
TFIT=T 
THETAF=THETA 
DELFIT=DELC 
PSIFIT=PSIC 
ERRFIT=ERROR 

1000 CONTINUE 
C*****THE CALCULATED FILM PROPERTIES ARE OUTPUT TO "EMAFIT. DAT" 

TYPE 4,TIHE1,DELFIT,PSIFIT,ERRFIT,GFIT,TFIT,THETAF 
URITEI2,4lTIME1,DELFIT,PSIFIT,ERRFIT,GFIT,TFIT,THETAF 
TIHEO=TIHEl 
CURO=CUR 
ERRFIT=1.E06 
1F(TIME1.GE.TF1NAL>STOP 
GOTO 300 
END 
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Appendix 34. 

Demonstration of CSMFIT 

.~ Dii:estFIT 

INSERT DATA DIS~ - •R£Tt.JRW". 

I~ul = 1.34Vi 

liD Yfill ~'T TO ~ Dmrf \YitH? N 

!NPtrr = ·-~ 

ltFi = 2. 

IHPtH = 3.~~ 

DO YOU WA.t.IT TO CHANGE ENTRY <Y /'tH? N 

TNt2 c 1.34 

INPUT = 1.34tt 

DO YOO WNff TO OW« ENTRY<Y ItO? N 

-m-:r2 = e. 
I~trr = ·-~ 
W YOO wt~"T TO ~-;r OHRHY/iO? N 

T,.~ % 1.2 

INF't.i'T = ·-~ 
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Appendix 34 (continued). 

75.H* 

ltFUT: 514-5.~ 

• 2t7. 

l~u'T = 2t7.~~ 

tLe~:e 

: 2:. 

TSTAR.T :: ZS. 

TfiNAL .: 119. 

!19. e-s3e 

00 YDU WAN"T TO ~ EHTRY OIJrl>? N 
He. Ge.493 4-3.14-0 7.~ 
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.IIR 
22--.J.an-83 

