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H mpoictopia...
m To 1924 o Einstein élofe o epyocio

[Planck's Law and the Hypothesis of Light
Quanta, 1924] and tov Ivod dvoiko S. N.

Bose mov mepiéypape 10 @G, ®G 0EPLO

OV OMOTELEITOL OTO POTOVLO.

B XNV MUI-KAOGOIKN]  OTOTIOTIKY, ovo | ™

SLaKpLTd, COUATIO, T.)Y. Ol KOKKIVES Kot

pmhe opoipeg, Umopodv v KatoAdpovv | ®

TPEIS KOTOGTUGELS [E EVVER OLOPOPETIKOVG
TPOTOVG, Kol Lrdpyovv 3 mOavOTNTES
ot 9 va Bpebodv Ta copdtia otV 01
KOTAGTAO.

m Edv avtd ta coudtio ntov pn owekpltd,

OGS Tt PMTOVIO, Bo vIpyav AydTeEpPES

OVVOTOTNTEG, KOl OVTO  EVIOYVEL TNV

mlavotnta oe 3 mOBavoTNTES 0€ 6 TG | W

ghpeong TV QOTOViov otV 10w
KOTAGTOOT).
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... KOl 1 YEvvnon ToV «UTolovimvy

m Aev vrdpyer kouio E/M dvvaun 1 'EAEN
mov  meptAouPdvetar o owtd 1O
QUIVOUEVO, OVTO €lvol  omA®dg Ui
OTOTIOTIKY] Kotovoun (otatiotik] Bose-
Einstein), n omoia avaykdiel ta oTOVIQ
VO, TPOTLUOVV «Va TACLOEVOVY Oy,

m O Dirac sionyoye apydtepa tov OpoO
«umoCOvioy Y. TOL  GOUATIO.  TTOV
«OTTOKOVOLVY GE OTES TIC OTUTIOTIKEC.

B Avti 1N «OOTNTO» TOV QOTOVIOV, TOL
exppaotnKe podnuatikd omd touc Bose
kow Einstein, €0gce to  Oewpnrikd
OepéMa yio v avdntvén tov LASER,
capdvta Tpia xpovia apyotepa!
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To MASER

m O Einstein giye mpoPAéyel To @OUVOUEVO TNG DTOKIVIUEVNG EKTTOUTNG
[Zur  Quantentheorie der  Strahlung, (1916),  Physikalische
Gesellschaft Ziirich, Mitteilungen 18, Seite 47-62] pe to omoio £va
PWOTOVIO aMn?»amSpa ue éva 81eyspu8vo HLOPLO 1| GTOUO Kot npOKOO\,Sl
TNV EKTOUTTH £VOG GEVTEPOL POTOVIOL IOV )L TNV 1610 GLYVOTNTAL,
Qdon, nokoocm Ko katevbvvon.

m Xng opyes g oekaetiog tov '50, o Charles Townes kot ot
cuvepyateg tov oto Columbia, kot ot Basov kot Prokhorov otnv
EXXA, epnopav 10 MASER (Microwave Amplification by
Stimulated Emission of Radiation)

m Ta MASERs Ntav ot mpoteg cmcsKsusg OV Xpncluonomcow ™mv
VTTOKIVILEVT] EKTIOUTIT), Y10 VOL EVIGYDGOVY TO OTOVLL, GE OVTHV TNV
TEPIMTOOT LIKPOKVLLOTAL.

m Avta ta tpota. MASERS, amoteAovvtov omd T 0EPLMON GUGTILATOL
LE TECGEPU EMIMEON EVEPYELNC TOV YPNGLULOTOLOVV TNV CUUOVIO MC
EVEPYO UEGO, KOl UTOPOVCAV GLVEXMDS VO, OLTNPOVV U0 OVTIGTPOPT
TAnBvcumv Kol ToAdvTmon.

Abnva 24 Anpihiov 2010 MedicExpo 2010 5



QEO Tufqpae Teyvoroyiog latpikdv Opydvov
. % o Epyoctiipro Bwiotpuig Teyxvoroyiog

7®HNP“V

O Townes kot to «Ontikd MASER»

m [lpoc to téhog TG Oexaetiag tov '50, o Charles
Townes (Bell Telephone Laboratories, NJ) éotpeye
TNV TPOCOYN TOV GTNV TPOKANGT TNG YPNOLOTOINCNG
TNG VTOKIVNUEVIG EKTOUTNG, YL TNV EVIOYLOTN TOV
UIKPOTEPOL UNKOVS KVOUOTOC OPATOV POTOVIWMV.

m Avtog kou o Arthur Schawlow &ypowyav €va peyaio
Osopntikd paper oto Physical Review 10 1958
TEPTYPAPOVTOS UE UEYAAN AETTOUEPELD TIC APYEC TOV
LASER, mov o Townes petoyAmttioe oe «OnTiko
MASER», kot véBaiay tnv idwa ypovid pio, aitnon
OUTAMUOTOC EVPESLTEYVING TOV 1010 £TOC.

m H Epyocio tov Townes kou Schawlow mpoxdiece
1010{TEPO EMIGTNUOVIKO EVOLOPEPOV KOL OVTOYDVIGLO
Y10 TNV KATOGKELT) TOL Tp®@Tov LASER.

Abnva 24 Anpihiov 2010 MedicExpo 2010 6
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H Oewpntucn epyacia tov Charles Townes kot
Arthur Schawlow o610 “Physical Review” 1o 1958

Infrared and Optical Masers

A. L. Scaawrow annp C. H. Townes®
Bell Telephone Loboralories, Murray Hill, New JFersey

(Received August 26, 1958)

The extension of maser techniques to the infrared and optical region is considered. Tt is shown that by using
a resonant cavity of centimeter dimensions, having many resonant modes, maser oscillation at these wave-
lengths can be achieved by pumping with reasonable amounts of incoherent light. For wavelengths much
shorter than those of the ultraviolet region, maser-type amplification appears to be quite impractical.
Although use of a multimode cavity is suggested, a single mode may be selected by making only the end
walls highly reflecting, and defining a suitably small angular aperture. Then extremely monochromatic and
coherent light iz produced. The design principles are illustrated by reference to a system using potassium

VAT,

INTRODUCTION

AJ\{PLIFIERS and oscillators using atomic and
molecular processes, as do the various varieties
of masers,’* may in principle be extended far beyond
the range of frequencies which have been generated
electronically, and into the infrared, the optical region,
or beyond. Such techniques give the attractive promise
of coherent amplification at these high frequencies and
of generation of very monochromatic radiation. In the
infrared region in particular, the generation of reason-
ably intense and monochromatic radiation would allow
the possibility of spectroscopy at very much higher
resolution than is now possible. As one attempts to
extend maser operation towards very short wavelengths,
a number of new aspects and problems arise, which
require a quantitative reorientation of theoretical
discussions and considerable modification of the experi-

1 o | Fi W o

CHARACTERISTICS OF MASERS FOR
MICROWAVE FREQUENCIES

For comparison, we shall consider first the character-
istics of masers operating in the normal microwave
range. Here an unstable ensemble of atomic or molecular
systems is introduced into a cavity which would
normally have one resonant mode near the frequency
which corresponds to radiative transitions of these
systems. In some cases, such an ensemble may be
located in a wave guide rather than in a cavity but
again there would be characteristically one or a very
few modes of propagation allowed by the wave guide in
the frequency range of interest. The condition of
oscillation for # atomic systems excited with random
phase and located in a cavity of appropriate frequency
may be written (see references 1 and 2)

n2 hV A/ (40?Q.), (1)
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H aitnon kot to AimAoua Evpeotteyviac tov
Schawlow-Townes

March 22, 1960

A, L, SCHAWLOW ET AL
MASERS AND MASER COMMUNICATIONS SYSTEM
Filed July 30, 1988
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MASER-LASER: To Bpafeio Nobel dvoiknc 1964...

"for fundamental work
In the field of quantum
electronics, which has

led to the construction Charles Hard Nicolay Aleksandr
- Townhes Gennadiyevich Mikhailovich
of oscillators and Basov Prokhorov
ampllflers based on the @ 1/2 of the prize ® 1/4 of the prize ® 1/4 of the prize
MASER-LASER USA USSR USSR
= = n
prInCIpIe Massachusetts Institute P.N. Lebedev Physical P.N. Lebedev Physical
of Technology {(MIT) Institute Institute
Cambridge, MAa, USA Moscow, USSR Moscow, USSR
b, 1915 b, 1922 b, 1916
d. z001 d. zo02
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...evtovtolg vanpye kot o0 Gordon Gould =y

m O Gordon Gould, évac petamTLyOKOG
omovVd0eTNG 010 TovemoTnUo Kolovumio,
™mc Néac Yopxm, avéntvée wa Bewpio

e At At

4 |
4 4 B = MA'_M o
napopota, pe avtnv Schawlow kot Townes. §:§§ i« — M?M A
r /4 r I4 gg z ; —— ¥ Tar
m Tnv &ypaye oe éva onuel®pUATdplo, oALA Hgial e =
MG GUVETELY, KOKOV VOUIKOV GUUBOVADY, aggii ST
Qedpnoe OTL EMPENE Vo KOTOOKEVAGEL v |4 j = ; oiross. s mgivrs
b oxevion 0|y OBl g T
TPOTOTUTO TPOTOD VO UTOPECEL VO KAVEL I § G780 77 j2aZy o
aitnon v éva dimAmuo evpectteyviag. f?] %. j 7 ),
s e
’ : 1 1 “ 7= - ax
m ‘Etor ékave v oaitmon yw to dimiouo 3 ! :Wg ﬁ«% 5

EVPECITEYVIOG TOV €VvED UNVES apYyOTEPD, i“ & Atsrnaid Agplie ia disived,
and tovg Schawlow kot Townes. >

m Metd and 30 ypdvio. SKAGTIKNG SopUAYMS
ue to US Patent and Trademark Office
TOV TOoTOONKE povov 1 Onuovpyio. TOv

