Interference in Thin Films
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Interference Patterns

e Constructive
Interference occurs
the center point S,

« The two waves trav
the same distance Slits

— Therefore, they arri
in phase S

Bright
arca

Screen
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Interference Patterns, 3

* The upper wave travs, =
one-half of a
wavelength farther tt
the lower wave S,

e The trough of the p Dark
bottom wave overlar area
the crest of the uppe
wave TQ

 This Is destructive L
Interference
— A dark fringe occurs
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Interference Equations

* The path difference,
Is found from the tan
triangle

co=r-r=dsine A\ T i

— This assumes the pa l
are parallel H

— Not exactly parallel, t >
very good approxima 5 L

0

since L is much greaic.
than d




Interference Equations, 2

« For a bright fringe, produced by constructive
Interference, the path difference must be either
zero or some integral multiple of the wavelength

* 0=dsin By =mA
-m=0, £1, £2, ...

— m Is called the order number
 When m =0, it is the zeroth order maximum
« When m = %1, itis called the first order maximum



Interference Equations, 3

The positions of the fringes can be measured
vertically from the zeroth order maximum
y=Ltan©~Lsin6

Assumptions

— L>>d

— d>>A

Approximation

— 6 is small and therefore the approximation tan 6 = sin
0 can be used



Interference Equations, 4

 \WWhen destructive interference occurs, a
dark fringe iIs observed

* This needs a path difference of an odd half
wavelength

e 0=dsinB,,,, =(m+7%2)A
-m=0, £1, £2, ...



Interference Equations, final

* For bright fringes

ybright:/l_Lm m:O,il,iz...
» For dark fringes

ydark_ﬂéjL(m+%j m=0,+1+2 ...



Phase Changes Due To
Reflection

* An electromagnetic
wave undergoes a
phase change of 180° I
upon reflection from a
medium of higher =
index of refraction " |
than the one in which
It was traveling

n No eflected wave
— Analogous to a reflected Bt Reflected wa
pulse on a string

Rigid support



Phase Changes Due To
Reflection, cont

 There is no phase
change when the we
IS reflected from a

No phase change

Incident wave

boundary leading to —_
medium of lower ind - — N
of refraction - -— "
— Analogous to a pulse e N
string reflecting from Reflected wave I

ny Mo
free support . Free support



Interference In Thin Films, final

 Be sure to include two effects when
analyzing the interference pattern from a
thin film

— Path length
— Phase change



Interference In Thin Films, 2

 Facts to remember

— An electromagnetic wave traveling from a medium of
iIndex of refraction n, toward a medium of index of
refraction n, undergoes a 180° phase change on
reflection when n, > n;

* There is no phase change in the reflected wave if n, <n;

— The wavelength of light A, in a medium with index of
refraction nis A, = A/n where A is the wavelength of
light in vacuum



Interference In Thin Films, 3

 Ray 1 undergoes a phase 180° phase  No phase
change of 180° with change change

respect to the incident ray |
* Ray 2, which is reflected .
from the lower surface, Air i sl
undergoes no phase s / index n
\f /

change with respect to s
the incident wave {
v

Surface B

Air
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Interference In Thin Films, 4

« Ray 2 also travels an additional distance of 2t
nefore the waves recombine

* For constructive interference

-2nt=(m+¥% )N m=0,1,2...

« This takes into account both the difference in optical path
length for the two rays and the 180° phase change

 For destruction interference
—-2nt=mA m=0,1,2...




Interference In Thin Films, 5

« Two factors influence interference
— Possible phase reversals on reflection
— Differences in travel distance

 The conditions are valid if the medium above the
top surface is the same as the medium below
the bottom surface

* If the thin film is between two different media,
one of lower index than the film and one of
higher index, the conditions for constructive and
destructive interference are reversed



Thin Films, 1

* |dentify the thin film causing the
Interference

« Determine the indices of refraction In the
film and the media on either side of it

* Determine the number of phase reversals:
Zero, one or two



Thin Films, 2

* The Interference Is constructive If the path
difference is an integral multiple of A and

destructive If the path difference is an odd
half multiple of A

— The conditions are reversed If one of the

waves undergoes a phase change on
reflection



Problem Solving with Thin
Films, 3

2nt = (m + Y2) A

constructive

destructive

2Nt = m A

destructive

constructive




Interference In Thin Films,

Example
. An exam_ple_ of 180° phase
different indices of change
_ © 180° phase
refraction \ ,  change
A coating on a solar \ P ﬁ/\/
cell
Air
 There are two phase ,_;
changes \ | f
SiO N A t
n=1.45 \f ¢
S = 5.50 r@
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