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2 th2¥ YsAlsOz 2] 2473-§ AHEX Nd:YAG slo)#2] 7] 87 282 £¢
7] AL 2AabAge] AHEE) oA nide] Zojof mle} el
ch.

23ybxbrge] habg 2 dASEA el 7187] &2 o)A miA
2] 7o)z} ge+® Fri. il 2oyt gohdul 233 ©u¥T £
gof7]ree] golxing Mgsha] gt a{me &MY 2ola A=
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I. A £

LASERZlE -2 HAL f5= &Y Hapzist Hajof 23] o] FH Y}
£ $£o2 Light Amplification by Stimulated Emmission of Radiationd2]
He| FahE ohd ghE Holtt. FE HEol et o|E2 1900 Rof
Max Planki} Albert Eienstein2] FFapdz Hdsed o] o) Autela gL
ot a3-g o]-&3ted Fufe] FFo|} LAE AUtke A Erbsict
“472rs) 2tizh 1 19450 o]&2#] C.H.Townes?’ & vlo]aZyte] of¢t
YE T3t AP ofua] FFol sle Aol BY3) A2 FR A
¢ Yg $Este AAE 21Uk B4 R 2 YEol Ut olejazsfe]
2 Z (Microwave Amplification by Stimulated Emission of Radiation)o]gt
ejolg o] 2342 He] Faigt ubAq Ho|AM(Maser)etn E3ict. vlo]ag
steM SFo] 7hesld HU2 Aladlog o b, AFEY MR
< S5AME & 287 3t AAE shA =gl

A.L.Schawlow £} C.H.Townes 3 = 1958'‘do] ” Infrared and Optical
Masers ” oA o] 7bsd & Mo g x|AMsisict. 3 F 1960dof n]32
Eeltat T.H.Maiman?’> & 7}IA) 0§ SHA|HW ¥xog g Fu]EE o
£3to] 2] 2eo] B oA -E P3N $8|(Al203) AAMe FavioiM
oy ofua] F( A2 —> 9F2 )8 HolE|uA 56004 HAHA-E ¢
2%ttt. T.H.Miaman, R.H.Hoskins, 1I.J.D’Haenens, C.K.Asawa
V.EvtuhovS>E ujo] Cr3+o]-2-5 A3t EZUMoe FM33ich.
E.Snitzers>E &AM Nd3*o] H{H FelviolME siysigieon,
D.F.Nelson 2} W.S.Boyle”’ & of& AMeg Fof7] $Hg AHg3le Fu)
o] M2 A42) zhFof thstd UFE F-83igic.
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2] folxe] §]F olo| 19630 Z.J.Kiss, H.R.Lewis 2]l21
R.C.Duncan®’Z M W& E52(27K)o§4 o}7]¥(pumping source) 2.2 E|
g o|8sto] CaFz:Dy2* M UolM B3 ofo]xE 2§A|3ich. 1964
ol M-§22 L.F.Johnson 7} K.Nassau®’y Nd3*o]-2-g CaW0sod %7}3}
o M uUyer|g o] (neodymium laser)& =ghEsgich. e 3l
J.E.Geusic!® 5L A2ofM B2l P Nd:YAG (RF YAGElR 3Im§
Yttrium aluminum garnet2] 2Po]) elo|#E ULHHo g 7] A7|led 4
Z3hgith. 1966do] C.G.Young!!>2 2 el 7] 2lo]HE 1 w2 29
2 ded 42sigioen, C.W.Reno!22= Nd3*o] 7Y Nd:YAGONA Eld3
o§7] fo]M-E =+-53it}.

W.Koechner 70dtio] Fojehs ZFod7] ejolxr} Hazat Faste
o] opija, olgol UMY RAUY 57| Ad4Hoz FAY 5 3l
58 Nd:YAG ZMohA u43}(CW, continuous wave)§ o]-2%}o] 12 kW
°] qjglog 250 we] ejo]lH &g ded 4F3}3Uch 1P

F £%e] V.M. Batening-& 80dtho] SojgfA Fodr] MFY efo]Ae]
o] &4 ciFolM el 447} 2 100 solar constant(s.c) duk 28 10
~60 Wolnd, 8§32 1~6% W=tdg Wilon, d¥2] H. Arashis 18 wel
A4} 2o|HE sIgslon, 19883 o|Aelde] M.Weksler!4>52 MA
2jde] A4t ojA &3 100 WE EALE 47§ AHg3tod Nd:YAG
o] A& Mzsigict. 14>

o] =F2] i3 B2 In Heon Hwang 2} Ja H.LeeZ677} M 2fo] A
2] 2fo]AM, Nd:YAG 2§o)A, Nd:Cr:GSGG 2fo|*, Alexandrite 2fo]ae]
287g rhgo) kg 7] E€7] A& TY 7] AYE ALsiied,
£ 3= Nd3* o]-20] M7 Nd:YAG 2§o)A ul (laser medium)of T3l
M A% ¥(flashlamp)-g eldZo2 tiilsts of7iHos $-8slod N+
473N #olAModM ujle] 7lolof miel 2fo]A wiof UHH HYe] ¥



sierof isiM FA7]e) ¢ & Hge #Ee UYo| o FE Wil
21E Uetde 7187] &2 sfolA Hle] ZirEe BHUos ekl
v FY o] MY ojEHoe At eolA A2RE H4AY U
slol A nl7de] 2]Mz7-g ZAMol gtk o] Ay A3 o)A A|x¥hs
AAsted UolM 129 EldF o47] 2 o]A & Jidsted 71 ¥
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1. eo]Aof @t YH o] &
1) #folale) Wal el
ol MAZIBkzt ojuigt B AL AL ¢ W WshE Ay