PIC~67.DAT 
PBf:L~:B-= DA T 
~::t.IE!.5 & DA T 

~~~3:C;~T 
fiK:!Jf"~. Iif:! T 
Pi::t-~7. DH T 

16 
16 
16 
15 
16 
Hi 
15 
2t 
2t 
2e 

1 
82 
47 
66 
47 
82 

24-No-~81 
2§-ND,.,-81 
~MJ1 
~;e~-Si 

~.,.'-81 
~ N,~v-Bi 

3:0 W=:YrSi 
~-r-81 
ti-Dec-Si 
ii-Dec-Si 
17-Nov-81 
iS-.Jan--82 
24-Jan--82 
26-Jar;-62 
28-Jar. :i2 
tB-~tan-82 

Appendix 34 (continued). 

Data file cr.eated by CSMFIT from PLTDAT 

PBAGii.MT iG 25-t«r .. -81 
PB.AG12.DAT 16 27_~i=¥~St 
PBCt~.r!RT 15 ~i 
PBC:tl62. LJA T .cs:: 2S-fic&\-~i ... .,.,. 
PB(..;.u-.a Pa.AT 

:-L.i!i:~z~i 16 30 tk=v--81. 
PB(i~.DAT 15 ~,;-Ei 
PBOJ£2 = tiH T 4£ 3t friD:v~81 .A.W 

PBC:U?i. r~ T 19 ti-~~Bi 
PBW72.t~T 19 11-~--Ei 
TRNSL T. 514 1 ~--81 
TRHSl T. [lA T 1 es-.Jan-82 
C9FIT.t7~ 47 24-.liir;-82 
PLTDAT.t73 82 18-Jan-82 
PlTDftT.t72 82 2S-Jarr82 
EttAfiT.i72 47 28-Jar.-82 
DVif!T.[IRT 1 22-~3 

~"t.Jf:S. I!H T 
JiK:iJ7i • nt; T 
~=:u73.DHT 
~1.555 
PLTDAT.i7i 
UW"H.t70 
~IT.i73 
CSMFIT.t/2 
ft.rliHT =DAT 
~IT&r~AT 1 22-~r-83 .................................... created file 

J3 files, ~ IHoclc.s 
~ r~ b1oc:Y..s 
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Appendix 34 (continued). 

Listing of CSMFI7 

PROGRAM CSMF IT 
C************************************************************************ 
C OBJECTIVE: TO INTEGRATE THE CURRENT PASSED DURING A FIXED 
C UAVELENGTH EXPERIMENT AND COMPUTE A DEPOSIT THICKNESS 
C AND SURFACE COVERAGE CONSISTENT UITH ELLIPSOH~TER 
C MEASUREMENTS USING THE COHERENT SUPERPOSITION HODEL 
C AS A BASIS. 
c 
C BY JOSEPH C. FARMER, LBL-MMRD, UCB, 1-20-82 
c 
C************************************************************************ 

COHMON/FLMDAT/TNA,TNKA,TNF,TN~F,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COHMON/CSMDAT/TNF1,TNKF1,TNF2,TNKF2,THETA 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R25,R2P,Z,RS,RP,RHO 
DIMENSION ID<20l 
TYPE 100 

100 FORMAT<!,'$ INSERT DATA DISK - "RETURN".') 
ACCEPT 101, IUAIT 

101 FORHAT<I1> 
OPEN<UNIT=1,NAME='DY1:PLTDAT.DAT',TYPE='OLD') 
OPEN<UNIT=2,NAHE='DY1:CSHFIT.DAT',TYPE='NEW') 
FORMAT\F10.4) 

2 FORMAT<I5) 
3 FORMAT<I,5X,20A2l 
4 FORMAT\1X,F9.0,7\1X,F9.3)) 
5 FORMAT<!,' INPUT= ',F10.41 
6 FORMAT<!,'$ DO YOU UANT TO CHANGE ENTRY(Y/N)? ') 
7 FORMAT I Ail 
8 FORMAT<!,' INPUT = ',151 

C*****THE REFRACTIVE INbiCES OF THE SYSTEM ARE INPUT BY OPERATOR 
11 0 TYPE 1 0 

10 FORMAT<!,'$ TNA = ') 
ACCEPT 1, TNA 
TYPE 5,TNA 
TYPE 6 
ACCEPT 7, I FLAG 
IF<IFLAG.NE.1HN>GOTO 110 

1 i 1 TYPE 11 
11 FORHAT<I,'$-TNKA = ') 

ACCEPT l,TNKA 
TYPE 5,TNKA 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HN>GOTO 111 
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Appendix 34 (continued). 

112 TYPE 12 
12 FORHAT<I,'$ TNF1 = ') 

ACCEPT 1,TNF1 
TYPE 5,TNF1 
TYPE 6 
ACCEPT 7, I FLAG 
IF<IFLAG.NE.1HN>GOTO 112 

113 TYPE 13 
13 FORKAT<I,'S-TNKF1 = ') 

ACCEPT 1, TNKF1 
TYPE 5, TNf:F1 
Ti'PE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNlGOTO 113 

114 TYPE 14 
14 FORHAT<I,'$ TNF2 = ') 

ACCEPT 1,TNF2 
TYPE 5, TNF2 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNlGOTO 114 

115 TYPE 15 
15 FORMAT<I,'$-TNKF2 = ') 

ACCEPT 1,TNKF2 
TYPE 5,TNKF2 
TYPE 6 
ACCEPT 7, IF LAG 
IF<IFLAG.NE.1HN)GOTO 115 

116Ti'PE16 
16 FORHAT<I,'$ TNS = ') 

ACCEPT 1, TNS 
TYPE S,TNS 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNlGOTO 116 

117 TYPE 17 
17 FORHAT<I,'S-TNKS = ') 

ACCEPT 1, TNKS 
TYPE 5,TNKS 
TYPE 6 
ACCEPT 7, I FLAG 
IF<IFLAG.NE.1HNlGOTO 117 
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Appendix 34 (continued). 

C*****THE ANGLE OF INCIDENCE AND UAVELENGTH ARE INPUT 
118 TYPE 18 

18 FORMAT<!,'$ PHil = ') 
ACCEPT 1,PHI1 
TYPE 5,PHI1 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE:1HN>GOTO 118 

119 TYPE 19 
19 FORMAT(/,'$ UL = ') 

ACCEPT 1,UL 
TYPE 5,1JL 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.lHN>GOTO 119 

C*****THE PHYSICAL PROPERTIES OF THE DEPOSIT ARE INPUT 
120 TYPE 20 

20 FORHATl/,'$ DEPOSIT HU = .. ·) 

ACCEF'T 1 ,DEPHU 
TYPE 5,DEF'HU 
TYPE 6 
ACCEPT 7, IF LAG 
IFliFLAG.NE.1HN>GOTO 120 

1 21 TYPE 21 
21 FORHATl/,'$ DEPOSIT DENSITY (Gi'I/CH3> = ·' ) 

ACCEPT 1 ,IIEPRHO 
TYPE 5,DEF'RHO 
TYPE 6 
ACCEF'T 7, I FLAG 
IFliFLAG.NE.lHN>GOTO 121 

122 TYPE 22 
22 FORMAT<!,'$ DEPOSIT VALENCE = .. · ) 

ACCEPT l,DEPVAL 
TYPE 5,DEPVAL 
TYPE 6 
ACCEF'T 7,IFLAG 
IF\IFLAG.NE.lHN>GOTO 122 

123 TYPE 23 
23 FORMAT<!,'$ ELECTRODE AREAlCM2> ::: ·' ) 

ACCEPT 1,AREA 
TYPE 5,AREA 
TYPE 6 
ACCEF'T 7, I FLAG 
IF<IFLAG.NE.1HN>GOTO 123 
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Appendix 34 (continued). 

C*****THE LIMITS OF CURRENT INTEGRATION ARE SET 
124 TYPE 24 

24 FORMAT(/,'$ TSTART = ') 
ACCEPT 1,TSTART 
TYPE 5,TSTART 
TYPE 6 
ACCEPT 7, IF LAG 
IF<IFLAG.NE.1HN>GOTO 124 

125 TYPE 25 
25 FORMAT<!,'$ TFINAL = ') 

ACCEPT 1, TFINAL 
TYPE S,TFINAL 
TYPE 6 
ACCEPT 7,IFLAG 
IF<IFLAG.NE.1HNJGOTO 125 

C*****THE NUMBER OF ITERATIONS OF THE "COVERAGE'' ARE SPECIFIED 
126 TYPE 26 

26 FORMAT<!,'$ NITER = ') 
ACCEPT 2,NITER 
TYPE B,NITER 
TYPE 6 
ACCEPT 7, IF LAG 
IF<IFLAG.NE.1HNJGOTO 126 
READ(l ,3) (1D<I>,I=1 ,20i 
URITE(2,3J<ID<Ii,I=1,20i 

200 READI1,4JTIHE1,POL,ANA,POT,CUR,DELK,PSIM 
IF<TIHE1.LT.TSTARTJGOTO 200 
THIEO=TIME1 
CURO=O. 
Q=O. 
ERRF IT= 1. E06 
DTHETA=1./NITER 

C*****THE TOTAL CHARGE PASSED <MICRO COULOHBS> AND THE FILM THICKNESS 
C BASED ON THIS CHARGE BALANCE <ANGSTROHSI ARE COMPUTED 

300 READ<1,4JTIHE1,POL,ANA,POT,CUR,DELH,PSIH 
THETA=-DTHETA 
Q=Q+(TIHE1-TIHEO>•<CUR+CUROI/(1.2E02tAREA> 
DO 1000 J=l,NITER 
THETA=THETA+DTHETA 
T=(-QtDEPHUJ/(9.64846E04tDEPVALtDEPRH0t(1 .-THETA>> 
T=T*lOO. 
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Appendix 34 (continued). 

C*****PSI AND DELTA ARE PREDICTED BASED ON CSM MODEL FOR COMPARISON 
C UITH EXPERIMENTALLY DETERMINED VALUES ••• THE COVERAGE HINIMIZING 
C THE COMPOSITE ERROR IS SELECTED AS THE CORRECT VALUE FOR THIS 
C SINGLE ADJUSTABLE PARAMETER 

CALL FILH02 
ERROR=ABS<DELC-DELMl+ABS<PSIC-PSIHl 
IF<ERROR.GT.ERRFIT>GOTO 1000 
GFIT=G/1.E06 
TFIT=T 
THETAF=THETA 
DELFIT=DELC 
PSIFIT=PSIC 
ERRFIT=ERROR 

1000 CONTINUE 
TYPE 4,TIHE1,DELFIT,PSIFIT,ERRFIT,OFIT,TFIT,THETAF 
URITEC2,4>TIHE1,DELFIT,PSIFIT,ERRFIT,GFIT,TFIT,THETAF 
TIHEO=TIME1 
CURO=CUR 
ERRFIT=1.E06 
IFCTIME1.GE.TFINAL>STOP 
GOTO 300 
END 
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Appendix 35. 

Directory of Tektronix 4662 Interactive Plotter Software Disk DYl: 

22-Jan-83 
PLiOLii.OBJ 304 23-Kar-80 TEKPLT.SAV 25 05-Kay-82 
INPUT .FOR 3 06-H<,y-82 SF'CTRA.TST 5 1 i -l'hll'-82 
ULCALC.OLD 1 06-Hay-82 ULCALC.FOR 2 06-May-82 
i8HST.SAV 35 06-Hay-82 SPCTRA.DAT 5 06-May-82 
IOTESi.FOR 2 06-Hay-82 TEK001.FOR 1 06-Hay-82 
TEtiPL T. FOR 2 06-Hay-82 TEKOOi.SAV 52 06-Hay-82 
RANGES.FOR 1 06-Hay-82 LABEL .SAV 50 08-M<,y-82 
SCALE .FOR 1 06-Hay-82 LABEL .FOR 2 08-May-82 
TEST .SAV 19 09-Hay-82 TEST .FOR 2 09-May-82 
AXIOLD.FOR 5 10-Hay-82 AXIOLD.SAV 53 10-Hay-82 
TH(002. FOR 5 1 0-H<•y-82 TEK002. SAV 60 10-Hay-82 
TEK003.FOR 6· 11-Hay-82 TEK003.SAV 41 11-May-82 
RANGES.001 1 11-Hay-82 AXES02.001 2 11-May-82 
AX£503.001 2 12-Hay-82 ULCALC.NEU 1 23-Jul-82 
RANGES.002 1 01-Aug-82 RANGES.003 1 03-Aug-82 
AXES02.002 1 03-Aug-82 AXES02.003 1 03-Au9-82 
AXES02.004 1 03-Aug-82 RANGES.004 1 03-Au•3-82 
RANGES.OOS 1 03-Aug-82 AXES02.005 1 03-Aug-82 
RANGES.006 1 03-Aug-82 AXES02.006 i 03-Aug-82 
LABHOB.FOR 3 17-Aug-82 LABHOD.OBJ 7 17-Au·rB2 
LABHOD.SAV 50 17-Aug-82 AXINEU.FOR 6 17-Au·a-82 
AXINEU.OBJ 1 a 17-Aug-82 AXINEU.SAV 54 17-Au9-B2 
AXINEU.LST 15 17-Aug-82 AXES .SAV 54 17-Aug-82 
RANGE5.007 1 20-Aug-82 AX£502.007 1 20-Aug-82 
RANGES.008 1 20-Aug-82 AXES02.008 1 20-Au~~-82 
AXES03.002 1 22-Aug-82 AX£503.003 1 24-Au·r82 
AX£503.004 1 24-Aug-82 RANGES.009 1 08-Sep-82 
RANGES.09A 1 08-Sep-82 AXES02.009 1 10-Sep-82 
AXES03.05A 1 26-Sep-82 AXES03.005 2 26-Sep-82 
AX£503;006 2 30-Sep-82 AXES03.06A 2 30-Sep-82 
AXES02.010 1 08-Ja.n-83 RANGES.010 1 08-Jan-83 
AXES02.011 1 08-Jan-83 RANGES.011 1 08-Jan-83 
RANGES.012 1 08-Jan-83 AXES02.012 1 08-Jan-83 
RANGES.013 1 08-Jan-83 AX£502.013 08-Jern-83 
ULCALC.DAT 1 23-Jul-82 RANGES.DAT 12-Jan-83 
AXES .DAT 2 12-Jan-83 

71 Files, 934 Blocks 
40 Free blod.s 
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Appendix 36. 

Demonstration of AXES and LABMOD - labeling axes and po~itions on graph 

.IUN AXES .•••..•• running AXES 

OPTIOtH 121 = 1 

ID YOU WAHT TO CHANG£ It£ ORIGINH/Ni? N 

••••••••• running LABMOD 

lOT~ TIUN ANa£: 45. 

:30 

Y-51ZE!I31 
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Appendix 36 (continued). 

Listing of AXES 

PROGRAM AXES 
COHHON/TEKTYP/IX,IY,ISX,ISY,NCHAR,ANGLE,IARRAY<30) 
DIMENSION LABELXI30J,LABELY<30J,NX<4,101,NY<2,10l 
TYPE 1 
FORMAT<!,'$ OPTIONII2) = ') 
ACCEPT 2,MOPT 

2 FORHATII2l 
OPENIUNIT=1,NAME='DY1:AXES.DAT',TYPE='OLD'l 

1000 READ<1,1001JNOF'T 
READ< 1 , 1 002) <LABEL Y I I> , I= 1 , 30 J 
READ<1,1002J<LABELXIIJ,I=1,30l 
READ ( 1,1001) NTICY 
DO 100 III=1,NTICY 

100 READ(1,1003J<NYIII,IIIl,II=1,2J 
READ< 1,1001 JNTICX 
DO 200 III=1,NTICX 

200 READI1,1004J<NX<II,III>,II=1,4l 
IFINOPT.NE.MOPT>GOTO 1000 

i001 FORHATI1X,I2J 
i002 FORMATI1X,30A1l 
1003 FORMAii1X,2A1 > 
1004 FORMATI1X,4A1> 

CLOSEIUNIT=1,DISPOSE='SAVE'l 
CALL INITTI120l 
CALL TERHii,1) 
CALL PLINITI 1 > 
CALL PLON 
IDX=O 
IDY=O 

300 IX=IDX+50 
IY=IDY+SO 
CALL MOVABSIIX,IY> 

310 TYPE 320 
320 FORMAT!/,'$ DO YOU UANT TO CHANGE THE ORIGINIY/NJ? ') 

ACCEPT 330, I FLAG 
330 FOR1'1ATIA1 > 

IFIIFLAG.NE.1HY.AND.IFLAG.NE.1HNlGOTO 310 
IFIIFLAG.E0.1HNJGOTO 370 
TYPE 340 

340 FORMAT(/,'$ IDX = ') 
ACCEPT 360,IDX 
TYPE 350 

350 FORMAT!/,'$ IDY = ') 
ACCEPT 360,IDY 

360 FORMATII5) 
GOTO 300 

370 CONTINUE 
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Appendix 36 (continued). 

CALL nRWREU600,0l 
CALL DRUREL<0,400l 
CALL DRIJREL\-600,0) 
CALL ItRIJRELI0,-400> 
IX=IItX+15 
IY=IDY+150 
ISX=SO 
ISY=75 
HCHAR=30 
AHGLE=90. 
no 2000 I=1,NCHAR 

2000 IARRAY<I>=LABELYII> 
CALL TEKTYP 
IX=IItX+25 
IY;I!IY+450 
ISX=45 
ISY=60 
HCHAR=2 
ANGLE;:O. 
ItO 4000 lll=1,NTICY 
no 3000 II=1,NCHAR 

3000 IARRAY<Ill=NYIII,III> 
CALL TEnYP 
ISTOP1=450+IDY 
ISTOP2=50+IDY 
