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ABSTRACT 

DATA ACQUISITION AND REDUCTION SOFTWARE 
FOR A SELF-NULLING ELLIPSOMETER 

S. T. Mayer and R. H. Muller 

Lawrence Berkeley Laboratory 
Materials and Molecular Research Division 

and. 
Department of Chemical Engineering 
University of California, Berkeley 

Berkeley, California 94720 

LBL-20677 

An automatic, magneto-optic, spectroscopic ellipsometer 

interfaced with an LSI-11 series computer has been reported pre-

viously (1). Two software changes and one instrumental change 

have been introduced which enable the ellipsometer to acquire time 

dependent spectra. The storage of multiple, time resolved spectra 

has given the ellipsometer the ability to study time dependent 

phenomena. Computer adjustment of the mechanical polarizer and 

analyzer azimuths (when the dynamic range of the Faraday cell is 

approached) has yielded a nearly unlimited range for this instru-

ment. Introduction of Faraday cores with greater transmittance 

(possible because of the use of computer adjusted azimuths) 

has significantly increased the signal to noise ratio of the 

instrument. 

Due to a large increase in the amount of data to be 

processed, .new FORTRAN software for the reduction o1 these 

data was developed. Both the transformation of the raw data to 
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time dependent optical properties of the surface, and the reduct-

ion of the time dependent optical data by modeling to obtain 

physical properties of a surface, are presented. Software for 

the plotting of the kinetic spectra in three dimension~ is also 

given. 

f ' 
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PROGRAM DESCRIPTIONS 

I. CONVER 

This program is a modification of the program "DSCONV" 

developed earlier by Farmer [1]. CONVER recalls data files 

(containing digitalized current levels as a function of encoder 

count) stored by DYNSPE and converts the contents to delta and 

psi values. Therefo~e, files created by the data acquisi-

tion routine DYNSPE are required for the execution ~f this 

program. These files can be identified by noting that the 

first symbol in the names is the number 0. As with the program 

DSCONV, the program requires the user to pick the type of con

version formula used. The "rotated azimuth formula option" 

(vertical plane coincides with 0 degrees) should be selected by 

the user. Each file which makes up the experimental file class 

is called, and raw data is converted by the program to delta and 

psi values. The conventions established by Muller (2] have 

been used. To convert the digitalized current levels (ADCU) 

to pola~izer and analyzer azimu~hs (delta and psi), propor

tionality constants (effective Verdet coefficents) must be 

known. These constants are independent of the current in the 

solenoid but are a function of wavelength. Data which relate 

the specific rotation of the plane of polarization as a function 

of wavelength are stored in the file "FARADY.DAT", which is 

created by the routine CALFCl developed by Farmer [1]. The 

basic operating equations are 
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P =Po + Kp(j)Ip(j) l 

A = Ao + Ka ( j ) I a ( j) . 2 

In the above equations Po and Ao are the manual polarizer and 

analyzer settings, j is the encoder position, Ip(j) and 

la(j) are the digitalized current levels of the polarizer 

and analyzer Far~day cells, and Kp(j) and Ka(j) are the 

Faraday cell rotation constants at the wavelength which cor-· 

responds to the encoder position j. During the execution of 

this program a new data file is cre~ted for each fil~ of the 

file class. These new files contain the c~nverted d~ta (delta 

and psi v~lues) corresponding to the digitalized current levels 

of the unbdnverted files. A file class is a group of:·individual 

files which contain data taken sequentially during the experiment. 

Like the unconverted data files, all files in a converted data 

file class have the second through the fifth symbol in their 

file name .the same (see reference [3], and the example of the 

program's execution). The converted data files created by this 

program all contain the letter "C'' (for converted) as the first 

symbol in their names (eg. CGOOD0.002 is the secona conVert 

data file of the experiment "GOOD"). 

II. CURDIS 

Program CURDIS is a program which finds the solution to 

Laplace's equation (primary current distribution) of the elec-

.. ,,. 
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trochemical cell discussed in reference [3]. This calculation 

employs a simple relaxation technique to find the solution to 

this equation. The boundary conditions applied were 

l. Constant potential at the working-electrode surface. 

2. Constant potential at the counter electrode surface. 

3. No flux at the insulating boundaries (image points were used). 

III. DATFIL 

DATFIL creates formatted spectral data files from 

unformatted data for transfer to the L.B.L. DEC 8600 computers 

(via the data transfer routine KERMIT). Converted (but unform-

atted) data files created by CONVER are called up and are placed 

in a new data file suitable for data retrieval on the DEC 8600. 

The formatted data have been used in conjunction with the program 

PLTDAT to create three dimensional plots of the spectral data. 

IIII. DERIV 

By taking the difference in .the value of delta and psi 

between two sequential spectral scans, a numerical estimate of 

the derivative of delta and psi with time is determined. The 

operating equations are 

a A 

at 

-= 
at 

t!.(It )- tl(T,t,) 
I 2 

t2- t 1 

qr( I, t 2 ) - w { I, t J 
t2- tl 

3 

4 
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Converted spectral data generated by program CONVER are there-

fore required as input for the execution of this program. The 

spectral data files created by DERIV all contain the letter "D" 

(for derivative) as the first symbol in their names. The file 

~lass name of the output data files is unchanged (eg. DGOODO. 

002 is the second computed derivitive file of experiment "GOOD"). 

V. DYNSPE 

Program DYNSPE is a modificati6n of the program 

SEV002 developed by Farmer [1]. DYNSPE allows multifile time 

resolved ellipsornetric spectra to be obtained, in addition to 

computer feedback controlled azimuth settings. The use of 

computer feedback to establish "manual'' azimuth settings of 

the ellipsometer has greatly increased both the performance and 

range of the instrument. Data are stored as a series of files, 

each corresponding to a single scan or signal averaged series 

of scans. In each file the time at which the spectral scan was 

started-and finished is stored. This allows the reproduction of 

the average value of time associated with each data file. A 

value of the digitalized current level, I(j) of the channel 

associated with the analyzer or polarizer solenoids at each value 

of the encoder position, is stored. The present manual setting 

of the Glan Thompson polarizer and analyzer is also stored foi 

each file (Po, Ao). Finally, information pertaining to 
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the present instrument settings is also stored for each file. 

The names of the data files created by DYNSPE all start 

with the number "0", and this symbol can be used to recognize 

the contents of the data file as being unconverted. The next 

four symbols in the file name are the name of the experiment 

(the "file class" name). The last four symbols are the number of 

the file for a given experiment ("file number"). The file 

number corresponds to the sequential time when the file was ob-

tained. For example, file 0GOOD0.002 is the second unconverted 

data file of the experiment named "GOOD". 

A value of the maximum A to D current levels (ADCU) of 

the analyzer and polarizer of the previous scan is determined 

in the data aquisition subroutine EDATA. When the current 

level in either. the polarizer or analyzer approaches its ~aximurn 

value (indicating that the rotation of the plane of polarization 

in the Faraday cores is approaching its maximum value), the 

computer program invokes a modification of the subroutine MOVE 

written by Armstrong [4] (called STEPER), to change the "manual" 

settings of the analyzer or polarizer. Subroutine STEPER sends 

a signal to the stepping motors of the analyzer or polarizer, 

making the encoder rotate the Glan-Thompson prism a set amount 

'' 
in the direction necessary to reduce the current levels in the 

. ..,, 

Faraday core. The' required direct·i.on of rotation is determined 

in the main data acquisition routine, while the amount of rota-

tion of the manual azimuth setting is required as input informa-

tion upon execution of the main routine. 
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VI. INTREF 

INTREF calculates the phase change associated with 

the total internal reflection of light from a three reflection 

Fresnel Rhomb compensator. Only the refractive index of the 

glass is required as input data. The value of the phase change 

for various angles of incidence is placed in a data file 

named "INTREF.DAT". The angle used for the calculations is 

the angle between the first inclined interface and the optic 

axis. This calculated specular response of the phase change 

can be used as a guide for the design of a Fresnel Rhomb compen

sator, or to determine the error associated with the manufacture 

of such a device. 

VII. MDONOP 

Program MDONOP is a simplex data optimization routine 

for spectroscopic ellipsometric data. The ~implex algorithm 

of mini~izing a mathematical £unction of several variables is 

based on sampling the response surface of an error function in 

multidimensional space. The error function used to optimize 

the experimentally determined spectra with re~pect to a ~ath

ematical model spectrum has been discussed previously [3]. 

Simplex points are the erro~ values associated with different 

parameter combinations. The algorithm of the simplex optim-

ization procedure is as f6llows. Aft~r initial guesses of the 

best fit model parameters ate initially made, the simplex points 
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with the high~st and lowest value of the error function are 

determined. Next, a central average value for ea6h model para-

meter is determined. This point is referred to as the "centrex". 

\~ 
A new point (known as the "reflected" point) is calculated at 

a point which lies on a line in multidimensional space from 

the worst simplex point, through a known (calculated) distance 

to the centrex, and "reflecting" it the same distance to a new 

point. The error value associated with the new "reflected" point 

is then determined. If the error value of the reflected point 

is between the values of the worst and best simplex verticies, 

the worst simplex point is replaced by the "reflected" point, and 

the whole process is then repeated. When the "reflected" err.o r 

value is better than the previously best simplex point, a new 

"double reflected" point is determined along the line between the 

worst simplex vertex and the centrex vertex. If this new value 

is superior to the "reflected" vertex, it is used to replace 

the worst simplex vertex. Otherwise, the worst simplex vertex 

is simply replaced by the reflected point. On occasion the error 

of the reflected point is worse than the worst simplex vertex. 

When this happens, a "contracted point" is determined by moving 

the worst simplex vertex towards the centrex point. If the new 

contracted point is still not superior to the worst simplex 

value, all the simplex vertices are contracted toward the best 

simplex value. This is referred to as a "simplex contraction". 

By repeated application of the algorithm described above, 
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the program minimizes the difference between the model predicted 

and observed ellipsometric spectra. MDONOP is a simplex optimiz-

ation whichminimizes difference between optical model 0 ("MDO") 

predictions (see ref. [3]) and the observed spectra. No CRT 

output of the intermediate values of the simplex are displayed 

on the screen ("NOP"). Other simple~ routines which also do not 

display intermediate results on the CRT also have their last 

three letters of their names ending in "NOP'' (eg. MD9NOP is a 

simplex routine which is the same as MDONOP, except that 

optimization is made with respect to model 9 calculations). 

These simplex routines require the operator to furnish 

initial guesses of the model p~rameters. Values of the optical 

constants of the film(s), encoder cutoff points, number of iter-

ations, file numbers of the first and last sequential file to be 

optimized, and the name of the file class which 1s to be optimized 

are required as input data in addition to the initial guesses 

for model parameters. After· each file number is optimized for 

a given model, initial guesses of the next (sequential) file 

number are made inside the program based on the best fit values 

of the previous spectral data file. 

The optimization routine allows one to optimize around 

every point jn the spectrum, or to use a smaller number of evenly 

spaced points in order to increase the speed of the calculation. 

Lastly, the file by file optimized model parameters are placed 1in 

a new file at the completion of the execution of this routine, 

and a name for this output file is required prior to the program 

t, 

' .. 
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execution. 

VIII. MDQOUT 

MDQOUT is a program used to create a data file of the 

model predicted ellipsometric spectra corresponding to model Q 

(see ref [3]). The calculated spectra are placed in an unform-

atted data file (whose name is chosen by the operator) similar 

to those which contain raw and converted data. The calculated 

spectra generated by this routine can be called for plotting or 

CRT display using software described previously [1]. A number 

of other programs which create ellipsometric spectra correspond-

ing to other models presented in reference [3] are also avail--

able. These can be recognized by the last three letters in the 

program name being "OUT" (eg. MDOOUT, model 0 output). 

IX. NUCNUM 

Program NUCNUM is used for the calculation of the number 

density of surface nuclei pred~cted by model 9 calculations. 

NUCNUM opens a reduced data file generated by program MD9NOP and 

calculates the number density of surface nuclei corresponding to 

the optically optimized parameters. The operative equation is 

N 5 
c 

where is the surface coverage of crystals, and is the 

thickness of the secondary crystals (see ref. [3]). A new data 

file is created which contains both the values of the MD9NOP opt-
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imized optical parameters and the nuclei number density results. 

X. OPTCOM 

Software for collecting four zone measurements on the 

ellipsometer has been presented before [4]. OPTCOM reads the 

val~es of the four zone measurements into the computer, and deter

mines the standard deviation between the four zone measurements 

and the four zone average measurements. This program has been 

used to minimize four zone errors associated with the incorrect 

azimuth position of the Fresel Rhomb com~ensator as discussed in 

reference [3]. 

XI. PLTCUR 

Program PLTCUR is a routine for making 3-D plots of 

current distributions. Data for the current distribution is 

obtained from the results of program CURDIS. Many of the s~b

routines called in this program are from ISSCO product plotting 

routines DISSPLA. 

XI I. PLTDAT 

PLTDAT is a 3-D plotting routine for spectral ellipso

metry data. The data which are plotted must be converted and 

formatted (See program DATiiL). By linking the PLTDAT source 

code with the appropriate LBL emulation subroutine found on the 

VMS 8600 computers, PLTDAT can be used to create 3-D plots on a 

number of different plotting devices. 

·~· 



) ) 
·~, 

11 

XIII. 

Digital averaging can be used to reduce the random 

noise and increase the accuracy of the observed ellipsometric 

spectra. In order to minimize systematic errors, multiple 

scans of a clean surface can be taken at the same scan rate as 

the experiment. These scans can be averaged using program 

SMTH. 

XIV. STDDEV 

Program STDDEV computes the standard deviation of a 

number of converted (delta and psi) spectral data files. This 

information can be used to estimate the level of uncertainty 

associated with the measurements at various scan rates. The 

results of the computations versus wavelength are placed in a 

data file. 

XV. STEMOD 

Program STEMOD is used to calculate the current/time 

response to a potential step as given by the dissolution/per-

cipitation model presented in the thesis which accompanies this 

report [ ] . The calculated theoretical current transients are 

placed in a data file, which can later be called for plotting. 

XVI. 

Program TIMER calculates the average time at which each 

converted spectral data file was taken with respect to the start 

of an experiment. This allows one to fix values of time to each 
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spectrum in time dependent spectroscopic studies. 
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PROGRAM LISTINGS AND DEMONSTRATIONS 
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DEMONSTRATION OF THE EXECUTION OF PROGRAM CONVER 

TSX>]JIR 1Q_Q~~--_9_QARA*. * 
2 n---- J an--8G 
OC'AHAO.OO!J 
0CARA0.007 
0CAf/A0.009 
OCAFIAO.OOG 
OCAI-IAO. 011 
OCARA0.01:1 
0CAHA0.002 
OCARAO.OlG 
OCAHAO. 01f{ 
0CAFIA0.020 
OCAH/\0. 021 
OCAHA0.023 
OCARA0.025 
oc:AHAO. 027 
OCAHAO. O~;;~~ 
OCARA0.03l 

5 
5 
:'1 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 

12 ~.Jun--B5 
12-Jun-85 
12--Jun 85 
12-Jun-85 
1 2 -- J u n - 8 5 
12-.Jun-85 
12 --Jun- 85 
12-.Tun-85 
12 .Turi-B5 
12 -JUll -B5 
} 2 -Jun·· El5 
12-- Jun-85 
12- :J un-·85 
1 2 --- .T u n -- 8 5 
12--Jun--85 
12-·Jun -85 

OCARA0.005 
OCARA0.008 
OCAHAO.OO:l 
OCAHAO.OlO 
OCAHAO.Ol2 
OCAHAO.Ol4 
0CAHAO.Ol5 
OCARA0.017 
OCAHAO.Ol~) 

0CARA0.003 
OCAHA0.022 
0CARA0.024 
OCAHA0.02G 
OCARA0.028 
OCAHAO. O::W 
OCAH.AO. 0:32 

5 12Jun 85 
5 12·--Jun 85 
5 .12 Jun 85 
5 12-~Jun--85 

5 12 -Jun-·85 
5 12-Jun-85 
5 ] ~--.1 un--B5 
5 12--Jun- 85 
5 12 -Jun-es 
5 12 --Jun --85 
5 12- J un 85 
G 12--Jun- 8G 
5 12 Jun- 85 
5 12Jun-85 
[:" 
._) 12 --Jun- 85 
5 12 --.Ju n··· 85 

32 Fil8s, JGO Blocks 
2 G I} 2 F r c n b 1 n eli s 

TSX>DIR LUO:WLCALC.DAT 
{

D I !~ E C T 0 H Y C 0 NT A I N ~~ T I~ T~ H 1\\\1 
DAIA OF THE FILE CLASS "CARA" 

·-·------.. ----~-------- ··--·· -·- ·-·-- ··-- -·----~--- --
29-Jan--Sl;; 

vJLCALC.DAT 1 
l Files, l Blocks 
2642 Free blocl\s 

T S X > t\~!'i ___ L !l_C!_: ___ !D'J.~-

15- Nov B-1 fDIHECTOHY CONTAl0lS TllE W;\VE
~ENGTH CALIBHATION FILE 

{
ASSIGN THF DEVICE WHFHE THE DATA IS 

LOCATED TO DYl 

**************************************** 
ELLIPSOMETEH RAW DATA CONVEHSTON HOUTINE 

' 

FOH '. ,. ,., 
ti I) t:~ \VI T H ~H; 1, T J l' L E FI u; S 0 F 0 N E F J L E CL AS S 

***~************************************ 

HOW ~1ANY FILES !\HF. TO HE CONVEHTED(l2)";?,.~_ 

AHE STANll..\lln(J) OR lWTi\Tl•:!l(2) J\ZJMUTII CONVEJISION FOI7.~1UL/\:-~ ·:o 
BE USED(Il)? ;2_ 

# lCONVEHSlON IN PROGRESS ..... . 
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# 2CONVERSION IN PROGRESS ...... 
.. ,, 

# 3CONVEHSION IN PROGHESS ...... 

~.,.., 
# 4CONVERSION IN PROGRESS ...... 

# 5CONVERSION JN PI:WGRESS ...... 

# 6CONVERSION IN PROGRESS ...... 

# 30CONVERSION IN PROGRESS ..... . 

# 31CONVEHSION IN PROGRESS ..... . 

# 32CONVEHSTON IN PROGRESS ..... . 

DO YOU WANT TO CONVERT ANOTHER FILE CLASS(Y/N)? N 

STOP --
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PROGRAM CONVER VARIABLE EXPLANATIONS 

Variable 

Symbol 

A 

ANA(j) 

ASLOPE(j) 

c 

D 

ll\1AX 

NAMEl 

NAME2 

NAME3 

NANA 

NANA 

NPOl. 

NPASS 

p 

I'OL(,j) 

PSLOPE(j) 

s 

EXPLANATION 

-Analyzer azymuth (deg.xlOO) 

-Digital current level of the analyzer 
at encoder count I (ACDll) 

-Psi (xlOO) at encoder count I (deg.) 

-Verdat rotation constant at encoder 
count I of the analyzer (deg./ADCU) 

-Compensator azimuth (deg.) 

--Delta (cleg.) 

-File number of the last data file to 
be converted 

-- F i l e t y p e i d e n t i f i r" r· 

-·File class nam(~ 

--File number (see subroutine "PLAC'' l 

-Manual setting of the analyzer (deg. 
xlOO) 

Manual setting of the compensator (d(~g. 

xlOO) 

-Manual setting of the polar:i?.er (dr-:r;. 
xlOO) 

·File number loop counter 

-Polarizer azimuth (deg. xlOO) 

- D :i g i t a l c u r r en t 1 eve l o f the p o l a r :l ;;: CT 

at encoder count j 
- D c l t a ( x 1 0 0 ) at. en cod c· r e<HHl l I ( de~~ . ) 

-·Verdat rotat]on constant at encoder 
count l of the polarizer (deg./ADCll) 

-Psi (deg.) 

" ~-



, .. ,.., 
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SUBROUTINES CALLED 

DELPSI 
FCREAD 
IN 
OUT 
WLCALC 

EQUATIONS USED FOR CALCULATIONS 

P =Po + I\p(j)lp(j) 

A - Av + Ka ( j) L. ( j ) 
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PROGRAM CONVER 
(********************************************************************** 
C OBJECTIVE: TO CONVERT RAW DATA FROM ELLIPSOMETER SPECTRAL SCAN 
C INTO PSI, DELTA, AND WAVELENGTH. 
c 
c 
c 
c 
c 

PROGRAM WRITTEN BY JOSEPH C. FARMER IN SPRING 1981 AT LBL-MMRD 
UPDATED FOR MULTIPLE FILE CONVERTION BY 
S. MAYER FALL 1984. 

(********************************************************************** 
COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV . 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) · 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/0/NPASS 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL*4 DBLK(2),NAME(20),NAME1,NAME2 
INTEGER*2 ANGOPT 

(*****THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC".***** 
TYPE 100 
TYPE 101 
TYPE 102 
TYPE 100 
CALL WLCALC 

C*****THE FARADAY CELL CALIBRATION DATA IS OBTAINED.******************* 
CALL FCREAD 

C*****RAW SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.********* 
1 TYPE 1001 

ACCEPT 2000,NAME2 
TYPE 1002 
ACCEPT 1004,IMAX 

C*****THE OPERATOR SELECTS THE AZIMUTH CONVERION FORMULAS TO BE USED.** 
2 TYPE 1013 

ACCEPT 1014, ANGOPT 
IF(ANGOPT.NE.1.AND.ANGOPT.NE.2)GOTO 2 
DO 4 NPASS=1,IMAX 
IPASS=NPASS 
NAME1=,DY10, 



, ... 

CALL IN 
TYPE 1015,NPASS 
DO 3 I=1,400 
P=NPOL/lOO.+POL(I)*PSLOPE(I) 
A=NANA/100.+ANA(I)*ASLOPE(I) 
C=NCMP/100. . 
CALL DELPSI(P,C,A,D,S,ANGOPT) 
POL(I)=D*lOO. 
ANA(I)=S*100. 

3 CONTINUE 
NAME1='DY1C' 
CALL OUT 

4 CONTINUE 
TYPE 1016 
ACCEPT 1003,FLAG2 
IF (FLAG2.EQ. 'Y') GOTO 1 
IF (FLAG2.NE. 'N') GOTO 4 
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100 FORMAT(/,'*****************************************') 
101 FORMAT(/,' ELLIPSOMETER RAW DATA CONVERSION ROUTINE') 
102 FORMAT (//,2X,'FOR USE WITH MULTIPLE FILES OF ONE FILE CLASS') 

1001 FORMAT(/,'$ INPUT THE BASE FILE NAME (A4) ') 
1002 FORMAT(/,'$ HOW MANY FILES ARE TO BE CONVERTED(I2)?') 
1003 FORMAT(Al) 
1004 FORMAT (I2) 
1013 FORMAT(/,'$ ARE STANDARD(!) OR ROTATED(2) AZIMUTH 

C CONVERSION FORMULAS TO BE USED(I1)? ') 
1014 FORMAT(I1) . 
1015 FORMAT(/,2X,'# ',I2, 'CONVERSION IN PROGRESS ...... ') 
1016 FORMAT(/,'$ DO YOU WANT TO CONVERT ANOTHER FILE CLASS(Y/N)? ') 
2000 FORMAT(A4) 

STOP 
END 
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PROGRAM CURDIS VARIABLE EXPLANATIONS 

Variable 

Name 

CIH(T,J) 

lEMA X 

liv!AX 

lSCAL 

ITEh' 

TT~1AX 

JEI\1AX 

JMAX 

I\1\'IAX 

POT(I,J,K) 

-Local current at the x,y position i 4 j 
on the electrode surface 

-Maximum array value in the x direction 
which corresponds to a point on the 
electrode's surface 

-l\1ax imum array value in the x direction 
which corresponds to the containers x 
boundry. 

-Scale used in the calculation of the 
current distribution. 

-- P res en t i t e r· a l: i on n urn h c r . 

--Maximum number of iteration to be made. 

-Maximum array value iu the y dirc~ction 

which corresponds to a point on the 
electrode's surface 

-Maximum array valu~ in the y direction 
which corresponds to the containers y 
bounrlry. 

··Maximum array value in the z direction 
w h i c b c o rT c~ s ponds t o t h u c on t :i :in e r s z 
boundry, and the counter ·elect!'(lde loc::ttion. 

Present estimate of the potential at 
the 3 dimensjonal array point i,j,k. 

SUBROUTINES CALLED 

LOOP (speci:f:tc for· th:i~:; rout:inc) 

'!f, 

.. _ 



... 

0 
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PROGRAM CURDIS 
c****************************************************** 
C PROGRAM FOR CALCULATION OF CURRENT DISTRIBUTION 
C IN ELLIPSOMETER ELLECTROCHEMICAL CELL. 
C WRITTEN BY S. MAYER JULY 1985 
c****************************************************** 

REAL POT(129,l50,200),CUR(59,24) 
CHARACTER FILENM(12) 
COMMON/LOOP/ CAR(30),JEMAX 
TYPE *• 'INITALIZATION PHASE 1' 
TYPE 80 
ACCEPT 110,ISCAL 
TYPE 81 
ACCEPT 110,ITMAX 
KMAX=20*ISCAL 
JMAX=15.*ISCAL 
IMAX=12.81*ISCAL 
IEMAX=5.94*ISCAL 
JEMAX=2.38*ISCAL 
DO 1 K=1,KMAX 
DO 2 J=1,JMAX 
DO 3 I=1,IMAX 
POT(I,J,K)=((KMAX-K+1)/KMAX)*10. 

3 CONTINUE 
2 CONTINUE 
1 CONTINUE 

TYPE *• 'INITALIZATION PHASE 2' 
DO 5 I=l,IEMAX 
DO 6 J=1,JEMAX 
POT(I,J,2)=10. 
POT(I,J,1)=10. 