2 4}#&(spontaneous emission), F5 Y&(stimulated emission), F4
(absorption)2] 2}4-& o]-&¢it}, 15
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28 1a) e " Foiz) BHe deled 2702 oluz] £4 124 2§ e}
@ Zdd, Ez > Er o] Aelelth. Ei& 7HE dY FEl2 7| Al
(ground state)e} s}, 7)1 Ael oj2lel Ael! Ez o47] AEN(excited
state)e} 220, YatE2 o] of7| Adelo] 22 HiEe] A X3t 4
g $mo] byl thA] EcAel & gotzirh. ojul Fat shbE YE3A &
=) o]R-g 2 Yozt £EN, 7|M YEY WS A 7ix] H
o] Egtglo] 3lof spB ¢ AAMsHA] Yerh 'S

ek, EjAelo] tge] 3l oldol hool sldste Wel YAtEw o]
4.2 F4std EAEl2 ojEste I¥ 108} ¥ AHelE Fieln ¢
th. 28 1(b)& E2Elod e vlde] mdo] ofs}r] ol AESL s1Y3}
£ o] sk ME 4% hgste IR FFL AUAE Ue WE
wastA Eled olAig FE WEelzl +Erh

F5 Wae e A2 oAU} GEE s AuAgte P A
2 7j2] Edsieh. ulebd shute] Zato] disiM 2702] ZFzb7E BALR
o] Eo] thr EULE FE WEE Yo HEuE W A4 FFHU
o]Ro] efo]x| Wzle] Wejo|r}.te

olgigt oM ENF FHAMY Aloial Kol ojvje} shte] Feoloe
chd, x|, 7Hbdd, M EA, Aux] AFEe] $4§ et

2) eojMe] 7|2 34

#lolAd A& A M 7Hx 8 o]FolA ittt AL fF24E oAY
A F43M4 W GBsiAste YUY 2lolM ol o] oA ujef
olYx]-§ ZF3te oJ7|uhM(pumping source) 12| 2folA njH 2 E
a2yl 4g Bo} YruE Fz17)(resonator) & t¥¥ch. 18’ 1¥ 2¢
7|82l 2fo]d ZTHEE HoJFr}.
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I¥ 2. HolM2] 712 24

(1) 2fo)A v

#HolH vidEME M, AAM, 7| FelZ} 25 7hssich. 71A @
o]Mod COz, He—Ne, Ar, Nz, Fz, HF, XeF, Iz § o} %< $72 71N
o] AhgEla itk AN sjolMoles MAE AFFe] Lolo] Hof 2
332 glony, M2ae] £E8 2= Rhodamine”], Coumarine?j, Cyanine?y%
F-917}x]2] o] M-§& M7t igElo] itk 7> 2 o] Mol Nd:YAG,
Fu], #el, KCI, RBCl -Fo] 2A8Eln w=M&rM GaAs, InP, GaAs-P,
InAs-5o] AH-&¥t}.

(2) 7] olAN
ol HHlodM FE ¥4 $2E 7 224 FHolth o] JE
2] wgo] M7 AsIME oW T 7l2) oluial 29 Aboloha Al



o) & 3bd (population inversion)o] Ao} qtch 17> o] Aef UxE WM
Bdstr] M 2l oM 2Rt oA E Foyslof girt. ojeigt of7)
ol ohg2 g Ho| 3Urh.16) ofF FUH 7] viME Y& AHS
3t A2 HeNe #folA, Ar 2fo)A], Kr 2fo]A], Nz 2lo]d, COz &f°|A,
He—Cd 2lo]Mgo] la, HF-F AH&ste A2 LEAN elo]M7}t lon, 4
ZFP2 228k A Nd:YAG 24o)a], Nd:YLF 2jo|a}, Nd:Cr:GSGG o]
A, Fu] o], Mx 2fo]A, Fe| elo]A7} it}

(3) #317]

Yyt o g elold Farle ¥ 28 o] Y FFof 22} AEo]
¥oiA itk ¥ o] HgR)E HAdolnd, g & 7 E&(R2) 2 €Y
oz glo] gloAd hAbgE 100% ®T} 2 B kxpdo g glof 3lch
2lo)M2] & FPo] o] Hgefe R Eo 3t ozttt FArE
Fabry - Perot® Zzl7|etn $&ct. o] Hele] 27| UedMe #lolA]
Fsp7t At Exigch. wlebM efo]M gile] shett Y A & F
782} 7-gxtol2] AHelE Deta & uwl, NA = 2D 2] EAME T&A|H}
gheh.od71A N H4eolth.