6pov «LASER. e —
P O Gadkean L
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2vvoyiCovtag tnv mpoictopio Tov LASER

Fom——— e W. W. Hansen
. ]
Felix Bloch
, Ed Ginztan
. Marvin Chodorow
Willis Lamb
' X iony siegman
WORLD o gchawlow
WAR Il _
MIT Radiation Laboratory 1+ subsoquent | Affiiates Pgm
Harvard Radio Research Lah:} Nesel Przes _ | Stanford Shopping Ctr
| Honors Coop Fgm
HP founded | Stanford Industrial Park
 Varian bros | Microwave (later Ginzion) Lab founded

invent kiystron'
Frederick Emmons Terman:

Director,
Prof. of EE—EE Charr—W—Dean of Engr—]| Provost |

|——Ray Lyman Wilbur———

Donald |  , E wallace Sterling—

| Tresidder

A | | |

1915 1930 1940 1950 1960

1936: 1946 1851-54; 1856:
Einstein 19205 & 1930s.  WWW Hansen  Bloch, Hansen and Charfles  NicoBl. May 1960:
proposes Quantum theory and  invents the Packard observe Townes inventsthe Ted Maiman
stimulated hasic maser gain microwave first man-made develops microwave operates first
emission principles understood cavity population inversion NH3 maser s-smaser (ruby) laser
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H yévvnon evog Aettovpyodvioc LASER

m Xtc 16 Moaiov 1960, epyalduevoc
oto. Hughes Research Laboratories in
Malibu, California, o Theodore
Maiman xat ot cuvddeigoi tov C. K.
Asawa ko [. J. D’Haenens é0scav ce
Aettovpyio (0. TPOTOTLT GLGKELT,
eAmilovtac y1o T0 KOADTEPO.

m  H cvokevn Ntov ETovocTATIKY, OTAN
Ko KOUY: EVOg 1Y LPOG
Kovlovplacuévog  Aauntipac flash
mov  mePPArAEL  poe  cuvOETIK,
LOVOKPVLOTOAAIKT] pAPBdo povumivio.

B O Aoumpoc TOAAOUEVOC ACUTTTIPOG
OEYeEIpE  TAL  1OVTO  YPOUOL GTO
povurivi, To omoio e&émeune Emetta,
Evay  OTEWVO  TOAUO  @BopIGHOoD
KOKKIVOL pMTOC.

ABMva 24 Anpidiov 2010
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To mpdto LASER mov avantdiyOnke and tov
Theodore Maiman

B Kout®vtog 7mPOGEKTIKOTEPA  EYIVE

QVTIANTTN uo OTOKOAVTTTIKN
AVOAQUTY] oOUP®VNG  oKTIvVOoBoMag
emukaOnuevn ™G  KOVOVIKNG

aKtTvoBoAioc @BopioLov.
m H oudda elye poMg onuovpyncet to
npwto LASER mov Agttovpyovoe.

Theodore Maiman was twice
nominated for the Nobel Prize
Abnva 24 Anpihiov 2010 MedicExpo 2010 14
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H ouddo tov Maiman képdioe 10 otoiynuo!

H oudda oo Maiman k€pO1GE TOV «aydVo OPOLOLY KOl EYPONE
otn ouvveyxew po ocvvroun Epyocia meptypdeoviac 1o mpmTo
LASER, mov vroBAnOnke kot amoppipdnke (!) and &va eE€yov
TEPLOOKO DVOIKNC.

Evtovtolg, pwo mo oOvroun €KOoyN £YWVE OTOOEKTN Kol
onuocievnke otic 6 Avyovstov 1960 cto Nature.

H emtuyio tov Maiman wépace apyikd oyeddv amopatrpn
LUETOED TOV EVPEME KOWVOU, KOl OV ETUYE AVOLYVOPLOTS OKOUN
KOl EVTOC TNG EMIGTNUOVIKNG KOWVOTNTOC.

Tig mpoteg nuépec, 10 LASER yopaktnpiotnke wg «Adon oce
avalntnon €vOog TPOPANUOTOC», EMEWN KOAVEVOS OEV  Eixe
KOToOeiEel KAmMOlEC YPNOUEC  EQUPUOYEC, €EE®  omd TNV
ETIGTILOVIKT] £PELVAL.

Abnva 24 Anpihiov 2010 MedicExpo 2010 15
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H Epyacia tov Theodore Maiman oto «Nature
mov meprypapeTon 10 Tpwto LASER

194 NATURE August 6, 1960 oo 137

Stimulated Optical Radiation in Ruby e 07

Schawlow and Townes! have proposed a technique 215 | 2 ez Z/Zz_ 2i- Y
for the generation of very monochromatic radiation * E 7 g i/_’j&m
in the infra-red optical region of the spectrum using =' [ ) B R .
an alkali vapour as the active medium. Javan®*and z 5L A B R
Sanders® have discussed proposals involving electron- % p / ey d
excited gaseous systems. In this laboratory an M.0508 e ——— &
optical pumping technique has been successfully 2 ' o )

Fig. 1. Energy-level disgram of Cr™* in corundum, showing

applied to a fluorescent solid resulting in the attain- i, e o 2008
ment of negative temperatures and stimulated optical
emission at a wave-length of 6943 A.; the active
maierial used was ruby (chromiwm in

corundum).
A simplified energy-level diagram
for triply ionized chromium in this
crystel is ghown in Fig. 1. When

(a)

DIMIY

this material is iradiated with cnel‘fjv :7
at a wave-length of about 5500 A., /
chrominm ions ere excited to the

1P, state and then quickly lose some 4
of their excitation energy through /

Abnva 24 Anpihiov 2010 MedicExpo 2010
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To AtmAouo Evpeotteyviac mov ameveundn oto Theodore
Maiman yia tnv Kotaokevr Tov tp@tov LASER

United States Patent Office

BEST AVAILABLE COPY

3,353,115
Patented Nov. 14, 1967

1

3,353,115 .
RURY LASER SYSTEMS
Theodore H. MMalman, Los Angeles, Calif., assignor 1o

Hughes Aircraft Company, Culver City, Calif., & cor-
poration of Delaware

Continoation of applicatlon Ser. ™Wo. ¥I02,698, Apr. 13,
1961, This application Nov. 29, 1965, Ser. No. S16,830
Z Clalms. {(Cl. 331—54.5)

Thiz application is a continuation of my copending
application Ser. MNo. 102,698 entitled, Laser Systems,
filed Apr. 13, 1961, now abandoned,

This invention relates to the generation, amplificstion,
and utilization of electiromagnetic wawves In the infrared,
vizible and. ultraviolet portion of the spectrum, and more
specifically to lasers and laser systems. A laser, the term
being nn acronym for light amplification by stimulated
cemiszion of radiation, is a device capable of pencrating
ar amplifying coherent light. The principle of cperation
is similar to that of a maser and is therefore alse referred
o as an oplical maser.

Much effort has been expended in the flelds of elec-
tronfcs and physics in attcmpis to generate or amplify
coherent light, Such an achievement, it was known, would
muoke availnble a vast new region of the eleciromagnetic
spoctrum for a multitude of purposes including com-
munications and metrology {(measurements) applications.
Such coherent light would have the propertics of being
monochromatic and of having its component waves prop-
a goting in phase with each other. Thus, ps &t radio or
microwave frequencics, a great deal of encergy could be
concentraled at or extremely near 10 a single frequency

a 1 .51} - L 3 L3 T 3

10

15

20

25

a0

2

emission and a coherent wave propagating through the
medium, In addition, the frequency of operation of any
given gas laser may be cffectively tuned only by Stark or
Feeman effects which ean provide a tuning range of only
approximately 53¢ 10°9 cycles per sceond. Further, the
construction of a gas cell is extremely critical in that the
end plates must be highly reflective and perfecily paraliel
so that the many reflections required because of the low
density gaseous material will be accom plished.

It iz therefore an object of the present invention Lo
provide an operable, low noise. zifcient laser.

It i= another object to provide & laser which is me-
chanically stable and of noncritical construction.

It iz another object to provide a laser which operatcs
at room temperature or cryogenic temperatures for addi-
tional simplicity and even greater flexibility In design
parametera.

It is another object to provide a laser which does not
require eritical vacuum or vapor pressure technigques and
which operates in a medivm of high dielectric constant.

It is another object to provide a laser capable of much
higher power handling.

It Is msnother object to provide a laser which is Lun-
able over aproximately a 5 10' cycles per second range,

It iz pnother object to provide an aptical radar sys-
tem utilizing the advantages of a laser.

Briefly, these and other objects are achieved in accord-
Bnce with the prescnt invention in a system including a
solid state negative temperature mediuom.

In one example & segment of solid state active laser mn-
terial such ns a cylindrical ruby (A0 doped with
Cry03) rod with reflecting conting at cach end is coaxial-
1 1 - - Lait 1 43 | | b & Wl S b P, S A i
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Ot 81’)9 OELWGELS TOV OUTAMUOTOS EVPECITEYVIOG TOV
T. Maiman yiwo tnv Kotaokevn tov tpmtov LASER

9

against the minutec amount of optical noise at the opcrat-
ing fregquency.

There has thus been disclosed a laser system in which
the active laser substance is solid stale and which pro-
vides coherent monochromatic amplification and genera-
tion of electromagnetic wave energy in the optical or
visible spectrum. The invention is effectively an efficient
device which is mechanically stable and which may be op-
erated at room temperature without complex vacuum of
wapor pressure technigues. The invention as disclosed also

is capable of tuning over a 5% 101t eycles per second
|' range and may handle high powers for practical optical
radar and communications utilization. In addition, be-
cause it provides light which can be focused extremely
precisely, the laser opens new possibilities in the investiga-
tion of basic properties of mater, as well as in medicine
where objects or wery minute portions thercof can be
selcetively sterilized or vaporized.

