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['ASOBBIE AA3EPDBI: kaaccudukaiiys

Jlazepbl HA HEUTPAJIBHBIX aATOMAX:
- TEJIMHA-HEOHOBBIM JIA3EP;
- JIa3ephl HA Mapax MEIU.

HNoHHbIE J1a3ephl:
- APTOHOBBIN JIA3EP;
- ['enmmi-KaaMUuEeBbIH JIa3ep.

MoJiekyJasipHbIe J1a3epbl:
- CO2 nas3ep;

- CO nazep;

- A30THBIN JIa3€eP;

- DKCHUMEPHBIE JIa3EPHl.



'eAM-HEOHOBBIN AA3€EP

William Ralph Bennett

Ali Javan

He-Ne laser was realized in Bell's laboratory in december 1960.
[t was emitting at 632nm.
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Wavelength ~ Transition  Gain
(in air) (nm) (m~')
5433 3s2-2p1o 0.03

594.1 3s5-2pg
611.8 3s5—-2pe 0.1
632.8 3s0-2p4 0.5
640.2 3s,-2p>
11523 25,—-2p4
1523.1 2s2-2py +
3391.3 3s50-3p4 100

Typical power
(mW)
0.5-3.0

2.0

2.0

0.5-50
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Electrical scheme of laser



Spectrum-line broadening
Low working pressure (150 MHz/Torr)

!

Rare collisions

Maxwellian speed distribution

!

Doppler effect (5 000 MHz)

Fluorescence marker



laser tube with fixed mirrors Principle setup of He-Ne resonator

L )

Longitudinal modes and correspondinf gain profile(584 mm, 20mW)



Construction

1,12 - laser mirrors

2 - Brewster window

3,10 - cap (mirror holder)

4 - pipe

5,11 - region of redused material thickness
6 - cathode

7 - gas discharge capillary

8 - glass tube

9 - the end of the capillary




Nazepa Ha nmapax Mmengu

gain of the active medium: 2 k] per I m
average power: 40 watts b

high efficiency in the green and
yellow regions of spectrum: | %

Energy (eV)
~




Nazep Ha rnapax Meau

| - BbIXOAHbLIE AA3EPHbLIE OKOLUKMU

7“1 /i 2 - SAEKTPOAbI ra3opaspsiAHOM TPYOKH;
: 5—\ V4 3 - Kycouyek pabouero BeliecTsa (MeAb);
f_ﬂ/_ AN 4 - 60% Pt 40% Rh (HarpeBaTeAb);

8
p . _m 5 - kepamuueckas Tpybka Ha ocHoBe
1
OKMUCU QAIOMUHMUS ;
2 7— I\_J 6 - neyka BbICOKOTEMMEpaTypHas;

3 7 - BakyyMHas TpyOKa;

8 - 3epKaAa pe3oHaTopa;
9 - BbIXOAHOE U3AYYeHMUE;

1965-1966r. Ana 3pdeKTUBHOM HeobXoanMO AOCTUrHYTL naoTHocTel 101% — 101° cm™3 yto Tpebyer
poctuxkeHua temnepatyp 1500 — 1700 °C gna rasopaspagHbix TPYOOK.

JlazepHana TpybKa pa3aeneHa Ha BbICOKOTEMMNEPATYPHYHO U HU3KOTEMMNEPATYPHYH 30HbI.
LleHTpanbHan 30Ha TPyOKKM NomelLanacb B BbICOKOTEMMNEPATYPHYHO NeYb.

Ncnonb3oBanca 6ydepHbIN ra3 renmi.

Pabouee BelLLECTBO pacnonaraeTca B LLEHTPa/IbHOW 30HE Ha TPETbEWN YacTu la3epHON Tpybku (B
npouecce paboTbl HenpepbiBHO ANGPYHANPOBANO K XONIOAHBIM KOHLAM TPYOKK, YTO HapAaay C
ABNeHnem Katadopesa, OrpaHUYNBA/IO PeanbHbIN CPOK CNYXKObl TAKMX Na3epos.

