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Definitions &nd Conventions in Ellipsometry¥
_ ~Rolf H. Muller
Inorganic Materials Research Division. s
' Lawrence Radiation Laboratory ’

University of California
Berkeley, California 94720

ABSTRACT

;Mény paraméﬁers which appear in the theory of ellipsomefry crucially__

depend on.the cﬁoice of arbitfary conventions_énd definitions. This

dépéndence is discussed for nine two-fold choices. On the basis of
.litefature usage, preferences are expressed for one of each of the

alternatives and for the nomenclature of the variables involved.

¥ Work performed under the auspices of the U.S. Atomic Energy Commission



In the derivation of the basic equationsbof ellipsometry frém the
electromagnetic theory of light reflecfion, for monochromatic plane waves, _ v
arbitrary choices have fovﬁe'made at many.points. Some of these choices,
although of profound consequence, are not recognizable from the resuits,
and the comparisonvof data from different sources may be impossible. - It
should be realized that to some extent the separation between cause and

' are those

‘effect is arbhitrary, The élternatives chosen here as "cause'
which present themselves in the step by step derivation of the classical
theory of ellipsometry froﬁ the Maxwell equations; |

In the followihg'discussioﬁ, nine two-fold alternatives of définitions.
and conventiqns have beéh.éingled out,.ahd are stated in their most concise:
and fundamental form. Theilr direct effects.are discussed and some of the
multiply connectediinteractiohs are indicated. Howevef;vho éttémpt”is‘
‘madeago discuss the effecﬁs of all possible‘§l2‘combinatiéns. The‘alter%:
natives listed in'the,first and Second.columns of Tables I to IX will be
referred to as alternati&eé one and two. Tﬁe first column represents the
author's tentative pre_feren'ce7 which is strong, however, only-in the cases
represented in Tables VI (éoordinate system) and IX (angle.independent
opticai constants ). |

In order to establish past and present.us§ge, the literatﬁre has been
searched for‘aﬁthors who make_specific stateménts on the conveﬁtions.ahd |
_definitions they use; Ohly one publication has been selected .from each

author and is referred to by his name. If a convention had to be inferred \ﬁ

from the results, the name appears in parenthesis.

Formal Definitions of Ellipsometer Parameters
" Table I gives the two alternative formulations for the relative

amplitude attenuation tan ¥ in terms of the Fresnel coefficients r for



the electric field components normal (subscript s) and parallel (subscript
p) to the plane of'incidencel. The resulting alternative angles i are .
complementary to each other. The ranges ef Y valués for bare surfaces
given in fhe_table hol@ in combination with the .conventions contained in
the first columns of ﬁhe;other tables, and under the assumption that

values between 0° and 90° are admitted for the description of elliptic

polarization. Although most of the literature employs alternative 2,

the first one is preferred here7in order to be consistent with thelcheice
of A discussed below.

Table II gives the two alternative formulations for the relative

v phese change A in terms. of the absolute phase changeé2 of s and p com-

ponents upon reflection. The first alternative is almost exclusively used

in phe literature and therefore preferred hefe. It would seem that the
first alternative of y in Table I requires the second alternative of A
in TablevII. However, the preferred choices given in Tables III, IV and
v, primarily the negative exponent of the time—factor; result in a
reversal of the sign of A and requirevthe first alternative in Teble II. The
ranges of A values for bare surfaces given in the table again hold in
combination with the other preferred conventions and are basically due
to the restriction in the angle of incidence to 0 to 90°. |

Table III gives two alternative formulations of the complex relative
ampiitude'attenuation Pp. The first alternative is elmosteexcigsively:dsed in the
litereture and therefore preferred here, although there is some logic in
using the second alternative in combination with the negativerexponent

of the time dependence factor.



Time Dependence Factor

Table IV shows two alternatives for the complex formulation of
sinusoidal oscillations. As a basis of discussion, the negative exponent is

7

preferred '’ here because -of its use in most of modern physies, particularly
quantum mechanies, aithough alternative two is firmly established in elec-

trical engineering and can be found in the older physics.texts.