slo] M F27|E F4Y wl IFof Py AL MY FWe &
el 2lgof 2j3) vlp zstA zgstoe gkt 22y F3ivle]
Zolxct & FEWES] LB EE AMSY B ole¥t AUFof ui3}
of tgetelo] girk. aog g2 Helof uje} Jdo] g4 chad
22 229 oM Ad-sole dele] Fdol 2712] AHE AlojofM ¥
£ WA 237 fog fe £y Hojusa st B4E FUE A
£3tod 2o|M ujdol ¥ AUIZt Bole R 2ton MHEY o]
ME deje] 4ol F A Alole] Wol gle sty 2§ A8}
of 23] 2.9 (node) F ARSIAH gr}h 17
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a8 3(A) e #olA nide] 2zl HEE B FUNEM of7] uiMod
2]s) tifEe] Wabrt of7] el o)t FA] thiol o7 Fel2] ¥
A2 7IM el Woixiz] AlabstuiA 29 3(0) gk Ao AbEH YEE
3ta, e A8 ¥ 3(B)odM ®y wiel ol FbY ele o &
YA "t ojuf 71A AJelg Woiz|7] Hol 7] vt A4 &g 3}
1 Zebg Aelo] Mk 2 dabgel Hge] A ¥t o] o el U
E gtdojel £ oM Filo] dojitemy HEA] glojol & AElo]
th. 2 £ AelolM 7)A Aelz HelAuA gEEle Fake dod 3l
£ U8 Aele) g datgd AIFstd Fridoe = hie IFahE
8 st 29d Aelol Y B WAbES 7IA dele FWoixA ¥
th. 2% 3(D)oAA B dig} go] Fapzt oy g Y ol J¥E vl
Ae] anicg AEY YHale AL ol yratsted ch] ol g ]
Wt 23 7he Zabge] thE WabEE AHF3 US W #FAE Y
27 gttt 23 Fake] EFS 2¥Y 3(DANY $E3] MA o RENo
2 5otk g8 B5lod Yo' Ugoey oM e @Y AssE #
3 zHd/de] e %3t slo|AMFo] £} 18

ol MY 2ol 'dzle] Yojur] sisIMEle’ solM i o]Ke| F
z7)e} &4 R Hof gtrhe Xao] lojof gt} &, o]F2} EAlo] #
& ol-§ FY(threshold)ojeta £2Edl, o] §€o] ®/dE|ojoptt o]
A wzlo] dojteh,

-]

3) #lo|M2) &7

2o M7t W Ha] 3004 de] BaE §t o] Y sHolMrt IiLE
sich. wlebM #HolMe] #F= mhie] Wel, $ishe ¥ I, W7
o] 2o, $3 sdefo] utet Aol 73 dubAd Wl vide



sJefof ulel ER{3M0 kg2t gk t?2 azgla ad 4 #olAe ¢A 3}
o tigt 2lo]Ae] £{-8F el d Ho|ct,

(1) 7] o)A

71 #HolMe A sjolMel ¢ slolA U 2I)RE Y2 AR
7ol 2% Eled Y £ e hY dAs WAdd dA( 25 um
~1 mm )ofM X4 G4 0.028 ~ 1004) 7tx] FHgisich. 7| o)A
£ Watel Eate] g, 215, Axk fo]A el Alo]e] HMojo) 2js) Ao
2tk o] eojMr} kg jo]AMof uish Hold P WA vlie] FUsict
€ Molcth. ulebd FYHoe n)e FUY Xe & 5 Yoh. ¢
elo|Aof uis} ol2] P3|E ovpFUIE ZAY 4 3] whEed Aozt 3t
€ 292 2 gAabAle 424 sich dEAd 21 olxole ¥EFUR
(He-Ne) efo]#, of2-Z(Ar) 2fo|A, o]4ite}gha(C02) elolA], =AAH
(excimer) 2fo|#] Fo] slct.

(2) A =jo]A

A #elMe Aot vAY BHE BN ofr]of )] B
4 o]-2g YUY vidg o)-&¢ith. ulebM lo]A ohPE vhY-& 2438t
£ 374da7} obd o]-22] Axa} AMolof 2J3) o] Rzt M oM
thE 572 oMol uisl Z|ANc e Hasta 7] e FHe] 3
ot aeiu R A4 Fate] oM 71 BolAof n]XA] X3y of
7] HE At FHolM U2 do] nidol F4dtod A9 olyx] £9le
fzate] ofya]F g2l Pl FHY o HYEo] Utk XY 1A
elo] Mol Nd:YAG 2lo} M, -§2](Nd:Glass) o], 5] &fo]A, ElJe}lw
A}s}o) o] (Ti:Sapphire) 240} 50| 3lct.
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(3) AA ol

AN elo]Me] cfEMQ Foge M elo]|Ar} gl Ak eolMe
et e 71 M2E 5F vidE ol &3t E¥ oriodde AN o
ojMg} mhaltzixl e FHMo] o]F¢h M 2olMe] MY 2 BHS F
ztutyg odojo) x| F#] Wrhe Molth. wal HAEsEo e #olMe 2
2] o4 0.75un~3um )oAAM e HelHd dq( 3un~25unm )7}HA|
E2to] shssith. dEAU AN sfo|AMols Mi(dve) lojA 7} 3t

