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Answer five questions only

Q1: A- Draw and label a schematic diagram of Ar ion laser. Explain the function of segmented disks and
the reasons for the presence of off-center holes. Why the pump efficiency of this laser increases

by applying a magnetic field parallel to the laser tube? (6 Marks)
B- Why the N laser is termed self-terminating? (2 Marks)
C- What are the main differences between different lasers? (2 Marks)
Q2: A- What is the role of two of the following: (4 Marks)
(i) A ballast resistor in HeNe laser.
= (ii) The reservoir in CVL.

(iii) Cold trap in He-Cd laser.

B-What are the major constraints that influenced the design of CO; laser? (3 Marks)
C- On what parameters do the optimum mixing ratio depend in CO; lasers? (3 Marks)

Q3: A- Calculate the undulator period required in a free-electron laser (FEL) which has an undulator
parameter K = 1 and operating at the emission wavelength =46.9nm when using a beam of
electrons of energy 746 MeV and the electron rest energy is 0.511 MeV. Assuming a length of
the magnets array L = 10 m, calculate the emission linewidth. (6 Marks)

B- Why the discharge tube diameter of a HeNe laser should be kept as narrow as possible?
{4 Marks)
Q4: Explain the following terms: (10 Marks)
L Pump efficiency, excitation efficiency, slope efficiency, overall system efficiency.

Q5: To estimate the internal losses in a high power diode pumped Nd:YLF laser, the threshold pump
power was measured using two different output couplers with reflectivities R,= 90% and
R, =95%. The other cavity mirror has nominally 100% reflectivity at the laser wavelength .knowing
that the measurcd threshold pump powers are ppy = 1 w and Py = 600w .estimate the internal
losses. (10 Marks)

Q6: Explain the principle of semiconductor lascr operation and the difference between light emitting
diode with laser diode. (10 Marks)
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94 o Semiconductor Lasers

" 94. SEMICONDUCTOR LASERS(31:32)

Semiconductor Iasers » @ direct gap materigl and, accord-
ingly, the normal elemental i i
semiconductor-laser materia
group of the periodic table (such as Al Ga, In) with eleme
As, Sb) (III—Vcampounds). Examples include the best known, GaAs, as well as some ternary
(e.g. AlGaAs, InGaAs) and quatcrnary (e.g., InGaAsP) alloys. The cw laser emission wave-
length of these ITI-V compounds generally ranges between 630-1,600 g, Quite recently,
however, very interesting InGaN semiconductor lasers, providing cw room-temperature emis-
sion in the blue (~410nm), have been developed and promise to become the best candidates
for semiconductor laser emission in the very important blue-green spectral region. Semicon-
ductor laser materials are not limited to I~V compounds, however. For the blue-green end
of the spectrum we note that there are wide-gap semiconductors using a combinatijon between
elements of the second group (such-as Cd and Zn} and of the sixth group (S, Se) (/I-v¢
compounds). For the other end of the e.m. Spectrum, we mention semiconductors based on
some JV-v/ compounds such as Pb sajts of S, Se, and Te, all oscillating in the mid-infrared
(4 um-29 #m). Due to the small band gap, these Jast lasers reuire cryogenic temperatures,
showever, In the Same wavelength range, we thys mention the recent invention of the Guaittim

ccascade laser, which promises efficient mid infrared sources without requiyin £ Cryogenic
lemperatures,

nts of the fifth group (such ag N, P,

.

A.1. Principle of Semiconductor Laser Operation

The principle of operation of a semiconductor laser ca
fFig. 9.18, where the semiconductor valence band, V, ¢

0y the energy gap, £y, are indicated. For sim
risheld at 7=0K. Then, fo

mpletely filled with electro
g 9.18a, in which the energ

plicity, let us first assume that the semiconduc-
I a non-degenerate semiconductor, the valence band wili be
ns while the conduction band wiil be completely empty (see
Y states belonging to the hatched area are completely filled by
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FIG. 9.18. Principle of operation of a semiconductor laser.
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in the conduction band drop to the lowest unoccupied levels of this band, and, meanwhile,
any electron near the top of the valence band also drops to the lowest unoccupied levels of
this band, thus leaving holes at the top of the valence band (Fig. 9.18b). This situation can be
described by introducing the quasi-Fermi levels, E},c, for the conduction band and, E.’v-*,» for the
valence band (see Sect. 323).AtT=0K they define, for each band, the energy below which
states are fully occupied by electrons and above which, states are empty. Light emission can
now occur when an electron, of the conduction band, falls back to the valence band recom-
bining with a hole. This, so-called recombination-radiation brocess, is the process by which
radiation is emitted in light emitting diodes (LED). Given the appropriate conditions, how-
CVer, a process of stimulated emissjon of this recombination radiation, thus leading to laser
action, can occur, It was shown in Sect, 3.2.5. that the condition for 4 photon to be amplified
rather than absorbed by the semiconductor is simply given by [see Eq. (3.2.39y)

E, <hv < E}‘. —-Ef.,v (9.4.1)

any temperature and simply means that, for the range of transition energy kv defined by
Eq. (9.4.1), the gain arising from stimulated emission exceeds the absorption. To achieve
condition of Eq. (9.4.1) one must, of course, have Er —Ep > E,. Itis impoitant at this point
to realize that the values of both Ep and'E}. depend on the intensity of the pumping process,
ie. on the number density, N, of electrons raised to the conduction band (see Fig. 3.15).
Actually B = E (N) increases while Ep, = E (N) decreases as N is increased. Thus, to
obtain E, - E, > E,ie. to have gain exceeding absorption losses, the electron density N
must exceed some critical value established by the condition

Er (M)~ E. (N) = E, (9.4.2)

The value of the injected carrier density which satisfies Eq. (9.4.2) is referred to as the carricr
density at transparency™, N,,. If now the injected carrier density is larger (han N,., the semi-
- conductor will exhibit a net gain and, if this active mediym is placed in a suituble cavily, luser
- action can occur if this net gain is sufficient 1o overcome the cavity losses. Thus, to obrain

laser action, the injected carriers must reach some threshold value, Ny, larger than N, by a
- sufficient margin to allow the net gain to overcome the cavity losses.

Semiconductor laser pumping can in principle be achieved, and indeed has been
_achieved, in a number of ways, e.g., by using either the beam of another laser, or an aux-
 ihiary electron beam, to transversely orlongitudinally excite a buik semiconductor. By far the
‘most convenient way of excitation is, however, to use the semiconductor laser in the form of il
- diode with excitation produced by current flowing in the forward direction of the junction. 64

Laser action in a semiconductor was in fact first observed in ‘1962’ by vsing a p-n junction

Condition (9.4.2) is thus equivalemt to the condition N2 =N, under whiclr'a non-degenerate two level system
becomes transparent
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