A direct consequence of the choice in sign for the exponeht in the
timé—factor is the sign of the imaginary part of the complex refractivé
index. A combination of signs other than thosé indicated in Table IV
reSults‘in intrinsically negativé,valuesvfor the imaginary parf regard-

less of which formulatign<gf the refractive index (Table VIII) is' chosen.

Absolute Phase

Littie attention has been éiven invthe litéfatufe to the effect
which results from’the_formulation of'fhe absolute phase change uponv
reflection. Aithough four alternatives.are shown in Table V, the choice
is again basically two-fold and formally lies in the relative sign of
time' and phase exponent. In the préferrngfirst alternative qf‘Table v, -
a_poéitive absolute phase change ¢ is equivalent to an increase’in time,
orva.phase advance. Correspondingly, a negative absolute:phése represénté'
a‘phase retardatioﬁ. The third altefnative,.most frequently foﬁﬁd_in,the
1itefature) is physically equi&alent to the first within the framework_

of a positive time exponent.

Coordinate System

- Table VI illustrates two possible choices for the posiﬁiVe>cdordinate
direction of the reflected electric field component -in the:plane of inci-

dence. The resulting values of the relative phase A differ by an additive

«



guéntity of m.

This effect cah most easily be understood by comparingvmirror images
of ellipses in Fig. 2. The éoordinate syséem used in literature references
can be inferred from stateménts of the Fresnel coefficient for the b-
compbnént which differs in. sign for the two alternatives and_is‘given in
its most compact form in Table VI. ¢ is fhé,anglé of incideﬁce, ¢! the
angle of refraction. |

 The literature preference is dividéd betweén the twa alternatives.
Although fhe second alternative.results in identical réfléction_coéfficients

for.s and p components at normal incidence, which is physically reasonable,

3
"+

it is rejected here because_(if uséd with thé first altérnativé of
Table VII);it involves a changé frdm a right fd a left hand coqfdinatef
system for the directions of Ep Es and'K beiwéeh incident and reflected
beam. Since azimuth circles on instruments usually showkfhe saﬁe sense
of'rotétion for incident and reflected beam, altérnatiVe 1lis strénglx;
"févofed despite its lack of beauty at normal incidence. |
" Table VII shows the two possibilities for defining the.positivé'
coordinaté directions of the reflécted électric field componént normal
to the plane of incidence. It can be parallel or opposite to that of
therincident wave. A dot stands fér”an-arrow coming out of, a cross
for‘one_going into, the plane of the dfawing-which is also the pléne of
incideﬁce. The literéture is almost unanimous in the use of the first
alternative except for Winterbottom whose equations do not seem io égree
Witﬁ drawings if the arrows are taken to indicate positive coordinate
diré;tions réthervthan electric field orientation. The preferred céor—
dinate system with the nomenclature employéd is also shown in Fig. 1.

' 4
This system is also best suited for application of the Poincare sphere



6
in tracing the state of polarization through the different elements of an

ellipsometer.

Complex Refractive Index o e

Two alternative formulations of the complex refractive index,
irrespective of the sign chosen for the imaginary part, are given in Table
VIII. The imaginary unit ~-1 is designated by the letter i. The factored

T

form, alternative 1, seems to be.prevalent in-the literature,’ however the
use of the symbols k and K,.is not uniform. A comparison of-nomenclatﬁre
for the different éarts of the complex refractive index as formulated.iﬁ‘
Table VIII is given in Table X. |
| The proposed preferred names are}

n - refractive index

K - absorption index

k - extinetion index

With either of the.above'formulations, the compiex refrac&i&e ihdex '