(4) =N 2o|A

vt elolME thE slolMete del AP Fe AR Ay kg A
Z(hall) 2} &L A5 7he]oj(carrier)-& o])&%t o|HE FHo| W of
yzla) toje] Hojof =izl Eatgith. Ett HEAM slolAM & vhio] I3
2 #Hol&g A7) el FAodM £ njaE(w)e] A7 E FAY
TEE 50% o4l o] girh. mletM HEA olA e thE {2 o]
MeE 2750 $80) shesiA 49 FW At (Optonics)2] FaY &
2t FWA o)-gEln itk ©ifo] Mo ofux] Eu A sl2)o
2] 42 25,48, A7, G 23 A dsbr] wlEod dste 54
o] 28g 4A d& & e FHol Uk dEAU V=AM o]Hode
71 2 (GaAs) Bo]A, LVEA(IP) 2fo}M, AFH|2(InAs) sfo|A Fol
sich.

(5) a-gHat 2ol

Ao} 7tes 58 sty MERAe] Yele HxyIsHE $AYTh
thebd Bhod 79HE 4EE AR JHEAA FrlMos wdY YT
245 UHEEAIH, Abrisizte] A2ago) o8l FE Yol Yo
U, HolA Fo| WY ojgh Y ALFHUAL] &5 oAU E o)A

-11 -



o8 HWPAFlE AgHAt elolHE THE S8 AolMgle 1§34 of
shugol 2EMog that. of solMe] UL o|lENosk Wil WY
2 upolagstold X4 dedof ojer|stal Hate] 4=F Mojgro e
fAAE PP S sltke Holtt,

E 13 ne 1) ne *#&
- T - —_— —
He-Cd Ar Ar SHG YAG He-N 2 u R
(4).6) 48 (514.5) | (533 Ne (632.8) F M) 6.3
4&)nm ' S&nm 600nm K'l —m
A ©47.1) -7
M -

-
\

: -7 F.all2]
[ ¥ oo u} 2 -
e ele 1Y - Foaie Sl
THGYAG — " __-- -
: (e 2 A~ - co, 0
FHG YAG 3% | ,gil_tks kel vacu.o6 0.4~1.D o3y GOy €0
26 N3 L = 4 g { i 1 -—
200 1101 ¥ 400 500 600 700 800 900 1 um T.ipm] 1.27m | 3;m 2/m 3um| 4pm 104m 11am  30um
308 EXCIMER (XeF ) : (r]ie-'r; :1;-;4;;
EXCIMER(XeCt) : . }
| 5 *as =) o] = T ERE
1 :
P . B S
REEHN Lar e
an a“ OI 11

e:t :} d“ .ol zi

3§ 4. Holxel £fel ¥ Y
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2. 22 =lo]A
1) 3 =fo]A

5% vl (active medium)olzttt 2 el U= YHE 7ixle oidE ¢
3t I 2lolx e 23 Aol f2le ¥ 8 nldg 7ixe #o]
Mo}k, &3] o] ZAAU, E¢E ol2& Yo $F 248 AHEtY
o] ¢ o|2F2 E¥ g2 o] dadel 43 Ut} elo]A
42 37} |2 FAbsE o] 2(Nd3*, Er3*, Ho3*, Ce3*, Tm3*, Pr3+, Gd3+,
Eu3*, Yb3* ), 27} S| € {4tehg o] ( Sa?*, Dy2*, Tw2* ), 2| o]
g4 (Cr3*, Ni2*, Co?*, Ti2*, V2* )o] felet P2 thdtt FE3oA 7]
H d5oen o|fojzir}. 20

YeoE slolMe A 2olxMe] 7Hd dhHL Holny, #o|A nii
< Y3*o]22] U&7t Nd3*o|-25 8 TIAH YsAls0i2 2] oA} thes]
Nd3* o] 228 H7FH Reloltt. UL F 2olxe o 7ie] dos ¢
3o, 7b¢ Asta dpdos AgEE sPYdd2 A= 1.064um oM
o|c}. 15>

IA oM tEM o8 459 olMelny, 1% 5 Nd : YAGe] &
<89 oAUz £9-8 vebd Hoj},

- 13 -
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4
4F3/2
1.064um
0.73um HO
(Laser)
(Pumping) 0.8um
(Pumping)
4 v
'11/2 l v
4
g/,

2% 5. Nd:YAG 2lo]M 2] ofuix] &4
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2jo]a Mol Fs .z 2 411,z AojolM dolxtrh, o] HojojA 2fo|A
sh 2 1.064 umoll FHE £ 0.73um 2} 0.8 umoiAM Yojyirh. o]
Mol WHE M| EAHd Fajof 28] 4Fi28 AHSE e WHE, o d
T8t S u]EAE o] 23] ‘L 27lM EHE FAYEUH.
thE el 4Fa 28} 4Liis24t0)of dojutnd, o] Hojof eyt At
Y £%9 = YA 7tolzt thrh, Nd:YAG oAM #FA|ZHE 230us o)A
2t AUe| WertlF s3] 23l A¥Lr}.20

I 2ol aoivix] WEd Zhxd- F27} Peksta x| 4de] ¥
< o] thE sfojMof w3 FHolx|t UNoe Y HhE e Ao
7t 2 tHog e 3 gith = 4k {5 4o Aace MY 2
MejdodM dzistgdelo] F¥al 71z dde] drke wHdo] 3itt. o]
Atz 4 £42 ol g A7 Zigshy W4l o A 4 QL
& Zojth.

