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Question 1

1.1

1.2

1.3

N = Carrier Number

I = biased laser current, @
A = gain coef ficient

Ny = carrier number at transparency

P = Photon number

T, = Carrier lifetime

T, = Photon lifetime

B = spontaneous emission coupling

Conditions for threshold current
dN/dt = 0 and dP/dt = 0, GP>> SN /T,

o N .
The spontaneous emission component (8 T—) is neglected
e

So: N= Ny+ —
ATy
P=2(- I
I; is the threshold current: %]
e 1
Is = = (Ng+ —)
ST, V0 AT,
I 1.6 x 1071° 12 108 + 1
= ——— (12 X
22 % 107° ( 8 x 103 x 1.6 x 10‘12)
I, =0.0144 A

Above threshold: Carrier Number (N) corresponds to the number of
carriers when the gain is equal to the losses, P increases with the current
but there is no change in N

N=N0+é =

Below threshold: Gain is zero, so: A(N — N;)P = 0, when this is applied
to the carrier number equation

N=CLj
e
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Question 2

o N .
2.1  The spontaneous emission component (8 T—) is neglected
e

dP P
E_A(N_NO)P_E
dN 1 N
E_E_A(N_NO)P_T:

Applying perturbation condition: I = I+ 61, P=P+ 6P, N=N+ 6N
So:

d(P + &P _ _ P+ 5P
AP+ OP) _ 4N+ 6N = Ng)(P + 6P) —
dt Ty
d(N+ 6N) =i+61 _ A(IV+ 5N—N0)(ﬁ+ 5P) — N+ 68N
dt e Te

So:
ap + dop _ A(N — Ny)P d + A(N — No)SP + APSN + ASNSP o
dt = dt 0 T, 0 T,

dN  d6N T — = N J — = SN
act e =5~ AW —No)P — =+ T — AN — No)P — APSN — ASNSP — =

All 2nd order terms are ignored, and A(N — N,) = Ti
14

So:
dsp _b _ P + — 4+ APSN
a T, T, T, T,
dsN _ T P N 61 6P 5 SN
So:
dépP _
—— = APSN
dt
doN o1 6P 5 1o
at e T, ( T,
So:
doN LN
e | _[— —) —= | (6N Sije
dsp |~ e T (5P)+(0)
dt AP
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= 1 1
—(4P+ ) —

AP O)%]

A = Gain coef ficient P = Average number of photon

2.2 Elements of the matrix M = (

T, = Photon lifetime T, = Carrier lifetime

2.3 The signal can be rewritten as

_ 1 1 _
R R [y
AP 0

Converting to Fourier domain

N AT NN | W
o) (% ) () )

jQ+(AI3+—e) =\ (6N\ _ (5i/e
) (@)= (7

Assuming, M :<j9 ’ (AF_JF 2 E)": (@) and B = (5{)/?)

—AP jQ
V=MTB

1

0 t
M= ! Ty
1

. -1 1 - 5 5.
((}Q+(AP+T—E)>*]Q)—(T—p*—AP) AP 10+(AP+T)

e

[UnN

Then
— jQ 51 — wap o1
6N = —— and ~ 6P= ———L ——
—QZ+/QT——w39 —92+19T——w33 %]
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Question 3

3.1
c 3 x 108 14 i
v=;=m=1.94><10 ,PS:501X10 w
0.85 x 1.6 101 -6
s 662 % 10 x 194 107 G0 X 107
W : :
(((2 X 1.6 X 10—19)*<6 oy °i85_>§41-6x><11;;9x 1014>* 501 X 10_6> L 4 x138 ><5100—23 ><300>*20 < 10°
S = 445dB
N = . m %]

3.2  Iftemperature is at 0°c = 273k

0.85 x 1.6 X 102, (1,737 x 10 %y

s, 1.3 x 10
N’ -19 -23
<<(2 X 1.6 x 10719) (0'851; }(‘618(_1190 )* 1.737 x 10-4> ¢ 2 X138 X TY x 273) £20 x 10°

S

3.3

Temperature increase would result in decrease in the value of the signal-noise-
ratio.

The temperature increases produces more noise which results in a lower signal-

noise-ratio. %]

3.4

Bandwidth increase would result in decrease in the value of the signal-noise-
ratio.

As the noise spreads out over all frequencies, the wider the bandwidth of the
device, the greater the noise level. And an increase in noise level results in a
lower signal-noise-ratio. %]

=
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Question 4
Internal Quantum Efficiency: n;,;

Carrier lifetime: T =
T7~+ Tnr

T 30
N = —= —=0.6
int = 7= oo =

Extraction efficiency: n,

e
=|—y)| X —
e (n+ 1)2 n

1 =S

Ne [(3.6+1)2] X 3.6

n, = 0.013

External Quantum Efficiency: n,;

Next = Mg X Nine

Trinr _

50X 75

50+75

Moy = 0.013 X 0.6

Nexe = 0.0079 (=]

=

30ns
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