What is claimed is:

1. A three encrgy level laser comprising:

a ruby having ntoms cxhibiting a first
corresponding 1o o ground atomic state, a substantial-
Iy discrete second energy level above said ground
state and third cnergy- levels defining a relatively
brondband absorption third region extending above
said sccond level;

a pumping source of hroadband light energy optically
coupled to said ruby for illuminating it and exciting
atoms thereof to exhibit excitation at said third en-
erpgy levels from whence they decay without sub-
stantinl radiation loss to sald discrete second encrgy
leve! so as to establish a population inversion between
snid discrete second energy level and said ground
state;

interferometer means oplically coupled to sgid ruby and
tuned 1o the frequency corresponding to that of the
cnerpy difference between said second encrgy level
and said first energy level for reflecting light energy

energy level

of said frequency repeatedly through portiens of said
b aansrais o coherent licht beams;

ABMva 24 Anpidiov 2010
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and coupling means for extracting the monochromatic
coherent light beam from said ruby.
2. A three energy level ruby laser system, comprising:
a ruby having atoms exhibiting @ first energy level cor-
5 responding to a ground atomic state, a substantially
discrete second energy level above said ground stale
and third energy levels defining a relatively broad-
band absorplion third region cxtending abowe said
second level;
broadband optical pumping means directly coupled to
said ruby for exciting atoms of caid ruby from said
first energy level to said third energy levels from
which radiationless energy iransition of said atoms
takes place to szid second encrgy level to establish
a population inversion between said sccond energy
level and said ground state; and
light-resonating mecans coupled o and forming a re-
generative optical path through said ruby to stimulate
radiant energy transitions of said atoms from said
second energy level toward said ground stalc o pro-
duce a coherent monochromatic light beam having a
frequency substantially corresponding to the energy
difference between said ground state and said second
encrgy level.
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7®HN?{V

1960: Avantooceton 1o Helium-Neon (HeNe)
LASER amo tov Ali Javan oto Bell Laboratories

k>

T Blart . 394 388 PATENTSCHRIFT ) w. 394 388
Klasierung Mf, 90
ot i HOls
Gesichsommmer: 14997/61
SCHWEIZERISCHE EIDGENOSSENSCHAFT  Anmeldurgséanm: 21, Desisber 1961, 15% Uhe
Prioriic USA, 28, Dezember 1960
EIDOERUSSISCHES AMT FUR GEISTIGES ENGENTUM 0063
Patent erosilt: 0, Juni 1965

Pateateciarift veriffenclicht: 30, November 1965

HAUPTPATENT
Western Electric Company, Incorporated, New York (USA)
Laser

Williem Ralph Boaaeet, Jr., wd Ali Javan, Berkeley Heights (N. 1, USA], sind ks Erfinder gesannt worden

Die Erfindung bezisht sich auf einen Laser, bei D eine solche Stobanreguag mur swischen kolli-
(AN eidivm cin Gusgemisch diens, dicrenden Atomen eintreten kann, dersn Energieni-
Arten yon Lassen verwendon ein gaoftr-  vesns sich nahe entsprechen, wie die Niveaus E, und
am, bed welchem eine laversion der Popa-  Ey, erfiihrt von den Zustinden des Gases B mur der
che ciner negativen absolsten Temperswr  Zustand E,' einen wesentlichen Zuwachs der Popula-
It dem Gasgemisch durch Ubertrngung  tion durch Stalprozesse. Durch diese selekdive Anre-
jic vom Malekeln cines Gases aof ein ande-  gung des Nivesns E,' kann eine Umkehruag dir Po-
inen Stofmechanismus erfolgt. Bei cinem  pelabon zwischen diesem Nivean E," und dem Nivean
faer kann das sls aktives Medium dienende  E," eintreten, solange die Zerfallgeschwindigheiten
Gemisch mus wwel Gosen A und B beste-  der Miveaus " und E,' sgemessen sind. Ddurch
a3 A wird 5o gewdhlt, daf o5 cin metasta-  wind es moglich, die Emission einer Strahlimg dec
bienivesn E, aberhalb des Grundeustandes  Frequerz (E,~E,)fh mzuregen, wobe fi die Planoe-
fs heiit, ein in dem Zustand E, pehobenes  sche Kanstante damstellt. Wenn diese Frequesz im =
liimgere Feit, ctwa in der GiriiBenondnung  sichibaren Gebiet liegt, wie man diss durch gecignele
Je, in dicsem 2u vesblelber, bevor es in Wahl des zwei Gase erreichen kana, ergibt sich ¢in
rustand oder in einen Zwischommsstand - Laser, By ist festgestellt worden, daf verschiedene
as Gas B wird so pewtiblt, dubl es cimen  Vorginge mit dem gewlinschien konkurrieren kiinnen,
* hat, dessen Mivean dem des Zustancles Fy  wodureh dessen Wirkungsgrad herabpesetzt wird, Ins- o
A entspricht, sawle mindestens cinen Zu-  bescadere worde gefurden, dal die durch die Tani-
dem Nivenu E,' zwischen dem Nivean E;'  slerung des Gases A loufend ersengten energiebehal-
igen Giruendzustand E,', Weon dos  teten Ebekironen die wirksame Bildung der gewlinech-

& iz Strshlungsfcld susgesetzs wind, so dafl  ten Usnkebrung der Populatica verhindern, indem
£y —— enrweder Reaktionen firdern, wekhe die Fopulation =
£ f iex Niveaus E," erhthen oder indem sic Reaktionen
i —_——y igen, die den Gleichge wieder-
1 fberwicgeni des Gases 4 uod gelogent-  herrusscllen bestrebt sind, Zum Beispiel sucht dis
b Hes Grses B an, so dab sic in hihers Zu-  Kollisan solcher Ekktronen it nichtionisierten Ato-
- knpen, Inshesomdere nefgen Atome des Oa-  min des Gases B elnips disser Atome auf den Zustand &
i A ugsweise zur Anreguag muf das Niveaw E;, " zu heben und dadurch die gewiinschte Umkehs
} # entweder direkt oder durch Zuriickfallen  der Population umsusilireen.
- htheren Zustand, 2uf den ge angeregt woe- Der crfindungsgemiife Laser st dadurch gekens-
auf dieses Niveau gelangen. Infolgsdessen  zeichnet, dubl ein gasfarmiges Medium vorgeschen Bt
opalation des Zustands F, verhiilinsmifly  welches mindestens cin erstes Gas mit einem meta- %
& ' ‘erner werden, wenn im Fustand E, des Cases  stabila E I oherhalh des G

u A hefindfiche Atome it im Grondmstand befindli-  und mindesiens ein zweites Gas mis zwel Encigie-
chen Atomen des Geses B kellidieren, einige von  pivesns oberhalb des Grandmstands enshillt, wobei
digsen suf das Niveau E,' sngeregt. der Abstand des biheren disser beiden Nivemus vom
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1964: O Kumar Patel epndpe 10 CO, LASER
oto Bell Laboratories

VGHNP“V

S e =

I ~ |

m To LASER CO, (9.4 & 10.6 um) frav éva anod to tpoto LASER
aePlOL OV avOTTUYON KOV Kot Elvot aKOpa, Eva oo TO O YPT GO, .

m Ta CO, LASERs ypnowomrotovv éva piypo Atoéewiov tov Avlpaka,
Alwtov, ko HAlov.

m Eivaw LASERs «ovveyov xoudtovy (CW) vynAng oyvog, Kol m

amOd00™ 16YVO¢ €600V POAveL To 20%.
Abnva 24 Anpihiov 2010 MedicExpo 2010 20
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7®HNP6V

2yéota and 10 Aimlioua Evpeciteyviog tov Kumar
Patel yio to CO, LASER DE1589070A1 (14/10/65)

§
Y
b
b
]
i

Enigie el
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1964: O J.E. Geusic epnbpe 1o Nd**: YAG
(Yttrium Aluminum Garnet) LASER

7®HNP“V

m To Nd: YAG LASER o
TOPOVCLACTNKE  Omd  TOLG o
Geusic et al. oto Bell 1
Laboratories to 1964. |

m Ta Nd:YAG LASERSs
EKTTEUMTOVY  TUTKAL O©E  UNKOG
kouatoc 1064 nm, o©t10
YnépuOpo. —.

B Yndpyovv petofAcel kKol ota
940, 1120, 1320, and 1440 nm. Y Noa

m To Nd:YAG LASERSs v
AEITOVPYOVV KOl G TOAUIKA Yo
KOl G GLVEYT. Geusic, J.E., Marcos, H.M, and Van Uitert, L.G.:

"LASER oscillations in Nd-doped yttrium aluminum,

yttrium gallium and gadolinium garnets". Applied
Physics Letters 4 10, 182-184 (1964)].

946 nm
1064 nm
1123 nm
1319 nm

Abnva 24 Anpihiov 2010 MedicExpo 2010 22



QEO Tufqpae Teyvoroyiog latpikdv Opydvov
. % o Epyoctiipro Bwiotpuig Teyxvoroyiog

7®HNP“V

2yeota amo 1o Aimdoua Evpeciteyviag US3252103A
tov J.E. Geusic yia to Nd**:YAG LASER (14/05/64)

= "“'J*"

PPPPP

.......