Zeju obzx] 71-87] A-&2 elolA ol ea3te] P2t £Y o
712l M7igk #olM EA L4xlole] FAYL WHYstx] Rk Aol
M.Weksleri4> S5 o] % @47} 2ol E=] Mojof 2JEtict: A&
Zdskx] Xshsict. ©fo] nhe w2 7] FxrolMe] Bfo|M {4 o
o|#7} 7jsiet2 o g ofF tiEthe AE doluirt.2

2) 4% (light pumping)

3t¢] ofuia] Sl Al olux] ¢ & Wxle] oAuix]§ Eelve 2
-8 WY ZAgolela gict. BF o] ZAPole F 7ix] YHde) e, 2
shute 2t Fhdoete] U2 W 5F oidod F5El3, 2%of 2f3)

date 49 M2 E318 of7lsle FHMeln, Fide T3] B¢ A

- 15 -



7] o] 2)8) o] Rzl 7] HHYo|r}.
(1) ¥2 2% ( pump cavity )

7' ditrog AgEle WY A28 Fath MrA] oAF O% 6
oM RojF 3 glt}.15?

Lamp

[\

Lamp Rod

—VLL G

cch).

{(a) (cl

2%y 6. 7MY dukr o ALEEIE WY AlAY

38 7(a)e A2 Wd¥olx, e Y e A 4% 2 s
oM 55 oldel =9tch o] A2 Mgl £ elolHo] AHEE]|3
i, olzlx WA ojx-gog de] AHRE|R ik, ¥ 7(b)2) A=2e
2o)a o2 FE Holgh whAlFE il ¥¥Yoe dY PIolr.
adolM s2 A3 e A -ERo] lste eNER V¥ 2718 A
%2 3hgl Fiod A2F ¥ 2ol il A8 £ F2ol €0 Fu
& ¢ Fd FiPe e BiofM kAlgh ¥, FAd PF28} ol F2- & 2y
7he Zo] elde] 4doirt. amg PZof 23] WEY W uyio)
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EFEY F3of 28l 55 vide e ojth. O¥ 7(c)e wid
4% P2e 7Hst € Jolel ¥ Jhzbe] AUY HEY tAEA EY
apo]A ghgo] ¥& 21 AY uldg vekd Aok 2 A4 widel
AEL EF EPEY ¥E2] g aA Uxle ogrt.1S

(2) 4Z# (flashlamp)

A3EL FuLt Nd:YAG S 2 A slojA2] FHY§og Yol
AHEETh Ao R HolMER ¥ THE WHIle o] aFEN,
2e2iM 271 ¥ 3 olde] P go] Hasih 2y & o 2EHY
HE F5(pump cavity) & d7A Hul shje] HFE2 WY A 2fo]of
AHg-dr}. 22>

J.h Goncz232& Xe H# 2] 39, ¥ Wiy ul HIFE YR
17 M A{e] Agol hletithe Mg dYoe &3l
Ar, He, kr 52 A2 th& #9474 H3 8ol s Goncze] ZAze} A&
AE done o)zt 1 ola HRFEe] UZdo) dojo {7t id A%
&2 A7 A% RS

R = K(1/d)vT (1)

g Fojzlrh. o7|M K& ZIMel ulel Adslxle F4olch. 71Me] FHol
uhE ko] 3t Xe ouf 1.45, Kr Ju) 1.3, Ar HJu) 1.2 84 Xe o] 7}
Ach.24) o] F ulFod Yt oe HFEo Xed AU, &, HI3EY
Megol ohE 7| ME AT Bt 30e AYHLTI YFHolM F2 9
i} Fa®o] Halrh. 12l dRE2 7MY 2 AYH ¢ A= 59
A A3l P2e 2 AAPe ditdog YAG B2 HAPxc 22 RE
dgi.
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3) 9 714

o] ojuiRt ZhAZzo] Wds]ojoltt elo|M-F PAA|ct F,
Rt 2} Re 2] WhARE-E 7l F 709] &3 o] 1] 5% vide F4¥
Ho|A Llzle] eolA A 2P A1 55 nldS $TAY ) 47|
€ oI5| oM FFuUolA PAste Watse] £4UE U} 92 B
Apg Atoje] H)2) oz HYEE $F vhHoM 2 o] 0|52 expl
o(Nz = N1 ] o|ny, o47]A4 12 55 whde] Zojo|r}. 7td, FFuof

tehhe &4do] 14 &Aool Zix 2L,

RiRz exp [ 26(N2 - N1) 1 1 =1 (2)

olth. o71M Ry 2 Ret ¥ A2l 29 wabgoln, ot §4 Mol @
"Moo, N2k N2 R A3igh sty ofuixl Esloid WasE
argr}.

