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NOVENCLATURE - - -

Synbol Definition

Projected area on which incident light reflects
froma surface to a particle or from which

scattered light reflects froma surface to a
det ect or

d Particl e di aneter

i One of the paths (A, Bl, B2, or B3)

1<i> Paral |l el conponent of the scattered |ight
i <2) Per pendi cul ar conponent of the scattered |ight
i A range of particle size (0.1-1.0 inn in this

r esear ch)

Haj or axis of an elli pse
n Hi nor axis of an ellipse
nx Refracti ve i ndex of the first nedi um encountered by

the incident light <ni=1.0003 for air)

nm Refracti ve i ndex of the second nedi um encount eded
by the incident light <ne=1.45d for an oxide
|l ayer on silicon)

r Radi us of a spherical particle

t Thi ckness of an oxide |layer on a silicon wafer

A Surface area <of an ellipse) on which a particle

projects at a given incident/receiving angle
D Det ector | ocation with coordi nates <Xd, Yd, Zd)

O | mage detector | ocation with coordinates
<xd', Yd', zd')

Total energy of the incident |ight
H e intensity
Total Hie intensity received by a detector

Nie Intensity for Path* <lix»i<l)i*i<2)*>,
<1*S» kaly toSf or fc,3)

Me intensity for Path A
ti Hie intensity for Path Bl

H e intensity for Path B2
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It, 3 Me intensity for Path B3

L Half of the di stance bet ween two centers of the
ellipses for a shadow factor in the case of a
bare surf ace

L Hal f of the di stance between two centers of the
ellipses for a shadow factor in the case of an
oxi di zed surf ace

P Particle | ocation with coordi nat es ( Xp, Yp, Zp)

S Li ght source location with coordi nates (Xs, Ys, Z8)

S Image |ight source | ocation with coordi nat es
<)(s',Ys',2s')

Dl Dom nance | ndex

DP Di stance from a detector (D> to a particle (P>
SD Di stance froma |ight source <S) to a detector (D)
SF Shadow f act or

SFb Shadow f actor of a bare surf ace

SFc Shadow factor of a coated surf ace

SFi Shadow factor for Pathi G ~a, bi* txer or bs)

SFa Shadow factor for Path A

SFbi Shadow factor for Path BI

SFbi * Shadow factor for Path Bl when the incident |ight
refl ected by the air-oxide interface

SFbi " Shadow factor for Path Bl when the incident |ight
reflected fromthe oxide-silicon interface

SFt os Shadow factor for Path B2

Skt >e' Shadow factor for Path B2 when the scattered |ight
reflected by the air-oxide interface

SFt , e" Shadow factor for Path B2 when the scattered |ight
reflected fromthe oxide-silicon interface

SFb3 Shadow fact.or for Pat-h B3

SP Di stance froma |light source (S> to a particle <P>

(XY, 2zZ>d, p, 8,d, 8 Space coordi nat es of detector,

part-icle, |ight source, imge

detector and inmage |ight source

11
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« Reflectivity of the air-oxide interface

6 Reflectivity of the oxide-silicon interface
Ti Reflectivity for Pathj. <i=a, t.i, tae, or ”, 3)
fa Reflectivity for Path A

Tbi Reflectivity for Path Bl

Tfe Reflectivity for Path B2

Ttos Reflectivity for Path B3

8 A scattering angl e

8a A scattering angle for Path A (sinple scatter)
8t,i. A scattering angle for Path Bl <refl ect-scatter=>
6t 3e A scattering angle for Path B2 (scattez—+efl ect)

8"3 A scattering angle for Path B3 (refl ect-scatter-
refl ect)

O An i ncident angle (0Oi) or a receiving angle (07)

O* A refractive angle, O0O'ssin-*-<ni-sin0/ne)
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ABSTRACT

This report describes an anal ytical approach to Iight
scattering fromparticles resting on refl ective surfaces.
The phenonenon of light scattering fromparticl e-deposited
surfaces depends on the optical characteristics of the
particle, the surface, and the coated filmindividually and
t he conbi ned optical effects anbng these three. Me theory
was used to conpute scattering fromthe particle while ray
tracing was used to estimate the i nfluence of the surface.
Four pat hs have been anal yzed: <1> back scattering froma
particle on which incident |ight inpinges directly, (2>
forward scattering froma particle of incident |ight
reflected by a surface, <3) forward scattering froma
particle, which then reflects froma surface to reach the
detector, and <4> back scattering of reflected |Iight which
then reflects again froma surface to reach the detector. A
"shadow factor" concept was devel oped and applied for
nunerical determnmi nation of the anbunt of |ight refl ected
fromthe surface for each path. Cal cul ati ons were perforned
by a conputer programusing an IBM PC. The results of this
study suggest a theory to quantitatively deternine the |ight
scattering fromparticles on reflective surfaces. Non-—
nonot oni ¢ response for submcron particles was found.
Particle |l ocation on the wafer is crucial and the presence
of surface coatings al ways enhances response because of the
shadow factor. A dom nance i ndex was devel oped to descri be

the rel ative nagni tude of each path. Path Bl (reflect-
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scatter) was proved the nost inportant, having a dom nance
i ndex 95 % at an incident angle of about 16° for the oxide

t hi ckness greater than 3 pm and 91% at an i nci dent angl e of

about 21° for bare surf aces.

I NTRODUCTI ON

Laser scanners are used in semnm conductor industry for the
detection of particul ate contam nati on on wafer surfaces.

Si zing of particles on contam nated surfaces is an i nportant

function for | aser scanners. To size a particle, it is
necessary for the instrunent to know the rel ati onship of |ight
response (scattering intensity) with particle size. M e theory
is the well -known nethod to describe light scattering by

spherical particles in free air (Van de Hul st, 1981).
Unfortunately, Me theory has not been extended to predict the
light scattered by a spherical particle on a surface.

The current nethod for a | aser scanner to neasure the
sizes of particles relies upon experinental calibration. This
relates instrunent response to light scattering by nonodi sperse
pol ystyrene | atex (PSL) spheres deposited on given surfaces
under certain conditions. There is no theory available to
predi ct the phenonenon of |ight scattering from spheri cal
particles resting on reflective surfaces except an approxi mate
nodel presented by Knoll enberg (1986).

Therefore, the objective of this work was to apply Me
theory for a particle deposited on a reflective surface. This

approach enables us to gain insights into the optica
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I nteracti ons anpong the particle, the reflective surface, and
any transparent oxide | ayer present and also to
quantitatively determ ne the light scattering intensities

agai nst particle sizes.

THEORY

BACKGROUND

Li ght scattering froma single particle suspended in
air is a conplex phenonenon which was anal yzed by H e <1908>
based on Maxwel|l's el ectromagneti c wave equati ons. The
light intensities scattered by a spherical particle depend
on the foll owi ng paraneters: (1) the size of a particle, (2>
t he wavel ength of incident light, (3) the polarization of
the incident light, (4) the scattering angl e, (5) the
refracti ve i ndex of a particle, and (6) the refractive i ndex
of the suspendi ng nmedi um

Since the M e sol ution does not include the probl em of
light scattering froma particle attached to a boundary
surface such as a wafer, we nust seek an alternative
appr oach. Knol | enberg <1986>, Lilienfeld (1986}, and Locke
and Donovan (1986) have di scussed conponents for |ight
scattering under this condition. Four paths for 1ight
scattering analyzed in this work include: <1> Light
illum nates the particle directly and then scatters directly
to the detector. This is a sinple single backscatter

interaction <Path A). (2) Light reflected by the boundary
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surface illum nates the particle and then forward scatters
to the detector. This represents a refl ect-scatter
interaction path (Path Bl). (3) Incident light hits the
particle, scatters to the surface and is then reflected to
the detector. This is a path of scatter-reflect interaction
(Path B2>. (4) Conbining (2> and (3>, incident |ight
reflects first, backscatter fromthe particle to the
surface, and reflects again to reach the detector. This is
a reflect-scatter-reflect path (Path B3>. These four paths

are schematically shown in Figure 1.

itih, > )» >> >» .".., . }Hi}>n. >n TTTTr Tfr TTr TTrnd TTr TTTTr TTTTTTTTVT:
A : Sinple Scatter Bl : Refl ect-Scatter
TrT7T777770c 7T7TT7T7-r T7T7T7TTIT77T70 T77T77°NT?T
B2 : Scatter-Ref |ect B3: Refl ect - Scatter- Refl ect
I nci dent Light Scattered Light

Figure 1  Four Paths of Light Scattering fran a Sphere on

a Reflective -Surface
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ot her possi bl e paths, for exanple, scattered |light re-
illum nates the particle, were not analyzed here for snal
contri bution of scattered light due to multiple refl ections

and multiple scattering.

ASSUMPTI ONS

To nodel light scattering due to these interactions,
sone assunptions are nade here:

Cl > The particle is spherical.

(2) The reflective surface is optically snoot h.

(3) Each path acts i ndependently. The i nci dent and

refl ected waves do not reinforce or interfere.

(4) The total anmbunt of scattered |ight that reaches
t he detector results from addition of that from each
i ndi vidual path, i.e., the scattered waves do not interfere.

(5) Light scattered by a particle is independent of
where on the particle the light is incident. For exanple, a
particle will scatter light in the sane way if it is
illum nated by unity area with light intensity of one, as it
is illumnated by a half unit area with two units of [|ight
intensity.

(6> The projected area of a particle is small conpared
to the area illum nated by the |ight source.

(7> Scattered light is detected at a point.

<8> Sone incident light will be reflected at the air-

oxide interface when an oxide layer is present. Oher |ight
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wi Il penetrate through and wll partially reflect back to
t he upper aurface of the oxide layer. No energy will be

absorbed by the oxide. Single reflection fromthe oxide-

silicon interface i s assuned.

PATHS

Path A represents light scattering froma particle
wi thout regard to the effect of a surface. This is
equi valent to the conventional |ight scattering froma
particle in a honbgeneous nedium (M e scattering).

The scattering angle, 6, is usually defined as the
angl e between the direction of the incident [ight and the
scattered light. The scattering plane is the plane

containing the line in the direction of the incident |ight

Li ght Source Det ect or
S=(Xs, Ys, Zs) (Xd, Yd, zd)
Scattering
Pl ane

Ref |l ecti ve
Sur f ace

Direction of

I nci dent Li ght

Figure 2 Definition of the Scattering Plane and Scattering Angle
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and the line in the direction of the scattered |ight.

Figure 2 shows a scattering plane and scattering angl e.

The scattering angle can be determ ned by the coordi nat es of
the light source (S)-<Xs, Ys,Zs), the particle (P)-
<Xp, Yp, Zp), and the detector <D)-(Xd, Yd, Zd>. Equation (1)

gi ves the dependence of the scattering angle on these

coor di nat es.
SO - SP' - DP>»

e = I1IT - cos-*< ) <1)
- 2- SP- DP

I nci dent Light

i Scattered
' Light

{SIDE  VIEW
Particle

Refl ecti ve Surface

fIN -

A N c ! (TOP VIEW
WQ\L // J

\VAY; / /
\ Ny

Figure 3 Light Reflected by an Illumnating Area on a Surface

The reflect-scatter path. Path Bl is the path Dby which
the incident light hits the surface close enough to the
particle to reflect onto the particle, and then be forward
scattered by the particle into the detector. Question 1 is

how much incident light will be reflected from the
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reflective surface to the particle. As Figure 3 shows, if
the reflected position of incident light, region Ain figure
3, is too far away fromthe particle, the reflected |ight
will not hit the particle. |If the position, such as in

region C, is too close to the particle, the incident |ight

will be intercepted by the particle so that no reflected ray
exi sts.
To nurmerically deternine the anpunt of incident |ight

that reflects to the particle, a shadow factor <SF) is
defined as the area of the incident light on the reflecting
pl ane that is reflected to the particle divided by the area
of the particle projected onto the reflecting plane <
equati on (2>>

Pl m— _ — J— _ = ——
A

The shape of a spherical particle projected onto a surface
at a given incident angle is an ellipse. a, the region Bin
figure 3, and A the area of the ellipse, are determ ned by
equations (3> and (4>. Conplete procedures for the

derivations of a and A are listed in appendix A Equations

(3> and (4> summari ze these results.

a = 2-r *- =si NnO [10-seco0) =3=
P = i r - r - - Secoo _ =1 =
SFt , = =8l N=20=*20=/ Tr 5=

By substituting a and A in equation (2), the shadow

factor can be expressed in ternms of 0 as shown in equation
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<5>. It increases from O for 0=0 (nornmal incidence) to 1
for O=Tr/2 (incident light parallel to the surface).

The second question to be concerned is scattering
angl e associated with Path Bl (Soi). It is different from
6a. An easy way to understand the rel ati onship between 601
and 6a is to imagi ne an i nage |ight source caused by the
reflective surface which is treated as a mrror (figure 4).
Let the reflective surface be the XY plane in space. The X
and Y coordinates (Xs',Ys'> of the image |ight source is the
sane as those of a real |ight source (Xs”Ys). The Z
coordinate CZs') of the image |ight source is the negative
val ue of Zs. Therefore, 8t3% can be cal cul ated from equati on
(1) by substituting (Xs,Ys,Zs) with (Xs',Ys"',Zs').

The third path by which Iight scattered froma particle

on a reflective surface reaches the detector is the scatter-

refl ect path (B2). This path has sone characteristics
simlar to those of Path BIl. A shadow factor is al so
applied in Path B2. The value of this factor is deterni ned
by the receiving angle (0”), which is defined "b the angle
bet ween the direction of scattered |light and the direction
normal to the reflective surface (see figure 5), of the

det ector using equation (5>  The scattering angle of Path

B2 (6fc,a:> can be found by the imge techni que already

di scussed in the Path Bl anal ysis. An i mage det ect or,
instead of an inmge light source, is illustrated in Figure 5
to determne 6t>e. It turns out that 67, is equal to 6t,i -

S € — — S T =1 ' & - D
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fran Det ect or
Li ght Source Li ght Source D=(Xd, yd, zd) .
Direction
of | mage

Li ght Source

Sur f ace

P=(Xp, Yp, Zp)

Sur f ace

/

o' fran I mage

| Light Source A eAG ARSNAXSANYS! NS

Figure 4 Particle Illumnated by an Inage Light Source

to
Det ect or Li ght Source
(Xs,Ys, Zs) - Det ect or
Pairticle
-/-
Surface et ot ParticleM™ (Xp, Yp, Zp)

\ \ Di rection of
I nci dent Light
| mage Detector \ X

\

Figure 5 Scattered Light Received by an | mage Detector

Image DetectorTD = ( Xd', Yd', zd')
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Conbi ning the refl ect-scatter and scatter-refl ect
paths, a reflect-Bcatter-reflect path (B3) is deterni ned by
two shadow factors, as discussed in the Path Bl and Path B2
anal ysis, and a new scattering angle (9b>3>> An inmage |i ght
source and an i mage detector are both applied to deternine
6] 33 (figure 6) . It cones out to be the sane val ue as that
of Path A as shown in equation (8>.

— « - 1 = < _x—a < =>

from Li ght Source

Li ght Source
Di rection

of | nage
Li ght Source

Particle

Parti cl eVP={ Xp, Yp, Zp)
e

Sur f ace
I mage /
Li ght/
Sour i \
| mage
Li ght 1 Imge
Sour ce \Det ector .
S =(Xs',ys',Zs'") Me=(Xd', Yd', Zd")

Figure 6 Light Scattering with an Image Light Source and an | mage Detector

In summary, al | four paths discussed above have
different optical characteristics. Shadow factors are
dependent on the incident angle <0i) of the light source or
the receiving angle <O»-> of the detector. Scattering angles
are determned by the positions of the [light source, the

particle, and the detector as well as whether light has been
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refl ected or scattered. Table 1 euM nari zes the optica

characteriatics for all four Mechani sns.

Table 1 Optical Characteristics of Light Scattering Paths

PATH 1 SHADOW FACTOR 1 SCATTERI NG ANGLE
Si mpl e 1 1 i
Scatter 1 A 1 Ho 1 Sa
Ref | ect - 1 1 SFbi depends on 1
Scatter 1 Bl 1 incident angle 01 1 Shi .
Scatter - 1 i SF*e depends on 1
Ref | ect 1 B2 1 receiving angle Or-i 6bSE = 671
Scatter - i B3 1 SF*i and SFoe 1 8t >3 = da
Ref | ect i 1 1
-—_- - === = = -+ - - = +- - - - --— e e e = = = — -ﬂ,,,_______,,,_ —_—

SURFACE LAYER EFFECT

An inmportant, effect, on light acatt.ering fromparticles
deposited on wafers covered with oxide | ayera of vari ous
t, hi ckness has been experinent.ally reported (Locke and
Donovan, 1986). When a light source illuninates a

reflective surface covered with an oxide |l ayer, part, of the

incident light is reflected at t.he air-oxide interface. The
ot.her part, of t.he incident, |ight penet.rat.es the |layer at the
refractive angle, reaching t.he oxide-silicon interface.

Light reflected at t-his interface passes back through the
oxide to the air-oxide interface. This reflected conponent
t hen penetrates the top of oxide |layer and strikes the

particle after another refraction. If the reflectivities at
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the air-oxide interface and the oxide-silicon interface be a
and B respectively and E is the total energy of I|ight
illumnating the reflective surface, aE will be the anount
of energy reflected at the air-oxide interface and B(l-a)E
will be the light energy reflected at the oxide-silicon
i nterface.

