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HeNe Laser



Vyhody He-Ne laseru

Long laser lifetime

unbeatnble prce—performance raho
excellent beam quality,,

Excellent mode punty, typical > 95% Gaussian
TEMyg

A favorable relation between resonator length and
resonator width (diameter)

A nearly diffraction-limited beam

High beam-pointing stability

High reproducibility in manufacturing
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Fig. 1149 Encrgy-level diagram of the HeNe laser
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FIG. 10.3. Schematic dependence on current density of upper level and lower level populations in a He-Ne laser.
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Vykon mW = 0.01 — 0.015 (délka laseru mm) x (prumér kapilary mm)

Lifetime > 40 000 hod ... Cerveny laser

Typicky rezonator
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FIG. 10.6. Energy levels of Ar relevant for laser action.
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Helium-Cadmium Laser Internal Components
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TABLE 10.1. Spectroscopic properties of laser transitions and gas mixture
composition in some relevant atomic and ionic gas lasers

Copper Argon
Laser Type He-Ne Vapor Ton He-Cd
Laser wavelength (nm) 633 510.5 514.5 441.6
Cross section (10" em?) 30 9 25 9
Upper state lifetime (ns) 150 500 6 700
Lower state lifetime (ns) 10 =~ 10° ~1 |
Transition linewidth (GHz) 1.5 25 35 |

Partial pressures of gas mixture (Torr) 4 (He) 40 (He) 0.1 (Ar) 10 (He)
0.8 (Ne) 0.1-1 (Cu) 0.1 (Cd)




CO:zlaser .... 10 mikronu

CO laser ...... 5 mikronu

Velké vykony, ucinnost desitky procent

prumysl

Az cca 10 kW cw



CO2 laser
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Excimerove lasery

Excited dimer,

Excimerove lasery ... exiplexy

Energy

Laser band

Nucleor distance



Enengy (V)

1118 K
L-
el
L4

Ham gasRaksgsd
Do B}

Ha® gas-taloges

Mt SHSE

[ E— i E— |

Echr [KcHB—KT
Al il

i= el KE A
= N S8a 3 mn
-

O

KBl

=20 Wi
[ Ay ] Lrr gl [ ]
e & an dEESlam ADHEASEn

ma oG |
1516
a)
Outpast
coupler

[Laser

[N}

M K} 5¢K} ikl
Wavelength d {mm)

Duscharge
electrodes

FIg.11.166 Ncar-field (leff) and far-field profile (right)
of F2 laser (157 nm, Novaline F1030. Lambda Physik)
recorded simultancously with a camera-based measurement
system. The evaluated second-moment beam widths in the
horizontal and vertical directions are also indicated



e 4 Kr = ¢ + Kr*
Kr* + F, = (KrF)* + F

e+ Kr— 2e4 Krt
t’+F2—’F-+F
F-+Kr" +M— (KrF)* + M

Duscharge

Kr, Fa
Kzt Kr*, Kr*
F,F~
Kr*, Fz K F
[ =
Neutral branch lon branch
2
$
Lasing ) M8mm

K, F




2007 2010 2013 2016 2019
oo | dmdem | wniden | e | denow |

DRAM V2 pich &5 nm 45am 32am 22 16 mm
DRAM half pisch
&8 1 L
193am mmearson with waer
Flash balf poach

n : Y
N
n |
N
” | : —

[E] Resenren regure [B] Devetopment unterway [ ] QuuatifcaionPre Prodasion || Contimsons im paovemest
Ths legend indicates e time during which research, devwe lopment, and gaal iflcation pre prodacion shokd be faking place r e sol stion.

Fig. 1168 Potential lithography exposure tool solutions according to the International Technology Roadmap for
Semiconductors 2005 [11.1505]). Courtesy ITRS



Chemicke lasery

F+H, —» HF* +H

H+F, > HF* +F
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FIG. 10.22. Pumping vibrational levels of the HF molecule by the two reactions (a) F 4 H; — HF* 4+ H and (b)
H+ F; — HF* + F. The relative populations N(v) of each vibrational state of quantum number v are also indicated

in the two figures,
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Large scale 135 Kilowatt gasdynamic laser at Avco Everett Research Lab, Inc.
was among the first very high power lasers.
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FIG. 9.12. Chemical structure of some common dyes: (a) 3,3’ diethy! thiatricarbocyanine iodide, (b) rhodamine 6G,
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OHy H H CHy
W
m;"u\c" e N e, CHy N=C =L =CrC=N=0H,
$ N h A
\a) b

N/

|CHylyN— CH—CH—CH—CH—CH—NICH;1;

(c) X

on
™9

X -

(d)



Waovelength (nm)