ABMva 24 Anpidiov 2010

MedicExpo 2010

23




QEO Tufqpae Teyvoroyiog latpikdv Opydvov
. % o Epyoctipro Buwiotpwig Teyvoroyiog

ou® O ovviehkeothc amoppdenong yio to Nd3* oe YAG
LETACV TOL KaTOPALOV amokonnc UV ko tov Covov
ATOPPOPNONS VONTOC 6T0 UEGO YTEPLOpo (M-IR)

10 T T T T T T T T
10 Ncd:YAG diode band absorption coefficient
o2
3 |
<)
|
8 s
=, 7
- s l
— !
EG ‘ S o
2 [}
S 4
&5
Q 3
=
S
3 )
[
& 1
a3 g . \
7 780 790 800 810 820 830
g ) i !
| ) |
1 | yl “‘ ‘
11 ’|: { | ‘ 1} "‘ \ A I\
1 Al A A VUL N A |
o/ AV L) Ul vt WA ~
o UNY | !_,~ A \ \ = ~ L] VN J A
200 <400 S00 S00 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800
Wavelength (nm)

“F.,, absorption coefficient for the Nd-ion in the highly efficient diode-
pumping region. The peak Nd absorption line for this region is 808.6 nm.
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_YGHN\;V

1970: H ondoa tov Nikolar Basov 6to Ivetitovto
Lebedev ot Moocya epnope to Excimer LASER

Excimer A
m To mnpoto Excimer LASER
onuiovpynRdnke to 1970 amd tovg Arz* 126 nm
Nikolai Basov, V. A. Danilychev Kra* 146 nm
Kot Yu. M. Popov, oto Lebedev E 57
Physical Institute ot Mooya, - 7 B T
YPNCLUOTIOIDVTOS EVOL  OUEPEC
(Xe,) Oleyepouevo amd Lol Al Lol
OEGUN MAEKTPOVIOV Y10l VO ODGEL KrF 248 nm
exkmounn ota 172 nm. XeBr 282 nm
m M PBeAitioon (NRL, Northrop %eCl 308 nm
RTC, Avco Everett RL, & Sandia
Lab.) to 1975 vmp&e n ypnon Xer $51nm
QAOYOVOUEVMV  EVYEVAOV  OEPIMDV KrCl 222 nm
(apyucd XeBr). Clz 259 nm
N2 337 nm
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Tt etvon To excimer LASER?

To excimer LASER (1 exciplex LASER) givor pior pop@m vrepimooug
LASER mov ypnowuomoteital cuvnlme oTic YEPOLPYIKES emEUPACELS
TOV LOTIOV KoL TNV KOTAGKELT] TIULIOYOYOV.

O Opoc¢ «excimer» eivor 1 ovvrunon tov “‘excited dimer”, evd 0 6po¢
«exciplex» etvar n cvvtunon tov “excited complex™.

‘Eva excimer LASER ypnoipomotel yopoakInpiotikd Evay GuVOLOGLO

evog Adpavoig aepiov (Apyov, Kportov, 1 EEvov) katl evog ALoyovou
(Bpopo, ®B6pro 1 XAwmpto).

Yo «xatdAAnAovc mNAEKTPIKNG Ol€yepomnc, Omuiovpyeitalr  Eva
YELOOUOPLO excimer (1 G€ MEPIMTMOT AAOYOVIOIMV EVLYEVMOV OEPIMV,
exciplex), 1o omoio pumopel pOVO vo vIAPEEL GE ULoL ONYEPUEVN
Kotdotaon umopel va dmcel Evavopa yio LASER otnv vrepuoon
cepd.

Abnva 24 Anpihiov 2010 MedicExpo 2010 26
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. % o Epyactipro Buwiatpwig Teyvoroyiag

7®HNP“V

O puoikég apyes Tov excimer LASER

B Yndpyer éva evepyelokd yAcpo UETOED TOL Energy Excited
VYNAOTEPOL KOTENNUUEVOD LOPLOKOV monomer
tpoylakov (highest occupied molecular orbital  [High 4 = i
HOMO) xot younAotepov un KoTeAnuuEVon —
poptokod  tpoywkov (lowest unoccupied
molecular orbital (LUMO), to HOMO/LUMO ca. 400nm ca. 500nm
X(’xgua. 3.1 eV 25eV

m Edv 10 poplo amoppopd @®C TOL OmOiov
gvEPYELD glval peyoldTEPN OO AVTO TO YAoua, || 4,
éva. mAektpovio oto HOMO pumopet va Ground state
oieyepbel  oto LUMO,  amokaloOuevo ——
dmyepuévn otabun tov popiov. i A . -

m To Excimers Slauop(pcovoth uovo otov Unocoupied ———
amd TIC CLVIGTMGCES TOV JUEPOVE, €ival o1 molecular
omyepuévn otabun. LMo e o

m Otav to excimers emoTpéPovyv ot Paociky é{> p——
KOTAOTOGN, Ol GUVIOTMOES TOLG Y®pilovv, HOMO -©—8-" —
an®Bodvtol GuxvAa HETAED TOVS, KOl TO A TNG O | Coruped -6—6-
EKTTOUTNG TOV &ivar peyoldTepo amd avtd TNG OO | cttiels
S yEPUEVIC EKTTOUTNG TOV LLOVOUEPODVC. Low %—;E: | “e_deb;

In ground stata in excited state

Abnva 24 Anpihiov 2010 MedicExpo 2010
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O1 1010t 1eG ToL excimer LASER

To UV owc¢ and éva excimer LASER amoppo@dtor KoA®S omd To!
BloAoyikd VAKA Kot TIC OPYOVIKES EVIOGELC.

To excimer LASER mpocOétel apketn) evépyela Yo va, O10.6TAGEL TOVG
LOPLOKOVG OEGUOVS TOL EMPOAVEIONKOD 16TOV, TOL OmocLVTIOETL
OMOTEAECUOTIKG GTOV 0EPQ, HE EVOV OTEVA EAEYYOUEVO TPOTO, UEGH
BaOpaioc apaipeong tov.

Katd ocvvénela ta excimer LASERs €yovv tn ypnoun o0tnta 0Tl
LUTOPOVV VO, OPULPECOVV ECOLPETIKA TOL AETTA GTPOUOATO TOV VAIKOV
EMPAVELNG, UE OYEOOV Kauio OEpuavon 1 aAloyr) 6TO VTOAOUTO TOL
VAIKOV, TOL apnveETOL AOIKTOV.

Avtéc or 1010treg kabotovv ta excimer LASERs katdAAnAec
owtacelc  emelepyaciog OPYOVIKOV VMK®OV  (TOALUEPOV Ko
TAOGTIKOV) KOl OLECAYDYNG AETTAOV YEPOVPYIKAOV ENEUPACEDV, OTMC M
yelpovpyikn enéuPfaocn LASIK patiov.
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O Tpwtec eumopikeg epapuoyec tov LASER

Me 11 mapodo Tov YPOVoL avamTOYONKOY VEN, GUUTAYEGTEPO, OEIOMIOTH KOl
amoootikd LASER kot ot epaployéc TOug TOAAATAACIAGTNKAY.

To 1974 ot aviyyvevteg ypauuotov kmodikov (bar-codes) ota Supermarket
anotéAecay TV Tpotn polikn epapuroyn tov LASER.

To LASER-disc video player, mov mpowfndnke 1o 1978, ypnowonoince éva
He-Ne gas LASER.

Ta LASER 6160wv, owbéoa to 1982, odnyncav oto compact audio CD
player, mov xatéotn N TpOTN gvpvTOTO OlOEdOUEVT eComMopevn ue LASER
KOTOVOAMTIKT] GLGKELT).

>nNuepa, ot moArlamAég mnyég LASER mov ekméumovv and to Babd umie uéypt
10 uEGo vrEPLOpo, Ppickovton ce blue ray disk players, LASER printers, kot
fiber optic modems ota onitio o€ OA0 TOV KOGUO.

Ta LASER gumhéxovionr o€ moAEC TTUYES TNG (MNG, OO TIC EMKOIVOVIEC GTOV
TEPIPAALOVTIKO EAEYYO, OO TNV KOTOGKELT] GTNV WOITPIKT, OO TNV Youyayoyio
GTNV ETIGTNLOVIKT] EPEVVA.
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Ta LASER kot o1 TnAemucotvaovieg

H povootkn yopikn Kol yYpoviky GLvoyn TG o0&GUNG
LASER v xabiotovv 1oavikn yio ti¢ TnAemikoivoviec.

Tn oekaetia Tov 1970, avantdocovial ta LASER-based
fiber optic telecommunication systems OV
EMOVAGTATIKOTOLOVV TIC Tnlemikovaviec Kol
OLELKOADVOLV TNV £KPNEN TOL ALAOIKTVOV.

O ovvovaoupog LASER and optical fiber avtikafiotd to
«OIKTLO YAAKIVOL KOAMOIOUY.

O Charles K. Kao O0copeitar o «llatépag TtV
Tnienucowvoviov péco Fiber Opticy kot polpdleton To
BpaBeio Nobel 2009 ot ducikn] yia TV GLVEIGEOPA TOV
GTOV TOUED QVTOV.
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Ot povaoikég 1010t teg 1o LASER

H yopwn ocvvoyn tov LASER emitpémovv vyniéc evidoelg 0tav eotidleton,
KaO10TOVTOG TO 100VIKO YO0 TNV O1ATPNCT] VAMKOV 1| WG YEPOVPYIKO VUGTEPL
axpifetac.

Ta LASER eivan oe Oscm VoL TopayEL LeYaAeC, eAEYELES TOGOTNTES OTTIKNG
EVEPYELNC KOl OE EMOPKEIS EVIACELC, MOTE VO TPOKAAOVV  UOVILEC OAAYES OTOL
VAIKAL.

Avti) 1 véa, Lop@1 Plounyavikng evEPYELOS £YEL 00MNYNGEL GE Eva VPV PAGLLOL
tov Pacwopuévov ce LASER 01001K00100V KOTOOKELNC, OMMC 1 KOTH, M
GUYKOAANGN, M snsﬁapyaaia EMPAVELNG, M KAUYT, 0 KoBapiGrdS, N ypryopn
OLULOPPOON np(mownou K.A.T.