The shadow factor for aE can be estimated by equati on

<6>. The part fi<l-a)E has nore possibility of

I nci dent Li g™t

Air-Oxid .
Iln;erf.lacz J 01 (Reflectivity)

Oxi de-Silicon
Interface »ntff A»f/*r r»r i > rr»rnwnnt tr/rrnemarm fl (Reflectivity)

Figmwe 7 Particle Illumnated by Light Reflected by

the air-oxi de and oxide-siliccn interfaces

hitting the particle for a distance of 2-t-tan(' (see figure
7)  nmoving toward inside of the particle. Therefore, the

shadow factor for B(l-a)E is greater than that for aE
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Appendi x B shows the derivation of the shadow factor when an

| ayer exists. Equations C9), (10> and (11> summarize this

cal cul ati on.

L- = r -t anmno Clt - t anmoO”  ©2)

| g g L= e SsSs e O C AL_O)>DH>
2 L L

SFc =---1---"j nNn>L" [in-*<---)3 <11=>=
| T | gn gn ol L on g |

Equati on <11) shows that the shadow factor for an oxidized
surface is a function of particle size, the incident angl e,
refractive indices of air and oxide |l ayer, and the thickness
of oxide layer. Wen the oxide thickness is zero, equation

<11> is the sane bb equation (5).

DOM NANCE | NDEX

All paths may contribute to the total light intensity
received by the detector. It is difficult to defined these
contri bution from each ot her. A dom nance i ndex <DI > has

been designed to show the percent of total Me intensity
that belongs to a specific path. It is defined by the

foll owi ng equati on.

Dl i —— - - - - - - - - - - - - —a1=)

i is the given path(A Bl, B2, or B3> | is the range of

particle size of interest. The dom nance i ndex varies from

zero to one. |If a domnance index is zero for a particular

14
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path, there is no contribution fromthis path of scattered
light to the total response. [|£ a dom nance index is close
to one, the corresponding path is the dom nant path

contributing to the total Me intensity response.
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MODEL AND COVPUTATI ON

On the basis of the assunptions and nechani sns

di scussed above, a mathematical nobdel for the total Me
intensity received by a detector is set up in equation (13).

1t = r =Ti - SFi - i) C 1L3)

i
ft is the reflectivity, SFi is the shadow factor, and It is

the Me intensity of each individual nechani sm

In case of Path A for both bare and oxi di zed surf aces,

fa-SFa is equal to one because of a total illunmnation in
this mechanism Jla is the He intensity at scattering angle
af i a.

For Path Bl, in case of bare surface, t”x is the

reflectivity of the surface and SFbt is the shadow factor,
determ ned by equation (5> w th incident angle 0i. Wen
the surface is oxidized, ttax- SFtat. becones the form shown in
equati on (14>.

Tbt - SFtoi = a-SFbt'* B- (l-a)-SFt.i" (14)

a, B are the reflectivities at air-oxide interface and
oxi de-silicon interface. SFb,i' is the shadow factor for the
oxide layer. SFtsi" is the shadow factor for the silicon
sur f ace.

For Path 82, in case of a bare surface, ft>e is the
reflectivity of the surface and SFt,e is the shadow fact or

determ ned by equation <5), with receiving angle 0*-. \Wen

16
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the surface is oxidized, Tt”"e' SFb>e becones the form shown in

equati on <15>.

-rt,e-SFt.e » «-SFt,a"+ fl- (1-a> - SFt,e" (15)

In case of Path B3, SFt>3 is equal to SFioi tinmes SFt,e. 173
is the He intensity at scattering angl e di~s*

A programwitten in Turbo Pascal has been devel oped to
handl e all cal cul ati ons runni ng on a personal conputer.
Appendix Clists the guide to users and the program
statenents. A command-driven nenu was designed in this
programto make it easy to use. This program has the
capability of transferring data into Lotus-acceptable files
for further data treatnent such as graphing and statistical
anal ysis. To reduce conputation time, a 8087 math
coprocessor is reconmended to be installed in the PC. This

may save 75x of the conputer tine to obtain results.
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RESULTS AND DI SCUSSI ONS
SHADOW FACTOR

For the bare surface case, the shadow factor is a
function of incident angle or receiving angle only. Figure
6 shows the relationship between the incident/receiving
angl e and the shadow factor. The shadow factor goes from
zero for normal incidence/ receiving to one when light is
parallel to the surface. At an incident angle of 15*, the
angl e used in the Wafer Inspection System (WS-1SO built by

Aeronca El ectronics, Inc., the shadow factor is 0.326.

d=2.0
1.459

t =o. 2:

b 0.6

20 310 410 50 60 7t)
I nci dent/ Recei ving Angl e, degree
Figure 8  Shadow Factor for Bare and Oxidized Silicoi Surfaces
Wen a surface is coated with a thin film the shadow

factor for light reflected from bottom surface becones nore

conpl i cat ed. Incident/receiving angle, refractive index and
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thickness of the filn, and particle size are the factors
need to determ ne the nagni tude of the shadow factor. As
depicted in figure 8 the shadow factor increases from zero
to one with increasing incident/receiving angles, given a
coating thickness of 0.25 h™of silicon dioxide (refractive
| ndex=1. 458> and a particle size of 2.0 nm The curve for
an oxidi zed surface for a fixed particle size shifts up-
leftward fromthat for a bare surface. I n ot her words,
gi ven the sane incident/receiving angle, the shadow fact or
for a coated surface will greater than that for a bare
surface. For exanpl e, the shadow factor is 0.379 for a
particle of 2.0 pmdianeter on a surface coated with silicon
di oxi de of 0.25 pmthickness at the incident angle of 15%*;
on a bare surface the shadow factor at this sane i nciden
angle is 0. 326.

Fi gure 9 shows how shadow factors vary with the
t hi ckness of the oxide |layer as a function of particle sizes
<0.5, 1.0, 2.0, and 4.0 pn) under a fixed incident/receiving
angl e of 15*. All curves start with the sane point which
corresponds to the shadow factor of a bare surface for a
fixed incident/receiving angle (e.g. 15*>. The curve for a
|l arge particle noves toward the right wi th decreasi ng sl ope.
It is easily understood that a small particle resting on a
surface coated with a given thickness will be nore
Illum nated by a light beamreflected fromthe bottom
surface than a large particle will be. For i ncreasing

coating thickness, the shadow factors for small particles
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Di anet er
4.0 um
Coati ng Thi ckness, um

Figure 9 Shadow Factor vs Coating Thickness
I ncident Angle = 15°, Coated by Silicon Dioxide

Sat urati on

Curve

20 30 40 50 60 70 80 90

I nci dent/ Recei ving Angle, degree

Figure 10 Thickness/Dianeter Ratio vs |ncident/Receiving Angle

f or Shadow Factor Saturation

20
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i ncrease dramatically and reach a condition of saturation.
i.e., the shadow factor is equal to one. The shadow factors
for a large particle also reach saturation but at a sl ower
rate. A ratio of coating thickness to particle dianeter can
be found above whi ch saturation will occur given an

i nci dent/receiving angle and the refractive indices of the

two nediuns (air and oxide in this case). This is shown in

appendi x D and summari zed i n equation (16).

t (I -si nO)/ CCsO
(16)

d 2si nO/ *r(ne*/ ni *)-sin' 0O

For exanple, if an incident/receiving angle 0 is 15*,
ni. = 1.0003, and ne:=I1-458, the t/d for saturation will be
2.13. These rel ati onshi ps could be al so found in figure 10.
In sunmary, illumnating light reflected fromthe bottom
surface (the oxide-silicon interface) becones nore inportant
for a snmall particle than for a | arge particle.
H E | NTENSI TI ES FOR THE BARE AND COATED SURFACES

Once the conputer programfor light scattering from

particles on reflective surfaces has been set up. H e
intensities for the paths di scussed above can be cal cul at ed
given all the paraneters needed in the program The val ues

for all paraneters used in our calculation are given in

Tabl e 2.
Figure 11 shows curves of Hie intensity cal cul ated for

Path A which corresponds to a scattering angle of 165* (nore

backward scattering). A non-nonotonic response
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0.1 0.3 0.5 0.7 0.9
Particle Dianeter, um
Figure 11 Relative Me Intensity vs Particle Size, Path A
I ncident Angle =15° Scattering Angle = 165*

14U

\
Lo //rsum \ |r\
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'S e /
/ it2) rA
60 - / / N J
40- / y

£20- /’ /

——[——/\j : MAA

0.1 0. sN! 05 0.7 0. Y '

Particle D aneter, um

k»n k=
—

Figure 12 Relative Me Intensity vs Particle Size, Path Bl
I nci dent Angle =15*, Scattering Angle =15°
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(oscillation) is found for particle sizes between O and

1.0 piR Curve valleys occur at the particle sizes about

0.53, 0.71, and 0.90 pm

Tabl e 2. Par aneter Values for Hi e Cal cul ati on
FPar anret er N al ue

Particle Refractive

I ndex 1.586%«- O (PSL spheres)
Wavel engt h of Inci-

dent | i ght 0. &328 pm (Hel i um neon | aser)
I nci dent Angl e 15-
Recei vi ng Angl e o-

Refracti ve | ndex of
Oxi de Layer 1.458 (Silicon D oxide)

Refl ectivity of Air
-Oxide I nterface 0.3

Refl ectivity of
Oxi de-Sili con 0.9

| nterface

Figure 12 is a simlar plot for Path Bl. This plot
shows that the H e intensity curve is close to nonotonic for
particle sizes less than 0.84 pm Beyond 0.84 >m the
response becones non-nonotonic. The nagnitude of H e
intensity fromPath Bl is much greater than that from Path
A This Inmplies that even through a shadow factor applied
for Path Bl is only 0.326, Path Bl nakes nore contribution
to the scattered light received by the detector. This is
because of the small scattering angle (15*) for Path Bl.

Figure 13 is a conbined plot for He intensities from

Paths A and Bl, and their total for a bare surface. There

23
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180

160-
140

120-

| oa

0.5 0.7 0.9

Particle Dianeter, urn

Figure 13 Relative Me Intensity vs Particle Size, Path A Bl and Total
Incident Angle = 15*, Receiving Angle =0*

300

280
260

S 140

> 100

s 60

0.3 0.5 0.7
Particle Diameter, um

Figure 14 Relative Me Intensity vs Particle Size, All Paths and Total,
I nci dent Angle = 15° Receiving Angle =5'
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is no light scattering from Paths B2 and B3 because a nornal
receiving <0k- = O was used in the calculation. Figure 14 is
a pl ot of another exanple at an incident angle 15* and a
receiving angle 5*. It shows that the pattern of the curves
is simlar to that of the curve in figure 13. The curves of
Path B2 and B3 are present because of the receiving angle is
not O The magnitude for Path B3 is very snall for its
nmultiple reflections.

In general, the total H e intensity has the sane
pattern as that fromthe dom nant path such as Bl in these
two exanples. The path, such as B3, of nultiple reflections
or nultiple scattering has al nbst negligible contribution to
the total anmount of N e intensity.

As di scussed before, the shadow factor increases with
i ncreasi ng coating thickness for a given particle size.

This nmeans that nore of the light reflected fromthe bottom
surface will be scattered by the particle. Figure 15 plots
the total Nie intensity against particle size given a

vari ety of oxide coating thicknesses (bare, 0.1, 0.2, 0.4,
0.8, and 1.6 tnn') . It shows that all H e intensity curves
have the sane pattern, i.e., peaks and valleys occur at the
sane particle size. The only difference is the magnitude of
the Hie intensity.

In summary, an oxi de coating increases the amount of
light illumnating a surface particle by Path Bl, the

reflect-scatter. It makes particles scatter nore light to

t he det ect or.

25
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400

5 150

Particle D aneter, um

Figure 15 Total Relative Me Intensity vs Particle Size
I ncident Angle = 15*, t=0, 0.1, 0.2, 0.4, 0.8 and 1.6 um

GEOVETRY EFFECTS

A commpbn way for a | aser scanner to detect particles on
a wafer is to scan the incident |ight beam across the wafer
fromone edge to the center and then to the ot her edge of
the wafer. The wafer transportation systemthen advances
the wafer a snmall distance for further inspection. The
question to be discussed next here is the dependency of the
Me intensity response upon particle position along this

scan line. Figure 16 depicts the Me intensity response

26
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agai nst particle size as a function of particle position on

a 3" dianeter wafer. The curves shown in figure 16 al

18a

1" off

O. A oO. = oOo. 5 oO. 7

Particle D aneter, um

Figure 16 Total Relative Me Intensity vs Particle Size,
Function of Particle Positioi on a Wafer

have the sane scattering paranmeters except for particle
position: at the center of the wafer, 1" ; and 1.5" away
fromthe center. These curves show a substantial difference
in Me intensity response when a particle deposits on a
variety of the positions on the wafer. Table 3 lists the
par anmet ers changed because of the change of particle
position. The substantial changes In all the angles and the
shadow factors provide a good explanation as to why the

response changes so nuch.
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The scattering angle and the shadow factor are two
i nportant paraneters that affect the Me intensity seen by a
detector. A particle away fromthe center of the wafer wl|
i ncrease the scattering angle and so decrease the Me

Tabl e 3. Conmpari son of Scattering Paraneters anobng
Particles on D fferent Positions of a Wafer

PARTI CLE PGSl TI ON
Par anet er Cent er 1" off 1. 5" off

Scattering angle of Path A B3 165* 165.28* 165.61»
Scatteri ng angle of Path Bl1l, B2 15* 26. 78" 36. 04*
Il Nnci dent angl e, Oi 15* 18. 49* 21. 91*

Recei vi ng angl e, Or O 11.31* 16. 70*

Shadow f act or f or Oi O. 326 0. 397 0. 464

Shadow f act or f or Or O O. 24a8 O. 361

intensity. The geonetry anong the incident |light, the
particle location, and the detector is very crucial for the

determ nati on of instrunment response.

DOM NANCE ANALYSI S

To make one path dom nate all others requires that al
pat hs but one approach zero. A normal receiving angle
<0Or - > nekes Paths B2 and B3 zero because no shadow f act or
exists. This was shown in the previous example. Simlarly,
nor mal i ncidence forces Paths Bl and B3 to becone zero. The
dom nance index for Path Bl is 0.896 when the incident angle

is 15* and the receiving angle is zero. Further anal yses of
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t he dom nance i ndex versus the incident angle in figure 17
show t hat a maxi mrum dom nance i ndex of O0.912 occurs at the
i nci dent angl es about 20 - 22* in the case of a bare surface

1.0-

= O = O s O = O
I nci dent Angle, degree

Figure 17 Daninance Index vs Incident Angle, Function of
xi de Thickness (t=0, 0.5, 1.0, 2.0, 3.0 and 4.0 um

and the size range between 0.1 - 1.0 pm I f oxide coating

t hi ckness i ncreases, the optinal incident angle which shows
t hat t he maxi num dom nance i ndex shifts toward snall er

val ues of I ncident angle until a saturation condition occurs
wi th a naxi num doni nance i ndex of 0.955 at size range of 14
- 18* (figure 17). These results give a good idea of how
dom nant one path can be and allow further instrument design

efforts to be based on optinal incident angl es.
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CONCL USI ONS

Four | ndependent paths by which Iight can be scattered
froma particle on a reflective surface to a detector have
been defined and anal yzed. The shadow factor was | ntroduced
as a quantitative index to determ ne the anount of particle
projected area illum nated by the reflected light. A nodel
based on these concepts predicted that |ight scattered from
particles on a reflective surface give a non-nonotonlc
response for a particle size range of 0.1 - 1.0 pm
Particles having the sane size deposited on different
|l ocations of the reflecting surface were predicted to
generate different responses to a detector and were
expl ai ned by the change of scattering angl e and shadow
factor. It is recommended that | aser scanning be done with
a constant scattering angle to obtain a consistent response.
The coatings on a silicon, surface such as a non-absorbi ng
oxi de | ayer, have shown to enhance | nstrunent response
wi t hout changi ng t he shape of the response curve. Coatings
also led to an optimal domi nance i ndex for one of the paths

-- nore than 95X within the range of I|ncident angle between

14 - 18-.

Furt her research should consider the effect of |ight
Interference on the shadow factor. The effect of nultiple
reflections within the coating nedium and i ndeed between the
I ncident Iight and that reflected fromthe bare silicon

surface should be I ncorporated Into the anal ysis.

30
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Experinments should be conducted to verify the validity of

this anal yti cal approach.

31
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Appendi x A.

Deri vati on of Shadow Factor for Bare Surf aces

Recall the definition of shadow factor <SF> and

Al

equation (2> in p.9. SF is determined by two terns as the

foll ow ng.

SF = =&

I nci dent Light

i Scattered
(Side View)
rff=r-secO
(Top View
=2L-M ' MH JM=r-tand
Figure Al Light Reflected to a Particle on a Bare Surface

As shown in figure Al, ais the illumnated area and Ais

the total projected area of a particle illum nated by
incident light given an incident angle 0. Let mand n be
the major and m nor axes of an ellipse, then A can be

expressed as equation <A |).

<2)
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AN = I 77— J>— nm A 1 D
nis always equal to the radius <r) of the particle. mis a

function of incident/receiving angle O (see figure A).