6 CONTINUE 
5 CONTINUE 

. ITER=O 
TYPE *,'START COMPUTATION' 

25 CONTINUE 
ITER=ITER+1 
IPASS=ITER+1 
IF (IPASS.GE.KMAX) IPASS=KMAX 
TYPE *• 'ITERATION #',ITER 

c********************************************************************** 
C SYMETRIC NO FLUX BOUNDRY CONDICTION 
C . AT BACK PLAN WHERE ELECTRODE ISN'T 
c********************************************************************** 

DO 7 I=IEMAX+1,IMAX 
DO 8 J=JEMAX+1,JMAX 
POT(I,J,1)=POT(I,J,3) 

8 CONTINUE 
7 CONTINUE 
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DO 9 K=1 1IPASS 
C•******************************************* 
C SYMETRIC AXIS AROUND EDGE OF X=1 
C AND X=IMAX 
C• * * * * * ** * * * * * * * * * * ** ** * * * * * * * * * ** * * * * *** ** *.* 

DO 10 J=1 1JMAX 
POT(1 1J1K)=POT(3 1J1K) 
POT(IMAX1J1K)=POT(IMAX-2 1J1K) 

10 CONTINUE 
C•******************************************* 
C SYMETRIC AXES AROUND EDGE OF Y=1 
C AND Y=JMAX 
(******************************************** 

DO 11 I=1 1 IMAX 
POT(I 111K)=POT(I 131K) 
POT(I 1JMAX 1K)=POT(I 1JMAX-2 1K) 

11 CONTINUE 
9 CONTINUE 

DO 12 K=3 1IPASS 
DO 13 J=2 1JMAX 
DO 14 I=2-1 IMAX 
POT(I 1J1K)=(POT(I+1 1J1K)+POT(I-1 1J1K)+POT(I 1J+1 1K)+POT(I 1J-1 1K)+ 

•POT(I 1J1K+1)+POT(I 1J1K-1))/6. 
14 CONTINUE 
13 CONTINUE 
12 CONTINUE 

IF (ITER. GT. ITMAX) GOTO 200 
DO 15 II=21IEMAX 
DO 16 JJ=2 1JEMAX 
CUR(II 1JJ)=POT(II 1JJ 13)-POT(II 1JJ 12) 

16 CONTINUE 
15 CONTINUE 

. GOTO 25 
200 CONTINUE 

DO 21 II=21 IEMAX 
DO 22 JJ=21JEMAX 
CUR(II 1JJ)=POT(II 1JJ 13)-POT(II 1JJ 12) 

22 CONTINUE 
21 CONTINUE 

REWIND (1) 
OPEN(UNIT=1 1FILE='CURDIS.DAT' 1TYPE='NEW' 1DISP='SAVE' 1FORM=' 

•FORMATIED') 
DO 23 II=21 IEMAX 
TYPE 100 I (CUR (II I J) I J=21 JEMAX) 
DO 30 JJ=2 1JEMAX 
CAR(JJ)=-CUR(II 1JJ) 

30 CONTINUE 
CALL LOOP (II) 

23 CONTINUE 
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80 FORMAT(/,'SWHAT IS THE SCALE YOU WANT(I2)?') 
81 FORMAT(/,'SHOW MANY ITERATIONS(I2)?') 
82 FORMAT(/,'SWHAT SHOULD THE OUTPUT FILE NAME BE(A12)? ',1X) 

100 FORMAT(10(2X,F6.3)) . 
110 FORMAT(I3) . 
105 FORMAT(1X,12A1) 
150 FORMAT(/ ,2X; 'ITER *, ,1X, I3,1X,, ACUR=, ,1X, F7 .4 I 

*'FACUR=',1X,F7.4) 
STOP 
END 

SUBROUTINE LOOP(J) 
COMMON/LOOP/ CAR(30),JEMAX 
WRITE (1,2) J,(CAR(L),L=2,9) 
WRITE (1,3) (CAR(L),L=10,17) 

2 FORMAT (I5,8(2X,F7.3)) 
3 FORMAT (5X,8(2X,F7.3)) 

RETURN 
END 
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DEMONSTRATION OF THE EXECUTION OF PROGRAM DATFIL 

TSX>DIH LDO:CCARA*·* 
29-Jan--86 

CCARAO.OOl 5 29-Jan-86 CCAHA0.002 5 29--Jan-86 
CCARA0.003 5 29-Jan-86 CCARA0.004 5 29-Jan-86 
CCAHA0.005 5 29-Jan-86 CCARA0.006 5 2 9-J an--86 
CCARA0.007 5 29-Jan-86 CCARA0.008 5 29-Jan--86 
CCAHA0.009 5 29--Jan-86 CCAHAO.OlO 5 29---Jan-- 86 
CCARAO.Oll 5 29-Jan-86 CCARAO.Ol2 5 2 9--,Tan-- 86 
CCARA0.013 5 29-Jan-86 CCAHAO. 0 }tl 5 29- Jan--86 
CCARAO.Ol5 5 29-Jan-86 CCARAO.OlG 5 29-.Jan--86 
CCARAO.Ol7 5 29-Jan-86 CCAHAO.Ol8 5 29--Jan-BG 
CCARAO.Ol9 5 29-Jan-86 CCARA0.020 5 29-Jan---BG 
CCARA0.021 5 29-Jan-86 CCARA0.022 5 29-Jan ·- 8(:) 
CCAHAO. 023 5 29-Jan--86 CCARA0.024 5 2 9--J an--86 
CCAHAO. 025 5 29--Jan--86 CCARA0.026 5 29--J an-- 8G 
CCARA0.027 5 29-Jan-86 CCARA0.028 5 2 9 --Jan-- 8 !3 
CCARA0.029 5 29-Jan-86 CCARA0.030 5 29-.Jan-86 
CCARA0.03l 5 29-Jan-86 CCARA0.032 5 29-Jan-86 

32 Files, lGO Blocks 
2f)32 Free blocks 

~
FTEH THE EXECUTION OF "CONYER" 
ONVERTED DATA WILL BE LOCATED 
N THE DISC 

!ASSIGN THE llEVICE WHERE THE 
1 DATA IS LOCATED TO DYl 

TS X> [IJL~ ___ LD_t_:jl_~_T_f_!_1 {HUN THE P HOG RAM 

WHAT IS THE RASE 4 LETTER FILE NAME (A4) CAHA 

H 0 W ~1 ANY F I L E S A HE 1 N THE F I L E C LAS S ( I 2 ) ? l_~ 

STEP SIZE FOR CONVERSION(l2)l 

# }CONVERSION IN PROGRESS ..... . 

# 2CONVEHSION IN PROGRESS ..... . 

# 3CONVERS ION" IN PROGRESS ..... . 

:# 4CONVEHSION JN PHOGHESS ..... . 

# ~UCONVEJIS ION IN F'JIOGIIESS ..... . 

# 32CONVERSJON IN PROGRESS ..... . 

. ...-

, 
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TRANSFORM ANOTHER DATA FltE CI.ASS(Y/N)?~ 

STOP ··--

TSX>ED LDO:CARA00.1 {OBSERVE ONE OF THE OUTPUT 
·-------~-------·---

DATA FILES 
...... , 

100 90.500 90.140 90.090 90.160 89.580 
105 89.270 89.070 88.890 88.910 B8.590 
110 88.4:30 88.230 88.050 87.600 87.380 
115 87.450 86.960 86.700 86.420 86.410 
120 86.060 85.690 85.G50 85.250 84.840 
125 84.600 84.490 84.240 84.090 83.7~~0 

130 83.540 83.330 82.980 82.790 82.510 
l :~5 82.430 82.070 81.660 81.540 81.160 
140 81.020 80.770 80.390 80.130 7 !). 960 
145 79.870 7~L 590 79.270 78.890 78.720 
150 78.410 78.140 77.780 77.710 77.420 
155 77.130 76.730 76.560 7G.2Ci0 76.030 
160 75.700 75.470 75.110 74.900 74.510 
165 74.340 74.110 73.740 73.510 73.130 
170 72.8130 72.560 72.400 72.110 71.770 
175 71.390 71.200 70.870 70.680 70.300 
180 6~~.800 [-)~~. 660 69.380 1)9.030 68.740 
185 6f!.510 68.030 67.880 67.420 G7.150 
190 66.870 66.500 G6.180 65.810 65.580 
E::l5 65. E~O 64.810 64.590 64.250 G:i. 8GO 
200 63.440 63.080 62.7130 62.620 62.090 
205 61.700 61.500 G1.080 60.780 G0.430 
210 60.030 59.700 59.420 58.980 58.670 
215 f)8. 200 57.870 57.610 57.150 56.840 
220 56.540 56.070 55.720 55.:320 55.060 
225 54.660 54.270 53.980 s:L 56o 53.180 
230 52.770 52.410 51.940 51. 5 ro 51.2~~0 
4) r, h. 
'-'..) ,) 50.860 50.2~10 49.800 49.550 4~).100 

240 48.460 48.3!30 48.750 47.880 46.~160 

.~ 245 46.460 46. 110 45.740 4f>. 250 44.700 
250 44.130 43.820 43.330 42.780 42.320 
255 42.020 41.5~10 40.970 ·1 0. 73 0 ·10.0()0 

.. 260 39.660 38.9!30 38.890 38.370 :37.5~10 

265 37.440 3G.900 36.240 35.990 35.470 
100 45.060 45.010 44. 8~10 44.820 44.720 
105 44.850 44.830 44.830 44.820 44.730 
110 44.830 44.810 44.730 44.770 44.870 
115 44.790 44.710 44.7GO /1-}. 720 44.790 
120 44.810 44.7GO 44.780 44.770 44.680 
125 44.740 44.690 44.710 44.720 44.720 
l :3 0 44.650 44.720 44.G70 44.640 44.650 
135 44.650 44.720 44.730 44.660 44.720 
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140 44.710 44.690 44.640 44.670 44.660 
145 44.690 44.670 44.580 44.670 44.640 
150 44.670 44.690 44.640 44.680 44.610 
155 44.610 44.670 44.650 44.630 44.620 .. 
160 44.600 44.660 44.630 44.620 44.630 
165 44.640 44.640 44.600 44.640 44.610 
170 44.640 44.640 44.620 44.600 44.600 
175 44.640 44.610 44.610 44.610 44.590 
180 44.590 44.600 44.580 44.550 44.550 
185 44.560 44.560 44.560 44.560 44.580 
190 44.590 44.560 44.590 44.560 44.550 
195 44.560 44.610 44.540 44.570 44.570 
200 44;530 44.560 44.570 44.580 44.550 
205 44.,560 44.580 44.520 44.550 44.520 
210 44.540 44.530 44.550 44.540 44.540 
215 44.510 44.550 44.520 44.540 44.540 
220 44.540 44.540 44.550 44.520 44.520 
225 44.530 44.520 44.550 44.530 44.540 
230 44.530 44.520 44.510 44.520 44.510 
235 44.520 44.540 44.530 44.500 44.570 
240 44.490 44.570 44.540 44.530 44.560 
245 .44.530' 44.550 44.570 44.520 44.560 
250 44.550 44.560 44.550 44.590 44.580 
255 44.580 44.540 44.600 44.590 44.590 
260 44.590 44.580 44.610 44.610 44. 6~~0 
265 44.620 44. 6:W 44.670 44.650 44.660 

DELTA OR PSI VALUE 

ENDCODER COUNT 

.. 

,; 



'" 

Name 

ANA( I) 

I ~1AX 

ISTP 

NAMEl 

NAME2 

NA~1E 3 

NANA 

NCMP 

NPOL 

NPASS 

POL( I) 
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PROGRAM DATFIL VARIABLE EXPLANATION 

Variable 

Symbol EXPLANATION 

-Psi (xlOO) at encoder count I (deg.) 

-File number of the last data file 
to be converted 

-File step size of the conversion 

-File type identifier 

-File cla~-:s name 

--File number (see subroutine "PLAC") 

-Manual setting of the analyzer (deg. 
xlOO) 

-Manual setting of the compensator (deg. 
xlOO) 

~Manual setting of the polarizer (deg. xlOO) 

-File number loop counter 

--Delta (xlOO) at t:·ncoder count J (de!{.) 

SUBROUTINES CALLED 

IN 
PLAC2 
WLC ALC 
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PROGRAM DATFIL 
(********************************************************************** 
C OBJECTIVE: TO TAKE UNFORMATED SPECTRAL DATA FILES AND CREATE A 
C FORMATED DATA FILE FOR TRANSFER TO THE L.B.L. MAIN 
C FRAME COMPUTERS: 
c 
C PROGRAM WRITTEN S. MAYER SPRING 1985. 
c 
(•********************************************************************* 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/0/NPASS 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL•4 DBLK(2),NAME(20),NAM(20),NAME1,NAME2,NAME3 

C•••••THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC".***** 
CALL WLCALC 

C•••**RAW SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.********* 
1 TYPE 1001 

ACCEPT 2000,NAME2 
TYPE 1002 
ACCEPT 1004,IMAX 
TYPE 1003 
ACCEPT 1004,ISTP 
DO 8000 NPASS=1,IMAX,ISTP 
IPASS=NPASS 
TYPE 1015,IPASS 
NAME1= 'DYlC' 
CALL IN 
NAME(1)='DY1:' 
NAME(2)=NAME2 
CALL PLAC2(IPASS,NAME3) 
NAME(3)=NAME3 
OPEN (UNIT=2,NAME=NAME,TYPE='NEW',DISP='SAVE') 
DO 7000,N=100,265,5 
WRITE (2,10) N,POL(N)/100. ,POL(N+1)/100.,POL(N+2)/1,00. 

•,POL(N+3)/100.,POL(N+4)/100. 

.. 
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7000 CONTINUE 
DO 7500 N=100,265,5 
WRITE (2,10) N,ANA(N)/100.,ANA(N+1)/100.,ANA(N+2)/100. 

*,ANA(N+3)/100.,ANA(N+4)/100. 
7500 CONTINUE 

CLOSE (UNIT=2) 
8000 CONTINUE 

6 TYPE 1018 
ACCEPT 100,FLAG2 
IF (FLAG2.EQ.'Y') GOTO 1 
IF (FLAG2.NE.'N') GOTO 6 

10 FORMAT(I5,5(2X,F7.3)) 
100 FORMAT(A1) 

1001 FORMAT(/,'$ WHAT IS THE BASE 4 LETTER FILE NAME (A4) ') 
1002 FORMAT(/,'$ HOW MANY FILES ARE IN THE FILE CLASS(I2)?') 
1003 FORMAT(/,'$ STEP SIZE FOR CONVERSION(I2)') 
1004 FORMAT(I2) . 
1015 FORMAT(/,2X,'# ',I2, 'CONVERSION IN PROGRESS ...... ') 
1018 FORMAT(/,'SCONVERT ANOTHER FILE CLASS(Y/N)?') 
2000 FORMAT(A4) 

STOP 
END 
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DEMONSTRATION OF THE EXECUTION OF PROGRAM DERIV 

TSX>ASS LDO: DYl: !ASSIGN THE DEVICE WHERE 
1 THE DATA IS LOCATED TO DYJ 

TSX>RUN LDl:DERIV {RUN THE PROGRAM 

WHAT IS THE BASE 4 LETTER FILE NAME OF THE EXPERIMENT(A4) CARA 

HOW MANY FILES WERE IN THE EXPERIMENT(I2)?~~ 

CALCULATIONS FOR FILE # 2 COMPLETED 

CALCULATIONS FOR FILE # 3 COMPLETED 

CALCULATIONS FOR FILE'# 4 COMPLETED 

CALCULATIONS FOR FILE # 30 COMPLETED 

CALCULATIONS FOR FILE # 31 COMPLETED 

CALCULATIONS FOR FILE # 32 COMPLETED 

STOP -·-

T S X> D 1 R L D 0 _:.Jl...f A RA_t~_.!_ 
{

DJRECTOHY O.F THF. DISC 
AFTER THE EXECUTION OF 
OF THE PROGRAM 

29-Jan--86 
DCARA0.002 5 29-Jan-86 DCARA0.003 1':" 

._) 29--Jan-·86 
DCARA0.004 5 29-Jan-86 llCARA0.005 5 29-Jan·8G 
DCARA0.006 5 29-Jan'86 DCARA0.007 5 2 9-· .Tan-- 86 
DCARA0.008 5 29-Jan-86 DCARA0.009 5 29-Jan-86 
DCARAO.OlO 5 29··-Jan-86 DCAHAO.Oll 5 29-.Jan-· 8G 
DCARA0.012 5 29-'Jan-86 DCAHA0.013 5 29-Jan-86 
DCARAO.Ol4 5 2 9-J an·-B6 DCAHAO.Ol5 5 2 ~) -- .J an-- 8 E) 
DCARA0.016 5 29-Jan-86 DCARA0.017 5 29-Jan·-86 
DCARAO.Ol8 5 2 D·-J an- 86 DCARAO. OE~ 5 ·29···Jan-8G 
DCAHA0.020 5 2 9-Jan-- 86 DCARA0.021 5 29--Jan-·86 
DCARA0.022 5 2 9·-J an-8G DCARA0.023 5 29-Jan····BG 
DCARA0.024 5 29-Jan-86 DCARA0.025 5 2!:1-··J an·-B6 
DCARA0.026 5 ·29-Jan-86 DCAHA0.027 5 2 9 - .J an -- 8 6 
DCARA0.028 5 29--.Tan-86 DCARA0.029 5 29--J an-8G 
DCARA0.030 5 29-Jan~8G DCARA0.03l 5 29··Jan-8G 
DCARAO. 0:32 5 29-.Jan--86 

31 Files, '155 Rlocks 
2228 Free blocks 



Name 

ADIH(I) 

ANA( I) 

AOLD (I) 

DT 

IHHSO 

IMAX 

IMINO 

ISECO 

lTJCO 

NAMEl 

NAME2 

NAf\1E::l 

... NPASS 

PDTR(l) 

POL ( l) . 

PO l.D (I) 

TNEW 
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PROGRAM DERIV VARIABLE EXPLANATION 

Variable 

S~mbol 

a q· 
-at 

q-( l,tl) 

qr(J,t2 ) 

t -2 tl 

a A 

at 

Ll(T, t,) 

Ll ( I, t 2 ) 

tl 

EXPLANATION 

-Calculated derivative of psi at 
the encoder count I 

-Psi (xlOO) at encoder count I (deg.) 

-Psi (xlOO) of the previous scan al. 
encoder count I (deg.) 

Calculated elapsed time between two 
sequential spectral scans 

-Hours passed since the computer time 
clock was reset 

-File number of the last data file to 
be converted 

-Minutes passed since the computer 
time clock was reset 

-Seconds passed since the computer 
time clock was reset 

-Tics (1/60 sec) since the computer 
time clock was reset 

-File type identifier 

-File class name 

-·File number (see f;ubroutinc "PLAC2") 

-File number loop counter 

--Calculated derivative o:f' deltn 

-Delta (xlOO) at encoder count I (dcg. · 

-Delta (xlOO) of the previous scan Ht 
encoder count I (deg.) 

-The averA~e time that the present 
spectra was taken (sec), relative to 
the start of the experiment 



TOLD 

32 

-The average time that the previous 
spectra was taken (sec), relative to 
the start of the experiment 

SUBROUTINES CALLED 

IN 
PLAC2 
WLCALC 

EQUATIONS USED FOR CALCULATIONS 

a~ ---= ~(I,t2 )- ~(I,t) 
at t'2- t l 

w(I, t 2)- q,·( I.tJ aw _ 
-= · at 

t2- tl" 
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PROGRAM DERIV 
C•********************************************************************* 
C OBJECTIVE: TO COMPUTE A NUMERICAL ESTIMATE OF THE TIME DERIVATE 
C OF PSI AND DELTA VERSUS WAVELENGTH FOR AN EXPERIMENT 
C MADE BY "DYNSPE" 
c 
C PROGRAM WRITTEN S. MAYER FALL 1985. 
c 
C•••******************************************************************* 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(lO),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA . 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/0/NPASS . 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL•4 DBLK(2),NAME(20),NAME1,NAME2 
REAL POLD(400),AOLD(400),PDIR(400),ADIR(400) 
INTEGER•2 ANGOPT 

C•••••THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC".***** 
CALL WLCALC 

C•••••RAW SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.********* 
1 TYPE 1000 

ACCEPT 2000,NAME2 
TYPE 1001 
ACCEPT 2001,IMAX 
DO 3 IWV=1,399 
POLD(IWV)=O 
AOLD(IWV)=O 

3 CONTINUE 
IPASS=1 
NAME1= 'DYlC' 
CALL IN 
DO 4 IWV=1,399 
POLD(IWV)=POL(IWV) 
AOLD(IWV)=ANA(IWV) 

4 CONTINUE 
TOLD=3600.•IHRS0+60•IMINO+ISECO+ITIC0/60. 
DO 9 NPASS=2,IMAX 
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IPASS=NPASS 
CALL IN 
TNEW=3600.•IHRS0+60•IMINO+ISECO+ITIC0/60. 
DT=TNEW-TOLD 
DO 6 IWV=1,399 . 
PDIR(IWV)=-(POLD(IWV)-POL(IWV))/DT 
ADIR(IWV)=-(AOLD(IWV)-ANA(IWV))/DT 

6 CONTINUE 
DO 7 IWV=1,399 
POLD(IWV)=POL(IWV) 
AOLD(IWV)=ANA(IWV) 

7 CONTINUE 
DO 8 IWV=1,399 
POL(IWV)=PDIR(IWV) 
ANA(IWV)=ADIR(IWV) 

8 CONTINUE 
TOLD=TNEW 
TYPE 1002,NPASS 
NAME1=,DY1D, 
CALL OUT 

9 CONTINUE 
1000 FORMAT(/,,$ WHAT IS THE BASE 4 LETTER FILE NAME OF THE 

•EXPERIMENT (A4) ,) 
1001 FORMAT(/, , $ HOW MANY FILES WERE IN THE EXPERIMENT (12)?,) 
1002 FORMAT(/,, CALCULATIONS FOR FILE # , ,I2,, COMPLETED,) 
2000 FORMAT(A4) 
2001 FORMAT(I2) 

STOP 
END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM DYNSPE 

. lUll ill Ci: IIYI~SH 

(1[1 Y[d_i LJ.1fri 10 Hl1HU ENCOIIH; UMVElfNf;TH CAi.Jlif\ti110N h1iit."ETO:SIY!itl? 'f 

-
DIGITAL ENCODER PRESETS: 

CALIBRA110N CUR~E SEGMENT NUKBER 1: 
SLOFE = ·. 16.0210 
HlERCH·T -= 5921.19 
CORr'ELA_TlJiN COHFICIENT = 

CALiliRATION CURVE SEGMENT NUMBER 2: 
SLOPE ~ ~16.~178 

i~1ERCEPT ~ SR 1 n.10 
·- - . . 
CO~RElAl!ON ~OEFFlClENT = C·. 9999 

LIHJTS QF APPLICATIO~: 

u.,.r·r ~ .. = 28• 
LOWER = 83 

DO YOU UA~l TO fH~NGE THESEIY!~i? ~ 

HiSER! H•TA S10~:AGE IIISi<, HiE I,; "RETLIF:IY ... 

DO YOU UAtn 10 AliJIJST THE SCAN RillECY/N)? li ....... 

STEADY SCAN RATE ESTA'fiLI SHEri. SCAN RATE = 786 

IS SETUP INFO TO BE CA>EiHERHI HOPI KEYBOARII 01\ (P,)Ii'EAII FROI'i OLD IIATA FILP 1.. 

NAME OF SPECTRA F !LE. lU P.E RETf\IEVEii = IIY 1 OBOYSOOOi 

NAHELA40l = ST~UEN T. MAYER 

DATEII2-A3-I2/D~Y-KO~TH-YEAR; = 28-JAN-86 

EXPERI0ENT IDE~1IF1CAll0NiA40) = DEMONSTRATION OF DYNSPE 

HAVE ~~~UAl AZI~UTHS ~EEN CHANGED<YINJ? L 

MANUAL AZIMUTH SETTINGSCDEG>: 
POLARIZERIF7.21 = 80. 
ANt1LY2ER<F7.2l 
COMPENSA10RCF7.21 = 45. 
"ONOCHRP~ATOR SETTIHG AT NULL<F7.2> = 
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ANALO&/DIGJTAL CONVERTOR PRESET PARAMETERS: 
POL. INPUT CH. = 0 
~N~. INPUT CH. = 1 
ADC GAIN = 3 

liD YOU WANT TO CHM#G£ THESElY/107 ..!!_ 

HO~ MANY SPECH:r~L SCANS ARE TO H AVH:,;GE!I PER F1LEii~I?.!_ 

F 0 ;_! R i F.T T H' S i N ri ~- E N Ati E n=.: X • M: C fi ) = T E S 1 

T F: ~ I•; ' :..: t• T1 G '" F 0 ;:;: !: :' r:· ;:: ;:: I i'i E N 1 ;:.; I" n; Ll T i: S ( ,; 2 i "' 2 

;.;ow t'iANY IiEG. SHOliU: THE STEP i10T!:;:;: 110VE WHEN THE "1" GT. 1000 AiiCU"SCI2l?j_ 

IS SETU~ INFORMATION TO BE OUTPUT CAlTO CRT, !BJTO PR1NTER 1 OR <C>NOT AT ALL? A 

28-JAN-66. 
STEVEN T. liAYER 

DEMONSTRATION OF DYNSPE 

MANUAL AZIMUTHS<DEG>: 

F' = 60.00 
A = 135.00 
c = 45.00 
WL= Ci.OO 

LAMP: 

TYH ~ ;.;x 
SERIAL NO. ~ 75-2002 
LAM~ UOlTAGECUDLTSl = 15 
L~~~ CURRENTIA~PSJ = 6 
LAMP OPERATIONAL LIFE!HOURSJ-= 850 

PHOT OMUL T I PLI ER: 

MODEL = HAHAHATSU 
DYNODE VDLTAGE(VOLTS) = 1100 

FARADAY CELL CONTROLLER: 

POLARIZER 

PHASE = 700 
GAIN ::;. 999 
AMF'L ITUIIE = soc. 
TIME COl~ STANT i ~S) = 10 

ANAL YlER 

·~· 



·. 

PHASE = 968 
GAIN ::. 999 
AKF'L ITUIIE = 800 
TIME CONSTANT \f,f: :. ;: 10 

GALVANOMETER AMPLIFIER: 

POLARIZEr.: 

GAIN = 
TIME CONSlAN.T<HSJ = 

ANAL YlER 

GAIN = 
TIME CONSTAKT<HSI = 

ANALOG/DIGIT~L CONVERTOR: 

POL. 1 ~H· !JT CH. = 0 
AriA. INPUT cr;. ·-
AliC GAIN = 

., 
,j 

10 

10 
1 
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ENTER PGP AND "RETURN~ FOR SPECTRA COLLECTION. G 

SPE CT Ri; FE H!G COL LECTEII ••••••••••• 

EACH POINT AN AVERAGE OF: 

FILE I* 1 

CLtLLECTlDN 

11. CHANNEL SCA~S 

. ~ 
~'. n' • 

DATA COLlECTION FINISHED AT: 0: 5:48:46 
THE MAXIMUM POLARIZER CURRENT= -11.00000 Al AN ENCODER COUNT= 14 
THE MAXIMUM ANALYZER CURRENT= -9.300000 AT AN ENCODER COUNT= 337 

£ACH POINT AN AVERAGE OF: 11. CHANNEL SCANS 

FILE II 2 

DATA COLLECTION lNITlATED AT: 0: 5:58:22 

DATA COLLECTION FINISHED AT: 0: 6: 3:~6 
THE MAXIMUM POLARIZER CURRENT= -~0.90909 AT AN ENCODER COUNT= 
THE nAXIM0~ A~~LYlE~ CUR~ENT~ -9.400000 AT AN ENCODER COUNT= 115 

EACH POINT AN AVERAGE DF: ii. CHANNEL SCANS 



ANA( I) 

DEVICE 

DURAT · 

IHRSO 

IISTEP. 

IMAX 

HHNO 

ISECO 

ITICO 

JTIME 

KHRS 

KMIN 

I\ SEC 

KTIC 
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PROGRAM DYNSPE VARIABLE EXPLANATION· 

Variable 

Symbol EXPLANATION 

-Digital current level of the analyzer 
at encoder count I (ACDU) 

-Device name send to subroutine 
"STEPEH" 

-Assigned duration of the experiment 
(min) 

-Hours associated with the start of 
the spectral ~can (hrs) 

-Number of degrees that the step motor 
moves the polarizer or analyzer when 
signal saturation is approached 

-File number of the la~t data file 
to be converted 

-Minutes associated with the start 
of the spectral scan (min) 

-Seconds associated with the start 
of the spectral scan (sec) 

-Tics (1/60 sec) associated with the 
start of the spectral scan (tics) 

-Maximum clock reading (reading at 
the. end of the experiment) (min) 

-Clock setting (Hrs) at the beginning 
of the experiment 

-Clock setting (Min) at the beginning 
of the experiment / 

-Clock setting (Sec) at the beginning 
of the exper{ment 

-Clock setting (Tic) at the beginning 
of the experiment 

«' 



NAMEl 

NAME2 

NAME3 

NPASS 

POL (I) 

HTIME 

STIME 

.• 
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-File type identifier 

-File class name 

-File number (see subroutine "PI.AC 2") 

-File number loop counter 

-Digital current level of the polarizer 
at encoder count I (ACDU) 

-Running time of the experiment (min) 

-Time (min) of the start of the exper
iment 

SUBROUTINES CALLED 

CVTTIM (SYSTEM SUBROUTINE) 
EDATA 
GTIM (SYSTEM SUBROUTINE) 
INPUT 
NEWSET 
OUT 
PLAC2 
PliNFO 
RATE 
RESET 
STEPER 
TliNFO 
WI.CALC 
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PROGRAM DYNSPE 
(********************************************************************** 
C OBJECTIVE: TO COORDINATE THE ACTUAL DATA ACQUISITION DURING A 
C TIME DEPENDENT ELLIPSOMETRIC SPECTRAL SCAN WITH 
C OPERATOR REVIEW OFTHE RAW DATA. THIS IS THE MAIN DATA 
C COLLECTION ROUTINE. 
c 
C PROGRAM "SEV002 11 WRITIEN BY JOSEPH C. FARMER IN SPRING 1981 
C ADAPTION TO CONTINUOUS SCANING DONE BY STEVE T. MAYER IN FALL 1984 
(********************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP, IPHASA, IGAINP, IGAINA, IAMPLP, IAMPLA, ITIMEP., ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECo;ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 

. COMMON/Z/NAME1,NAME2,NPASS,DURAT,RTIME 
COMMON/STATUS/ISTAT(16) . 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR 
COMMON/STEP/DEVICE,ISTEP,IPC,IAC 
REAL•4 NAME1,NAME2,NAME3 
INTEGER•4 LTIME,KTIME 
INTEGER RTIME,NPASS,JTIME,DURAT 
NPASS=O 

C***** THE ENCODER COUNT IS CONVERTED TO WAVELENGTH.******************** 
CALL WLCALC 
TYPE 10 

10 FORMAT(/,'$ INSERT DATA STORAGE DISK, THEN "RETURN".') 
ACCEPT 20,NWAIT 

20 FORMAT(Al) 
C*****THE FOURTH CHANNEL OF THE ADAC MODEL 1604/0PI COUNTER CARD IS *** 
C READ AT VARIOUS TIMES TO ASSURE THAT THE RATE OF ROTATION OF 
C THE FILTER DISC(SPECTRAL 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 WRAPPED TO 
C OPERATE IN THE FREQUENCY MODE; THE FREQUENCY OF THE ENCODER 
(*****GENERATED PULSES IS MEASURED BY THIS CHANNEL.******************** 

30 CALL RATE 
NSAVE=NRATE 

C*****SETUP INFORMATION IS EITHER READ FROM A PREVIOUS EXPERIMENTAL **** 
C DATA FILE OR INPUT FROM THE VT55 KEYBOARD BY THE OPERATOR, 
C DEPENDING UPON THE OPERATOR'S RESPONSE AT THIS POINT. 
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100 TYPE 110 . 
110 FORMAT(/ 1 '$IS SETUP INFO TO BE (A)ENTERED FROM KEYBOARD 

C OR (B)READ FROM OLD DATA FILE? ') 
ACCEPT 20 1 IF1 
IF(IF1.NE.lHA.AND.IF1.NE.lHB)GOTO 100 
IF(IF1.NE.1HA)GOTO 120 

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

CALL NEWSET 
GOTO 130 

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

CALL INPUT 
NRATE=NSAVE 

130 CONTINUE 
C•••••SOME PARAMETERS MUST BE ENTERED FROM THE KEYBOARD SINCE ********* 
C THEY WILL PROBABLY BE CHANGED FROM ONE SPECTRAL SCAN TO 
C ANOTHER(FOR EXAMPLE MANUAL AZIMUTH SETIINGS). SUBROUTINE 
C "RESET" ALLOWS FOR THIS. 