can 5e.defined in two basically differént ways, such that>its valué is
'-eitherka éonstant or depends én the angle of incidence. fhis is the most
fér-reaching of the hinevchoices. Table IX shows the two alternatives in
the form of tﬁé first albernative of.Table VIII. n' and k! stand for
the values which are dependent on‘angle of inecidence, n and « for those
which are independent. The relationships gi&en between the two sets of
vélués-shOW'that they are not simply-connected to each other bu# become
identical at normal incidence. The difference in the tﬁo definitions showé
most clearly in the-descriptioﬁ of refractidn at a'dielectriCQmetal'inter-
_facerhen put in the form of Snell's law.3 As shown in Table IX, the formu-
latién with the angle-independent complex reffactive index requires the

introduction of a complex angle of refraction ¢' which has no recognizable
‘ v complex »



‘physical meaning. The angle-dependent complex refractive index, on the other

hand, is chosen so that its real part and the real. angle of refraction
¢'real’ which describes the direction of the wave vector k in the absorb-

ing medium, and is shown in Fig. 1, appear in Snell's law, The phase

- velocity in the absorbing medium is simply connected to the angle-dependent .

 optical constants; so is the attenuation of the electric field amplitude

when formulated as a function of the real direction z normal to the

surface of the absorbing medium (Table IX). This fact has been a reason

for,the'widespread, often unrecognized, application of this definition

~in the literature. On thevother hand, the square of the angle;indépendent

refréctive index is simply related to magnetic permeability u, dielectric .
constant € and conductivity 0, as shown in Table IX.

o ] : _ ' o _
A strong prefeérence is expressed here for the use of the angle- -

indepepdentvdefinition of thé complex réfractive index. Although this
definitibp'entails mathematical'éomplicationsxin some parts of the theo-
retical deri?éfions, it retains the ph&siéal meaning of thé réfractive
index as a material constant rather than being a de&ice of mathematical
expedience and'is,_for a given frequency, indépendeﬁt of the way in which
it is determined. B

As indicated in'Table:IX, the literature is divided in applying the

. two alternatives. Indirect evidence for the simultaneous use of both

can be found in many references. Discussions of the two alternatives -

’

_ are presented by Ditchburn, Koenig, Vasicek and Valasek.

Numericalfexamples of the interrelationship between the two sets
of optiCai constants are giveh in Pigures 3 and 4. They show that the -

dependence of the refractive index n' on angle of incidence is strong

.only for small,values of n and large vélﬁes of k, while the angle-dependence



of the absorption index k' “is small only for,high values of n. lt can
be seen that for a material like silver n' changeé by about a factor of
ten; K! by a factor of tﬁo between normal and grazing'incideneei

;’A question of‘nomenclature arises in the formulation of the ampli-

tude  attenuation

given in Table IX. The exponent contains the coordinete Z normal tovthe

surface of the absorbing medium and the quantity

_'S2ﬂ‘an'

- A
e

which should be callea the amplitude absorption coeff1c1ent. ' Itsv -

: rec1procal the amplitude penetration depth "is.a physically well recog—

nlzable measure,of llght absorptlon.(vko designates the Wavelength in

vvacuUm.) Most of the formulations of light ebsorption found in the

literature are given in terms of intensity rather than amplitude
f2aZ

I = Ie
(o]

 As indicated in Table XI, the quantity o

. S '
2a - -lmx—n-‘s—
. N

usually identified by "a", is called abSOrptioh coefficient. To avoid
any ambiguity, it should be named_"intensity abeorption coefficient. "

‘Correspondingly, its reciprocal is the "intensity penetrationedepth;"

<
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Siimary®

The student of ellipsometry is confronted with a confusing multi-
plicitybof_conventions and definitions employed in the classical papers
on the subject, and this problem persists in the present literature.

In an effort to untangle this situation, nine conventions and definitions

have been singled out, where arbitrary choices between two alternatives

have to be made in the theory of ellipsometry, ' Since some of these

choices have the same or opposite effects;_not all possible cdmbinatiéns
leéd'to different results. Nevertheless, according to- this anéiysis,
refléction from any given surface can beirepresented by. 8 numefically
différent combinations'(including sign) of ellipsometer pafameters ¢
and-g. Conversely, from any measured set oflw and A vaiues, 16 different
combinations of optical constants, which are all valid within the réépec-
tive framework, can be derived.