el W ol osid B,

-In(R1R2)
(N2 = Ny)e = e (3)
201

2 Fojinh,

o] Al Ael W o] UA wojekn Yl AL (N2 - Noe
7 gulo] A 2zio) EUshE g 2R itk Y YA ol
Sgstyl g A PEERH o)A Hol, YMe TERE ©
S Alidee Y4Y Fahe 2% FYE YojuA Y1520
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4) ¥ E (pumping rate)

ghe) Agle] W Z¢7} ujo] ek, il elo]lM &£§ 2 7} HW
of o)) el dEg Elx H]® (dN2/dt)e &,

dN2 -
[—dt ]P = WpNe 4)

g Foizn, o7)1M Nee 71H Aelodre] Fel W, olduods Fozl
HY-g tteed et 34 b A o] WY veEed Yett B
Zof tigt AAe) MY Y p gle] v FY 5 e Ver HYEO]
th.15) 744 27-g HE817] YA Wep B HAIElE UAR EE 714 2
ol sgsiolqt gtk ehetA W B AAlsZIes) Al WY xE
np7t EUEl el dA WY Hgof ohsiM UM ¥ kg Aot

HY 8 7et BZof Fol7te MY P3 2lolx S92 el U=
7} Eled o] 8H Hee] vl e glung Aog Y,

np = (5)

no [ [E2 ] v
P
£ ZFojzich. 9714 uve 2lolA 2ES, he BRI 44, (dN/dt)e
£ WY Adof 28l A 2ol ZHE 7)Y e AT MMY |
Ate] 4eolnd, MBS B MM M vof 73 g wegch A @Y 1 {
< Y 7kx] el vgs sled, ded At
NA, slolA nide) B WY E7h BAdske 3P ¥ A~
AzolM Fagof tigh M| Y] MY A EY A= HA AR 7rd,
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/P dA
7 = R (6)
P

g o). 7] B & AZof 23 YEH oy 3T Ha Mol
2, A2 49 e WAl 88 A ~ Az 3P 9o P
o]},

A4, A% $og Eoi7ke WY e A=of 243 Y2 MY
2] vl AojEe AY A& 7 €,

2 Pex dA
e = " (7
[P dA

g Fojzlth. H71M P € B Yol Fol7ke & sH¥F d¥Hojrt.
A7, gl 23l A= Fase 8¢ H2e] $Ee Uelde §4
1% 77!“6."

Pa
7a = T (8)
S Pes dA
£ Fojirt. o7)M Pae & UA F4Ee $1Yo|t
WA, F+29 Past o)A oh2] elolA E9i2 el W=7t Hed
o] &¥ 1Y Atole} v g oAle VY dat AE 7eqt,

b [ [_g.:i]dv

7pq = 9)
Pa

g Fojzich
aog HY AR 7pre 4712 A& VAt F. & 7p=7r Nt NaNpq



o8 3ojlg & 4 Utk o) 47le) HEUAE VMOl Mg o]

t}.16.25>
A (4)gh 4] (5) B o|-&sto] WpA4tol o] WY A EF ned =YY
AN voi Ay MY W2 BEU Mpde,

<Wp>=72p'————-——— (10)
VN‘hU

2 & 5 3t
5) 71 &7] A& Y 7] Ay
elojx WA H el e Hehg2) sfo]Ax Fa} YT rtojof

o] EE® e sitee FEY Y¥PAH ZAHrate equation
approximation)ofM 4%¢] 2lolA] plof tigh By A]e26

dN/dt = We(NeN) — poCN - N/ Te (11)
dp/dt = (C/L")(cIN - 7r)p (12)

2 4 & 3tk 7] W = HYE, NS el dE 8d, Nee 2lo]A ol
AUl 54U 4 dxke] UES, Ce FHAM] B4, 0€ & ¥E
g, o HolM FFU2] Fat dEE vepdt)h J2ja L'e 2EHY
35 ZolEA,

L =L+ (n-D1 (13)

o2 vehd 4 stk Le 25Ul £ Ag Aole elolnl, 1 ol
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ulge] #el, ng o)A mjel 2HEolch.
E, 7& slolA vilUlM olx Zo| Aeizt Faof oyt &4
% 712 ofo]M FE Ag2) Baol =g &Aoo,

= al + (1/2)[In(1/R1) + In(1/R2) (14)

£ & 4 Uth o7lM et DYl Aua F4o) U0, RS B
A A g2 b ReE 2HAY Hge] wabgolT).

o elol Mt HEY 4 Ut By 2He Hel Y BAA oA
2tRo] solazh Wtk F solM FEUel Al Ys wHe 4
(12044 & 4 9tk dp/dt = 0 Y wl N2,

Ne = /0l (15)

ojck. JeE2 W #o]lMe] 28 Pour 2,

Pout = [#7} WE] x [F5Ue] 2ol AH) x [+ & TAY
B2 EAAE] x [eAuz]/FZa}H (16)

ojttk. 4(3)2} A(6)F o] &3},

Pout = (Ahuw/o)[(Neol - 7)/r1(1/2)In(1/Ry) + In(1/R2)] x
[Wp = ¥7/Te (Neol - 7)] (17)