iF i IY. GE. ISTOP1 • OR. IY. LE. ISTOP2 >GOTO 3500 
IIX=SO+IDX 
CALL.HOVABS<IIX,IY> 
CALL DRUREL<lO,O> 
IIX=640+IDX 
CALL HOUABSIIIX,IY> 
CALL DRUREL(10,0l 

3500 IY=IY-<400./IHTICY-1)) 
4000 CONTINUE 

IX=IItX+225 
IY=IDY+1 0 
ISX=SO 
ISY;75 
NCHAR=30 
ANGLE=O. 
no 5000 I=1,NCHAR 

5000 IARRAYIIl=LABELXii) 
CALL TEKTYP 
IX=IItX+650 
IY=IIIY+35 
ISX=45 
ISY=60 
NCHAR=4 
ANGLE=O. 
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Appendix 36 (continued). 

DO 7000 III=1 ,NTICX 
DO 6000 II=1,NCHAR 

6000 IARRAY<IIl~NX<II,Ill) 
CALL. TEKTYF' 
ISTOP3=650+IDX 
ISTOP4=50+IDX 
IF<IX.GE.ISTOP3.0R.IX.LE.ISTOP4lGOTO 6500 
IIY=50+IDY 
CALL MOUABSIIX,IIY> 
CALL DRUREL<0,10l 
IIY=440+IDY 
CALL "OVABS<IX,IIYl 
CALL DRUREL<0,10l 

6500 IX=IX-(600./(NTICX-lll 
7000 CONTINUE 

CALL HO"E 
CALL EXIT 
STOP 
END 
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Appendix 3 7. 

Input Data File AXES.DAT 

01 03 05 
DELTA\DEGREES) DELTA<DEGREESI REFRACTIVE INDEX - N 

UAVELENGTH<NH> UAVELENGTH<Ni'1) UAVELENGTH < NIO 
05 04 05 
75 80 4 
70 70 3 
65 60 2 
60 50 1 
55 04 0 
04 700 04 
700 600 700 
600 500 600 
500 400 500 
400 04 400 
02 PSI< DEGREES> 06 

PSI< DEGREES> UAVELENGTH ( NIO EXTINCTION COEF - K 
UAVELENGTH<Nn) 04 UAVHENGTH<NHI 

04 50 06 
40 40 0 
38 30 -1 
36 20 -2 
34 04 -3 
04 700 -4 
700 600 -5 
600 500 04 
500 400 700 
40G 600 

500 
400 
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Appendix 38 

Listing of "LABMOD 

PROGRAM LABEL 
DIMENSION IARRAYI30l 
CALL INITTI120l 
CALL TERH ( 1 , 1 ) 
CALL PLINITC 1 I 
CALL PLON 

10 CONTINUE 
TYPE 20 

20 FORMAT!/,'$ X-POSITION<I41: ') 
ACCEPT 30, I X 

30 FORMATCI41 
TYPE 40 

40 FORMAT(/,'$ Y-POSITIONCI41: ') 
ACCEPT 50,IY 

50 FORMATCI41 
CALL HOVABSCIX,IYI 
TYPE 60 

60 FORHATCI,'$ ROTATION ANGLE: ') 
ACCEPT 70,ANGLE 

70 FORMATCF10.2l 
TYPE 80 

80 FORHAT<I,'$ LABELINGC30A11: ') 
ACCEPT 90,1IARRAYIII,I=1,301 

90 FORHATC30A1 I 
TYF'E 100 

100 FORHATI/,'$ X-SIZEII3l : ') 
ACCEPT 110,ISX 

110 FORHATII31 
TYPE 120 

120 FORHATI/,'$ Y-SIZEII3l ') 
ACCEPT 130,1SY 

130 FORHATCI31 
CALL LINROTCANGLEI 
CALL F'LCHARIISX,ISYI 
CALL A10UTC30,IARRAYI 

135 TYPE 140 
140 FORHATI/,'$ MORE LABELSCY/N)? ') 

ACCEPT 150, !FLAG 
150 FORHATCA1 l 

IFIIFLAG.NE.1HY.AND.IFLAG.NE.1HNIGOTO 135 
160 IF<IFLAG.E0.1HYIGOTO 10 

CALL HOME 
CALL EXIT 
END 
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Appendix 39. 
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Appendix 40. 

Demonstration of TEK002 - plotting spectroscopic ellipsometer data files 

.lllf mee2 

l.MD DIS~:: l TYPE SPECTRA FIL£ NNE: DY1Kt:Stl.IT~2 

PAL PLOT H1), AIWl PLOH B>. M A/P PLOH C Y? A 

Jtln£D<A> OR COHTINUOUSHD LINES? B 

tllR£ PLOTI£D SPECTRA< YIN>? N 

• RUN l.AIJtiDD 

X-PQSITIOtHI·U: 210 

Y-POSITION(H·>: 2t0 

ROTATION ANGLE: e. 

l.AinltiiC3iH1i: EXAMFU [X[CL'TION Of TU:~2 

X-5IZEU3> : ~ 

Y..SIZ£(13) : 75 

MORE LAiELS(Y/Ni? N 
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Appendix 40 (continued). 

Listing of TEK002 

PROGRAI't TEK002 
COHHON/A/POL(400l,ANA<400> 
COHHON/B/UL< 400) 
COHHON/C/ULHAX,ULHIN,PHAX,PI'tiN,PSCALE,AI'tAX,AHIN,ASCALE 
COHHON/TEKPLT/X(400l,Y(400l 
CALL RANGES 
CALL ULCALC 
DO 100 1=1 ,399 

100 UL<I>=<<U(<Il~ULMINl/(ULMAX-ULHINll*600 
200 CALL INPUT 

ItO 300 !=1,399 
POL<I>=<POL<Il/PSCALE-PHINl*400./\PI'tAX-PHIN> 

300 ANAii>=<ANA<Il/ASCALE-AHINl*400./(AHAX-AI'tiN> 
400 TYPE 500 
500 FORHAT<I,'S P/UL PLOT<A>, A/UL PLOT<B>, OR A/P PLOT<C>? ') 

ACCEPT 600,FLAG1 
600 FORHATiA1l 

IF<FLA61.NE.1HA.AND.FLAG1.NE.1HB.AIHI.FLAG1.NE.1HC>GOTO 400 
IF(FLAG1.NE.1HAlGOTO 800 
DO 700 1=1,399 
X<I>=UL<Il 

700 Y ( I>=POLi I l. 
GOTO 1200 

800 CONTINUE 
IF<FLAG1.NE.1HBlGOTO 1000 
IIO 900 1=1,399 
X< I> =LIL< I> 

900 Y<I>=ANA<I> 
GOTO 1200 

1000 CONTINUE 
IF<FLAG1.NE.1HClGOTO 400 
DO 1100 1=1,399 
X(Il=POL<Il 

11 00 Y <I> =ANA< I> 
1200 CONTINUE 

CALL TEKPLT 
1250 TYPE 1300 
1300 FORKATi/,'S MORE PLOTTED SPECTRA(Y/Nl? ') 

ACCEPT 1400,FLAG2 
1400 FORHAT<A1) 

IF<FLAG2.NE.1HY.AND.FLAG2.NE.1HN>GOTO 1250 
IF<FLAG2.EG.1HY>GOTO 200 
CALL EXIT 
STOP 
EN II 
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Appendix 40 (continued). 

SUBROUTINE TEKPLT 
COHHON!TEKPLT/Xt400l,YI400) 
CALL IN ITT i 1 20) 
CALL HRH<1,1) 
CALL F'LINIT(l) 
CALL PLON 

1 00 TYPE 200 
200 FORHATI/,'$ DOTTEDIAI OR CONTINUOUSIB) LINES? ') 

ACCEPT 300,FLAG 
300 FORHATIA1) 

IFIFLAG.NE.lHA.AND.FLAG.NE.lHBlGOTO 100 
CALL HOVABSI50,50) 
CALL DRUREL1600,0i 
CALL DRURELI0,400) 
CALL DRUREL<~600,0) 

CALL DRURELI0,-400) 
IFIFLAG.EG.1HBlGOTO 500 
IFIFLAG.NE.1HA>GOTO 100 
DO 400 I=1,399 
IX=X< I>+50. 
IY=YII>+50. 
IFIIX.GT.650.0R.IX.LT.50lGOTO 400 
IFIIY.GT.450.0R.IY.LT.50)GOTO 400 
CALL PNTABSIIX,IY> 

400 CONTINUE 
GOTO 700 

500 CONTINUE 
DO 600 !=2,399 
IX=XI!-1)+50 
IY=Y<I-1 )+50 
IFIIX.GT.650.0R.IX.LT.SOlGOTO 600 
IFIIY.GT.450.0R.IY.LT.50>GOTO 600 
CALL HOVABSIIX,IYI 
IX=X<I>-XII-1) 
IY=YII>-YII-1 l 
CALL DRURELIIX,IY) 

600 CONTINUE 
700 CALL HOME 

RETURN 
END 
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Appendi:i 40 (continued). 

SUBROUTINE RANGES 
COHHON/C/ULHAX,ULHIH,PHAX,PHIH,PSCALE,AHAX,AMIN,ASCALE 
OPEHCUHIT=1,NAHE='DY1:RANGES.DAT',TYPE='OLD') 
READC1,1001ULHAX,ULHIN,PHAX,PHIN,PSCALE,AHAX,AHIN~ASCALE 

100 FORHATC8CiX,F6.0)) 
CLOSECUNIT=1,DISPOSE='SAVE') 
RETURN 
EN It 

SUBROUTINE ULCALC 
COIHION/B/UL< 400) 
OPEN<UNIT=1,NAHE='DY1:ULCALC.DAT',TYPE='OLD'> 
READ<1,100liU,IL~A1~B1,R1,A2,B2,R2 

100 FORHATC2\1X,I3>,2C1X,FB.4,1X,F8.2,1X,F6.4l) 
CLOSE\UNIT=1,DISPOSE='SAVE') 
DO 30 1=1,400 
IF<I.LE.IL.ANit.I.GE.IU>GOTO 10 
IF<I.GT.ILIGOTO 20 
COUNT=! 
ULCI>=A1*COUNT+B1 
GOTO 30 

10 COUNT=I 
ULCII=A2*COUNT+B2 
GOTO 30 

20 COUNT=I-400 
UL<Il=Ai*COUNT+B1 

30 CONTINUE 
RETURN 
EN !I 

SUBROUTINE TEKTYP 
COHHON/TEKTYP/IX,IY,ISX,ISY,NCHAR,ANGLE,IARRAY<3Ql 
CALL HOVABS\IX,IY) 
CALL LINROTCANGLE> 
CALL PLCHAR<ISX,ISY> 
CALL A10UTCNCHAR,IARRAY> 
RETURN 
END 
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Appendix 40 (continued). 

SUBRGUiiiiE INPUT 
REAL*4 BDLK<2>,NAHE<20J 
COHHON/A/POL(400J,ANAI400) 
COHHOii/N/ICHAN,IBLOCK,IFLAG,IBUFFI256) 
TYPE 1 00 

100 FORHATC/,/$ LOAD DISK & TYPE SPECTRA FILE NAME: ') 
ACCEPT 200,<NAHE<I>,I=1,3J 

200 FORHATI3A4J 
N=IRAD50(12,NAHE,BDLKJ 
ICHAN=IGETCIIJ 
IFIICHAN.LT.OlSTOP 'CANNOT ALLOCATE CHANNEL' 
IFIIFETCH<ICHANJ.LT.OJSTOP 'FETCH FAIL' 
IFILOOKUPCICHAN,BDLKI.LT.OJSTOP 'BAD LOOKUP/ 
IBLOCK=1 
no 3oo 1=1,256 

300 IBUFFIIJ=O 
CALL READ 
no 1000 I=1 ,2oo 

1000 POL<IJ=IBUFF<I> 
CALL READ 
no 1010 I=1,2oo 

1010 ANAII)=JBUFFIIJ 
CALL REAli 
no 1020 1=1,200 

1020 POL<I+200J=IBUFF<I> 
CALL READ 
no 1o3o 1=1 ,200 

1030 ANA<I+200J=IBUFF<IJ 
CALL CLOSECIICHAN> 
CALL IFREECIICHANl 
RETURN 
END 

SUBROUTINE READ 
COHMON/N/ICHAN,IBLOCK,IFLAG,IBUFFI256J 
IERROR=IREADU1256,IBUFF,IBLOCK,ICHANJ 
IF<IERROR.LT.O)STOP 'FATAL READ' 
IBLOCK=IBLOCK+1 
RETURN 
END 
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Appendix 41. 

Input Data File RANGES.DAT 

7000. 4000. 95. 45. 100. 50. 20. 100. 
/123456/123456/123456/123456/123456/123456/123456/123456/123456/ 
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Appendix 42. 
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Appendix 43 (continued). 

Listing of TEK003 

PROGRAM TEI<003 
DIMENSION ARRAY<Bl,ID<20l 
TYPE 10 
ACCEPT 1, IUAIT 

999 OPEN<UNIT=1,NAHE='DY1:PLTDAT.DAT~,TYPE='OLD'l 
READ<1,Sl<ID<Il,I=1,20l 
TYPE S,CID<Il,I=1,20l 

1000 TYPE 20 
ACCEPT 1,ICHANX 
TYPE 30 
ACCEPT 2,XHAX 
TYPE 40 
ACCEPT 2,XHIN 
TYPE 50 
ACCEPT 1,ICHANY 
TYPE 60 
ACCEPT 2, YHAX 
TYPE 70 
ACCEPT 2,YHIN 
TYPE 80 
ACCEPT 2,TSTART 
TYPE 90 
ACCEPT 2,TFINAL 

2000 TYPE 100 
ACCEPT 3,FLAG 
IF<FLAG.E0.1HY>GOTO 1000 
IF<FLAG.NE.1HY.AND.FLAG.NE.1HNIGOTO 2000 

3000 TYPE 200 
ACCEPT 3,FLAG 
IF<FLAG.NE.1HA.AND.FLAG.NE.1HBlGOTO 3000 
CALL INITT<120l 
CALL TERM< 1,1) 
CALL PLINIT<1l 
CALL PLON 
CALL HOVABS<SO,SOl 
CALL DRUREL<600,0l 
CALL DRUREL<0,400) 
CALL DRUREL<-600,0) 
CALL DRUREL<0,-4001 
IF<FLAG.E0.1HBlGOTO 5000 

4000 CONTINUE 
READ<1 ,4lCARRAY<IJ,I::1 ,81 
IF<ARRAY<1l.GE.TFINALlGOTO 7000 
IF<ARRAY<1l.LE.TSTARTlGOTO 4001 
IX=<ARRAYCICHANXl-XHINlt600./(XHAX-XMINl+50 
IY=<ARRAY<ICHANY/-YHINl•400./(YI1AX-YHINi+50 
IF<IX.GT.650.0R.IX.LT.50lGOTO 4001 
IF<IY.GT.450.0R.IY.LT.50lGOTO 4001 
CALL PNTABS<IX,IYl 
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Appendix 43 (continued). 

4001 CONTINUE 
GOTO 4000 

5000 CONTINUE 
READ< 1 ,4> <ARRAY< I), I=1 ,B> 
IF<ARRAYC1).LE.TSTART>GOTO 5000 
READ<1 ,4)(ARRAY<I>,I=1 ,8> 
XO=!ARRAYCICHANX>-XHINl*600./CXMAX-XMIN> 
YO=(ARRAY<ICHANY)-YHIN>*400./(YHAX-YMIN> 

6000 IX=XO+SO 
IY=YO+SO 
IF<IX.GT.650.0R.IX.LT.50)GOTO 6001 
IFCIY.GT.450.0R.IY.LT.SO>GOTO 6001 
CALL HOVABS<IX,IY> 
READii,4><ARRAYill,I=1,8) 
IF<ARRAYI1).GE.TFINAL>GOTO 7000 
IF<ARRAYC1>.LE.TSTART>GOTO 6001 
X=<ARRAYCICHANX>-XHIN>*600./CXMAX-XHINl 
Y=iARRAY<ICHANYl-YHIN>t400./iYHAX-YHINl 
IX=X-XO 
IY=Y-YO 
XO=X 
YO=Y 
CALL DRUREL<IX,IY> 

6001 CONTINUE 
GOTO 6000 

7000 CALL HOHE 
8000 TYPE 300 

ACCEPT 3, FLAG 
IFCFLAG.NE.1HY.AND.FLAG.NE.1HNlGOTO BOOO 
CLOSE<UNIT=l,DISF'OSE='SAVE') 
IF<FLAG.E0..1HY>GOTO 999 

1 FORHATill) 
2 FORHATCF10.0) 
3 FORHAT(A1) 
4 FORHATC1X,F9.0,7i1X,F9.3)) 
5 FORHATii,SX,20A2l 

10 FORHATC/,'$ INSERT DATA DISK ! RETURN. ') 
20 FORHATC/,'S ICHANXCI1> = ') 
30 FORHATi/,'S XHAXCF10.0l = ') 
40 FORMAT<!,'$ XHIN(F10.0) = ') 
SO FORHATI/,'S ICHANY<Il) = ') 
60 FORHATC/,'$ YHAX<F10.0) = ') 
70 FORHAT<I,'$ YHIN<F10.0) = ') 
80 FORMAT<!,'$ TSTART = ') 
90 FORHATC/,'$ TFINAL = ') 

100 FORHATI/,'S CORRECTIONS<YIN>? 'l 
200 FORHATii,'S DOTTED!A) OR CONTINUOUS<B> LINES? ') 
300 FORHATC/,'$ HORE PLOTSCY/N)7 ') 

STOP 
END 
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Appendix 43. 

Demonstration of TEK003 - plotting information in data file PLTDAT.DAT 

lHSERT DATA DISK I RETURN. 

QJ\ 111 ):J.(/5£-JPB/ 1M NAC...!M/1 ~.IN/tiD 

TSTART =53. 

lfiNHL = 31599. 
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Appendix 44. 

A Portion of the Input Data File PLTDAT.DAT 

CU<111>M4/5E-3PB/1M NACL04/10HIN/NO DYE 
59. 

11 9. 
179. 
239. 
299. 
359. 
419. 
479. 
539. 
599. 
659. 
7i9. 
779. 
839. 
899. 
959. 

1 019. 
1079. 