Thus

>> — r - sSec O —_—A. 2
g — o — A = —
Substitution of equations <A 2> and (A 3) into equation

(A. Il > gives

A = TT-r'" -—secC =4g4) , =A. 4=
To determne the illum nated area a, sone transfornations
should be made. First of all, let the nmoon-like area (a) be

di vided by two equal horn-like areas (region X) as

illustrated in figure A2. This gives

Figure A2

Fi gure A3
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A3

a = 2- (regi on X (A 5)
The horn-like area, region Xin figure A3, is equal to the
area of region X plus B mnus region C, as in equation
(A. 6>, for the equival ence of regions B and C

(region X) = (region X+B) - (region C (A 6>
Region X+B is equal to a quarter of the area of an ellipse,
region D, plus the region E as shown in figure A4. Thus

(region X+B) = (region D) + (region E> (A7)

Fi gure A4

Region Cis equal to region Dmnus E as in figure A5. This

gi ves

(region C) = (region D) - (region E> (A 8)

Figure A5

Substitution of equations (A 7) and (A 8) into equation

(A 6> gives

(region X) = 2-(region EBE) (A 9)


NEATPAGEINFO:id=8FD21011-8D99-4C84-83D5-CEAE309D3F1A


Thus
=1 = 4. (regi on =) (AL 1 O
The function of an ellipse given major and m nor axes of m

and n can be expressed as equation (A 11).

>
= 1 <A. I 1)

Regi on E

(0, 0) (0,L).
| Mdx
Fi gure A6
As figure A6 shows, the function of the curve (upper
boundary) of region E is the elliptic function as the

equation (A . 12) which is rearranged from equati on (A 11),

ignoring the negative val ue of the square root.

n

Yy S---Vnr-x* <A. 12)

m

Thus, area of region E, defined as a', can be taken an

elliptic integral fromzero to L. This gives

y dx = --->rnt -x* - dx (A 13)
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Here L, as a function of 0, is a half of distance between
the centers of two ellipses (see figure Al), and can be

expressed as equation (A 14).

L = r — € &= rm O C 2. A=)
Si nce
1 X
>rin*-x'-dx =---[ x-*"Tm -x* + mM»-sin-~(---) 3
——— e} ——

Therefore, equation (A 13) becones

@ L
a’ =----- [ L-"mM-L" + in -sin-i(---> 3 (A. 15)
= — Fa m a m

Substitution of equations (A 2), (A 3), and (A 14) into

equation (A 15) gives
a’ = - - - - ( 8i NO + O-secO0 ) (A 16)

Thus
a = 4-a' = 2-r»-<sin0O [0-sec0) <3), (A 16)

Fi nal ly, shadow factor becones

a 2-r*-<sinO0O + 0-secO)

= (sin (20)+20)/1T (5), (A. 17)

A caution here is that equation (A 17> can be applied

only in cal culating shadow factor for bare surfaces.

AS
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Bl

Appendi x B.

Deri vati on of Shadow Factor for Coated Surfaces

When |ight passes through a medium of refractive index
ni and hitting a light transm ssible nmediumof refractive
index n«s: with angle 0, a refractive angle 0" occurs based on

the Iaw of refraction. This gives

6i Nn0' = - si nO (B. 1)
Hift

Recal | the situation that |ight penetrates through a

coating, reflects froma bottom surface, passes upward

I nci dent Li "t

| Scattered Light

(Side View)

| Qcide

t Coating

(Top View

2-t-tan(Zf"i'T* 'eN 2-r'tano

Fi gure Bl
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B2

t hrough the coating again, penetrates the top of the
coating, and then hits the particle. This gives light nore
possibility to hit the particle for a distance of 2-t-tan0
moving toward inside of the particle. Figure Bl depicts
this phenonmenon. Consequently, the distance <R> between the
centers of two ellipses becones greater than that in the
case of a bare surface. This gives R as

R = 2-r-tanO=as 2-t -t anoO’ (B. 2=
Here, t is the thickness of coating and 0" is the refractive
angl e which can be determ ned fromequation (B.I>.

The upper bound (L> of integration in equation <A 13)

is ahalf of R Let L' be the upper bound of integration in

t he case of an oxi di zed surf ace. Thus
L' = RR2 = r-tanO + t-tanO' <9), (B. 3)

Recalling a' in equations (A 13> and (A 15) gives

pi _» N

--->rm - x*-dx

J o m
N L’
----- I L'-tfm»-L" + mM-8in-"<---) 1 <B.4)
= — | oumn oumn E m m
Shadow f act or becones
a 4- a
SF «----- = - - - - -
A I T- »- n
(g ] - L_-
4------ [ L'->rme-L"* Om»-8in-M--> 3
= — W m W
2 L L
= - -t---J"mp-L" [Bin-*<---)3 <B.5)

T \/ ¥ hedl
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B3

Equation (B.S) is the general equation for calculating
shadow factors. Wen coating thickness is zero in the case
of a bare surface, L'in equation (B.3) becones identical to
L in equation (A 14), and equation (B.5) can be sinplified

to equation (A 17>.


NEATPAGEINFO:id=B5D53842-EF92-4D42-9D60-A34B9F64B1C1


@

Appendi x C.
COVPUTER PROGRAM FOR LI GHT SCATTERI NG FROM PARTI CLES ON

REFLECTI VE SURFACES

C. 1 CGuide to Users

This conmmand-driven program witten in Turbo Pascal
running on a personal conputer, is a conputation tool
specially designed for light scattering fromparticles on
reflective surfaces. It allows users to calculate Me
intensity as a function of particle size for Routes A Bl,
B2 and B3. In addition to generating results given
parameters, it can print data on the screen, on a printer as
a format of report and on a file which is Lotus-acceptable.

This programis divided into several files of source
program These are a nain programfile, a text file and
thirteen included files. Source prograns should be conpiled
before running. These thirteen included files will be
included in the main programduring compiling. A command
file, wth extension of .COM w |l be generated for
executing (executing can al so be done inside of Turbo
Pascal ). The text file will be used only when running this
command file. The relationship anmong these files can be
presented as figure C.I. To reduce the conputation tine, an
8087 math coprocessor is recomended to install in the
personal conputer. Conpiling should be perforned under the
node of Turbo Pascal with 8087 math coprocessor, i.e., using
TURBO- 87. COM i nstead of TURBO.COM  This optional usage can

save about 75Je of conputation tinme.
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I ncl uded Fil es Mai n Program Command Fil e
DECLARE .INC ---+

LI BRARY .1 NC

LI STGEN .1 NC

FUNCTI ON. | NC

EDI TDATA. | NC

LI GHTDEF. | NC ( Conpi | i ng)

M E .1 NC *--> MESCA PAS------------ > M ESCA. COM
PRNTDATA. | NC \
CcCOoOvVMUI . | NC TI TLE. TXT --=>I

M EEXI T .1 NC (Text File) I
SHOWSTAT. | NC \%
TRANSFER. | NC ( Executi ng)
AUTO .INCG--0O

Figure C.I The Relationship among all the files for Light

Scattering fromParticles on Reflective Surfaces

A command-driven style was designed in this program
because it is nore convient to use. Min nmenu is given nine
commands: AUTO, COWMUNI CATE, EDIT, LIGHT, ME, PRINT, QUIT,
STATUS and TRANSFER, to control all the functions in this
program The function of each individual main command and
Its subcommands is shown in table C.|. There are two ways
to use commands. One is moving high-light cursor to
specific command by pressing directional keys and then
hitting RETURN key. The other way is pressing the first
character of the conmand you want, for exanple, pressing 'P
or @'  for PRINT command. Some questions may be asked
before executing a command for data needed in the program
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Table C.1 Main Commands, Subcommands, and their Functions

Mai n Command t Subconmand | Functi on
1 1 Automatically process a
Aut o 1 - 1 special program designed by
1 1 users
1 1 Transformdata into Lotus-
Communi cate 1 - 1 acceptable file allowng
1 1 further treatnents
_ 1 1 Edit values for primry
Edi t 1 - 1 variables which all defaulted
1 Conbined 1 Define nonpolarized |ight
1 Exit 1 Return to main command |i st
I M gnx. l—- o~ — e e

1 Verti cal 1 Define perpendicular |ight

Me 1 - 1 Hake Me theory calculations

1 Printer 1 Make a report on the printer
Print 1 Exit 1 Return to main command |i st
Qui't 1 - 1 Term nate main program

1 Dom nant 1 Show dom nance anal ysi s

1 Exit 1 Return to main command i st
St at us 1 Primary 1 Show prinary variabl es

1 Secondary 1 Show secondary variable

1 Val ues-of- 1 Show val ues of shadow factors

1 Shadow 1
1 Load 1 Load a data file froma di sk
Tr ansf er 1 Save 1 Save data on a disk file

1 Exit 1 Return to main command | i st
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AUTO

AUTO i s a special command designed for running a
procedure which can be made by users who are famliar with
Turbo Pascal |anguage. These users can re-code the
statenents inside AUTO procedure of source program and re-

conpil e the whole program |t gives users the results they

want instead of repeating all the commands needed to run a

seri es of data.

COVMUNI CATE

Once data have been cal cul ated, they may need to be
transformed into a Lotus-acceptable file allow ng further
treatnents such as statistical analysis and graphing.
COVMUNI CATE command provides this function. A drive nane
and a filename will be requested for saving the transforned

data into a file which can be | oaded by using Lotus conmands

of FI LE- 1 MPORT- NUVBER.

EDI T

EDIT is a command to confirmor edit the default val ues
for primary variables, which are defined as variables, have
default values, are directly used in calculation for the

results or for the other variables (secondary variables).
Use directional keys to nove highlight cursor to a

particular variable. An 'Input a value :' question wll
appears at the left-top of the window for entering a new

val ue. Press <RETURN> key will force programreturn to main
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menu. Down and up arrow keys nove cursor quicker. <Hone>
end <End> keys nove cursor to the first and the |ast

vari abl es respectively.

LI GHT

LI GHT comand is used to define whether a |ight source
I's polarized or nonpolarized. COVBINED subcommand allows to
define a nonpol arized |ight source. EXI T subcommand returns
the programto main nenu. HORI ZONTAL subcomand defines a
l'ight source with parallel (to scattering plane) conponent

only. VERTICAL subcommand defines a perpendicular |ight

sour ce.

Once the primary variabl es have been confirmed or
edited, the programis ready for making H e cal cul ations.
H E command starts the conplicated calculation after a

confirmati on of yes.

PRI NT

PRI NT command is ready to use when finishing HE
command. PRI NTER subcommand organi zes data to a report
format and prints themon a printer. EXI T subconmand
returns the programto main nmenu. SCREEN subconmmand prints
data on the screen, dividing data into Routes A Bl, B2, B3

and total.
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QU T

To termnate the main program use QU T comand

followed by a confirmation of yes.

STATUS

STATUS conmand al | ows users to check the primry and

secondary variables and | ook at the dom nance indices and
shadow factors. DOM NANT subcommand shows the results of

dom nance indices. EXIT subcommand returns the programto
mai n menu. PRI MARY subcommand shows the current val ues of
primary variables. SECONDARY subcommand shows the status of
secondary variables. VALUES- OF- SHADOW subconmand |ists all

t he shadow factors after a M e cal cul ati on.

TRANSFER

TRANSFER command provides the programwth abilities of
transferring data in and out of disks. LQOAD subconmand

| oads data froma file saved before into the program SAVE
subcommand saves data on a disk for further use. EXIT

subcomand returns the programto main menu.
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C. 2 Pr-ogram Stateroenta

The programto calculate light scattering from

particles on reflective surfaces is divided into fourteen

parts.

ar e:

10.

11.

12.

13.

14.

Each part was saved in each individual file. They

M ESCA. PAS (rmai n program

DECLARE. | NC
LI BRARY. | NC
LI STGEN. | NC
FUNCTI ON. | NC
EDI TDATA. | NC
LI GHTDEF. | NC
M E. | NC
PRNTDATA. | NC
COVVU. | NC

M EEXI T. I NC
SHOWSTAT. | NC
TRANSFER. | NC

AUTO. | NC
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i File Nane : M ESCA. PAS < main program) )
Program M eScatteri ng;
($1 Decl are. | nc)

($1 Library.Inc)

($1 List.Gen. Inc)

($1 Function. I nc)

{$1 EditData.lnc)

($1 Li ghtdef.Inc)

($1 Hie.lnc)

(Sl PrntData.lnc)

{$1 Commu. I nc)

{SI M eExit.I|nc)

{$1 ShowSt at. | nc)

(Sl Transfer.Inc)

(Sl Auto.lnc }

begin ( main )

Headi ng;

ClrScr;

Li Bt Gen;

Def Var ;

whil e not exit do

begin ( while )
border (1, 4, 79, 25);
case Sel Cond) of

A" Aut onm;

'C : ConmmulLot us;
"E' : EditData;
"L' : LightDef;
M M e;

"P'" . PrintData;
'Q : MeExit;

'S : ShowsSt at us;
'T" : Transfer;

el se noi sed) ;
end; ( case )
end; ( while )
end. (nmin)
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*$

( File Nanme DECLARE. | NC

Pur poses const section,

type secti on,
var section,
def ault val ues

const

HaxNaneLen = 18;
HaxMessLen = 70;
NunConli st = 7 ; ( 1: Main
2 : Light
3 : Print
4 : Print Route
5 Conmmuni cat e
6 : St atus
7 Tr ansf er
MaxLi st Num 10;

ConlLevel

1; . . .
HaxLl st 60; { Maxinmumlist for Me calculation results )
pi 3. 141592654;

tYPC eType = string[133; { 13=3<" :'>MhxListLenC Cormuni cate' >

RenmlType = string 1603;
Conmlype = record _
st.ring CvaxNanmeLen3 ; ( Name 1

: byt e; ( X position )

: byt e; { VY position)
byt e; { length of nane }
8t.ring [HaxNessLen3 ; { mnessage }
byt e; { previous command }
byt - e C next conmand )

AR

end;
Li ght Type = (Combi ned, Hori zontal , Vertical);
Rout eType = <A, B1, B2, B3, Tot al >;
Val ueType » array [0..HaxList] of Real;
FNt ype = string[ 143;

Conli st array tl *NumConli st, 1e. HaxLi st NunB of ConType,;
Def aul t array [1, .NunConList3 of byte;

Li st Len array [1 - NunConlLi 8t 3 of byte;

Titl e array [1. . NunConLi 8t3 of Titl eType;

Exi t bool ean;

Act Com PreCom byt e;

Deci No i nt eger;

Li ght Li ght Type;

Rout e Rout eType; ) _ )

Rl pReal Real ; 2 Real part of particle refractive index )
RI pl mag Real ; | magi nary part of particle index )

Si ze Val ueType; ( size variable )
M el nt ensi tyl Val ueType; ( Hie intensity i(l>}
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{ File Nane : LIBRARY.INC

tyvype Nnanme functi on
p ErrPrint<ness> Print error nessage
p Rept Cha<n, c) Repeat characters
p drLine<n) gear a line
d Ra I l ear a range
B Li gh{%£;ﬂuéx:§, 1> H ghLi ght a defined cells
p Nor nScr T Turn the text node back to normal
p NorPrint<x,y, 1, s> Print a string in normal text node
p KeyCheck<CheKey, ch> Check the key pressed on the console
p Border<xl,yl, x2,y2) Drawa border
p Noi 6e( gel > Hake a variety of sounds _
p MessLi ne( message) Wite a nessage on th 3rd line
PPt rtypesetringl 80l p { st
e=6t [ strin e
6=<H . 3, B3 ot U ER 7 EB°ES P10, LA, RA UA DA Home, EndKey,
Spc, Resune, Tab, Ret ur n, Nunkey, Ch ey, Synkey) ;

CheKey : KeyType;
ch : char;

procedure ErrPrint(nessage:strtype>;
begin { ErrPrint }
t ext col or (23);
got oxy<81- | engt h<nessage>, 24);
w it eCnessage) ;
t ext col or (15);
end; < ErrPrint )

procedure Rept Cha(n,c:byte); { ﬁeppgrtescparacter given ASCI| code by

var i: byte;
begin ( ReptCha }
for i:=l to n do

write<chr(c)>;
end; ( ReptCha )

Erocedure CrLine(n:byte); ( clear aline given a line nunber }
egin ( clrline }
if nin [1..24]
t hen begin
got oxy(1,n);clreol;

end

el se errprintC drLine parameter error');
end; ( clrline)

"procedure O Range(u, 1:byte); ( clear a range given upper and |ower bound }

var irbyte;
begin ( clrange }
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if <uin[1..243) and <1 in £1..803>
t hen begin
for i:=u to 1 do
begin { for 3
gotoxy d ,i >;
clreol ;
end; { for )
end

el se errprint< C Range paraneter<s) error');
end; { clrange 3

rocedure LightCel 1<x, vV, 1: byt e>: Hi ghLi ght the cells given the
P g y I%ngth:f atgthegbeglnnlng posgtlon of <x,y) )
begin_% LightCel | ) ) _
iT <xin [1..803> and <y in [1..243) and (1 in [1..803)
t hen begin
got oxy<x, y);
textcolord fe);
t ext backgr ound<7) ;
rept cha<l , 32);
got oxy<x, y>;
end

el se errprint< LightCell paraneter(s> error');
end; ( LightCell 3

procedure Norntcr;
r.r..i)egin { Norntscr 3
t ext col or <7);
t ext background(1);
end; ( Norntcr 3

procedure NorPrint<x,y,1l:byte;s:strtype);
begin < NorPrint 3

got oxyCx, y) ;