2 & 5 3tk W olME Y fAYALLM S Sy HWEF 8}
L7t fyg-gojch. Eld o7]of 3o HYE W,
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Wp = OWp' = G(1/N)(4/D) - f F(A) £(A)[1-exp(-caNeD)IdA  (18)

oltk. o471 8+ ElY A F % (solar concentration), Wp'& ENL A4 2
Zof 2tk HYE, Dt 2ol %2] A, F(A)e eld 45 Hipe 2J¢
2MEY FaHE, £(A)e T Fatol 2 49 2old &4 3le
oM Wate] Fdat shbd dA-g Yelun, c.t ¥4 ¢UNE vEld
t}.

A7) 2 HA8)AMFE el H7] 2fojM2] X gL,

7? = Pout/ZD1Is 6 = (77:*Wp'/ ZDl1a) (1 — Wptn/Wp* &)  (19)

olth. o714 L ws] WHY A9 wslere] BEoln,

s’ = (Ahuv/c)[(Neol - )/ r11(1/2)1n(1/R2) ] (20)
Wp' = y/Te(Neol - 7) (21)
£ vebd

228 HO19AM 7]-g7] A&

s = 77a'Wp'/ 7Dlle (22)

ojct.

Orazio. Svelto of 2j3}qits) £& of7] Bz F3}7] sl oA UA
HYE VB T8tk o] A(11)ofM dN/dt = 0, N = Nec 22|22 p =0
o2 g ul 7Y 4 3k, 1o,



Wep = N / [(N¢ = Ne)/ Tel (23)
oltl. Ne << Ne ehar 7}ded ul 4] (15)F o] &3},

Wep =Ne / NtTe = r/NeolTe (24)

o)tk Yobd AM MSEW 4(10)§ o]gshal,

ch - WNeh v
7p

Pun =

T

- WNthyv
Neolze

7p

h
=—L .a. (25)
7y CToe

2 & 4 Utk 223 nee ne = menena & BAY F W, o
714 nee WY A8, 7ne £ 72/27 2 2o]A nidofr2] elo]x Fe2
ARz F4of o8l Arle 22 ol ZFe] F A& Abo) 2l
A7) €dof o3l o= g BEAY A g2) Ao 2tk £40] A7)
€7 vetde 2373Y L80ln), 74 € A/ARA o)A W] uX
of tsiy AAME efolxe] Wil B9yt HRRE slo]A doie F7t ©

WMol o Ax UZME YeldUe E2HE ¢l X -golrhtS
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K. A A=

Nd:YAG 2fo]A oiZdol thslM o|Exog 7]g7] X8 €Y 7] A
.2 AH4rst7] 98l Allied - Synthetic Crystal ProductsA}z} A ztgh
Nd:YAGeo]A Ede2] J7d2] A¥E o] &siglen 2 NEe =X 134 Y
th & 1044 Folyl kg o) §stxm, F217] U] kAt A ge] g
99.8%, 2 g YARE 50x& AHE3}la, eo]A wviYe] A]E2 lca, &l
o] we} ZZIE lcm F3ta, lolM uolH2] Zole 10cm, 20cm,
50cm,100cm 2 de|spuiM A 229} A 25044 7]€7] A& FY o7
Y-z ALt Hd2e = 29 Aok, 28wz E43b7] sl xS &
oJM oide| Zol2 ¥, yRole A2 7|E7] L&, €Y 47| 1Y, &
H BATF £ 7] Ao v F 2el2g vepd He]l DY 7, o
¥ 8, 2% 9o|ch
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A 1. Nd:YAG 2fo]o B2e] =l

2o]A [Nd3to]& |W=§ FEYENH I AHEHTY| &Y ASs
231 |dx(/cw3)|(/s(s.c)) (cm2) | A]7¥(us) ( /cm)
Nd:YAG |1.4 x 102°{1,12 x10~3| 3.5 x 10-1?| 230 2 x 10-3
2 2. 7]€7] 82 Y o471y
7 o] (cm) 10 20 50 100
7] €7 A€ (%) 4.9 4.7 4.3 3.5
Yo7 MY (kw) 1.04 1.12 1.25 1.52
9] w5} 33.1 17.8 7.7 4.8
87| HY (W/ce?)
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1) efo]A nide] Zojof whE 7]1g7) £ §

2% 7044 2 uhe} o) ol ule] olr WW Wl LK 7
27) 1&L M¥HoE Yotk U8 ¥ 4 Utk 71€7] Hgo] wr}
£ RS U™ U™ wagol sl slojxel 28 1Y Wt Acte
Rolth. & UY Y Ao shaviets 1 WG slo)Ae) 29 2
og dg 4 Utk 22mE 7187 18E A sh) AMME slo)A
oidel Wolrt we 4% Fut.