Column 1. 
Column 2. 
Column 3. 
Column 4. 
Column 5. 
Column 6. 
Column 7. 
Column 8. 

104.814 52.063 -601.196 -202.433 60.372 37.937 0.000 
104.814 52.063 -600.586 -202.433 60.372 37.937 0.000 
104.814 52.063 -600.586 -201.416 60.372 37.937 0.000 
104.804 52.074 -600.586 -201.416 60.393 37.926 0.000 
104.825 52.063 -600.586 -201.416 60.35i 37.937 0.000 
104.625 52.074 -600.586 -201.416 60.351 37.926 0.000 
104.835 52.074 -600.586 -201.416 60.330 37.926 0.000 
104.814 52.074 -599.976 -201.416 60.372 37.926 0.000 
104.814 52.053 -599.976 -201.416 60.372 37.947 0.000 
104.;814 52.074 -599.976 -200. _399 60.372 37.926 0.000 
104.825 52.063 -599.976 -200.399 60.351 37.937 0.000 
104.8i4 52.084 -599.976 -200.399 60.372 37.9i6 0.000 
104.825 52.063 -599.976 -201.416 60.351 37.937 0.000 
104.835 52.074 -599.976 -201.416 60.330 37.926 0.000 
104.804 52.053 -599.976 -200.399 60.393 37.947 0.000 
104.825 52.063 -599.976 -200.399 60.35i 37.937 0.000 
104.625 52.074 -599.976 -200.399 60.351 37.926 0.000 
104.814 52.063 -599.976 -200.399 60.372 37.937 0.000 

Definition of numeric values: 

time, tics (1/60 second units) 
polarizer azimuth, degrees 
analyzer azimuth, degrees 
cell potential, millivol-ts (with respect to reference electrode). 
cell current, microamps 
delta, degrees 
psi, degrees 
zeros, due only to length of format statement in TRNSLT 
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Appendix 46. 

Directory of Model Optimization Programs Disk DYl: 

21-Nov-82 
FILK01.FOR 6 27-Hay-81 AIFILi'I.FOR 3 30-Mcrv-81 
PLOT .FOR 5 28-Aug-81 CSFILH.FOR 3 28-Au9-8i 
FILK02.FOR 4 28-Aug-81 CSHOT. FOR 5 28-Aug-81' 
EHA .FOR 2 01-Aug-81 EMAFIT .FOR 6 01-Au·3-81 
EHATIM.FOR 5 27-0ct-81 HULTIF.FOR 5 01-Sep-82 
FLHTST.FOR 2 01-Sep-82 REFINI1.FOR 2 01-Sep-82 
PROEHA.FOR 13 01-Sep-82 F'ROLIN.FOR 13 02-Sep-82 
I'IOIIEL1.FOR 13 06-Sep-82 HODEL2.FOR 15 12-Sep-82 
I'IOIIEL3.FOR 14 12-Sep-82 CSFH .FOR 6 29-Sep-82 
CSiHST. FOR 4 29-Sep-82 FILM .FOR 3 14-Dec-8i 
GOGOGO.FOR 19 19-Nov-82 AIGOGO.FOR 11 12-Nov-82 
ULGOGO.FOR 18 13-Nov-82 OHGOGO.FOR 15 19-Nov-82 
EHATST.FOR 6 20-Nov-82 BRUGHN.FOR 6 20-Nov-82 

26 Files, 204 Blocr,s 
80 Fl'ee bl ock.s 
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Ap::'cndix 47. 

PROGRAM SEARCH 
DIMENSION BC20>,TC20l,DC20J,ENI20l 
COMMON Y,XI20) 
OPENIUNIT=l,NAME='DYi:SEARCH.DAT',TYPE='OLD'l 
READ< 1,1 JNVAR,NF ,EF 
TYPE 1,NVAR,NF,EF 
READI1,2l<BCil,I=1,NVARl 
TYPE 3,1BIIl,I=1,NVARl 
READI1,2JIDII>,I=1,NVARI 
TYPE 4,CDIIl,I=1,NVARJ 
NT=O 

50 CONTINUE 
DO 300 I=1,NVAR 
DO 100 J=1 ,NVAR 

100 XIJI=B(J) 
CALL ERROR. 
EO::Y 
XCI>=B<Il-Dill 
CALL ERROR 
El=Y 
X<Ii=P.Il)+D\IJ 
CALL ERRO~: 

E2=Y 
IFIEO.LT.E1.AND.EO.LT.E2lGOTO 200 
IFIE1.LT.EO.AND.E1.LT.E2lGOTO 201 
IF<E2.LT.EO.AND.E2.LT.EilGOTO 202 

200 TCI>=BIIl 
EN\I)::.£0 
GOTO 300 

201 Tl IJ=BI 1)-£1( I) 

ENIIl=E'I 
GOTO 300 

202 Tlll=BIIl+D!Il 
ENIIJ=£2 

Objective subroutine optinized: 

300 COI<TJNUE 
DO 350 J=1 ,NVAF: 
B\Jl=T<Jl 

350 XIJi=TLil 
CALL ERROR 
ET=Y 

SUBROUTINE ERROR 
COMMON Y,XC20l 
Y=1.+XI1J•XC2J•XI3l-X11 J•X<1l+XI2l•X12J-15.*XI3l 
RETURN 

NT=NT+1 
IFIET.GT.EOlGOTO 998 
IFINT.EG.NFJGOTO 999 
IFIET.LE.EFiGOTO 1000 
GOTO 50 

998 TYPE 5 
GOTO 1000 

999 TYPE 6 
1000 TYPE 7,<XII>,1=1,NVARl 

END 

TYF'E B,ET 
FORMATC5X,I5,5X,I5,1X,F9.Jl 

2 FORMAT\311X,F9.3)) 
3 FORHATC/,' STARTING VALUES: 
4 FORMAT<!,' INCREMENTS 
5 FORMATC/,' NO CONVERGENCE 
6 FORMAT<!,' NOT FINISHED 
7 FORMAT<!,' FINAL VALUES 
8 FORMAT<!,' FINAL ERROR 

STOP 
END 
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Appendix 48. 

Listing of OHGOGO 

PROGRAM OHGOGO 
COMMON/SEARCH/Y,XI20J,YOI201 
COMMON/FLMD~T/TNA,TNKA,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,E1 ,E2,A,B,ROOT1 ,ROOT2 
DIMENSION B1 120) ,B0\201 ,D\20) ,ENI20) ,EN1 1201 
OPENIUNIT=1,NAHE='DY1:0HGOGO.DAT',TYPE='OLD') 

3000 TYPE 11 
ACCEPT 12,FLAG 
IFIFLAG.NE.1HY.AND.FLAG.~E.1HNlGOTO 3000 

2000 R£A[I ( 1,1 I N'Jt'iR, NERR, NF, £F, ALF'HA 
IFINVAR.£Q.999lSTOP 
IFIFLAG.N£.1HYlGOTO 3001 
PRINT 1,NVAR,NERR,NF,EF,ALPHA 

3001 TYPE 1,NVAR 1 NERR,NF,EF,ALPHA 
READI1,2l<YOIII,I=1,NERRl 
R£ADi1,2liBGIII,I=1,NVARI 
IF<FLAG.NE.1HYJGOTO 3002 
PRINT 3,1BOiiJ,I~1,HVARl 

3002 TYPE 3,1BOIIl,I=1,NVARl 
R £A [I ( 1 , 2) \II I I i , I= 1 , N1h1 R l 
IFIFLAG.NE.1HYlGOTO 3003 
PRIIH 4,1DIIJ,I=i,NIJARJ 

3003 TYPE 4,(DIII,I=1,NVARl 
ET0.:.1. E09 
NT=O 

50 CONTii~uE 

DO 300 I=1,NVAR 
E00=-0.0 
£10=0.0 
£20=0.0 
IFIDill.EQ.O.OlGOlO 200 
DO 100 J=i ,NIJAR 

100 XiJl=BOIJi 
CALL ERROR 
EOO=Y 
Xlll=BO\Il-Illll 
CALL ERROR 
E 1 0::. :' 
XIIl=BGII)+il\1) 
CALL tr;~;OR 

E20=Y 
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Appendix 48 (continued). 

IFIEOO.LT.E10.AND.EOO.LT.E20lGOTO 200 
IFIEiO.Ll.EOO.AND.EiO.LT.E20JGDTO 201 
IFIE20.LT.EOO.AND.E20.LT.E10lGOTO 202 

20_0- B 1 I I>.=BO i I> 
GOTO 300 

201 BIIII=BOIIJ-II{Il 
GOTO 300 

202 B11Il=B011l+DIIl 
300 EN1Il=O.S:+:IE10+E20J-EOO 

DO 350 J=I,NIJAR 
BO(Jl=Bl\Ji 

350 XIJl=BOUi 
CALL ERROR 
ET=Y 
DO 357 I= 1 , NVAR 
IFIDCil.NE.O.OlGOTO 355 
ENIII=O.OOO 
EN1\1J=O.OOO 
GOTO 357 

355 ENIII=EN(IJ/ID(l/:t:D\IJi 
IF!EN(Il.NE.O.OlGOTO 336 
ENi\Il=O. 
GOTO 357 

356 ENiiii=ET/ENill 
357 CONTINUE 

IF\ET.GT.ETOlGOIO 998 
IFINT.EG.NFlGOTO 999 
IFIET.LE.EFiGOiO 1000 
DO 360 J=1,NVAR 

360 D\Jl=ALPHA•DIJ) 
ETO=ET 
GOTO SO 

998 TYF'E 5 
IFIFLAG.NE.IHYiGOTO 3004 
PRINT 5 

3004 CONTINUE 
GOTO 1000 

999 TYPE 6 
IFIFLAG.NE.1HYlGOTO 3005 
PRINT 6 

3005 CONTINUE 
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Appendix 48 (continued). 

1000 TYPE 7,(X<IJ,I::.i,NVMn 
TYPE 13,lEN(il,I=l,NVAR) 
TYPE 14, IENH Il, 1=1 ,NV.~R l 
TYPE 8,ET 
TYPE 9,1YOlil,I=1,NERRl 
TYPE 10,1YOIIl,I=1+NERR,NERR+NERRI 
IFlFLAG.NE.1HYiGOTO 3006 
PRINT 7,lXIIl,I=1,NVARl 
PRINT 13,1ENIIl,I=1,NVAR> 
PRINT 14,1EN11li,I=1,NVI1R) 
PRINT B,ET 
PRINT 9,<YOIIJ,I=1,NERRI 
PRINT 10,1YOIIl,I=1+NERR,NERR+NERRJ 

3006 CONTINUE 
1 FORMAT(3(5X,I~1,2i1X,F9.3il 
2 FORHATI311X,F9.3ii 
3 FORMAT!/,' STARTING VALUES: ',5l1X,F9.3,·;•JJ 
4 FOR~ATC/,' INCREMENTS ',511X,F9.3, ·;'II 
5 FORMAT(!,· NO CONVERGENCE ·• l 
6 FORMAT\/,·· NOT FINISHED .. , 
7 FORHATi/,' FINAL VALUES ·,511X,F9.3,';'i) 
8 FORMAT!/,' FINAL ERROR ',1X,F9.31 
9 FORMAT(!,··· HEtiSURED VALUES: ·,511X,H.3,·;·11 

10 FORMAT(/,' CtiLCULATED ',5i1X,F9.3, ·;'l) 
11 FORHATi!,'$ PRINTER IN SYSTEMIY/Nl? ') 
12 FORMAT< A1) 
13 FORMAT!/,. VARIANCE COEF 1: ',511X,E9.2, ·;'ll 
14 FORMAT!/,' VARIANCE CDEF 2: ·,~11X,E9.2,·;·1l 

GOTO 2000 
SiOP 
END 
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Appendix 48 (continued). 

Objective subroutine optimize(! by OHGOGO 

SUBROUTINE EF:ROR 
COMMON/SEARCH/Y,X(20i,Y0<20i 
COHHON/FLHDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,WL,PHII,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COHPLEX E,E1,E2,A,B,ROOT1,ROOT2 
TNA=-X(l) 
TNKA"X(2) 
TNF=X\3l 
TNf;F=X\4) 
TNS=-X\5) 
TNI<S=X { 6 l 
WL=X ( 7/ 
F'Hii=-XIBl 
T=X(9) 
IFiT.LE.O.OiGOTO 10 
CALL FILM 
CALL REFlND 

iO CONTINUE 
TNF=XiiOi 
TNf~F=X\11) 

T=X\121 
THETA=X<13) 
DEUI-'YOi 1 i 
PSIM=Y0(2l 
IF<T.LE.O.OiGOTO 20 
CALL EMA 
CALL FILM 

20 CONTINUE 
Y0\3l=DELC 
Y0(4l=F'SIC 
Y=<DELC-DELMlt~2+1PSIC-PSIMl~•2 

Y=SQr:T ( Y) 

RETURN 
END 
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Line 1. 

Line 2. 
Line 3. 
Line 4. 
Line 5. 
Line 6. 
Line 7. 

Line 8. 
Line 9. 
Line 10. 
Line 11. 
Line 12. 
Line 13. 

Appendix 48 (continued). 

Input Data File OHGOGO.DAT 

13 
72.060 

1 • 340 
4.230 

2 
43.270 
0.000 
0.176 

200 

1. 270 
3.219 

5145.000 75.000 5.450 
2.000 3.000 0.000 
1.000 0.000 0.000 
0.000 0.000 0.005 
0.005 0.000 0.000 
0.000 0.000 0.010 
0.000 0.000 0.000 
0.000 0.000 0.000 

0.001 0.975 

999 999 999 0.000 0.000 
123456789/123456789/123456789/123456789/1234567891123456'89/ 

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, thickness of second film. 
volume fraction of deposit in second film, value read but not used, 
value read but not used. 
increments (step size) of values listed in line 3 used in search. 
increments (step size) of values listed in line 4 used in search. 
increments (step size) of values listed in line 5 used in search. 
increments (step si~e) of values listed in line 6 used in search. 
increments (step size) of values listed in line 7 used in search. 
terminates reading of input data file (reading stops when 999 is read). 

Notes: 

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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Appendix 48 (continued). 

OHGOGO output to line printer 

2 200 0.010 0.975 

STA~~T I NG VALUES: 1.340; o.ooo: 1 • 270; 4. 230.: 
3.219; Si45.ooo; 75.ooo; 5.450; 2.voo; 
3.000; o.ooo; 1.000; 

If.lCF:EMENTS 0.000; o.ooo; 0.005; 0.005; 
o.ooo; o.ooo; o.ooo; 0.010; o.ooo; 
o.ooo; o.ooo; o.ooo; 

nNAL. VALUES 1. 340; o.ooo; i. 293; 4.267; O.i:t6; 
3.219; 5145.000; 75.000; 5. 523; 2.000; 
3.000; o.ooo; 1 .ooo: 

VARIANCE COEF 1: O.OOE+OO; O.OOE+OO; 0.85t+Coi; 0.39E+01; O.OOE+OO; 
O.OOE+OO; 0.00£+00; O.OOE+OO; -0.11E-02; O.OOE+OO; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; 

VARIANCE COEF 2: O.OOE+OO; O.OOE+OO; 0.81E-03; 0.18E-02; O.OOE+OO; 
O.OOE+OO; O.OOE+OO O.OOE+OO; -0.62E+01; O.OOE+Oo; 
O.OOE+OO; O.OOE+OO O.OOE+OO; 

0.007 

72.060; 43.270; 

Numeric values defined: 

First line 
Starting values ••••••••••••••.•••• 

Increments ....................... . 

same as line 1 in OHGOGO.DAT 
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. 

Final values •..•••••••••••••.••••• ·values of parameters after optimization 
listed in the same order as in lines 
3 through 7 of OHGOGO.DAT. 

Variance coef 1 ••••••••••••••••.•• numeric estimates of the partial deri
vative defined by equation 26 of chapter 
5 for each optimized parameter. 

Variance coef 2 .••••••••.••••••... numeric estimates of the variances de
fined by equation 23 of chapter 5 for 
each optimized parameter assuming df=l. 
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Appendix 48 (continued). 

Final error ••••••••••••••••••••••••• sum-of-squares error after optimization 
of parameters in ellipsometer model • 

Measured values ••••••••••••••••••••• measured values of delta and psi, re