Nor nScr ;

write<e);

rept cha(l -l ength(s), 32)
end; { NorPrint 3

procedure KeyCheck(var CheKey: KeyType; var ch:char);
begin ( CheKey 3
whil e not keypressed do;
if keyPressed then
begin ( KeyPressed 3
r ead( Kbd, Ch) ;
i f <ch=#27) and KeyPressed then
begin ( extended codes 3
read( kbd, ch) ;
case ch of
#59 : CheKey: =F1
#60 : CheKey: =F2;
#61 : CheKey: =F3;
#62 : CheKey: =F4;
#63 : CheKey: =F5;
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#64 :  CheKey: = F6;
#65 . CheKey: = F7
#66 @ CheKey: = F8;
#67 . CheKey: = F9;
#68 : CheKey: = F10;
#75 :  CheKey: = LA
#77 1 CheKey: = RA
#72 CheKey: = UA
#80%2 CheKey: = DA
#71 :_ CheKey: = Ho]ne;
#792 . CheKey: =EndKey;
{ #73 :: CheKey: =PgUp; Not yet defined in KeyType
#81 . CheKey: =PgDn;
#82 ' CheKey: = Ins;
#83 CheKey: = Del; ee)

end; ( case }
end ( extended codes }
el se case ch of ( single code }
#47 : CheKey: =Resune;
#32 : CheKey: =Spc;
{ #27 : CheKey: =Esc; )
#9 : CheKey: =Tab
#13 : CheKey: =Ret ur n;
#48. . #57 : CheKey : =Nu] nKey;
#65. . #90 : CheKey: =ChakKey;
#97. . #122: CheKey: =ChaKey;
#33.. #46 : CheKey : =Syj nKey;
#58.. #64 : CheKey : =Syi nKey;
#91.. #96 : CheKey : =Syi nKey;
#123. . #127: CheKey : =Syj nKey;
( #8 : CheKey: =BackSp; Not yet defined )
end; { single code }
end; ( KeyPr essed)
end; { CheKey }

procedur e Border (x|, yl, x2,y2: byt e>;
var i: byte;
begi n ( Border }
Text Col or <3) ;
if <x2-xlI<3> or <y2-yl<3) then errprintC Border paraneter(s> error'>
el se begin
gotoxy(xl,yl);wite<chr (201> >;
reptcha(x2-xl -1, 205>; wite<chr(187))-
for i:=yl+l to y2-1 do begin
gotoxy<xl,i);wite(chr<186));
got oxy<x2,i);wite<chr<186) >;

end;
got oxy <xl,y2);wite<chr<2Q0) >;
rept cha<x2-xl -1, 205); wite<chr<188));
end;
Nor nscr ;

end; ( Border )

procedur e noi seCsel : byte>; ( Sound a warni ng noi se }
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var i: byte;

begin { noise 3
case sel

o :

1 :

end;
end; ( noise }

of
write<chr<7));
begin { noise 1)
for i:=I to 4 do
begi n
sound<120*<i -1) «100) ; del ay<40>;
nosound; del ay( 2) ;
end;
end; £ noise 1)
begin ( noise 2 )
for i:=4 downto 1 do
begi n
sound<120*<i -1)»100) ; del ay(40);
nosound; del ay(2) ;
end;
end; ( noise 2 )
begin { noise 3 - Synphony No. 5 Beethoven J
for i:=I to 3 do
begi n
sound(170) ; del ay<150) ;
nosound; del ay<10) ;
end;
sound( 140) ; del ay(800) ; nosound;
end; ( noise 3}
begin ( noise 4 - step )
«ound<50) ; del ay<50) ;
nosound;
end; ( noise 4 )

el se noi sed )
( case )

procedure MessLi nedi essl strtype);
begin ( MessLi ne }

Cl rLi ne<Coi RLevel *2) ;

got oxy (2, Co]nl evel *2) ;

Text Col or <14);

wri t edness)

Nor wScr ;
end; ( HessLine )

procedure CR
begin ( CR J

)

Cl Range( Coi nLevel , Co] RLevel *2) ;
CR

ConPrint<z: byte);

end; (
pr ocedure
var i:byte;

begin ( ConPrint }
got oxy <1, CowLevel);
witeCitleCzD);

for

to ListLen[z3 do

C15
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with CowlListtz,i 3 do
begin ( with }
got oxy(x,y) ;
writeCN);
end; ( with }
end; { ConPrint }

procedure |ightcon(a, b: byte};
begin ( lightcom}
wi t h CoxLi st[a, b3 do
begi n
lightcell (x,y, 1} ;
writeCN);
Nor at Scr ;
MessLine(l 1> ;
end;
end; ( lightcom}

procedur e darkcoi n<a, b: byte> ;
begi n ( darkcom}
wi th Conli st Ca, b] do
begi n
Nor print<x,y, 1, n);
end;
end; ( darkcom }

#function Sel Com (Li 6t No: byt. e> : Char ;

exit.1l, exit2, exit3 : bool ean;
idx : byte;

function First. Cha(a, b: byt, e> Zchar;
var sistring[ 20];
begi n { FirstCha)
s:sConlLi8t.[a,b] .N;
del et e( 8, 3,1 engt h(8>-2);
del et eCs, 1, 1>;
Fi r 8t Cha: =upcaae( 8};
end; ( Fir8tcCha )

begin ( Sel Com }
exi tl: sfal 8e;
whil e not exitl do
begin ( while }
CR;
exi t 2: =f al 8e;
ConPri nt CLi st No) ;
r epeat
dar kcon( Li 8t No, Pr eConv;
l'i ghtcom(Li st No, Act Con) ;
PreCom =Act Com
KeyCheck( CheKey, ch) ;
Ill wi th Comnli 8ttLi 8t No, Act Conl do
ca8e CheKey of
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RA, DA, Tab Act Com =Nx; { Next com}
LA, UA Act Com =P; { Prev com)
Hormre Act Com =l ; ( First com)
EndKey Act Com =l i stlen[ListNo]; ( Last com}
Chakey, Ret urn begi n
ch: =upcase(ch>;
exitl:=true;
exit2: =true;
i f CheKey=Chakey
t hen begin
Sel Com =ch;
idx: =Il;exits: =fal se;
r epeat
i f ch=Fir6t Cha<Li st No, i dx)
t hen begin
Act Com =i dx;
exits: =true;
end
el se idx: =i dx+l;
until <idx>Listlendi8tNo]) or
dar kcon( Li st No, PreCon) ;
li ght con(Li st No, Act Com ;
end
el se Sel Com =Fi rst Cha(Li st No*Act Com) ;
end;
end; ( case }
# until exit?2;
end; ( while )

end; ( Sel Com}

pr ocedur e Headi ng;
type
8tringl2

stringCl2];

procedure readtextfile( fil enane

line string[ 1003;
infile t ext ;
begin (readtextfil e)

stringl 2);

TextColord); ( Blue )

Text Background(7>;, { Gay J
ClrScr;

assign( infile, fil enane);
reset( infile );

whil e not eof (infile) do
begi n

readl ndnf il e,
writeln(line);
end;
close( infile);
Nor nfscr ;
end; (readtextfil e)
begi n( Headi ng)
clrscr;
readtextfile<' title.txt'>;

<e

li ne);

ExitS;
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noi se( 1>;
del ay(5000) ;
end; ( Headi ng)

procedure fini shed(sZRenilype) ;
begin ( finished }
noi se(1>;
Li ght Cel | <79- Lengt h(s), 2, Lengt h<s) ) ;
wite <s);
del ay(2000) ;
Nor nfScr ;
end; ( finished )
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{ File Nane : LISTGEN I NC )

procedur e Li st Gen;

begi n
( 1 : Main }
def aul td ] : =3;
listlentl]:=9;
title[ 13: = Conmmand
( AUTO }
with comist[Il,Il] do
begi n
N: =' Auto '; X =l1; Y: =ConlLevel ; L: =6;

M =" Automatically process a special program desi gned by users ';
P: =9; Nx: =2;
end; { AUTO )
( Conmuni cate }
with comist[l, 23 do

begi n
N: =" Conmuni cate ' ; X =17; Y: =ConlLevel ; L: =13;
M =" Transformdata into Lotus (File |Inport) acceptable file ';
P: =l ; Nx:=3;
end; ( Communi cate }
C BEdit }
with comist[Il, 3] do
begi n
N:=" Edit ' ; X: =30; Y: =ConlLevel ; L: =6;
M= Edit the prinary variables '; P:«2; Nx:-4;
end; { Edit }
£ Light )
with comi6t[l,4] do
begi n
N: = Light ' ? X =36; Y: =ConlLevel ; L: =7;
M N Subconmand Conbi ned Exi t Hor i zont al Vertical ';

P: =3; Nx: =5;
end; ( light )

{ Hie}
with comist[1, 53 do
begi n
N:=" H e '; X: =43; Y: =ConlLevel ; L: =5;
H:="H e cal cul ati on '; P: =4; Nx: =6;

end; { H e )
( Print }
with comi8t[l, 6] do

begi n
N:.=" Print ' ? X =48; Y: =ConlLevel ; L: =7;
H =" Subconmmand : Printer Screen Exit'; P:=5;Nx:=7;
end; ( Print )
( Qit }
with comistd,6 7] do
begi n
N:=" Quit ' X X: =55; Y: «ConlLevel ; 6;

L: =
H ="Exit Hie Scattering program'e P:=6; Nx:-8;
end; ( Quit )
{ Status )
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with comi8t[Il, 8] do
begi n
N:. =" Status '; X: =61; Y: =ConlLevel ; L: =8;

M =" Subcomand: Dom nance Exit Primary Secondary Val ues_of _Shadow ;

P. =7; Nx: =9;
end; ( Status }
Tr ansfer )
with comisttl, 9D do
begi n
N: =' Transfer °'; X: *69; Y: =ConlLevel ; L:=Il1;
M =" Subconmmand : Load Save Exit'; P: =8; Nx: =l ;
end; ( Transfer )
2 : Light )
def aul tt2]:=1;
listlen[23: =4;
title[23: =" LIGHT : ';
Conbi ned }
with comistC2,13 do
begi n
N: = Conbi ned ' ; X: =9; Y: =ConlLevel ; L: =10;
M = "Use non-polarized light < conbine id) and i<2) )
P: =4; Nx: =2;
end; ( Both }
Light-Exit }
with comist[2, 2D do
begi n
N =" Exit '; X: =19; Y: =ConlLevel ; L: =6;
M= Return to main command |i st ' ; P: =1 ; Nx: =3;
end; ( Light-Exit >
Hor i zont al }
with comist[2,3] do
begi n
N: =" Hori zontal °'; X: =25; Y: =Conlevel ; L: =12;
M = "UB8e parallel light id) only '; P: =2; Nx: - 4;
end; ( Horizontal }
Vertical )
with comi8t[2,43 do
begi n
=" Vertical '; X =37; Y: =Co»Level ; L: =10;

N
H: =" Use perpendicular light i<2) only '; P:=3; Nx: =l ;

end; ( Vertical }
3 : Print )
def aul t[ 3] : «2;
listlenCS]: »3;
titl eC33: ="' PRI NT : ';
Printer )
with comistl3, ] do
begi n
N:.=" Printer '; X: =9; Y: =ConlLevel ; L: =9;
M= Print the results to the printer '; P: =3; Nx: =2;
end; { Printer )
Screen }
with comist[3,2] do
begi n
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N:. =" Screen '; X.=18; Y:.=ConlLevel; L:=8;
H="Print the results on the screen '; P:=l; NX =3;
end; ( screen }

( Print-Exit )

with comistC3, 33 do
begi n
N.

X Exit '; X =26; Y. =CoiRLevel; L:=6;
H = "'Return to iiain conmand list '; P:=2; NX =1,
end; ( Print-Exit )
4 : Route for Print )
def aul tt43: =1;
listlen[4]:=6;
titl e[ 4D =" ROUTE :

A}
with conmlistC4, 13 do
begi n
N.=" A-Route A'; X =9; Y:.=ConlLevel; L:=I1;
H="Print the He intensities of route A ';P:.=6; Nx: =2;
end; ( A)
Bl }
with comi8t[4, 23 do
begi n
N.=" B-Route Bl '; X =20; Y:=ComlLevel; L:=12;
H:="Print the H e intensities of route Bl ';P:=1; Nx: =3;
end; { B)
B2 >
wit.h comist[4,3] do
begi n
N.=" CRoute B2 '; X =32; Y:.=ConmLevel; L:=12;
H=Print the He intensities of route B2 '; P:=2; Nx: =4;
end; ( B2 )
B3 }
with comi8t[4,4] do
begi n
N. = D-Route B3 '; X =44; Y:.=Conlevel; L:=12;

H.="Print the He intensities of route B3 ';P:=3; Nx: =5;
end; ( B3 }
Print Route-Exit )
with comi8t[4,53 do

begi n
N.=" E-Exit '; X =56; Y:=ComlLevel; L:=8;
H. =" Return to PRINT command |ist '; P:=4; NX: =6;
end; { Print Printer Route-Exit )
Total =>
with comist[4,63 do
begi n

N.=" F-Total '; X -64; Y:»ConlLevel; L:=9;
H="Print the total He intensities ';P:=5 Nx:=l;
end; (Al Route }
5 : Communi cate 3
def aul t [ 53: =2;
i 8tl en[ 53: =3;
titl e[ 53: =" COHMJUNI CATE :'

C Chart )
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with comistC5,1] do
begi n
N ="' Chart '; X: = 16; Y: =CoinLevel; L:=7;
M =" Convert data to Chart acceptable file '; P: =3; Nx: =2;
end; ( Chart )
{ Lotus 1-2-3 )
with comist[5, 23 do

begi n
N: =" Lotus 1-2-3 '; X: =23; Y: =ConlLevel ; L: =13;
M =" Convert data to Lotus (File Inport) acceptable file ';
P: =1; Nx: =3;

end; ( Lotus )

{ Communi cate-Exit )
with comist[5, 33 do

begi n
N =" Exit '; X: =36; Y: =ConlLevel ; L: =6;
M= Return to main conmand |ist '; P: =2; Nx: =l ;
end; ( Communi cate-Exit )
{ 6 : Status }

def aul t [ 63: =3;

listlentfe]:=5;

title[6]:= STATUS :
{ Dom nant )

with comist[6,]] do

begi n
N: = Dom nance ' ; X: =10; Y: =ConlLevel ; L:=Il1;
H: =" Show t he dom nance analysis of the H e intensities ';
# P: =5; Nx: =2;
end; ( Dom nance )
{ Status - Exit )
with comist[& 2] do
begi n
N =" Exit '; X =21; Y: =ConlLevel ; L: =6;
M= Return to nmain conmand |i st '; P: =l ; Nx: =3;

end; ( Status - Exit 1
( Primary )
with comist[6,3] do
begi n
N:.=" Primary '; X: =27; Y: =ConlLevel ; L: =9;
M =" Show the status of primary vari ables '; P: =2; Nx: =4;
end; { Primary )
{ Secondary J
with co»list[6,4] do
begi n
N: =" Secondary '; X.=36; Y:=Comnlevel; L:=I1;
M =" Show t he status of secondary vari ables '; P: =3; Nx: =5;

end; ( Secondary }
( Vval ues of Shadow }

with comist[6,5] do

begi n
N: =" Val ues_of. Shadow '; X =47; y:=Comnlevel; L:=18;
M =" 5how t he status of shadow val ues '; P: =4; Nx: =l ;

end; ( Val ues of Shadow )
{ 7 : Transfer )
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def aul t[ 73: =1;
listlen[73: =3;
titl e[ 73: = TRANSFER :
[ Load }
with co»li6t[7,13 do
begi n
NN ="' Load '; X = 12; Y. =Co«ilevel; L:=6;

M='Load a data file < .ME ) froma disk ';

end; ( Load 3
( Save }
with comist[7,23 do
begi n
N =' Save '; X: =18; Y: =ConlLevel ; L: =6;

M ="' Save data to a file < .ME ) in a disk '

end; ( Save 3

{ Transfer - Exit 3
with comi6t[7, 33 do
begi n
N:=" Exit '; X =24; Y:.=Conlevel; L:=6;
M="Return to main conmand list '; P:=2;

end; ( Transfer - Exit 3
end; ( ListGen 3

P

P:=l;

NX :

NX :

2;

3;
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C File Nane : FUNCTI ON. | NC )

procedur e Angl eCal cCXd, Yd, Zd, Xp, Yp, Zp, Xs, Ys, Zs:real ; var angl e: real);

var

( Xd*"YdyZd : coordi nate of detector }
{ Xp, Yp,2p : coordinate of particle )

