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Lasers: Basic Principle

Light Amplification by Stimulated Emission of 
Radiation

Key Terms:

– Stimulated Emission

– Metastable State

– Population Inversion
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Properties of LASERS
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Spontaneous vs. Stimulated Emission

› An electron in an atom can be excited from one energy level 
E1 to a higher energy level E2 by absorption → photon 
absorption h  ν = E2 – E1.
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Spontaneous vs. Stimulated Emission

􀁹 Two possibilities of emission (an electron moves/transits down in 
energy to an unoccupied energy level -> emits a photon).

 ◦ Spontaneous
 ◦ Induced

􀁹 Spontaneous emission: random direction -> random photon.
􀁹 Transition for E2 to E1 as if the electron is oscillating with a 
frequency ν.
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Spontaneous vs. Stimulated Emission

􀁹 Stimulated emission: incoming photon of energy h  ν = E2– E1 
stimulates the whole emission process by inducing the electron 
at E2 to transit down to E1.
􀁹 Emitted photon: in phase, same direction, same polarization, 
same energy with incoming photon -> two outgoing photons.
􀁹 To obtain stimulated emission → the incoming photon
should not be absorbed by another atom at E1.
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Spontaneous vs. Stimulated Emission

􀁹 Although we consider transitions of an electron in an atom, 
we could have just well described photon absorption, 
spontaneous and stimulated emission in term of energy 
transitions of the atom itself in which case E1 and E2 represent 
the energy levels of the atom.
􀁹 Consider the collection of atoms to amplify light → we must 
have the majority of atoms at the energy level E2. Otherwise 
the incoming photon will be absorbed by the atom at E1.
􀁹 Population inversion: more atoms at E2 than at E1.
􀁹 In steady state incoming photon will cause as many upward 
excitations as downward stimulated emissions → for only two 
energy levels → we never achieve atom population at E2 
greater than E1.
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Lasers: Basic Principle
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Laser: Basic Principle
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Laser: Basic Principle
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Laser: Basic Principle
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Optical Fibre Amplifier

􀁹 A light signal traveling long distances will suffer 
attenuation.  It is necessary to regenerate the light → signal 
at certain intervals for long haul communications over 
several thousand miles.
􀁹 Practical optical amplifier is based on the erbium ion 
(Er3+) doped fiber amplifier (EDFA).
􀁹 The core region of an optical fiber is doped with Er3+ or
with neodymium ion (Nd3+).
􀁹 The host fiber material is a glass based on SiO3-GeO2 or
Al2O3. → Easily fused to a single mode long distance optical 
fiber by technique called splicing.
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Optical Fibre Amplifier

􀁹 Er3+ has energy level as indicated in the figure.
􀁹 Er3+ is optically pumped from laser
diode to excite them to E3.
􀁹 The Er3+ ions decay rapidly
From E3 to E2 (longlived) 
energy level ~ 10 ms.
􀁹 The decay from E3 to E2
Involves energy losses 
By radiation-less transition
 (phonon emission).
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Optical Fibre Amplifier

􀁹 The accumulated Er3+ ions at E2 leads to a 
population inversion between E2 and E1.
􀁹 Signal photons at 1550 nm have
energy of 0.80 eV (E2 – E1), 
and give rise to stimulated
transitions of Er3+ ions 
from E2 to E1.
􀁹 Meanwhile, any Er3+ ions 
left at E1will absorb in
incoming 1550 nm
photons to reach E2.
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Optical Fibre Amplifier
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Optical Fibre Amplifier

􀁹 Thus, to achieve light amplification we must 
have stimulated emission exceeding absorption. 
􀁹 Only possible if more 
Er3+ ions at E2 (N2) 
than at E1 (N1).
􀁹 The net optical
gain Gop:

where K is a constant
which depends on
the pumping intensity

Gop = K(N2-N1)
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Optical Fibre Amplifier

􀁹 Optical oscillators are inserted at the entry and exit to allow ONLY optical 
signals at 1550 nm to pass in one direction and prevent the 980 nm pump 
light from propagating back or forward into the communication system.
􀁹 Energy level E1, E2, and E3 are not single unit levels, but rather consists of
closely spaced collection of several levels → range of stimulated transitions
from E2 to E1 (1525 – 1565 nm) with 40 nm optical bandwidth → wavelength 
division multiplexed system (WDM) systems.
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Laser: Basic Principle
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Laser: Gas Lasers
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Laser: Gas Lasers
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Laser: Gas Lasers
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Overall Efficiency
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Laser: Gas Lasers
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Laser: He-Ne Gas Lasers
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Gas Laser Output Spectrum



ELEC4105 Slide Set 5 29

Gas Laser Output Spectrum
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Gas Laser Output Spectrum
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Gas Laser Output Spectrum
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Gas Laser Output Spectrum
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Optical Gain
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Optical Gain
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Example
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Example
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Solution
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Solution
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Laser Beam Divergence
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Optical Cavity Resonator
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Laser Oscillator
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