700 650 600 580 500 450
i "l" L 1 L T L |
o Absorption
2 ‘ o "" -
|
2 g,
-, k) S -
8
- Fluorescence
v 2 .
¥
-
i '
o 0 i

“ 16 8 20 22 24

Wavenumber lloacm"l

Singlet Triplet ‘
states states

-

Fr
. Configuration coordinate



Flew ik ol Bl T e il DAl e

an el T e & Gl

TABLE 9.6. Range of optical and
spectroscopic parameters of typical dye

laser media

Active Medium Parameter Values
Wavelengths (nm) 3201500
Concentration (molar) 103107
N, (10" mol/cm’) 0.1-1
a, (107'% cm?) 1-4
orl 10-10 cm‘) 05-0.8
A4 (nm) 25-50

t (ns) 2-5
ks (ns) =100
tr(s) 107103
Refractive index 13-14
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FIG. 6.6. Comparison of the emission spectra of an (a) Xe flashlamp at 500-Torr pressure and of a (b) cw-pumped
Kr arc lamp at 4-atm pressurc.
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FIG. 6.7. Absorption cross section of Nd** ion in YAG (solid line) and of a Cr'" ion in alexandrite (dashed line).
The left-hand scale refers to the cross section of Nd: YAG and the right-hand scale to alexandrite. For alexandrite the
average of the three values measured for polarization parallel to the a-, b-, and c-axes has been taken,

Cot -doped BeAlOy
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TABLE 6.2. Comparison between pumping parameters and laser wavelengths for different laser
materials

Nd:YAG Yb:YAG Yb:Er:glass Cr:LISAF Tm:Ho:YAG

Concentration 1 ar.% 6.5 at.% 1 mol.% 6.5 at.% Tm
0.36 at.% Ho

Pumping diode AlGaAs InGaAs InGaAs GalnP AlGaAs
Diode wavelength (nm) 808 950 980 670 785
Active-ion concentration
(10 em ™) 1.38 9 10 [YD] 0.9 & [Tm]

| [Er] 0.5 [Ho]
Pump absorption
coefficient (cm ) 4 5 16 4.5 6
Oscillation wavelength (um) 1.06 1.03 1.53 0.72-0.84 2.08

1.32, 1.34

0.947
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FIG. 6.11. Typical configurations for longitudinal diode laser pumping: (a) single-ended pumping in a simple
plane-concave resonator, (b) double-ended pumping for a ring laser in a folded configuration, and (c) double-ended

pumping for a z-shaped folded linear cavity.
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. Transverse pumping configuration for a Nd:YAG slab. (By permission from Ref. 8.)
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Figure 3-9: Diagram of the Millennia Pro Laser Head
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TABLE 9.2. Optical and spectroscopic parameters of
ruby for room temperature operation

Froperty
Cry0, doping

Cr'* concentration
Ouput wavelengths

Upper laser level lifetime

Linewidth of R, laser transition
Sumulated emission Cross section o,
Absorption crass section @,
Refractuve mdex (4 =6%4.3 nm)

Values and Units

0.05 wiL%

| .58 % 10" ions/cm’
6943 nm (R, line)
692.9 nm (R; line)

3 ms

1l em !

285 x 100 e

1.22 x 10 em?
n= 1763 (E.lc)

n= 1755 (E | ¢)
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TABLE 9.3. Optical and spectroscopic parameters of NEYAG (4= 1.064 um),
Nd:YVO,, Nd:YLF (4= 1.053 gm), and Nd:glass (phosphate)

Nd:glass
NE:YAG NA:YVO, Nd:YLF A= 1054 jom
A=1064 pm A=1.064 gm 11,053 um (Phosphate)
Nd doping I atom, % I atom. % 1 atom.% 18%
by weight of Nd, O

N, (10™ jons/cm’ 1.38 1.5 1.3 32
t (s)" 230 98 450 300
Avg (em ' f 45 11.3 13 180
a, (107" cm? 28 16 1.9 0.4
Refractive index n=1K2 n, = 1.958 n, = 14481 aw .54

n, = 2.168 n = 1404

'Nlnkcucmm-dthemeiom. "t & the Becvescence lifetime, © Ay is the transition laewidih
(FWHM), ¥ o_ is the effective stinwlated emission caoss section, Dty refer 1o room [emperaiure operation

YLiF; (YLF) and YVO,.



TABLE 9.4. Optical and spectroscopic parameters at room (emperature of
the most important quasi-three-level laser matenials

Active Yb:ErGlass®

Medium YbYAG Nd-YAG Tm:Ho:YAG  A=154 um

Paramelers A=103 pm  Ai=%N6um A=2091 ym (Phosphate)

Doping (atom, %) 6.5 atom, 1.1 atom.