( Xs,Y¥Ys,Zs : coordinate of |ight source }
DS, DP, SP,
coss : real;

begi n ( Angl eCal c )
DS: =sqrt <sqr <Xd- Xs) +sqr (yd- Ys>*8qr ( 2d- Zs) ) ;
DP: =sqrt <8qr <Xd- Xp) +sqr ( Yd- Yp>*sqr <Zd- Zp) ) ;
SP: =sqgrt <6qr CXs- Xp) +sqgr ( Ys- Yp) *sqr (Zs- Zp) ) ;
coss: =<sqr <DS) - sqr <DP>- sqr <SP) ) / <- 2«DP«SP>;
angl e: =arct an<sqrt (|l /sqr<coss) - 1) >;
if coss<O then angl e: =180- <angl e»180/ pi >
el se angl e: =angl e«l SO pi ;

end; ( AngleCalc )

functi on Tan<tann:real):real
begin { Tan >

Tan: =si n<t ann)/ cosCt ann) ;
end; { tan )

function ArcSi n(sinn:real >:real; ( in radians }
var t:real;
begin { ArcSin }
if <sinn>l> or <8inn<-1)
then ErrPrintC Paraneter error in ArcSin function
el se begin
t:=ArcTan<sqgrt<l/<l-sqgr(sinn)>-1));
if sinNnN<O then ArcSin: =-t
el se ArcSi n: =t ;
end;
end; { ArcSin )

procedur e Shadow( SA, Ds, Rl s, Rp: real ; var SV:real);
( SA : Shadow angl e, degree

Ds : Thi ckness of coating surface, um
Rl s: Refractive |Index of coating surface

Rp : Radius of particle
SV : Shadow val ue }
const

Rl a=1. 0003; { Refractive |Index of air )

var

1,a, b,c:real;

begi n ( Shadow }
SA: =SA»pi / 180;
Rp: =Rp«WL./ pi / 2;
If Ds=0 then SV: = <sin <2«SA) ZkSA)>'pi ( Ds = O)
el se begin { Ds 0O 0}
c: =Ar cSi n<RIl a«si n<SA)/ Rl s) ;

")
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Rp«t an<SA) +Ds«t an<c) ;
Rp/ cos( 8a>;
%.

f | >=a then SV: =1
el se SV: =2»<| »sqgrt<a»a-| »l )/ <a»a)*ArcSi n<l /a) >/ pi;
end; ( Ds <> 0O)
end; ( Shadow )

function Exi st (Fil eSpeci FNt ype) : bool ean;
Fillfile;
begin ( Exist )
Assi gnCFi l , Fi | eSpec};
(01-}
Reset (Fi l);
(st *)
Exi st: =(1 Oresul t =0) ;
cl ose<Fi l);
end; ( Exist }
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C File Nane : EDI TDATA. | NC )
mocedur e Edit Dat a;
| abel RTI;

const
Var Li stLen = 19;

x arr ay . Var Li st Len] of byte;

y array «Var Li stLen] of byte;
Rem array . Var Li stLen] of Renilype;
Real No arr ay .VarListLen] of real;

I nt No arr ay . Var Li stLen] of integer;
exi t bool ean;

procedure ScreenEdit<Len: byte);

var

i : byte;
quit : bool ean;
8t : Remlype;

procedure Gai nData<Xry: byte; Rem RenType; var Real No: real ; var |ntNo:
i nt eger ; var CheKey: KeyType; var s: Remlype>;
| abel 11;

var x|, : byte;

# chl char ;

code: i nt eger;

begin ( Gai nData !

code: =0;

if I ntNo=-99 then str<Real No: 6: 3, s>
el se str (1 nt No, 8>;

got oxy<x,y);wite(rem' = "'3>;

xl :=x-"length(renp-"3;

lightcell <xl,vy, 8);

if I ntNo=-99 then wite<Real No: 6: 3>
el se wite(lntNo:6);

Nor nScr ;
C r Li ne<ConlLevel +2>;
112: gotoxyd , Co»l evel -*2> ;wite( ' Input a value )

KeyCheck( CheKey, ch >;
A rLi ne(ConlLevel +l >;
got oxy<17, ComlLevel +2>;
i f <CheKey=NunKey) or <ch in[".",'-"]>
t hen begin ( read nunber }
write<ch>;
readl n(8> ; 8:-ch-"s;
i f IntNo=-99 then val (s, Real No, code)
el se val (s, | nt No, code) ;
if length(s><6 then |: =l engt h<s>
el se 1: =6;
s: =copy(8, 1, 1>;
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if codeOO t hen begin (then)
noi se(1);
got oxy(1, ComLevel + |> ;
writeC I nvalid character in'
'a nunber' >;
goto 11;
end ( then =
el se NorPrint(xl,y,8,s>;
Chekey: =
end; ( read nunber }
end; ( Gai nData }

procedure ReeuneData(l:byte;r:real;int:integer>;
begin ( ResuneData }

case i of
1. Xs: =r;
2= Ys: =r;
3 Zs: =r;
4 Xp: =r;
5 : yp: =r;
6 :: 2p:=r;
7o Xd: =r;
8 : Yd: =r;
9 : zd: =r;
10.: RI pReal : =r;
11.: Rl pli»ag: =r;
12: . Rl sReal : =r;
13:; Hi nApha: =r;
14 ) | axApha: =r;
15 I nterval s: =i nt;
16 ; Dcs: =r;
17 . Reflel:=r;
18! Refl e2: =r;
19.: W.: =r;

end; ( case }
end; ( ResumabData )

begin ( ScreenEdit )

d rLi ne<ConlLevel >; got oxy(1, ConLevel >

wite("BEdit . . . ");

for i : = 1 t.o Len do

begin (for)
gotoxy(X[i 3,y[i 3>;
wite(renfi3," =");
if IntNo[i 3=-99 then wite(Real No[i 3: 6: 3>

el se wite(lntNo[i3 :4>;

end; (for)

i:-l;quit:-fal se; CheKey:-Ret.urn;st:-" ;

r epeat
GainData(x[i3 ,y [13 ,remi3 ,RealNo[i3 ,Int.No[i3 , CheKey, 8t} ;
Nor Print (x[i 3+l ength<renii 3)*3,y[13, 8, st);
Re8uneDat a(i , Real No[i 3, I nt No[ i 3>;

case CheKey of
I I l DA :if i + 3>Len t-hen i: = i*3-Len
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slse i: = 1i*3;

Spc,
Tab,RA : if i=Len then i:=l
else i:=i*l;
UA i f i1 -3<l then i:=i-3*Len
el se i:=i-3;
LA i f i=l then i:=Len
else i:=i-I;
Hone o =1y
EndKey =~ i:=Len;
Return - quit:=true;

el se noi sed) ;
end; (case)
until quit;
end; { ScreenEdit )

begin ( EditData }
if auto then goto RTI;

xCl13: =5 ;yCl13 =6 Rentl3:="X of |ight ' ; Real NoC13: =Xs;
IntNoll]:=-99
xt23:=30;y[2] =6 ren{23:="Y of light ' ; Real No[ 23: =Ys;
Int.NoC23 : = -99
xt33:=55;yt33 =6 ren|{33:="2 of I|ight ' ; Real No[ 33: =Zs;

I Nt No[ 33: =- 99
x[43 :=5 ;y[43 =7 ren[43:="X of particle'; Real No[43: =Xp;
I nt No[ 43: =- 99

xC53: =30;ycs53 =7 ren|53:="Y of particle';Real Not53: =Yp;
I nt Not 53: =- 99

X[ 63: =55;
Int.No[63 : = -99

xt73 ::=5 ;y £73 =8;renf 73:
I Nt No[ 73: =- 99

x1 83: =30; y[ 83 =8;renf 83:
I Nt Not 83: =- 99

x[93 :=55;y[93 =8;ren|93:«' Z of detector’

<
(9}
w
"

7 ren{63:="2 of particle'; Real Nol 63: =2p;

"X of detector'; Real No£73: =Xd;

"Y of detector'; Real NoE83: =Yd;

: Real No£93: =2d;

I nt No[ 93 = -99:

x[103: =5 y[103:sl G rentl03: =

"Refractive index of particle...... Real part "
Real No£103: =Rl pReal ; I nt No[ 103: «- 99;

XE113: =46; y£113: =l | ; renEl13: =" | magi nary part';

Real No£113: =Rl pl nag; | nt No£113: =- 99;

X£123: *5; yE123: =12; rentl23: =

"Refractive index of coating surface . .(real part only)';
Real No£123: =Rl sReal ; I nt No[ 123: =- 99;

xE133: =5; y£133: - 14; renE133: «' M ni num si ze paraneter (al pha)
Real No£133: =M nApha; | nt NoE133: =- 99;

X£143: =5; y£143: sl 5; renE143: -' Haxi num si ze paraneter (al pha)
Real NoE143: sHaxApha; | nt NoE143: =- 99;

XE153: =5; yE153: =16; renE153: *' Nunber of intervral

Real No£153: =0; | nt No£153: =l nt erval s;

XE163: =5; y£163: - 18; renE163: s' Thi ckness of coating | ayer
Real No£163: =Dcs; | nt No£163: =- 99;

XE173: =5;y£173: =19; rent173: s' Refl ectivity of bottom surface
Real No£173: =Refl el ; I nt No£173: =- 99;
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X £183 :=21;y USD :=20;rein[183 : = 'coat.ing layer ';
Real NoLI SD: =Ref | e2; | nt No[ 183: =- 99;
X1193 :=5;y C193 :=22;rejn[193 : = "Wave length (um
Real No[ 193: =W; | nt No[ 193: =- 99;
ScreenEdit-tVarlListLen) ;
RTI: Angl eCal c<Xd, Yd, Zd, Xp, Yp, Zp, Xs, Ys, Zs, Thet a) ;
Thet aA: =180- Thet a;
Angl eCal c<Xd, Yd, Zd, Xp, Yp, 2p, Xs, Ys, 2«Zp- Zs, Thet a) ;
Thet aBl : =180- Thet a;
Angl eCal c<Xd, Yd, 2«Zp- Zd, Xp, Yp, Zp, Xs, Ys, Zs, Thet a) ;
Thet aB2: =180- Thet a;
Angl eCal c( Xd, Yd, 2" Zp- Zd, Xp, Yp, Zp, Xs, Ys, 2»Zp- Zs, Thet a) ;
Thet aB3: =180- Thet a;
AnglecalcéXp,Yp,Zd,Xp,Yp,Zp,Xs,Ys,Zs,ShadomﬁngleBI>;
Angl eCal c( Xd, Yd, Zd, Xp, Yp, Zp, Xp, Yp, Zs, ShadowAngl eB2>;
H eSecOK: =t.rue;
if not auto then
begi n
Cl Range( 4, 25) ;
border<l, 4, 79, 25);
Act Coj R =3;
end;
nd; { EditData )

+
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| File Nane : LI GHTDEF. |1 NC )

procedur e Light Mess<s: Li ght Type>;
begin ( LightHess }
got oxy( 60, 4>;

witeC Light : ");

case s of
Conbi ned o wite<' Conbi ned ') ;
Hori zontal : witeC Horizontal ');
Verti cal . witeC Vertical '")?

end; ( case }
end; ( LightHess }

procedur e Li ght Def;
| abel 1;
exi t: bool ean;
begi n ( Li ght Def }
exi t: =f al se;
Act Com =def aul t[ 2] ;
PreCom =ConlLi 8t [ 2, Act ConB. P;
whil e not exit do
begin ( while )
bor der <l , 4, 79, 25) ;
Li ght Hess(Li ght >;
case Sel Con( 2> of
' C : Light:=Conbi ned;

m "E' : begin

exit: =true;
goto 1;
end;
'"H : Light:"Horizontal;
"V : Light:"Vertical;
el se noi sed) ;
end; { case )
l:end; { while 1
Act Com s4;
end; ( LightDef }
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{ File Nane : H E. I NC }

procedure M e;

{

Procedure to conpute Me functions for particles.
Original from Revised version - work copy of February 26, 1986

by Dr. Parker C. Reist.

Modi fi ed by Rong Chun Yu on May 14, 1986.

The basic formul ati on for these cal cul ati ons are taken fromthe book

by Wchrashamentitled "M e Theory Cal cul ati ons".

Conput at i onal

routi nes

have been nodified wherever possible to inprove the accuracy of the

cal cul ati ons.

}
var ch: char;

const
H = 1E37;
Lo «l| E-37;
Con = 57.29577951
Test = 1. Qe- 4;
Haxl terati on - 200;

type
# ary = array[-1..Haxlteration] of real;

XX, Y, SUM SCAT, OLDSUM | 1, 12, R, S, LI, L2, L3, L4,
YM N, YMAX, 0S, X2, M2, YR, Y1, Z1, Z2, Z3 : REAL;

N, U , VI, Bl GX, BI GY, PX, Py, OX, OY, LI TTLEY, MARKER
PC, A REAL, B REAL, A IM B_IM | REAL;

AR, Al , OLDAR, OLDAI : REAL,;

S1_REAL, S1_IM S2_REAL, S2 | M . REAL;

PIT,PlE, pI E2 TAU, TAU , TAU2 - REAL;

T,. BRL, BR2, Bl 1, Bl 2, U, V | REAL;

1 NCRENENT - REAL ;
Thet al , Aphal , Rl pl magl : real ;
STEP, J: | NTEGER;

function Log(xireal >:real;
begi n

if x=0 then Log: =-99

el se

Log: = Ln<x)/ Ln<10);
end; ( Log )

functi on Power 10(x:real >:real;
begi n

Power _10: = Exp(x«Ln(10>>;
end; { Power 10 )

;| NTECER;
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egi n

?rocedure VADD<var a, b,c,d,e,f:real);

NANN

e. =a+c;
f: =b+d;
end; ( VADD }

procedure VSUBCvar o, b,c,d, e, f:real >;

begi n
e: =a- c;
f: =b-d;

end; { VSUB }

procedure VMPYCvar a, b,c,d, e, f:real >;
begi n

e: —a«c- b«d;

f: =a»d+bx»c;
end; ( VMPY )

procedure VDI VCvar a, b,c,d, e, f:real >;
begi n

e: =(a«c+b«d) / <c«c+d»d) ;

f: =(b«c-a»d)/ <c«c+d«d) ;
end; ( VvD V J

procedure VI NVCvar a, b, e, f:real >;
begi n

e: =al <a«a+b«b);
f . =-bl(a«a-"b«b} ;
end; { VINV)

procedure wait.;

begin { wait. }
Text Col or dS)
Text . Backgr ound<7} ;
got oxy (73, 1);
wite<' VWait ');
Nor nfScr ;
got oxy( 3, 5);

end; { wait }

PROCEDURE CET_A<VAR YR, Yl , AR, Al : REAL; N: | NTEGER) ;
VAR
| MCOS, | MSI N, 01, 02, 03, 04, 05, 06 : REAL;
BEG N
I F N=O THEN

BEG N
I MCOS: = EXPt Y1) [OEXP<-YIl);
I MBI N: = EXPCYl) - EXP<-Yl);
LI : =1 MCOS«SI N<YR) ;
L2: =1 M5l NkCOS<YR) ;
L3: =1 MCOS«COS<VYR) ;
m L4: =-1 MBI N«SI N<yR) ;

VDI V(L3, L4, L1, L2, AR Al);
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+

OLDAR:

QLDAI :
END ELSE
BEGQ N

VI NV<YR, YI

d : =01«N;

02: =02«N;

VSUB<01, 02, OLDAR, OLDAI

VI Nv<03, 04, 05, 06) ;

AR =- 01+05;

=AR;
=Al ;

, 01, 02) ;

Al : = -02 + 06;
OLDAR: =AR;
OLDAI : =Al ;

END;
END ( PROCEDURE GET_A) ;

PROCEDURE COMPUTE_A AND B<VAR Apha, Rl pReal

VAR
AR, BR, Al , Bl : REAL;
J | NTEGER;
ETA REAL, ETA I M . ARY;
AO AB, PrQ R, S : REAL;

PR1, Pl 1, PR2, Pl 2, PR3, PI 3, PR4, Pl 4, PR5, PI 5, PR6, PI 6, ER, El

BEGQ N

J: =N,

| F J=0 THEN

BEG N
ETA REAL[ - 13: =COS < Apha >;
ETA | M - 13: =- SI N<Apha) ;
ETA REAL[ JD: =S| N( Apha) ;
ETA | M J3: =COS( Apha) ;

CGET_A<YR, Yl , AR, Al , J);
A RTAL: =0. 0;
A | M =0. 0O;
B REAL: =0. O;
B I M =0.0;

END ELSE | F J>0 THEN

BEG N
(CGET A REAL, Al I\/}
ETA REAL] J3: = < >/
ETA 3::(<2»J-| ha) »ET
YR: =Apha«RI pReal ;

- AphaoRlI pl magl ;

CET_A<YR, Yl , AR, Al , J);
VDI V( AR, Al , Rl pReal
PR2: =PR1+J/ Apha;
Pl 2: =PI 1;
ER =ETA REAL[ J3;
El : =0. 0O;
VMPY<PR2, PI 2, ER, El , PR3, PI 3) ;
PR4: =PR3 - ETA REAL[J-13;
Pl 4: = Pl S;

, 03, 04)

a

- ETA. REAL
| M) - 13-

,RiplnaglrPRIfPIl);

, Rl pl magl

. REAL;

E] 13- ETA REALI J- 23;
TA TMJ-23;

VMPY<PR2, Pl 2, ETA_REAL[J3, ETA | M J3, PR5, PI 5) ;

- REAL; N: | NTEGER) ;
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VSUB<PR5, PI 5, ETA REAL[ J- 13, ETA | M J- 13, PR6, PI 6):
VDI V<PR4, Pl 4, PR67pl 6, A REAL, A TW ;

