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Problem 1 (50 points)

A 100 mW parallel-polarized optical wave at a lum wavelength in free space is incident from air
onto a silicon substrate at the Brewster angle. The relative permittivity and conductivity of

silicon are 16 and 0.1 S/m, respectively. The free space permittivity is €, = 8.85 X 10_12%

b

and the free space permeability is py = 4w X 10"7%

a) Calculate the angles of the incident and transmitted beams relative to the normal to the
silicon-air interface. (£1)

b) Calculate the propagation constant, attenuation constant, wavenumber, and phase velocity of
the optical wave in silicon. ( 41)

¢) What is the amplitude of the transmitted electric field? Explain through calculation, how it is
not a violation of the conservation of energy that the transmitted field is different from the
incident field even though no wave is reflected. (10)

d) Assuming that the silicon surface is in the xy-plane, write the phasor and time-domain
expressions for the electric filed and magnetic field in air and silicon. ( 10 )

¢) If the incident optical beam is a mixture of a 50 mW parallel polarized wave and a 50 mW
perpendicular polarized wave, calculate the transmitted power to silicon. ( )

a) s - {-a’/’ /igi-;zssc

Snell’s Law: msme;=n15m9+->e*,5m (_n}_sm@a]=i‘-i.0'-i°
2

..E_. = -E- <1l = low - loss
% :

weE

IL"J

6
ey W n - 10522
- E = 4. 71___)@ UJ/YE :.C nl- 8'?1' 10 S

¥ = 0,1')6
Up= == = #.5:100F
(e 8 :
6. 72 —= cos (#5,96)
‘C) Ty = 2']2 ol - 1 = 0.25

1, €05 O +1) cos® Mo cos (14.04) + N_cos(#5.96)
1 m



e

e

Students whe assumed S:] = joo____:z .

¢ 12
_.\Ei-\——- = 100 = IE“ :7/;2r)0 100

Mo

Students who assumed P,: = 100mW,

T . -
‘.E_“-\ A cos6; =100 =7|Eu' = \/quoA cosB;

2N,
NO P()in‘\’s weve dec\wc{'eé #07‘ ‘EH\S Par%.

lEt) = 7, |E') = 0.25 |EY

—-T" 2 C‘D.Set i
s ~ .[4V;{' . ' :Zn\ B L) etk B
i I :
E_nerg\/ \'s conserved because IE' ¥ “T, = 4% /r)( )
Et

. -j ko(ZCOSGB+)(SinGB)
Ei=(§coseg—§sineb)|g‘|e )
o A ‘E? -:lﬂkc‘(ZCOSGB'\-XQiﬂeB) % Ey 3
e o~ &

)

zc0sBg+ xsbn@g}]

~®

(Z,*;%)= (:'Z\Cosea’gs‘ineg'”E;\cosl_u)'l'—\Ao( |
» 1 E [w%—ko(ZCoseg«&x S"‘nea)]

"z ¥) = y —— cos

Iy g

o .
re\:leci-e& “"'\QH (x-l- Bv‘ﬁ,Wg«{—er unjle.
e -(uf-{‘s@)(zwsee-’%xsmee)
{z ()2 (0;8{,-‘12\“”6%) t" IE“ e

g ;8] (zcosOxt
& Za\‘E\ e" Rty

:7 r\l

E*(z,x,*) = (fcost-QS\neg);,\E‘l e (
X o ‘u(zcoselﬁxsmet)cos[wi"e(ZCOsti-'xsin@f)]

H*")’———;]—:e

Parallel \:u.r’c 8 {;u\\y {’VOLHSVY\i“""ec;

(¢
ﬂ
(o]

xsinB+)

Ij’ My N

-a(zcc;@t#)(s‘ﬂe-t—)‘ '
cos [w-’t - B (zcosB++x smG+)J

at B rewster ang le.

f 2 NycosBx
2"]2(,0561 = 0.113%F . 'G,=\Z’.L\ W’O-ilis

qlcose; +Y]acoser+

Ty =

P-; SOmW {1 + SOmV\/-T_L=GImV\/



Problem 2 (30 points)

A linearly polarized optical wave at an 800
nm wavelength is normally incident on the
structure shown in the figure below. The
structure consists of 3 pairs of 80/50 nm
silicon nitride/silicon layers placed on top of
an infinitely thick silicon nitride substrate.
The refractive index of silicon nitride and
silicon are 2.5 and 4, respectively.

a) Calculate the percentage of the optical
beam that is reflected back to air.

b) Calculate the percentage of the optical
beam that is reflected back to air if the
thickness of the silicon nitride and silicon
layers are doubled.
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Problem 3 (20 points)

A 1-km-long optical fiber with a core refractive index of 1.55 and a cladding refractive index of
1.45 transmits digital data.

a) Determine the maximum expected time-stretch in the transmitted bits along the fiber. (13)
b) Determine the maximum usable data rate that can be transmitted through this fiber such
that the time stretch in the transmitted bits does not exceed half of the data period. (%)
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