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achieve lower threshold current
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unpolarized light
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Improved laser reliability
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defect migration into the active
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Figure 10.15: Some of the important advantages that can be achieved by incorporating strain
in quantum well lasers. The issues of lower Auger recombination and laser reliability are still
being researched.
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Figure 4.7. A layer malerial with a lattice constant a
to be grown on a substrate with a lattice constant ag:

(a) unstrained; (b) strained.
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Table 4.1. Material Parameters
Parameters GaAs InAs InP
a, (A) ... lMice cous\. 5.6533 6.0584 5.8688
E, (eV) gy 9O 1.424 0.36 1.344
¥ i A 6.85 20.4 4.95
Y- Pamuwsu 2.1 8.3 1.65
Y3 2.9 9.1 2.35
C,, (10''dyn /cm?) 11.879 8.329 10.11
C,,(10"'dyn /cm?) 5.376 4.526 5.61
=a,—a,(eV) -9.77 —6.0 —~8.6
b (eV) —-1.7 -1.8 —-2.0
mk/m, 0.067 0.025 0.077
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Figure 4.8. The energy-band structure in the momentum spacc for a bulk Ga, ln,_,As
material under (a) biaxial compression, (b) lattice-matched condition, and (c) biaxial tension for
different Ga mole fractions x. The heavy-hole band is above the light-hole band and its effective
mass in the transverse plane (the k. or k, direction) is lighter than that of the light-hole band in
the compressive strain case in (a). The light-hole band shifts above the heavy-hole band in the
case of tension in (c). (After Ref. 37.)
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Figure 4.9. Thec cnergy band gap of a bulk In;_,Ga,As vs. the Ga mole fraction x: ---,
unstrained In, _,Ga, As; —, transition energies from the conduction band (C) to the heavy-hole
(HH) and light- hole (LH) bands for a bulk In 1—,Ga  As pseudomorphically grown on InP;

the conduction to light-holc transition energy LdlLu]dlcd without the spin-— —orbit (SO) split- off
band coupling. (After Ref. 38.)
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Figure 10.16: (a) The effect of strain on the bandedges (with reference to the conduction band).
(b) The effect of strain on the near bandedge hole masses. Results are for layers grown on a
GaAs substrate. The top curve is for 300 K, the middle curve for 77 K and the bottom curve for
4 K. (After M. Jaffe, J. E. Oh, J. Pamulapati, J. Singh and P. Bhattacharya, Applied Physics

Letters, 54, 2345 (1989).)
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Election technology

Greater ease in polarization Serious problems in achieving
tunability high fill factor and high optical

confinement

Serious challenges in charge
injection from contacts—carrier
thermalization problems

Figure 10.17: Some advantages and disadvantages of sub-2D systems (quantum wires and dots)
for lasers.
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Active Region — {Z
Cladding Region
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Polished Face Polished Face
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(b)

Active Region .  Confined optical wave
/
|

p- Region n- Region

Dielectric Constant

Distance perpendicular to the cavity (z)

(©

Figure 10.3: (a) A typical laser structure showing the cavity and the mirrors used to confine
photons. The active region can be quite simple as in the case of double heterostructure lasers
or quite complicated as in the case of quantum well lasers. (b) The stationary states of the
cavity. The mirrors are responsible for these resonant states. (c¢) The variation in dielectric
constant is responsible for the optical confinement. The structure for the optical cavity shown
in this figure is called the Fabry-Perot cavity.
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ATOMS ON THE (110) PLANE

Each atom has 4 bonds:

* 2 bonds in the (110) plane

« | bond connects each atom to
adjacent (110) planes

=P Cleaving adjacent planes
requires breaking 1 bond per
atom

(a)

—> (¢ 40)

(i) Laser heterostructure
grown along (001)
with ohmic contacts on
top and bottom faces.

(4-4 0) cleavage planes

(ii) Cut into bars along one

(110) direction.

(iii) Bars cleaved into stripes T
along another (110) ok - T
direction. Typical
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Figure 10.18: (a) The cleaving plane of zinc-blende structures has adjacent planes connected by
a single bond. (b) The approach used to produce a Fabry-Perot optical cavity involves cleaving
a wafer containing the laser diode structure.
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Figure 10.19: The various geometric parameters of a Fabry-Perot laser and their importance
for the laser emission. A schematic of the various lateral modes are also shown.
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FIG. 5.7.2 Spectrum from homojunction CW stripe-geometry laser diode, formed with
oxide isolation, operating at 77 K. The structure due to the longitudinal mode groups (g)
is clearly seen with associated structure due to the lateral modes (s). The stripe width of the
laser is 13 #m, and it is operating in the fundamental (m = 1) transverse mode [26].
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Figure 10.20: The shift in transverse modes participating in the optical output of a laser produce
kinks in the light output-current curves.
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FIGURE 3.17 Light emission field: near-field pattern and far-field pattern.
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Figure 10.21: (a) The stripe geometry laser, (b) the ridge laser, (c) the current injection into

the laser, (d) the current density profile, (e) the electron (hole) density profile in the active

region, (f) The refractive index profile, and (g) the gain and loss profile.
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Fig. 6.6 Longitudinal-mode spectra of a gain-guided laser observpd at several power levels.
Experimental spectra for an index-guided laser are shown in Fig. 2.12. (After Ref. 35)
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Fig. 6.5 Calculated L-1 curve for the total output power of an index-guided laser. Insets show
the longitudinal-mode spectra at three drive current levels. (After Ref. 34 © 1982 IEEE)
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Figure 10.23: The distributed feedback structure incorporates a periodic grating in the laser
structure. The confined optical wave senses the periodic grating as shown. (After K. Aiki, JEEE
Journal of Quantum Electronics, QE-12, 601 (1976).)
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Berechnun, Reflexions- und T

issionskurve ei -Lasers.