(GET B_REAL, B I M3

VMPY<AR, Al , Rl pReal , Rl pljnagl,PR ,PIIl) ;

PR2: =PR1*J/ Apha;

Pl 2: =PI 1;
ER: =ETA_REAL[ J];
El : =0. 0;

VMPY( PR2, PI 2, ER, EI , PR3, PI 3) ;

PR4: =PR3 - ETA REAL[ J-1];

Pl 4: =PI 3;

VMPY<PR2, Pl 2, ETA_REALt J3, ETA | M J], PR5, PI 5) ;
VSUB<PR5, Pl 5, ETA_REALt J- 13, ETA | M J- 1], PRS6, PI 6) ;
VDI V<PR4, Pl 4, PR6, Pl 6, B_REAL, B_I M ;

END;
END ( PROCEDURE GET_A AND _B);

PROCEDURE GET_PI E_AND_TAU<VAR ANGLE: REAL; J: | NTECER) ;
BEG N

I F J=I THEN
BEG N
pi e: =i . 0;
t au: =cos<angl e) ;
Pl E2: =PI E;
TAU2: =TAU;
END ELSE | F J=2 THEN
BEG N

# Pl E: =3«COS<ANGLE) ;
TAU: =3»C0S( 2«ANGLE) ;
Pl El : =PI E;
TAU : =TAU;
END ELSE | F J=2 THEN
BEGQ N

Pl E: =COS<ANGLE) »<<2«J-1)/<J-1)) «Pl EL - J/ <J-1) «Pl E2;
TAU: =COS<ANGLE) « <Pl E- Pl E2) - <2»J- 1) - SI N<ANGLE) «SI N<ANGL E)
Pl EIl OTAUZ;
Pl E2: =PI E1;
TAUZ: =TAUL;
Pl El : =PI E;
TAU : =TAU;
END; (1 F J>2 SECTI ON)
END ( PROCEDURE GET_PI E_AND _TAU( ANGLE, N)) ;

PROCEDURE COVPUTE_S_ FACTORS<VAR ANGLE: REAL) ;
VAR
S1R, S2R, S11, S21 : REAL;

SUMLR, SUMPR, SUMLI , SUMRI ZREAL;
BEGQ N

N: =0;

SUMLR: =1;
SUMRR: =0;
SUM I rsQ

A" 31RS:UL|21:;' ;

034
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+

| F ANGLE

180/ CON THEN ANGLE: = 179. 999/ con;
| F ANGLE

; 60/ CON THEN ANGLE: =59. 99/ CQN;

c

THI' S CORRECTI ON REMOVES CGLI TCH AT Thet a=60 DEGREES AND Thet a=180 DECREES,
WATCH FOR PROBLEM | F LOOKI NG AT FI NE DETAIL ARCUND 60 DEGREES -

CLCSER THAN 0. 01 DEGREES, THEN MAY HAVE TO REVI SE CORRECTI ON
)

REPEAT

COVPUTE_A AND B( Aphal , Rl pReal , Rl pl nagl , N) ;
GET_PI E_AND TAU<angl e, N) ;

I F N=0 THEN

BEG N

SIR = <<2«N «- |1 >/ <N«(N + |))>«( Pl EkA_ REAL + TAU»B REAL) ;
SIT:= <<2oN + 1)/ (N<»<Nt155>«<Pl Eval i M + TAKB IM;
S2R: = <(2«N* 1)/ (N«<N+1))) »( Pl ExB_REAL * TAU»A REAL);
S21 i = <<2»N+1)/ <N«<N*1)))»(PIE»B_IM [OTAUDA I M;

IF N=I THEN SUMLR: =0. O;

SUMLR: = SUMLR* S1R;
SUMLI : =SUMLI * S11 ;
SUMPR: =SUMRR* S2R;
sSuwvel . =suMl +S21 ;
END;
N: =N+1;
UNTI L ABS<(<S1R*S1l *S2R* S21 ) / <SUMLR* SUMLI * SUMZR* SUM2| >) XTEST;
S1_ REAL: =SUMLR;
S2 REAL: =SUMZR;
S1 I M :=SUMLI ;
S2I'IM . =SUM2I ;
END { PROCEDURE COWPUTE S FACTORS) ;

PROCEDURE M eCal cbySi ze;
| abel 1;
Rout.eN: int.eger; ( I-> Rout.e A
2-> Route Bl,
3-> Route B2,
4-> Route B3 )
Coef , TenpSum ToA, ToBl , ToB2, ToB3, ToAl 1:real ;
StepA r StepBl, StepB2, StepBS :i nteger;

BEGQ N
if not M eSecOK

t hen begin
write<chr <7>);

He88Li ne('# # Variabl es not conpletely defined !'"-"
' Execute <Edit> first."');
del ay(3500)
goto 1,;
end;

wai t ;
R pl magl : s- Rl pl nag;
| NCREMENT: = <MaxApha- M nApha)/ <I NTERVALS-1);
yM N =HI ;

I l I YMAX: =L G,
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Doj ni nAP: =0; Dom nBlI P: =0; Do»i nB2P: =0; Do»i nB3P: =0;
DoJBi nAA: =0; Dom nBI A: =0; Do»i nB2A: =0; Donmi nBSA: =0;
ToA: =0; ToBI : =0; ToB2: =0; ToB3: =0;

St epA: =0; St epBIl : =0; St epB2: =0; St epB3: =0;

FOR step: =i to interval s do

BEG N

got oxy<73, 3) ; wit e<STEP: 2, ")

Aphal : =W nApha+ <STEP- 1) * | NCREVENT;

Si ze[ STEP] : =Aphal ;

ShadowCShadowAngl eBl , Dcs, Rl sReal , Aphal , Shadowal ueBIl | [ st ep]) ;
Shadow( ShadowAngl eBIl , 0, Rl sReal , Aphal , Shadowval ueB12][ st ep] >;
Shadow<ShadowAngl eB2, Dcs, Rl sReal , Aphal , Shadowal ueB21[ st ep] ) ;
Shadow<ShadowAngl eB2, 0, Rl sReal , Aphal , Shadowval ueB22[ st ep] ) ;

YR =Rl pReal »Aphal ;
Yl: =Rl pl H agl »Aphal ;
for RouteN =I to 4 do
begin ( for )
got oxy(78, 3); wite(RouteN: 1)

case Rout eN of

1r Thet al : =Thet aA/ CON;

2r Thet al : =Thet aBl / CON;
3: Thet al : =Thet aB2/ CON;
4: Thet al : =Thet aB3/ CON,;

end; ( case }

COVWPUTE_S FACTORS <Thetal ) ;
if Light=Vertical
el se Melntensityl [ STEP]:
Li ght =Hor i zont al
el se M el ntensity2l STEPS:
M el nt ensi tyl [ STEP] >YMAX
M el ntensityl [ STEP] <YM N
M el nt ensi t y2[ STEP] >YMAX
M el nt en8i t y2[ STEP3<YM N

then Melntensityl [ STEP]: =0.0

=S1_REAL«S1 _REAL*S1 | MbS1_| M

then M el ntensity2][ STEP]: =0.0

=S2 REAL«S2 REAL*S2 | MbS2 | M

THEN YMAX: =M el nt ensi tyl [ STEP]
THEN YM N: =M el nt ensi tyl [ STEP]
THEN YMAX: =M el nt ensi t y2[ STEP]
THEN YM N: =M el nt en6i t y2[ STEP]

PTmmnm

n——-—-

_I M =0. 0;
S2 I M =0. 0;
S1_REAL: =0. 0O;
S2 REAL: =0. 0O;

case Rout eN of

1: begin

Al ntensityl[ STEP] : =M el ntensi tyl[ STEP] ;

end;
2: begin

Al ntensi ty2[ STEP] : =M el nt ensi ty2[ STEP] ;
TenmpSum =Al nt ensi tyl[ STEP] Bl nt ensi ty2[ STEP] ;
ToA: =ToA+Tei BpSum ;
i f Doi Ri nAP<TeHt pSu] n
t hen begin
Domi nAP: =Te] npSu] n;
St epA: =STEP;
end;

i f DcsOO
t hen Coef: =Refl|l e2»Shadowwval ueB12| STEP] +

<1. 0- Refl e2) «Ref | el »Shadowwval ueBl | £ESTEP]
el se Coef: =Ref | el «<Shadowwval ueB12[ STEP] ;
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Bl I ntensityl [ STEP]: =M el nt ensi tyl [ STEP] * Coef ;
Bl I ntensity2[ STEP] : =M el nt ensi t y2[ STEP] « Coef ;
TempSum =Bl I ntensityl [ STEP] *Bl | nt ensi t y2[ STEP] ;
ToBl : =ToBIl +TenpSum
if Dom nBl P<TenpSum
t hen begin
Dom nBl P: =TenpSum
St epBl : =STEP;

end;
end;
3: begi n
i f DcsOO
t hen Coef: =Refl e2«Shadowwal ueB22[ STEP] O
<1. 0- Ref |l e2) «Ref | el «Shadowwal ueB21[ STEP]
el se Coef: =Refl ei *» Shadowwal ueB22[ STEP] ;
B2l ntensityl [ STEP] : =M el nt ensi tyl [ STEP] «Coef ;
B2l nt ensi t y2[ STEP] : =M el nt ensi t y2[ STEP] - Coef ;
TenmpSum =B2Il nt ensi tyl [ STEP] B2l nt ensi t y2[ STEP] ;
ToB2: =ToB2* TenpSum
i f Dom nB2P<TenpSum
t hen begin
Dom nB2P: =TenpSum
St epB2: =STEP;
end;
end;
4: begi n
i f DcsOO
t hen Coef: =<Refl| e2«Shadowwal ueB12[ STEP] O
<1. 0- Ref | e2) «Ref | el »Shadowwal ueBl | [ STEP] ) «
<Ref | e2«ShadowwVval ueB22[ STEP] O
<1. 0- Refl e2) «Ref | el «Shadowwval ueB21[ STEP] >
el se Coef: =<Ref | el «Shadowwval ueB12[ STEP] ) -
<Ref | el «Shadowwval ueB22[ STEP] ) ;
B3l ntensityl [ STEP] : =M el ntensi tyl [ STEP] " Coef ;
B3l nt ensi t y2[ STEP] : =M el nt ensi t y2[ STEP] - Coef ;
TenmpSum =B3Il ntensi tyl [ STEP] B3I nt ensi t y2[ STEP] ;
ToB3: =ToB3* TenpSum
i f Dom nB3P<TenpSum
t hen begin
Dom nB3P: =TenpSum
St epB3: =STEP;
end;
end;

end; ( case )
end; ( for RouteN)
end; { for STEP >
i f Domi nAP>0 t hen Domi nAP: =Dom nAP/ (Al ntensityl [StepA] 2»
Al nt ensi ty2[ St epA] +
Bl | ntensityl [ StepA] *Bl I nt ensi ty2[ St epA] +
B2l ntensityl [ St epA] B2l nt ensi ty2[ St epA] O
BSIntensityl [StepA] -»B3Inten8ity2 [StepAl > ;
i f Dom nBl P>0 t hen Dom nBl P: =Domi nBl P/ <Al ntensityl [ StepBl ]+
Al ntensity2[ StepBl ] O
BlIntensityl[StepBl]Bl I ntensity2[ StepBl ] O
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4+

B2l ntensitylt StepBl ] B2l ntensity2[ StepBl ]+
B3l ntensityl [StepBl] ¢«*B3Intensity2 [StepBlJ )
i f Dom nB2P>0 t hen Doi ni nB2P: =Dom nB2P/ (Al ntensityl [StepB2] +
Al nt ensi ty2[ St epB2] +
Bl I ntensityl[ StepB2] Bl | ntensity2[ StepB23+
B2l ntensi tyl [ St epB2] *B2l nt ensi ty2[ St epB2] +
B3l ntensityltStepB2] +B3l ntensity2 CStepB2]);
i f Do«i nB3P>0 then Dom nB3P: =Dom nB3P/ <Al nt ensi tyl [ St epB33+
Al nt ensi ty2[ St epB3] O
Bl Il ntensityl [ StepB3] *Bl | ntensi ty2[ St epB3] +
B2l ntensi tyl [ St epB33B2I nt ensi t y2CSt epB33+
B3Il nt ensi tyl CSt epB3] +B3I nt ensi t y2[ St epB33 >;
ToAl | : =ToA+ToBIl +ToB2- «- ToB3;
Doni nAA: =ToA/ ToAl | ; Doni nBl A: =ToBI / ToAl | ;
Dom nB2A: =ToB2/ ToAl | ; Dom nB3A: =ToB3/ ToAl | ;
if not Auto then finished(' End of Me calculation ');

1 e
END; (PROCEDURE M eCal cbySi ze)

begin (M e)

if not auto then

begi n
ClrlineCConlLevel);
got oxy(l, ConLevel );wite< COWAND ME . . . ');
noi se(1);
nessline(' Ready to make M e cal cul ations? <Y/ N) : ">

read( kbd, ch}; wite(upcase(ch> >;
if upcaseCch)="Y" then M eCal cbySi ze;
Act Coj n: =5;
end
el se M eCal cbySi ze;
M eCal OK: =t r ue;
end; ( Me )
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{ File Name : PRNTDATA. | NC )

procedure PrintData,;
type
FunType = (PP, PS);

var
exi t: bool ean;
Fun : FunType;

pr ocedur e PSproc;
| abel 1,2,5,6,7,8,9;
type
Paper Type = string[ 132];
6t ep, nn, p, z, Ski pN : integer;
YN : char;
tex:string £43;
Date :string[8];
Report er, TenpWr d: Paper Type;
il,i2,it,vl,v2,v3,v4,v5,v6,v7,v8,vt, 6iz:real;

functi on RepP<n, c: byt e>: Paper Type;
var i: byte;

t: Paper Type;
begin ( RepP }

for i:=lI to n do
# t: =t +chr<c);
RepP: =t ;

end; ( RepP )

procedure PrintTitled rbyte)
begin { PrintTitle )

writel n<LST, RepP(43, 32), RepP<45, 42));

writel n<LST, RepP<43, 32),

'ee ME SCATTERING CALCULATION REPOPRT e¢')

mwiteln<LST,RepP<43,32>,RepP<45,42),RepP<29,32),:Page 10 2);

witel n(LST);

writel nCLST,"' Reporter : ', Reporter, RepP<106-Lengt h(Reporter), 32),
"Date : ', Date);

writel nCLST) ;
writeln <LST, RepP <132, 42));
writel n<LST) ;

end; ( PrintTitle 3

begin ( PSproc 3
i f Fun=PS
then begin ( Print Screen 3
if Route=Total then tex: =";
if Route=A then tex:="-A";

if Route=Bl then tex:="-Bl"
if Route=B2 then tex:="-B2'
=' - B3'

m if Route=B3 then tex:
Bt ep: =0;
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nn: =0;
Cl Range( 4, 25>;
border (1, 4, 79, 25) ;
got oxy <3,5);

writeCAl pha i <l = i <2=>= Total ', tex);
got oxy(3, 6);

WiteG ---------cmcncne memm e mcmmm s s s me e e e ' >
for step:=step*1l to intervals do

begin ( for )

end;

t

nn: =nn+l ;

got oxy<3, nn*6) ;

writeCSi zet step] : 5: 2);

if Route=A then witeC ',Alntensityl CstepD: 12:4,"' '
Al ntensi ty2[ step3: 12: 4,"' '

Al ntensityltstep3 *Alntensity2 CstepD :12:4);

if Route*Bl then witeC ',BllntensityltstepD: 12: 4,"
Bl | nt ensi ty2[st ep3: 12: 4," '
Bl | nt ensi tyI t st ep] *Bl | nt ensi ty2t st ep]:
if Route=B2 then witeC , B2l ntensityl [step]: 12: 4," '
B2l nt ensi t y2t step]: 12: 4,"

12: 4);

B2l ntensityl [step] B2l ntensity2 tstep]:12:4);

if Route=B3 then witeC ' ,B3lntensityltstep]:12:4," '
B3l ntensi ty2[ step]: 12: 4," "
B3l nt ensi tyl t st ep] +B3Il nt ensi t y2t st ep]
if Route=Total then
begin t Total >
il:=Alntensityltstep] +Bl I ntensityl tstep]+
B2l ntensityl tstep] 2”B3lntensityl tstep] ;
i 2: =Alntensity2 tstep]*Bllntensity2 tstep] +
B2l nt ensi t y2t st ep] *B3Il nt ensi t y2t st ep] ;
it:=il>*i2;
witeC ', 11:12:4," ', 12:12: 4" Lt 2:4);
end; ( Total )
if nn=17 then begin
MessLi neCMbre data <Y/ N=? ' >;
read( kbd, YN) ;
write(upcase<YN)) ;
if upca8e<YN)="N then goto 2
el se goto 1;

for )

end { Print Screen )

el se begin { Print Printer )

noi sed)

HessLi ne<'ls your printer ready for 132 characters (Y/N)

got oxy (50, 3); read( kbd, YN); got oxy(50, 3);wite(upca8e(YN));

if upcase<YN)<>'N then
begin ( ready to print out J
gotoxy(3,6);wite(' Report Date (MMDM YY) | )

got oxy (28, 6); readl n( Dat e) ;
got oxy( 3, 8);

wite(' Reporter : ");

got oxy( 14, 8) ; readl n( Reporter);