YV V VY



Nazep Ha rnapax Memau

6 2 7 145 3 7 2 6 .
T T T T w T \ | — paspsaAHbIN KaHaa;
G 7 At w/z% = T 2 — 3AEKTPOAHbIE Y3Abl;
’ jﬁf’a?@jﬁij ERs ;u\:\ 3 “\gf;;a\ g | 3 — pabouee BewecTeO;
’ =y 4 — BaKyyMHOMAOTHas

0b60AOUK3;

5 — Tyronaaekum
MOPOLLKOBbIU
TEMAOU3O0AATOP;

6 — BbIXOAHbIE OKHa;
/ — coeAVHUTEAbHbIE Y3AbI ;

/) 4

i a

B coeanHeHuU 7, MexxAy Topuamu paspsiAHOM TPYOKM | U SIAEKTPOAHBIMU Y3AaMM 2, UMEETCA 3a30p.

3asop obecrneynBaeT OTKauKy rasa U3 o6bemMa TENAOU3OAUPYIOLLLErO3AEMeHTa 5.

Bo usbexxaHne nomnasaHns TENMAOU3OAMPYIOLLLErO MOPOLLIKA B aKTUBHBIN 06beM (paspsiAHbIA KaHaA) pasMep 3a3opa
AOAXKEH ObITb MeHbLUe pa3Mepa YacTUL, MOPOLLKA.

< B camopasorpeBHOM akTMBHOM 3AeMeHTe pa3orpeB pa3spsSAHOro KaHaAa C akTUBHbIM BELLLECTBOM AO
pabouyelt TemnepaTypbl MPOUCXOAMT 3a CHET SHEPTUU UMMYABCHOTO PaspsiAd, BO3OYXKAAIOLLLEro Napbl MEAM.



Nazep Ha rnapax Meau

Oco0eHHOCTH:

0 1.JIazep Ha mapax My SIBJISIETCS] OJJHUM U3 CAMBIX MOIIIHBIX HCTOYHUKOB KOT€PEHTHOTO CBETOBOTO
M3JIYYCHHS B BUTMMOM JUAIa30HEe JIJTMH BOJIH.
Jlmuabl BoaH redeparu: 510,6 aM; 578,2 Hw.
Jlnamnas3oH cpeHuX BhIXOAHBIX MomTHOCTeH: 1 - 100 BT ¢ ogHOM razopa3psaHoit TpyObl.

0 2. Bpicokuii mpakTuuecKuii KO3 PUIIMEHT T0JIe3HOTO JEeHCTBHS Jlazepa, nocturatoniuii 1 - 2 %.

0 3. Boicokuii koahHUIIMEHT yCUIICHUSI aKTUBHOM CpeJibl JIazepa Ha apax MeAu JaeT BO3MOXKHOCTh
VCIIOJIB30BaTh 3TH JIA3€Pbl B KAYECTBE KOTEPEHTHBIX YCUIIUTENIEH IPKOCTH CBETOBBIX ITYYKOB U CTPOUTH

MHOTOKACKaHBIC JIA3EPHBIE CUCTEMBI C OOJIBIIION BBIXOTHOM MOIIHOCTHIO Ja3epHoro u3nydenus ( Pcp > 1
kBT ).

0 4. Bo3moxHo 3¢ (deKTUBHOE TPe0Opa30BaHNE BHIXOJHOTO U3TyUEHUs Jiazepa B YIbTPAPHOIETOBYIO 00JIaCTh
CIIEKTpa.




MOHHO-aproHOBBIM AA3€EP
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Cxema ypoBHEM MOHA aproHa



MOHHO-aproHOBBIM AA3€EP
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JIByxaTamHas Bo30yXAeHHE
HMOHA aproHa



MOHHO-aproHOBEIN AA3ED

High reflector
mirror

Deformable Gas return Bore

mirror mount path capillary

[

—— B
o

AN

Output mirror ~ Anode Ceramic bore Cathode
(cooling fins
deleted for clarity)