Amd TOL oVTOKIVITOL OTOL KWNTG TNAEPOVOL KLTTAPWYV, oTa chips pvnung
VOAOYIOTOV, GTIG VYNANG gvkpivelag TV, 6Tov 1HATIGHO VYNAOD CYEOIOGUOD
KoL OT0 SEPAOVOIGUEVD PLOTIKIO, Efval SOGKOAO VOl Bpebel Eva mpoidv mov dgv
ayyiyTnKe ue Kamo1o Tpomo ano Eva LASER.

Ta eotewvd ypoupato tov AEKLEP, MOALTIHO ot Prounyavio youyoywyiog,
TOPEYOVVY EMIGNG GTOVG EMOGTNOVES £va, KAT' €E0YMNV EPELVNTIKO EPYOAELD.

To LASER £&xetr odnynoetr e ovopiOunteg onuUovTiKES OVOKAADYEIS OTN
dvoikn, ot Xnueio, otn Bloloyia, ot ['empuoikn, kot 6ty AGTPpOPLGIKT).
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LASERs Agpiov

LASER gain
medium Operation wavelength(s) Pump source Applications and notes
and type
Helium-neon 632.8 nm (543.5 nm, 593.9 nm, 611.8 . . Interferometry, ‘holograp hy, spectroscqp v,
LASER am. 1.1523 150 3.3913 um) Electrical discharge barcode  scanning, alignment,  optical
e Lo LS Lo P S K demonstrations.
G i, AGD ), Sl mm (Ol i, Retinal phototherapy (for diabetes),
Argon 363.8, 457.9 nm, 465.8 nm, 476.5 nm, . . . .
Electrical discharge lithography, confocal microscopy,
LASER 4727 nm, 528.7 nm, also frequency Spectroscony pumping other LASERS
doubled to provide 244 nm, 257 nm) P Py putping '
Krypton 416 nm, 530.9 nm, 568.2 nm, 647.1 nm, Electrical discharae Scientific research, mixed with argon to create
LASER 676.4nm, 752.5 nm, 799.3 nm g "white-light" LASERs, light shows.
Xenon ion Many lines throughout visible spectrum . . S
LASER s fito (e UV i IR, Electrical discharge Scientific research.
Pumping of dye LASERs, measuring air
Nit pollution, scientific research.  Nitrogen
LIIAE(;Einn 337.1 nm Electrical discharge LASERSs can operate super radiantly (without
a resonator cavity). Amateur LASER
construction. See TEA LASER
Transverse (high power)
S or longitudinal  (low | Material processing (cutting, welding, etc.)
dioxide 10.6 um, (9.4 pm) g ; p g & g etc),
power) electrical | surgery.
LASER .
discharge
e Material processing (engraving, welding, etc.)
monoxide 2.6to4 pm, 4.8 to 8.3 um Electrical discharge hoto acop soti:Sss . irosc‘i & Welding, ete-);
LASER p HSHe sp py:
Excimer 193 nm (ArF), 248 nm (KrF), 308 nm \Ifi);céizi:rica:e(;:izgf]]k:rn?on Ultraviolet lithography for semiconductor
LASER (XeCl), 353 nm (NeF) g manufacturing, LASER surgery, LASIK.
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Xnuwka LASERS

LASER gain
medium and type

Operation wavelength(s)

Pump source

Applications and notes

Hydrogen fluoride
LASER

2.7to 2.9 pm for
Hydrogen fluoride (<80%
Atmospheric
transmittance)

Chemical reaction in a
burning jet of ethylene and
nitrogen trifluoride (NF3)

Used in research for LASER
weaponry by the U.S. DOD,
operated in continuous wave
mode, can have power in the
megawatt range.

Deuterium fluoride
LASER

~3800 nm (3.6 to 4.2 pm)
(~90% Atmospheric
transmittance)

chemical reaction

MIRACL, Pulsed Energy
Projectile & Tactical High
Energy LASER

COIL (Chemical
oxygen-iodine

1.315 pm
(<70% Atmospheric

Chemical reaction in a jet
of singlet delta oxygen and

LASER weaponry, scientific and
materials research, LASER used
in the U.S. military's Airborne

LASER, operated in continuous

LASER) transmittance) iodine .
wave mode, can have power in
the megawatt range.

Chemical reaction of
chlorine atoms with
Agil (All gas- 1.315 um (<70% SISO LRl Eele;
L . resulting in excited s
phase iodine Atmospheric molecules of nitrogen Scientific, weaponry, aerospace.
LASER) transmittance) g

chloride, which then pass
their energy to the iodine
atoms.

ABnva 24 Anpiriov 2010

MedicExpo 2010

33



SEH

@

RO

Tufqpae Teyvoroyiog latpikdv Opydvov
Epyootipro Broiatpukig Teyvoroyiog

LASERs Xpwotikwv Ovciov

LASER gain Operation
IR i p Pump source Applications and notes
wavelength(s)
type

333 [S;Se)n " Research, spectroscopy,
260 515 n’m birthmark removal,

Dve LASER (COl-Jmarin 102) Other LASER, isotope separation.

" S £70-640 nm flashlamp The tuning range of the

Rhodamine 6G) LASER depends on
{ ) ’ which dye is used.
many others
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LASERs Atuov MetdAlwv

LASER gain medium and
type

Operation
wavelength(s)

Pump source

Applications and notes

Helium-cadmium

(HeCd) metal-vapor 441 nm
LASER

Helium-mercury

(HeHg) metal-vapor LASER 563 nm
Helium-selenium 395 1m
(HeSe) metal-vapor LASER
Helium-silver (HeAQ)

metal-vapor LASER 567nm
Strontium Vapor LASER 615 nm

Electrical discharge
in metal vapor mixed

with helium buffer gas.

Printing and typesetting applications,
fluorescence excitation examination
(i.e. in U.S. paper currency printing),
scientific research.

Rare, scientific research,
amateur LASER construction.

Rare, scientific research,
amateur LASER construction.

Scientific research

Scientific research

Neon-copper (NeCu)
metal-vapor LASER[2]

up to 24 wavelengths
between red and UV

Electrical discharge
in metal vapor mixed
with neon buffer gas.

Scientific research

Dermatological uses, high

Copper vapor LASER 224.3 nm Electrical discharge. speed photography, pump
for dye LASERS.
Gold vapor LASER 794.3 nm PUmp source Rare, dermatological and

photodynamic therapy uses
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LASERSs 21epeac Kataotoong

LASER gain medium

Operation

LASER gain medium

Operation

and type wavelength(s) and type wavelength (s)
Ruby LASER 694.3 nm Ytterbium:20O3 (glass or ceramics) LASER 1.03 pum
Nd:YAG LASER 1.064 pm, (1.32 um) Ytterbium doped glass LASER (rod, plate/chip, and 1. um
fiber)
Er:YAG LASER 2.94 pm Holmium YAG (Ho:YAG) LASER 2.1 um
Neodymium YLF (Nd:YLiF) | 1.047 and 1.053 pm Cerium doped lithium strontium or calcium) ~280t0 316 nm

solid-state LASER

aluminum fluoride (Ce:LiSAF, Ce:LiCAF)

Neodymium doped Yttrium 1.064 um Promethium 147 doped phosphate glass 933 nm, 1098 nm
orthovanadate(Nd:YVO4) (147Pm+3:Glass) solid-state LASER
Neodymium doped yttrium ~1.060 pm (~530nm a | Chromium doped chrysoberyl (alexandrite) LASER Typically tuned
calciumox borate Nd:YCa4 | tsecond harmonic) in the range of
O(B0O3)3 or Nd:YCOB 700 to 820 nm
Neodymium glass ~1.062 pm (Silicate Erbium doped and erbium-ytterbium 1.53-1.56 um
(Nd:Glass) LASER glass),~1.054 um Co doped glass LASERs
(Phosphate glass)

Titanium sapphire 650-1100nm Trivalent uranium doped calcium fluoride 2.5 um
(Ti:sapphire) LASER (U:CaF2)solid-state LASER
Thulium YAG (Tm:YAG) 2.0 um Divalent samarium doped calcium fluoride (Sm:CaF2) | 708.5 nm
Ytterbium YAG (Yb:YAQG) 1.03 um F-center LASER. 2.3-3.3um
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LASERs Huiaymywv

LASER gain Operation s

i T e s e Pump source Applications and notes

Semiconductor : . L

LASER diode 0.4-20 um, depending Telecommunications, holography, printing, weapons,

(general on active region machining, welding, pump sources for other

. : . material. LASERs.

information)

GaN 0.4 um Optical discs.
Optical discs, LASER pointers, data communications.
780 nm Compact Disc player LASER is the most

AlGaA .63-0. .

GaAs 0.63-0.9 pm common LASER type in the world.

Solid-state LASER pumping, machining, medical.
Telecommunications, solid-state LASER pumping,

InGaAsP 1.0-2.1 um Electrical current .. . pumptng
machining, medical..

Lead salt 3-20 um

- al cavi

Vertieal cavity g5 1500 nm, -

surface emitting depending on material Telecommunications

LASER (VCSEL) |Pehene

Quantum cascade Mid-infrared to Res§arch, Future 'apphce'ttlons may include collision-

far-infrared avoidance radar, industrial-process control and

LASER ' medical diagnostics such as breath analyzers.

Hybrid silicon o

LASER Mid-infrared Research
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LASER gain
medium and type

Operation
wavelength(s)

Pump source

Applications and notes

Free electron

A broad wavelength
range (about 100 nm -
several mm); one free

Relativistic electron beam

Atmospheric research, material science, medical

different gas mixtures

dioxide

LASER electron LASER may applications.
be tunable over a
wavelength range
Several lines around | Spin state population inversion in

. 10.5 um; other | carbon dioxide molecules caused .. .. .

Gas dynamic . L . Military applications; can operate in CW mode at
frequencies may be | by supersonic adiabatic expansion .