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

TYPE 190 
190 FORMAT(/ 

1 
'$ HOW MANY DEG. SHOULD THE STEP MOTER MOVE ' 

*WHEN THE "I" GT. 1000 ADCU"S(I2)?') 
ACCEPT 191 1 IISTEP 
IISTEP=IISTEP•50 

191 FORMAT(I2) 
200 TYPE 210 
210 FORMAT(/ 1 '$ IS SETUP INFORMATION TO BE OUTPUT (A)TO CRT 1 

C (B)TO PRINTER 1 OR (C)NOT AT ALL? ') 
ACCEPT 20 1 IF2 
IF(IF2.NE.1HA.AND.IF2.NE.1HB.AND.IF2.NE.1HC)GOTO 200 
IF(IF2.EQ.1HC)GOTO 230 . 
IF(IF2.EQ.1HC)GOTO 230 
IF(IF2.NE.1HA)GOTO 220 

C*****SETUP INFORMATION IS DISPLAYED ON THE CRT.*********************** 
CALL TliNFO 
GOTO 230 

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

CALL PliNFO 
230 CONTINUE 
400 TYPE 410 
410 FORMAT(/

1 
'$ ENTER "G" AND "RETURN" FOR SPECTRA COLLECTION. ') 

ACCEPT 20 1 IF3 
IF(IF3.NE.1HG)GOTO 400 
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TYPE 411 
411 FORMAT(/,' SPECTRA BEING COLLECTED ........... ') 
412 IF (NPASS.EQ.O) CALL GTIM(KTIME) 

NPASS=NPASS+1 . 
CALL CVTTIM(KTIME,KHRS,KMIN,KSEC,KTIC) 
STIME=KHRS*60+KMIN+KSEC/60+KTIC/3600 
JTIME=DURAT+STIME 
CALL EDATA 
TYPE 430,NPASS 

430 FORMAT (/10X,'FILE #' ,I2) 
TYPE 440,IHRSO,IMINO,ISECO,ITICO 

440 FORMAT(/10X,'DATA COLLECTION INITIATED AT: ',3(I2, ':'),I2) 
TYPE 450,IHRSF~IMINF,ISECF,ITICF 

450 FORMAT (/10X,'DATA COLLECTION FINISHED AT: ',3(I2,':'),I2) 
NAME1='DY10' 
CALL OUT 

c*********************************************************************** 
C STEP MOTER CHANGE IN POLARIZER AND ANALYSER SETTING 
C WHEN CURRENTS ARE GETTING TO LARGE 
c*********************************************************************** 

TYPE*,' THE MAXIMUM POLARIZER CURRENT= ',POL(IPC), 
C'AT AN ENCODER COUNT= ',IPC 
IF (ABS(POL(IPC)) .LT.1500.) GOTO 460 
DEVICE='P' . 
IF ((POL(IPC)) .GT.O) ISTEP=-IISTEP 
IF ((POL(IPC)) .GT.O) GOTO 451 
ISTEP=IISTEP 

451 NPOL=NPOL-ISTEP*2 
CALL STEPER 

460 TYPE*,' THE MAXIMUM ANALYZER CURRENT= ',ANA(IAC), 
C'AT AN ENCODER COUNT= ',IAC 

IF (ABS(ANA(IAC)) .LT.1500) GOTO 470 
DEVICE='A' 
IF ((ANA(IAC)) .GT.O) ISTEP=IISTEP 
IF ((ANA(IAC)) .GT.O) GOTO 461 
I STEP=-II STEP 

461 NANA=NANA+ISTEP*2 
CALL STEPER 

470 CONTINUE 
CALL GTIM(LTIME) 
CALL CVTTIM(LTIME,IHRSL,IMINL,ISECL,ITICL) 
RTIME=IHRSL*60+IMINL+(ISECL/60)+(ITICL/3600) 
RTIME=RTIME 
IF (RTIME.GT.JTIME) GOTO 820 
GOTO 412 

820 CONTINUE 
C*****THE OPERATOR HAS THE OPTION OF REPEATING PROGRAM EXECUTION.****** 

1000 TYPE 1010 
1010 FORMAT(/,'$ IS THE PROGRAM TO BE EXECUTED AGAIN(Y/N)? ') 
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ACCEPT 20,IF7 
IF(IF7.NE.lHY.AND.IF7.NE.lHN)GOTO 1000 
IF(IF7.EQ.lHY)GOTO 30 
STOP 
END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM INTREF 

TSX>RUN LD1:INTREF {RUN THE PRO~GRAM 

WHAT IS 
THETA= 
THETA= 
THETA= 
THETA::: 
THETA= 

THETA~c 
THETA= 
THETA= 

STOP ----

THE GLASSES REFRACTIVE INDEX? 1.5 
0.100 PHASE CHANGE 0.596 
0.200 PHASE CHANGE 1.193 
0.300 PHASE CHANGE 1.789 
0.400 PHASE CHANGE 2.385 
0.500 PHASE CHANGE 2.981 

20.500 
20.600 
20.700 

PHASE CHANGE 
PHASE CHANGE 
PHASE CHANGE 

103.200 
10:3.304 
103.393 

TSX>ED INTREF.DAT {LOOK AT THE OUTPUT FILE CREATED 

0.100 
0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 
1.000 

0.596 
1. 193 
1.789 
2.385 
2.981 
3.577 
4. l 74 
4-.770 
5.366 
5.962 

20.600 103.304 
20.700 10:!. 3~l3 



A 

B 

D 

N 

Ql 

PHl 

... 
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PROGRAM INTREF VARIABLES EXPLANATION 

Variable 

Symbol EXPLANATION 

-Angle of incidence of the first 
reflection in the fresnel Rhomb 
(de g . - -- > r· ad . ) 

Phase chanr;<') associated with the 
sum of first and third reflections 
in the Fresnel Rhomb (deg.) 

-Phase change associated with the secono 
reflection in the Fresnel Rhomb (dep:.) 

Hefr·active index of the Fresnel Hhomb 
interface 

-Total phase change 

-Common block "FLM" varinb1e. 
incidence ( rad.) 

Anp;lc; of 

SUBROUTINES CALLED 

F I Ltvl2 
LOOP 
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PROGRAM INTREF 
c***************************************************************** 
C PROGRAM FOR CALCULATION OF THE PHASE CHANGE ASSOCIATED 
C WITH THE INTERNAL REFLECTION FROM THREE REFLECTION FROM 
C THE FRENEL RHOMB 
c***************************************************************** 

1 

c 
500 

1000 

23 
100 
200 
300 

REAL N,Q2(500),A3{500) 
COMMON/FLM/DELC,PSIC,PHI 
PI=3.1415926 
CONTINUE 
TYPE 100 
ACCEPT 200,N 
DO 500 IA=1,450 
A=IA/10. 
A1=A 
A=2*PhA/360. 
B=PI/2.-A 
D=PI/2.-2*A 
PHI=B 
CALL FILM2(N,O,N,0,1.0,0,4000.,0) 
P1=2*DELC 
PHI=D 
CALL FILM2{N,O,N,0,1.0,0,4000.,0) 
P2=DELC . 
Q1=Pl+P2 
Q1=-Q1 
TYPE 300,A1,Q1 
Q2{IA)=Q1 
A3{IA)=A1 
PRINT 300,A1,Q1 
CONTINUE 
CONTINUE 
OPEN (UNIT=2,NAME=,INTREF.DAT,,TYPE=,NEW,,DISP=,SAVE,) 
DO 23 II=1,450 
CALL LOOP{A3{II),Q2(II)) 
CONTINUE 
FORMAT(/, ,$WHAT IS THE GLASSES REFRACTIVE INDEX? ,) 
FORMAT{F8.4) 
FORMAT{2X, ,THETA= ,,2X,F7.3,2X, ,PHASE CHANGE ,,2X,F8.3) 
STOP 
END 

SUBROUTINE LOOP(AI,THETA) 
WRITE (2,2) AI,THETA 

2 FORMAT (F7.3,1X,F7.3) 
RETURN 
END 



.. 
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DEMONSTHATlON OF THE EXECUTION OF MDONOP 

T::) X , ~-iriv ___ L_;~ L_: MDONOP {RUN THE PROGRAM 

INPUT S'JlfSTRATE RI FILE NAME(Al2)DYlSI_;LVERRI 

FIRST ENCODER COUNT IN SPECTRUM SWEEP(I3)=100 

FINAL ENCODER COUNT IN SPECTRUM SWEEP( I3) ~c265 

STEP SIZE FOR NUMBER OF POINTS TO BE USED= 20 {

DEFINES THE .. 
RANGE OF THE 

DATA.TO BE PROCESSED 

HOW MANY PARAMETERS ARE IN THE MODEL(Il)?3 

VARIABLE #!MAXIMUM LIMIT= 3. 
VARIABLE #!MINIMUM LIMIT= ~. 
VARIABLE #2MAXIMUM LIMIT= ~6 
VARIABLE #2MINIMUM LIMIT= ~5 
VARIABLE #3MAXIMUM LIMIT= --;v
VARIABLE #3MINIMUM LIMIT= :T 
'HOW MANY ITERATIONS(I3)?10o--

{
INPUT INITIAL 
GUESSES OF THE 
MODEL PARAMETERS 

WHAT IS THE EXPERIMENT DELTA/PSI DATA FILE CLASS 
NAME(A4)?GIR~ . 

WHAT IS THE NUMBER OF THE FILE YOU WANT TO START 
WITH(A2)?l 

WHAT IS THE FINAL DATA FILE NUMBER?(I3)~ 

WHAT SHOULD THE REDUCED DATA FILE NAME BE ( EG. {OUTPUT FILE WILL 
PUI,L. DA'f) ?Q_JRL. TST CONTAIN THE REDUCED 
STOP --- . DATA 

1. 
2. 
3. 
4. 
5. 