spectively. 

Calculated values ••••••••••••••••••• calculated values of delta and psi, 
respectively; values predicted with 
optimized parameters. 
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Appendix 4.9. 

LiGting of GOGOGO 

PROGRAI'I GOGOGO 
COMMON/S£ARCHIY,XI20J,YOI20J 
COHMON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,El,E2,A,B,ROOT1,ROOT2 
DIMENSION B1120l,B0120J,DI20),ENI20),EN1120l 
OPENIUNIT=l,NAME=/DYl:GOGOGO.DAT/,TYPE=/OLD/l 

3000 TYPE 11 
ACCEPT 12, FLAG 
IFIFLAG.NE.1HY.AND.FLAG.NE.1HN>GOTO 3000 

2000 READI1,1lNVAR,NERR,NF,EF,ALPHA 
IFINVAR.EG.999lSTOP 
IFIFLAG.NE.lHYlGDTO 3001 
PRINT l,NVAR,NERR,NF,EF,ALPHA 

3001 TYPE 1,NVAR,NERR,NF,EF,ALPHA 
REAli( i ,21 I YOI 1J ,I=-1 ,NERRI 
READ< 1,21 <fWI I l ,I=l ,NVAR I 
IFCFLAG.NE.1HYlGOTO 3002 
PRINT 3,CBO<Il,I"-l,NVARl 

3002 TYPE 3,CBOIIJ,I=-1,NVARI 
READ I 1, 2 i I D I I I, I= i, NV,;R) 
IF!FLAG.NE.lHYIGOTO 3003 
PRINT 4,([1\ll,I"'l,NVARl 

3003 TYFE 4,1D<I>,I=1,NVAR) 
NT=O 

50 CONTINUE 
110 300 l"'l,NVAR 
EOO"'O.O 
E10=0.0 
E20=0.0 
IFIDIIJ.EG.O.OIGOTD 200 
DO 100 J=l,iiVAR 

100 XIJ);;BO\J) 
CALL ERF:OF; 
EOO"'Y 
Xiii=BO<Il-II(Il 
CALL ERROR 
E10;;)' 
XCII=BOIIHD<Il 
CALL ERROR 
E20=Y 
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Appendix 49 (continued). 

IFCEOO.LT.E10.AND.EOO.LT.E20lGOTO 200 
IFIE10.LT.EOO.AND.E10.LT.E20>GOTO 201 
IF<E20.LT.EOO.AND.E20.LT.E10lGOTO 202 

200 Bl<I>=BO\Il 
GOTO 300 

201 Bl(IJ=BO<I>-DCI> 
GOTO 300 

202 Bl<I>=BO<I>+D<Il 
300 EN<Il=0.5*<E10+E20l-EOO 

DO 350 J=l,NVAR 
BOCJl=Bl (Jl 

350 X(J);;;£!0(J) 
CALL ERROR 
EI=Y 
DO 357 I=1,NVAi\ 
IFCDCil.NE.O.OlGOTO 335 
ENII>=O.OOO 
ENiCil=O.OOO 
GOTO 357 

355 ENIIl=ENlll/CDCil•DIIJJ 
IFIEN.IIl.NE.O.OlGOTO 356 
EN1 ( Ii ::..Q. 

6010 357 
356 EN1 <I l =ET !Ei'l\ I> 
357 CONTINUE 

IH=NT+i 
IF<ET.GT.EOOlGGTO 998 
IFCNT.EU.NF>GOTO 999 
IFCET.LE.EFlGOTO 1000 
DO 360 J=l,NVAR 

360 DIJl=ALPHA•D<J> 
GOTO 50 

998 TYF'E 5 
IF<FLAG.NE.1HYlGOTO 3004 
F'RINT 5 

3004 CONTINUE 
GOTO 1000 

999 TYF'E 6 
IF<FLAG.NE.1HYJGO·ro 3005 
PRINT 6 

3005 CONTINUE 
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Appendix 49 (continued). 

1000 TYPE 7,CXCil,I=l,N.VARJ 
TYPE 13,1ENIIJ,I=1,fiVARl 
TYPE 14,iEN11IJ,I=l,NVAR/ 
TYPE B,ET 
TYPE 9,<YOIIJ,I=l,NERRl 
TYPE IO,CYOIIJ,I=l+NERR,NERR+NERRJ 
IF<FLAG.NE.1HYIGOTO 3006 
PRINT 7,<X<li,I=1,NVARI 
PRINT 13, <ENC Il ,I=l ,NVARJ 
PRINT 14,CENiCIJ,I=1,NVARl 
PRINT B,ET 
PRINT 9,1YOCil,I~1,NERRJ 

PRINT iO,IYOIIJ,I:1+NERR,NERR+NERRJ 
3006 CONTINUE 

1 FORMATC315X,I5l,211X,r9.3JJ 
2 FORMATi3!1X,F9.3ii 
3 FORMAT(/,' STARTING VALUES: ',511X,F9.3,';'J) 
4 FORKATI/,' INCREMENTS ',511X,F9.3,';'J) 
5 FORHATII,' NO CONVERGENCE 'I 
6 FORHATI/,' NOT FINISHED 'J 
,. FORiiATU,· FINAL VALUES ···,5\1X,F9.J,··;··Ji 
8 FORMAT!/,' FINAL ERROR ',1XpF9.3l 
9 FORMAT<!,' MEASURED VALUES: ',511X,F9.3,';'J) 

10 FORMAT!/,' CALCULATED ',5C1X,F9.3,';'J) 
11 FORMAT<!,'$ PRINTER IN SYSTEMiY/Nl? ') 
12 FORMAT\A1) 
13 FORMAT(/,' VARIANCE COEF i: ',5!1X,E9.2, ·;')) 
14 FORMAT!/,' VARIANCE COEF 2: ',SC1X,E9.2,';'J) 

GOlD 2000 
STOP 
EN II 
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Appendix 49 (continued). 

Objective subroutine optimized by GOGOGO 

SUBROUTINE ERROR 
COMMON/SEARCH/Y,X<20l,Y0(20l 
COMMON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS,TN~S,WL,PHI1,T,DELC,FSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,E1,E2,A,B,ROOT1,ROOT2 
TNA=X < 1) 

TNKA=O. 
TNF=X{2) 
TNKF::.X(J) 
TNS=X<4l 
TNi:S=X\5) 
IJL=Xi6l 
F'HI1:;X{7) 
T=X<Bl 
CALL FILM 
CALL REF I Nit 
TNf::.X( 9) 
TNt:F=-X< 10i 
T=X<lO 
THETA=X(12l 
IF<T.Eu.O.JGOTO 10 
CtiLL EMA 
CALL FILM 
CALL HEF l ND 
TNF=X\13) 
TNr:f;;X(14) 

THETA::.X(16) 
IF<T.EU.O.JGOTO 10 
CALL CSF ILM 

10 COriTINUE 
DELM::;'(Q ( i) 

PSin"i'0<2J 
i'0\3).:.ltE.LC 
YOi4l=PSIC 
Y=<DELC-DELMJt~2+iPSIC-F'SIHl**2 
Y=SlH\T(Yl 
RETURN 
EN It 
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Appendix 49 (continued). 

MOdified version of FILM02 required by GOGOGO 

SUBROUTINE CSFILM 
COMMON/FLMDAT/TNA,TNKA,TNF,TNKF,TNS•TNKS,WL,PHI1,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX RSX,RPX,RSY,RPY 
TN1~TNA 

TNFO:TNF 
TNKFO:TNKF 
PHI=0.01745329252tPHI1 
CP~DCOSIPHil 

SP~DSINIPHIJ 

TN3~CMPLXITNS,-TN~Sl 

CFHI3=CSQRT<1.0-THI**2*SP•t2/ITN3*t2J) 
TN2~CMPLXITNF,-TNKFl 

CPHI2=CSQRTI1 .O-TNitt2tSP••2/ITN2tt2)1 
R1S=ITNltCF-TN2tCPH12)/ITN1tCP+TN2tCPHI21 
R1F=-ITN1tCPHI2-TN2tCPl/ITNltCPHI2+TN2tCPl 
R2S=ITN2tCPHI2-TN3tCPHI3l/ITN2tCPHI2+TN3tCPHI3l 
R2P=-ITN2tCPHI3-TN3tCFHI2l/ITN2tCPHI3+TN3tCPHI21 
Z=I0.0,1.01t(4.0t3.1415927tT/WLltTN2tCPHI2 
RS=IR1S+R2StCEXPI-Zll/li.O+R1S*R2StCEXPI-Zll 
RP=IR1P+R2F•CEXPI-Zll/11.0+R1PtR2PtCEXPI-ZII 
RSX~TH~TA*RS 

RPX=THETAtRP 
TNF=TN1 
TNKF=O. 
TN2~CMPLXITNF,-TNKFI 

CPHI2=CSQRTI1.0-TN1tt2tSPtt2/ITN2tt2ll 
RiS=ITN1tCP-TN2tCPHI2l/ITN1tCP+TN2tCPHI2) 
R1P=-ITN1tCPHI2-TN2tCPl/ITN1tCPHI2+TN2*CPl 
R25=1TN2•CPHI2-TN3tCPHI3l/ITN2tCPHI2+TN3tCPHI3l 
R2P=-<TN2tCPHI3-TN3tCPHI21/ITN2tCPHI3+TN3tCPHI2l 
Z=I0.0,1.0l•l4.0i3.1415927•TIULltTN2*CPHI2 
RS~(R1S+R2S•CEXPI-Zil/11.0+R1S•R2S•CEXP(-Zll 

RP=!R1P+R2P•CEXPC-Zil/C1.0+R1P•R2PtCEXPI-Zll 
RSY=(1.-THETAl*RS 
RPY=l1.-THE1Al•RP 
RS=RSX+RSY 
RF=RPX+RPY 
TNF=TNFO 
TNKF=TNKFO 
RHO=RP/RS 
PSIC=DATANCCABSIRHOll/0.01745329252 
DELC=DATAN21AIMAGIRHOI,REAL(RHOIJ/0.01745329252 
RETURN 
END 
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17 
65.000 

1 • 340 
4.267 

5145.000 
2.000 
0.500 

Appendix 49 (continued) 

Input Data File GOGOGO.DAT 

2 100 0.050 1.00 
38.000 

0.000 1. 293 
0.176 3.219 

75.000 5.523 
3.000 300.000 
2.000 3.000 

10000.000 
0.000 
0.000 
0.000 
0.000 
0.000 

0.200 
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 0.000 
999 999 999 0.000 0.000 

123456789/123456789/123456789/123456789/123456789/123456789/123456789/ 

Line 1. 

Line 2. 
Line 3. 

Line 4. 
Line 5. 

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. 

Line 6. n of second porous film, k of second porous film, thickness of 
second porous film. 

Line 7. volume fraction of deposit in second film, n of islands, k of 
islands. 

Line 8. 

Line 9. 
Line 10. 
Line 11. 
Line 12. 
Line 13. 
Line 14. 
Line 15. 

thickness of islands, fraction of surface covered by islands, 
value read but not used 
increments (step sizes) of values listed in line 3 used in search. 
increments (step sizes) of values listed in line 4 used in search. 
increments (step sizes) of values listed in line 5 used in search. 
increments (step sizes) of values listed in line 6 used in search. 
increments (step sizes) of values listed in line 7 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). 
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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, 50% porosity). 
Parameters specific to these first two layers are not varied in this example. 
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Appendix 49 (continued). 

GOGO GO output to line printer 

17 2 100 0.050 1 • 000 

STARTING VALUES: i.340; o.ooo; 1.293; 4.267; 0.1?6; 
3.219; 5145.000; 75.000; 5. 523: 2.000; 
3.000; 300.000; 0.500; 2.000; 3.000; 

10000.000; 0.200; 

INCREMENTS o.ooo; o.ooo; o.ooo; o.ooo; o.ooo; 
o.ooo; o.ooo; o.ooo; o.ooo; o.ooo; 
o.ooo; o.ooo; o.ooo; o.ooo; o.ooo; 

100.000; 0.010; 

NOT FINISHEII 

FINAL VALUES 1.340; o.ooo; 1.293; 4.267; 0.176; 
3.219; 5145.000; 75.000; 5.523; 2.000; 
3.000; 300.000; 0.500; 2.000; 3.000; 

54oo.ooo; 0.530; 

VARIANCE COEF 1: O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 
O.OOE+OO; O.OOE+OO; O.OOE+OD; O.OOE+OO; O.OOE+OO; 
0.51£-04; 0.30E+04; 

VARIANCE COEF 2: O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 
O.OOE+OO; O.OOE+OO; 0.00£+00; O.OOE+OO; O.OOE+OO; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 
0.33E+04; 0.57E-04; 

FINAL ERROR 0.168 

HEASUREII VALUES: 65.000; 38.000; 

CALCULATEII 64.923; 38.149; 

Numeric values defined: 

First line 
Starting values .••.•.•••.••.••.•••• 

Increments .•.••..•••••...•.•.••.••. 

Final Vplues ....................... 

Variance coef 1 ••.••....•.••••...•. 

Variance coef 2 •••••••••••••••....• 

same as line 1 in GOGOGO.DAT. 
same input values in the same order 
as in lines 3 through 8 of GOGOGO.DAT. 
values of parameters after optimization 
listed in the same order as in lines 
9 through 14 of GOGOGO.DAT. 
values of parameters after optimization 
listed in the same order as in lines 
3 through 8 of GOGOGO.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=l. 
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Appendix 49 (continued). 

Final error •••••••••••.•••••.••••.• sum-of-squares error after optimization 
of parameters in ellipsometer model. 

Measured values ..••••.••.•••••••••• measured values of delta and psi, respec
tively 

Calculated values •.•••••••••.•••.•• calculated values of delta and psi, re
spectively; values predicted with opti
mized parameters. 
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Appendix 50. 

Listing of WLGOGO 

PROGRAM lJLGOGO 
COMHON/SEARCHIY,X<20I,Y0<20,40>,NDAT 
COHHON/FLHDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,UL,PHI1,T,DELC,PSIC 
COHHON/THETA/THETA 
COHPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,E1 ,E2,A,B,ROOT1 ,ROOT2 
DIMENSION B11201,B0<20>,DI201,EN<20I,EN1120> 
OPEN<UNIT=1 ,NAI1E=··ny1 :ULGOGO.DAT·', TYPE='Olii'> 

3000 TYPE 11 
ACCEPT 12, FLAG 
IF<FLAG.NE.1HY.AND.FLAG.NE.1HNIGOTO 3000 

2000 REAr! I 1,1 INVAR,NYO,NF ,EF ,ALPHA 
IFINVAR.E0.999lSTOP 
IFIFLAG.NE.1HYIGOTO 3001 
PRINT 1,NVAR,NYO,NF,EF,ALPHA 

3001 TYPE 1,NVAR,NYO,NF,EF,ALFHA 
READ< 1 ,2> lBO I!), I=1 ,NVAR> 
IFIFLAG.NE.1HYIGOTO 3002 
PRINT 3,1BOIII,I=1,NVARI 

3002 TYPE 3,<BOII>,I=1,NVAR) 
READ\1 ,2l IDII>,I=1 ,NVARI 
IFIFLAG.NE.1HY>GOTO 3003 
PRINT 4,1DII>,I=1,NVAR> 

3003 TYPE 4,1DII>,I=1,NVARl 
30 REAII(1,15/NitAT 

IFINDAT.E0.99991GOTO 40 
READI1,2lYOI1,NDAT>,YOI2,NDATI,<YOII,NDAT),I=5,NYO> 
IFIFLAG.NE.1HYlGOTO 3007 
FRINT 16,YOC1,NDATl,Y0<2,NDATI,<YOII,NDATl,I=5,NYOI 

3007 TYPE 16,YOC1,NDATI,Y0(2,NDATl,IYOII,NDATl,I=S,NYOI 
NDAT1=NDAT 
GOTO 30 

40 NDAT=NDAT1 
ET0=1.E09 
NT=O 

50 CONTINUE 
IIO 300 l=1,NVAR 
EOO=O.O 
EiO=O.O 
£20=-0.0 
IFIDIIl.EO.O.OIGOTO 200 
DO 100 J=l,NVAR 