LASER . . . . several megawatts optical power.
possible with | of mixture of nitrogen and carbon

Lasing in ultra-hot samarium
plasma formed by double pulse

First demonstration of efficient "saturated"
operation of a sub—10 nm X-ray LASER, possible
applications in high resolution microscopy and

linear media fiber)
for amplification

"Nickel-like" X-rays at 7.3 nm | terawatt scale irradiation fluences holoaranhy. operation is close fo the "water
Samarium LASER wavelength created by Rutherford Appleton ) 08~ I?, Y. op S .
, window" at 2.2 to 4.4 nm where observation of
Laboratory's Nd:glass Vulcan . .
DNA structure and the action of viruses and drugs
LASER. [3] .
on cells can be examined.
Raman LASER,
1nelast}c stllmulated 19 i @y e || O LASER, swosiy Vomks Corppletsa 1-2 um Wavel.ength coverage; dlgtrlbuted
scattering in non- . optical signal amplification for telecommunications;
version fiber LASERs

optical solitons generation and amplification

Nuclear pumped
LASER

See gas LASERs

Nuclear fission

Research
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Xopaktnplotikee ypouues eumoptkwv LASER

Pulsa
enangy

14

im

1m

1)

1k

cw
power

1 kw

1w

1 mwW

1 mW

1w

+1 kw
Y

He-.né' 224.3 nm F
!
He-Cd 325 nm

251 nm

Ar”

Ruby (doubled) 347 nm

He™ 332 .4 nm
351 nr

ltoga-n 337.1 nm

Ne-Cy* 282-252 nm
248-270 nm

He-Cd 441.6 nm

Algxandribe 5 0-460

370-453 nm

e Ar* 4BB.0 nm

539.5 nm

514.5 nm
He-He 543.5 nm X&'

ar’

i}

EEEE 3
'CI::E @
L =
iZes 2
nw w =
& 3 a5
zz ="
aQ UI
ITTXT X

630-685 nm

InGass
B04-1065 nm

“He-Ne 1152 nm

GaAlAs
T50-850 nm

670-1

lodine 1315 nm
He-Ma 1523 nm

He-Me 3.391 pm

=7
InGads DF chamical

1.27-1.33 ym -
3.6-4.0
1.43-157 pm * Hm
o [ HF chemical
1.13-1.36 pm 2.6-3.0 pm
AlGalnjAssh

1.87-2.2 pm

€O, 10.6 pm
Methanol 379, 705, 96.5, 118 ym

ma:ky:aﬁmnqd mzﬁpm
L] ke m
= Methanol 511, 699 pm

co,
9.2-11.4 pm
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Mepikeg onuavtikeg Blotatpikec E@appoyec
tov LASERS
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Ta yepovpywka LASERS

m Ilepiocotepa and 1700 Eyypapa Bropnyoavikng Idtoktnoiog oxetikd pe

M Xepovpykn ue LASER, dhdec oyetikéc fonOntikéc cuoKELEC Kal
VTOGTNPIKTIKO EomAMod, £xovv vtoPAnOel Ta tedevtaio 50 .
Avt) M gpyacia. OGTOYEVEL VO OVOGKOMNGEL KOl OUTA TO GLYVE,
ropoaremoueva yypapa Aummloudtov Evpeciteyviag, mpokeiuévon va
avOoLYKPOTNOEL TO GNUOVTIKO «LOVOTTATL EVPEGITEYVIOGY, TPOG TNV
onuepa otafEciun yeypovpykn texvoroyio LASER.
AVTO TO «LOVOTATL EVPECITEYVINC?, 00NYEL GTA GLYYPOVAL:
Xeipovpyeio,
Elwrepika lotpeia,
TEIL;
emutpénoviog TIC moAvdplluec Poaociopeveg oe LASER, eldyiota
enepuPotikég v Aettovpyia TEXVIKEG.
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Ta LASER mov ypnoiuomotovvton
TTLO GLY VA GTNV Iarpucﬁ
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OepameVTIKTN YPNGT TOL EWTOC TNV OPHaAoroyia

B Asv vadpyel koud apeiforio 6011 1 O@baiporoyia rav n tpotn latpukny Ewvikomra
nov ypnoponoinoce ta LASER.

m [ évav tepiosdtepo amo picod awmva, ot Opbaipiatpotl Erovv atnprydel 610 POS YO0 Vo
Oepanedoovv v ApueipAnctposidonddeia.

m O Meyer-Schwickerath, petd and to wepdpata tov tpotondpov Czerny (1867) xou
Deutschmann (1882) otov au@ipAnoctpocidn) KovveAl®mv, €pPELVNGE TN YPTON TOL
QLGIKOD QMOTOC TOL NALOL Y va Begpamedoel v ApeipAnctposidonddeia emtTvY®C,
YPNOIUOTOIOVTOC TNV TEYVIKN TO 1949, v va extedecOel o ApgiAnotpoedokr) [Inén
[G. Meyer-Schwickerath, Light coagulation. St. Louis: CV Mosby, 1960)].

m O Meyer-Schwickerath avéntvée émerta évav Aapntmpo Boitaikod toSov dvOpaxa, Ko
apyotepa otn dekoetio Tov 'S0, 1 Carl Zeiss Laboratories mopnyaye, coueovo HeE TIg
oonyiec tov, tov Aaumtnpa t6Eov Xenon, o owoiog PpnKe ypryopa S1ode00UEVT XpNoN
and tovg OeBaipidtpovg, yia v ApeiAnctposiotkn Pwtonnia.

B Av Kol 00T 1 LOPPN] NTOV 7O OTOTEAEGUOTIKT], (TOV OVCKOAO VO GTPAPEL 1 aKTiva
akplPog o€ Eva Uikpo onueio.

m  O1 Ogepanciec amaitnoov €miong TN GYETIKA LOKpOYpoOvia oldpkeln €kbeong, Mroav
EMITOVEC Y10, TOV aG0eVT], KO ELPOVICTNKAY TOALES EMUTAOKEG.

Abnva 24 Anpihiov 2010 MedicExpo 2010 43



SE

%\%} .

7®HNP“V

Tufqpae Teyvoroyiog latpikdv Opydvov
Epyootipro Broiatpukig Teyvoroyiog

H mpotn latpikn ypnon: Ta LASER oty
OpBaruoroyia

H npot worpikn ypnon evog arc-lamp Ruby LASER otnv latpum
poayuatonomdnke tov AskéufBpilo tov 1961.

O Charles Campbell oto Institute of Ophthalmology, Columbia-
Presbyterian Medical Center kon o Charles Koester tmg American
Optical Corporation ypnowonmowovv €va Ruby LASER Photo-
coagulator yio va katactpéyouv 1oV AUEIPANGTPOEIdIKO OYKO €VOC
acOevonc.

‘Evavti tov Aaurmmpa ToEov Eévov, to Ruby LASER Photocoagulator

yopaKTNPilovTay amd o o EAEYYOLEVT] EKTTOUTY) TNG EVEPYELNC, TOV
ueimve Tov kivovvo (nuiac, otovg meptPdAiovteg 16ToVC.

H avértoén tou LASER Apyov kol tov emopevov nnyov LASER
apyotepa, enctpeye otovg OPBaidTpovg v eveMéia Tne Bepaneiag
TV acevav oto Aaumtpa Xywouns, oto 'Eppeco OeboaAinockonio M
610 XePovpytkd Mikpookomio.
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ATOppOPNGT TOV 1GTOV EVOVTL TOV OLOUPOPOV
unkov kopotog LASER ot OgBaiporoyia

LASER CO, Ar | KPT Non-contact | Contact
type 10.6 um | 488-515/532 nm | YAG (NIR) | YAG (NIR)
Water yes no no no
Blood yes yes no no
Dark tissue yes yes yes yes
Light tissue yes no no yes
Coagulation no yes yes yes
Ablation yes no no yes

Source: M. Yanoff, J. S. Duker, Ophthalmology, p. 522, Mosby, 2008.
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Ap1Buog Artcemv Aummdoudtov Evpeotteyviag oyetikov e
10 «Xepovpywkd LASER» avd £toc onuocicvonc

Number of Documents

Number of relevant Patent Documents

140

120

100

80

60

2 J 00’

40

20
0

ohosaat®stetes”

1960

1970 1980 1990 2000 2010

Year

2020

Search results for the years 1960-2010 on esp@cenet facility of the European Patent Office (EPO)
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_7 ‘V 14 /4 I4 7
> [Tocootd dnpoctencemv AITRCEOV AITAOUATOV

Evpeotteyviac oyetikov pe 10 «Xepovpyikdo LASER»
VA YDPO, 1] TEPLOYT] TPOEAEVGTC

OTH

DUS
.WO
DJP
DDE
-CN
DEP
-GB
DFR
-CA
-CH
DNL

Percentage of Patent Documents sorted by country/region of origin
m o™ of the Priority Date Document
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20YKp1oT ToL aptfuod Artncenv AtmAoudtmv Evpeciteyviog

ava I'pagpeio Evpeotteyviav kot ava Xwpo «A1TovvVToo»

Y10 LEPTIKEC CTUOVTIKES Y OPEC

Number

Number of Patent Documents and Applicant Companies
concerning Surgical LASERs in some major countries

1000

800
600 \\\

400
200 \‘

T 5

[

——— 5
UsS RU JP CA CN DE GB FR

Country

—e— Country Patent Office —s— Country of Applicant Company
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Ap1Ouoc Aitmhoudtov Evpeciteyviag yio OAEC TIC
epaproyec ava Tomo LASER yua ta €t 1960-2010

Number of Patent Documents related with general
applications of each LASER type included

Ruby; 374 Alexandrite; 61

Krypton; 219
Ho:YAG; 42

Argon; 1861
CO2; 3275

Excimer; 7201

206

Diode ; 27066

Copper Vapor;

Diode LASERS are leading by far since most of the applications of general
interest are covered by the Diode LASER specifications.
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ava Xepovpykn Ewowotta yia ta £t 1960-2010