:12:4);

")
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gotoxy(3,10;
wite('Print out selection : 1 - Size paraneter');
gotoxy(25,11);wite('2 - Size in urn');
gotoxy(23,12);wite('? ');read(kbd, YN ;wite(YN;
if YN='"I' then tex: =" PARA
else if YN='2' then tex:= (um'
el se begin
noi se(1);
goto 5;

end;
fini shedC Wit ');
PrintTitled);
witel n(LST, RepP(52,32)," **+ Primary Variables ee¢¢');
witel n(LST, RepP(52, 32), RepP(25, 42));
writel n(LST);
witel n(LST, RepP(41, 32), ' Particle Refractive Index : '

Rl pReal : 5: 3," * ",Riplmag:5:3," i');
witel n(LST);
writel n(LST, RepP(41, 32),"' Si ze Paraneter : Mxinmm -- '
MaxApha: 7:4," (="', MaxApha«W./ pi:6:3," urn)');

witel n(LST, RepP(58,32)," Mninum -- ', MnApha:7:4," (=",
M nApha«W./ pi : 6:3,' urn)');

writel n(LST, RepP(5S,32), " Intervals -- ',Intervals:2);

writel n<LST) ;

writel n(LST, RepP(41, 32), "' Coordi nat es . Light Source -- ('
AM>mo » 'S pp yTS« aw fp A"Se/2wplJi p

writel n(LST, RepP(58,32), "' Particle -- (", Xp: 73,0,
Yp:7:3,",",Zp:7:3,")");

writel n(LST, RepP(58, 32), ' Det ect or -- < Xd:7:3,0 0,
Yd: 7:3,"',"',2d:7:3,")");

writel n(LST);

writel n(LST, RepP(41, 32),"'Incident Light : Wave Length -- '
W.: 7:4," urn');

case Light of

Conbi ned : TenpWbrd: =' None' ;
Hori zontal : TenpWrd: =" Hori zontal';
Verti cal . TempWbrd: =" Vertical';
end; ( case )
writel n(LST, RepP(59, 32),"' Pol ari zation -- ', TempWrd);
writel n<LST) ;
writel n<LST, RepP(41, 32),' Coating Layer . Refractive',
" Index -- ',RIsReal :5:3);
writel n(LST, RepP(59, 32), "' Thi ckness -- ",

Dcs: 6: 3," um);

writel n(LST, RepP(59, 32), "' Refl ect ance --
Refl e2: 4: 2);

witel n(LST);

writel n(LST, RepP(41, 32),"' Bottom Surface : Reflectance',

', Reflel:4:2);

writel n(LST>;

witel n(LST, RepP(132, 42));

for nn: =I to 3 do

witel n(LST);

writel n(LST, RepP(52,32),"' e+ Secondary Variables «ee¢');
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writel n<LST, RepP<52, 32>, RepP<27, 42)) ;

writel n<LST) ;

wit.eln<LST, RepP<41,32) ,'Route A : Scattering Angle -- '
Thet aA: 6: 2) ;

writel nCLST) ;

writel n<LST, RepP<41, 32),"' Route Bl : Scattering Angle -- '
Thet aBl : 6: 2) ;

writel nCLST, RepP<53, 32), ' Shadow Angl e -
ShadowAngl eBl : 6: 2) ;

writel n<LST) ;

writel n<LST, RepP<41, 32),' Route B2 : Scattering Angle -- '
Thet aB2: 6: 2) ;

writel nCLST, RepP<53, 32), ' Shadow Angl e -
ShadowAngl eB2: 6: 2) ;

writel n<LST) ;

writel nCLST, RepP<41, 32),' Route B3 : Scattering Angle -- '
Thet aB3: 6: 2) ;

writel n<LST, RepP(53, 32),' Shadow Angle 1 --
ShadowAngl eBl : 6: 2) ;

writel n<LST, RepP<53, 32), ' Shadow Angle 2 -- '
ShadowAngl eB2: 6: 2) ;

writel n<LST) ;

writel n<LST, RepP(132, 42)) ;

witel n(LST);

writel n<LST, RepP<48, 32),"' ee+ Domi nance Anal ysis I ndex eee');

witel nCLST) ;

writel n<LST, RepP(52, 32), ' by Point by Area');

writel n<LST, RepP<52,32), "' -------- ------- ) ;
witel n(LST);
writel nCLST, RepP<41, 32) ,' Route A ', DoB»i nAP: 5: 3,

writel nCLST) ;

writel n<LST, RepP<41, 32), ' Route Bl " ,DoininBIP : 5: 3,
' L, Dom nBl A 5: 3) ;

writel n<LST) ;

writel n<LST, RepP<41, 32), "' Route B2 ', Doi ni nB2P: 5: 3,
) ) , Doi ni nB2A: 5: 3) ;

writel NnCLST) ;

writel nCLST, RepP<41, 32) ,' Route B3 ', DojninB3P:5: 3,

writel nCLST) ;

writel nCLST, RepP<132, 42) >;
for z:=I to 23 do

writel nCLST) ;

p: =2; st ep: =0; Ski pN: =0;

:nn: =0;

PrintTitl eCp);

writel nCLST, RepPC38, 32),

' SI ZE SHADOW SHADOW
' SHADOW SHADOW ) ;
writel nCLST, RepPC38, 32), t ex,
FACTOR Bl | FACTOR B12

" FACTOR B21 FACTOR B22');
writel nCLST, RepPC38,32),"----  ------


NEATPAGEINFO:id=0E729C2B-F48A-4B15-9C2D-BFABFB0110E6

NEATPAGEINFO:id=A2A7F7E1-D711-44AF-A4D8-387AADFB38EE


————————————————————————————————— >
p: =p+l;
for step: =st.ep+l to intervals do
begi n
nn: =nn+l ; Ski pN: =Ski pN*1I ;
if YN='I' then siz:=size[step]

el se 8i z: =si ze[step] "W/ pi ;
writel n<LST, RepP(38, 32), si z: 5: 2, RepP<7, 32),
Shadowval ueBI | [ st ep] : 6: 3, RepP(7, 32),
Shadowwval ueB12[ st ep] : 6: 3, RepP<7, 32),
Shadowval ueB21][ st ep] : 6: 3, RepP<7, 32),
ShadowVval ueB22[ 6t ep] : 6: 3) ;
if Ski pN=5 then begin
writel NnCLST) ;
Ski pN: =0;
nn: =nn+l ;
end;
if nn=72 then begin
writel nCLST) ;
writel n<LST, RepP(132, 42));

for z:=I to 3 do
writel nCLST) ;
goto 8;

end;
end;
witel n(LST)
writel n<LST, RepP<132, 42))
for 2:=1 to 75-nn do
writel nCLST);
Te»pWord: = "p
for z:=I to 4 do
TempWord: = TenmpWord * < RepP(4,32)0 <1)' RepP < 6,32)*
i <2)' +RepP<7, 32)*' SUM ') ;
Bt ep: =0; Ski pN: =0;
nn: =0;
PrintTitl e<p);
witel nCLst,' SIZE' , RepP(10, 32),' ROUTE A', RepP<21, 32),
'"ROUTE BI', RepP(20, 32),' ROUTE B2', RepP<20, 32),
'ROUTE B3', RepP<12, 32),' TOTAL M E');

witel nCLST,' ',tex, TempWbrd, ' Intensity');
writel n<LST, RepP<132, 45)) ;
p:' »P*I;

nt erval s do

for Btep:=step*l to
begin { for }

nn: =nn*1 ; Ski pN: =Ski pN*1 ;

if YN» |I' then siz:”size[step]

el se siz:=size[step] "W/ pi;

vl : =Al ntensi tyl [ st ep];

v2: =Al nt en8i ty2[ 8t ep] ;

v3: =Bl I ntensityl [ step];

v4: =Bl | ntensi ty2[ step];

v5: =B2l nt ensi tyl [ st ep];

v6: =B2l nt en8i t y2[ 8t ep] ;

v7: =B3l nten8ityl[step];


NEATPAGEINFO:id=3BB00DD6-A8E3-4DE7-9AEA-9BA524C01378

NEATPAGEINFO:id=936F6290-9304-464B-A37C-FCAB1E2EA9C3


SHFES -1 YW

c44
v8: =B3i nt ensi ty2[ st ep];
vt: =vl *v2+v3+v4+v5+v6*Vv7+Vv8;
witel n<LST,Biz:5:2,vl:9:3," ',v2:9:3," '",vl+v2:9: 3,
v3:9:3," ',v4:9:3," '",v3*v4: 9: 3,
v5:9:3," '",v6:9:3,' ' ,vb-"v6:9: 3,
v7:9:3," ',v8:9:3," ',v7*v8:9:3," ",vt:10:3);

if Ski pN=5 then begin
writel nCLST) ;
Ski pN: =0;
nn: =nn*| ;
end;
if nn=72 then begin
writel n<LST) ;
writel n(LST, RepP(132, 42));

for z:=I to 3 do
writel NnCLST) ;
goto 9;

end;
end; ( for )
witel nCLST) ;
writel nCLST, RepP<132, 42) >;
9: end; ( ready to print out }
end; { Print Printer }
end; { PSproc )

procedure P_Rout e;

var

# exi t : bool ean;

begin { P_Route 3
exi t: =fal se;
Act Con: - def aul t [ 43;
Pr eConi : =Coi nLi st[ 4, Act Con3 . P;
whi l e not exit do
begin ( while 3
case Sel Cont4} of

"A' . Rout e: =A;

'B' : Route: =Bl;

' C Rout e: =B2;

‘D Rout e: =B3;

'"E' : exit:=true;
'F Rout e: =Tot al ;

el se noi sed) ;
end; ( case 3
if not exit then PSproc;
end; ( while 3
Act Com =2;
Pr eCoi B: =I ;

end; ( P_Route 3

begi n ( Print Dat a 3
exit:-fal ee;
Act Coj n: =def aul t [ 3]
PreCom =Coi nLi 8t[ 3, ActCoiii 3 .p;

IRATIE
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whil e not exit do
begin ( while }
drScr;
border (1, 4, 79, 25);
case Sel ConD) of

"P" : begin
Fun: =PP;
PSpr oc;
end;
'S : begin
Fun: =PS;
P_Rout e;
end;
'E' : exit:=true;

el se noi sed);
end; ( case )
end; ( while }
Cl Range( 5, 23>;
Act Com =6;
end; C PrintData )
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( File Nane : COHMU. | NC }

pr ocedur e ConmnulLot us;

| abel 1;
R : char ;
i : i Nt . eger ;

Dri veNane: silLringd];

FileNane : st.ring [83 ;

FN : FNType;

DF . Text;

Bi z,vl,v2,v3,v4,v5,v6,v7,v8, vt,sfl,sf2, sf3,sf4:real;

begin ( ConmmulLot. u6 }
Cl r Li ne<3);
gotoxy<l,3);witeC Drive Name : _');
got oxyCl4, 3) ; read(Dri veNane) ;
gotoxy (25,3) ;wite<' File Nape : . PRN ) ;
got oxy (37, 3); readl n(Fi | eNane) ;
FN: =Dri veNane*' : ' *Fi | eNane*' . PRN ;
if Exi st(FN) then
begi n
finished(' File existed ');
got oxy (62, 3);
wite(' Replace (Y/N) : _");
got oxy(78, 3); read(kbd, R); wite(UpCase(R));
if UpCase(R)<>'"Y' then
begi n
got oxy (45, 1); clreol;
finished(' Save cancelled ');
goto 1;
end;
end;
got oxy (79, 3);
Assi gn(DF, FN) ; Rewr i t e( DF) ;

witeln(DF,'"Particle "',""Refractiv*" ,'"e Index ="' ,RIpReaI 5: 3)

witeln(DF,'"X ( p) ="', Xp:6:3,'" "' ,'""y <p) ="' Yp:6:3"'" "
""Z < p) :'",Zp:6:3);

witeln(DF,""X (s ) ="",Xs:6:3,"" " ,""y <e) ="",¥s:6:3,"" "",
'"2 (B> ="",6Zs:6:3);

witeln(DF,""X ( d) ="',Xd:6:3,'" ""M-y<d>="",Yd:6:3,"" "',
'"Z (d>="",2d:6:3);

witel n(DF,'"Wave Leng"','"th (um ="',W.:6:4);

witeln(DF,'"Refractiv"','"e Index o"',"'"f Coating"','" Layer ="'
Rl 8Real : 5: 3) ;

witeln(DF,'"Thickness"',"'" of Coati"','"ng Layer "',""( um)
Dcs: & 4) ;

witeln(DF, '"Reflectan"',""ce of Coa"',"'"ting Laye"',"'"r ="'
Refl e2: 4: 2>;

witeln(DF,'"Reflectan"',"'"ce of Bot"','"to» Surfa"','"ce
Refl el : 4: 2);

witeln(DF,"' ");

witeln(DF"" Size «",'@& j(I>Acee’ Tee j(2)-A"" "e Total-A"",
tti()y-B "ttt i(2)-81 ", e Total-BIMt L, i (1)-B2 M,
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4+

snd;

| :
( Conmi uLotus )

rn |<2)'BZ ..I'l.. TOt&'-BZ"l,'" |(|)'83 III’II. |<2>'BS lll’
Total -B3*" ,'" Tot-Al "',
'"S.F. B11"','"S.F. B12*","' S F. B21"',' "S.F. B22"'>;
writel n<kDF, " " ---
Tee ee' Attt _7>:>;»A¢#- :ffi;e;-"';fofi—aé« —“f:ZZ:
for i:=I to intervals do
begi n
siz:=size[13 »W./ pi;
vl :=Alntensityl[13;

v2 :=Alntensity2ti3;
v3 :=BlIntensityl [13;
v4d =Bl Intensity2[i 3;
v5 :=B2lntensityl [ 13;
v6 :=B2Intensity2[i];
v7 :=B3Intensityl[i];
v8 :=B3lntensity2[i 3;
vt :=vl *v2+v3*v4*v5+v6*Vv7*V8;
sfl: =Shadowwval ueBIl | [ 13;
Bf 2: =Shadowval ueB12[ 13;
6f 3: =Shadowval ueB21[ 13;
af 4: =Shadowwval ueB22[ 13;
wlteln<DF,siz:7:4,vl:9:4,v2:9:4,vl +v2:9:4,v3:9:4,v4:9: 4,
V3*v4:9:4,v5:9:4,v6: 9:4,v5+v6: 9:4,v7:9:4,v8: 9: 4,
v7+v8:9:4,vt:10:4,sf1:6:3,sf2:6:3,8f3:6:3,sf4:6: 3);
end;
cl ose<DF>;

finished(' Lotus Translation conpleted '>;
; Act Coj n: =2;
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t File Nanme i M EEXI T. | NC }

procedure HieExit.;
var c: char;
begin ( Hekxit. }
noi se(1);
»essline("Confirm (Y/N) : ');
read (kbd,c} ; wi'te(upcase(c> > ;
if upcase<c)="Y then
begi n
drsScr;
witelnCMe programt,ermnat.ed !
writeln;
hal t;
end;
end; ( HieExit )

€P

")
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m got oxy(5, 12);

{ File Nane : SHOWSTAT. | NC >

procedur e ShowSt at us;

var

exit : bool ean;

procedure Sh owbom i n;
begin ( Showbomi n }
if not MeCal Gk then
begi n { Dom nance anal ysis not yet defined }
got oxy < 5, 25);
noi se( 1>;
wite(' Dom nance anal ysis have not been done yet ');
end ( Not done yet )
el se
begin ( Ready )
Cl Range<4, 25>;
border (1, 4, 79, 25) ;
got oxy<16, 6) ;
write(' Dom nance Anal ysis | ndex');
got oxy (16, 7);
wite(' by Point by Area');
got oxy (16, 8);
witeCG ------- - ------ D I
got oxy (5,1 O ;
wite(' Route A
Dom nAA: 5: 3) ;

wite(' Rout e BI
Dom nBl A: 5: 3) ;

got oxy(5, 14);

wite(' Route B2 ', Dom nB2P: 5: 3,"' ',
Dom nB2A: 5: 3) ;

got oxy(5, 16);

wite(' Route B3 ', Dom nB3P: 5: 3," °
Dom nB3A: 5: 3) ;

end; ( Ready }
end; ( Showbomni n }

', Dom nBIl P: 5: 3, ',

procedure ShowPri mary;
begin ( ShowPrinary }
Cl Range( 4, 25);
border (1, 4, 79, 25) ;
got oxy( 3, 6>;

wite('Particle Refractive Index : ',RpReal:5:3," OO,
R pl mag:5:3," i');

got oxy( 3, 8);

witeCSize Parameter : Maxinmum-- ', MaxApha:7:4,', Mnimm-- ",
M nApha: 7: 4, "', Intervals -- ',Intervals:2);

got oxy( 3, 10);

write(' Coordinates . Light Source —(',Xs:7:3,","',Ys:7:3,",",

Zs:7:3,")");

m got oxy(21, 11);

wite('Particle —<  Xp:7:3, ", Yp:r 723, ,ZpiT7:3,') )
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got oxy<21, 12) -

write(' Detector —<' ) Xd:7:3,",",Yd:7:3,",",2d:7:3,")");
got oxy <3, 14);
write<'Incident Light : Wwve Length -- " JW.:7:4," um);
got oxy(21, 15);wite< Polarization -- '");
case Light of