100 XIJI=BOIJ) 
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Appendix 50 (continued). 

CALL ERIWR 
EOO=Y 
XI I l=BOI I l-DI I l 
CALL ERROR 
E10=Y 
XI I l=BOI I )+Ill I l 
CALL ERROR 
E20=Y 
IFCEOO.LT.E10.AND.EOO.LT.E20JGOTO 200 
IFCE10.LT.EOO.ANII.E10.LT.E20JGOTO 201 
IFiE20.LT.EOO.AND.E20.LT.E10lGOTO 202 

200 Bl<Il=BOIIl 
GOTO 300 

201 B11Il=BOIIl-IIIIl 
GOTO 300 

202 B11Il=BOIIl+DIIl 
300 EN!Il=0.5*1E10+E20l-EOO 

IIO 350 J=1,NVAR 
BOIJl=B1 IJl 

350 XIJl=BO<Ji 
CALL ERROR 
ET=Y 
IIO 357 I=l,NVAR 
IFCDIIl.NE.O.OlGOTO 355 
ENI!i=O.OOO 
EN1\Il=O.OOO 
GOTO 357 

355 ENIIl=ENiil/IDIIl*DIIli 
IFIENIIl.NE.O.OlGOTO 356 
EN11IJ=O. 
GOTO 357 

356 EN11Il=ET/IENIIJ•I2.•NIIAT-NVARll 
357 CONTINUE 

NT=NT+1 
IFIET.GT.ETOJGOTO 998 
IFiNT.EG.NFlGOTO 999 
IF\ET.LE.EFlGOTO 1000 
DO 360 J=1,NIJAR 

360 DIJl=ALPHA•IIIJl 
ETO=ET 
GOTO 50 

998 TYPE 5 
IFIFLAG.NE.1HYlGOTO 3004 
PRINT 5 

3004 CONTINUE 
GOTO 1000 

999 TYPE 6 
IFIFLAG.NE.1HYJGOTO 3005 
PRINT 6 

3005 CONTINUE 
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Appendix SO (continued). 

1000 TYPE 7,1XIII,I=1,NVARl 
TYPE 13,1ENII>,I=1,NVARl 
TYPE 14, IENH I l, I=l ,NVARl 
TYPE B,ET. 
DO 7000 J=1,NDAT 
TYPE 9,<YO·ci.,JJ,I=1,2l 

7000 TYPE 10,1YO<I,Jl,I=3,4J 
IFIFLAG.NE.1HYlGOTO 3006 
PRINT 7,1X<I>,I=1,NVARJ 
PRINT 13,1EN<I>,I=1,NIJM) 
PRINT 14,1EN1!Il,I=1,NVARl 
PRINT B,ET 
DO 7001 J=l ,NDAT 
PRINT 9,1YO<I,Jl,I=1,2l 

7001 PRINT 10,1YOII,Jl,I=3,4l 
3006 CONTHWE 

1 FORMATi315X,I5J,211X,F9.3Jl 
2 FORMATI711X,F9.3ll 
3 FORMAT<!,' STARTING VALUES: ',511X,F9.3,'; ')) 
4 FORMAT(!,' INCREMENTS ',SIIX,F9.3,';'ll 
5 FORMAT(/,' NO CONVERGENCE ') 
6 FORMAT<!,' NOT FINISHED 'l 
7 FDRHATC/,' FINAL VALUES ',511X,F9.3,';'>l 
8 FORMAT!/,' FINAL ERROR ',1X,F9.3) 
9 FORMAT<!,' MEASURED VALUES: ',511X,F9.3,';'ll 

10 FORMAT!/,' CALCULATED ',511X,F9.3,';'l) 
11 FORMAT<I,'S PRINTER IN SYSTEMIY/N)? 'l 
12 FORI1ATiA1) 
13 FORMATC/,' VARIANCE COEF 1: ',511X,E9.2,';'ll 
14 FORMATI/,' VARIANCE COEF 2: ',511X,E9.2,';'ll 
15 FORMAT<5X,I5l 
16 FORMAT(/,' KNOUN PARAHETERS:',511X,F9.3,';'ll 

GOTO 2000 
STOP 
END 
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Appendix 50 (continued). 

Objective subroutine optimized by WLGOGO 

SUBROUTINE ERROR 
COHHON/SEARCH/Y,X<20>,Y0<20,40>,NDAT 
COHHON/FLHDAT/TNA,TNKA,TNF,TNKF,TNS,TNKS,WL,PHI1,T,DELC,PSIC 
COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX E,E1,E2,A,B,ROOT1,ROOT2 
Y=O. 
DO 100 J=1 ,NDAT 
IiELH=YO ( 1, J > 
PSI!i=Y0(2,J) 
TNA =Y0(5,J) 
TNKA=Y0<6,J) 
TNF =Y0\7,J) 
TNU=Y0<8,J) 
TNS =Y0<9,J) 
TN~:S=Y0<10,J> 

IJL =Y0<11,J) 
PHI1=YO\i2,J) 
T =X< 1) 
IF<T.EO.O.O>GOTO 10 
CALL FILM 
CALL REFIND 

10 CONTINUE 
TNA =Y0i13,.J) 
TNKA ::,y0(14,J) 
TNF =Y0<15,Jl 
HH:F =Y0<16,J) 
THETA=X\2) 
CALL EMA 
TNA =YO<S,Jl 
TNr:A =Y0<6,J) 
T =X\3) 
IF<T.EO.O.OlGOTO 20 
CALL FILM 
CALL REFIND 

20 CONTINUE 
TNF =X<4> 
TN~:F =X\5) 
THETA=X(6) 
T =X\7)*10000. 
IF<T.EG.O.OlGOTO 30 
CALL CSFILH 

30 CONTINUE 
Y0<3,J)=IJELC 
Y0<4,Jl=PSIC 
Y=Y+<DELH-DELC>*t2+<PSIM-PSIC>*•2 

100 CONTINUE 
Y=SGRT ( Y> 
RETURN 
END 

-290-



Appendix 50 (continued). 

Input Data File WLGOGO.DAT 

7 16 100 r:' "" .... ~ • V\.1\.1 j • 000 
82.000 0.530 260.000 i. 000 0.000 0.000 0.000 
0.500 0.005 1 • 000 0.100 0.100 0.000 0.000 

1 
58.690 32.990 1 • 352 0.000 2.6ii 4.438 0.645 

2.766 4248.000 75.000 1 • 352 0.000 2. 811 4.438 
2 

50.070 31.730 1. 344 0.000 2.490 3.588 o.oi2 
2.610 5586.000 75.000 1 • 344 0.000 2.490 3.588 

3 
53.450 36. i i 0 1. 335 0.000 1 • 64 4 3.377 0. i 00 

3.560 6991.000 75.000 1 • 335 0.000 1 • 644 3.377 
4 

52.730 30.990 1. 347 0.000 2.466 3.707 0.880 
2.725 5155.000 75.000 1 • 347 0.000 2.466 3.707 

5 
. 49.970 33.580 1 • 341 0.000 2.447 3.480 0.190 

2.980 5998.000 75.000 1 • 341 0.000 2. 447 3.480 
6 

51 • 030 34.470 1 • 340 0.000 2. 373 3.409 0. i 33 
3.201 6242.000 75.000 1. 340 0.000 1"\ .......... 3.409 L..j/,) 

7 
51.850 35.350 1 • 338 0.000 2.228 3.357 0.098 

3.359 6504.000 75.000 1.338 0.000 2.228 3.357 
8 

52.870 36.390 j. 337 0.000 2.049 3.351 0.050 
3.484 6748.000 75.000 1. 337 0.000 2.049 3.351 

9 
57.240 31. 120 1. 35i 0.000 2.225 4.152 0.845 

2.762 4492.000 75.000 1. 351 0.000 2.225 4.152 
10 

55.480 30.880 1 • 34 9 0.000 2.391 3.920 0.912 
2.759 4756.000 75.000 1 • 349 0.000 2.391 3.920 

9999 
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Line 1. 

Line 2. 

Line 3. 

Line 4. 
Line 5. 

Line 6. 

Line 7. 
Line 8. 
Line 9. 
Line 34. 

Appendix 50 (continued). 

Numeric values of WLGOGO.DAT defined 

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. 
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 }ayer, angstroms. 
d) effective refractive index of islands. 
e) effective extinction coefficient of islands. 
f) effective·surface coverage by islands. 
g) effective island thickness, microns. 
increments (step sizes) of values listed in line 2 used in search; 
listed in same order as corresponding parameter values in line 2. 
data point number 
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. 
extinction coefficient of substrate, wavelength, angle-of-incidence,. 
component 112 refractive index (second composite layer), component 112 
extinction coefficient, component #1 refractive index, component #1 
extinction coefficient. 
see line 4. 
see line 5. 
see line 6. 
reading of data file terminated when "999" values is read. 

Notes: 

Input values for 10 different 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 

7 16 100 5. 00() 1. 000 

STARTING VALUES: 82.000; 0.530; 260.000; 1. 000; o.ooo; 
o.ooo; o.ooo; 

INCREMENTS o.soo; o.oo5; 1 • 000; 0.100; .0 .1 00; 
o.ooo; o.ooo; 

KNOIJN PARAMETERS: 58.690; 32.990; 1.352; o.ooo; 2.811; 
4.438; 0.645; 2.766; 4248.000; 75.000; 
1.352; o.ooo; 2.811; 4.438; 

KNOUN PARAMETERS: 50.070; 31 .730; 1 • 344; o.ooo; 2.490; 
3.588; 0.612; 2.610; 5586.000; 75.000; 
1.344; o.ooo; 2.490; 3.588; 

KNOwN PARAMETERS: 53.450; 38.110; 1 • 335; o.ooo; i . 644; 
3. 377; 0.100; 3.560; 6991 .ooo; 75.000; 
1.335; o.ooo; 1.644; 3. 377; 

nwu;~ PARAMETERS: 52.730; 30.990; 1.347; o.ooo; 2.466; 
3.707; 0.880; 2.725; 5155.000; 75.000; 
1.347; o.ooo; 2.466; 3.707; 

~(NOUN f'AF:AMETERS: 49.970; 33.580; 1 • 341 ; o.ooo; 2.447; 
3.480; 0.190; 2.980; 5998.000; 75.000; 
1 • 341 ; o.ooo; 2.447; 3.480; 

KNOUN PARAMETERS: 51.030; 34.470; 1.340; o.ooo; 2.373; 
3.409; 0.133; 3. 201 ; 6242.000; 75.000; 
1.340; o.ooo; 2.373; 3.409; 

KNOLJN PAkAHETERS: 51.850; 35.350; 1.338; o.ooo; 2. 228; 
3.357; 0.098; 3.359; 6504.000; 75.000; 
1. 338; o.ooo; 2.228; 3.357; 

~NOUN PARAMETERS: 52.870; 36.390; 1 • 337; o.ooo; 2.049; 
3.351; 0.050; 3.484; 6748.000; 75.000; 
1.337; o.ooo; 2.049; 3. 351 ; 

I< NOUN PARAMETERS: 57.240; 31.120; 1 • 351 ; o.ooo; ..., '1")t:""• 
,;...~.:...J, 

4. 152; 0.845; 2.762; 4492.000; 75.000; 
1 • 351 ; o.ooo; ? ??""• ........ .J, 4.152; 

KHOUN PARAMETERS: 55.480; 30.880: 1.349; o.ooo; 2. 391; 
3.920; 0.912; 2.759; 4756.000; 75.000; 
1.349; o.ooo; 2.39!; 3.920; 
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Appendix 50 (continued). 

NOT FINISHHI 

FINAL VALUES 71.000; 0.540; 256.000; 1.000; o.ooo; 
o.ooo; o.ooo; 

VARIANCE COEF 1: 0.12E-02; 0.38£+04; 0.13E-02; O.OOE+OOj O.OOE+OO; 
O.OOE+OO; O.OOE+OO; 

VARIANCE COEF 2: 0.33E+03; 0.10E-03; 0.32E+03; O.OOE+OO; O.OOE+OO; 
O.OOE+OO; O.OOE+OO; 

F"INAL ERROR 5.235 

MEASURED VALUES: 58.690; 32.990; •••••••..•• delta and psi, 
respectively 

CALCULATED 58.637; 29.783; 

MEASURED VALUES: 50.070; 31.730; 

CALCULATED 50.733; 31.327; 

MEASUF:ED VALUES: 53.450; 38.110; 

CALCULATED 55.139; 36.288; 

MEASURED VALUES: 52.730; 30.990; 

CALCULATEIJ 52.391; 31 .098; 

HEASUREI! VALUES: 49.970; 33.580; 

CALCULATED 50.455; 32.889; 

MEASURED VALUES: 51.030; 34.470; 

CALCULATED 51.215; 33.701; 

HEASUREII VALUES: s1 .s5o; 35.350; 

CALCULATHI 52.322; 34.545; 

MEASURED VALUES: 52.870; 36.390; 

CALCULATEli 53.607; 35.308; 

MEASURED VALUES: 57.240; 31.120; 

CALCULATEII 55.464; 32.003; 

MEASURED VALUES: 55.480; 30.880; 

CALCULATED 54.003; 31.304; 
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Appendix 50 (continued). 

Numeric values in WLGOGO output defined 

First line ••••••••••••••••••••••••• same as line 1 of WLGOGO.DAT 
Starting values •••••••••••••••••••• same as line 2 of WLGOGO.DAT 
Increments •••••••••.••••••••••••••• same as line 3 of WLGOGO.DAT 
Known parameters ••••••••••••••••••• same as lines 5 and 6 of WLGOGO.DAT, 

etc. 
Final values ••••••••••••••••••••••• optimized model parameters corresponding 

to the starting values given in line 2 
of WLGOGO.DAT; listed in the same order. 

Variance coef 1 •••••••••••••••••••• 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. 

Variance coef 2 •••••••••••••••••••• nu~eric 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 
!=Onfidence intervals of-model-parameters. 

Final error •••••••••••••••••••••••• total sum-of-squares error between model 
predictions and measured values of delta and 
psi for all data points read. 

Measured values •••••••••••••••••••• measured values of delta and psi, respectively. 
Calculated values •••••••••••••••••• calculated values of delta and psi, respectively; 

based upon optimized values of model parameters. 
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Appendix 51. 

Listing of AIGOGO 

PROGRAM AIGOGO 
COMMON/AIMOD1/NO,N1ER,N1EI,N10R,N10I,N2R,N2I,UL,PHI,T,PSI,DEL 
COHHON/AIHOD2/R01PP,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
COMPLEX SPHI2,CPHI2,EXO,EX2,0RO,OR2,BETAP,BETAS' 
COMPLEX R01PP,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
REAL NO,N2R,N2I,N1ER,N1EI,N10R,N10I 
COMHON/SEARCH/Y,XI20l,YOI20l 
DIMENSION Bl 120l,BOI20l,DI20l,ENI20l,EN1(20) 
OPENIUNIT=i,NAME='DYI:AIGOGO.DAT',TYPE~'OLD'> 

3000 TYPE 1 i 
ACCEPT 12, FLAG 
IFIFLAG.NE.IHY.AND.FLAG.NE.iHNIGOTO 3000 

2000 READI1,1JNVAR,NERR,NF,EF,ALPHA 
IFINVAR.EG.999lSTOP 
IF<FLAG.NE.l~YlGOTO 3001 
PRINT I,NVAR,NERR,NF,EF,ALPHA 

3001 TYPE 1,NVAR,NERR,NF,EF,ALPHA 
fi'EAiil1,2i(YO\ll,I==1,NERRI 
READI1,2>1BO<I>,l=1,NVARl 
IFIFLAG.NE.iHYlGOTO 3002 
PRINT 3,1BOII>,I=i,NVARl 

3002 TYPE 3,1BOIII,I=1,NVAR> 
