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Figure 4.1
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The principle of the LASER. (a) Atoms in the ground state are pumped up to the energy level E; by
incoming photons of energy /iv; = E;—FE,. (b) Atoms at E; rapidly decay to the metastable state at

energy level E, by emitting photons or emitting lattice vibrations: ivy, = E;—FE,. (¢) As the states at E,
are long-lived, they quickly become populated and there is a population inversion between E, and E|.

(d) A random photon (from a spontaneous decay) of energy /iv,, = E,—FE, can initiate stimulated
emission. Photons from this stimulated emission can themselves further stimulate emissions leading to an

avalanche of stimulated emissions and coherent photons being emitted.
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Energy of the Er’* ion
in the glass fiber
A
5 Erg"'—cloped
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0.80eV )
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Termination

W W Pump laser diode
W Out 2. =980 nm
In
A simplified schematic illustration of an EDFA (optical amplifier). The

0 El erbium-ion doped fiber is pumped by feeding the light from a laser pump
diode, through a coupler, into the erbium ion doped fiber.

Energy dl:a\gram for the EI’3'§: 108 .,n the glass © 1999 S.0. Kasap, Oproelectronics (Prentice Hall)
fiber medium and light amplification by Figure 4.4
stimulated emission from E2 to E1.

Dashed arrows indicate radiationless

transitions (energy emission by lattice vibrations)
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Current regulated HV power supply

A schematic illustration of the He-Ne laser
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Electron impact

(for 632.8 nm emission).
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The principle of operation of the He-Ne laser. He-Ne laser energy levels
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(a) Optical gain vs. wavelength characteristics (called the optical gain curve) of the
lasing medium. (b) Allowed modes and their wavelengths due to stationary EM waves
within the optical cavity. (¢) The output spectrum (relative intensity vs. wavelength) is
determined by satisfying (a) and (b) simultaneously, assuming no cavity losses.

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

Foér "'PQAO'{—’ opticd  resonolt/
7 0 4 j—— — Laﬂid%ﬁ”’\

Le‘c;-ef CQM.:ZL //b
/”%éa a /7 2 =l

a G Leser



L

5 a Cﬂ\"b mok.

Laby puible Sdiy wieve- schipyy 4.

o?-hé_& M‘DOQJ e cyx:% o /ﬂgff'/{fd%a/( ma@,

———

brcmple 434, bppler frocghned liesnidty
He-Ne lser ot 3263250 . Iy e ,4,70 N 1%
fHonic mey o Mo s 20,2 ol . Whe é&\agﬂ'\ > 40cm
> Whetf s A /,;e.,,uﬂ\’]
= wheh N aodk punbes m , gp el mewb{%, go?

— JQM\M'Q" LOS PPN consecu e M&Jesi\
- four mm? MO ks v Hn Aﬂf/ N
2 -

- By S

b= V() - (- ) = 2%

b Moleches Chas . 4T
/a ’l v,,- = —_—__H :(ZO.ZX‘ é-Qsz.) mo{)
(!I‘B'xfa J'/,‘ ({2%193&) {/ -—J:hm" E;
405.8 M/
(J 35w © T
AL /4
\?9 = T (Jmo ) = 4.34 x00 s ;1

b (6308 x5 m)

232: Vx

%L (s F/V.Tub\a} éh‘/\dmdfh Yy e /5 Qmj = T o ’232 GH{.. Da@?fg
- b c ( wides~
CAs. sved AWM 4) vut o )?1'/1_ Sty Zt‘::Z ,2—: {.51 GHx




%ki&z_ f—x 4"5"1 g‘{o
2 s PR weueligth wnidth bA, d,nﬁcw\m, i B
s 7 a y

dy_ <
dy A

D= DYy |-

s
.‘j

<o

{: (f,ﬁfx/o?ﬁz) (Af-&%}l) N 0,0020 nm
el Zha with beburcen

haly points oz Spactiom |
The. /'y /l‘ﬂ&w{c',fh wsald. Se Aﬂ/‘ - OOD{?‘K\M
- — W

S _--——__‘_‘____-‘———.-_
Lacl ook Jdi_vu‘u M-a—:L,
2.
( ] fa (‘a.e/(l'}}_ ot b
S = 2x0Am 42442225 >
ma 532-3nm /!chg.‘w_/'(b_ loses
r‘ﬂf?.c/‘
- ;] A el 2L N- 2L,
”‘-’V‘*’“’""" S\g“z;HMM T mEt T mt
or (s fsy = A )
- 2L
(Rere pne_ —
o 8 5 o o poniaita op ©.501pm
~™ 2r 0.4m
Optical gain between
FWHM points Cavity modes
. g
: \ Number of laser modes
(@ i SR 5modes depends on how the

| | | 2 4 cavity modes intersect
| b the optical gain curve.
In this case we are

g ok 4 & 4 looking at modes

¢t F § o4 o0& o oA 4modes within the linewidth
o i | ‘SRR A

£ i l | i > A

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

5<fa rehon o P mo doy &AM o"PD{/?M

We_ Q.xf.kc{' 4 or (mgu(g WY thin 1‘/1__ //}@_unrtfﬂl 0



