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Chapter 5: Dynamic Effects

Use Eq. 5.38 as a starting place. (This neglects intermodal gain compression. )
d dN —~YNN —YNP, —INP, dN - dI
7 |4NpL] = | v —TRip, 0 dNpy | + 7|0

dNpy PN 0 —1e,p,] LdNp2] 97 0

Proceeding as in the text, we write the equivalent of Eq, 5.40:

INN +jw YN P, INP, - dN 1. 0411 1
—YPiN YR P+ jw 0 dNpy = o 0

—YPN 0 PP, + jw dNp; 0
E Deﬁne A
YNN + jw INP, . VNP,
A= —YPiN YP Py + jw 0
_.YPSN 0 7P=Pq + jw

= (v + jw)(vp, Py + §90) (YR, P, + JW) + INP YR N (YR, P, + Jw) + YNP YR N (YR, P, + Jjw)

By Cramer’s Rﬁle,

11 YNP YNP.
J0 1 1 2 I 1 . ,
Nl = -’?_'_1 — 10 7P1P|_ +](d 0 = _'_"__l_ e (‘YP;P; +]W)('YP,P, +JW)
v A, 0 Y +jw| VA |
32
I, 1 |INNHw 1 YN P, womly 1 ;
Npy = %’-‘% N —YP,N 0 0 = %'Vl' A (vaw)(re,p, + jw)

~7P2N 0 7?:?2 + jw

., 1 | TvN e NPy 1} I 1 '
Npy = Ll‘ "A- -tpN. PPt iw O = 271‘ Z (")’.P,N)('YP;P; + Jw)
q —YPaN 0 0 q
The response of the total photon density is given by
Np = Npy + Np;
=nh 1 (e, N ) (vPap; + jw) + mh 1 (yr.n)(yp Py + jw)
qV A 1 253 qV A 2 1371
oomI 1 : . .
= %{,:1- x (Opn)(vp,p, + 3w) 4+ (vp,n) (P, P, + )
_mh (Gpr)(pap, + 3w) + (YR, ) (YR, P, + )

V' (ww + jw)(p, py + jw)(YP, P, + jw) + INP, PN (YR, P, + J0) + NP, YPan (VP P, + Jw)

The total photon density resembles the modulation response of the first mode only if the coupling

between the carrier population, N, and photon population of the second mode, Npy, is negligible. (i.e. we
require yp, v &~ 0 and yyp, ~ 0).

Simildrly, the total photon density resembles the second mode if coupling between the carrier population
and the first mode is negligible. :
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Chapter 6: Dynamic Effects Solutions Manual: Coldren & Corzine 5-3.2

To make this answer more intuitive, we can rearran

ge the complicated expression for N p to write the
ransfer function as one might expect, with wh R why +why
Np = Np1 + Np3

— ' npN :

(v + jw)(ve Py + jW) + INE, YN + NP TP %{:ﬁ%

PN
(yww + jw)(rp,ps + §w) + NP, TPV + NP, 7P:N%

— TPiN + TPy N

Whi = W2+ J0N FINETRNE | why — @ + jwys F INEIRN
~ 1PN VPN

2 : : 2 + N E]
wi +w? +juy +Wwhek w%g_wz_’_]w.m_'_‘.:’_’?;

~ PN + TPaN
Wiy +why —w? 4wy wh, +wh, — WP+ jws
there we have used the following substitutions:

“’}h‘ =INPIPN + YNNYP; P; fori=1,2
Y = YNNYPP; . fori=1,2
g = YR Hiw 1.

~

= e This approximation is valid for PP, % VP, p, (i.e. roughly equal powers in each
a .
tode) or if w 3> vp, p, and if w > P, P,. For typical numbers, this is true for frequencies larger than a few
imdred MHz. :
WRi N YNP;VP;N This approximation assumes that VYP;NYNP; 2> YNNYP; P;, Which i8 true for values
tom Table 5.1. '

Thus the response is made up of two H (w) functions with different damping,

but the same wg, where
k=wh; +wh,. So for wg, we c

an use Np = Np; + N2 as if the two modes were one combined mode,
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Evaluate wp using Eqs. 5.49 and 5.561. Then compare the values obtained by each method.