F:EAD I 1, 2) ( D I I), I" i, NVAR) 
IFIFLAG.NE.1HY>GOTO 3003 
PRINT 4,1DII>,I=1,NVARi 

3003 TYPE 4,1DIII,I=1,NVARl 
NT==O 

Variation: 

ET0==1.E09 
NT==O 

50 CONTINUE 50 CONTINUE 
DO 300 I==l ,NVAR 
EOO=O.O 
£10=-0.0 
E20=0.0 
IFCDIIJ.EG.O.OlGOTO 
IiO 100 J=:I,NVAR 

100 X\Jl==BOCJ> 
CA:...L ERROR 

XCI>==BOiiJ-Ii(J) 
CALL ERROF: 
E10=Y 
X<I>=BO<I>+DCI/ 
CALL ERROR 
E20=Y 
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Appendix 51 (continued). 

IF<EOO.LT.E10.AND.EOO.LT.E20)GQTO 200 
1FIE10.LT.EOO.AND.E10.LT.E20lBOTO 201 
IFIE20.LT.EOO.AND.E20.LT.E10lBOTO 202 

200 Bl<Il=BOili 
BOTO 300 

201 Bt<Il=BOIIJ-DIIl 
GOTO 300 

202 B1(IJ=BO<Il+lilll 
300 EN<Il=0.5~(£10+E20l-EGO 

DO 350 J=1 ,NIJAR 
BO\Jl=B11J) 

350 XIJl=fiO(J) 
CALL ERROR 
ET=Y 
DO 357 I=-1 ,NWii\ 
IFIDiil.NE.O.OIGOTO 355 
ENIU=O.OOO 
EN11Il=O.OOO 
GOTO 357 

355 ENIIl=EN!Il/IDCil*DIIll 
IF<EN<Il.NE.O.OJGOTO 356 
EN11II"G. 
GOTO 357 

356 ENiiii=EI/EN<Il 
357 CONTINUE 

NT=NT+1 
IFIET.GT.EOOJGOTO 998 
IFINT.EG.NFlGOTO 999 
IFIET.LE.EFlGOTO 1000 
110 360 J;;;;l ,NVAR 

360 DCJl=ALPHAiD(Jl 
GOTO 50 

998 THE 5 
IFIFLAG.NE.1HYJGOTO 3004 
PRINT 5 

3004 CONTINUE 
GOTO 1000 

999 TYPE 6 
IF<FLAG.NE.1HYJGOTO 3005 
PRINT 6 

3005 CONTINUE 
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1000 TYPE 7,1XIll,I=l,NUARJ 
TYPE 13,<ENIIl,I=1,NVARl 
TYPE 14,1EN11Il,I~l,NVARJ 

TYPE B,ET 
TYPE 9,1YOIIl,I=1,NERRl 
TYPE 10,1YOII>,I=1+NERR,NERR+NERR> 
IF<FLAG.NE.lHYlGOTO 3006 
PRINT 7,1XIIl,I=1,NUARl 
PRINT 13,1EN!Il,I=l,NVARJ 
PRINT 14,<EN1 IIJ,I=l,NVARJ 
PRINT B,ET 
PRINT 9,1YOIIJ,I=i,NERRI 
PRINT 10,1YOIIJ,I=1+NERR,NERR+NERR> 

3006 CONTINUE 
1 FORMATI315X~I5l,211X,F9.3l) 
2 FORMATI311X,F9.3)) 
3 FORHATI/,' STARTING VALUES: ',511X,F9.3,~;·Jl 

4 FORMAT(/~' INCREMENTS ',511X,F9.3,';'>J 
5 FORMAT<!,' NO CONVERGENCE 'J 
6 FORMAT(/,' NOT FINISHED ') 
t FORMAT<!,' FINAL VALUES ',511X,F9.3,';')) 
8 FORMATII,' FINAL ERROR ',1X,F9.3) 
9 FORMAT!/,' MEASURED VALUES: ',511X,F9.3,';'>> 

10 FORMAT!/,' CALCULATED ',SI1X,F9.3,';'J) 
11 FORMAT!/,'$ PRINTER IN SYSTEMIY/Nl? 'l 
12 FORMAT! AI J 
13 FORMAT!/,' VARIANCE COEF 1: ',5(1X,E9.2,';'J) 
14 FORMAT!/,' VARIANCE COEF 2: ',511X,E9.2,';'ll 

GOTO 2000 
STOP 
END 
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Appendix 51 (continued). 

Objective subroutine optlmized by AIGOGO 

SuB~DUii NE ERROR 
COMHON/SEARCH/Y,XC201,Y0<2Gl 
COHHON/AIMOD1/NO,N1ER,N1EI,N10R,N10I,N2R,N2I,UL,PHI,T,PSI,DEL 
COMMON/AIHOD2/R01PF,R12PP,R01SS,R12SS,RPP,RSS,RHO,N2,NiE,NiO 
COMPLEX SPHI2,CPHI2,EXO,EX2,0RO,OR2,FETAP,BETAS 
COMPLEX ROiPP,R12PP,ROiSS,R12SS,RPP,RSS,RHO,N2,N1E,N10 
REAL NO,N2R,N2I,N1ER,NiEI,NiGR,NiOI 
NO=X(1) 
N1ER=X<2J 
N1El"-X(31 
N10i\=XC4) 
N10I=XC5) 
N2R=X<6> 
N2l=X<7> 
IJL=X<B> 
PHI=XC9) 
T=O. 
CALL AIF ILH 
liELO=DEL 
PSIO=-PSI 
T=-X<iO) 
CALL AIFILH 
DEUI=Y0\1) 
F'SIH=Y0<2l 
DELC:;;DEL-DE.LO 
PSIC=f'SI-PSIO 
.YOC3l=IIELC 
Y0(4l=PSIC 
Y=CDELC-DELM1•~2+CPSIC-PSIMI*'2 
Y=SilRT ( )') 
RETUF:N 
END 
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Appendix 51 (continued). 

Input Data File AIGOGO.DAT 

10 2 100 0.100 1. OO(i 
1. 580 -3.550 
1. 340 2.000 2.000 
2.000 2.000 0.830 
2.780 4460.000 75.000 

25.000 0.000 0.000 
0.000 0.010 0.020 
0.010 0.020 0.000 
0.000 0.000 0.000 
0.250 0.000 0.000 

1 0 2 100 0.100 1. 000 
1. 520 -3.370 
1. 340 2.000 2.000 
2.000 2.000 0.830 
2.780 4460.000 75.000 

25.000 0.000 0.000 
0.000 0.010 0.020 
0.010 0.020 0.000 
0.000 0.000 0.000 
0.250 0.000 0. OM 

Numeric values defined: 

Line 1. 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. 

Line 2. 

Line 3. 

Line 4. 

Line 5. 
Line 6. 
Line 7. 
Line 8. 
Line 9. 
Line 10.· 

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 ••••••.••••••••••••••••••.• same as line 1 in AIGOGO.DAT. 
Starting values .•.•••••••.••...•....• same input values in the same order as 

in lines 3 through 6 of AIGOGO.DAT. 
Increments ..•••••••••.••••••••••••••• same initial step sizes in the same order 

as in lines 7 through 10 of AIGOGO.DAT. 
Final values •••••••••.••••••••••••••• values of parameters after optimization 

listed in the same order as in lines 3 
through 6 of AIGOGO.DAT. 

Variance coef 1 ••••.••••••••••••••.•. numeric estimates of the partial derivative 
defined by equation 26 of chapter 5 for each 
optimized parameter. 

Variance coef 2 •••••••••••••••••••••• numeric estimates of the variances defined 
by equation 23 of chapter 5 for each opti
mized parameter assuming df=l. 

Final error •.••.•.••••••••••••••••••• sum-of-squares error after optimization of 
parameters in ellipsometer model. 

Measured values •••••••.••••••••.••••• measured values of delta and psi, respect
ively. 

Calculated values ••••••.••••••••••••• 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 

STARTING VALUES: 
0.830; 2.780; 

INCREMENTS 
o.ooo; 

FINAL VALUES 
0.830; 

o.ooo; 

2.780; 

100 

1.340; 
4460.000; 

o.ooo; 
o.ooo; 

1 • 340; 
4460.000; 

0.100 

2.000; 
75.000; 

0.010; 
0;000; 

2.140; 
75.000; 

1. 000 

2.000; 
25.000; 

0.020; 
0.250; 

1 • 1 80; 
33.750; 

2.000; 2.000; 

0.010; 0.020: 

2.070; 

VARIANCE COEF 1: O.OOE+OO; 0.62E+OO; 0.66E+01; 0.76E+01; 0.10E+03; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 0.35E-01; 

VARIANCE COEF 2: O.OOE+OO;. 0.89E-01; 0.83E-02; 0.72E-02; 0.53E-03; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 0.16E+01; 

FINAL ERROR 0.055 

MEASURE[! VALUES: 1.580; -3.550; 

CALCULATED 1.603; -3.500; 
1 0 2 100 0.1 00 1 .000 

STARTING VALUES: 1.340; 2.000; 2.000; 2.000; 2.000; 
0.830; 2.780: 4460.000; 75.000; 25.000; 

INCREMENTS o.ooo; 0.010; 0.020; 0.010; 0.020; 
o.ooo; o.ooo; o.ooo; o.ooo; 0.250; 

FINAL VALUES 1. 340; 2.170; 1 .180; 2.040; 2.820; 
0.830; 2.780; 4460.000; 75.000; 32.750; 

VARIANCE COEF 1: O.OOE+OO; 0.81E+OO; 0.55E+01; 0.11E+02; 0.91E+02; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 0.25E-01; 

VARIANCE COEF 2: O.OOE+OO; 0.82E-01; 0.12E-01; 0.60E-02; 0.73E-03; 
O.OOE+OO; O.OOE+OO; O.OOE+OO; O.OOE+OO; 0.27E+01; 

FINAL ERROR 0.066 

HEASURHI VALUES: 1. 520; -3.370; 

CALCULATE[! 1 • 532; -3.305; 
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Appendix 52. 

Listing of FLMTST 

PROGRAM FLIHST 
COMI'ION/FLI'IDAT/TN1,TNF,TNKF,TNS,TNKS,WL,PHI1,T,DELC,PSIC 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RF,RHO 
TYPE 1 
FORHAT(/,'$ TN1 = ' ) 

ACCEPT 10,TN1 
TYPE ~ 

.:: 
FO~:MATU,'$ TNF = .. ·) 

ACCEPT lO,TNF 
THE 3 
FORMAT\/,·$ TNKF= .. ) 

ACCEPT 1 0, HH;F 
TYPE 4 
FORMATU,'S TNS - .·) 

ACCEPT 10,TNS 
TYPE ~-

..J 

FOF:MATU, '$ TNf:S= •') 

ACCEF'T iO,TNr:S 
TYF'E' 6 
FORM~1T\/,··s WL ::: ' ) 

ACCEPT 10,UL 
T fr·E / 

FOr:MATi/,··s PHil= . ) 

ACCEF'T 10,PHI1 
TYPE 0 
FORMATU,··s T = ') 

ACCE~·T 10, T 
CALL FILM 
TYPE 9, DELC, PSIC 

9 FORMATC/,1X,'DELTA - ',F10.4,10X,'PSI = ',F10.41 
10 FOH'IAT<F1Ci.4) 

GOTO i 00 
STOP 
EN.[i 
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Appendix 52 (continued). 

Demonstration of FLMTST 

TNi = 1. incident medium refractive index 

film refractive index 

film extinction coefficient 

TNS = t.S3 ...... substrate refractive index 

INK£~ 2.39 ....... substrate extinction coefficient 

WL = 5461 •••••• wavelength, angstroms 

PH11= 75. angle-of-incidence, degrees 

T film thickness, angstroms 

DELTA = 55. 7HL7 PSI= 41.117~ 

T = 200 ..•.... another film thickness, angstroms 

Iif!TA = 61.1009 PSI = 

T = 100. etc . . . . . . . 
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Appendix 53. 

Listing of EMATST 

PROGRtili EI'IATST 
COMMON/FLHDAT/TNA,TNKA,TNF,THKF,THS,THKS,UL,PHil,l,DELC,PSIC 
COMMON/THETA/THETA 
TYPE 2 

2 FORMAT!/,'$ IS THERE A PRINTER IN THE SYSTEMIY/NJ? ') 
ACCEPT 3,FLAG 

3 FORMAT CAll 
IFIFLAG.NE.1HY.AND.FLAG.NE.1HNJGOTO 

4 TYPE 5 
5 FORMAT!/,·$ ARE DELTA AND PSI TO BE COHPUTEDCY/~J? ') 

ACCEF'T 3,FLAG1 
1FIFLAG1.NE.1HY.AND.FLAG1.NE.1HNJGOTO 4 
T'fF'E 1 0 

10 FORHATII,'$ N2 = ') 
ACCEF'T 100, TNAO 
TYPE 15 

15 FORMAT<!,'$ K2 = ') 
ACCEPT 100,TNKAO 
TYPE 20 

20 FORHATi/,'$ N1 - 'J 
ACCEFT 100, TNFO 
TYF'E 30 

30 FORi'\ATU, '$ K1 = .. ) 
ACCEPT lOO,TNKFO 
TYF'E 40 

40 FORMAT!/,'$ X1 - ') 
ACCEPT l•JO,THETA 
TNA=TNf!O 
TNf:A=TNKAO 
TNF"'TNFO 
TNf:F=TNKFO 
CALL El1f! 
TYPE 200,TNFO,TNKFO .. 
TYPE 205,TNAO,TNKAO 
TYPE 210,TNF,TNKF,THETA 
IFIFLAG.NE.1HYJGOTO 45 
PRINT 200,TNFO,TNKFO 
PRINT 205,TNAO,TNKAO 
PRINT 210,TNF,TNKF,THETA 

45 CONTINUE 
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50 

55 

60 

65 

70 

75 

Appendix 53.(continued). 

IF<FLAGi.NE.lHY)STOP 
TYFE 50 
FORiiAiil,'$ NA -
ACCEPT 100,TNA1 
TYPE 55 
FORiiAT<l,·'$ NS = 
ACCEPT lOO,TNS 
TYPE 60 
FORIIATU,··s KS ·-
ACCEPT iOO,TNr(S 
TYPE 65 
FORI1ATU,··s WL -
ACCEPT lOO,UL 
TYPE 70 
FORHATU,-'$ PHI= 
ACCEPT 100,PHI1 
TYPE 75 
FGRI1ATU 1 'S 
ACCEPT lOO,T 
TNA=TNI1i 
TNt:A=O. 
CALL FILii 

T 

' ) 

.' ) 

.. ) 

') 

.. ) 

- ' ) 

TYPE 215,TNS,TNKS,TNA 
TYPE 220,LJL,F'HI1 
TYPE 225,T,DELC,PSIC 
IFiFLAG.NE.1HYIGOTO 80 
PRINT 215,TNS,TNKS,TNA 
PRINT 220,WL,PHI1 
PRINT 225,T,DELC,FSIC 

80 CONTINUE 
6 TYPE 7 
7 FORIIAT<I,'$ ARE MULTIPLE CALCULATIONS TO BE DONElY/H)? ') 

ACCEPT 3,FLAG2 
IF<FLAG2.NE.1HY.AND.FLAG2.NE.1HNIGOTO 6 
IFIFLAG2.NE.1HYISTOP 
IFiFLAG.NE.1HY>GOTO 85 
PRINT 230 

65 COIHINUE 
90 TYPE 40 

ACCEPT 100,THETA 
THE 75 
ACCH'T 100, T 
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Appendix 53.(continued). 

TNF=TNFO 
TNf:F=TNKFO 
TNA=TNAO 
TNr:A=TNI<AO 
CALL EMA 
TNA=TNA1 
TNI<A=O. 
CALL FILK 
TYPE 230 
TYPE 235,T,THETA,TNF,TNI<F,DELC,PSIC 
IFiFLAG.NE.1HY>GOTO 95 
PRINT 235,T,THETA,TNF,TNKF,DELC,PSIC 

95 CONTINUE 
GOl 0 90 . 

100 FORMATIF10.4J 
200 FORMATII,' Nl = ',F6.3,' - ',F6.3,'I'J 
205 FORMAT!/,' 12 = ',F6.3,' - ',F6.3,'1') 
210 FORMAT!/,' N = ',F6.3,' - ·,F6.3,'I',SX,'X1 = ',F6.3J 
215 FORMATI/,' NS = ',F6.3,' - ',F6.3,'1',5X,'NA = ',F6.3> 
220 FORMAT!/,' UL = ·,FlO.O,SX,'PHI = ',F10.4) 
225 FORHATI/,' T = ',FlO.O,~X,'DELC = ',F10.4,5X,'PSIC = ',F10.4> 
230 FORMATI/,5X,'T',9X,'X1',8X'NF',8X,'KF',5X,'DELTA',5X, 'PSI') 
23~ FORMATI/,711X,F9~3)) 

RETURN 
END 
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Appendix 53 (continued). 

EMATST output to line printer 

/oii = 1 • 301 4.2711 