’F.or the electric field ‘stx'-engthh‘for'mulat’ed as

-
kpi? ~Qlz

? - Eo.e-i(wt +8) i .

the complex relative amplitude attenuation

©
]
'UHImH
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can be formﬁlated as5z

B_" ~i8_
E
0 |"s |
2" ~i§
E R
D

This expression can be re-written in the form

S .

E "l - 418 =8 )
{Ep e P s
N

, IE |

p

O
|..

or

tan Y
p = —= e
ten Y,

in

iA -

O
n

~tan Y e

Thus, the' preferred formulationsof the two ellipsometer parameters are

1%

pl

ten ¥ 1B

A = 6§ -6
P s
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The éoqrdinate system is préferréd as given in Fig, 1. The cdmpléx refractive

index of an absorbing medium is formulated as

n; = n(l + ik)

and defined to be independent of angle of incidence. -

The preferred nomenclature is

tan ¥ - relative amplitude attenuation

n
K

k

Although the general

e

- - relative phase change
-~ refractive index

- absorption index

nk - extinetion indéx

use of a standardized set of definitions and

corventions may not be feasible, it is hoped that this discussion leads

to a greéter appreclation

of the problem, and results in the more frequent

‘statement of the arbitrary cholces made by authors . Thus,

communication within a growing technical community would be greatly

- facilitated.

\ Jonathan Z., Shoher has assisted in the literature search for this

study.
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Modification of Preferences

Contributions to the discussion of this paper, particularly by
Dr. H. E. Bennett* and Professor F. Abeles**, have convinced the author
. to adopt the positive exponential for the time factor (alternative 2;
Table IV) and the unfactored form for the complex refractive index (al-
ternative 2; Table VIII)} As a consequence of this change, several other
choices have to be reversed, so that thg modified set of preferred défi;

nitions and conventions is given by

CTables I II III IV V VI VII VIII

Alternatives 2 1 1 2 3 1 1 2

The summary, to take the place of the one given in the paper, ‘can
therefore be restated as follows: For the electric field strength
formulated as:

' . R -
= E_ ei(wt + .5) JKT -az

- The complex relative amplitude attenuation is:

EM,
ot TE™ i(6 -5 ) o
o= ;R = - IES | e P ¥ = tan ¢ &
S v v
| |

. Head, Phys1cal Optlcs Branch Michelson Laboratory, Naval Wéapons |
Center, China Lake, Calif. 93555

Unlversite de Paris, Faculté des Sciences de Paris, Laboratoire a' Opthue,
9, quai -Saint-Bernard, Paris - 5%, France.
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!

- The preferred coordinate system is shown in Fig. 1. The complex refractive

“index, definéd:to be independent of ahgle'of incidenée, is preferably

formulated as

n =n -ik
e
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5'Table I. Formel Definition of Relative Amplitudé Parameter Y

H

. o _ ' r
_ Alternatives: - . tan Y = ;i tan ¥ = ;E
Effe;tﬁon v L v 7 90y
Bare surface values: s5° <y < 90°"_ ' 0° < ¥ < k5°
Authors : o ~~ Born and Wolf p. 617 . Aoelés . p. 46
' Fry L. 22 Archer p. 10
.~ Mayer  p. 90 Born . p. 262

Drude r. 286

(Foersterling :p. 115)

Hall - p. 911
Heavens p. 198
Holmes and -
Feucht ~  p. L67
. Jenkins énd‘
Vhite p. 523
Koenig p. 226
. leue - p. 162
Leberknight
and Lustman p. 62
McCrackin: L
~ and Colson p. 62
" Pohl © p. 154
Rothen p. 1057
Tronstad ,p; 19
Valasek .p. 251
Vasicek. . p. 283