Percentage of filed Patent Documents pe
Surgical Discipline

Dermatology / Gastro-
Plastic Surgery enterology
7% ENT
1%

Urology Cardiovasculal
6%

General

Pulmonary

8% Gynecology

0%

Orthopedics

3% Neurosurgery

Ophthalmology 6%

59%

Ophthalmic LASER Surgery accounts for almost 60 % of the filed Documents
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Tomor Xepovpywkwv LASER avd Eldoikotnta

Medical Discipline LASER types
Cardiovascular Excimer, Nd:YAG, Argon, Ho:YAG, CO2
Dermatology / Plastic Surgery CO2, CV, PLDL, Ruby, Alexandrite
ENT Sharplan CO2
Gastroenterology Nd:YAG
General Surgery Nd:YAG, CO2, KTP
Gynecology Nd:YAG, CO2, KTP
Neurosurgery CO2, KTP, Argon
Ophthalmology Argon, Nd:Yag, Krypton
Orthopedics Ho:Yag
Pulmonary CO2, KTP, Argon
Urology CO2, Argon, , Nd:YAG
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€ TL YPNOLUEVOVY CVTO TO YPOUPTLOTOL;

m Av kol n tekunpioon tov Eyypaoov Awkoiopdtov Blounyoviknc
[doktnoioc €xel mopoueAndel ®¢ wnyn TANPOPOPIOV  YloL. TNV
aKaONUoikn €pevva, to Amiouoto Bvpeotteyviog, €101kQ G€ TOUEIS
onwc mn Xewpovpywknn LASER, eivor Tt pove péca yoo va
avomopaotafody Ol OEKOETIEC  AVIOY®OVICUOU, UETOED TV
ToALAPIOUOV KaTaoKeELAGTOV Xelpovpylkov EEomAicouon Paciopuévov
oto LASER.

m [0 mapdostypa:

Aioovv o, arxpifn 100 Y10, T YEWYPOPIKY TPOEAEDGH TWV CYETIKWOV
Airiwuctwv Evpeoiteyviag.

Amokxaidmrovy Tic akpifeic taoeic Kouvotouiog ava ywpo.
IIinpopopodv yio. t0v apiBuo Aimiwudtwv Evpeoiteyvias avao,
Ewoikotnto (m.y. OpBoluikn Xeipovpyikn 60% twv A.E.).
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In Vitro Laboratories and LASERS

B YTAPYOLV TTOAAEC EQUPUOYEC

tov LASER oTNV in Vitro Flow Cytometry Optics
Aoryvootiky).

m Ev TOVTOLG, ol Lo
YOPUKTNPIOTIKEG  €lval Ol
aKOAoVOEC:

Hybrid  Coulter-LASER
Hematology Analyzers.
Flow Cytometry.

FISH (Fluorescent in situ
Hybridization).

LSC (LASER Scanning
Cytometry).
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H npmtn drataén Kuttapouetpiog Ponc faciocuévn oto Bopiopd (ICP 11)

avortuyOnke to 1968 anod tov Wolfgang Gohde (Uni-Miinster, DE) kot

umnke ot mapaymyn to 1968/69 and tic Partec & Phywe AG, Gottingen

United States Patent
Ditirich et al.

[54]

[76]

[22]
[21)

[62]

[301]

[52]
[51]
[58]

[56]

FLOW-THROUGH CHAMBER FOR

PHOTOMETERS TO MEASURE AND COUNT

PARTICLES IN A DISPERSION MEDIUM

Inventors: Wolfgang M. Dittrich, Am Krug 42;
Wolfgang H. Gihde, Lohoefenerweg
39, both of Muenster, Germany

Filed: Dec. 23, 1971
Appl. No.: 211,798

Related U.S. Application Data

Division of Ser. No. 884,651, Dec. 12, 1969,
abandoned.

Foreign Application Priority Data
Dec. 18, 1968  Germany........... P 1& |5 352.1

US. Cho ... 356/246, 250/218
Int. ... . v, GO 1410
Field of Search.................. 356/244, 245, 246,
356/96, 97, 51; 250/435 R, 218

References Cited
UNITED STATES PATENTS

3,079,505 2/1963  Weir etal. ...occocoveicnnrnn.. 356/244

PATENTEDSEPRS BT

: o 3,761,187
[45] Sept. 25, 1973

3,307,447 3/1967  Carleton o 356/246
3.515.491 6/1970  Emary.... . 356/246
3,614,243 10/1971  Harvey........ooooorvvvoin, 356/246

FPrimary Examiner—William L. Sikes
Attorney—D. C. Roylance, David §. Abrams, Robert H.
Berdo, Donald A, Kaul and Walter C. Farley

[57] ABSTRACT

A particle measuring and counting device comprises a
flow-through chamber having a conduit for the disper-
sion medium. The central vertical nozzle of the conduit
is disposed with its opening in the sharply focussed ob-
Ject plane of a microscope and uniformly illuminated
from below or by incident illumination. Electronic
counting and recording devices are coupled to the out-
put of the microscope for analyzing light pulses occur-
ing in the nozzle when particles pass thereth rough.

8 Claims, 2 Drawing Figures

3,761,187
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o CA1133274 (Al): Method and Apparatus for Automated
Identification and Enumeration of Blood Cell Subclasses
(Ortho Diagnostics, P.W. Hansen R.A. Hoffman, 1982)
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H owdtaén tov LASER evoc cvetuoatog Kuttapouetpiog
Ponc ka1 ot aviyvevutéc Zxéoaong kot POopiouov
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H owdtacn Ponc (fast flowing sheath) xou mAdyrog
oKEOUOMG VOGS cvothuatog Kuttapouetpiog Ponc

Side scatter

>

The SSC (side scatter) detects lightata 90 degree angle
to the LASER source point; this scatter gives information
on granularity and internal complexity.
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Avo owypaupata Epvbpoxvttdpov kol Kokkiokvttdpwv

evoc cvoatnuatog Kvtrtapopetpiog acevoig ue PNH

Key Name
B coss
B oo
. Control
n &
g II 1 S
o= —
a4 =
= =
= ] £
+7 5
3 [y]
L= wl
]
® o
. it 1023 Normal
= -Heig -amul
mD 101 0 m? "]d X granulocytes X
Log fluorescence ! =) =)
CDS9-FITC
2% IO %, e %
- " 3 —] v T4
R S A
. 5 ii 2 g - [T -—
Erythrocytes 55 % B L=
Yo 55 . I of
—] o =] B o o
1 1 T T A T Tr R T ‘_mc IR T e P 10° 100 107 40° 4o
PNH (Paroxysmal Nocturnal Haemoglobinuria) i o " e e CDS5 PE

Granulocytes
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FISH (Fluorescence In Situ Hybridization)
JJ”

. High temperature . PNA probe binds

preferentiallyto

and formamide
denatures DNA target sequence l Washing removes

unbound probe.

L ==

Laser

Population of cells appears as a peak on flow
cytometricanalysis, yielding median intensity
), of probe staining for population.

CPU

Event counts

Fluorescence units

FISH detects and localizes the presence or absence of specific DNA sequences on chromosomes,
using fluorescent probes that bind to only those parts of the chromosome with which they show a

high degree of sequence similarity
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Ap1Ouog Aumlopdtov Evpeotteyviag oyetiloOpevmv
ue tnv uebooo FISH yia ta £t 1994-2009

Number of Patent Documents per Year (Priority Date)
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2AMNUOTIKT avoaropdoTact Evog cvotnuoatog LSC
(LASER Scanning Cytometer)

CCD CAMERA

SCAN LENS
i || OBJECTIVE LENS

SPECIMEN

¥ | MOTORIZED STAGE

GREEN

SCATTER
ORANGE SENSOR
RED BRIGHT

LIGHT SOURCE

FAR RED

LASER-excited Fluorescence emitted from Fluorocarboned individual Cells on a
Microscope slide is measured at multiple wavelengths rapidly with high sensitivity
and accuracy. The cells are positioned on slides during measurement so they may
be examined repeatedly over time.
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Confocal LASER Microscopy

Number of Patent Documents per Year (Priority Date)
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Ap1Buoc Artcemv Aumdoudtov Evpectteyviag oyetikmv

ue tn Kvtrapouetrpio. Pong avd £1o¢ onuociedoemc

Number of Flow Cytometry related Patent Documents
per Publication Year
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2VVEMEN TV aptBuov Artneenv Ammloudtov Evpeciteyviog

oyetikv pe ta Xepovpykd LASER kot pe tn Kuttapoperpia

Surgical LASER & Flow Cytometry Patent-Docs Numbers

140
120 /’ ;4@
103 $1

100
/ & 93
P NRSIE

80 7

Number of Documents

1985 1990 1995 2000 2005

—=— Flowcytometry related Documents —e— Surgical LASER related Documents
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To eCmtikd LASER tov avpio: Ta avaovoueva
ATEIKOVIOTIKA «OTTEP-EPYAAELO
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William Webster Hansen (1909-1949): O epgvpétng

m Eopndpe v xotlomta pkpokvpdtov (1936)

ABMva 24 Anpidiov 2010

Kor  Kataokevoace (1947) 1ov mpOTO e
TPEYOVTO,  KOUOTO  YPOUUIKO — EMTOYLVTN
NAEKTPOVI®V, EKUETOALEDUEVOC TNV TEYVOAOYIN
UIKPOKLUAT®V TTOL ovamTOyOnke yioo 10 pavtap
Kotd 1N odpxeld tov Agvutepov Ilaykodcov
[ToAéuov, evo elye katabéoel kar 107 aitnoelg
yio Auwmdopoata EBuvpeouteyviac, epyalduevog
oto Stanford University, California.

