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(a) ASsymptouc gain, 1ncar €xccss noisc (D) ASYILIPLOULIC palll, 4adylIpPLuUUL CALLOSS 1HIUVISV -
(c) Exponential gain, linear excess noise Adﬁxponential gain, asymptotic excess noise %,/—,s
& £, l L n
‘N - 0N AZJ T
(n = 6~{L.rr(‘% K T e _ KA~
° o Quantitative Problems (15 points) 2 | I
1t3 Ma'L'[é'e,*"a;uBn),_c-oj _3"

= 43
[\[AA) 6. Consider the amplification of light at a signal wavelength of 1550 nm in a Er-doped silica

" N optical fiber with a doping concentration of 6x10** m™. Assume uniform excitation and a
uﬁlﬂﬂt -
po

5 pump-signal overlap factor of 0.9 for the Er silica fiber.
O

NN+ N, a. Write down the expression for the small signal gain of the amplifier in terms of the
fraction of ions in the excited state (ny) with respect to the total dopant density (N,)
24 : 2 pt

e =07, & @B/m\‘l -3 = 4-343x6bxl0 é— Cgf) = 25 1-15%e ﬂﬁ(" (2ptz)

b. The plot below shows the gain spectrum for different values of fraction of ions in

for N,=190 /. the excited state (n;, lowest curve — 0%, topmost — 100%). Determine the
absorption cggss-section and emission cross-section at the gignal wavelength (4 pts)

5\[&5/,“) - A = A-3R3 R6R(3' K c;_" =) g;_‘; - §.T724 107 M
c. Assuming average excitation (ny) of 60%, what is the length of Er-doped fiber
required for achieving a gain of 30 dB? s (2 pts)
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Optical Density (a.u.)
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