Winterbottom p. 16
Wood £. 552
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Table II. Fdrmal Definition of Relative Phase Parameter A

Alternatives: A =8 -8 A =g -6
: . p s b
« | Effect on A: - ‘ A. -A
Bare surface values: 0 < A < +180° 0 z‘sz_—lBOQ
Authors _ Abeies p. 46 (Fry . 22)
' ‘ Archer p. 10 Mayer p- 90
ﬁorn,and Sl
-Wolf: p. 617
Drude "~ P. 292
(Foersterling p. 119)
Hall ps 911
(Heavens p.‘l98)
(Holﬁes-&hd -
Féucht p. 467)
' Jenkiﬁs L
and White p. 52k
Koenig'> é. 222
Laue p. 162
Leberknight
cand Lustman p. 62
Rothen ' p. 1057
Tronstad p. 19
" Valasek .p. 251 v
Vasicek  p. 289
Winterbottom p. 16
Wood ‘p. 552




Table IIT.

Attenuation

14

Formal Definition of Complex Relative Amplitude

Alternativest p = tan ¢ 8 p = tan ¥ e
Effect on A 3 A -A
Authors: Abeleés p. 46 Born and - :
Aréher p. 10 Wolf p. 617
~ Born ﬁ. 262 ;
' Drude p. 292
Foersterling p. 129
Fry . p. 22
Hall p. 912
Heavens p. 198
Holmes and
Feucht p. 467
Koenig p. 241
Laue p. 162
(Ieberknight
~ and Lustman p. 62)
Mayer p. 90
McCréckin-
and Colson p. 62
Pohl pe 154
Tronstad p. 19
Valasek- p. 251
Vasicek ' p. 289
| Winterbottom p. 16
| p. 552

Wood.




Table IV. Time Dependence Factor

15

Alternativess o lut gt
Effect on Complex . :
Refractive Index: n(l + ix) n(l - ik)
Authors s Born and Abelds p. L2
o Wolf p. 2k (Archer pe 11)
Fry . p. 1b3 Born p. 21
y ‘Stone‘ Pe 35 Condon p. 6-7
(Winterbottom p. 15) Ditchburn b 4O
Drude _ p. 299
Foersterling p. 75
Frangon p. 387
(Hall . p. 911)
(Heavens De 198)
Koenig p. 153
Laue p. 161
* (Leberknight
and Lustman p. 66)
Mayer . p. 125
(McCrackin and
Colson ' p. 64)
Pohl p. 1h9
Rossi p. 368
Valasek p. 243
Vasicek  p. 15
ﬁ. 416

Wood
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Table V. Absolute Phase

! » , 3 : L - - 3 + : +4 -
Alternatives: e 1(wt+9) e 1(wt=3) e+1(wt ®) , e 1(et-8)
Effect on A 8 | ~A A -A
vAuthors:__ Born p. 24  Stone p¢35 Born- p.21 vFrangon p.39§"

and Wolf Ditch- :
burn - p.ko

(Drude p.é92)

Foerster-
ling P.T5

Koenig p;l53
(Mayer p.140)
(Pohl p.126)
(Rossi p.269)
Valasek p.219
Vasicek Pol5

‘ _. . o ' T ‘ Wood = p.l416




17

Table VI. Coordinate System for p-Component

Alternatives:

Effect on

'iﬁfect on Fresnel
Reflection Coeff. rp:

%é%é

tan (¢=-¢')
T ten §¢+“‘T¢' -

é«i

A * 180°

tan (¢~¢')
tan (O+0")

Authors:.