[Na ta onuavtikd emtevypatd tov, o Hansen
éloPe 1o BpoaPeio Morris N. Liebmann tov
Institute of Radio Engineers (1945), 10
Presidential Certificate of Merit (1948), wou
exAéyke otnv EOvik Axoaonuio tov HIITA,
10 1949, Atyo mpwv meBaver ota 40 tov ypodvia..
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Almlopoa vpeciteyviag Tov Hansen yio tnv Kotldtnta Mikpo-
Kopdtov (1936) kot pépoc tov I'pappikov Emttayvvin (1947)

UNITED STATES PATENT OFFICE

o 20, 1980 W RANSEN Ll”.?li
. ad - %2 Mart ¢
" o4 » - Thee
Il Q Led 3. 5
- - =
\ ’ / ’ -
|
» L
N ’
g O —ETig 7
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Katavoun tov 107 Artmoenv AtmAoudtov
Evpeoiteyviac tov Hansen avaueca ota €t 1936-1949

25

20

15

10

Patent Docs Number

0

W.W. Hansen's Patents filed between 1936-1949
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—e— W.W. Hansen's Patent Documents Number per Year

1950
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H eCéMEn e péonc 1o00G Ko TOL TETPAYDVOL TNG
cLYVOTNTOG TOV NAEKTPOVIKOV TnY®v H/M axtivofloAiog

e
F -
107 k m Magnetron
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105 E Free Electron Laser
o u
T
@ 10%
. -
‘l—m C
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<
o A f
1007 F
103k ! Evolution of the average power and the
i f-ﬂr square of the frequency over the years
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To 1971 o0 J.M.J. Madey avéntuie 10 FEL éva oyetikiotiko
COANVA NAEKTPOVIOV TOV YPNCULOTOINGE TO AVOIKTO OTTIKO

avtnysto [US4449219 Patent]
U.S. Patent May 15, 1984 Sheet 1 of 3 4,449,219

_Fz S 4
14 _ f\o : 20

ELECTRON
ACCELERATOR

<e 22 efz 8 24 30
. _l-_z—g‘_ =
/ : 1

2 O sogeeaddbens O 30

e e

O] DBEgnpoesanes O -

Aresonance condition that involves, the energy of the electron beam, the strength of the magnetic field,
and the periodicity of the magnet determines the wavelength of the radiation.
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H oynuotikn anetkovion e aAANAETIOpAoTC LETAED TNG
O€oUNC NAEKTpovimy Kot Tov eminedoov Wiggler e éva FEL

Output
radiation

Input
radiation
Spent
electron
Injected beam
electron beam
micropulse

A beam of electrons is generated in an Electron Accelerator and then passed
through a region of alternating direction magnetic field (Wiggler). Coherent light
Is generated and contained in an optical cavity defined by mirrors (not shown).
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[Ieproyéc Tov pacuatog 0mov ta «cuvnon» FEL
TOPEYOVV EAEYYOUEVNC GLYVOTNTOS AKTIVOPOALN

10™ | [ | T ! l
1012 .
1010 - 8"
% (o s sasatets
Q
= Conventional
S 1p*|.microwave Ry
§ sources o
O
g | SQu &
Dye lasers
1 |- and their /‘/0}33‘3'5 —
extensions %
1072 | (tunable) Uhdulators &2, —
t ! ] | 1 o,
100mm 10mm 1 mm 100y 10y ip 1000A 100A 10A
Wavelength

The diagram also shows the power and range of conventional microwave
sources (tubes, klystrons, gyrotrons etc.), LASERs, Plasma LASERs, and
Undulators on third generation synchrotron radiation facilities.
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H am6ooon tov FEL ow¢c cuvdptnon tov A

Peak power (W)

108
LBL/LLNL
(1984) LASL
107 || NRL(1984) (1983-1984)
Stanford .~ 1RW/Stantord
(1977) (1983)
107 . Boeing/STI
r (1987)
: __Novosibirsk
° (2=2400A)
LoSB TRW/
1o’ (1984) /Stanfnrd
[ A (1986)
jﬁ
10° Orsay (1983)
(6X10° W)
10° l ! | 1"‘{ I |
10omm  1mm 104 1y 1000A  100A  10A
Wavelength

There is a wide range of wavelengths in which FELs have
been operated, as well as, wide tunability ranges realized.
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Mepikéc evorapepovoes epapuoyec v FEL

m Chemistry

Molecular excitations (IR)

Dynamic reactions (1-10 um)

Crossed photon-molecular beams (100-200 nm).
m Biology

Microscopy (4 nm A)
DNA studies (0.5 nm)

Cell response (IR)

m Medicine
Surgery (1-10 um)
Photo-reactions (IR)
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Mepwca avtimpocwnevtiko FEL

Stanford

LANL Mark III ucss Stanford SCA Novosibirsk Orsay

Accelerator RF Linac RF Linac DC Super Storage Ring  Storage Ring
(standing (traveling Conducting

wave) wave) Linac

Electron Energy 23 MeV 45 MeV 3 MeV 66 and 115 350 MeV 150-240 MeV
Mev
Wavelength 10-45 pm 2-8 pim 130-400 pm  0.5-3.0 pm 2400 A- 5700 A-
Range 6900 A 6400A
Al
Bandwidth I{T} 0.3% 0.5% 0.1%* 0.1% 0.01% 0.01%
Micro-Pulse 8 psec 1-2 psec 3 psec 2-4 psec 75 psec <300 psec
Duration
Rep Rate 50 Hz 8 Mhz 27 MHz
Micropulse 22 MHz 28 GHz - 12 MHz - -
Macropulse 1Hz 15 Hz - 10-20 Hz - -

Micropulse 200 pj 5-7 uJ 4.5 m] 1-5pu] 1-100 n] 2-5 nJ
Energy
Average Output 1 W 3IW 0.23 W 10 W 6 mW 3 mW
Power

Kim, K.-J.(2008). Free-Electron LASERs: Present Status and Future Prospects . Lawrence Berkeley
National Laboratory: Lawrence Berkeley National Laboratory. LBNL Paper LBL-29124. 75
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Méyiotn PoTevoTNn T O10POP®V TOVTTOV TNYOV AKTivOv X
(FEL vs. Synchrotron Radiation Sources)
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To LCLS (Linac Coherent Light Source)

Ov vmapyovcec mnyec 20YYpoTpwV mapayovv Aktiveg X
uEypL £€1 taEeic peyEboug evrovotepeg amo Tic latpikéc. X.

Ot avaovoueveg myég ewtog FEL onwg to LCLS Stanford,
CA, USA 11 DESY oto Aupovpyo, I'epuavia Ba tapaydyovv
VIEP-TAYEIC TOAANOVC axTivov X, dAlec €€l Tacelc peyEboug
EVIOVOTEPOVG, OTO TIC 1GYVPOTEPES TMNYEC ZVYYPOTPOV,
OPKETO 1OYLPEC KOl YPNYOPES, (OTE VO TAPOVV EKOVEG
HoploV.

Ot avaovouevee myéc Ba AElTovpyncovy Gav Lo UEYAAN
POTOYPUPIKT] UNYOVT, ETITPETOVTOC GTOVC EMIGTIUOVEG VO
TOPOLVV GTOTIKES EIKOVEC ATOUMV KOl LOPLOV €V KIVIOEL
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Xaptng tov LCLS
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2ynuatikn avaropactoacn tov LCLS

AMO - Atomic, Molecular
& Optical Science

CXI - Coherent X-ray
Imaging

:
MEC - Matter in Extreme

Conditions
Front End Enclosure
‘ I;Jgar E;p;crirr.lemval_ Hallvv‘
SXR - Soft X-ray
Materials Science [Fir Expartiantal Hal |
XCS - X-ray Correlation
Spectroscopy

XPP - X-ray Pump Probe

Instrument Map
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HEKAELOMVOVTOS TOV KOGLO TOV TTOAD UIKPOL
KOl TOL TOAD YPTYOPOL

LCLS
Operating
Range

Ultra-Small

Sl Light Trovels

Immin3fs

Ultra-Fast

MedicExpo 2010
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Amoyn tov Kévipov DESY

>

< DORIS Il

\ ‘
.
)
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‘Eva mapdostypo ovvatotntog s DESY: Znuia
aKkTvoPoAriog oe Bloloyikd ostyuata

Radiation induced changes in 2Fo-Fc electron density maps of a disulfide bridge
of an insulin molecules at 100 K and doses of 9 MGy, 34 MGy, and 60 MGy.
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O ap1Buoc cmtnoemv Atmlopdtov Evpectteyviag oyetikoy ne
FEL katd ) owdpkela tov terevtainy 20 etov

35

Free Electron LASER (FEL) related Patent
Documents during the last 20 years

30

25

10

T T
22
20 m .ﬂ. L 21 u
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T4
¢ 13’ 12y 12 - 1™ m 12
10 10
8 L G 8 8 5
L 2 7 * 7 7
. ¢ 8 5 5 u u
3 3¢ ¢ *
® o 2

1990 1995

¢ FEL in patent document title

m FEL in Patent document title & abstract

The curve is much smoother, compared to the corresponding patent
filing rate, during the same period, for conventional surgical LASERS.
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2VUTEPAGLLOTOL

m Av ot diodot E€pepov évoo LASER otv toénmm ©| tqv todvto

oYeOOV TOL KOBEVO, M OVAOLOUEVN] YPNON TOV ECOTIKOV
cvotnudtov, onwg 1o FEL xat 10iog 1o LCLS gival tepaotieg
EYKOTUOTAGELS, OLGPACTAKTOV AEITOLPYIKOV KOGTOUC.

m Evtoltolg, oavaupévovtor vo  €0TIo0VV  OTIC  OgpeMmocig

OLOIKaGlEC TNG COMNG, GE TPWOTOPUVEIS KAILOKEC YPOVOL Kol
ueyéboug.

m 'Etol, oev @aivetolr oadwaloAOyNnTn m mPOcooKio UaC VENC

UIKPOYPAPNONC TV YEPOVPYIKOV EPYUAEi®V, GTO UEYEDOC
EPOVPYIKOV  VOVOSOUOTIOIOV», KOTA TN OlPKEWD TOV
EMOUEVOV OEKOETIDV.
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