6.80 
7.99 
8.85 
9.57 

10 .. 07 

INSPECT THE OUTPUT FILE 

~~~--~--~~--~~~-v----~r--

FILE 
NUMBER 

PRIMARY 
LAYER 
THICK . 

REFRAC. EXTINCT. DELTA 
INDEX COEFF. ERROR 

PSI 
ERROR 
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PROGRAM MDONOP VARIABLE EXPLANATIONS 

ANA (I) 

AVD 

AVP 

CENTX(J) 

DELC 

DELM( I) · 

Variable 

Symbol 

HOLD(NPASS,J) 

IMAX 

I PASS 

NAMEl 

N Ai'-1E 2 

NAME ~1 

NDATl 

NPASS 

NSTART 

NSTEP 

EXPLANATION 

-Psi (xlOO) at encoder count I (deg.) 
-substrate extinction coeffici~nt (xlOOOl 

-Average delta error of the model's best 
fit 

-Average psi error of the model's best 
fit 

-Center value of the jth variable of 
.the simplex 

-model calculation of delta (deg) 

l\'1easured value of cl.el ta ( defn at the 
fth encoder count 

-Jth parameter model best fit valrie of file 
number NPASS 

-file number of the last dat3 file to be 
converted 

-Iteratio~ counter of the overall optimi% 
ation routine (iteration of th~ nth file 
optimization) 

-File type identifier 

- F' :i l e c l as s n am e 

-· ~' i l e n u m b e r ( s e e sub r o u t i n e " P LAC " ) 

··Number of data points being used in 
the optimization 

-File number loop counter 

Encoder count where calculations should 
start at (this clef:incs the first encodc·r 
count where spectra data should be used 
in the calculations) 

-Spacing of encocl.er counts to be considered 
in Lhe calculation 



NSTOP 

MAX (I) 

MIN( I) 

F'OL(I) 

POW 

PSJC 

PSIM(I) 

REF(J) 

HEF'2(J) 

TEMP(.J) 

TNl 

TNF 

TNJ\F 

TNKS(J) 

TN~;(.J) 

TBAC(J) 
'• 

SIMB 

Slf\1P(I,J) 

SIMW 
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-Encoder count where calculations should 
stop 

-Maximum initial guess of the value of 
the ith variable 

-Minimum initial guess of the value of 
the ith variable 

-Delta (xlOO) at encod~r.count I (deg.) 
-substrate refractive index (xlOOO) 

-Maximum number of iterations per file 

~m6del calculation of psi (deg) 

-The measured value of psi (deg) at the 
ith encoder count 

-Reflected value of the jth variable 

-Double reflected value of the jth var·ialde 

-- J t h varia b l e v a l u e of the model sent to 
the model/measured error calculation 

-Ambient refractive index (non-absorbing) 

Refractive index (real component) of 
the film 

-Ext:inction coefficient of the film 

-Extinction coefficient of the substrate 

· · R e f r a c t :i v e i n dE' x ( r e a :t c om p on en t ) o f t h c 
substrate 

-contracted value of the jth variable 

-Simplex point numbPr with the ln~est 
error value 

-Value of the jth variable of the ith 
simplex point 

-·Simplex point number with the highest 
error· va] uc 



WL( I) 
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-Wavelength associated with the ith 
encoder count 

SUBROUTINES CALLED 

. CSM2 
IN 
INPUT 
I.OOP 
PS TDEL 
WLCALC 

EQUATIONS USED FOR CALCUL:\j'_IONS 

see SUBROUTINE CSM2 

·' 
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PROGRAM. MDONOP 
c************************************************************************* 
C PURPOSE: TO OPTIMIZE SPECTROSCOPIC ELLIPSOMETRIC DATA 
C USING A SIMPLEX ALGORITHM. NO INTERMEDIATE VALUES 
C OF THE SIMPLEX RESPONSE SURFACE IS DISPLAYED ON THE 
C CRT. 
c 
C PROGRAM WRITTEN BY STEVE T. MAYER AT L.B.L. SUMMER 1984 
c************************************************************************* 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/8/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/FLM/DELC,PSIC,PHI 
COMMON/Z/NAME1,NAME2,NPASS,DURAT,RTIME 
REAL*4 DBLK(2),NAME(20)~NAME1,NAME2,NAME3,FILENM(3) 
REAL TN1,TNF,TNKF,TNS(400) 
REAL TNKS(400),WL(400),MAX(7),MIN(7),REF(7),REF2(7),TEMP(7) 
REAL TRAC(7),SIMP(7,7),DELM(400),PSIM(400),CENTX(7),DEL(7) 
REAL THICK 
REAL HOLD(50,7),ARRAY(7) 
INTEGER NVAR,NSTEP,POW,NFILE,NPASS,NSTART,NSTOP 
COMPLEX RSS,RPS,RSF,RPF 

c********************************************************************** 
C DATA INPUT 
C********************************************************************** 

CALL WLCALC 
DO 1 I=1,400 
WL(I)=IWAVE(I) 

1 CONTINUE 
TN1=1.338 
TNF=1.81 
TNKF=0.281 

3 CONTINUE 
NPASS=O 
TYPE 2019 
CALL INPUT 

· DO 4 I=1, 400 
TNS(I)=ABS(POL(I)/1000.) 
TNKS(I)=ABS(ANA(I)/1000.) 

4 CONTINUE 



TYPE 8888 
ACCEPT 400,NSTART 
TYPE 8889 
ACCEPT 400,NSTOP 
TYPE 8010 
ACCEPT 400,NSTEP 
NSTP=NSTEP 
NDATl=(NSTOP-NSTART)/NSTEP 
TYPE 5900 
ACCEPT 400,NVAR. 
DO 6000,I=1,NVAR 
TYPE 6010,I 
ACCEPT 100,MAX(I) 
TYPE 6020,I 
ACCEPT 100,MIN(I) 

6000 CONTINUE 
TYPE 6030 
ACCEPT 400,POW 
TYPE 2027 
ACCEPT 111, NAME2 
NAMEl='DYlC' 
TYPE 2028 
ACCEPT 400,NPASS 
TYPE 2025 
ACCEPT 400,NFILE 

c************************* 
NSLOP=NFILE 

c************************* 
TYPE 2500 
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ACCEPT 111,FILENM(l),FILENM(2),FILENM(3) 
c********************************************************************* 
c 
C SIMPLEX 
c 
c************************************************************************* 
c 
c*********~************************************************~************* 
c 
C CREATION OF NVAR+1 VERTEX POINTS 
c 
c**************************************************************************** 

SIMP(1,1)=MAX(l) 
SIMP(1,2)=MAX(2) 
SIMP(1,3)=MAX(3) 
SIMP(2,1)=MIN(l) 
SIMP(2,2)=MIN(2) 
SIMP(2,3)=MIN(3) 
SIMP(3,1)=(MAX(1)+MIN(l))/2. 
SIMP(3,2)=(MAX(2)+MIN(2))/2. 



SIMP(3,3)=(MAX(3)+MIN(3))/2. 
SIMP(3,4)=(MAX(4)+MIN(4))/2. 
SIMP(4,1)=MAX(1) . 
SIMP(4,2)=MIN(2) 
SIMP(4,3)=MAX(3) 

5 CONTINUE 
NAME1='DY1C' 
CALL IN 
DO 6 I=1,400 
DELM(I)=POL(I)/100. 
PSIM(I)=ANA(I)/100. 

6 CONTINUE. 
TNK1=0. 
IPASS=O. 

150 CONTINUE 
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c**************************************************************** 
C '" ~~·COMPUTE SIGMA OF ALL VERTICES 
c**************************************************************** 

DO 7 I1=1,NVAR+1 
DO 8 l=1,NVAR 
TEMP(I)=SIMP(I1,I) 

8 CONTINUE 
NFLAG=1 
GOTO 5000 

300 CONTINUE 
SIMP(Il,NVAR+1)=TEMP(NVAR+1) 

7 CONTINUE 
DO 99 I=1,NVAR 
IF (SIMP(I,1) .LT.O.O) SIMP(I,1)=0.0 

99 CONTINUE 
IPASS=IPASS+1 

c**************1********************************************************** 
C PRINT OUT PRESENT VALUES OF THE SIMPLEX VERTICIES 
c************************************************************************** 
C TYPE 8211 
C TYPE 9001,IPASS,NPASS 

DO 46 I=1,NVAR+1 
c***************************************************************** 
C CHANGE THIS LINE WITH CHANGE IN MODEL 
c****************************************************************** 
C TYPE 9000,I,SIMP(I,1),SIMP(I,2),SIMP(I,3),SIMP(I,4) 

46 CONTINUE 
c*************************************************************************** 
C FIND THE HIGHEST AND LOWEST SIGMA VERTICIES 
c*************************************************************************** 

15 CONTINUE 
SIGW=SIMP(1,NVAR+1) 
SIGB=SIGW 
IW=1 
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IB=1 
DO 9 I1=2,NVAR+1 
IF (SIMP(I1,NVAR+1) .GT.SIGW) IW=l1 
IF (SIMP(I1,NVAR+1) .GT.SIGW) SIGW=SIMP(Il,NVAR+1) 
IF (SIMP(I1,NVAR+1) .LT.SIGB) IB=I1 
IF (SIMP(I1,NVAR+1) .LT.SIGB) SIGB=SIMP(I1,NVAR+1) 

9 CONTINUE 
c**************************************************************************** 
C CHECK IF PRESET NUMBER OF ITERATIONS HAS BEEN ACHIEVED 
c************************************************************************** 

IF (IPASS.GE.POW) GOTO 664 
c**************************************************************************** 
C COMPUTE CENTREX 
c**************************************************************************** 

DO 10 K2=1,NVAR 
CENTX(K2)=0.0 

10 CONTINUE 
DO 11 J=1,NVAR 
DO 12 K=1,NVAR+1 
IF (K.EQ.IW) GOTO 12 
CENTX(J)=CENTX(J)+SIMP(K,J) 

12 CONTINUE 
CENTX(J)=CENTX(J)/NVAR 

11 CONTINUE 
c*************************************************************************** 
C FIND RELECTED VERTEX 
c************************************************************************** 

DO 13 KK=1,NVAR 
DEL(KK)=O. 

13 CONTINUE 
DO 14 L=1,NVAR 
DEL(L)=-(SIMP(IW,L)-CENTX(L)) 

14 CONTINUE 
DO 105 LL=1,NVAR 
REF(LL)=CENTX(LL)+DEL(LL) 

105 CONTINUE 
c************************************************************************** 
C FIND SIGMA AT REFLECTED POINT 
c************************************************************************** 

DO 16 I=1,NVAR 
TEMP (I) =REF (I) 

16 CONTINUE 
NFLAG=2 
GOTO 5000 

310 CONTINUE 
REF(NVAR+1)=TEMP(NVAR+1) 
IF (REF(NVAR+1) .LT.SIMP(IB,NVAR+1)) GOTO 50 
IF (REF(NVAR+1) .LT.SIMP(IW,NVAR+1)) GOTO 70 
GOTO 60 
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(********************************************************************** 
C FIND AN EXPANDED REFLECTED POINT AND SEE IF IT IS BETTER THAN THE 
C PREVIOUS REFLECTED POINT . 
(********************************************************************** 

50 DO 51 K1=1 1 NVAR 
REF2(K1)=REF(K1)+DEL(K1) 

51 CONTINUE 
DO 52 I=1 1 NVAR 
TEMP(I)=REF2(I) 

52 CONTINUE 
NFLAG=3 
GOTO 5000 

320 CONTINUE 
REF2(NVAR+1)=TEMP(NVAR+1) 
IF (REF2(NVAR+1).GT.REF(NVAR+1)) GOTO 70 

C*********************ACCEPT DOUBLE RELECTION POINT******************** 
DO 54 LK=1 1 NVAR+1 

54 SIMP(IW 1 LK)=REF2(LK) 
C TYPE 8211 
C TYPE 9020 
C TYPE 9050• 
(****************************************************************** 
C CHANGE THIS LINE WITH A CHANGE IN MODEL 
(****************************************************************** 
c TYPE 9000 I IW I SIMP (IW I 1) I SIMP (IW I 2}, SIMP (IW I 3) I SIMP (IW I 4) 
C TYPE 8211 

GOTO 90 
(***********************************~*************************** 
C FIND CONTRACTED POINT 
(************************************************************** 

60 CONTINUE 
DO 61 I2=1 1 NVAR 
TRAC(I2)=CENTX(I2)-.75•DEL(I2) 

61 CONTINUE 
DO 62 I=1 1 NVAR 
TEMP(I)=TRAC(I) 

62 CONTINUE 
NFLAG=4 
GOTO 5000 

330 CONTINUE 
TRAC(NVAR+1)=TEMP(NVAR+1) 
IF(TRAC(NVAR+1) .GT.SIMP(IW 1 NVAR+1)) GOTO 80 . 

(*********************ACCEPT POINT CONTRACTION******************************* 
DO 63 LK=1 1 NVAR+1 
SIMP(IW 1 LK)=TRAC(LK) 

63 CONTINUE 
C TYPE 8211 
C TYPE 9030 
C TYPE 9050 
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(*********************************************************************** 
C CHANGE THIS LINE WITH A CHANGE IN MODEL 
(************************************************************************· 
C TYPE 9000,IW,SIMP(IW,1),SIMP(IW,2),SIMP(IW,3),SIMP(IW,4) 
C TYPE 8211 

GOTO 90 
(*********************ACCEPT REFLECTED POINT******************** 

70 DO 71 I=1,NVAR+1 
SIMP(IW,I)=REF(I) 

71 CONTINUE 
C TYPE 8211 
C TYPE 9010 
C TYPE 9050 
(********************************************************************* 
C CHANGE THIS LINE WITH A CHANGE IN MODEL 
(******************************************************************* 
C TYPE 9000,IW,SIMP(IW,1),SIMP(IW,2),SIMP(IW,3),SIMP(IW,4) 
C TYPE 8211 

GOTO 90 
(************************************************************************** 
C ACCEPT A COMPLETE SIMPLEX CONTRACTION 
(*************************************************************************** 

80 DO 81 I=1,NVAR+1 
DO 82 J=1,NVAR 
SIMP(I,J)=SIMP(IB,J)+(SIMP(I,J)~SIMP(IB,J))/2. 

82 CONTINUE 
81 CONTINUE 

C TYPE 8211 
C TYPE 9040 
C TYPE 8211 

GOTO 150 
90 GOTO 7 

(************************************************************************* 
5000 CONTINUE 

SIGMA=O.O 
PHI=75.•2•3.1415926/360. 
AVD=O.O 
AVP=O.O 
DO 1001 J=NSTART,NSTOP,NSTEP 

(******************************************************************** c 
C INSERT MODEL ROUTINE HERE FOR COMPUTING SIGMA 
c 
C USE TEMP(PARAMTER#) IN AS THE PARAMETER PRESENT VALUE 
C USE VARIABLE(J) FOR THE ENCODER COUNT DEP. PARAMETER 
(*********************************************************************** 

CALL CSM2(TN1,TEMP(2),TEMP(3),TNS(J),TNKS(J),WL(J),TEMP(1), 
•RSS,RPS) 

CALL PSIDEL(RPS/RSS) 
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AVD=AVD+ABS(DELC-DELM(J)) 
AVP=AVP+ABS(PSIC-PSIM(J)) 

1001 CONTINUE 
1000 CONTINUE 

AVD=AVD/(NSTOP-NSTART}•NSTEP 
AVP=AVP/(NSTOP-NSTART}•NSTEP 
TEMP(NVAR+1}=AVD+2•AVP 
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·; .. 

c********************************************************************* 
C RETURN TO CORRECT LOCATIONS (REFLECTION 1 DOUBLE REF. 1 ETC.) 
c**************************************************************•****** 

IF (NFLAG.EQ.1} GOTO 300 
IF (NFLAG.EQ.2} GOTO 310 
IF (NFLAG.EQ.3) GOTO 320 
IF (NFLAG.EQ.4) GOTO 330 
IF (NFLAG.EQ.5) GOTO ~00 

c****************************~*~**********•********************* 
C FINAL PRINT OUT 
C•************************************************************** 

664 CONTINUE 
95 CONTINUE 

c************************************************************************* 
C CHANGE THIS LINE WITH A CHANGE IN MODEL 
c********************'****************~·····························~**** 

96 CONTINUE 

4070 
c 
c 
c 

200 
c 
c 
c 

DO 4070 I=1 1 NVAR 
TEMP(I)=SIMP(IB 1 I) 
CONTINUE 
TYPE *I) ) 
TYPE *I) ****FINAL COMPUTATION FOR FILE ) I NPASS I) IN PROGRESS****) 
TYPE *I) ) 
NFLAG=5 
NSTEP=1 
GOTO 5000 
CONTINUE 
TYPE *I 'THE AVERAGE ABS. ERROR 'IN DELTA= , IAVD 
TYPE *1 'THE AVERAGE ABS. ERROR IN PSI= ' 1 AVP 
TYPE 9000 1 IB 1 SIMP(IB 1 1} 1 SIMP(IB 1 2} 1 SIMP(IB 1 3} 1 SIMP(IB 1 4) 
HOLD(NPASS 1 1)=SIMP{IB 1 1} 
HOLD(NPASS 1 2)=SIMP(IB 1 2) 
HOLD(NPASS 1 3)=SIMP(IB 1 3) 
HOLD(NPASS 1 4)=AVD 
HOLD(NPASS 1 5)=AVP 

c***************************************** 
IF (NPASS.GE.NFILE) GdTO 211 
NPASS=NPASS+l -

c*******************************~********* 
NSTEP=NSTP 
SIMP(1 1 1)=SIMP(IB 1 1) 
SIMP(1 1 2)=SIMP(IB 1 2) 
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SIMP(1,3)=SIMP(IB,3) 
SIMP(2,1)=SIMP(IB,l)-SIMP(IB,1)/3. 
SIMP(2,2)=SIMP(IB,2)+SIMP(IB,2)/5. 
SIMP(2,3)=SIMP(IB,3)-SIMP(IB,3)/10. 
SIMP(3,1)=SIMP(IB,1)+SIMP(IB,1)/3. 
SIMP(3,2)=SIMP(IB,2)-SIMP(IB,2)/5. 
SIMP(3,3)=SIMP(IB,3)+SIMP(IB,3)/10. 
SIMP(4,1)=SIMP(IB,1)+SIMP(IB,1)/3. 
SIMP(4,2)=SIMP(IB,2)+SIMP(IB,2)/5. 
SIMP(4,3)=SIMP(IB,3)-SIMP(IB,3)/10. 

207 CONTINUE 
DO 208 I=1,NVAR+1 
IF (SIMP(I,1).LT.O.O) SIMP(I,1)=0.0 

208 CONTINUE 
GOTO 5 

211 CONTINUE 
OPEN(UNIT=2,NAME=FILENM,TYPE=,NEW,,disp=,SAVE,) 
DO 212 J=i,NSLOP 
ARRAY(1)=HOLD(J,1) 
ARRAY(2)=HOLD(J,2) 
ARRAY(3)=HOLD(J,3) 

· ARRAY(4)=HOLD(J,4) 
ARRAY(5)=HOLD(J,5) 
CALL LOOP(J,ARRAY(1),ARRAY(2),ARRAY(3),ARRAY(4),ARRAY(5)) 

.212 CONTINUE 
100 FORMAT(F10.4) 
110 FORMAT (A1) 
111 FORMAT (3A4) 
400 FORMAT (I3) 

2019 FORMAT(/, ,$INPUT SUBSTRATE RI FILE NAME(A12) ,) 
2025 FORMAT(/, ,$WHAT IS THE FINAL DATA FILE NUMBER?(I3),) 
2027 FORMAT (/,,$WHAT IS THE EXPERIMENT DELTA/PSI DATA FILE CLASS 

C NAME(A4)?,) 
2028 FORMAT (/,,$WHAT IS THE NUMBER OF THE FILE YOU WANT TO START 

C WITH(A2)?,) 
2500 FORMAT (/,,$WHAT SHOULD THE REDUCED DATA FILE" NAME BE 

C(EG. PULL.DAT)?,) 
3000 FORMAT (/,,$WHAT IS THE FILM REFRACTIVE INDEX(F10.4)? ,) 
3010 FORMAT (/,,$WHAT IS THE FILM EXTINCTION COEFF.(F10.4)? ,) 
5900 FORMAT (, ,$ HOW MANY PARAMETERS ARE IN THE MODEL(I1)?,) 
6010 FORMAT (,,$VARIABLE #, ,I1, ,MAXIMUM LIMIT= ,) 
6020 FORMAT (,,$VARIABLE#, ,I1,,MINIMUM LIMIT=,) 
6030 FORMAT (,,SHOW MANY ITERATIONS(I3)?,) 
8010 FORMAT (, , $STEP SIZE FOR NUMBER OF POINTS TO BE USED= ,) 
8211 FORMAT (/, ,***************************************************,) 

(********************************************************************** 
C CHANGE THIS FORMAT STATEMENT AS NEEDED 
C•********************************************************************* 
8888 FORMAT(/, ,$FIRST ENCODER COUNT IN SPECTRUM SWEEP(I3)=,) 
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8889 FORMAT(/, '$FINAL ENCODER COUNT IN SPECTRUM SWEEP (I3) = ') 
9000 FORMAT (/,2X,'#',I2,1X,'T1=',F8.4,1X,'NF=',F8.2,1X,'KF=', 

•F8.2,1X, 'SIGMA=',F8.5) 
9001 FORMAT(/,14X,'PASS NUMBER=' ,I3,3X,'FILE NUMBER=',I3) 
9010 FORMAT (/,5X,'--REFLECTION ACCEPTED--') 
9020 FORMAT (/,5X, '--DOUBLE REFLECTION ACCEPTED--') 
9030 FORMAT (/,5X,'--CONTRACTION OF WORST POINT ACCEPTED--') 
9040 FORMAT (/,5X,'--CONTRACTION OF SIMPLEX ACCEPTED--') 
9050 FORMAT (/,5X,'POINT # ',I1, 'HAVE BEEN REPLACED BY') 

STOP . 
1060 END 

SUBROUTINE LOOP(J,ARR1,ARR2,ARR3,ARR4,ARR5) 
REAL AD 
AD=J•1.0 
WRITE(2,2) AD,ARR1,ARR2,ARR3,ARR4,ARR5 

2 FORMAT(F7.0,2X,F7.2,1X,F7.2,1X,F7.4,1X,F7.4,1X,F7.4,1X,F7.4) 
RETURN 
END 



60 

DEMONSTRATION OF THE EXECUTION OF THE PROGRAM MDQOUT 

TSX>RUN LD1:MDQOUT {RUN THE PROGRAM 

.WHAT IS THE FILM REFRACTiVE INDEX(F10.4)? 1.81 

WHAT IS THE FILM EXTINCTION COEF.(Fl0.4)? 0.281 

NAME OF SPECTRA FILE TO BE RETRIEVED? DY1SILVERRI 

FIRST ENCODER COUNT IN SPECTRUM SWEEP(I3)=100 

FINAL ENCODER COUNT IN SPECTRUM 

VARIABLE #lVALUE = 50. 
VAl?.IABLE #2VALUE = TmrO. 
VARIABLE #3VALUE = T~ 
VARIABLE #4VALUE = ~ 
VARIABLE #5VALUE = ~ 

SWEEP(I3)=265 

frNPUT OPTIMIZED DATA 
YROM MDQNOP 

WHAT SHOULD'THE THEORETICAL SPECTRAL FILE NAME BE? 

FILE NAME FOR THE NEW SPECTRAL SCAN (Al2) = DY1MDQNOPDEM 

DO YOU WANT TO CREATE ANOTHER THEORETICAL SPECTA(Y/N)?~ 

STOP --
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PROGRAM MDQOUT VARIABLE EXPLANATIONS 

Variable 

Symbol 

ANA(l) 

DELC 

~1AX (I) 

NSTART 

NSTEP 

NSTOP 

POL( I) 

PSIC 

PH I <p 
0 

00 

RPF { ~(T2 ,TAVG) rb,pdT2 

RPF'l 

HPS 

RSF 

r b,p 

Rp 

r 2/p 
0 

00 

f ~(T2,TAVG) 
0 ~ 

rb,sdT2 

EXPLANATION 

-Substrate extinction coefficient 
(xlOOO) 

-Model calculation of delta (deg) 

-Value of the model's ith variable 
for the spectra to be created 

-Encoder count where calculations 
should start at (this defines the 
first encoder count where spectra 
data should be used in the cal
culations) 

-Spacing of encoder counts to be 
considered in the calculation 

-Encoder count where calculations 
should stop POL(I) 

-Substrate refractive index (xlOOO) 

-Model calculation of psi (deg) 

-Angle of incidence of light (rad) 

-Resultont p- component reflection 
coefficient of the distribution of 
crystals 

-P- component of the reflectiou 
coefficient of crystals of size 
THICK 

-Tot~l resultant p- component 
reflection coefficient of the 
model Q surface 

-P- reflection coefficient of the 
primary layer 

-Resultant s- component reflection 
coefficient of the distribution of 
crystals 



RSl<'l 

RSS 

TEMP(J) 

TNEl 

TNKEJ 

TNl 

TNF 

TNFE 

TNKFE 

TNKF 

T NJ{S ( J) 

TNS(J) 

WL (I) 

r b.s 

R s 

no 

n 
fl 

nf 
2 

Kf 
2 

K . 
fl 

Ks 

n 
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-S- component of the refl~ct-
ion coefficient of crystals of size 
THICK 

-Total resultant s- component 
reflection coefficient of the model 
Q surface 

-S- reflection coefficient of 
the primary layer 

-Jth variable value of the model 
sent to the spectra calculation 
section of the program 

-Effective refractive index of the 
surface with a primary la~er on top 
of the substrate 

~Effective extinction coefficient of 
the surface with a primary layer on 
top of the substrate 

-Ambient refractive index (non-abs
orbing) 

-Refractive index (real component) 
of the f:ilm 

-Effective refractive index of th~ 

hydrated crystals 

-Effective extinction coefficient of 
the hydrated cr~stals 

-E~tinction coefficient ~f the film 

--Ex t i n c t :i on c o e f f:i c i en t of t he s u b 
strate 

-Refractive index (real component) of 
the substrate 

-Wavelength associated with the ilh 
encoder count 
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SUBROUTINES CALLED 

CSM2 
IN 
INPUT 
LOOP 
PSIDEL 
W I.C A I.C 

EQUATIONS USED FOR CALCULATIONS 

exp l~ [T AV~-T2rj 
r(T2,TAVG) 

CD ~ [TAV~-T2r I exp dT2 
0 

CD 

R. = r .(1-0) + 0 I ~(T2,TAVG) rb . dT2 
J aJ 0 ,J 



with 

r Ol,p 

r Ol,s 

r 
12,p 

r 
12,s 

r 
l-J,p 

r 
'1-, 1, s 
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4• [T,2) '\ ,. 
n.f. cos(¢ f. ) 

"' .... 

"\ A 
tan(¢ -</J£) 

0 ' 
tan(<jl +¢£) 

0 I 

'!I 
tan(¢£-¢ ) ,f..; 

ll "" tan(¢.r~¢ ) 
..... s 

' 4 .ll 
sin(¢f-<P ) 

._. s 
sin(¢ -+4> ) 

!z. s 

-iD -iD 1 2 
)r23e 



" 

n 
0 
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"" sin(d: -? ) 
. 0 fl. 

r Ol., s 

r . 
a,J 

sin(~· ) 
0 

r Ol.,p 

... .... 
tan(c;', -?.) 

. . 0 iJ,.. 

L.an(4•
0 
+(i!r.i, 

" ,.. n_ sin(¢:) 
.... 
n 

s ~, .~., 

4\ 

sin(<f. ) 
s 

lit-{ is the comple}: refractive index of· the crystals 
1.. 

calculated from the Bruggeman equation. 
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PROGRAM MDQOUT 
c************************************************************************* 
C PURPOSE: TO CREATE A ELLIPSOMETRIC SPECTRA FILE CORRESPONDING. 
C TO A SET OF PARAMETERS FOR MODEL "Q" 
c 
C PROGRAM WRITTEN BY STEVE T. MAYER AT L. 8. L. WINTER 1984 