Polarizing Brewster
window

KOHCTpYKIII/IH C BO3AYIIHBIM OXJIAKICHHUCM



MOHHO-aproHOBEIN AA3ED

1 23

Magnet

e E
Ceramic

envelop () ) ) )
Copper
heat web

Bore ———  —

KOHCprKHI/IH C BOASITHBIM OXJIAXKXKICHHUCM

Tungsten disk

KoucTpyknus
CErMEHTOB TPYOKHU




'eAur-KaaMHUEBBIN AA3EP

JInHnu resepanum:
25 —————— He+ = 2 2
D3/2 — P1/2 325 am
1 2 2
iyl i ) D | D5/2—> P3/2 416 aMm
_ 2SN 2
a Wonusanus L P T =250 <C
! IlesrnHra Dy, ,
S 15k Py,
g:x - Breixonnast momtaocts: 50-100 MBT
o2] P 1/2
m
10 2g | KoHcTpykuus: TpyOKa ¢ OprocTepOBCKUMU
[~ 1/2
cdt ¢ OKHaMH.
(OcHOBHOE COCTOAHHE)
5 - -~
1's

He Cd



Nazep Ha YTAEKHUCAOM rase

0 Moaekyaa CO,;:

- CHMMETPHUYHOE KoArebaHue
- aHTUCUMMETPHUYHOE KOAeDaHY
- medpopMallioHHOE KoAebaHue

Vibrational state
Herzberg
(00°0)
(01'0)
(0200)
(0220)
(1000)
(0310)
(0330)
(1110)
(00°1)

Wavenumber, frequency and energy

5 (em™1)
0

667.380
1285.408
1335.132
1388.184
1932.470
2003.246
2076.856
2349.143

Jf (THz)
0
20.008
38.536
40.026
41.617
57.934
60.056
62.263
70.426

W (meV)

0

82.745
159370
165.535
1728113
239.596
248.371
257.497
291-257

Symmetric stretch mode v,

Bending mode v,

o-o-d

Asymmetric stretch mode v;



B0o3MOXKHBIE AA3EPHBIE ITEPEXOIBI

Vibrational band
00°91) — (10°0)
00°1) — (02°0)
O1'1) — (1110)
01'1) — (0310)
(00°2) — (10°1)
(00°2) — (02°1)

Band Wavelengths (Lm)

min — center — max
9R 9.158 - 9.271 — 9.367
oP 9.443 —9.552 - 9.836
10R 10.095 — 10.247 — 10.365
10P 10.441 - 10.591 - 10.936

Comment

Regular band, 10 pm
Regular band, 9 pm
Hot band

Hot band

Sequence band
Sequence band

Lines

min — center — max
9R(44) —9R(20) — 9R(4)
9P(6) — 9P(20) — 9P(50)

[0R(46) — 10R(20) — 10R(4)
10P(4) — 10P(20) — 10R(50)



CxeMa 3HEPreTUuYeCKUX YOPBHEN

V1, T] 9, T2 U3, T3 U, TN UVCO: TCO
-« > A 4.,‘ «— > «—> > P <—>
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— /\
Collision 9um
e AN &
: 01'0) + 4
Emission 3 I
(00°0)"./ v ¥ 0) Vv 0) V
CO, N, CO

N, (n)+C02(00°0) — N,(n—1)+C0,(00°1)+AW, AW =-2.2 meV



[luccommaling COQ. ['TazoBad cMecCh

0 C02+e_ — CO+0, AW =-3.85¢eV
0 C02+e_ — CO+0+e, AW =-55eV

TwunoBas rasoeas cmecb: He : N2 : CO2 =8:2:1
BapuaHTbl rasoBoi cmecu:

Premix name/ Composition

(Maker) He N> CO, CO 0, Xe
Lasermix 322 65.5 29 Y.

(Linde AG)

Lasermix 690 65 19 4 6 3 3
(Linde AG)

Lasal 81 80.8 15 4

(Air Liquide)

Laser type,

model series

Fast axial-flow,

Trumpf TLF Series
Diffusion-cooled sealed-off,
Rofin Slab DC 0XX

DC excited slow-flow,
FEHA SM Series



BapuaHThl KOHCTPYKIIUU

0 Gas Flow Inside the Laser.
* No gas flow, sealed-off

e Quasi-sealed-off, periodic gas
exchange

 Slow gas flow axial to the laser
beam

e Fast gas flow axial to the laser
beam

e Fast gas flow transversal to the
laser beam

0 Gas Cooling.

e Diffusion-cooled, cooled walls
of the gas discharge

e Fast gas flow with external heat
exchanger.