Dies erfolgt mit komplexen Zahlen nach der Coupled Wave Theory:

Im folgenden werden die Werte von

M Bragg = 1533.00

ng.i:3.27

k:=0,1..200
A = Bragg + 0-1-(k- 100)

Aﬁk::Z-n-ngl; 3 : 10’
M )'Bragg

L =400-10"*

x =80

Lx=3.2

n
Bo:=2x—E 10
*Bragg

B oL =5361-10°

e
gain :=| 10
14
.20.
j:=0,1.4
gainj
557 ¢

Ye.i ::Jx2+ <gj—i -Aﬂk)z =S

Braggwellenlinge in [nm]
(Inm=10"-7¢m)

Gruppenindex
Laufindex fiir Wellenlinge
Definition des Wellenlingenbereichs +/- 10nm

Verstimmung von der Braggbedingung

DFB-linge in [pum]

Kopplungskoeffizient in [cm”-1]

Braggwellenzahl

Gain des DFB-lasers in [cm”-1]

Laufindex fiir Gainwerte

Gain fiir Feldstirke

Berechnung des Reflexionskoeffizienten R=[E (0)/E;(0)*:

"'Si"h[y(k,j)']“]

ANA ™

(g~ i -B, )-sinh(y, ;L) -y -cosh(y, L)
At e el Attt

i

Berechnung des Transmissionskoeffizienten T=[E;(L)/E;(0)[:




Reflexionskoeffizient in linearer Skala (gain = 0):

A‘- AS33 wun
‘S’ = 3.4% 0.8
L = LOO fan
x= 80 m“‘ 0.6 *
ik_.o
2l=3.2 0.4
Al = Ilf
0.2

1528 1530 1532 1534 1536 1538

Transmissionskoeffizient in linearer Skala (gain = 0):

V v

0.2

0
1528 1530 1532 1534 1536 1538



Darstellung der reflektierten Feldstirke als Funktion der Wellenlinge ﬁipd&e %rschlegggn &\;\

Gainwerte 0, 5, 14, 20 Aw P
verboleuer Bevareh 2 s&of lqc\& {
JA
v 2 i L“U* AN . DI = -No =
: [ “‘] L ops b
/bo i DZ\G %
2.5 o Q\d{ﬁ

. AF
’ P 5‘“«

... % ﬂ%U& owskouul

i

0
1528 1530 1532 1534 1536 1538

== gain=0
- gain=35
¥ gain =14
=+ gain =20



COUPLING COEFFICIENT, x (em™)

S

10
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L
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O,
QL

second-order

active layer thickness: 0.1 um
guide layer thickness: 0.1 um

il l

100
GRATING HEIGHT, a (nm)

200



nr: 3.17 InP cladding layer

InGaAsP active layer
0.1
3 pm Nr: 3.54 (M = 1550 nm)

InGaAsP guide layer
0.1 um Nr. 3.39 (Ag = 1303 nm) '

£ InP cladding layer
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Figure 10.27: (a) A schematic of the C® laser. (b) The longitudinal modes of the two diodes
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Figure 10.29: (a) The shift of the gain spectra and the resonant modes of a cavity with tem-
perature. (b) Shift in the emission wavelength of a laser with temperature.
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Figure 8.8: Three different modulation approaches used for direct modulation of lasers
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LASER DYNAMICS

Parasitics: Device parameters, Dnﬁ-dlffusxon effects:
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Figure 11.2: Extrinsic and intrinsic factors limiting the temporal response of semiconductor
lasers.
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Figure 8.9: (a) The temporal response of light output from a laser for large signal switching
from below threshold to above threshold. The response is characterized by a delay time t4
and relaxation oscillations. The large delay time causes serious limitations in many laser
applications. (b) A typical frequency response for a semiconductor laser being operated at
a current level well above the threshold current. Unlike the LED, the laser response is not
limited by the spontaneous recombination time of electrons and holes. The small signal
response improves as the laser is pumped at higher powers.
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Figure 15-49 (a) CW light output power versus current characteristic of a laser of
~ength = 120 um. (b) Modulation characteristics of this laser at various bias points
indicated in the plot. (c) Measured relaxation oscillation resonance frequency of
lasers of various cavity lengths as a function of. /P, where P is the cw output
optical power. The points of catastrophic damage are indicated by downward

pointing arrows. (After Reference [27].)