Conbi ned : write<' Conmbi ned');

Hori zontal : wite<' Hori zontal ');

Verti cal : wite< Vertical');

end; ( case 3
got oxy<3, 17);

write< Coating Layer . Refractive Index -- ',RIsReal:5:3);
got oxy( 21, 18);

write(' Thi ckness -- ',Dcs:6:3," um);

got oxy(21, 19);

write(' Refl ectance -- ', Refle2:4:2);

got oxy( 3, 21);

wite('Bottom Surface : Reflectance -- ', Reflei:4:2);

end; ( ShowPrinmary }

procedur e ShowSecondary;
begi n ( ShowSecondary )
d Range( 4, 25);
border (1, 4, 79, 25);
if not MeSecOk then
begin ( Secondary Vari abl es not yet defined }
got oxy (5, 25);
# noi sed) ;
witeC Secondary vari abl es have not been defined yet ');
end ( Not defined yet }
el se
begin { Ready )
got oxy( 3, 6) ;

wite('Route A : Scattering Angle -- ', ThetaA 6:2);
got oxy( 3, 8);

wite('Route Bl : Scattering Angle -- ', ThetaBl:6:2);
got oxy(15, 9);

wite(' Shadow Angl e -- ', ShadowAngl eBl : 6: 2) ;

got oxy(3, 11);

wite('Route B2 : Scattering Angle -- ', ThetaB2:6: 2);
got oxy(15, 12);

wite(' Shadow Angl e -- ', ShadowAngl eB2: & 2);

got oxy( 3, 14);

wite('Route B3 : Scattering Angle -- ', ThetaB3: 6:2);
got oxy (15, 15);

wite(' Shadow Angle 1 -- ', ShadowAngl eBl: 6:2);

got oxy( 15, 16);

wri teCShadow Angle 2 -- ' | ShadowAngl eB2: 6: 2) ;

end; ( Ready )
end; ( ShowSecondary }

procedur e ShowShadow,

| l .abel 1, 2;
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var

st ep, nn: i nt eger;
YNI char ;

begi n ( ShowShadow )

if not Ni eCal Ok then

begi n ( Shadow Val ues not yet defined )
got oxy<5, 25);
noi sed)
write<' Shadow val ues have not been cal cul ated yet

end ( Not cal cul ated yet }

el se

begin { Ready )

6t ep: =0;

1: nn: =0;

C Range( 4, 25>;

bor der<l, 4, 79, 25)

got oxy<3, 5>;

witeCSi zeCuHi) Sv- Bl | SV-B12 SV- B21 SV- B22' >;

got oxy <3, 6>;

")

witeG------- ------ ------ - ----  ------ ")

for step: =8tep-"~l to intervals do
begin ( for }
nn: =nn*1 ;
got oxy(4, nn*6) ;
wite(Size[step3*W./pi:5:2,"' '
Shadowval ueBl | [ step]: & 2, '
Shadowval ueB12[ st ep3: 6: 2,
Shadowval ueB21[ st ep3: 6: 2, ' '
Shadowval ueB22[ st ep] : 6: 2};
if nn=17 then begin
MessLi neCMbre data <Y/ N)? ');
r ead<kbd, yN>;
write(upca8e( YN>> ;
I f upcase<YN)="N then goto 2
el se goto 1;
end; | if )
end; ( for }
end; ( Ready )

end; { ShowShadow )

begi n ( ShowsSt at ue )
exit: =fal se;
Act Com =default t63;

Pr eConZsConlLi st C&Act Con] . P;
whil e not exit do

case Sel Coiii (6} of

'D ShowbDomni n;

P ShowPri nary;
'S ShowSecondary;
'V ' ShowShadow;
= exit:=true;
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+F

end;

(

el se noi sed);
end; ( case }
Act Coj n: =8;
Cl Range( 4, 25} ;
ShowSt . atus )
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{ File Nane : TRANSFER | NC 3

procedure Transfer;

type
Dat aRecType = record
Dat avVal ue : real;

end;
DataFile : file of DataRecType;
Dat aRec : Dat aRecType;
M, J : integer;
Dri veNane: string[13; ( A)
FileName : string[83; ( DATAFILE 3
FN . FNtype; ( Al DATAFILE. ME 3

exit . bool ean;

procedure TransferlLoad;

| abel 1;
begin ( TransferlLoad 3
Cl rLi neO
gotoxy<l,3);witeC Drive nane : _'>;
got oxy( 14, 3); read(Dri veNa»e) ;
gotoxy <25,3) ;wite<f ilename :_ . ME > ;

got oxy (37, 3) ; read<Fi | eNane) ;
FN: =Dri veNane+' : ' +Fi | eName+' . M E' ;
if not Exist(FN) then

begin ( file not existed 3

m finished(' File not existed '>;

goto 1;
end; ( file existed 3

Assi gn(Dat aFi | e, FN}; Reset (Dat aFi | e};
for I:=l to 34 do ( Load all Primary & Secondary vari ables 3
begin ( for 3

read( Dat aFi | e, Dat aRec) ;

wi t h Dat aRec do

case | of

: Rl pReal : sDat aVal ue;
: Rl pl nag: - Dat aVal ue;
: NaxApha: =Dat aVal ue;
: H nApha: "Dat aVal ue;
:Interval s: =trunc(DataVal ue>; { real -> integer 3
: Xs: - Dat aval ue;
: ys: =Dat aval ue;
: Zs: ~“Dat aVal ue;
: Xp: sDat aval ue;
10: Yp: s”™DataVal ue;
11: Zp: - Dat aVal ue;
12: Xd: =Dat aVal ue;
13: Yd: =Dat aVal ue;
14: Zd: =Dat aVal ue;
15: WL: =Dat aVal ue;
16: Rl 8Real : =Dat aVal ue;
17: Dc6: =Dat aVal ue;
18: Ref | ei : “"Dat aVal ue;

©CoOoO~NOUIAWNPR
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19: Thet oA : =Dat. aVal ue;
20: Thet aBl : =Dat aVal ue;
21: Thet aB2: =Dat aVal ue;
22: Thet aBS: =Dat aVal ue;
23: ShadowAngl eBl : =Da't aVal ue;
24: ShadowAngl eB2: =Dat aVal ue;
25: caae truncCbDat aVal ue) of
0 : Light,: =Coi Rbined;
1 : Light: =Horizont.al ;
2 : Light:=Vertical;
end; ( case }
26: Ref | e2: =Dat aVal ue;
27 : Doi Rl nAP: =Dat a Val ue;
28: Dom nAA: =Dat aVal ue;
29: Doj ni nBl P: = Dat aVal ue;
30: Dom nBIl A: =Dat aVal ue;
31 : Doj ni nB2P: =Dat aVal ue;
32: Doi ni nB2A: =Dat aVal ue;
33: Doi ni nB3P: = Dat aVal ue;
34: Doi ni nB3A: =Dat aVal ue;
end; ( Case }
end; ( for )
for J:=0 to 12 do
for I:=l to Intervals do
begin { for )
read( Dat aFi | e, Dat aRec} ;
case J of
0: Si ze[ | ] : - Dat aRec. Dat aval ue; ( Sizes )
1: Alntensityl[13: =Dat aRec. Dat aVal ue;

{ Route A - id) )

2: Al ntensity2tl 3: =Dat aRec. Dat aVal ue;
( Route A - i<2>=)

3:Bl I nten8ityl[13: =Dat aRec. Dat aVal ue;
{ Route BlI - id) )

4:Bl I nten8ity2[ | 3: =Dat aRec. Dat aVal ue;
{ Route Bl - i<2) )

5: B2l nten8i tyl [ 13: =Dat aRec. Dat aVal ue;
{ Route B2 - id) )

6: B2l nt en8i t y2[ 13: =Dat aRec. Dat aVal ue;
{ Route B2 - i<2) )

7: B3l nten8i tyl [ 13: =Dat aRec. Dat aVal ue;
( Route B3 - id) )

8: B3l ntensi ty2[ 13: =Dat aRec. Dat aVal ue;
{ Route B3 - i<2) )

9: Shadowval ueBlI | [ 13: «Dat aRec. Dat aVal ue;
( Bl'l Shadow Val ue )

10: Shadowval ueB12[ 13: =Dat aRec. Dat aVal ue;
{ B12 Shadow Val ue )

I'1: Shadowval ueB21[ 13: "Dat aRec. Dat aVal ue;
( B21 Shadow Val ue }

12: Shadowval ueB22[ | 3: *Dat aRec. Dat aVal ue;
{ B22 sShadow Val ue }
end; ( caee )
end; { for )
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cl ocae( Dat aFi | e>;
fini shed<' Load conmpleted ');
M eSecOK: =t r ue;
M eCal OK: =t. rue;
| : Act Coi n: =3;
end; ( TransferLoad )

procedure Transfer Save;
| abel 1;
R : char;
begin { Transfer Save )
if Auto then FN: =Aut oFN
el se begin { Not Auto }
Cl rLi ne<3);
gotoxy<l,3);wite<' Drive name : _');
got oxy( 14, 3); read(Dri veNane) ;
gotoxy (25,3) ;wite<'file nanre : .MFE);
got oxy <37, 3>; read(Fi | eName) ;
FN: =Dri veNaJdBe*"' : ' EHi | eNane*' . M E' ;
if Exist<FN> then
begin { file existed )
fini 8hed(' File existed '">;
got oxy<62, 3);
write<' Replace <Y/N> : _');
got oxy<78, 3); read<kbd, R) ; got oxy<78, 3); wi t e<UpCase<R))
if UpCase<R)<>'"Y' then
begin ( Not Repl ace }
got oxy(45,1);clreol;
fini shed(' Save cancelled ");
goto 1;
end; ( Not Repl ace }
end; ( file existed }
end; ( not Auto )
A88i gn(DataFil e, FN>; Rewite(DataFil e}
for I:-1 to 34 do ( Save all Prinary S> Secondary vari ables )
begin ( for )
wi t h Dat aRec do
case | of

: Dat aVal ue: =Rl pReal ;

Dat aVal ue: =Rl pl nag;

: Dat aVal ue: =HaxApha;

: Dat aVal ue: sH nApha;

: Dat aval ue: =Interval 8; ( real <- integer }
: Dat aval ue: =Xs;

: Dat aVal ue: »YS8;

: Dat avVal ue: =Z8;

Dat aval ue: ""Xp;

10: Dat aval ue: =Yp;

11: Dat aval ue: - Zp;

12: Dat aVal ue ::=Xd;

13: Dat aVal ue: - Yd;

14: Dat aVal ue: sZd;

15: Dat avVal ue: =

©ONOUTAWN R
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16:
17:
18:
19:
20:
21:
22:
23:
24
25:

26:
27:
28:
29:
30:

31

32:
33:
34 :

end; {

writ e( Dat aFi

end;
f or
for |

{ for )

begin ( for )

case J

to

0:
1

2:

10:

11:

12:

J: =0 to 12 do

Dat . avVal ue: - Rl sReal ;

Dat avVal
Dat aVal
Dat aval
Dat aVval
Dat aVal
Dat aVal

. =Dcs;
:=Ref |l ei ;

: =Thet aA;

. =Thet aBl ;
1 =Thet aB2;
: =Thet aB3;

: Dat aval ue:

Dat aVal : =ShadowAngl eBl
Dat aVal ue: =ShadowAngl eB2;
ca6e Li ght of

Conbi ned

Hor i zont al

Verti cal
end; ( case )
Dat aVal ue: =Ref | e2;
Dat aVal ue: =Donm nAP;
Dat aVal ue: =Do»i nAA;
Dat aVal ue: =Doi ni nBl P;
Dat aVal ue: =Doj ni nBl A;
=Do] R nB2P;
Dat aVal ue: =Doi Bi nB2A ;
Dat aVal ue: =Dom nB3P;

Dat aVal ue: =Doi ni nB3A;

Case }
| e, Dat aRec) ;

Dat aVal ue: =0;
Dat aVal ue: =1;
Dat aval ue: =2;

Il nterval s do

of

{ Route

{ Route

: Dat aRec.

{ Route

: Dat aRec.

{ Route

: Dat aRec.

{ Route

: Dat aRec.

{ Route

: Dat aRec.

{ Route

: Dat aRec.

{ Route

: Dat aRec.

( BII

Dat aRec.
Dat aRec.

Dat aRec.

Dat aVal ue:
Dat aVval ue:
A - i<l) )
Dat aVal ue:
A - 1 <2=)
Dat aVal ue:
Bl - i<l)
Dat aVval ue:
Bl - 1<2>
Dat aVal ue:
B2 - i<Il>
Dat aVval ue:
B2 - i<2>
Dat aVval ue:
B3 - i<l)
Dat aVval ue:
B3 - i <2>
Dat aVal ue:

=Size[l 3; ( Sizes
=Al ntensityl [ 13;

sAl ntensity2[ 13;

=Bl I ntensityl [ 13
iBlIntenSityZ[lS
{BZIntensityI[l3
lBZIntenSityZ[lS
}BSIntensityI[lS

=B3l nten8ity2[ 13
3

- Shadowval ueBl | [ 13;

Shadow val ue }
Dat aRec. Dat aVal ue: =Shadowwval ueB12[ 13;

( B12 Shadow val ue 3

Dat aRec. Dat aVal ue: =Shadowwal ueB21[ 13;

( B21 Shadow val ue }

Dat aRec. Dat aVal ue: - Shadowwal ueB22[ | 3;
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( B22 Shadow val ue }

end; ( case }
writ e<Dat aFi | e, Dat, aRec) ;

end; ( for J

cl ose(Dat. aFil e} ;

finished (' Save conplet-ed ");

| : Act Cows: =3;
end; ( Transfer Save }

begin { Transfer )
if not. Auto then

begi n
exi t: =f al se;
Act Cow. =def aul t[ 7] ;
Pr eCo»: =Conli st[ 7, Act ConB. P;
whil e not exit do
case Sel Coj n<7) of
'L" : TransferlLoad;
'S : Transfer Save;
"E' : exit:=true;
el se noi sed) ;
end; { case }
Cl Range( 4, 25>;
Act Con: =9;
end
el se Transf er Save;
nd; { Transfer J

4+
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{ File Nane :

AUTO. | NC =

[ procedur e AUTOVA,

var

a,b,c,d,e, f,g,h,i:real;
i dx, nn i nt eger;
FN FNType;
u, v Val ueType;
{ u for central particle, v for edge particle }
DF Text ;
I d i nt eger;
begin { AUTOMA )
aut o: =true;
a: =Xe; b:=Ys; c:=Zs; d:=Xp; e:=Yp; f:=Zp; g:=Xd; h:=Yd;

Cl r Li ned) ;

got oxy<l,l);wite(' COMWNAND

for id:=5 to 6 do
begin ( id }
case id of
O Dcs: = 0. 0;
| : Dc6: =0. 5;
2: Dcs: =l .0;
3: Dcs: =2. 0;
4: Dcs: =3. 0;
5: Dcs: =4. 0O;
6: Dcs: =5. O;
end;

got oxy<5,7);wite(' Coating Thickness =
writel nCLST, ' Coating Thi ckness =

witel nKLST>;

AUTO ') ;

' Dcs:3:1,"
",Decs:3:1," um);

writel n<LST, ' Dom nance | ndex by Area');

writel n<LST, ' I nci dent
writel nCLST,

( Range: 10- 30 degree }

for idx:=l to 11 do
begi n
case i dx of
1 : Xs:=-0.8816;
2 : Xs:=-1.0628;
3 : Xs:=-1.2466;
4 @ Xs:=-1.4337;
5 Xs: =-1. 6246;
6 : Xs:=-1.8199;
7 1 Xs:=-2.0201;
8 1 Xs:=-2.2261;
9 : Xs:=-2.4387,;
10: Xs: =-2. 6585;
11: Xs: =-2. 8868;
end;
{ Range: 0-85 degree >
£
for Idx:=l to 23 do

Bl A ">

urn');

i 1 =Zd:
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end;

begi n

case

dx of

OO ~NRPAOANWNER
Zf

NNNNRRRRERRRRRR-—
WNRQO®NAORMWNEQ
SRS E R NSNS

end;

Edi t Dat a;

Xs:

:=-0.0873
:=-0.1746
:=-0. 2620

. 3496,

:=-0.4374,

:=-0.8816
:=-1. 3397

:=-1.8199,

1 =-2. 3315,
:=-2. 8868
:=-3. 5010

1 =-4. 1955,

. 9588;

1 =-7.1407;
:=-8.3214;

1 =-9.0202;
:=-10. 7225;
:=-13. 737;

. =-18-66;

. =-28. 356;

57. 15;

got oxy<5, 9>, wite<' |l ncident Angle =
got oxy<16, 15) ;
Progran i s RUNNI NG Do

wite< « o
Ni e;
writel nCLST

, ThetaBl :6:2,

Do»i nAA: 6: 3) ;

end; { for idx )
writel nCLST) ;
writel nNn<LST>;

end; C for id)
aut o: =f al Be;

X8: =a; y6:=b; Zs:
ActCoin: =1 ;

del ay<2000) ;

Cl Range<4, 25);

( AUTONA )

=C;

Xp: =d; yp: =e;

Zp: =f;

', Thet aBl : 6: 2>;

not i nterrupt

, Do»i nB, | A: 6:3,'

Xd: =g; yd: =h;

Zd:
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