c***************************************************************•********* 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/8/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/FLM/DELC,PSIC,PHI 
REAL•4 DBLK(2),NAME(20) 
REAL TN1,TNF,TNKF,TNS(400),TNKS(400),WL(400),MAX(7),TEMP(7) 
REAL THICK,TFRACT(200) 
INTEGER NVAR,NSTEP,POW,NFILE,NPASS,NSTART,NSTOP 
COMPLEX RSS,RPS,RSF,RPF,RSF1,RPF1 

c********************************************************************** 
C DATA INPUT 
c********************************************************************** 

CALL WLCALC 
DO 1 I=1,400 
WL(I)=IWAVE(I) 

1 CONTINUE . 
TYPE 101 
ACCEPT 100,TNF
TYPE 102 
ACCEPT 100,TNKF 
TN1=1. 338 

3 CONTINUE 
TYPE 2027 
CALL INPUT 
DO 4 I=1,400 
TNS(I)=ABS(POL(I)/1000.) 
TNKS(I)=ABS(ANA(I)/1000.) 

4 CONTINUE 
TYPE 8888 
ACCEPT 400,NSTART 
TYPE 8889 
ACCEPT 400,NSTOP 
NSTEP=1 t" 
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NDATl=(NSTOP-NSTART)/NSTEP 
NVAR=5 

5 CONTINUE 
DO 6000,I=1,NVAR 
TYPE 6010,I 
ACCEPT 100,MAX(I) 

6000 CONTINUE 
6 CONTINUE 

TNK1=0. 
IPASS=O. 

150 CONTINUE 
DO 8 I=1,NVAR 
TEMP(I)=MAX(I) 

8 CONTINUE 
NFLAG=1 
SIGMA=O.O 
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c************************************************************************* 
5000 CONTINUE 

WFRAC=O.O 
PHI=75.*3.1415•2./360. 
NTH1=(TEMP(2)-2.5*TEMP(3))/20 
NTH2=(TEMP(2)+2.5*TEMP(3))/20 
DO 4050 ITHICK=NTH1, NTH2 . 
THICK=20*ITHICK 
TFRACT(ITHICK)=1/(SQRT(2*3.1415))*EXP(-.5*((TEMP(2)-THICK) 

* /TEMP(3))**2) 
.WFRAC=WFRAC+TFRACT(ITHICK) 

4050 CONTINUE 
DO 4060 I=NTH1,NTH2 
TFRACT(I)=TFRACT(I)/WFRAC 

4060 CONTINUE 
DO 1001 J=NSTART,NSTOP,NSTEP 
CALL CSM2(TN1,TNF,TNKF,TNS(J),TNKS(J),WL(J),TEMP(1),RSS,RPS) 
CALL PSIDEL(RPS/RSS) 
CALL REFIND(TN1,TNE1,TNKE1) 
TNE1=ABS(TNE1) 
TNKE1=ABS(TNKE1) 
CALL EMA(TN1,0.0,TNF,TNKF,TEMP(5),TNFE,TNKFE) 
DO 1002, ITHICK=NTH1,NTH2 
THICK=20*ITHICK 
CALL CSM2(TN1,TNFE,TNKFE,TNE1,TNKE1,WL(J),THICK,RSF1,RPF1) 
RSF=RSF+TFRACT(ITHICK)*RSF1 
RPF=RPF+TFRACT(ITHICK)*RPF1 

1002 CONTINUE 
RSS=RSS*(1-TEMP(4))+RSF*TEMP(4) 
RPS=RPS*(1-TEMP(4))+RPF*TEMP(4) 
RSF=O.O 
RPF=O.O 
RPS=RPS/RSS 
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CALL PSIDEL(RPS) 
IF (DELC.GT.180.) DELC=DELC~360. 
POL(J)=DELC•100 
ANA(J)=PSIC•100. 

1001 CONTINUE 
1000 CONTINUE 

TYPE 9000 
CALL OUTPUT 
TYPE 9050 
ACCEPT 110,1FLAG1 
IF (IFLAG1.EQ.'Y') GOTO 5 

100 FORMAT(F10.4) 
101 FORMAT(/,'SWHAT IS THE FILM REFRACTIVE INDEX(F10.4)? ,) 
102 FORMAT(/,'SWHAT IS THE FILM EXTINCTION COEF.(F10.4)? ') 
110 FORMAT (A1) 
111 FORMAT (A4) 
400 FORMAT _ (I3) _ , 

2027 FORMAT (/,'WHAT IS THE SUBSTATE RI DATA FILE NAME?') 
6010 FORMAT (,'$VARIABLE #',11,'VALUE = ') 
8888 FORMAT(/,'SFIRST ENCODER COUNT IN SPECTRUM SWEEP(I3)=') 
8889 FORMAT(/,'SFINAL ENCODER COUNT IN SPECTRUM SWEEP(I3)=') 
9000 FORMAT(/,'WHAT THEORETICAL SPECTRAL FILE NAME BE?') 
9050 FORMAT(/,'SDO YOU WANT TO CREATE ANOTHER THEORETICAL 

•SPECTA(Y/N)?') 
STOP 

1060 END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM NUCNUM 

TSX>COPY BMUD.DAT PLTDAT.DAT · {NUCNUM READ DATA FROM 

TSX>ED PLTDAT.rrAT 

BMUD.DAT 
1. 0.59 0.00 
2. 43.21 0.00 
3. 64.67 0.00 
4. 5.01 133.48 

45. 31;78 1697.98 
46. 31.35 1675. 03 . 
47. 31.81 1699.31 
48. 31 . 9 6' 17 07 . 8 2 
49. 31.77 1697.53 
50. ~ 31.36v1675.59~ 

'-y--J -v v 
FitE PRIMARY SECOND. 
NUMBER LAYER LAYER 

TH IcriL 
(A ) 

'I'HicrK. 
(A ) 

TSX>RUN LDl:NUCNUM 

1.0000 
1.0000 
1.0000 
0.8090 

0.4280 
0.4270 
0.4221 
0.4241 
0.4194 
0.4085~ 

v 
SURF. 
cov. 

THE YILE PLTDAT.DAT 

{

PLTDAT.DAT IS NOW A 
REDUCED DATA FILE FROM 
MD9NOP 

0.0000 0.3197 0.1185 
0.0000 0.4756 0.3846 
0.0000 0.3193 0.4894 
0.7920 0.6736 0.4873 

0.1310 2.9155 1.2688 
0~1307 2.9537 1.2886 
0.1292 2.7700 1.2499 
0.1298 2. '613'5 l. 1797 
0.1284 2.7132 1.2060 
0.12511( 

v 
2.6939~ 

v l.~ 
FRACT. DELTA PSI 
SOLID ERROR ERROR 

IN 
· CRYSTAJ,S 

HUN THE PROGRAM 

HOW MANY DATA FILES WERE REDUCED? 5Q 

STOP ---

TSX>ED PLTDAT.DAT 

.DAT 
l. 
2. 
3. 
4 . 

0.59 
43.21 
64.67 

5.01 

0.00 
0.00 
0.00 

133.48 

{INSPECT THE NEW PLTDAT.DAT FILE 

1.0000 
1.0000 
1.0000 
0.8090 

0.0000 
0.0000 
0.0000 
0.7920 

0.3197 
0.4756 
0.319~~ 
0.6736 

0.1185 0.00 
0.3846 0.00 
0.4894 0.00 
0.48731443.92 

PSI 
ERROH 

4.72 
4.84 
4.65 
4.62 
4. 6~~ 
4.63 
'l f ·~· 
~ 
NUMBER 
DENSITY 

OF 
CRYSTALS 

(#X10 5 ) 



Name 

10 
PROGRAM NUCNUM VARIABLE EXPLANATIONS-

Variable 
Symbol 

Variables of interest 

EXPLANATION . 

AHRAY(I.,J) value of the Lth file numbers Jth optimized 
parameter 

SUBROUTINES CALLED 

LOOP 

EQUATIONS USED FOR CALCULATIONS 

N c 

·" 
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PROGRAM NUCNUM 
c***************************************************************** 
c 
c 
c 
c 
c 
c 
c 

PURPOSE: TO USE THE OPTIMIZED MODEL9 DATA FROM THEIR DATA 
FILES AND OUTPUT A DATA NEW FILE CONTAINING BOTH 
THE OPTIMIZED MODEL9 VALUES AND THE CALCULATED 
NUMBER DENSITY OF SURFACE NUCLII. 

WRITTEN BY STEVEN T. MAYER SUMMER 1985. 
c***************************************************************** 

COMMON ARRAY(50,9),ID(20) 
TYPE 1 
ACCEPT 2,NFILE 

1000 OPEN(UNIT=1,NAME='DY1:PLTDAT.DAT',TYPE='OLD') 
READ(1,5)(ID(I),I=1,20) 
TYPE 5,(ID(I),I=1,20) 
DO 4000 L=1,NFILE 
READ(1,4)(ARRAY(L,J),J=1,7) 
TYPE *, ARRAY(L,3) 

4000 CONTINUE . 
CLOSE(UNIT=1,DISPOSE='SAVE') 
DO 5000 I=1,NFILE 
IF (ARRAY(I,4) .GE.1.0) GOTO 4500 
ARRAY(I,8)=ARRAY(I,4)•3.18E15/(ARRAY(I,3)••2) 
ARRAY(I,8)=ARRAY(I,8)/1E08 
GOTO 5000 

4500 ARRAY(I,8)=0.0 
5000 CONTINUE 

OPEN(UNIT=1,NAME='DY1:PLTDAT.DAT',TYPE='NEW') 
WRITE(1,5)(ID(I),I:1,20) 
DO 6000 J=l,NFILE 
CALL LOOP ( J) 

6000 CONTINUE 
CLOSE(UNIT=1,DISPOSE='SAVE') 

1 FORMAT(/,'$HOW MANY DATA FILES WERE REDUCED? ') 
2 FORMAT (I2) . 
3 FORMAT(A1) 
4 FORMAT(F7.0,1X,F7.2,1X,F7.2,4(1X,F7.4)) 
5 FORMAT(/,5X,20A2) 
6 FORMAT(I2) 

STOP 
END 

SUBROUTINE LOOP(J) 
COMMON ARRAY(50,9),ID(20) 
REAL AD 
AD=J•1.0 
WRITE(1,2) AD,ARRAY(J,2),ARRAY(J,3),(ARRAY(J,K),X=4,8) 
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TYPE •,ARRAY(J,3) . 
2 FORMAT(F7.0,2X,F7.2,1X,F7.2,4(1X,F7.4),F7.2) 

RETURN 
END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM OPTCOM 

TSX> RUN LD 1: OPTCOM {RUN THE PROGRAM 
~FILE CLASS NAME 

WHAT IS THE BASE 4 LETTER FILE NAME ( A4) PR51l_FROM 4ZONE MEASUREMENT 
ABS. DELTA ERR= 2.287412 ABS PSI ERR=---0.9549717 
S.D IN DELTA= 2.332691 S.D. IN PSI= 1.199025 

ANOTHER 4 ZONE FILE CLASS(Y/N)?~ 
STOP --



Name 

ANA (I) 

AAVG(I) 

SIGMl 

SIGM2 

SIGM3 

SIGM4 

IMAX 

NAMEl 

NAME2 

NAME3 

NPASS 

NSTART 

NSTOP 

POL (I) 

PAVG(I) 
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PROGRAM OPTCOM VARIABLE EXPLANATIONS-

Variable 
Symbol 

Variables of interest 

EXPLANATION 

-Psi (xlOO) at encoder count I (deg.) 

-Average psi value of the 4 zone measurement 

-Averag~ delta error of the 4 zone measurement 
(deg) 

-Average psi error of the 4 zone measure~ent 
(deg) 

-Standard deviation of delta (deg) 

-Stardard deviation of psi (deg) 

-File number of the last data .file to be 
read 

-File type identifier 

-File class name 

-File numb~r (see subroutine "PLAC") 

-File number loop counter 

-Encoder count wh~re calculation~ should start 
at (this defines th~ first encoder c~unt 
where spectra data should be used in the 
calculations 

-Encoder count were calculations should stop 

-Delta (xlOO) at encoder count I (deg.) 

-Average delta value of the 4 zone measurement 

SUBROUTINES CALLED 

IN 
WLCALC 



a = 1 
4 

where 

75 
'' 

EQUATIONS USED FOR CALCULATIONS 

Bavg(I))2 

8j(I) is the value of delta or psi 

in the jth zone at encoder cou~t I, and 8avg(I) 

is the 4 zone average value of delta or psi at encoder 

count I. 
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PROGRAM OPTCOM 
C•********************************************************************* 
C OBJECTIVE: TO FINE THE STANDARD DEVIATION BETWEEN 4ZONE MEASUREMENTS 
C AND THEIR 4ZONE AVERAGE 
c 
C PROGRAM WRITTEN S. MAYER SUMMER 1985. 
c 
C•**************************************************************~****** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA · 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(10},LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/0/NPASS . 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL•4 DBLK(2),NAME(20),NAME1,NAME2,PAVG(400),AAVG(400) 
INTEGER•2 ANGOPT 

C•••••THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC".***** 
CALL: WLCALC 

C•u••RAW SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.********* 
1 TYPE 1001 

ACCEPT 2000,NAME2 
NSTART=lOO 
NSTOP=265 
IMAX=4 
POINT=4.•(NSTOP-NSTART) 
DO 3 IWV=1,399 
PAVG(IWV)=O 
AAVG(IWV)=O 

3 CONTINUE 
DO 8000 NPASS=1,IMAX 
IPASS=NPASS 
NAMEl='DYlC' 
CALL IN 
DO 4 IWV=NSTART,NSTOP 
PAVG(IWV)=PAVG(IWV)+(POL(IWV)/100.) 
AAVG(IWV)=AAVG(IWV)+(ANA(IWV)/100.) 

4 CONTINUE 
8000 CONTINUE 



DO 5 IWV=NSTART,NSTOP 
PAVG(IWV)=PAVG(IWV)/IMAX 
AAVG(IWV)=AAVG(IWV)/IMAX 

5 CONTINUE 
SIGM1=0. 

r SIGM2=0. 
SIGM3=0. 
SIGM4=0. 
DO 9000 NPASS=1,IMAX 
IPASS=NPASS 
NAME1='DY1C' 
CALL IN 
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DO 6 IWV=NSTART,NSTOP 
SIGM1=SIGM1+ABS(PAVG(IWV)-POL(IWV)/100.) 

· SIGM2=SIGM2+ABS(AAVG(IWV)-ANA(IWV)/100.) 
SIGM3=SIGM3+(POL(IWV)/100.-PAVG(IWV))••2 
SIGM4=SIGM4+(ANA(IWV)/100.-AAVG(IWV))••2 

6 CONTINUE 
9000 CONTINUE 

SIGM1=(SIGM1)/(POINT) 
SIGM2=(SIGM2)/(POINT) 
SIGM3=SQRT(SIGM3)/SQRT(POINT) 
SIGM4=SQRT(SIGM4)/SQRT(POINT) 
TYPE •, 'ABS. DELTA ERR=',SIGM1,'ABS PSI ERR= ',SIGM2 
TYPE •, 'S.D IN DELTA= ',SIGM3, 'S.D. IN PSI=',SIGM4 

10 TYPE 1018 
ACCEPT 100,FLAG2 
IF (FLAG2.EQ.'Y') GOTO 1 
IF (FLAG2.NE.'N') GOTO 10 

100 FORMAT(A1) 
1001 FORMAT(/,'SWHAT IS THE BASE 4 LETTER FILE NAME (A4) ') 
1004 FORMAT(I2) 
1018 FORMAT(/,'SANOTHER 4 ZONE FILE CLASS(Y/N)?') 
2000 FORMAT(A4) 

STOP 
END 
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DEMONSTRATION OF THE EXECUT10N OF PLTCUR 

Csa2>RUN PLTCUR (RUN THIS PROGRAM ON THE VMS 
\COMP~TER WITH GRAPHIC CAPABILITIES 

WHAT IS THE SCALE OF.THE PLOT(<= l.O)?L:...Q.. 

ENTER MODEL (l=VT125, 2=VK100, 3=VT240, 4=350PC) 
~ 
ENTER MONITOR TYPE (O=MONOCHROME, l=COLOR) 
Jl 
WHAT-IS THE SCALE FOR THE DATA FILE?~ 

WHAT IS VIEW PHI(DEG.)?270:Q.-"?. 

WHAT IS. VIEW THETA(DEG. )?.Q..J! · · 

WHAT IS VIEW RADIUS(DEG.)?2a-

MORE PLOTS ( Y /N) ?_E:. 

FORTRAN STOP ' 
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PROGRAM PLTCUR VARIABLE EXPLANATIONS 

Variable 

Symbol 

CIR(I,J) 

lEMAX 

ISCAL 

JEMAX 

PHI 

RADIUS 

SCALE 

THETA 

X3AXIS 

Y3AXIS 

Z3AXIS 

EXPLANATION 

-Local current at the x,y position i,j 
on the electrode surface as calculated 
from "CURDIS" 

-Maximum array value in the x direction 
which corresponds to a point on the 
electrode's surface 

-Scale used in the calculation of the 
current distribution from routine 
"CURD IS" 

-Maximum array value in the y direction 
which corresponds to a point on the 
electrode's surface 

-Angle of view of the 3~D plot from the 
xy plane 

-Radial distance from the origin where 
the view is placed 

-Scale of the 3-D plot 

-Angle of view o:f the 3·-D plot f"t··om the 
yz plane 

-X scale of the plot 

-Y scale of the plot 

-Z scale of the plot 
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SUBROUTINES CALLED 

AREA2D 
END PI, 
GRAF3D 
NOH IDE 
PAGE 
SURMAT 
VOLM3D 
VUANGL 
X3NAME 
Y3NAME 
Z3NAME 

ISSCO PRODUCT 
ISSCO PRODUCT 
ISSCO PRODUCT 
ISSCO PRODUCT 
ISSCO PRODUCT 

(tBL EMULATION SUBROUTINE) 
ISSCO PRODUCT , 
ISSCO PRODUCT 
ISSCO PRODUCT 
ISSCO.PRODUCT 
ISSCO PRODUCT 



,_. 
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PROGRAM PLTCUR 
c***************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PURPOSE: TO PLOT THE THREE DIMENSIONAL CURRENT DISTRIBUTION 
GIVEN IN FILE "CURDIS.DAT" 

WRITTEN BY STEVEN T. MAYER SUMMER 1985. 

NOTE: MANY OF THE SUBROUTINES CALLED IN THIS PROGRAM ARE 
ISSCO PRODUCT ROUTINES, FOR 3D PLOTING WITH "DISSPLA". 

c***************************************************************** 
COMMON/LOOP/ CIR(30,30),J 
DIMENSION ZBOT(28,10),CUR(28,10) 
REAL X,Y 
TYPE 50 
ACCEPT 100,SCALE 
X3AXIS=SCALE•7.62 
Y3AXIS=SCALE*7.62 
Z3AXIS=Y3AXIS 
XPAGE=SCALE•7.62 
YPAGE:SCALE*7.62 

c************************************************************************* 
C SET THE OUTPUT FORMAT FOR A FILE WHICH CAN BE PUT OUTPUT 
C TO THE TALARS PRINTER/PLOTTER. OTHER PLOTTERS CAN BE USED. 
C SEE LBL DOCUMENTATION "DISSPLA.DOC". 
c************************************************************************* 

CALL TALARS 
TYPE 81 
ACCEPT 110, ISCAL 
IEMAX=5.94*ISCAL 
JEMAX=2.38*ISCAL 
J=JEMAX 
Z3MAX=O. 
Z30RIG=O. 
REWIND (1) 
OPEN(UNIT=1,FILE='CURDIS.DAT',TYPE='OLD',DISP='SAVE',FORM=' 

*FORMATTED') 
DO 23 II=1,IEMAX-1 
CALL LOOP(II) 
DO 22 L=1,JEMAX-1 
CUR(II,L)=CIR(II,L) 

22 CONTINUE 
23 CONTINUE 

DO 24 I=1,IEMAX-1 
DO 25 J=l, JEMAX-1 
IF (CUR(I,J) .GT.Z3MAX) Z3MAX=CUR(I,J) 
ZBOT(I,J)=O. 

25 CONTINUE 



24 CONTINUE 
Z3STP=(Z3MAX-Z30RIG)/2. 

1 CONTINUE 
TYPE 60 · 
ACCEPT 100 1 PHI 
TYPE 70 
ACCEPT 100 1 THETA 
TYPE 80 
ACCEPT, 100 1 RADIUS' 
X30RIG=1. 
X3MAX=1.*(IEMAX-1) 
X3STP=X3MAX/2. 
Y30RIG=1. 
Y3MAX=1.*(JEMAX-1.) 
Y3STP=Y3MAX/2. 
CALL PAGE(XPAGE 1 YPAGE) 
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CALL AREA2D(XPAGE-1. 1 YPAGE-1.) 
CALL VUANGL(PHI 1 THETA 1 RADIUS) 
CALL NOHIDE 
CALL VOLM3D(X3AXIS 1 Y3AXIS 1 Z3AXIS) 
CALL X3NAME('XAXIS$',100) 
CALL Y3NAME('YAXIS$',100) 
CALL Z3NAME ( 'ZAXIS$' I 100) 
CALL GRAF3D(X30RIG,X3STP 1 X3MAX,Y30RIG,Y3STP 1 Y3MAX 

*1 Z30RIG 1 Z3STP 1 Z3MAX) 
CALL SURMAT(CUR 1 1,28,1,10,0) 
CALL SURMAT(ZBOT 1 2,28,2,10,0) 

20 CONTINUE 
CALL ENDPL(O) 
TYPE 4 
ACCEPT 5,WAIT 
IF (WAIT.EQ.'N') GOTO 6 
GOTO 1 

6 CONTINUE 
4 FORMAT(/,'$ MORE PLOTS(Y/N)?') 
5 FORMAT(A1) 

50 FORMAT(/,'$WHAT IS THE SCALE OF THE PLOT(<= 1.0)?') 
60 FORMAT(/, '$WHAT IS VIEW PHI (DEG.)? ') 
70 FORMAT(/,'$WHAT IS VIEW THETA(DEG.)?') 
80 FORMAT(/,'$WHAT IS VIEW RADIUS(DEG.)?') 
81 FORMAT(/ 1 '$WHAT IS THE SCALE FOR THE DATA FILE?') 

110 FORMAT(I3) 
105 FORMAT(1X,12A1) 
100 FORMAT(F8.4) 

STOP 
END 

SUBROUTINE LOOP(II) 
COMMON/LOOP/ CIR(30 1 30),JEMAX 
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READ (1 12) K1(CIR(II 1L) 1L=1i8) 
READ (11 3) . (CIR (II I L) I L=9 I 16) 

2 FORMAT (I518(2X1F7.3)) 
3 FORMAT (5X 18(2X1F7.3)) 

RETURN 
END 
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DEMONSTRATION OF THE EX~CUTION OF THE PROGRAM PLTDAT 

Csa2>RUN PLTDAT 

WHAT 1 S THE BASE 4 LET'J:_ER FILE NAME ( A4) ~ 

HOW MANY FILES ARE IN rHE FILE CLASS(I2)?20 

STEP SIZE FOR CONVERSION(I2)l 

INPUT FROM FILE # 1 IN PROGRESS 
INPUT FROM FILE # 2 ~N PROGRESS 
INPUT FROM FILE # 3 IN PROGRESS 
INPUT FROM FILE # 4 iN PROGRESS 
INPUT FROM FILE # 5 IN PROGRESS 
INPUT FROM FILE # 6 lN PROGRESS 
INPUT FROM FILE # 7 ~N PROGRESS 
INPUT FROM FILE # 8 OCN PROGRESS 
INPUT FROM FILE # 9 .. IN PROGRESS 
INPUT FROM FILE # 10 IN PROGRESS 
INPUT FROM FILE. # 11 IN PROGRESS 
INPUT FROM FILE # 12 IN PROGRESS 
INPUT FROM FILE # 13 .lN PROGRESS 
INPUT FROM FILE # 14 IN PROGHESS 
INPUT FROM FILE # 15 IN PROGRESS 
INPUT FROM FILE # 16 IN PROGRESS 
INPUT FROM FILE # 17 IN PROGRESS 
INPUT FROM FILE # 18 IN PROGRESS 
INPUT FROM FILE # 19 IN PROGRESS 
INPUT FROM FILE # 20 1N PROGRESS 

ENT~R MODEL (1=VT125, 2~VK100, 3=VT240, 4=350PC) 
]_ 

ENTER MONITOR TYPE (O~MONOCHROME, 1=COLOR) 
0 

INPUT "D" FOR A DELTA PLO'f,"P" FOR A PSI PLOT P 

WHAT IS VIEW ANGLE PHI O;F THE- PLOT(DEG. )?~ 

WHAT IS VIEW ANGLE THETA OF THE PLOT(DEG.)?O.O 

WHAT IS VIEW RADIUS(MULT[PLE OF X AXIS LENGJ.;])?1.!L: 

WHAT IS THF. MAXIMUM DELTA VALUE OF THE PLOT(DEG.)?60 .. 

WHAT IS MINIMUM PSI VALU! OF THE PLOT(DEG.)?30. 

DIVISIONS SHOULD BE PLACES EVERY HOW MANY DEGREES?~ 

WHAT IS THE WAVELENGTH GFAPH STEP SIZE(I2)?20 



WHAT IS THE FJLE GHAPH STEP SJZE(I2)?L 

DATA INPUT COMPLETE. PUSH RETURN FOH PLOTING 
WOl!Ul YOll LJKE TO PLOT THE SA!I-1E DATA AGAJN(Y/N ?JL 

FOHTHAt\ STOl' 
Csa2> 
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PROGRAM PLTDAT VARIABLE EXPLANATIONS 

Variable 

Symbol 

ANA(IPASS,N) 

NAME (I) 

NAME2 

NAME3 

POL(IPASS,N) 

PHI 

RADIUS 

SCALE 

THETA 

X~~AX IS 

Y3AXlS 

Z3AXIS 

EXPLANATION 

-Value of psi (deg) of file IPASS at 
encoder count N 

-Name of the location and file name of 
the data to be retrieved. 

-Experimental file class name 

-File number of experiment file class 
NAME2 

.-Va]tie of DELTA (deg) of file IPASS al 
encoder count N 

-Angle of view of the 3-D plot from the 
xy plane 

-Radial distance from the origin where· 
the view is placed 

-Scale of the 3··0 plot 

-Angle of view of the 3-D p]ot from the 
yz plane 

-X scale of the plot 

-Y scale of the plot 

-Z scale of the plot 

SUBROUTINES CALLED 

AREA2ll ISSCO PRODUCTS 
END PI. ISSCO Pl/ODUCTS 
GRA~'3D ISSCO PRODUCTS 
NOH IDE ISSCO PRODUCTS 
PAGE ISS CO PRODUCTS 
SURMAT 1SSCO PRODUCTS 



,. 
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TALARS 
VOLH3D 
VUANGL 
X3NAME 
Y3NAME 
Z3NAMF. 

•. ·-l ~ 
I 

(,LBL EMULATION SUBROUTINE) 
ISSCO PRODUCTS 
ISSCO PRODUCTS 
ISSCO PRODUCTS 
ISSCO PRODUCTS 
lSSCO .Pf/ODLJCTS 
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PROGRAM PLTDAT 
c********************************************************************** 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 
c 

PURPOSE: TO GENERATE THREE DIMENSIONAL PLOTS OF SPECTRAL 
ELLIPSOMETRY DATA. DATA HAS TO BE CONVERTED TO 
FORMATED DATA VIA PROGRAM "DATFIL" ON THE DEC RT11/73 
AND THEN TRANSFERED TO THE LBL CSA COMPUTER VIA 
"KERMIT". 

WRITIEN BY STEVE T. MAYER SPRING 1985 

NOTE: A NUMBER OF SUBROUTINES CALL IN THIS PROGRAM ARE ISSCO 
PRODUCT ROUTINES FROM THEIR PLOTING PACKAGE "DISSPLA". 

C•********************************************************************** 
REAL*4 NAME(20),NAME1,NAME2,NAME3 
REAL POL(20,170),ANA(20,170),ZBOT(20,170) 
INTEGER WSSS,FSSS 

1 TYPE 1000 
ACCEPT 1001,NAME2 
TYPE 1002 
ACCEPT 1004,IMAX 
TYPE 1003 
ACCEPT 1004,ISTP 
DO 2 NPASS=1,IMAX,ISTP 
IPASS=NPASS 
NAME (1) =, [S10, 
NAME(2)='754., 
NAME(3)='DAT], 
NAME(4)=NAME2 
CALL PLAC2(IPASS,NAME3) 
NAME(5)=NAME3 
TYPE 1006,IPASS 
OPEN (UNIT=2,FILE=NAME,TYPE='OLD',READONLY) 
DO 3,N=1,170,5 . 
READ(2,1007),I,POL(IPASS,N),POL(IPASS,N+1),POL(IPASS,N+2) 

•,POL(IPASS,N+3),POL(IPASS,N+4) 
3 CONTINUE . 

DO 4 N=1,170,5 
READ (2,1007),I,ANA(IPASS,N),ANA(IPASS,N+1),ANA(IPASS,N+2) 

*,ANA(IPASS,N+3),ANA(IPASS,N+4) 
4· CONTINUE 

. CLOSE (UNIT =2) 
2 CONTINUE 
5 CONTINUE 

SCALE=1. 
X3AXIS=SCALE•7.62 
Y3AXIS=SCALE*7.62 
Z3AXIS=Y3AXIS 
XPAGE=SCALE•7.62 



YPAGE=SCALE*7.62 
X3MAX=IMAX 
X3MIN=1. 
X3STP=5. 
Y30RIG=1. 
Y3MAX=170. 
Y3STP=33. 
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c************************************************************************ 
C PLACE PLOTING DATA INTO A FILE WHICH IS SUITABLE FOR PLOTING 
C ON THE TALARIS PRINTER/PLOTER. OTHER PLOTERS CAN BE USED. 
C SEE LBL DOCUMENTATION "DISSPLA.DOC" ON THE 8600 COMPUTERS. 
c************************************************************************ 

CALL TALARS 
6 CONTINUE 

TYPE 1008 
ACCEPT 100,ANS 
IF (ANS.EQ. 1 D1

) GOTO 2000 
IF (ANS.EQ.,P,) GOTO 2500 
GOTO 5 

2000 CONTINUE 
TYPE 1009 
ACCEPT 1012,PHI 
TYPE 1010 
ACCEPT 1012,THETA 
TYPE 1011 
ACCEPT 1012,RADIUS 
TYPE 1013 
ACCEPT 1012,Z3MAX 
TYPE 1014 
ACCEPT 1012,Z30RIG 
DO 2100 IF=1,20 
DO 2200 IWL=1,170 
ZBOT(IF,IWL)=Z30RIG 

2200 CONTINUE 
2100 CONTINUE 

TYPE 1015 
ACCEPT 1012,Z3STP 
TYPE 2001 
ACCEPT 60,WSSS 
TYPE 2002 
ACCEPT 60,FSSS 
TYPE 1019 
ACCEPT 100,WAIT 
CALL PAGE(XPAGE,YPAGE) 
CALL AREA2D(XPAGE-1.,YPAGE-1.) 
CALL VUANGL(PHI,THETA,RADIUS) 
CALL NOHIDE 
CALL VOLM3D(X3AXIS,Y3AXIS,Z3AXIS) 
CALL X3NAME(,FILE NUMBER$ 1 ,100) 



CALL Y3NAME('WAVELENGTH$',100) 
CALL Z3NAME('DELTA(DEG)$',100) 
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CALL GRAF3D(X30RIG,X3STP,X3MAX,Y30RIG,Y3STP,Y3MAX 
*,Z30RIG,Z3STP,Z3MAX) 

CALL SURMAT(POL,FSSS,20,WSSS,170,0) 
CALL SURMAT(ZBOT,FSSS,20,WSSS,170,0) 
CALL ENDPL(O) 
GOTO 3000 

2500 CONTINUE' 
TYPE 1009 
ACCEPT 1012,PHI 
TYPE 1010 
ACCEPT 1012,THETA 
TYPE 1011 
ACCEPT 1012,RADIUS 
TYPE 1013 
ACCEPT 1012,Z3MAX 
TYPE 1020 
ACCEPT 1012,Z30RIG 
DO 2600 IF=1,20 
DO 2700 IWL=1,170 
ZBOT(IF,IWL)=Z30RIG 

2700 CONTINUE 
2600 CONTINUE 

TYPE 1018 
ACCEPT 1012,Z3STP 
TYPE 2001 
ACCEPT 60,WSSS 
TYP'E 2002 
ACCEPT 60,FSSS 
TYPE 1019 
ACCEPT 100,WAIT 
CALL PAGE(XPAGE,YPAGE) 
CALL AREA2D(XPAGE-1.,YPAGE-1.) 
CALL VUANGL(PHI,THETA,RADIUS) 
CALL NOHIDE 
CALL VOLM3D(X3AXIS,Y3AXIS,Z3AXIS) 
CALL X3NAME ('FILE NUMBER$' , 100) 
CALL Y3NAME('WAVELENGTH$',100) 
CALL Z3NAME('PSI(DEG)$',100) 
