University of California, Santa Barbara
Dept. of ECE

This is a closed book exam. You are allowed to use both sides of a single 8.5”x10”
sheet of paper for formula and constants. Calculators are only allowed for
numerical computation only and not for storage of formulae. Clearly state all
approximations and assumptions. You will only be graded for work shown. Good

Luck!

ECE 228B
Midterm Exam
Spring 2011
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Problem 1 (50 pts)

An In,GaAs p-i-n photodiode, with a 90% anti-reflection coating (at 1.55 um), illumination region
thickness of 3.3 um, 7.5GHz bandwidth and 2nA dark current is illuminated with +3dBm 1.55 um CW
light.
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Part A: 25 pts
Determine the SNR due to shot noise only.
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Part B: 25 pts
Calculate the minimum received optical power for an SNR of 15dB when shot noise is the only noise
source and the detector is cooled to drive the dark current down to 0.1nA.
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Problem 2 (50 pts)

In this problem we first consider a semiconductor gain medium used as an optical amplifier, then
embedding this gain medium in a cavity to realize a tunable laser. An InGaAsP-InP 350um long active
waveguide with zero reflection at the facets (AR coated), has a peak gain coefficient that can be

approximated by
An
~a -1
o (AnT )

Assume a = 120 cm™, Anp = 1.75 X 10" cm?®, a = 600 cm”, a FWHM gain bandwidth of
approximately Snm, the gain peak at 1565nm, and a mode refractive index of n’ ¢ = 4.

Part A (25 pts)
Calculate the unsaturated total optical gain when the amplifier is biased to An = 1.5An; and optical
coupling losses into and out of the amplifier are 3dB each facet.

2. —>— Cor [y fou
= #b%%a - <SA%
i\% P

;(Aaﬁ—é ixsﬁf»ff

s = (0o = 2o Dt G —340
\ \

\LsJ\ L \ e 6 s ¢ ol
L)u'\(z} weedo ‘gw‘\ o A

o
{8

r; *QM\J\ i AN s ool 1 e\ LD =\
(a ol Z‘j(:\_r s 1D Ce}e = \%O (C.gx Q;D C Mam
(%p +=<) L

Tewl L8

C.LoD NB50 kSO

L1

e
é
%

ir

E QJ&L /s &
G

LA Gtk

: QAlog -Gas 2 20T d

T
¥ NJ\M\aAW& X, Gaidy e Shald e

(""'NC‘Q\? € . Sbrrj o
\Les © v\



Natme S{;Kv?”l on S

University of California, Santa Barbara
Dept. of ECE

Part B (25 pts)

Next, this active optical waveguide is fabricated into a DBR laser with a Bragg mirror on one end and a
cleaved un-coated facet on the other end. Calculate the tuning current for a Bragg reflector that operates
based on the free-carrier plasma effect so that the peak aligns with the gain peak of the semiconductor
gain medium. Assume the lasing wavelength is set solely by the location of the Bragg mirror peak (i.e
there is a Fabry-Perot resonance located at the gain peak). The mirror region is fabricated in a
semiconductor waveguide with bandgap A, = 1300nm with an un-tuned Bragg peak at Ay = 1550nm, By, =
-1.3 x 10 cm?, L=400 pm, d = 0.3um, w = 2um and an optical mode confinement W.BF‘-B}
the material assume an infinite spontaneb'ﬁ?i?éombination time constant, bimolecular recombination
constant B = 10"° cm®/s and Auger recombination constant C = 3 x 10% cm%s.
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