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The energy band diagram of a degenerately doped p-n with no bias. (b) Band
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hence stimulated emission.
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(a) The density of states and energy distribution of electrons and holes in
the conduction and valence bands respectively at 7 O in the SCL
under forward bias such that Eg, ~ E, > E,. Holes in the VB are empty
states. (b) Gain vs-photon energy.
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Typical output optical power vs. diode current () characteristics and the corresponding
output spectrum of a laser diode.

© 1999 S.0. Kasap, Optoelectronics (Prentice Hall)

Modes 'A on qﬂlf\w{

C.C\c,?

cwhe, LT
SPritesods e

clde 1> T,
Thmled) gsyfor

- (%—)PQQ&\%,_&{‘ £ (3 Ko Fode cvmun & 'MNM? ddes.naflx curreA
% ,-,Vu/ﬁ deehes 1o Kolbrco  Fo obgork o,
M /\W% ﬁw\ Qé)df/phu" :> ﬂ. Ma/a'})um 0 K/\D/) AN, S



¢ AN

.

o e el probloa~ oAt fre Mwwﬁ'g,\ lver docle 0
R T & N R Y

5 A(O(Nﬁ\/é&/ Jﬂ\ cen Se_ PQO(/le' éﬁ 9 rde—~ -DF_ M.?ﬂ/%? J)l\%
}\Cv(e/'odwxo/!\\!l/\ /e Hoges.

48, Hedetspmefue laser Dy,

?; r*e,o(/cL jﬂ\ — /kywv‘-o. " I\&%L&'/;-J%JWZMN)WA.
end /)V\pm\,,z - %ﬂ"‘\"‘k% 9/4-0,0/72:/( C‘W,r,%.
v ) v

"‘Cé’nf“‘& the cleefrars cnd holes 4 & Narww /\?ﬁb\ —/>/)ng achie /\?:u/\

o les cumut A naed A ﬁg]gUMﬂ/\ thye 30
— Bald o deleetie ‘A-"W-?nﬂ?i& cround ache N~ epita .
s /hereege /Zeﬁp‘AOdQ/\ cdncen Mne AlA a/)(L/iZ/:ce_ Plob. 5z Stme m..

o We naed bk —

Cleaved reflecting surface

. P/\oo@\ canfrrement end ¢

. Cer D'Qf CAan F(MW P“ Stripe electrode 2

Oxide insulator
p-GaAs (Contacting layer)
= S — = p-Alenl_xAs (Confining layer)
p-CaAs (Active layer) =] /-

n-Al Ga, As (Confining layer) ] £2 74 3
(a) A double n-GaAs (Substrate) —pfe”/ Cugtent Substrate
heterostructure diode has P paths
5 Ve \ Eleetrode
\

two junctions which are '\
between two different / A

\mwit

[

-

1 I
\

bandgap semiconductors fptipticall Cleaved reflecting surface
(GaAs and AlGaAs). e ; =

Y 4 Active region where J> J,,.
(b) Simplified energy "‘ / (Emission region)
band diagram under a b3y
large forward bias. . i X . i X
Lasing recombination Schematic illustration of the the structure of a double heterojunction stripe
takes place in the p- contact laser diode

GaAs layer, the
active layer

© 1999 8.0. Kasap, Optoelecironics (Prentice Hall)

Holes in VB

(c) Higher bandgap - —

materials have a

Refractive 41
index 4
@©) I Active I An~5% lower refractive

region A index
Photon P 5 5 Electrode
density = Oxide insulation
(d) AlGaAs layers +_Al i
provide lateral optical 4 GaAS (Contagtmg layer) ~—]
@ confinement, P-AlGans (Confining layer) ]
n-AlGaAs —
© 1999 8.0. Kasap, Optoelectronics (Prentice Hall) p-GaAs (Active layer) —]

n-AlGaAs (Confining layer) —
n-GaAs (Substrate)

Schematic illustration of the cross sectional structure of a buried
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Relative optical power
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778 780 782

Output spectra of lasing emission from an index guided LD.
At sufficiently high diode currents corresponding to high
optical power, the operation becomes single mode. (Note:
Relative power scale applies to each spectrum individually anc
not between spectra)

© 1999 8.0. Kasap, Oploelectronics (Prentice Hall)

end He‘}”‘ o lanias. o Lol ook

((’7?7;; /9/9'7 mecks

. A’f"/eo./ ,oaw\l/ a/f;a//')
b -———'951)3/(@ ol

P /’7"/\% POW oJﬁth
LD MWih mok_

18

0 — 50YC

25YC

> [ (mA)

Output optical power vs. diode current as three different temperatures. The
threshold current shifts to higher temperatures.

© 1999 S.0. Kasap, Optoelectronics (Prentice Hall)

3y e vé«}a Mcresie)

Hhreshold e = hcrenses dr@zf?




Single mode Single mode Multimode
) ® ©
786 | B
e —
o
om e
T80 b Mode hopping
8
76,
o 3 % 020 30 40 50
Case temperature (° C) c ocy
Peak h istics. (a) Mode hops in the output
1 the temperature

gth vs. case temp
spectrum of a single mode LD. (b) Restricted mode hops and none over
range of interest (20 - 40 °C). (¢) Output spectrum from a multimode LD.
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r Laser diode
10 mW _] LED s - B
TABLE 4.1 Typical characteristics of LEDs and Laser diodes for 1.3 wm emission. Rise time is the time it
Smw takes for the output optical power to rise from 10% to 96% in response to a step current input.
mW —
LED Laser diode
Structure Double heterojunction Doubie heterojunction
T > Current Material ; InGaAsP on InP InGaAsP on InP
0 ! Qutput radiation Incoherent Coherent
50 mA 100 mA (Sp ion) (Sti d emission)
Typical spectral linewidth, Ax 100 nm 2-4 nm (multimode laser}
5 z < 0.1 nm (single mode laser)
Typical optical power output vs. forward current Rise time 5-20ns <1ins

for a LED and a laser diode.
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A ) a2 = A
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ctive layer orrugate
@ " dielectric structure (b)

(a) Distributed Bragg reflection (DBR) laser principle. (b) Partially reflected waves
at the corrugations can only constitute a reflected wave when the wavelength

satisfies the Bragg condition. Reflected waves A and B interfere constructive when
q(Ap/2n) = A.
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(a) Distributed feedback (DFB) laser structure. (b) Ideal lasing emission output. (c)
Typical output spectrum from a DFB laser.
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In single quantum well (SQW) lasers electrons are
injected by the forward current into the thin GaAs
layer which serves as the active layer. Population
inversion between E; and E| is reached even with ¢
small forward current which results in stimulated
emissions.
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A multiple quantum well (MQW) structure.
Electrons are injected by the forward current
into active layers which are quantum wells.
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AR = Antireflection + AR Partial mirror * Partial mirror
coating
(a) Traveling wave amplifier (a) Fabry-Perot amplifier

Simplified schematic illustrations of two types of laser amplifiers
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