Aréher pe 2

(Bashara and
Peterson p. 1329)

Born p. 27
(Born and :

Wolf p. Lo)
Ditchburn p. 533
Drude p. 280
(Foerster-

ling  p. 11k)

Heavens p. 196
Holmes

“and Feucht p. L67

Jenkins and

White - p.. 529

- (Laue pe 129) -
Leberknight '

and Iustman p. 66

(Mayer  p. 137)-

(McCrackin -

and Colson p.. 61)
Pohl Pe 147
(Tronstad  p. 17)
Vasicek | p. 27

Winterbottom p. 15
Wood p. U411

{Condon p.6-8)

Francon p. 391
v(Koeéig p. 211)
Rossi * p. 373
(Stone Pe 397)
Valasek p. 199




Table VII. Coordinate System for s-Component

Alternatives:

S

Effect on & : A A £ 180°
mEno, | sw e . s (69
Authorsi (Archer p. 11) Winterbottom p. 15
(Born p. 29) -
(Born and » .
Wolf p. . 40)
(Condon p. 6-8)
(Ditchburn p. 535)
(Drude p. 282)
(Foersterling
pe 114)
' Fran%on Pe 393
) Heavens Pe 196
Holmes and =
Feucht . p. 467"
Jenkins gnd '
White p. 529
_Koenig ._ Pe Qil )
(Laue . 129)
(Mayer p. 137)
. (McCrackin 4
and Colson p. 61)
(Pohl Do 1h4)
Rogsi Do 373 
Stone P, 392
(Tronstad p. 17)
Valasek p. 199
- Vagicek  p. 27
(Wood p. 410)

18
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Table VIII.. Formal Definition of Compléx Refractive Index nc

Alternatives: . “n (1 % ik) . n * ik
Authorsi Born pe 260 Abeles pe. 50
| Born and Archer  ps 11
WOlf p. 613 Bashara and
Condon p. 6-7 . Peterson  p. 1329
) Ditehburn p. 551 _ 1Frangon " p. 387
Drude pe 363 Fry - pe 23
Foersterling ~ p. 128 v Heavens p. 198
'Hall ps 911 MeCrackin

Jenkins and and Colson p. 71

 White p. 5355 Pohl p. 150

Koenig  pe 241 Stone p. 372
Laue p. 160 V
Leberknight
and Iustman p. 64
Mayer | vp; 126
Rossi - ps 408
Tronstad ps 20
. Valasek p. 24k
(Vasicek pe 287)

Wihterbottom P. 15
(Wood p. 546)




Table IX. Angle of incidence Dependence of Refractive Index

‘independent-

- P

,Alterhatives: dependent
Designation: n(l + ik) n'(1 + ik')
Relationships: n~(1-k°) = n'2(l—K'2)
, 2 s 2
i~ n K = n' k' cos ¢ real
. ! . “= . . . ' - o - ] . t
Snell: n_ sin ¢ '9(1 +ik) sin ¢ complex n_ sin ¢ = n' sin ¢ real
Phase Velocity: v = —ST
. n
. T y - 2mra'k!
Amplitude Attenuation: E v Eo e X
. o
Dielectric Constant: n° + i2n2K - n?K2 =u(e + Eﬁagé
Authors: (Born ‘p. 260) Hall p. 911
' (Born .and Wolf p. 613) Koenig p. 207
(Condon p. 6-9) Valasek p. 2L5
Ditchburn p. 590 Vasicek p- 290
(Drude ‘ .p. 361) (Winterbottom p. 15)
(McCrackin and Colson p. 61)
~ (Wood ' 5L46)

)

0oe



Table X. Nomenclature for Optical Constants

21

Names For:

Authors: n K k = nK
‘Archer‘ p. 11 ext. coeff.
Bashara and Petersoﬁ p. 1329 {real part of abs. coeff.
refr. index ' '

Born p. 260 abs. index

Born and Wolf _p. 613 att. indéx

Condon p. 6-7 abs. index

Ditchburn p. 551 ext. coeff.

Drude p. 360 coeff. of

. abs. '

Frangon p. 387 refr. index ext. index
CFry P« 23 e . ext. coeff,
Hall p. 911 yefr. indeéx abs. coeff.