Chapter 5: Dynamic Effects ,

Eq. 5.49:

1]

wh = vgalNy {I‘vgapr + IR, ] ( TAN) + 1
, Tan

Dty e !

Assume that values of q, ap,TAN, rA n and R,p don’t change slgnﬁcantly from their threshold values

_ (3/4.2 x 10'® cm/s)(5.34 x 10"16 cm?)(2.43 x 1014 cm"s)
(277 % 10-12 )

[0 032(3/4.2 x 101° cm/5)(2.37 x 10~14 cm?)(2.43 x 10" ecm=3) . 0.032(1.02 x 10% ¢ m=3/s) }

(157 x 10-9 9) (243210 cm=2)(1.57210-5 )
- (1.67 x 10—° s)) 1
(1 - (443%10-%%) ) T [{3Ix 10 )@ 7T x 1017 5)

R

wh = 3.346 x 10%° 4 [8.384 x 107 1 8.565 x 1015 (1) + 8.149 x 106

2
wd = 3.365 x 1020 (lf!‘i)
Eq. 5.51:
2 vgaN,,
wR ~
Tp
- (8/42 x 10™° em/s)(5.34 x 10~1¢ cm?)(2.43 x 10'4 cm~3)
- (277 x 1012 5)
g rad\ 2
= 3.346 x 1020 (T)
WR5.49 = 1.832 x 101"1‘5:-2
wr6.51 = 1.829 x 1010_1_’_::_d
’ d
AwR = wR 549 — WRe.51 = 2.3 x 107 Ti;_
112
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Given in Problem
L =300um
w = 3um
t=3x 80A
dl = (15)(2*Iy) = 0.2]
Ao=0.98um
<0;> = 5cm’!

From table 5.1 we get:

group velocity: v,

gain parameters: Ny, N, g, and €
recombination parameters: A,B, and C
resonance parameters: ynn, Ypp, and ®g

Find threshold gain, carrier concentration, and current at steady state:
Threshold gain:

(@) - Il somts n—1
gy = ’ L R - 0.0BCm 0.32 — 7 lgcm—l
& T - 0.06

- Threshold carrier concentration:
- From table 5.1 the gain parameters for the laser let us write

g, N+N,
g= In
-1+ &N, N, +N,

Neglecting gain compression (eNp << 1) can calculate the carrier concentration Ny, as

Ny =248 x 10" cm™
- Threshold current:

A=0
i B=08e—10cm’/s
. (=3.5¢-30cm® /s

R A R

1% .»
1, =~q’—7———(AN,,, +BNZ +CN2)

i

- (L6¢ ~19)(300e - gfe — (B0 =8)3) [0 8¢ - 10)(2.48¢18)? + (3.5¢ — 30)(2.48¢ ~ 18)° ]

=2.356mA
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~5.8:
Find the steady state value for Np for I = 2.01y
N, = 1 =10) 067,10 e
qg thng
The difference between Np for I = 2.0l and I = 2.21g is
AN, =D 5 132108 o
q8 thng
- usin
dN,(t)=dN,(t= 00)[1— e *'? COS(CUOSCI)] :
woxc = wR Vl-— (}//20)1{)2
Use values in table 5.1 to solve: ' whe

¥ = 1w + 7ep = (1.56 + 1.32)x10° = 2.88x10° 5™

-(this + has been calculated using the values in the table that are valid only for P, = 1mW, it will be more
accurate to recalculate these values using the correct Np) ¥

Oosc = 1.819 x 10 rad/s

dNp(t) = (2.13 x 10" cm®)[1-¢ @#82 cos ( (1.819x10™° rad/s)t) ]
Now calculate the power from a snigle facet:

Fyv,0,(Np+dN, @)V
' T o
=1.056mW + (9.91x107" xdN , ()) mW

F,()=

See attached matlab plot
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