5.4

491

7]

x 4.4

(%)

3.9}

3'4 A i N a
0 20 40 60 80 100
A o] (cm)
I% 7. Zo|o} ubg 7]-g7) X &
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2) 2lo]A oize] Zojof uhE £Y o7] Y

23 8044 M ubs} o] o)A nie) Wolof wtehH Y of7]
de wiedstn e ¥ 4 sich 22U o] Zte o)A iy HMel o
¢ Uo|me efolx WAE ¥ W 12| F2¢ 24E ohnh

9|
7L
Y
o]
7]
il
g
(kw)
9L
74
5 ‘ . . ~
0 20 40 60 80 100

72 o] (cw)

2% 8. Zojof upE £4 of7jHd
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3) elo|A oid2] Zojof utd kgl WAHY 2 ofr] HY

3% 9odM B uiel o] elojA miye] Zolof utetM el miNy
€Y o7] d¥ e o7t gE +¥F U g Uiz sS4 4 3
th. & W2 HHAME efo]A walo] AlRsjog 2 eHolA dA 3l
oM w9 BAF Y of7] e elold a4gt A7 slgule o)A
2] ool Zol7t B& +§ $uh.

& gt
S|
HF
A
o 24}
o
7]
19+
A
3
(W/cm?) 14}
ke
°
L
$
£ 9t
-
4 A A A A
(4] 20 40 60 80 100

7] oj(cm)
3% 9. Zojof ulE ¢ UMY FY o7] A Y
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ane eiojA i Zolg} 71€7] EE, Y 7] MYrjoj @
HE o]EMog Asl ¥ A Yot Fg £K 717 gL F2
Y 23y o9l WY Y ofr)rgoe] golxlne F2 olA HAHof
YAM Mutsia] G2 & 4 Urh dog Y g HAMY FY ofy)
A¥og soly Walg A7) 43 elo|A nie] 7Zo)E Ry WA 3
ME ek, mhebM S FFe o)A niyolnM thE 27e) BE
ot o] &Mog A A3 F& o)A dAsteul 3ojAM elo|A 1)
a2 7JolE 50~70 cazt 7}¢ Mgsict.



v. 3 &

Nd:YAG #fo]x& M 2fo]x2] 714 UbM o eM go)A oy
Y3+ o]2e] dfs} Nd¥*ol2og thAY Y3Als0122] ZPolr Lt thes)
Nd3* o] 222 M7l Felo|th.

£87& Abgo] thElMe dAME B AdFoiM ALlsta] gpskx|g
Nd:YAG 2fo]Me] 7]-87] A82 &Y of7] My 4] 2298 4 2500 Y&
WeEd 2BdSul 2878 ¢Agols 2E42 o4 4 it wiefo] 2
Y71-& thrbgo] 100% eh sHEAgul 7]g7] X8-S 0 o] Eoj¥Tc),
&, A= FE #HolA FFUol &4o] slojo} olH Fao] rpsiirhe
Rojct.

2zja o€ o g o)A ulye] Holof uld 7)-g7] g Ty =
Mg 9 7] HYg AU 4 71g7] 8L uhde] ZHolof ulet
MM og Faste soe Hot Zort e £8] HH Folxlth. 19
Lh oM oid e Zolrt BE 48 gl fiAMY Y ofy] YL 3]y
Eotxl g 2folx dAof sloiM x| grt. JoE Y2 B4 o7 A
Hog eojx Wilg A7] HshM elolA viie] 7o) & ZAslo} gt
2 7187 82 Aolst Zoixdo) ulel sy uhEol 2ol uii
2] ZolE Fhd HAAsIME Ut

AHE A oldolu M thE zzdo] zhgul uiie] Zo]§ 10cm, 20cm
50 cm, 100 ca2 s}of 7]g&7] A&} TS WAHYT 7Y ofr] Y A
gt 2432} 50ce ~ 70caBEE S0E uwl 7H¢ HMPsick. a{me oA ol
Aol Mgt 3r)e] WA e} of7] a2 2lolx HAo] M B
3tAH g o4 4 Uch
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< ABSTRACT >

A Calculation of the Slope Efficiency and Threshold Pumping
Power of Nd:YAG Lasers.

Kim, Soo—Ryeon

Physics Education Major
Graduate School of Education, Cheju National University
Cheju. Korea

Supervised by Professor Kim, Kyu-Yong

It is very important to map out a little more effective laser
system in the laser development. A slope effeiciency and threshold
purping power of Nd:YAG laser become different in accordance with the
length of laser medium and the reflexibility of output reflection
mirror that apply the crystallization of YsAlsOz that some of Y3* ion
are replaced with Nd3* ion as laser medium in the solid laser.

When the reflexibility of output reflection mirror is fixed, a
slope efficiency becomes better if the length of the laser medium
becomes short. But the laser medium which becomes short in length
isn’t suitable for the effective medium as threshold pumping power
per unit area is elevated on the contray when the length becomes
short. And it will be different in accordance with the kinds of the
laser medium to design the effective laser system. Therefore it will
be necessary to choose the suitable magnitude of the laser medium.

#* A thesis submitted to the Committee of the Graduate School of
Education, Cheju National University in partial fulfillment of the
requirement for the degree of Master of Education in Nov. 1992.
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