0 Electrical Excitation.
 Longitudinal DC discharge, continuous

e Transversal DC discharge at high gas
pressure, pulsed

e Capacitively coupled transversal RF
discharge

e Inductively coupled RF discharge
e Microwave-excited gas discharge.
0 Optical Resonator.

e Stable optical resonator

e Unstable optical resonator

» Free-space propagation between the
mirrors

 Optical waveguide between the mirrors

e Combinations of these in different planes.



CxeMa OTHastHHOTO Aa3epa C IMIPOMOABHOM
HaKaQ4dKON pa3psaoM IIOCTOSHHOI'O TOKa

—1 @
Ry £ \_J. a
A Upc K Brewster window
N = = e Y_ Beam
\ Laser gas >
: 3 - 7 [

Flat rear reflector T ‘ Spherical

output coupler

Cooling jacket

Water coolant



CxeMa C IIPOaOABHOM IIPOKAYKOU pas3pdaoM

ITIOCTOAHHOTI'O TOKa

Rear mirror Discharge

DC HV supply

Glass tube

Output coupler

‘ Cathodes |
ﬁ = Anode | Anode Anode )

Gas flow

Gas pre-cooler

‘ Anode -
= = T Gas distributor 1 :

- x|y IRV -
— . —
] L

>

—— Resonator mount

Gas pre-cooler

NE AL /A
vV VvV V \

AY
Cooling water

Turbo blower

Heat exchanger



BoanoBogurbie CO,-Aa3epbl

a) b) e
lis Metall
+— Laser gas
‘ Beam axis 0]
Dielectric

a) MWIMHAPUYECKUN JUAICKTPUIECKUIMA
BOJIHOBO/ Gas ballast

c)

[RF

Spiral inductors

(i) RF power supply

0) MOJIHOCTBIO TUAIEKTPHYUECCKUI e
IPSMOYTOJIBHBIN BOJTHOBOI
B) THOPHTHBIA BOJTHOBOJ Pl

Hot electrode

MeTaHH-I[I/IBJIeKTpI/IK discharge in

waveguides

——

1]

Cooling channels Al cooling plate

Ceramic

| Al hermetically
sealed housing




Heat Real time

cna we 't
Gas flow exchanger power monitor

direction

Tangential
blower

D\ e

BN .
: a| mirror

Fold mirror

RF electrodes

Laser beam | Fold mirror

— Output mirror
Output window



IIlepectpauBaembie CO2-Ara3ephI

Spherical output (3(:
coupler DC Brewster
plate
Beam lL / a
-— e
Discharge tube /1,\.

Diffraction grating



OKCHMEPHBIE AA3€PhI

Energy (eV)

B 1210 8 7 6 5 4 3 2
Kl'z
Al‘2146X€7_
126 172
Rare gas dE -
F,
157
Halogen L KrCl XeBr [XeF(B—>X)]

Rare gas-halogen

(diatomic)

Rare gas-halogen

(triatomic)

22D 262 351
ArF| KrF| XeCl XeF(C—>A)
193EL 248$ 308 486+35nm
HE & *| [
[Xe,Br]
440+30nm
[Ar,ClI] [Ar,F] Kr,F Xe,Cl [Xe,F]
245+35nm 285+25nm  420+35nm 490+40nm  610+65nm
[ [ " [ e

100

>

200 300 400 500 600
Wavelength 4 (nm)



OKCHMEPHBIE AA3EPhI

Benefits:

1. Short wavelength

2. High quantum energy

3. High pulse energy density obtained by
focusing

4. The extreme peak power when the pulse
energy is compressed into ultrashort pulses.




XHUMHUYECKUE AA3EPHI

JlnHbI BOJIH 2,7 — 3,3 MKM

F+H, H+HF(v=3)

HF-nazep

)

O — b9 w
———

\

H+HF(v=2)

J1a3epHbIN
4 nepexoa 2P(3)
J=3

~

I
0

H+HF(v=1)

H+HEF(v=0) \\/ A + B = AB acconaTuBHas peakius
ABC = A + BC; - tucconparuBHasi peaxiiy