f¥'1 = 1 • 340 o.ooor 

N = 1. 340 - O.OOOI Xi = 0.000 

NS = 0.176 3.2191 NA = 1. 340 

UL = 5145. PHI = 75.0000 

T = 6. IIELC = 7i .4059 PSIC = 

T X1 N~ r ~:F DELTA 

5.532 0.250 1. 824 0.83i 70.653 

5.532 0.410 1 • 617 1. 442 70.611 

5.532 0.860 1 • 185 3.718 71.668 

5.532 i. 000 1 • 301 4.271 72.057 

5.532 0.500 1. 423 1 • 794 70.660 

5.532 0.100 1 • 6 77 0.151 70.959 

5.532 0.200 1. 841 0.616 70.704 

5.532 0.300 1 • 780 1. 030 70.624 

5.532 0.400 1. 636 1. 405 70.610 

c r:..,.") _, _ _,, .. 0.600 1. 169 2.297 70.838 

5.532 0.700 1. 083 2.922 71.172 

5.532 0.800 1 • 138 3.447 71.491 

5.532 0.900 1.218 3.886 71.782 

Definition of numeric values: 

Nl •••••• complex refractive index of film component #1. 
N2 ••.•.. complex rerractive index of film component #2. 

43.7224 

F'SI 

' 
43.464 

43.385 

~ ~ .. '~ ,., • "'0'.} 

43.270 

43.394 

43.664 

43.517 

43.426 

43.387 

43.440 

43.443 

43. :39 . .:. 

43.335 

N ...••• apparent complex refractive index of composite film at Xl. 
Xl .••••. volume fraction of component #1 in film. 
NS ..•••• complex refractive index of substrate. 
WL ••••.• wavelength 
PHI •.••• angle-of-incidence 
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T ••••••.• 
DELC ...• 
PSIC •. ; • 
NF •••••• 

KF 

Appendix 53 (continued). 

thickness of composite film, angstroms 
calculated values of delta, also given as DELTA 
calculated values of psi, also given as PSI 
real part of the composite film complex refractive index 
calculated from Nl, N2, and Xl. 
imaginary part of the composite film complex refractive index 
calculated from Nl, N2, and Xl. 

Notes: 

This example is taken from=the work discussed iri chapter 5 regarding 
the Bruggeman model of the Pb underpotential monolayer on Ag(lll). 

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 

PROGRAM CSFIT 
COMHON/FLMDAT/TN1,TNF,TNKF,TNS~TNKS~UL,PHI1,T,DELC,PSIC 

COMMON/THETA/THETA 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS~RP,RHO 

COMPLEX RSX,RPX,RSY,RPY 
97 FORMAT<I3l 
98 FORiiAT(A1 l 
99 FORHAT<F10.4l 

TYPE 1 
FORMATU,···s PHI 
ACCEPT 99,Piil1 
T'"" ... '} ltt: I.. 

~, 

I.. FOR_MAT\i,'S IJL 
ACCEPT 99,UL 
TYPE 1 0 

1 0 FORMAi(/,··s NO = 
ACCEPT 99,TN1 
TYPE 20 

20 FORHATU, .. ·s NF = 
ACCEPT 99,TNF 
TYPE '}C" 

..:...J 
'}C" 
i....J FOF:HAT \I,·'$ f(F = 

ACCEPT 99,TNKF 
TYPE 30 

30 FORf'IATU,·s NS = 
ACCEF'T 99,TNS 
T YF'E "JC" 

.>..! 

"JC" 
·.J.J FORMAT(!~'$ KS .... 

ACCEPT 99,TNKS 
100 CONTINUE 

TYPE 40 
40 FORMAT<i,'$ DEI...M 

ACCEPT 99 ,DEUi 
TYPE 45 

45 FORMATU,'$ F' s Ii'i 
ACCEPT 99,PSIM 
TYPE 50 

.. ) 

= , ) 

, ) 

.·) 

. ) 

.. ) 

, ) 

= , ) 

= , ) 

50 FORMAT(!,·$ THJCt<NESS .... , ) 
ACCEPT 99,T 
TYPE 55 

55 FORMAT(/,'$ THETA = . ) 

ACCEPT 99,THETA 
CALL FILM02 
ERROR=SDRT((DELM-DELCl*t2+(PSIH-PSIClt•2l 
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Appendix 54.(continued). 

PRINT 250,PHI1,UL,TN1,TNF,TN~F,TNS,TH~S.DELM,DELC,PSIM,FSIC 

C,ERROR,T,THETA 
250 FORMATIII,' ANGLE OF INCIDENCE = ',F3.0,5X,'UAVELENGTH = ',FS.O, 

C II,' AMBIENT REFRACTIVE INDEX = ',F5.2, 
C 1,' FILH REFRACTIVE INDEX = ',F5.2,' - ',F5.2,'I', 
C 1,' SUBSTRATE REFRACTIVE INDEX = ',F5.2,' - ',F5.2,'I', 
C II,' MEASURED VALUE OF DELTA = ',F7.2,' CALCULATED ••.. · 
C,F7.2, 
c I' ·' HEASU~:ED VALUE OF PSI 
C,F7.2, 
c I, ·' ERF:GR BY SUM OF SQUARES 
c I, ·' CORRESPONDING THICt;NESS 
c I , .•' APPARANT SURFACE COVERAGE 

TYPE 300 
300 FORMAT<I,'S HORE CALCULATIONS' ') 

ACCEPT 98,ANSUER 
IFIANSUER.EG.1HYIGOTO 100 
STOP 
END 
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Appendix 54 (continued). 

CSFIT output to line printer 

ANGLE OF INCIIIENCE = ?5. UA'JELENGTH = 5i45. 

AMBIENT REFRACTIVE INDEX = 1. 34 
FILM REFRACTIVE INDEX = 1. 29 - 4.081 
SUBSTRATE REFRACTIVE INIIEX = 0.17 3.221 

IIEASURED VALUE OF DELTA = 0.00 CALCULATEII •••• 71. 4~ 
MEASUREII VALUE OF PSI = 0.00 CALCULATEII •••• 4~ ,~ 

~.' ' 
ERROR BY SUM OF SQUARES = 83.78 
CORRESPONDING THIO;t-IESS = C" 

'"'· APPARANT SURFACE COIJERAGE = 0.1000 

ANGLE OF INCIDENCE = 75. UAVELENGTH = 5145. 

AMBIENT REFRACTIVE INDEX = 1. 34 
FILH REFRACTIVE INDEX = 1. 29 - 4.081 
SUBSTRATE REFRACTIVE INDEX = 0.17 - 3.22! 

MEASURED VALUE OF DELTA = 0.00 CALCULATED •••• 71.51 
MEASURED VALUE OF PSI - 0.00 CALCULATED ••.• 43.69 
EPROR BY SUM OF SQUARES = 83.80 
CORRESPONDING THI Cr:Nf SS :: <" .J, 

AF'PARANT SURFACE C0 1JE!;:AGE = 0.200C' 

Notes: 

This example is taken from the work discussed in chapter 5 regarding 
the coherent superposition model of the Ph 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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Listing of ?SIDEL 

PROGRAM F'SIDEL 
INTEGER F'FLAG,AFLAG,CFLAG,FLAG,OF'TION 
TYF'E 95 

95 FORHATI/,'S',1X,'STANDARDI1> OR ROTATED<2> AXIMUTH ANGLES 111)7 'J 
ACCEPT 96,0PTION 

96 FORI'IAT (I 1) 
TYPE 97 

97 FORI'IATI/,2X,'ENTER THE POLARIZER, ANALYZER, AND COI'IF'ENSATOR 
C ANGLES 1311X,F6.2J):'> 

ACCEPT 98,F',A,C 
98 FORHATI311X,F6.2)) 

D=O. 
S=O. 
F'FLAG=O 
IFIP.LE.180.)F'FLAG=400 
IFIP.LE.135.lPFLAG=300 
IFIP.LE. 90.>F'FLAG=200 
IFIF'.LE. 45.>PFLAG=100 
AFLAG=O 
IFIA.LE.180.>AFLAG=20 
IFIA.LE. 90.lAFLAG=10 
CFLAG=O 
IFIC.E0.45.lCFLAG=1 
IFIC.E0.135.JCFLAG=2 
FLAG=PFLAG+AFLAG+CFLAG 
TYPE 99,P,A,C,FLAG 

99 FORMATI/,2X,'P=',F6.2,2X,'A=',F6.2,2X,'C=',F6.2,2X,'FLAG=',I3J 
IFIOPTION.NE.2lGOTO 180 
IFIFLAG.NE.312>GOTO 10 
D=270.-2.*P 
5=90.-A 

10 CONTINUE 
IFIFLAG.NE.411JGOTO 20 
D=2.*P-270. 
5=90.-A 

20 CONTINUE 
IFIFLAG.NE.122JGOTO 30 
D=90.-2.*P 
S=A-90. 

30 CONTINUE 
IFIFLAG.NE.221lGOTO 40 
D=2.*P-90. 
S=A-90. 

40 CONTINUE 
IFIFLAG.NE.321 JGOTO 50 
D=2.*P-90. 
S=A-90. 
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Appendix 55 (continued). 

50 CONTINUE 
IF<FLAG.NE.422lGOTO 60 
D==450.-2.*P 
5=A-90. 

60 CONTINUE 
JF(FLAG.NE.111lGOTO 70 
D=2.*P-90. 
5=90.-A 

70 CONTINUE 
IF(FLAG.NE.212lGOTO 80 
D=270.-2.*P 
5=90.-A 

80 CONTINUE 
IF<FLAG.NE.322lGOTO 90 
D=450.-2.*f' 
5=A-90. 

90 CONTINUE 
IF<FLAG.NE.421 lGOTO 100 
D=2.=H'-90. 
S=A-90. 

100 CONTINUE 
IF<FLAG.NE.112lGOTO 110 
[1=270. -2. *F' 
5=90.-A 

110 CONTINUE 
IF<FLAG.NE.211 JGOTO 120 
D=2. *F'+90. 
5=90.-A 

120 CONTINUE 
IF<FLAG.NE.311 lGOTO 130 
[1::2. *P+90. 
S=90.-A 

130 CONTINUE 
IFCFLAG.NE.412lGOTO 140 
[1::630. -2. *F' 
5=90.-A 

140 CONTINUE 
IF<FLAG.NE.121lGOTO 150 
[1=2.*F'+270. 
5=A-90. 

150 CONTINUE 
IF<FLAG.NE.222JGOTO 160 
D=450. -2. *f• 
S=A-90. 

160 CONTINUE 
IF!D.EG.O.O.AND.S.EO.O.OlTYPE 170 
IFCD.EO.O.O.AND.S.EO.O.Ol5TOP 

170 FORMAT(/ 1 1X,'*PROBABLE ELLIPSOMETER ANGLE CONVERSION ERROR IN 
C SUBROUTINE "PSIDEL" DETEC~ED;',I,'EXECUTION TERMINATED*') 
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GOTO 1180 
1 80 CONTINUE 

IF<OPTION.NE.1 >BOTO 1 i 80 
IF<FLAG.NE.121JGOTO 1010 
D=90. -2. *f' 
5=180.-A 

1010 CONTINUE 
IF<FLAG.NE.222iGOTO 1020 
D=2.*P-90. 
5=180.-A 

1020 CONTINUE 
IF<FLAG.NE.311JGOTO 1030 
D=270. -2. *F' 

5=A 
1030 CONTINUE 

IF<FLAG.NE.412JGOTO 1040 
Il=2. *f'-270. 
S=A 

1040 CONTINUE 
IF<FLAG.NE.112>GOTO 1050 
D=90.+2.*F' 
S=A 

1050 CONTINUE 
IF<FLAG.NE.211JGOTO 1060 
D=270.-2.*F' 
5=A 

1060 CONT H•UE 
IF<FLAG.NE.322JGOTO 1070 
D=2. *f'-90. 
5=180.-A 

1070 CONTINUE 
IF<FLAG.NE.421JGOTO 1080 
D=450.-2.*P 
5=180.-A 

1080 CONTINUE 
IF<FLAG.NE.111JGOTO 1090 
D=270.-2.*F' 
S=A 

1090 CONTINUE 
IF<FLAG.NE.212JGOTO 11 00 
D=2.*P+90. 
S=A 

11 00 CONTINUE 
IF<FLAG.NE.321 JGOTO 111 0 
D=450. -2. *F' 
5=180.-A 

1110 CONTINUE 
IF<FLAG.NE.422JGOTO 1120 
I1=2. *P-90. 
5=180.-A 
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1120 CONTINUE 
IFIFLAG.NE.122>GOTO 1130 
D=2.*P+270. 
5=180.-A 

1130 CONTINUE 
IFIFLAG.NE.221JGOTO 1140 
D=450.-2.*P 
5=180.-A 

1140 CONTINUE 
IFCFLAS.NE.312JGOTO 1150 
D=2.*P+90. 
S=A 

1150 CONTINUE 
IFIFLAG.NE.411JGOTO 1160 
D=630.-2.*P 
S=A 

1160 CONTINUE 
IFCD.EG.O.O.AND.S.EG.O.O>TYPE 170 
IFID.EG.O.O.AND.S.EG.O.O>STOP 

1180 CONTINUE 
IFCOPTION.E0.1.0R.OPTION.E0.2>GOTO 2010 
TYPE 2000 

2000 FORHATC/,1X,'*INCORRECT OPION CODE SPECIFIED IN SUBROUTINE 
C "PSIDEL" SO EXECUTION ~AS TERMINATED*') 

2010 CONTINUE 
TYPE 3000,D,S 

3000 FORMATI/,2X,'DELTA=',F6.2,2X,'PSI=',F6.2) 
STOP . 
EIHI 

Demonstration o~ PSIDEL 

STNIDAADH) OR ROTATEDt2) AXIK.!TH ANL:U:S \111? 2 

ENTER THE POLARIZER: ANAL't'Z£R~ AND COMPL~.ATDR AN(i! FS C5UX:ff;.2)}~ 
i15.00 e€;0.~ i-4-5.00-

P= 15.oo A= 60.00 c= 45.60 rt.AG=H1 

lllTA=--6e.OO PSI= 30.00 
STOP -
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Substrate refractive index calculation for Texas Instruments 59 Calculator 
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Appendix 56 (continued). 

A Guide to Using the TI-59 Substrate Refractive Index Calculation Program 

1. Load the program from the two card tracks (1 and 2).: 

1, "load track 1" 
2, "load track 2" 

2. Enter necessary values. For example, given 

incident medium refractive index 
angle-of-incidence 
delta 
psi 

the key sequence would be: 

1, A 
75, B 
65, c 
38, D, E 

1.00 
= 75 degrees 
= 65 degrees 
= 38 degrees 

the display will show the substrate extinction coefficient: 

-2.049199888 

the substrate refractive index is recalled with the key sequence: 

RCL, 01 

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 ...•..••...• -2.280649787 ..... RCL, 01 •..• 
0.1005854271 
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Simple homogeneous, isotropic film calculation for Texas Instruments 59 Calculator 
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Appendix 57 (continued). 

A Guide to Using the TI-59 Film Calculation Program 

1. Partition calculator memory with the following key sequence: 

3, 2nd, Op, 17, RST 

the display will show ...... 719.29 

2. Load the program from the four card tracks (1, 2, 3, and 4): 

1, "load first card, track 1" 
2, "load first card, track 2" 
3, "load second card, track.3" 
4, "load second card, track 4" 

3. Store model parameter values into registers. F.or 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 

h d . 1 "11 h 41.12° t e 1sp ay w1 sow ..•... 

One obtains delta again: 

RCL, 19 
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