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2) H,,, should be continuous at z=0
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Total waves
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Total E—field for z<0

¢ " E,.(z<0)= E, +E, =YE (e """ + L")
C] E — -)_/EO {(1 4+ F)e—jnlﬂoz + F(ejnlﬂoz . e—jnlﬁoz)}
— FE, {(1+T)e ™ 42 Tsin(n 4,2)}
/
oz transmitting tandi
4 ‘ wave svgce ng
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= Reflection, Transmission (Refraction)

Si Photonics (2022/2)




Lecture 4: Reflection and Transmission at Dielectric Interface

E; = yE; exp(—j,.x)exp(—jf3.2)
n, — P = mkysing,

B.= mhcosd

t R

E, =y TE; exp(—jf,x)exp(jf3.z)

I': reflection coefficient
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E; = yE, exp(—jf3,.X) exp(— j3.2)

_ - E
;= (—xcos 01. + zsin Hl- )—exp(—j . x)exp(—jf.z)
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E, =y TE; exp(—jf,X)exp(jf.z)
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=;vE exp(—jf, . x)exp(—jpf.z)
=y TE; exp(—jB,x)exp(jf3.z)

| | 2|

¢ =Y TE; exp(=jp,,x)exp(=jp,.z)
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B.C's at z=0

1) Etan continuous (Ei +Er =Ey)

exp(-jf,x)+ ['exp(-jB.x)=Texp(-jp,,x)

. (a) ,lez By :'B2x and (b) 1+I'=7

From ’le: Prx :'B2x
nlkO sin (91 - nlk0 sin QF - n2k0 sin Ht
6 -0

1 r

n sin 91 -n, sin 6; Snell's Law




Lecture 4: Reflection and Transmission at Dielectric Interface

0-0  nsinf-nsing I,z?
g B.C. on H at z=0
= H and H continuous at z=0
o tan n
_ cosd. cosd, cos @
From BC on H — L4 i =— tr
tan 7 7 1,

With 1+T=7,  _" cos.—n, cos b,
n, cos @;+n, cos o,

H; = (—; COS 6’i +zsin ‘91' ) L exp(—Jj B, x)exp(—jp.z)

m ;= 2n, cos 0,
o _ TE n, cos@.+n, coso,
H,. =(xcos@. +zsin@.)—-exp(—j B, x)exp(jB.z) o
! ! m Remember for normal incident
H, = (~xcos0; + 2sin ) " exp(~jf, x) exp(~jf,.2) r-a-te, ;=
; =(=xcos b, +zsinb, T exp(—j B, x)exp(—jB,.z — —
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1

0,=20 nsing-n,sing, 6 =sin”| 1sin20) | =985

2n, cos b,

~n,cosb.—n, cost

t =.03542 T, = = (0.6458

* 1 cosf.+n,cosb, 1, oS 6 +n, cos b,
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X

= For 6, =20° 0 =9.85

I'=-0.3542, 7= 0.6458

Reflected and Transmitted Waves
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For 91 =20° (9t =9.85°

I'=-0.3542, 7= 0.6458
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v" Parallel Polarization

H; = yH, exp(—jB,.X) exp(—jf3,.2)

H, = yH, exp(—jB,x)exp(jf3.z)
H, - _

H;, = yH, exp(—jS,.x)exp(—jf,.z)

l, = (; COS Hl - ; SiIl 01 )Hinl eXp(_jﬁlxx) eXp(_jﬂlZZ)

| - = (—xc0s 6, — zsin 6, ) H, 17, exp(—j B,.x) exp(j B,..2)

H, |, - ~
y »/ z E, = (xcos Ht — zsin Ht VYH 17, exp(—j B, .x)exp(—jfB,.2)
s
£ _r H, __r E:f H, _ /n, W
Ez Hi E Hi Ez' 772
1 771
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v" Parallel Polarization

Hr — _r Ht =T 771
H, H, n,

Hi = yH, exp(—jp,.x) exp(—J f,.2)

H, = y(-T)H, exp(—jp,x)exp(jB.2)

H, =y 1211, exp(—j B, %) exp(—j B,.2)

e

= (x¢0s 6; — zsin 0,) H 17, exp(—j 3,.%) exp(—j 3,.7)

E,
l
Ey.