CALL GRAF3D(X30RIG,X3STP,X3MAX,Y30RIG,Y3STP,Y3MAX 

*,Z30RIG,Z3STP,Z3MAX) 
CALL SURMAT(ANA,FSSS,20,WSSS,170,0) 
CALL SURMAT(ZBOT,FSSS,20,WSSS,170,0) 
CALL ENDPL (0) 

3000 CONTINUE 
TYPE 3001 
ACCEPT 100,FLAG2 
IF (FLAG2.EQ. 'Y') GOTO 6 



IF (FLAG2.EQ.'N') GOTO 3500 
GOTO 3000 . 

3500 CONTINUE 
50 FORMAT(10(A4)) 
60 FORMAT(I3) 
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100 FORMAT(A1) 
1000 FORMAT(/,'$ WHAT IS THE BASE 4 LETTER FILE NAME (A4) ') 
1001 FORMAT(A4) 
1002 FORMAT(/,'$ HOW MANY FILES ARE IN THE FILE CLASS(I2)?') 
1003 FORMAT(/,'$ STEP SIZE FOR CONVERSION(I2) ') 
1004 FORMAT(I2) 
1006 FORMAT(/,2X,'INPUT FROM FILE #',I4,' IN PROGRESS') 
1007 FORMAT(I5,5(2X,F7.3)) 
1008 FORMAT(/,'SINPUT "D" FOR A DELTA PLOT,"P" FOR A PSI PLOT') 
1009 FORMAT(/,'SWHAT IS VIEW ANGLE PHI OF THE PLOT(DEG.)?') 
1010 FORMAT(/, '$WHAT IS VIEW ANGLE THETA OF THE PLOT(DEG.)?') 
1011 FORMAT(/,'SWHAT IS VIEW RADIUS(MULTIPLE OF X AXIS LENGHT)?') 
1012 FORMAT(F7.3) 
1013 FORMAT(/,'SWHAT IS THE MAXIMUM DELTA VALUE OF THE PLOT(DEG.)?') 
1014 FORMAT(/, '$WHAT IS THE MINIMUM DELTA VALUE OF THE PLOT(DEG.)?') 
1015 FORMAT(/,'SDIVISIONS SHOULD BE PLACE EVERY HOW MANY DEGREES?') 
1016 FORMAT(/,'SWHAT IS THE MAXIMUM PSI VALUE OF THE PLOT(DEG.)?') 
1018 FORMAT(/, '$DIVISIONS SHOULD BE PLACES EVERY HOW MANY DEGREES?') 
1019 FORMAT(/, '$DATA INPUT COMPLETE. PUSH RETURN FOR PLOTING') 
1020 FORMAT(/, '$WHAT IS MINIMUM PSI VALUE OF THE PLOT(DEG.)?') 
2001 FORMAT(/, '$WHAT IS THE WAVELENGTH GRAPH STEP SIZE(I2)?') 
2002 FORMAT(/, '$WHAT IS THE FILE GRAPH STEP SIZE(I2)?') 
3001 FORMAT(/,'SWOULD YOU LIKE TO PLOT THE SAME DATA AGAIN(Y/N)?') 

STOP 
END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM SMTH 

TSX>RUN LDl:SMTH 

WHAT IS THE BASE 4 LETTER FILE NAME (A4) PR51 

HOW MANY FILES ARE TO BE AVERAGED(I2)?4 

FILE NAME FOR THE NEW SPECTRAL SCAN (Al2) = DYlTESTERDAT 

SMOOTH ANOTHER FILE CLASS(Y/N)?N 
STOP --

OUTPUT FILE TESTER.DAT IS 
IS TilE AVERAGE OF TilE FOUR 
FILES WHICH COMPRISE TilE FILE 
CLASS "PR51" 
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PROGRAM SMTH VARIABLE EXPLANATIONS 

Variable" 

ANA( I) 

AAVG (I) 

!MAX 

NAMEl 

NAME2 

NAME3 

NPASS 

POL( I) 

.PAVG(I) 

Symbol EXPLANATION 

-Psi (xlOO) at encoder count I (deg.) 

-Average psi value of the IMAX files 

-File number of. the last data file to 
be read 

-File type identifier 

~File class name 

. , . . ,, 

;.; . 

-File number (see subrouti'n'e ,;~~AC") 

-File number loop counter 

-Delta (xlOO) at encoder count -I· (deg.) 

-Average delta v~lue of the IMAX files 

SUBROUTINES CALLED 

IN 
OUTPUT 
WLCALC 
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PROGRAM SMTH 
C••******************************************************************** 
C OBJECTIVE: TO AVERAGE CONVERTED DATA FROM ELLIPSOMETER SPECTRAL SCAN 
C INTO AVERAGE PSI, DELTA, AND WAVELENGTH, MADE FROM MANY 
C FILES. 
c 
C PROGRAM WRITTEN S. MAYER SPRING 1985. 
c 
C•••******************************************************************* 

COMMON/A/NAVG(400),POL(400),ANA(400) 
·COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ItiMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA . 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMDN/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/0/NPASS 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MDDE/MODEO,MODE1,FACTOR 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL•4 DBLK(2).,NAME(20) ,NAME1,NAME2,PAVG(400) ,AAVG(400) 
INTEGER•2 ANGOPT 

C•••••THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC".***** 
CALL WLCALC . 

C•••••RAW SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.********* 
1 TYPE 1001 

ACCEPT 2000,NAME2 
TYPE 1002 
ACCEPT 1004,IMAX 
DO 3 IWV=1,399 
PAVG(IWV)=O 
AAVG(IWV)=O 

3 CONTINUE 
DO 8000 NPASS=1,IMAX 
IPASS=NPASS 
NAME1='DY1C' 
CALL IN 
DO 4 IWV=1,399 
PAVG(IWV)=PAVG(IWV)+POL(IWV) 
AAVG(IWV)=AAVG(IWV)+ANA(IWV) 

4 CONTINUE 
8000 CONTINUE 



. ~ 

DO 5 IWV=1,399 
POL(IWV)=PAVG(IWV)/IMAX 
ANA(IWV)=AAVG(IWV)/IMAX 

5 CONTINUE 
CALL OUTPUT 

6 TYPE 1018 
ACCEPT 100,FLAG2 
IF (FLAG2.EQ.'Y') GOTO 1 
IF (FLAG2.NE.'N') GOTO 6 

100 FORMAT(A1) 

95 . 

1001 FORMAT(/,'$ WHAT IS THE BASE 4 LETTER FILE NAME (A4) ') 
1002 FORMAT(/,'$ HOW MANY FILES ARE TO BE AVERAGED(I2)?') 
1004 FORMAT(I2) 
1018 FORMAT(/, '$SMOOTH ANOTHER FILE CLASS(Y/N)?') 
2000 FORMAT(A4) 

STOP 
END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM STDDEV 

TSX>DIR DYl:CGIRl*·* 
2 9·-J an·-86 MULTIPLE SCANS OF THE SAME SURFACE 

CGIRlO.OOl 5 24-Jan-85 CGIR10.002 5 24-Jan-85 
CGIR10.003 5 24-Jan-85 CGIR10.004 5 24-Jan-85 
CGIHlO. 005 5 24-·Jan-85 CGIR10.006 5 24-Jan-85 
CGIR10.007 5 24-Jan-85 CGIR10.008 5 24-Jan-85 
CGIR10.009 5 24-Jan-85 CGIRlO.OlO 5 24-Jan-85 

10 Files, 50 Blocks 
149 Free blocks 

TSX>RUN LDl:STDDEV 

WHAT IS THE BASE 4 LETTER FILE NAME (A4) GIRl 

HOW MANY FILES ARE TO BE USED IN THE CALCULATION(I2)?10 

FILE NAME FOR THE NEW SPECTRAL SCAN (A12) = DYlTESTERDAT 

DO YOU WANT TO PERFOM CALCULATIONS FOR ANOTHER FILE 
CLASS(Y/N)?N_ 

STOP --

OUTPUT FILE TESTER.DAT IS A SPECTRAL 
FILE OF THE STANDARD DEVIATION OF THE 
MEASUREMENTS 

·. 



Name 

AN A (I) 

AAVG(I) 

IMAX 

NAMEl 

NAME2 

NAME3 

NPASS 

NSTOP 

POL (I) 

PJ\VG(I) 
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PROGRAM STDDEV VARIABL~ EXPLANATIONS 

Variable 

Symbol EXPLANATION 

-Psi (xlOO) at encoder count I (deg.) 
-Standard deviation of psi of the IMAX 
files 

-Average psi value of the IMAX files 

-File number of the last data file to be 
read 

-File type identifier 

--File class name 

-File number (see subroutine "PLAC") 

-File number loop counter 

--Encoder count where calculations should 
stop 

-Delta (xlOO) at encoder count I (deg.) 
Standard deviation of delta of the lMAX 
files 

-Average delta value of the 4 zone measure
ment 

SUBROUTINES CALLED 

IN 
OUTPUT 
WLCALC 

/ 
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EQUATIONS USED FOR CALCULATIONS 

CJ 
1 ~[ Bj (I)- Bavg (I))2 = 

N 
where Bj (I) is the value of delta or psi 

in the jth zone at encoder count I 

I 
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PROGRAM STDDEV 
c********************************************************************** 
C OBJECTIVE: TO COMPUTE THE STANDARD DEVIATION OF A NUMBER OF 
C OF SPECTRAL FILE. 
c 
C PROGRAM WRITTEN S. MAYER SPRING 1985. 
c 
c********************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(lO),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(lO),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
~COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/0/NPASS 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLE/NTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR (; 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL•4 DBLK(2),NAME(20),NAME1,NAME2 
REAL PAVG(400),AAVG(400),PAVG2(400),AAVG2(400) 
INTEGER•2 ANGOPT 

C*****THE ENCODER COUNT IS CONVERTED TO TO WAVELENGTH BY "WLCALC".***** 
CALL WLCALC 

C*****RAW SPECTRAL SCAN DATA IS OBTAINED FROM THE FLOPPY DISK.********* 
1 TYPE 1001 

ACCEPT 2000,NAME2 
TYPE 1002 
ACCEPT 1004,IMAX 
DO 3 IWV=1,399 
PAVG(IWV)=O 
AAVG(IWV)=O 
PAVG2(IWV)=O 
AAVG2(IWV)=O 

3 CONTINUE 
DO ·sooo NPASS=1,IMAX 
IPASS=NPASS 
NAMEl= 'DYlC' 
CALL IN 
DO 4 IWV=1,399 
PAVG(IWV)=PAVG(IWV)+POL(IWV) 
AAVG(IWV)=AAVG(IWV)+ANA(IWV) 

4 CONTINUE 



8000 CONTINUE 
DO 5 IWV=1,399 
PAVG(IWV)=PAVG(IWV)/IMAX 
AAVG(IWV)=AAVG(IWV)/IMAX 

5 CONTINUE 
DO 110 NPASS=1,IMAX 
IPASS=NPASS 
CALL IN 

100 

DO 111 IWV=1,399 . 
PAVG2(IWV)=PAVG2(IWV)+(POL(IWV)-PAVG(IWV))**2 
AAVG2(IWV)=AAY9?:(IWV)+(ANA(IWV)-AAVG(IWV))**2 

111 CONTINUE ' 
110 CONTINUE 

D0-112 IWV=1,399 
POL(IWV)=10•SQRT(PAVG2(IWV))/IMAX 
ANA(IWV)=10•SQRT(AAVG2(IWV))/IMAX 

112 CONTINUE 
CALL OUTPUT 

6 TYPE 1018 
ACCEPT 100,FLAG2 
IF (FLAG2.EQ.'Y') GOTO 1 
IF (FLAG2.NE.'N') GOTO '6 

100 FORMAT(A1) 
1001 FORMAT(/,'$ WHAT IS THE BASE 4 LETTER FILE NAME (A4) ') 
1002 FORMAT(/,'$ HOW MANY FILES ARE TO BE USED IN THE CALCULATION 

* (I2)? ') 
1004 FORMAT(I2) . 
1018 FORMAT(/, '$DO YOU WANT TO PERFOM CALCULATIONS FOR 

•ANOTHER FILE CLASS(Y/N)?') 
2000 FORMAT(A4) 

STOP , 
END 



. . 
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DEMONSTRATION OF THE EXECUTION OF•THE PROGRAM STEMOD 

TSX>RUN LDl:STEMOD 

WHAT IS THE CRYSTAL FLUX CURRENT DENSITY (MA/CM2)?~ 

WHAT IS THE SURFACE CONCENTRATION (MOLE/CM3Xl0-5)?100. 

WHAT IS THE CRYSTAL NUMBER DENSITY(#/CM2Xl0+8)?~ 

WHAT IS THE TOTAL AREA OF THE ELECTRODE(CM**2)?]._!_ 

STOP 

TSX>ED LD1:STEMOD.DAT INSPECT THE OUTPUT DATA FILE 
"STEMOD.DAT" 0.100 

0.200 
0.300 
0.400 
0.500 
0.600 
0.700 
0.800 
0.900 

1.000 
1. 414 
1.732 
2.000 
2.236 
2.449 
2.646 
2.828 
3.000 

0.172 
0.122 
0.099 
0.086 
0.077 
0.070 
0.065 
0.061 
0.058 

INPUT 
MODEL 
PARAMETERS 



Name 

cs 

CUR(J) 

D 

F 

IC 

J 

N 

NC 

MW 

RHO 
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PROGRAM STEMOD VARIABLE EXPLANATIONS 

Variable 

Symbol EXPLANATION 

Cs 

It 

D 

F 

Ic 

t 

n 

Nc 

M 

p 

-Activity of the solid oxide of infinite 
radius (moles/cm 3 ). 

-Theoretical current at time J (mA) 

~Diffusion coefficient of the soluble 
oxide species (cm2jsec) 

~Faraday's constant (96487 C/mole) 

-Crystal oxide incorporation rate 
(mA/cm2 ) 

-Time elapsed from the potential step 
(sec) 

~Number of electrons transferred in the 
charge transfer process 

~Number of growing crystals on the surface 
(#/cm2 ) 

-Molecular weight of the oxide 

-Density of the oxide (gjcm3) 

SUBROUTINES CALLED 

LOOP 

EQUATIONS USED FOR CALCULATIONS 

1 1 ~,. 

d c 



,, 

I -d 

dr 
dt 

J 
mass 

p 

i ( t) 
c 
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Mi. (t) 
1 

nFp 

i (1-0) 
c 

I (t) = N i (1-0) 21r (r(t) 
2
) 

c c c 

O(t) 

p~F dr -= 
ID1 

c 

r = 

K = 

-= N 
c 

C(eKt - 1) 

1 
kt 

+e 

2N 1r CMi. 
c c 

nFp 

c ~ 
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CC PROGRAM STEMOD 
c******************************************************************** 
C PURPOSE: TO CALCULATE THE CURRENT/TIME REPOSNSE TO A POTENTIAL 
C STEP AS GIVEN BY THE A DISSOLUTION/PERCIPITATION MODEL, 
C AND TO PUT THE CALCULATED THEORETICAL CURRENT TRANSIENT 
C INTO A DATA FILE FOR PLOTING. 
c 
C WRITTEN BY STEVE T. MAYER JULY 1985 
c********************************************************************* 

REAL CUR(400) 
REAL IC,NC,K,N 
MW=232. 
N=l. 
RH0=7.14 
F=96500. 
D=1.0E-5 
TYPE 10 
ACCEPT 100,IC 
IC=IC/1000. 
TYPE 20 
ACCEPT 100,CS 
CS=CS*1.E-8 
TYPE 30 
ACCEPT 100,NC 
type 40 

40 FORMAT(/,'$WHAT IS THE TOTAL AREA OF THE ELECTRODE(CM••2)?') 
accept 100,area 
NC=NCH .E8 
C=1./SQRT(3.1415*NC) 
K=2•3.1415*NC*C*MW•IC/N/F/RHO 
DO 1000,J=1,400 
T=J 
R=C•(EXP(K*T)-1.0)/(1.0+EXP(K•T)) 
THETA=NC*3.1415*R*•2 
CCUR=NC*IC*(1.0-THETA)•2*3.1415*R**2 
DCUR=(1.-THETA)•N*F*CS*SQRT(D/3.1415/T) 
TCUR=DCUR+CCUR 
A= TCUR/DCUR . 
CUR(J)=TCUR*1000•area 

1000 CONTINUE 
OPEN (UNIT=2,NAME='STEMOD.DAT',TYPE='NEW',DISP='SAVE') 
DO 23 II=1,400 
TR=1. *II/10. 
TRR=SQRT (TR*10) 
CALL LOOP(TR,TRR,CUR(II)) 

23 CONTINUE 
10 FORMAT(/, '$WHAT IS THE CRYSTAL FLUX CURRENT DENSITY (MA/CM2)?') 
20 FORMAT(/,'SWHAT IS THE SURFACE CONCENTRATION (MOLE/CM3X10-5)?') 
30 FORMAT(/,'$WHAT IS THE CRYSTAL NUMBER DENSITY(#/CM2X10+8)?') 



100 FORMAT(F8.3) 
STOP 
END 

SUBROUTINE LOOP(T,SQT,CUR) 
WRITE (2,2) T,SQT,CUR 
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2 FORMAT (F7.3,1X,F7.3,1X,F7.3) 
RETURN 
END 
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DEMONSTRATION OF THE EXECUTION OF THE PROGRAM TIMER 

TSX>RUN LDl:TIMER 

WHAT IS THE FOUR LETTER DATA FILE CODE NAME(A4)?f}IRl 

HOW MANY FILE TIMES ARE TO BE FOUND(A2)?10 

DO YOU WANT A HARD C9PY(Y/N)?N 

TIMES OF FILES OF EXPERIMENT GIRl 

FILE#= l EXP. ELAPSED TIME= 4.06 SECONDS 
FILE#= 2 EXP. ELAPSED TIME= 15.43 SECONDS 
FILE#= 3 EXP. ELAPSED TIME= 26.93 SECONDS 
FILE#= 4 EXP. ELAPSED TIME= 38.43 SECONDS 
FILE#= 5 EXP. ELAPSED TIME= 49.93 SECONDS 
FILE#= 6 EXP. ELAPSED TIME= 61.52 SECONDS 
FILE#= 7 EXP. ELAPSED TIME= 73.00 SECONDS 
FILE#= 8 EXP. ELAPSED TIME= 84.43 SECONDS 
FILE#= 9 EXP. ELAPSED TIME= 96.00 SECONDS 
FILE#= 10 EXP. ELAPSED TIME= 107.40 SECONDS 

IS THE PROGRAM TO BE EXECUTED AGAIN(Y/N)? N 
STOP --

,. 



Name 

IHRSO 

!MAX 

IMINO 

I PASS 

ISECO 

ITICO 

NAMEl 

NAME2 

NAME3 

TO 

Tl 

T2 

TAVG 

TDIF 
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PROGRAM TIMER VARIABLE EXPLANATION 

Variable 

Symbol EXPLANATION 

-Hours associated with the start of the 
first spectral scan (hrs) 

-File number of the last data file to be 
converted 

-Minutes associated with the start of the 
first spectral scan (min) 

-File number loop counter 

-Seconds associated with the start of the 
first spectral scan (sec) 

-Tics (1/60 sec) associated with the start 
of the first spectral scan (tics) 

-File type identifier 

-File class name 

-File number (see subroutine "PLAC2") 

-Time (min) of the start of the experiment 

-Time (min) of the start of data acquisition 
of file number !PASS 

-Time (min) of the end of data acquisition 
of file number !PASS 

-Average time (min) at which file number 
!PASS was taken 

-Absolute time difference between the 
average time when file !PASS was taken, 
and the start of the experiment 
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SUBROUTINES CALLED 

IN 
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PROGRAM TIMER 
c********************************************************************** 
C PURPOSE: TO CALCULATE THE AVERAGE TIME AT WHICH EACH CONVERTED 
C SPECTRAL FILE WAS TAKEN WITH RESPECT TO THE START OF THE 
C OF THE EXPERIMENT. 
c 
C WRITTEN BY STEVEN T. MAYER SUMMER 1984 
c 
c********************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/8/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMONjJjNWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
COMMONJQBRIEF/ASLOPE(400),PSLOPE(400) 
COMMON/TITLEJNTITLE(5,30),NWORD(2,21) 
COMMON/MODE/MODEO,MODE1,FACTOR 
DIMENSION ALPHA(35),PWORD(5),AWORD(5),HOLD(30) 
REAL*4 DBLK(2),NAME(20),NAME1,NAME2 
REAL*4 BDLK(2) 
NPASS=1 

3 TYPE 1009 
ACCEPT 1002,NAME2 
TYPE 1005 
ACCEPT 1003,IMAX 
IPASS=1 
NAME1= 'DYlC, 
CALL IN 
T0=3600.*IHRSO+IMIN0*60.+ISECO+ITIC0/60. 
IPASS=O 

4 IPASS=1+IPASS 
CALL CINPUT 
T2=3600.*IHRSF+IMINF*60.+ISECF+ITICF/60. 
T1=3600.*IHRSO+IMIN0*60.+ISECO+ITIC0/60. 
TAVG=(Tl+T2)/2. 
TDIF=TAVG-TO 
HOLD(IPASS)=TDIF 
IF (IPASS.GE.IMAX) GOTO 80 
GOTO 4 

80 CONTINUE 
TYPE 1020 



ACCEPT 1001,FLAG3 
TYPE 1400,NAME2 
IF (FLAG3.NE.'Y') GOTO 83 
PRINT 1400,NAME2 
PRINT *, , , 
PRINT *,, , 

83 CONTINUE 
· DO 5 L=1, I PASS 

TYPE 1500,L,HOLD(L) 
IF (FLAG3.NE.'Y') GOTO 5. 
PRINT 1500,L,HOLD(L) 

5 CONTINUE 
6 CONTINUE 

TYPE 1019 
ACCEPT 1001,FLAG2 
IF (FLAG2.EQ.'Y') 1=0 
IF(FLAG2.EQ.'Y') GOTO 3 

1001 FORMAT(A1) 
1002 FORMAT(A4) 
1003 FORMAT(I2) 
1004 FORMAT(I1) 

110 

1005 FORMAT(/,'$ HOW MANY FILE TIMES ARE TO BE FOUND(A2)?') 
1009 FORMAT(/,'$ WHAT IS THE FOUR LETTER DATA FILE CODE NAME(A4)?') 
1010 FORMAT (/, '$ INSERT THE DISK WITH THE AVERAGE. ELAPSED TIME 

C TO BE DETERMINED, THEN "RETURN".') 
1019 FORMAT(/,'$ IS THE PROGRAM TO BE EXECUTED AGAIN(Y/N)? ') ' 
1020 FORMAT(/,'$ DO YOU WANT A HARD COPY(Y/N)?') 
1400 FORMAT(/,2X, 'TIMES OF FILES OF EXPERIMENT',2X,A4) 
1500 FORMAT (5X, , FILE#= , , 12, 2X, , EXP. ELAPSED TIME=,, 1X, F8. 2, 

C 2X,'SECONDS') 
STOP 
END 
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SUBROUTINE LISTINGS 



Name 

CPHI2 

CPHI3 

PHI 

RP 

HlP 

RlS 

R2P 

R2S 

SP 

T 

TNF 

TNKF 

TNS 

'l'NKS 

TNl 
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SUBROUTINE CSM2 VARIABLES EXPLANATION 

Variable 

SYMBOL 
A 
<pf 

A 
cps 

<Po 

T 

n s 

EXPLANATION 

-Complex angle of propagation in 
the film 

-Complex angle of propagation in 
the substrate 

-Angle of light propagation in the 
ambient media (angle of incidence 
relative to the surface normal) 

-Resultant p polarization reflection 
coefficient of a film covered surface 
calculated by the Drude equation 

-P polarization reflection coefficient 
of the electrolyte/film interface. 

-S polarization reflection coefficient 
of the electrolyte/film fnterfacc. 

-P polarization reflection coefficient 
of the film/substrate interface. 

-S polarization reflection coefficient 
of the film/substrate interface. 

sine of the variable PHI 

-Film thickness (A ) 

~Refractive index (real component) of 
the film 

-Extinction coefficien~ (imaginary comp
onent of the complex refractive index) 
of the film 

-Refractive index (real component) of 
the substrate 

--Ext:inct:ion c:OE!ff:i.c:i.ent ( im<:q~inary cornp· 
anent of the complex refractive index) 
of the substrate 

-Refractive index of the ambient 



TN2 1\ n· f 
TN3 

1\ 
ns 

WL "a 
z z 
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-Camplex refractive index 

-Complex refractive index 

-Wavelength of light 

-Complex optical film path 

CALLED SUBROUTINES 

NONE 

EQUATIONS USED FOR CALCULATIONS 

n. - i k. 
J J 

A . A A . 
n

0 
sin~0 = nf s1n~f = n

5 
s1n~ 1 

A 1\ 
r 15 - n0 cos~0 - nf co!~f 

no cos~o + nf cos~f 
1\ A J\. 

r1p •(nf cos~f - nf cos~0 ) 

n
0 

cos~ + ~f cos~0 
A A A r· = nf cos~f -2p 

;rf cos$f 

n cos~5 s. 
+ H

5 
cos~5 

(" A 'rl5 cos~fJ r2s = ,... nf cos~5 -

~ cos~5 + ~ cos~f f s 

z 41TTA A 
= -A- nf cos~f 

0 
_;.z 

rls + r2s exp 
Rs = -----------

1 + r r exp-iZ ls 2s 

Rp 
= r1p + r2p exp 

-iZ 

j = s,f 

of the film 

of the substrate 

length 
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SUBROUTINE CSM2(TN1,TNF,TNKF,TNS,TNKS,WL,T,RS,RP) 
C•********************************************************************* c 
c 
c 
c 
c 
c 
c 
c 

PURPOSE: TO USE THE DRUDE EXACTION TO FIND THE REFLECTION 
COEFFICENTS FROM A COMPONENT ON A SUBRTRATE FOR 
USE IN AN ISLAND FILM ON A PREDEFINDED SUBSTRATE, 
WHICH MAY ITSELF BE A COMPLEX FILM. 

SUBROUTINE DEVELOPED BY S. MAYER SUMMER 1984 

c*********************************************************************** 
COMMON/FLM/DELC,PSIC,PHI 
COMPLEX TN2,TN3,CPHI2,CPHI3,RlS,RlP,R2S,R2P,Z,RS,RP,RHO 
CP=COS(PHI) 
SP=SIN(PHI) 
TN3=CMPLX(TNS,-TNKS) 
CPHI3=CSQRT(l.O-TN1••2•SP••2/(TN3••2)) 
TN2=CMPLX(TNF,-TNKF) 
CPHI2=CSQRT(l.O-TN1••2•SP••2/(TN2••2)) 

· RlS=(TNl•CP-TN2•CPHI2)/(TNl•CP+TN2•CPHI2) 
RlP=-(TNl•CPHI2~TN2•CP)/(TNl•CPHI2+TN2•CP) 

. R2S=(TN2•CPHI2-TN3•CPHI3)/(TN2•CPHI2+TN3•CPHI3) 

R2P=-(TN2•CPHI3-TN3•CPHI2)/(TN2•CPHI3+TN3•CPHI2) 
Z=(0.0,1.0)•(4.0•3.1415927~T/WL)•TN2•CPHI2 
RS=(RlS+R2S•CEXP(-Z))/(l.O+RlS•R2S•CEXP(-Z)) 
RP=(RlP+R2P•CEXP(-Z))/(l.O+RlP•R2P•CEXP(-Z)) 
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 !TIME 
10 CALL GTIM(ITIME) 

CALL CVTTIM(ITIME,IHRS,IMIN,ISEC,ITIC) 
ISECO=ISEC 
IF(ISECO.GT.44)GOTO 10 

20 CALL GTIM(ITIME) 
CALL CVTTIM(ITIME,IHRS,IMIN,ISEC,ITIC) 
ISECF=ISEC 
IF(ISECF.EQ.ISEC0+15)RETURN 
GOTO 20 
END 
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SUBROUTINE DELPSI VARIABLE EXPLANATION 

Variable 

Symbol EXPLANATION 

A 
-Calculated analyzer azimuth (deg) 

D 
--Delta (de~L) 

c 
-Compensator position (deg) 

p 
.. C a 1 c: u 1 a t o d P o l a r i z e r "" z· 1 .. In \1 t·. t.l , l . 

" l (_((:~g) 

SUBROUTINES CALLED 

NONE 

RQ{]_-!\_TIONS USED 
----- --·---- ·----~---

I 
Derivation of .p and !1 from ellipsometer azimuths of polarizer, quarter wave 

plate, and analyzer (all angles in degrees). 
(t/J = 0° to 90°, !1 = 0 to 360°) 

Range of Range of 
polarizer Compensator analyzer 

transmission fast axis transmission 
Zone azimuth p azimuth q azimuth a 

"' 
!1 

A-1 0-45 45 90-180 180 - a 90- 2p 
A-2 45-90 135 90-180 180 - a 2p - 90 
A-3 90-135 45 0-90 a 270- 2p • 
A-4 135-180 135 0-90 a 2p- 270 

B-1 0-45 135 0-90 a 90 + 2p 
B-2 45-90 45 0-90 a 270- 2p 
B-3 90-135 135 90-180 180 - a 2p- 90 
B-4 135-180 45 90-180 180 - a 450 - 2p 

C-1 0-45 45 0-90 a 270- 2p 
C-2 45-90 135 0-90 a 90 + 2p 
C-3 90-135 45 90-180 180 - a 450- 2p 
C-4 135-180 135 90-180 180 - a 2p- 90 

D-I 0-45 135 90-180 180 - a 270 + 2p 
D-2 45-90 45 90-180 180 - a 450- 2p 
D-3 90-135 135 0-90 a 90 + 2p 
D-4 135-180 45 0-90 a 630- 2p 
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SUBROUTINE DELPSI(P,C,A,D,S,ANGOPT) 
c********************************************************************** 
C OBJECTIVE: THIS SUBROUTINE, GIVEN THE POLARIZER, COMPENSATOR, AND 
C ANALYZER AZIMUTH COMPUTES THE CORRESPONDING PSI AND 
C DELTA ELLIPSOMETER ANGLES USING EITHER STANDARD OR 
C ROTATED CONVERSION FORMULAS(DEPENDING UPON THE 
C VALUE OF "ANGOPT". IF ANGOPT=l STANDARD FORMULAS 
