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Multiple layers mirrors
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» Tune layer permittivity and thickness to enhance constructive
interference of multiple reflections at the air dielectric interface

» Dielectric surface quality superior to metallic surface quality
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» Tune layer permittivity and thickness to enhance
destructive interference of multiple reflections at input
the air-dielectric interface
» This enhances constructive interference at the output
dielectric-air interface
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Angle dependent behavior

____________________________

Dielectric filter

ColorLock filter

» Transmission and reflection are
defined by steady state
constructive and destructive

0° interference

» Interference controlled by optical
path length within the dielectric

» Optical path is increased going
from normal to obliques
incidence angle

45°
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Single interface
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Finite thickness layer
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Two layers
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Today: Normal incidence, single layer
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Field relations

Total E-field
E(z) = Eg,e X% + E,_el¥?* = E,(2) + E_(2)

Total H fleld 1
H(z) = —[E0+e kz 2 Ey_el¥?] = ;

* Algebra

[E, (z) =

Right hand rule

_ 1 Matrix vector [
E+(2) =5 [E(2) +nH()] MﬁltriI;(Ii\(/:ch;i:r: EI%
1 >
E_(z) =5 [E(z) —nH(z)] E+EZ§
E_(z

~E_ (Z)]

]=Lﬁ1
-1 -

Forward traveling E-field

E,(z) = Eg e K

Reverse traveling E-field
E_(z) = Ey_el¥?

e
o

il =l ][5

H(z) Supperzfs [E] [1 L I

Forward E-field

@z=0
Eo+

Reverse E-field

@z=0
Eo_
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Wave impedance and reflection

z-dependent Wave impedance

1 E_
2y~ E@ _E_ E.HE TE, 14T
¢ TH® H I _E]_“l_E:I“1—r
T n-r - Ey
\V/
Summarize
z-dependent Reflection coefficient
1 E
A E.(z) E. 3[E@+nH@] -1 /z-q
7Z) = = = = =
1 E —
Ey(z) Es 5[E() —mH@)] - Z=m

______________________

| 1+7T l
EZ(Z)—nlth i
i 1@-n
T@=z0
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Propagation of reflection coefficient

I'(z) =

E_(z) _ Eose ™ _ Eoq e-i2kz — [(0)e-i2k2
E+(Z) Eo_e]kz EO—

» The reflection coefficient at any point along z is the reflection coefficientatz=0
modified by twice the propagation phase kz

» Reflection coefficient magnitude is unchanged
» Only reflection coefficient phase is modified
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Propagation matrices: two points on z-axis

E; H; E, H,
Eiv Eq- Er+ Ea
I 74 I 7,

“Reverse” propagation

Ejy = ejk1FEZ+

“Forward” propagation
El— == e_jkaz_

“Forward” propagation

Exy = e_jk{)EH

“Reverse” propagation
Ez_ - ejk{)El_
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Propagation matrices: two points on z-axis

E, H E, H,
E;y B Epy B
I 74 1 I 7,

E1+ elk? Ea+ | | —izk |
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Propagation matrices: two points on z-axis

E; H; E, H,
Eiv Eq- Er+ Ea
I 74 ) I 7,

Iﬁilzln -~ HEH] ln

=l el Sl Skl

= Sl 5]
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Matching matrices across interfaces

Total fields + traveling fields - traveling fields
n N
E_ = pE, E_ =1EL
p,T p,T
Total fields r---------- » Lossless dielectric
E=E, +E_ E'=E, +E_ _> . E=FE > No free charge
, , , —_y’' + » TEM wave at normal incidence
H=H, +H_ H = H) + H- Boundary | H=H" . :
L R ' » All fields tangential
Conditions o o
» Tangential field continuity
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Matching matrices across interfaces

Total fields

E,+E_=E, +EL

H, + H_ = H, + H.

+ traveling fields

n

E_ =pE,
p,T

—

Boundary
Conditions

- traveling fields

E_ =1'EL
P, T

|=<lo 2ll:]
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Matching matrices across interfaces

+ traveling fields

Total fields

T=—
N

n-n
¢=“_W
n+n’
, 21
T = ;
n+m

- traveling fields

E_ =1'EL
P, T

Relations

T=1+p
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Matching matrices across interfaces

Total fields + traveling fields - traveling fields
N N
E_ = pE, E_ =1EL
p, T p, T

Impedance continuity

[ p+TI'
_w T
E_FE 1+ 14T
L=—=—=17' —> — =7 Algebra
H H Tt~ "1-1 ?
Slide 12 \ . p+T
I =
1+pT
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What if there only an incident field from left?

+ traveling fields

nin’ E. =0
El =1E, B/
E+—>_> FI__’__O
E}
- |
E_ = pE, o 1+0
p, 7l p, T DL

» This is the final condition for the dielectric slab

» Once energy enters the half space it does not
reflect back

PO

Plug it in ¢

£1=:0 SI0%]

_____________
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Single Dielectric Slab

N1 —Ma

= T, = 1 + pl
01 .
M — M1

Py = T, =1+p,
27 nptm

» Half space of n, and half space of n, separated
by a slab of dielectric, /', thick with n;

Interface 1 Inteﬁace 2

» Field incident from the right
. : Ei_
» Find total reflection: T, = EL
1+
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Reflection coefficient propagation

From slide 19
_prt+ I
Y14y py + e 12Kt
' 1= 1 I, e J2ki1
From slide 14 + pqlye

1"1’ = [‘Ze—jZkﬂﬁ ¢

From slide 20

/ I = ps

Interface 1 Inteﬁace 2

p1 + preiFata
1= —
14 pipyeTizkits
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Matching and propagation matrices (1/2)

From slide 17
[E1+] _ l ] IEHI
E, T1

From slide 14

=l I el

From slide 17

5 | E iy € E
Interface 1 Interface 2 I+ — l ] le k , ] l ] l 2+]
El T1 TIXit1] 1, P2
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Matching and propagation matrices (2/2)

From slide 20: E;_

-2 L
E,_| Ttlpa elklflrz p2 11l 0
¢ Multiply through

elkif1 ’
E;, = - (1 + pypyeizkata)ES,
112
ratio oikity
— 2k, ¢ /
, | K Ei_= g (p1 + ppe7le 1)E
! ! 1
Interface 1 Interface 2
Ei_  p1+ ppeiZahn
1= - 1+ —j2ky?4
E1+ P1P2€
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Transmission

Interface 1

Inteﬁace 2

From slide 21: E;_

|

E,

Eq-

v

ejkl'gl '2k #
_ — /
Eir = (1 + ppre e 1)Ez+
TTy
ES . T, T, K11
T, = = 32Kk, 7
E1+ 1 + plpze JeKata

==lo Helkm Il S ]
"[ P1 e ]kl'gl T, P2 1 0
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Conclusions and next time

» Boundary conditions (field continuities) allow for a solution to the steady state time
harmonic total fields

» E.(z), E_(z), and '(z) have simple propagation matrices but complicated relations
across the interface

» E(z), E(z), and Z(z) have complicated propagation matrices but simple relations
across the interface

» The matrix from provides a natural form for recursion and enables solution of the total
transmitted field

» Next time we'll
» Solve for the reflection via geometric series (ray tracing)
» Extrapolate to multiple layers
» Explore oblique incidence angle
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