= (—xc08 6 — zsin 6, ) H 17,(-T) exp(— j B,,x) exp(j 3. 2)

E; = (xcos 6, — zsin 6,) H 17,7 exp(—j 3,,.X) exp(—j 3,.2)
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>
y/ z

Hl‘ = yH, exp(—j f,,x) exp(—j f.z)

H, = y(-T)H, exp(—j B, x)exp(jf.z)
H, =yl v H, exp(~ j ,,x) exp(—j B,.2)

n,
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B.C's at z=0

) H
)ta

coutinuous (H +H =H )
n ! r t

exp(-p.v)— Texp(-jg.x) =" rexp(-jp,x)
Uyl
@) B.= By =5,
6,-6,

n sin@i -1, sin@t . Snell's Law

b) 1- = "z

- T= ™2¢
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B.C's at z=0 2)E  continuous
tan

cos671.+l“cos:9l,=rcos6?t With 1- I'= ’LZT’

m
r cos @, —n, cos O, ;- 2n, cos 0.
i 0 g > I 0 0
n, cos@,+n, cos o, n, cos @,+n, cos b,
. n,—n 2n
For normal incidence ['=—1 2 7= 1
n, +n, n, +n,

E; = (xcos 6; —zsin 6;)H 1, exp(—j 3, x) exp(—j 3,.2)
E; =(—xc0s 0, — zsin ;) 13, (-T") exp(—j 3,.x) exp(j B,.2)

E; = (xcos 6, —zsin 6,) H 17,7 exp(—j 3,,X) exp(—j 3,.2)
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S Perpendicular vs Parallel
E. no| n, = ]
’ = = 6 =20
N /("\ n=1n,=2 0 |
0, ~ = nsing -nsing 6, =9.85
E: FJ_ = —0354, T, = 0.646 1_‘|| =-0.3 123 T|| =0.656

i
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g.: from 0° to 90°
(Reflected and Transmitted Waves Only)

Perpendicular Parallel

Incidence Angle : 0 Incidence Angle : 0

Si Photonics (2022/2) & W.-Y. Choi




Lecture 4: Reflection and Transmission at Dielectric Interface

1¢

n=1.0 n,=2 agl
0.6 -
r _mcos 0,—n, cos o, 0.4
8}. [2] + n,cos6,+n,cosb, 0.21
5 ~ of
E% 02}
r _74€0s6,—m, coso, 0.4F
¥ 06}

" 1, cos 6, +n, cosé,

-0.8 I, o~

LN
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Incidence angle, 6, (°)

For [ _/hc0S 6,—n, cos O, _0

n,cosé, =n, cosb and n sinf =n
11 ! 4 1 i

sin 6?t

2
n, cos @,+n, cos 0.

n 2 n2 —1 n2 1
sin2@ =——2 cos?0.=1— .0 =tan —= | =tan™ (2)263.40

2 27 ] 2 2 ] "
L nS+n, n’+n, 1

No reflection for parallel polarization on dielectric interface at certain incident angle
=» Brewster angle

Small reflection around Brewster angle
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1-
0.8
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Fl:rqcos@—vbcos@ 0.4}

n, cos 0. +n, cos, |

~ O0r

-0.2 -

IS 7, COS &, —n, €08 O, 3:
71, €0S 6, +1, cos 0. '

-0.8 I, o~
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Incidence angle, 6, (°)

For I, = 1,000~ €050, _, n,cosd =ncosd,  and nsinb =n,sind,
n, cos @,+n, cos 0.
n’ n’ 1| "2 1
sin2@.= 2 cos?f.=—1— O.=tan”'| < | =tan”'(2)=63.4°
i 2,2 i 2,2 i 7

No reflection for parallel polarization on dielectric interface at certain incident angle
=» Brewster angle

Si Photonics (2022/2)




Lecture 4: Reflection and Transmission at Dielectric Interface

r _’ucos 0,—n, cos o,

1
n, cos 0. +n, cos,

r _7mcos 0,—n, cos o,
1

71, €0S 6, +1, cos 0.

-0.8 Ty
b

LN

0 10 20 30 40 50 60 70 80 90

Incidence angle, 6, (°)

Brewster angle for perpendicular polarization?

n, cos@i =n, cos@t
But nsind =n sing  (Snell's Law)

6,=0,

(This is true only when p,= u,)
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— Incident sunlight is unpolarized: random E-field direction

(Both perpendicular and parallel polarization)
— At the Brewster angle, only perpendicular polarization reflected
— Polarizer can block reflected light with perpendicular polarization

— Light from inside the container can have both polarizations
— We can see inside the container
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Filter located at the Brewster angle
can almost block the reflected light from
the window

= We can see through the window
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Polarizaed Sunglasses
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Homework (Due 9/20 Tuesday 11am)

An EM wave whose E—field given as
E=(xsin®@+y+zE) exp(ikx) exp(-ik,z)
IS obliquely incident on the dielectric interface as shown below.

E

N
B
=
<
v
N

(a) Determine E,.
(b) If the reflected E—field has only y component, what is the incident angle?
(c) Determine the expression for the transmitted E—field for the incident angle
determined in (b).
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— No class next week

— Make up classes during the self-study period (12/8 and 12/13)
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