Jenkins and White pP. 533 refr. index abs. index

Koenig p. 189 abs. index ext. modul
Laue p. 160 refr. index ext. coeff.
Mayer p. 127 abs. index
McCrackin and Colson p. 79 {real part of {imag. part v

: refr. index of refr. index

Stone .p. 372 refr. index ext. index
Tronstad p. 18 refr. index abs. index

Vasicek p. 286 index of abs. coeff.

: abs. B

Winterbottom p. 15 refr. index ext. coeff.

Wood | b. 5h6 refr. index abs. index-



‘Table XI. Nomenclature for Light Attenuation

22

1

Names For:

I~ e"QdZv 2&=£1TT11'—K—’
o Ao
Author: Archer p. 11 . abs. coeff.
Born and p. 61} abs. coeff
Wolf ' _ .
Ditchburn p. 551 abs. coeff. '
Koenig p. 189 abs. coeff
Mayer p. 127 abs. coeff.
Rossi _ p. 409 abs. coeff.
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FOOTNOTES

Defined as the plane which contains incident and reflected beams or

- wave vectors.

- Phase of the reflected with respeet to the incident wave in the reflec-

fing surface.
Real refraétive iﬁdéx of* dieleetric - s c¢omplex refractive index
of metal n(l + ik) or ﬁf(l++ ikt). Aﬁgle of incidence ¢ (real),
"angle of refraction ¢'(complex or real, depending on choice of
complex refractive index). |
Eo - reference amplitude, i - imagihary unit, o - éngular_frééuen¢y,
® - absolute phase (see footnoﬁe 2), ¥ ~ wave vector, 7 - positidn
vector,va - amplifude absorption coeffleient; z ~ inward nérmal to

refleeting surface.

IIE]_and |E"| - electric field amplitude in incident and reflected

-wave, respéctively;

tan ¢& anq tan ¢; - %elative amplitudes of s and p eomponents in
ineident and reflected wave, respectivglyu

As a result of the diséussion,'the aﬁthor's preference has béeﬁ
modified to élterﬁative 2 in Tables I, iV and VIIT and to alternative

3 in Table V.

‘See end of discussion for a summary of the modified preferencés.3
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FIGURE CAPTIONS

Refleetion end refraction at a dielectric—metai'interface,
designatidn of symbols. E, E"and E''-positive coordinate
direction of electric field amplitude in incident, refracted
and reflected waves for components parallel (subscript p)

and normal (subscript s) to the plene of incideﬁce. The
circles represent arrows pointing out of the plane of the
drawing. k, k' and k'' - propagation directiqh of the'three:
waves. ¢ - ehgle of iﬁcidence, 6; - rea; angle of refraction,
n, - refractive index of incident medium, n, or né -
refractive index of reflecting medium, z - coordinaté direc-
tion fof amplitude attenuation. |

Dependence of elliptic polarization on phase diffefence.A
between erthogonal linearly polarized componentS'ef amplituae

A and B.

~ Effect of the angle of incidence ¢ on the angle—&ependent

refractive index n' for different combinations of the

¥,angle;independent optical constants n and k.

‘Effect of the angle of incidence ¢ on the angle—dependent

absorption index k' for different combinations of the angle-

independent optical constents n and k.
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This report was prepared as an account of Government
sponsored work. Neither the United States, nor the Com-
mission, nor any person acting on behalf of the Commission:

A. Makes any warranty or representation, expressed or.
implied, with respect to the accuracy, completeness,
or usefulness of the information contained in this
report, or that the use of any information, appa-
ratus, method, or process disclosed in this report
may not infringe privately owned rights; or

B.  Assumes any liabilities with respect to the use of,
or for damages resulting from the use of any infor-
mation, apparatus, method, or process disclosed in
this report.

As used in the above, "person acting on behalf of the
Commission" includes any employee or contractor of the Com-
mission, or employee of such contractor, to the extent that
such employee or contractor of the Commission, or employee
of such contractor prepares, disseminates, or provides access
to, any information pursuant to his employment or contract
with the Commission, or his employment with such contractor.