C ARE USED; IF ANGOPT=2 ROTATED FORMULAS ARE USED. 
c********************************************************************** 

INTEGER*2 PFLAG,AFLAG,CFLAG,FLAG,ANGOPT 
D=O. 
S=O. 
PFLAG=O 
GOTO 5 

4 P=P+180. 
5 CONTINUE 

IF(P.GE.l80.) P=P-180. 
IF(P. LE .180.) PFLAG=400 
IF(P.LE.135.)PFLAG=300 
IF(P.LE. 90.)PFLAG=200 
IF(P.LE. 45.)PFLAG=100 
IF(P.LE. O.)GOTO 4 

6 CONTINUE 
AFLAG=O 
GOTO 8 

7 A=A+180. 
8 CONTINUE 

IF(A.GT.180.) A=A-180. 
· IF(A.LE.180.)AFLAG=20 

IF(A.LE. 90.)AFLAG=10 
IF(A.LT. O.)GOTO 7 
CFLAG=O 
IF·(C.EQ.45.)CFLAG=1 
IF(C.EQ.135.)CFLAG=2 
FLAG=PFLAG+AFLAG+CFLAG 
IF(ANGOPT.NE.2)GOTO 180 
IF(FLAG.NE.312)GOTO 10 
D=270.-2.*P 
S=90.-A 

10 CONTINUE 
IF(FLAG.NE.411)GOTO 20 
D=2.*P-270. 
S=90. -A 

20 CONTINUE 
IF(FLAG.NE.l22)GQTO 30 
D=90.-2.*P •. 
S=A-90. 

30 CONTINUE 
IF(FLAG.NE.221)GOTO 40 



0=2.*P-90. 
5=A-90. 

40 CONTINUE 
IF(FLAG.NE.321)GOTO 50 
0=2.*P-90. 
5=A-90. 

50 CONTINUE 
IF(FLAG.NE.422)GOTO 60 
0=450.-2.*P 
5=A-90. 

60 CONTINUE 
IF(FLAG.NE.111)GOTO 70 
0=2. *P-90. 
5=90.-A 

70 CONTINUE 
IF(FLAG.NE.212)GOTO 80 
0=270.-2.*P 
5=90.-A 

80 CONTINUE 
IF(FLAG.NE.322)GOTO 90 
0=450.-2.*P 
S=A-90. 

90 CONTINUE 
IF(FLAG.NE.421)GOTO 100 
0=2. *P-90. 
5=A-90. 

100 CONTINUE 
IF(FLAG.NE.112)GOTO 110 
0=270.-2.*P 
5=90.-A 

110 CONTINUE 
IF(FLAG.NE.211)GOTO 120 
0=2.*P+90. 
5=90.-A 

120 CONTINUE 
IF(FLAG.NE.311)GOTO 130 
0=2. *P+90. 
5=90.-A 

130 CONTINUE 
IF(FLAG.NE.412)GOTO 140 
0=630.-2.*P 
5=90.-A 

140 CONTINUE 
IF(FLAG.NE.121)GOTO 150 
0=2.*P+270. 
S=A-90. 

150 CONTINUE 
IF(FLAG.NE.222)GOTO 160 
D=450.-2.*P 
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S=A-90. 
160 CONTINUE 

IF(D.EQ.O.O.AND.S.EQ.O.O)TYPE 170 
170 FORMAT(/,1X,'•PROBABLE ELLIPSOMETER ANGLE CONVERSION ERROR IN 

C SUBROUTINE "PSIDEL" DETECTED;',/,' EXECUTION TERMINATED•') 
GOTO 1180 

180 CONTINUE 
IF(ANGOPT.NE.1)GOTO 1180 
IF(FLAG.NE.121)GOTO 1010 
D=90.-2.•P 
S=180.-A 

1010 CONTINUE 
IF(FLAG.NE.222)GOTO 1020 
D=2.•P-90. 
S=180. -A 

. 1020 CONTINUE 
IF(FLAG.NE.311)GOTO 1030 
D=270. -2. •P 
S=A 

1030 CONTINUE 
IF(FLAG.NE.412)GOTO 1040 
D=2.•P-270. 
S=A 

1040 CONTINUE 
IF(FLAG.NE.112)GOTO 1050 
0=90. +2. •P 
S=A 

1050 CONTINUE 
IF(FLAG.NE.21i)GOTO 1060 
D=270. -2. •P 
S=A 

1060 CONTINUE 
IF(FLAG.NE.322)GOTO 1070 
D=2.•P-90. 
S=180.-A 

1070 CONTINUE 
IF(FLAG.NE.421)GOTO 1080 
D=450.-2.•P 
S=180.-A 

1080 CONTINUE 
IF(FLAG.NE.111)GOTO 1090 
D=270.-2.•P 
S=A 

1090 CONTINUE 
IF(FLAG.NE.212)GOTO 1100 
0=2. •P+90. 
S=A 

1100 CONTINUE 
IF(FLAG.NE.321)GOTO 1110 



D=450. -2. •P 
S=180.-A 

1110 CONTINUE 
IF(FLAG.NE.422)GOTO 1120 
D=2.•P-90. 
S=i80.-A 

1120 CONTINUE 
IF(FLAG.NE.122)GOTO 1130 
D=2.•P+270. 
S=180.-A 

1130 CONTINUE 
IF(FLAG.NE.221)GOTO 1140 
D=450. -2. •P 
S=180. -A . 

1140 CONTINUE 
IF(FLAG.NE.312)GOTO 1150 
D=2.•P+90. 
S=A 

1150 CONTINUE 
IF(FLAG.NE.411)GOTO 1160 
D=630.-2.•P 
S=A 

1160 CONTINUE 

120 

IF(D.EQ.O.O.AND.S.EQ.O.O)TYPE 170 
IF(D.EQ.O.O.AND.S.EQ.O.O)STOP 

1180 CONTINUE 
IF(ANGOPT.EQ.1.0R.ANGOPT.EQ.2)GOTO 2010 
TYPE 2000 

2000 FORMAT(/,1X, '•INCORRECT OPTION CODE SPECIFIED IN SUBROUTINE 
C 11 PSIDEL" SO EXECUTION WAS TERMINATED• ') 

2010 CONTINUE 
. IF (D.LE.O) D=D+180. 
IF (A.LE.O) A=A+180. 
RETURN 
END 



ANA (I) 

ANM 

DEVICE 

IHRSF 

IHRSO 

IMAX 

IMINF 

IMINO 

ISECl~ 

ISECO 

ITICF 

ITICO 

PLM 

POL (I) 
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PROGRAM EDATA VARIABLE EXPLANATION 

Variable 

Symbol EXPLANATION 

-Digital current level of the analyzer 
at encoder count I (ACDU) 

-Maximum value of the analystr current 
for a given scan 

-Device name send to subroutine 
"STEPER" 

-Hours associated with the end of the 
spectral scan (hrs) 

-Hours associated with the start of 
the spectral scan (hrs) 

-File number of the last data file 
to be converted 

-Minutes associated with the end of 
the spectral scan (min) 

-Minutes associated with the start of 
the spectr~l scan (min) 

-Seconds associated with the end of 
the spectral scan (sec) 

-Seconds associated with the start of 
the spectral scan (sec) 

-Tics (1/60 sec) associated with the 
end of the spectral scan (tics) 

-Tics (1/60 sec) associated with the 
start of the spectral scan (tics) 

-Maximum value of the polarizer current 
for a given scan 

-Digital current level of the polarizer 
at encoder count I (ACDU) 
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SUBROUTINES CALLED 

CVTTIM (SYSTEM SUBROUTINE) 
GTlM (SYSTEM SUBROUTINE) 
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SUBROUTINE EDATA 
COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/Z/NAME1,NAME2,NPASS,DURAT,RTIME 
COMMON/STEP/DEVICE,ISTEP,IPC,IAC 
INTEGER*4 ITIMEO,ITIMEF,LTIME 
INTEGER NPASS 
CALL IPOKE("170400,0) 
IGAIN=3 
JGAIN=IGAIN*64 
N=1 
DO 100 I=1,400 
POL(I)=O. 
ANA(I)=O. 
NAVG(I)=O 

100 CONTINUE 
CALL GTIM(TIMEO) 
CALL IPOKE("164400,0) 

1000 IF(IPEEK("164400).LE.O)GOTO 1000 
CALL IPOKE("164404,1) 

2000 IO=IPEEK("164404) 
2500 CONTINUE 

CALL IPOKE("170402,IPOL.OR.(JGAIN)) 
3000 IF(.NOT.(IPEEK("170400) .AND."100000))GOTO 3000 

POL(N)=POL(N)+IPEEK("170402) 
CALL IPOKE("170402,IANA.OR.(JGAIN)) 

4000 IF(.NOT.(IPEEK("170400) .AND."100000))GOTO 4000 
ANA(N)=ANA(N)+IPEEK("170402) 
NAVG(N)=NAVG(N)+l 
IF(IPEEK("164404) .EQ.IO)GOTO 2500 
N=N+l 
IF(N.LE.399)GOTO 2000 
N=1 

4500 IF(IPEEK("164400) .EQ.Il)GOTO 4500 
Il=IPEEK (II 164400) 
IF(I1.LT.NSCAN)GOTO 2000 
CALL GTIM(TIMEF) 
CALL CVTTIM(TIMEO,IHRSO,IMINO,ISECO,ITICO) 
CALL CVTTIM(TIMEF,IHRSF,IMINF,ISECF,ITICF) 
DO 6000 I=1,399 
IF(NAVG(I) .EQ.O)GOTO 5000 
POL(I)=POL(I)/NAVG(I) 
ANA(I)=ANA(I)/NAVG(I) 
GOTO 6000 . 

5000 POL(I)=O. 
ANA(I)=O. 

6000 CONTINUE 
SUM=O. 
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IPC=l 
IAC=l 
PLM=ABS(POL{l)) 
ANM=ABS(ANA{l)) 
DO 7000 1=1,399 
IF(PLM.GT.ABS(POL(I))) GOTO 6500 
PLM=ABS(POL(I)) 
IPC=I 

6500 CONTINUE 
IF (ANM.GT.ABS(ANA(I))) GOTO 7000 
ANM=ABS(ANA(I)) 
IAC=I 

7000 SUM=SUM+NAVG(I) 
SUM=(SUM/399.) 
TYPE 8000,SUM 

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



F. 

El 

E2 

THETA 

TN1 

TNKl 

TN2 

TNK2 

TNFE 

TNKFE 
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SUBROUTINE EMA VARIABLE EXPLANATIONS 

Variable 

SYMBOL 

e: 

e: • 
J 

0 

n. 
1 

K; 

EXPLANATION 

-Compl~x dielectric constant of the 
effective media 

-Complex dielectric constant of the 
first composite film material (the 
volume fraction is based on this 
component) 

-Complex dielectric constant of the 
second composite film material 

-Volume fraction of component 
composite film 

in the 

--Hefractive index :_real component) of 
the first composite film material 

-Extin~tion coefficient (imaginary 
component of the first composite ['j lm 
material 

-Refractive index (real component) of 
the second composite film material 

--Ex t i n c t i on co e f f i c i ;~ n L ( i m a g i n a r \ c om p 
onent of the second composite film mntcr
i a I 

-Ef:fc,ct ivc .r-c,al component of th(! composite 
media refractiv~ index 

----Effective extinction coe·f"ficient <>f the 
composite med:la 

CALLED SUBROUTINE~ 

NONE 
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EQUATIONS USED FOR CALCULATIONS 

E- Eh. 8 £. Eh £.- Eh 
= - . 1 - + ( 1-8 . ) J . . 

E - Eh i E; + 2£h 1 E; + 2Eh 

For the Bruggeman Model 

And so thi~ reduces to 

E = 

with 

A = ~ E . ( 1 - 38 ) + E • ( 38 - 2 ) 
1 J 

B = ~· E jEi. 

Also A n = {£ = n - iK 
E E E" . 

And '" nK = nK - iKK · K ,; i, j 

. " 2 EK = nK . 
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SUBROUTINE EMA (TN2,TNK2,TNl,TNKl,THETA,TNFE,TNKFE) 
c***************************************************************~******* 
C COMPUTE THE EFFECTIVE MEDIA REFRACTIVE INDEX OF A FILM 

- C FOR A POROUS FILM BY THE EFFECTIVE MEDIA APPROXIMATION 
C (EMA) GIVEN THE REF. INDEX OF THE INCIDENT AND SOLUTION 
C REF. INDEX, AND THE VOLUME FRACTION OF THE FILM 
c 
C SUBROUTINE WRITTEN BY JOE FARMER 
c*********************************************************************** 

COMPLEX E,El,E2,A,B,TN4 
E2=CMPLX(TN2,-TNK2) 
El=CMPLX(TNl,-TNKl) 
El=EhEl 
E2=E2*E2 
Xl=THETA 

. X2=1.-THETA 
A=0.5*(El*(X2-2.*Xl)+E2*(Xl-2.*X2)) 
B=-0.5*(El*E2) 
E=0.5*(-A+CSQRT(A*A-4.*B)) 
TN4=CSQRT (E) 
TNFE=REAL(TN4) 
TNKFE=ABS(AIMAG(TN4)) 
RETURN 
END 
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SUBROUTINE FCREAD 
c********•**************************************~********************** 
C OBJECTIVE: TO RETRIEVE ONLY THE VERDET COEFFICIENTS STORED BY 
C THE FARADAY CELL CALIBRATION ROUTINE "CALFC1", 

· C DISREGARDING OTHER INFORMATION STORED ON THE 
C DISK WITH THE VERDET COEFFICIENTS. THIS 
C INFORMATION IS USED BY "DSCONV" TO CONVERT 
C A/D 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,IBUFF(256) 
COMMON/QBRIEF/ASLOPE(400),PSLOPE(400) 
REAL•4 FCBDLK(2),NAME(20) 
IBLOCK=O 
FACT01=1.0E05 
NAME(1)='DY1F' 
NAME(2)='ARAD' 
NAME(3)='YDAT' 

2 FORMAT(3A4) 
N=IRAD50(12,NAME,FCBDLK) 
ICHAN=IGETC 
IF(ICHAN.LT.O)STOP 'CANNOT ALLOCATE CHANNEL' 
IF(IFETCH(ICHAN) .LT.O)STOP 'FETCH FAIL' 
IF(LOOKUP(ICHAN,FCBDLK) .LT.O)STOP 'BAD LOOKUP' 
CALL READ 
CALL READ 
DO 40 I=1,200 

40 PSLOPE(I)=IBUFF(I)/FACTOl 
CALL READ 
DO 50 I=1,200 

50 ASLOPE(I)=IBUFF(I)/FACT01 
CALL READ 
DO 60 1=1,200 

60 PSLOPE(I+200)=IBUFF(I)/FACT01 
CALL READ 
DO 70 1=1,200 

70 ASLOPE(I+200)=IBUFF(I)/FACT01 
CALL CLOSEC(ICHAN) 
CALL IFREEC(ICHAN) 
RETURN 
END 



Name 

CPHI2 

CPHI3 

DELC, 

PHI 

PSIC 

HHO 

HP 

HlP 

H1S 

H2P 

R2S 

SF' 

T 

TNF 

TNK.F 
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SUBROUTINE FILM2 VARIABLES EXPLANATION 

Variable 

SYMBOL 

1\ 
cpf 

1\ 

cps 

/), 

'Po 

p 

R p 

T 

EXPLANATION 

-Complex angle of propagation in the 
film 

-Complex angle of propagation in the 
substrate 

-C~lculated value of delta for the film 
coveied surface (deg) 

-Angle of light propagation in the 
ambient media (angle of incidence 
relative to the surface normal) 

-Calculated value of psi for the film 
covered surface (deg) 

-Reflection co~fficient of the film 
covered sur·face 

-Resultant p polarization reflection 
coefficent of a film covered surface 
~alculated by the Drude equation 

- P polarization reflect ion co e f f i c i c 11 t 
of the electrolyte/film interface. 

-S polarization reflection coefficient 
of the electrolyte/film interface. 

-P polarization reflection coefficient 
of the film/substrate interface. 

-S polarization reflection coefficienL 
of the film/substrate interface. 

-Sine of the variable PHI 
0 

-Film thickness (A ) 

-Refractive index (real component) of 
the film 

-Extin~tion coefficient (imaginary compon~ 
ent of the complex refractive :index) of 



TNS "s 

TNKS 

TNl "a 
TN2 " "t 

" 'TN:3 "s 
\\IL A.o 

z z 
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the film 

-Refractive index (re~l component) of the 
substrate 

-Extinction coefficient (imaginary compon
ent of the complex r~fractive index) of 
t.he substrate 

-Refractive index of the ambient 

--C omp 1 ex refract i.ve index of the 

-Complex r-efractive index of the 

-Wavelength of light 

~Complex optical film path length 

CALLED SUBROUTINES 

NONE 

EQUATIONS USED FOR CALCULATIONS 

i K. 
J 

A . /lo A . 
n0sin~0 = nfs1n~f = n 5 s1n~ 5 

A A 
n0cos~0 - nfcos~f -.-· 

rls = n0cos~0 + ~fff . 

film 

substrate 
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r1s + r exp-iZ 
R s = ---=-2 s=----...,'"= 

1 + r r exp-iZ 
1s 2s 

r + r exp-iZ 
RP + _1_....p_--=2Lp __ ~ 

1 + r r exp-iZ 1p 2p 

P = \IJ exp(-il'.) 
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SUBROUTINE FILM2(N1,Kl,TNF,TNKF,TNS,TNKS,WL,T) 
(*********************************************************************** 
C THIS SUBROUTINE COMPUTES "PSI" AND "DELTA" FOR A SIMPLE HOMO-
C GENEOUS FILM ON A SUBSTRATE GIVEN (1) THE REFRACTIVE INDICES OF 
C THE SUBSTRATE, FILM, AND INCIDENT MEDIUM; (2) THE FILM THICKNESS; 
C (3) THE WAVELENGTH OF THE SOURCE; AND (4) THE ANGLE OF INCIDENCE. 
c*********************************************************************** 

COMMON/FLM/DELC,PSIC,PHI 
COMPLEX TN2,TN3,CPHI2,CPHI3,R1S,R1P,R2S,R2P,Z,RS,RP,RHO 
COMPLEX CP,SP 
ANG=360.00000 
ANG2=180.00000 
CP:COS(PHI) 
SP=SIN(PHI) 
TN1=CMPLX(N1,-Kl) 
TN3=CMPLX(TNS,-TNKS) 
CPHI3=CSQRT(l.O-TN1••2•SP••2/(TN3••2)) 
TN2:CMPLX(TNF,-TNKF) 
CPHI2=CSQRT(1.0-TN1••2•SP••2/(TN2••2)) 
R1S=(TN1•CP-TN2•CPHI2)/(TN1•CP+TN2•CPHI2) 
R1P=-(TN1•CPHI2-TN2•CP)/(TN1•CPHI2+TN2•CP) 
R2S=(TN2•CPHI2-TN3•CPHI3)/(TN2•CPHI2+TN3•CPHI3) 
R2P=-(TN2•CPHI3-TN3•CPHI2)/(TN2•CPHI3+TN3•CPHI2) 
Z=(0.0,1.0)•(4.0•3.1415927•T/WL)•TN2•CPHI2 
RS=(R1S+R2S•CEXP(-Z))/(1.0+R1S•R2S•CEXP(-Z)) 
RP=(R1P+R2P•CEXP(-Z))/(1.0+R1P•R2P•CEXP(-Z)) 
RHO=RP/RS 
PSIC=DATAN(CABS(RH0))/0.01745329252 
DELC=DATAN2(AIMAG(RHO),REAL(RH0))/0.01745329252 
IF (DELC.LT.O.O) DELC=ANG+DELC 
IF (PSIC.LT.O.O) PSIC=ANG2+PSIC 
RETURN 
END 
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SUBROUTINE FINISH 
COMMON/N/ICHAN;IBLOCK,IFLAG,IBUFF(256) 
IFLAG=IFLAG-1 
RETURN 
END 
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SUBROUTINE IN 
C••••****************************************************************** 
C OBJECTIVE: TO READ THE SETUP INFORMATION AND SPECTRAL SCAN DATA 
C AS FROM THE DEVICE AND OF THE NAME DICTATED BY THE 
C PROGRAM. 
C••******************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IM1N0,1SECO,IT1CO,IHRSF,1M1NF,ISECF,ITICF 
COMMON/L/1DAY,IMON(3),1YRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,1BUFF(256) 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RT1ME 
REAL•4 DBLK(2),NAME(20),NAME1,NAME2 
REAL•4 BDLK(2) 
1BLOCK=O 
NAME(l)=NAME1 
NAME(2)=NAME2 
CALL PLAC(1PASS,NAME(3)) 

200 FORMAT(3A4) 
N=1RAD50(12,NAME,BDLK) 
1CHAN=1GETC(1) 
1F(1CHAN.LT.O)STOP 'CANNOT ALLOCATE CHANNEL' 
1F(1FETCH(ICHAN) .LT.O)STOP 'FETCH FAIL' 
1F(LOOKUP(1CHAN,BDLK).LT.O)STOP 'BAD LOOKUP' 
DO 10 1=1,256 

10 IBUFF(I)=O 
CALL READ 
DO 20 I=1,20 
NAMEOP(I)=1BUFF(I) 

20 1D(1)=1BUFF(20+1) 
LMPTYP=1BUFF(41) 
DO 30 1=1,9 

30 LMPSER(1)=1BUFF(41+1) 
LMPVLT=IBUFF(51) 
LMPAMP=1BUFF(52) 
1PHASP=1BUFF(S4) 
1GA1NP=1BUFF(55) 
1AMPLP=1BUFF(56) 
1T1MEP=1BUFF(57) 
IPHASA=1BUFF(58) 
IGA1NA=1BUFF(59) 
IAMPLA=IBUFF(60) 



ITIMEA=IBUFF(61) 
IGAGP =IBUFF(62) 
IGATP =IBUFF(63) 
!GAGA =IBUFF(64) 
IGATA =IBUFF(65) 
NRATE =IBUFF(66) 
NSCAN =IBUFF(67) 
!POL =IBUFF(68) 
!ANA =IBUFF(69) 
NWL =IBUFF(70) 
NPOL =IBUFF(71) 
NCMP =IBUFF(72) 
NANA =IBUFF(73) 
IHRSO =IBUFF(74) 
IHRSF =IBUFF(75) 
IMINO =IBUFF(76) 
IMINF =IBUFF(77) 
ISECO =IBUFF(78) 
ISECF =IBUFF(79) 
ITICO =IBUFF(SO) 
ITICF =IBUFF(81) 
IDAY =IBUFF(82) 
IYRS =IBUFF(83) 
LMPHRS=IBUFF(84) 
IMON(1)=IBUFF(85) 
IMON(2)=IBUFF(86) 
IMON(3)=IBUFF(87) 
DO 35 !=1,10 

35 IPMTYP(I)=IBUFF(87+I) 
IPMTDV=IBUFF(98) 
CALL READ 
DO 40 !=1,200 

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

50 ANA(I)=IBUFF(I) 
CALL READ 
DO 60 !=1,200 

60 POL(I+200)=IBUFF(I) 
CALL READ 
DO 70 !=1,200 

70 ANA(I+200)=IBUFF(I) 
CALL CLOSEC(ICHAN) 
CALL IFREEC(ICHAN) 
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********************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(lO),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(lO),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/WER/NAME 
REAL*4 BDLK(2),NAME(20) 
IBLOCK=O 
READ(1,200) (NAME(I),l=1;3) 

200 FORMAT(3A4) 
IF(NAME(1) .EQ.4HSTOP)RETURN 
N=IRAD50(12,NAME,BDLK) 
ICHAN=IGETC(I) 
IF(ICHAN.LT.O)STOP 'CANNOT ALLOCATE CHANNEL'. 
IF(IFETCH(ICHAN) .LT.O)STOP 'FETCH FAIL' 
IF(LOOKUP(ICHAN,BDLK) .LT.O)STOP 'BAD LOOKUP' 
DO 10 I=1,256 

10 IBUFF(I)=O 
CALL READ 
DO 20 1=1,20 
NAMEOP(I)=IBUFF(I) 

20 ID(I)=IBUFF(20+I) 
LMPTYP=IBUFF(41) 
DO 30 I=1,9 

30 LMPSER(I)=IBUFF(41+I) 
LMPVLT=IBUFF(51) 
LMPAMP=IBUFF(52) 
IPHASP=IBUFF(54) 
IGAINP=IBUFF(55) 
IAMPLP=IBUFF(56) 

. ITIMEP=IBUFF(57) 
IPHASA=IBUFF(58) 
IGAINA=IBUFF(59) 
IAMPLA=IBUFF(60) 
ITIMEA=IBUFF(61) 
IGAGP =IBUFF(62) 



IGATP =IBUFF(63) 
IGAGA =IBUFF(64) 
IGATA =IBUFF(65) 
NRATE =IBUFF(66) 
NSCAN =IBUFF(67) 
IPOL =IBUFF(68) 
IANA =IBUFF(69) 
NWL =!BUFF (70) 
NPOL =IBUFF(71) 
NCMP =IBUFF(72) 
NANA =IBUFF(73) 
IHRSO =IBUFF(74) 
IHRSF =IBUFF(75) 
IMINO =IBUFF(76) 
IMINF =IBUFF(77) 
ISECO =IBUFF(78) 
ISECF =IBUFF(79) 
ITICO =IBUFF(80) 
ITICF =IBUFF(Si) 
IDAY =IBUFF(82) 
IYRS =IBUFF(83) 
LMPHRS=IBUFF(84) 
IMON(l)=IBUFF(85) 
IMON(2)=IBUFF(86) 
IMON(3)=IBUFF(87) 
DO 35 1=1,10 

35 IPMTYP(I)=IBUFF(87+I) 
IPMTDV=IBUFF(98) 
CALL READ 
DO 40 1=1,200 

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

50 ANA(I)=IBUFF(I) 
CALL READ 
DO 60 1=1,200 

60 POL(I+200)=IBUFF(I) 
CALL READ 
DO 70 1=1,200 

70 ANA(I+200)=IBUFF(I) 
CALL CLOSEC(ICHAN) 
CALL IFREEC(ICHAN) 
RETURN 
END 
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SUBROUTINE NEWSET 
c********************************************************************** 
C OBJECTIVE: TO ALLOW THE OPERATOR TO COMPLETELY INITIALIZE ALL 
C THE SETUP PARAMETERS FROM THE VT55 KEYBOARD. 
c********************************************************************** 

COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP,IGAGA,IGATP,IGATA 
TYPE 140 

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

· 141 FORMAT('$ TYPE(A2/XE,ETC.) = ') 
ACCEPT 142,LMPTYP 

142 FORMAT(A2) 
TYPE 143 

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

144 FORMAT(9A2) , 
TYPE 145 

145 FORMAT('$ LAMP VOLTAGE(I3/VOLTS) = ') 
ACCEPT 146,LMPVLT 

146 FORMAT(I4) , 
TYPE 147 

147 FORMAT('$ LAMP CURRENT(I2/AMPS) = ') 
ACCEPT 148,LMPAMP 

148 FORMAT (I3) 
TYPE 150 

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

151 FORMAT('$ MODEL(A20) = ') 
ACCEPT 152,(IPMTYP(I),I=1,10) 

152 FORMAT(10A2) 
TYPE 153 

153 FORMAT('$ DYNODE VOLTAGE(I4/VOLTS) = ') 
ACCEPT 154,IPMTDV 

154 FORMAT(I5) 
TYPE 160 

160 FORMAT(/,' FARADAY CELL CONTROLLER PARAMETERS:') 
TYPE 161 

161 FORMAT(/,' POLARIZER CHANNEL') 
TYPE 162 . 

162 FORMAT('$ PHASE(I3/POT SETTING) = ') 
ACCEPT 163,IPHASP 

163 FORMAT(I4) 
TYPE 164 

164 FORMAT('$ GAIN(I3/POT SETTING) = ') 
ACCEPT 163,IGAINP 
TYPE 165 



139 

165 FORMAT('$ AMPLITUDE(I3/POT SETIING) = ') 
ACCEPT 163,IAMPLP 
TYPE 166 . 

166 FORMAT('$ TIME CONSTANT(I3/MILLISECONDS) = ') 
ACCEPT 163 I ITIMEP 
TYPE 167 

167 FORMAT(/,' ANALYZER CHANNEL')-
.. TYPE 162 . . . 

ACCEPT 163,IPHASA 
TYPE 164 
ACCEPT 163,IGAINA 
TYPE 165 
ACCEPT 163,IAMPLA 
TYPE 166 · 
ACCEPT 163,ITIMEA 
TYPE 170 . 

170 FORMAT(/,' GALVANOMETER AMPLIFIER PARAMETERS:') 
TYPE 171 

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

172 FORMAT('$ GAIN(I5) = ') 
ACCEPT 173,IGAGP 

173 FORMAT(I6) 
TYPE 174 

174 FORMAT('$ TIME CONSTANT(I5/MILLISECONDS) = ') 
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 OUT 
C•********************************************************•············ 
C OBJECTIVE: TO WRITE THE SETUP INFORMATION AND DATA FROM THE 
C SPECTRAL SCAN ONTO THE DEVICE "DYl". THE OUTPUT 
C FILE FIRST SYMBOL IS "C" INDICATING THAT THE VALUES 
C IN THE FILE ARE CONVERTED TO VALUES OF DELTA 
C AND PSI VERSUS WAVELENGTH. 
C••*******************************************~************************ 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,lTIMEA 
COMMON/1/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
COMMON/Z/NAME1,NAME2,IPASS,DURAT,RTIME 
REAL•4 DBLK(2),NAME(20),NAME1,NAME2 
INTEGER NPASS 
IBLOCK=O 
NAME(1)=NAME1 
NAME(2)=NAME2 
CALL PLAC(IPASS,NAME(3)) 
N~IRAD50(1t,NAME,DBLK) 
ICHAN=IGETC(O) 
IF(ICHAN.LT.O)STOP 'CANNOT ALLOCATE CHANNEL' 
IERROR=IENTER(ICHAN,DBLK,O) 
IF(IERROR.LT.O)STOP 'ENTER FAILURE' 
DO 10 I=1,256 

10 IBUFF(I)=O 
DO 20 I=1,20 
IBUFF(I)=NAMEOP(I) 

20 IBUFF(20+l)=ID(I) 
IBUFF(41)=LMPTYP 
DO 30 I=1,9 

30 IBUFF(41+l)=LMPSER(I) 
IBUFF(51)=LMPVLT 
IBUFF(52)=LMPAMP 
IBUFF(54)=IPHASP 
IBUFF(55)=IGAINP 
IBUFF(56)=IAMPLP 
IBUFF(57)=ITIMEP 
IBUFF(58)=IPHASA 
IBUFF(59)=IGAINA 
IBUFF(60)=IAMPLA 



IBUFF(61)=ITIMEA 
IBUFF(62)=IGAGP 
IBUFF(63)=IGATP 
IBUFF(64)=IGAGA 
IBUFF(65)=IGATA 
IBUFF(66)=NRATE 
IBUFF(67)=NSCAN 
I BUFF (68) =I POL;, 
IBUFF(69)=IANA 
IBUFF(70)=NWL 
IBUFF(71)=NPOL 
IBUFF(72)=NCMP 
IBUFF(73)=NANA 
IBUFF(74)=IHRSO 
IBUFF(75)=IHRSF 
IBUFF(76)=IMINO 
IBUFF(77)=IMINF 
IBUFF(78)=ISECO 
IBUFF(79)=ISECF 
IBUFF(BO)=ITICO 
IBUFF(81)=ITICF 
IBUFF(82)=IDAY 
IBUFF(83)=IYRS 
IBUFF(84)=LMPHRS 
IBUFF(85)=IMON(1) 
IBUFF(86)=IMON(2) 
IBUFF(87)=IMON(3) 
DO 35 1=1,10 

35 IBUFF(87+I)=IPMTYP(I) 
IBUFF(98)=IPMTDV 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 40 1=1,200 

40 IBUFF(I)=POL(I) 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 50 1=1,200 

50 IBUFF(I)=ANA(I) 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 60 1=1,200 

60 IBUFF(I)=POL(I+200) 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 70 1=1,200 . 