N, (10" jons/cm’) 8.97 1.5 8 (Tm) 10 (Yh)
(.5 (Ho) 1 (Er)

t (ms) .16 0.23 8.5 g

Avy (em™') 56 0S8 42 120

a, (107™ cny’) 1.8 24 0.9 0.8

a, (107 em?) 0.12 0.296 0.153 0.8

Refractive index nw| 82 n=182 n=1.82 n=1.531

" For YbErglass, the effective value of the stimubated emission and sbeorpuon crass sections
are about the same, so the laser can be considered to operste in (slmost) & pure three-level
scheme.
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Table 11.22 Overview of Ti*+:Al, 05 laser-relevant param-

eters [11.948,950]
Index of refraction
Absorption cross section
Fluorescence lfetime
Fuorescence bandwidth
(FWHM)

Peak emassion wavelength
Peak sumulated emission
Cross section

Quantum efficiency
Saturation fluence
Dopant concentration
Growth

Tm

Thermal conductivity
Thermal lens (da/dT)

1.76

6.5x 10T cm? (E | o)
32us

== 200 nm

790 nm
41x10-Yem? (E | o)

20x10-Yem? (Elc)
=09-1

0.9)/cm?

0.1% (weight)
Czochralski, heat exchange
2050°C

22W/mK

12x10-YK-!

a) Absorption coefficient (em™)
L

Absorption (arh wnits)
4K
Elle
T=300K +1A
0k Elle

+1om E

95 00 05 610 615
A (nma}

200 300 400 500 &0

A(nm)
b) F luare scence miensity (arb. units)
1 Floomacence mtems ty

(b wmin)

= 30K r-4K
o l::uJ\/
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A(mm)
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Fig.n.80a,b Absorption (3) and cmission (b) spectra at room

temperature and at 4 K of Tizsapphire. (After [11.948])
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FIG. 9.9. (a) Octahedral configuration of Ti:Al,0,, (b) splitting of 3d energy states in an octahedral crystal ficld,
and (c) energy states in a configuration coordinate model.
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Fig. 4.15. Normalized absorption and emission spectra of Ti*" ions embedded as
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Fig. 4.16. Simplified sketch of a Ti:sapphire laser



Cavity configuration of fsTi:Sapphire laser

Tuning range 700-1000 nm
Pulse duration < 20 fs

Pulse energy < 10 nJ
Repetition rate 80 — 1000 MHz

Pump power: 2-15 W
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Initial short pulse A pair of gratings disperses

the spectrum and stretches
/ -— \ the pulse by a factor
/ of a thousand

Short-pulse oscillator

The pulse is now long l

and low power, safe

for amplification

High energy pulse after amplification n

Power amplifiers

- L

Resulting high-energy,
ultrashort pulse

A second pair of gratings
reverses the dispersion of the
first pair, and recompresses the pulse.




FREE ELECTRON LASER — LASER NA VOLNYCH ELEKTRONECH

FIG. 10.24. Basic structure of a free-electron laser. (Courtesy of Luis Elias, University of California, at Santa
Barbara Quantum Institute.)
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Table 11.53 Parameter space of free-clectron lasers as of
2006

Energy 200keV-1 GeV

Period 0.5-20cm

Undulator length




Fig. n.12 Acrial view of the experimental hall for the FLLASH uses
facility in Hamburg (center) and the tunnel for the superconducting
accelerator and undulator (covered with grass). The hall in the up-
per right comer houses the injector part of the linac. The total lengtH
of the FLASH facility is 300 m. The maximum energy of electrons
is 1 GeV, and the minimum radiation wavelength is 6 nm. The undu-
lator of the FLLASH (photo in the upper left corner) is a permancns
magnet device (period 2.73 cm, gap 12 mm, peak field 0.47T). The
undulator system is subdivided into six segments, cach 4.5 m long
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2013:
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05-14T
up to 200m
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Fig.n.222 Schematic diagram of the experimental setup of optical-
ficld ionization X-ray laser based on electron collision excitation
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PolovodiCovy laser

Graphical illustration of the Bernard-Duraffourg condition for achieving net gain

E, <hv < Ep —Ep
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Homojunction laser structure

p-Type AlGaAs

GaAs
Active Layer

n-Type AlGaAs

Heterojunction laser structure.

'

Mirrors
(Cleaved
Surfaces)

Mirrors
(Cleaved
Surfaces)

Type AlGaAs
p-1yp ~

GaAs
Active Layer

n-Type AlGaAs -~

2

2 )

Mirrors
(Cleaved
Surfaces)

n-Type
AlGaAs

Buried heterojunction laser structure.



405 nm — InGaN blue-violet laser, in Blu-ray Disc and HD DVD drives

657 nm — AlGalnP DVD drives, laser pointers

785 nm — GaAlAs Compact Disc drives

1550 nm — InGaAsP fiber-optic communication






