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"

2.0

The problem misstates optical loss in units of photons/sec instead of 1/sec.

a) As defined on p. 39, the photon decay rate, or optical loss rate, 1s

optical loss rate = 1/, =4 x 10!? 1/s

1
T 4x10121/s

Tp =2.5x10""%g

b) From Eq. 2.24,
_ ' 1 g

< g¢en >= threshold modal gain =

where vy = ¢/ny. Use 7y = 4 for InGaAsP in-plane lasers (p. 40).

4

S 9t 2= BX1000E) (25 x 10-0 5)

s o e o T S ST S

‘Note: Optical and carrier loss rates can be defined in two ways:

= 533 cm ™!

Chapter 2: Phenomen. Approach to Diode Lasers

1) Number of carriers/photons lost per unit time (units of S2Hiers OF photons) or

2) 1/7 where 7 is the carrier/photon lifetime (units of 1)

To distinguish between the two definitions, it is necessary to look at the units of the loss rate.
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*"‘2.6:

Solutions Manual: Coldren & Corzine 2-6.1

a)
R~ 0.32 (p.39)

From Eq 2.23,

1 1
< Gth >=< ;5 > +E In (——-)

where < a; >= 10 cm™! and L = 400um = 0.04 cm

b)
- s 5
Am = 'E- lﬂ(-ﬁ) -—-285(3111
il Om
R ey R O
' < o; > 4o, | (2 5)

__(0.8) (28.5 cm™?)
"= 10 cm14 285 cm-1

= 59.2%

/\2
= — 2.27(
2(RgaLa + Tigp Ly) (2:20)
L,=90

oA

Nge = Ngp = 4. (p.40)
_ (1.55pm)?
2 (4) (400pm)

6\ = 7514

= 7.51 x 10~ *um

o= R = £ i

As described on p. 39,

R~ 0.32 | for cleaved facets

This has been found to be a good value for the TE polarized modes of InP and G#As based lasers.
Note that values calculated from typical values for the modal index, 7 according to Eqs. 3.10 and 3.49 give

‘slightly different values for reflection. Reflection values calculated from these equations are only approximate
due to the differences in the physics of the reflection for the guided mode vs. the plane wave. More exact

calculations involve a dividing a mode into its composite plane wave spectrum and considering the reflection
of each plane wave in the spectrum.

We will continue to use R =~ 0.32 for cleaved facets throughout this book.
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*‘“"2.7: | ' .

a)
i len

) | 257 =ANa + BN} +CN3,

Assume that the spontaneous emission term dominates.

-mIth <5 ﬂ;'JghA

ke e,
Use the value for B from p. 31 '
Nex = o] 19k _ (1.0) (108 A/ cm?)
gtB (1.602 x 10-1% C) (0.1 x 10~ cm) (10-1° cm~3/ s)
Nea = 2.5 x 10'® ¢m~3
b)
Po=na " (1= )
Nd = 7 a‘t""—'m
R %5 0.32 (p.39)
A = — ln----—-—-}—--— In -—l—=38cm

‘ L R 300x10-¢ 0.32
Assume that the wavelength is defined by the GaAs bandgap.

1.24pm eV
1.424 eV

_ (1.24um eV)(1.6 x 10~2* J/ €V) Ll
T (087¢m)(1.6 x 10-C) " C

For each micron of width, we have

A = 0.87um

- I =TIon = (J = Jea)A = (1 KA/ cm?) (300 x 10~* cm) (1 x 10~ cm) =
| <a; >=10 ecm™!
e
Plug values into the first equation of part b solution:

Pp=1 ( B )(1424" 3 mA) = 3.38 mW for each mi f width
0= 10 cm-T + 38 cm=1 AUG (3 mA) = 3.38 mW for each micron of wi

This is the power {rom both facets. The power from each facet is half of this:

P = 1.69 mW for each micron of width
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c¢) Photon density:

Solutions Manual: Coldren & Corzine 2—7.2

Py

Ny = VooV, (2.33)

Assume T = 1, which implies that V. V=txwxl. AF

e C
tomg z
?

From p.40, 7y = 4.5 for GaAs DH structures. Using

solve for NV, .

this value with the values from part (b),
P

W€ Ccan

o 347 x 10-3 W :
P = X (38 em-1) (1.46 eV) (1.6 x 10-19 J/ev)

w (0.1 x 10~ cm) (300 x 10-4 cm)
w Np'=1.95 x 10" cm~?2

To find the photon density per micron of width, use w = 1ym = 10-4 ¢

Np =2.0 x 10!5 ¢c;~3 per micron of width

Carrier density: Above threshold, the carrier density is clamped at its threshold value:

N =Ny =25 x 108 ¢p—3
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- * 2.11:

a)

y
< Gth >=< Q; >+Z lll'-é-

.. . oy i,f*""
Single pass gain of 1% implies that ;
—L(<9:h>) = 1.01 |

R = C“L(<ﬂth>“<ﬂi>) )

Il

e'-L('(Qm}) eL((ﬁi))

[l

(1.01) e(l.ﬁxlﬂ"" cm).(25 cm™!)
= 0.9938

r = VR = 0.9969

where R is the mean power reflectivity and r is the mean field reflectivity.

b) ForI> I, ' '

P, h
7= (F) -

1 1 |
—_—————— l o T e ——
M 185 x10-%om ®gogaTs = 418 cm-
s Qm = 4].8 =
Qd — 7), < a{} -I-Q:m - 0.8 m — 0.501
B 14243/C
q
-}}. = 0.713 (J — 1000) W/cm? where J isin A/cm?.
For [ < I;h, h
v
PO — Ty I "q_'I
7. = 10%
1n; = 80%
nr = 100%
i’ 0.113 x J W/cm where J is in A/cm"'. -
| 7
: 6
g 5
A
& 3
o
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g
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Current Density (kA/cm z)
Figure 2.11b. Output power from both facets vs. current density

Solutions by R. Kehl Sink 37



c) ,
nt'Jth 2
= BN
QL,, th
Lgin =< a; > 4oy,
gen = a(Ney — Ny)
| _ .igt-pr
Combine these three equations and solve for Jen R L

" Lol B ' o
Jth=(q : )*(<a'>+am+No) ;
| yl ['a | !

No is used as a fitting parameter for the gain versus current relation. It does not have physical
as the transparency carrier density. For this problem, we assume that N, is much less th
therefore;, be neglected in the calculation of N: No = 0. (See Fig. 2.10). Then

stgntficance
an Ny and can,

L.B
Jen = :ir.;az (< Qi > +O'm)2 =.K (< Qi > +Q'm)2

where K is a proportionality constant.
Plug in values to solve for K-
J =103 A/cm?
< a; >=25cm™!
R = 0.99375 from part (a)
L=15x10"4%cm
Om = 41.8 cm™!

Figure 2.11¢c. Threshold current and differential efficiency vs. power reflectivity
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