70 IBUFF(I)=ANA(I+200) 
CALL WRITE 
CALL IWAIT(ICHAN) 
CALL CLOSEC(ICHAN) 

141 



CALL IFREEC(ICHAN) 
RETURN 
END 
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SUBROUTINE OUTPUT 
c********************************************************************** 
C OBJECTIVE: TO WRITE THE SETUP INFORMATION AND DATA FROM THE 
C SPECTRAL SCAN INTO ANY FLOPPY DISK FILE SPECIFIED 
C BY THE OPERATOR. 
c********************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA,IGAINP,IGAINA,IAMPLP,IAMPLA,ITIMEP,ITIMEA 
COMMON/1/IGAGP,IGAGA,IGATP,IGATA 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITIC0,1HRSF,IM1NF,1SECF,IT1CF 
COMMON/L/1DAY,IMON(3),IYRS,LMPHRS 
COMMON/M/IWAVE(400) 
COMMON/N/ICHAN,IBLOCK,1FLAG,IBUFF(256) 
REAL*4 DBLK(2),NAME(20) 
1BLOCK=O 
TYPE 100 

100 FORMAT(/,'$ FILE NAME FOR THE NEW SPECTRAL SCAN (A12) = ') 
ACCEPT 200, (NAME(!) , 1=1, 3) 

200 FORMAT(3A4) 
N=IRAD50(12,NAME,DBLK) 
1CHAN=IGETC(O) 
1F(ICHAN.LT.O)STOP 'CANNOT ALLOCATE CHANNEL' 
1ERROR=IENTER(1CHAN,DBLK,O) 
1F(IERROR.LT.O)STOP 'ENTER FAILURE' 
DO 10 1=1,256 

10 1BUFF(I)=0 
DO 20 1=1,20 
IBUFF(1)=NAMEOP(1) 

20 1BUFF(20+1)=ID(I) 
1BUFF(41)=LMPTYP 
DO 30 1=1,9 

30 1BUFF(41+1)=LMPSER(1) 
1BUFF(51)=LMPVLT 
1BUFF(52)=LMPAMP 
1BUFF(54)=IPHASP 
IBUFF(55)=IGAINP 
1BUFF(56)=IAMPLP 
1BUFF(57)=ITIMEP 
IBUFF(58)=IPHASA 
1BUFF(59)=IGA1NA 
IBUFF(60)=1AMPLA 
1BUFF(61)=IT1MEA 
1BUFF(62)=IGAGP 
1BUFF(63)=IGATP 



IBUFF(64)=IGAGA 
IBUFF(65)=IGATA 
IBUFF(66)=NRATE 
IBUFF(67)=NSCAN 
IBUFF(68)=IPOL 
IBUFF(69)=IANA 
IBUFF(70)=NWL 
IBUFF(71)=NPOL 
IBUFF(72)=NCMP 
IBUFF(73)=NANA 
IBUFF(74)=IHRSO 
IBUFF(75)=IHRSF 
IBUFF(76)=IMINO 
IBUFF(77)=IMINF 
IBUFF(78)=ISECO 
IBUFF(79)=ISECF 
IBUFF(80)=ITICO 
IBUFF(81)=ITICF 
IBUFF(82)=IDAY 
IBUFF(83)=IYRS 
IBUFF(84)=LMPHRS 
IBUFF(85)=IMON(1) 
·IBUFF(86)=IMON(2) 
IBUFF(87)=IMON(3) 
DO 35 I=1,10 

35 IBUFF(87+I)=IPMTYP(I) 
IBUFF(98)=IPMTDV 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 40 I=1,200 

40 IBUFF(I)=POL(I) 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 50 I=1,200 

50 IBUFF(I)=ANA(I) . 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 60 I=1,200 

60 IBUFF(I)=POL(I+200) 
CALL WRITE 
CALL IWAIT(ICHAN) 
DO 70 I=1,200 

70 IBUFF(I)=ANA(I+200) 
CALL WRITE 
CALL IWAIT(ICHAN) 
CALL CLOSEC(ICHAN) 
CALL IFREEC(ICHAN) 
RETURN 
END 
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SUBROUTINE PLAC(NPASS,PNAME) 
REAL*4 PNAME 
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IF (NPASS.EQ.1) PNAME='0001' 
IF (NPASS.EQ.2) PNAME='0002' 
IF (NPASS.EQ.3) PNAME='0003' 
IF (NPASS.EQ.4) PNAME='0004' 
IF (NPASS.EQ.5) PNAME='0005' 
IF (NPASS.EQ.6) PNAME='0006' 
IF (NPASS.EQ.7) PNAME='0007' 
IF (NPASS.EQ.B) PNAME='OOOB' 
IF (NPASS.EQ.9) PNAME='0009' 
IF (NPASS.EQ.10) PNAME='0010' 
IF (NPASS.EQ.11) PNAME='0011' 
IF (NPASS.EQ.12) PNAME='0012' 
IF (NPASS.EQ.13) PNAME='0013' 
IF (NPASS. EQ. 14) PNAME= '.0014, 
IF (NPASS.EQ.15) PNAME='0015' 
IF (NPASS.EQ.16) PNAME='0016' 
IF (NPASS.EQ.17) PNAME='0017' 
IF (NPASS.EQ.18) PNAME='0018' 
IF (NPASS.EQ.19) PNAME='0019' 
IF (NPASS.EQ.20) PNAME='0020' 
IF (NPASS.EQ.21) PNAME='0021' 
IF (NPASS.EQ.22) PNAME='0022r 
IF (NPASS.EQ.23) PNAME='0023' 
IF (NPASS.EQ.24) PNAME='0024' 
IF (NPASS.EQ.25) PNAME=r0025' 

. IF (NPASS.EQ.26) PNAME='0026' 
IF (NPASS.EQ.27) PNAME='0027' 
IF (NPASS.EQ.28) PNAME='0028' 
IF (NPASS.EQ.29) PNAME='0029' 
IF (NPASS.EQ.30) PNAME='0030' 
IF (NPASS.EQ.31) PNAME='0031' 
IF (NPASS.EQ.32) PNAME='0032' 
IF (NPASS.EQ.33) PNAME='0033' 
IF (NPASS.EQ.34) PNAME='0034' 
IF (NPASS.EQ.35) PNAME='0035' 
IF (NPASS.EQ.36) PNAME='0036' 
IF (NPASS.EQ.37) PNAME='0037' 
IF (NPASS.EQ.38) PNAME='0038' 
IF (NPASS.EQ.39) PNAME='0039' 
IF (NPASS.EQ.40) PNAME='0040' 
IF (NPASS.EQ.41) PNAME='0041' 
IF (NPASS.EQ.42) PNAME='0042' 
IF (NPASS.EQ.43) PNAME='0043' 
IF (NPASS.EQ.44) PNAME='0044' 
IF (NPASS.EQ.45) PNAME='0045' 
IF (NPASS.EQ.46) PNAME='0046' 
IF (NPASS.EQ.47) PNAME='0047' 

.. 
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IF (NPASS.EQ.48) PNAME='0048' 
IF (NPASS.EQ.49) PNAME='0049' 
IF (NPASS.EQ.50) PNAME='0050' 
RETURN 
END 
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SUBROUTINE PLAC2(NPASS,PNAME) 
) REAL*4 PNAME 

IF (NPASS.EQ.1) PNAME='00.1' 
IF (NPASS.EQ.2) PNAME='00.2' 
IF (NPASS.EQ.3) PNAME='00.3' 

""'" IF (NPASS.EQ.4) PNAME='00.4' 
IF (NPASS.EQ.5) PNAME='00.5' 
IF (NPASS.EQ.6) PNAME='00.6' 
IF (NPASS.EQ.7) PNAME='00.7' 
IF (NPASS.EQ.8) PNAME='00.8' 
IF (NPASS.EQ.9) PNAME='00.9' 
IF (NPASS. EQ .10) PNAME='0.10' 
IF (NPASS.EQ.ll) PNAME= '0 .11, 
IF (NPASS. EQ .12) PNAME= ,0 .12, 
IF (NPASS. EQ .13) PNAME=,0.13' 
IF (NPASS.EQ.14) PNAME='0.14' 
IF (NPASS. EQ .15) PNAME='0.15, 
IF (NPASS. EQ .16) PNAME='0.16' 
IF (NPASS.EQ.17) PNAME='0.17' 
IF (NPASS. EQ .18) PNAME='0.18, 
IF (NPASS.EQ.19) PNAME= '0 .19, 
IF (NPASS.EQ.20) PNAME='0.20' 
IF (NPASS.EQ.21) PNAME='0.21' 
IF (NPASS.EQ.22) PNAME='0.22' 
IF (NPASS.EQ.23) PNAME='0.23' 
IF (NPASS.EQ.24) PNAME='0.24' 
IF (NPASS.EQ.25) PNAME=,0.25, 
IF (NPASS.EQ.26) PNAME='0.26' 
IF (NPASS.EQ.27) PNAME='0.27, 
IF (NPASS.EQ.28) PNAME=,0.28, 
IF (NPASS.EQ.29) PNAME='0.29' 
IF (NPASS.EQ.30) PNAME='0.30' 
IF (NPASS.EQ.31) PNAME=,0.31' 
IF (NPASS.EQ.32) PNAME='0.32, 
IF (NPASS.EQ.33) PNAME='0.33' 
IF (NPASS.EQ.34) PNAME='0.34' 
IF (NPASS.EQ.35) PNAME=,0.35' 
IF (NPASS.EQ.36) PNAME='0.36' 
IF (NPASS.EQ.37) PNAME=,0.37' 
IF (NPASS.EQ.38) PNAME='0.38' ,. IF (NPASS.EQ.39) PNAME='0.39, 
IF (NPASS.EQ.40) PNAME='0.40' 
IF (NPASS.EQ.41) PNAME='0.41' 
IF (NPASS.EQ.42) PNAME='0.42, 
IF (NPASS.EQ.43) PNAME='0.43' 
IF (NPASS.EQ.44) PNAME='0.44, 
IF (NPASS.EQ.45) PNAME=,0.45' 
IF (NPASS.EQ.46) PNAME='0.46' 
IF (NPASS.EQ.47) PNAME=,0.47, 
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IF (NPASS.EQ.48) PNAME='0.48' 
IF (NPASS.EQ.49) PNAME='0.49' 
IF (NPASS.EQ.50) PNAME='0.50' 
RETURN 
END 
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SUBROUTINE PSIDEL(RHO) 
c*************************************************************** c 
C PURPOSE: TO CALCULATE DELTA AND PSI GIVEN THE COMPLEX 
C REFLECTION COEFFICENT 
c 
c*************************************************************** 

COMMON/FLM/DELC,PSIC,PHI 
COMPLEX RHO 
PSIC=DATAN(CABS(RH0))/0.01745329252 
DELC=DATAN2(AIMAG(RHO),REAL(RH0))/0.01745329252 
IF (DELC.LT.O.O) DELC=DELC+360.0000 
IF (PSIC.LT.O.O) PSIC=PSIC+180.0000 
RETURN 
END 
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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,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/F/LMPTYP,LMPSER(10),LMPVLT,LMPAMP 
COMMON/G/IPMTYP(10),IPMTDV 
COMMON/H/IPHASP,IPHASA 1 IGAINP 1 IGAINA 1 IAMPLP 1 IAMPLA,ITIMEP,ITIMEA 
COMMON/I/IGAGP 1 IGAGA,IGATP 1 IGATA . 
COMMON/J/NWL 1 NPOL 1 NCMP 1 NANA 
COMMON/K/IHRS0 1 IMIN0 1 ISEC0 1 ITICO,IHRSF 1 IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3) 1 IYRS 1 LMPHRS 
PRINT 100 1 IDAY 1 (IMON(I) 1 I=1 1 3),IYRS 

100 FORMAT(/10X 1 I2 1 '-' 1 3A1 1 '-' 1 I2) 
PRINT 101 1 (NAMEOP(I) 1 I=1 1 20) 

101 FORMAT(10X 1 20A2) 
PR!NT 102 1 (ID(I) 1 I=1 1 20) 

102 FORMAT{10X 1 20A2) 
PRINT 110 

110 FORMAT(/10X 1 'MANUAL AZIMUTHS(DEG) :') 
P=NPOL/100. 
A=NANA/100. 
C=NCMP/100. 
WL=NWL/100. 
PRINT 111 1 P1 A1 C1 WL 

111 FORMAT(/12X 1 'P = ' 1 F7.2 1 

C /12X 1 'A= ',F7.2 1 

c /12X I , c = , I F7. 21 
·.c /12X 1 'WL= ' 1 F7.2) 

PRINT 120 
120 FORMAT(/10X 1 'LAMP:') 

PRINT 121 1 LMPTYP 
121 FORMAT(/12X 1 'TYPE = ' 1 A2) 

PRINT 122 1 (LMPSER(I) 1 I=1 1 9) 
122 FORMAT(12X 1 'SERIAL NO. = ',9A2) 

PRINT 123 1 LMPVLT 
123 FORMAT(12X 1 'LAMP VOLTAGE(VOLTS) = ' 1 I4) 

PRINT 124 1 LMPAMP 
124 FORMAT(12X 1 'LAMP CURRENT(AMPS) = ' 1 I3) 

PRINT 125 1 LMPHRS 
125 FORMAT{12X 1 'LAMP OPERATIONAL LIFE(HOURS) = ' 1 I5) 

PRINT 130 
130 FORMAT(/10X 1 'PHOTOMULTIPLIER:') 

PRINT 131 1 {IPMTYP(I) 1 I=1 1 10) 
131 FORMAT(/12X 1 'MODEL= ' 1 10A2) 

PRINT 132 1 IPMTDV 

I~ 
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132 FORMAT(12X 1 'DYNODE VOLTAGE(VOLTS) = ' 1 I5) 
PRINT 140 

140 FORMAT(/10X 1 'FARADAY CELL CONTROLLER:') 
PRINT 141 

141 FORMAT(/12X 1 'POLARIZER') 
PRINT 142 1 IPHASP 1 IGAINP 1 IAMPLP~ITIMEP 

142 FORMAT(/12X 1 'PHASE = ' 1 I4 1 

C /12X 1 'GAIN = ' 1 I4 1 

C /12X 1 'AMPLITUDE = ' 1 I4 1 

C /12X 1 'TIME CONSTANT(MS) = ' 1 I4) 
PRINT 143 

143 FORMAT(/12X,'ANALYZER') 
PRINT 142,IPHASA 1 IGAINA 1 IAMPLA 1 ITIMEA 
PRINT 150 

150 FORMAT(/10X 1 'GALVANOMETER AMPLIFIER:') 
PRINT 141 
PRINT 151 1 IGAGP 1 IGATP 

151 FORMAT(/12X 1 'GAIN = ' 1 I6 1 

C /12X 1 'TIME CONSTANT(MS) = ' 1 I6) 
PRINT 143 
PRINT 151 1 IGAGA 1 IGATA 
IGAIN=IPOL/64 
NCHP=IPOL-IGAIN*64 
NCHA=IANA-IGAIN*64 
PRINT 160 

160 FORMAT(/10X 1 'ANALOG/DIGITAL CONVERTOR:') 
PRINT 161 1 NCHP 1 NCHA 1 IGAIN 

161 FORMAT(/12X 1 'POL. INPUT CH. = ' 1 I1, 
C /12X 1 'ANA. INPUT CH. = ' 1 I1 1 

C /12X 1 'ADC GAIN = ' 1 Il) 
RETURN 
END 

SUBROUTINE P1TIME 
C•********************************************************************* 
C OBJECTIVE: OUTPUTS THE DATA ACQUISITION FOR THE GIVEN SPECTRAL 
C SCAN TO THE LINE PRINTER. 
c********************************************************************** 

COMMON/B/NRATE 1 NSCAN 1 IPOL 1 IANA 
COMMON/K/IHRSO,IMINO,ISEC0 1 ITIC0 1 IHRSF 1 IMINF 1 ISECF,ITICF 
PRINT 100 I NSCAN . 

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

110 FORMAT(10X 1 'MEASURED SCAN RATE VIA COUNTER= ' 1 I5) 
PRINT 120 1 IHRS0 1 IMIN0 1 ISECO,ITICO 

120 FORMAT(/10X 1 'DATA COLLECTION INITIATED AT: ' 1 3(I2, ': ') 1 I2) 
PRINT 130 1 IHRSF 1 IMINF,ISECF,ITICF 

130 FORMAT(10X 1 'DATA COLLECTION FINISHED AT: ',3(I2 1 ':') 1 I2) 
RETURN 



152 

END 

v 

.. 



.. 

153 

SUBROUTINE RATE 
c**********~~*~******************************~************************* 
C OBJECTIVE: MAKE TWO "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 WHICH 
C IS WIRE WRAPPED IN THE FREQUENCY MODE. THESE TWO 
C RATES OF ROTATION ARE MADE AT A TIME INTERVAL -
C DETERMINED BY THE SUBROUTINE 11 DELAY 11 (15 SECONDS). 
C IF THE TWO RATES ARE IDENTICAL, THE SCAN RATE IS 
C DETERMINED TO BE STABLE(FREE OF "CHATTER", ETC.) 
C AND PROGRAM CONTROL IS RETURNED TO THE MAIN 
C PROGRAM 11 SEV001 11 • 

c********************************************************************** 
COMMON/B/NRATE,NSCAN,IPOL,IANA 

10 TYPE 20 
20 FORMAT(/,'$ DO YOU WANT TO ADJUST THE SCAN RATE(Y/N)? ') 

ACCEPT 30,MRATE 
30 FORMAT(A1) 

IF(MRATE.NE.1HY.AND.MRATE.NE.1HN)GOTO 10 
IF(MRATE.NE.1HY)GOTO 85 
TYPE 40 

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

50 FORMAT(A1) 
60 ISUMO=O-

DO 70 1=1,3 
70 ISUMO=ISUMO+IPEEK("164406) 

CALL DELAY 
ISUM1=0 
DO 80 1=1,3 

80 ISUM1=ISUM1+IPEEK("164406) 
IF(ISUMO.NE.ISUM1)GO TO 60 

85 NRATE=IPEEK( 11 164406) 
TYPE 90,NRATE 

90 FORMAT(/,' STEADY SCAN RATE ESTABLISHED. SCAN RATE= ',15) 
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,IBUFF{256) 
IERROR=IREADW{256,IBUFF,IBLOCK,ICHAN) 
IF(IERROR.LT.O)STOP 'FATAL READ' 
IBLOCK=IBLOCK+l 
RETURN 
END 

.... 
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SUBROU!lNE REFIND VARIABLES EXPLANATION 

Variable 

SYMBOL EXPLANATION 

<Po 

-Value of delta for a given reflection 
(either theoretical or measured) (deg) 

-Angle of light propagation in the 
ambient media (angle of incidence 
relative to the surface normal) 

···Value of Psi for a given reflection 
(either theoretical ar measured) (deg) 

-Reflection coefficent of the reflection 

-Complex refractive index of the surface 

-Refractive index of the surface 
(real component) 

-Extinction coefficent of the surface 

SUBROUTINES CALLED 

NONE 

EQUATIONS USED FOR CALCULATIONS 

p = 1lJ exp(-i!'!) 

no sinq>
0 
Q 

1\ 
a 

n = 
E: a 

1 + P r 
a = 1 cotq>

0 - p 
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SUBROUTINE REFIND(TNO,TN,TK) 
C•********************************************************************* 
C OBJECTIVE: TO COMPUTE THE COMPLEX REFRACTIVE INDEX OF A BARE 
C SURFACE FOR A SINGLE SET OF VALUES OF DELTA, PSI, 
C WAVELENGTH, AND INCIDENT MEDIUM REFRACTIVE INDEX. 
c********************************************************************** 

COMMON/FLM/DELC,PSIC,PHI 
COMPLEX RHO,T2,S2,TNC,I,Sl,Tl,PHI 
TNOC:CMPLX(TN0,-0.0) 
ALPHA=0.01745329252 
PSI=PSIC•ALPHA 
DEL=DELC•ALPHA 
I=CMPLX(O.O,l.O) 
RHO=(SIN(PSI)/COS(PSI))•CEXP(I•DEL) 
Sl=SIN(PHI) . 
Tl=SIN(PHI)/COS(PHI) 
T2={1.0+RH0)/{{1.0-RHO)•Tl) 

/ 52= T2/CSQRT (1 . 0+ T2• T2) 
TNC={TNOC~Sl)/52 
TN=ABS(REAL(TNC)) 

· TK=ABS(AIMAG(TNC)) 
RETURN 
END 
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SUBROUTINE RESET 
c********************************************************************** 
C OBJECTIVE: TO ALLOW THE OPERATOR TO CHANGE ONLY THOSE SETUP 
C PARAMETERS WHICH ARE TYPICALLY CHANGED FROM ONE 
C SPECTRAL SCAN TO ANOTHER. THIS MODIFYS SETUP 
C INFORMATION READ FROM OLD DATA FILES TO MAKE IT 
C APPLICABLE TO THE CURRENT SPECTRAL SCAN OR 
C COMPLETES THE INITIALIZATION OF SETUP 
C INFORMATION STARTED WITH "NEWSET". 
c********************************************************************** 

COMMON/A/NAVG(400),POL(400),ANA(400) 
COMMON/B/NRATE,NSCAN,IPOL,IANA 
COMMON/E/NAMEOP(20),ID(20) 
COMMON/J/NWL,NPOL,NCMP,NANA 
COMMON/K/IHRSO,IMINO,ISECO,ITICO,IHRSF,IMINF,ISECF,ITICF 
COMMON/L/IDAY,IMON(3),IYRS,LMPHRS 
COMMON/Z/NAME1,NAME2,NPASS,DURAT,RTIME 
REAL•4 NAME1,NAME2 
INTEGER NPASS,DURAT 
TYPE 100 

100.FORMAT(/, '$ NAME(A40) = ') 
ACCEPT 101, (NAMEOP(I),I=1,20) 

101 FORMAT(20A2) 
TYPE 102 

102 FORMAT(/ I'$ DATE(I2-A3-I2/DAY-MONTH-YEAR) = ') 
ACCEPT 103,IDAY,(IMON(I),I=1,3),IYRS 

103 FORMAT (I2, 1X,3A1, 1X I I2) 
TYPE 104 

104 FORMAT(/,'$ LAMP OPERATIONAL LIFE(I5/HOURS) = ') 
ACCEPT 105,LMPHRS 

105 FORMAT(I5) 
106 CONTINUE 

TYPE 107 
107 FORMAT(/,'$ EXPERIMENT IDENTIFICATION(A40) = ') 

ACCEPT 101,(ID(I),I=1,20) 
108 TYPE 109 
109 FORMAT(/,'$ HAVE MANUAL AZIMUTHS BEEN CHANGED(Y/N)? ') 

ACCEPT 110,MANAZ 
110 FORMAT (A1) 

IF(MANAZ.NE.1HY.AND.MANAZ.NE.1HN)GOTO 108 
IF(MANAZ.NE.1HY)GOTO 119 
TYPE 112 

112 FORMAT(/,' MANUAL AZIMUTH SETIINGS(DEG): ') 
TYPE 113 

113 FORMAT('$ POLARIZER(F7.2) = ') 
ACCEPT 114,P 

114 FORMAT (F7. 2) 
NPOL=P•100. 
TYPE 115 
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115 FORMAT('$ ANALYZER(F7.2) = ') 
ACCEPT 114,A 
NANA=A*100. 

116 TYPE 117 
117 FORMAT('$ COMPENSATOR (F7. 2) = , ) 

ACCEPT 114,C 
IF(C.NE.135.0.AND.C.NE.45.0)GOTO 116 
NCMP=C*100. . 
TYPE 118 

118 FORMAT('$ MONOCHROMATOR SETTING AT NULL(F7.2) = ,) 
ACCEPT 114,WL . 
NWL=WL*100. 

119 CONTINUE 
IGAIN=3 
NCHP=O 
NCHA=1 

120 TYPE 121 
121 FORMAT(/,, ANALOG/DIGITAL CONVERTOR PRESET PARAMETERS:,) 
122 TYPE 123,NCHP 
123 FORMAT(' POL. INPUT CH. = ',I1) 

TYPE 124,NCHA 
124 FORMAT(' ANA. INPUT CH.- ',I1) 

TYPE 125,IGAIN 
125 FORMAT(' ADC GAIN = ',I1) 

TYPE 126 
126 FORMAT(/,'$ DO YOU WANT TO CHANGE THESE(Y/N)? ,) 

ACCEPT llO,NADC 
IF(NADC.NE.1HY.AND.NADC.NE.1HN)GOTO 120 
IF(NADC.EQ.1HN)GOTO 131 
TYPE 127 

127 FORMAT('$ POL. INPUT CH.(I1) = ') 
ACCEPT 128,NCHP 

128 FORMAT(Il) 
TYPE 129 

129 FORMAT('$ ANA. INPUT CH.(I1) = ') 
ACCEPT 128,NCHA 
TYPE 130 

130 FORMAT('$ ADC GAIN(I1) = ') 
ACCEPT 128,IGAIN 
GOTO 120 

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

132 FORMAT(/, '$HOW MANY SPECTRAL SCANS ARE TO BE AVERAGED PER 
CFILE (IS)?,) 

ACCEPT 133,NSCAN 
133 FORMAT(I5) 

DO 140 1=1,400 

v 



POL(I)=O. 
ANA(I)=O-... 

140 NAVG(I)=O 
TYPE 150 , 
NAME1='DY10' 
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150 FORMAT('$ FOUR LETTERS IN FILE NAME (EX. ABCD)= ') 
ACCEPT 190,NAME2 
TYPE 170 . 
ACCEPT 180, DURAT . . 

170 FORMAT ('$ TIME DURATION FOR EXPERIMENT IN MINUTES (A2)= ') 
180 FORMAT (I2) 
190 FORMAT (A4) 

RETURN 
END 
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SUBROUTINE STEPER 
C••*************************************************************** 
C OBJECTIVE: TO STEP THE ANALYSER OR POLARIZER STEP 
C MOTOR CONTROLERS SO AS TO MINIMIZE THE 
C NECESSARY CONTROLER CURRENT TO THE FARADAY 
C CORES. 
c 
C PROGRAM WRITTEN BY MICHAEL ARMSTRONG IN FALL 1983 
C•***************************************************************** 

COMMON/STEP/DEVICE,ISTEP,IPC,IAC , 
I=ISTEP 
A=DEVICE 
IDIR=O 
IF(A.EQ.'A')GOTO 30 
IF(A.EQ.'P')GOTO 40. 

30 IF(I.LT.O)IDIR=2048 
I=IABS(I) . 

32 IF(IPEEK("164502).GT.O)GOTO 32 
IF(I.GT.2047)GOTO 31 
I=I+IDIR 
CALL IPOKE("164502,1) 
GOTO 100 

31 1=1-2047 
IT=2047+IDIR 
CALL IPOKE("164502,1T) 
GOTO ·32 

40 IF(I.LT.O)IDIR=2048 
I=IABS(I) 

42 IF(IPEEK("164506) .GT.O) GOTO 42 
IF(I.GT.2047)GOTO 41 
I=I+IDIR 
CALL IPOKE("164506,1) 
GOTO 100 

41 1=1-2047 
IT=IDIR+2047 
CALL IPOKE("l64506,IT) 
GOTO 42 

100 CONTINUE 
RETURN 
END 
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SUBROUTINE T1INFO 
c********************************************************************** 
C OBJECTIVE: DISPLAYS ALL THE SETUP INFORMATION FOR A GIVEN 
C SPECTRAL SCAN ON THE VT55 GRAPHICS TERMINAL SCREEN, 
C EXCEPT FOR THE DATA ACQUISTION TIME. 
c********************************************************************** 

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

100 FORMAT(/10X,I2,'-',3A1,'-',I2) 
TYPE 101, (NAMEOP(I),I=1,20) 

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

102 FORMAT(10X,20A2) 
TYPE 110 

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

111 FORMAT(/12X, 'P = ',F7.2; 
C /12X,'A = ',F7.2, 
C /12X, 'C = ',F7.2, 
C /12X, 'WL= ',F7 .2) 

TYPE 120 
120 FORMAT(/10X,'LAMP:') 

TYPE 121,LMPTYP 
121 FORMAT(/12X, 'TYPE = ',A2) 

TYPE 122, (LMPSER(I),I=1,9) 
122 FORMAT(12X,'SERIAL NO. = ',9A2) 

TYPE 123,LMPVLT 
123 FORMAT(12X, 'LAMP VOLTAGE(VOLTS) = ',I4) 

TYPE 124,LMPAMP 
124 FORMAT(12X,'LAMP CURRENT(AMPS) = ',I3) 

TYPE 125,LMPHRS 
125 FORMAT(12X,'LAMP OPERATIONAL LIFE(HOURS) = ',I5) 

TYPE 130 
130 FORMAT(/10X, 'PHOTOMULTIPLIER:') 

TYPE 131, (IPMTYP(I),I=1,10) 
131 FORMAT(/12X, 'MODEL= ',10A2) 
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TYPE 132,IPMTDV 
132 FORMAT(12X, 'DYNODE VOLTAGE(VOLTS) = , ,IS) 

TYPE 140 
140 FORMAT(/10X,'FARADAY CELL CONTROLLER:') 

_ TYPE 141 
141 FORMAT(/12X,'POLARIZER') 

TYPE 142,IPHASP,IGAINP,IAMPLP,ITIMEP 
142 FORMAT(/12X, 'PHASE = , ,I4, 

C /12X, 'GAIN = ',I4, 
C /12X, 'AMPLITUDE = ',I4, 
C /12X, 'TIME CONSTANT(MS) = ',I4) 

TYPE 143 
143 FORMAT(/12X,'ANALYZER') 

TYPE 142,IPHASA,IGAINA,IAMPLA,ITIMEA 
TYPE 150 

150 FORMAT(/10X,'GALVANOMETER AMPLIFIER:') 
TYPE 141 
TYPE 151,IGAGP,IGATP 

151 FORMAT(/12X, 'GAIN = ',I6, 
C /12X,'TIME CONSTANT(MS) = ',I6) 

TYPE 143 
TYPE 151,IGAGA,IGATA 
IGAIN=IPOL/64 
NCHP=IPOL-IGAIN•64 
NCHA=IANA-IGAIN•64 
TYPE 160 

160 FORMAT(/10X,'ANALOG/DIGITAL CONVERTOR:') 
. TYPE 161,NCHP,NCHA,IGAIN 

161 FORMAT(/12X, 'POL. INPUT CH. = ',I1, 
C /12X, 'ANA. INPUT CH. = ',I1, 
C /12X, 'ADC GAIN = ',I1) 

RETURN 
END 

SUBROUTINE T1TIME 
(•********************************************************************* 
C OBJECTIVE: DISPLAYS THE DATA ACQUISITION TIME FOR THE GIVEN 
C SPECTRAL SCAN ON THE CRT SCREEN. 

\..' 

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

100 FORMAT(/,10X,'THE NUMBER OF SPECTRA AVERAGED= ',IS) 
TYPE 110 I NRATE 

110 FORMAT(10X,'MEASURED SCAN RATE VIA COUNTER= ',IS) 
TYPE 120,IHRSO,IMJNO,ISECO,ITICO 

120 FORMAT(/10X,'DATA COLLECTION INITIATED AT: ',3(I2,':'),I2) 
TYPE 130,IHRSF,IMINF,ISECF,ITICF 

130 FORMAT(10X,'DATA COLLECTION FINISHED AT: ',3(I2,':'),I2) 



RETURN 
END 
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SUBROUTINE WLCALC 
C********************************************************************** 
C OBJECTIVE: TO CONVERT ENCODER COUNTS INTO WAVELENGTH USING 
C PREDETERMINED CALIBRATION CURVE PARAMETERS. 
C•********************************************************************* 

COMMON/M/IWAVE(400) 
OPEN(UNIT=2,NAME='DY1:WLCALC.OAT',TYPE='OLD') 
READ(2,996)IU,IL,Al,Bl,Rl,A2,B2,R2 

996 FORMAT(2(1X,I3),2(1X,F8.4,1X,F8.2,1X,F6.4)) 
CLOSE(UNIT=2,DISPOSE='SAVE') 
DO 40 1=1,400 
IF(I.LE.IL.AND.I.GE.IU)GOTO 10 
IF(I.GT.IL)GOTO 20 
COUNT=! 
WL=A1•COUNT+Bl 
GOTO 30 

llO COUNT=! 
WL=A2•COUNT+B2 . 
GOTO 30 

20 COUNT=I-400 
WL=AhCOUNT+B1. 

30 CONTINUE 
40 IWAVE(I)=WL 

RETURN 
END 
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SUBROUTINE WRITE 
C**********~******~**********~***********i**~***~*********~************ 
C OBJECTIVE: THIS SUBROUTINE ACTUALLY WRITES THE DATA STORED IN THE 
'c BUFFER MEMORY TO THE SPECIFIED DISK FILE. 
C•********************************************************************* 

COMMON/N/ICHAN,IBLOCK,IFLAG,IBUFF(256) 
EXTERNAL FINISH . 
IERROR=IWRITF(256,IBUFF,IBLOCK,ICHAN,IAREA,FINISH) 
IF(IERROR.LT.O)STOP 1 FATAL WRITE, 
IBLOCK=IBLOCK+l 
RETURN 
END 
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