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Abstract

Nd: YAG laser is one type of solid state laser. The energy for pumping the
Nd: YAG crystal is obtained only from the light source, a new technology of Nd : YAG
laser, that is the continuous wave (CW) diode - pumped Nd : YAG laser has been
developed. The diode laser which emits the laser radiation at the wavelength of 808 nm is
used to pump the Nd : YAG rod. It pump Nd®* in the Nd*: YAG rod from ground state
to metastable state (#F3/,) , then it makes transition from 4F3/, state to 4I;1,» state by
stimulated emission and radiate the laser beam at the wavelength of 1064 nm. The CW
diode - pumped 4I;;,, Nd : YAG laser is considered as a high efficiency laser system.
The advantage of this laser system is a tiny laser system in comparison with the
conventional flashlamp - pumped solid state laser system.

Keywords:Nd:YAG Light source Diode laser
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1. anadunveslyniniside
Sudusfinstunuamesadusnlul ae.
1960 audslagiuiuduszezaiUszann 4
NS ledimsiaumsuamesinalulad
EJEJ’N‘:TJG]L?JV]\‘WH\‘WM]E{]LLavm‘iuﬂ‘UUquJﬂG]ﬂLsU
ninasesalanadsil 2 sy
nenmanswazmaluladlafinnegwaios
08 1950 TninenenansanunsonanAaLwvEn
Lanvinn @i af anvian gaudi asi
{ﬂwsﬁmﬂﬁmm‘ﬁqqﬁ Sonm lulastan(Microwave)
FuAnanNn1T veneauused (Amplified
Radiation) lngisnsuanuaselagnisnszmu
yastuSendn (MASER) Tud) 1958 gthwidnnis
fanannnUszgndlaranusananaauusivan
I Afanadgeninedulslasivlauisgui
mupiiutodn wwed (LASER) ndsantuiin
Inenmanisrangldweneuduaiiseiied
wndnuasaiwed suluiigalaimesiaTosusn
vaslanfignuaniufle iawosViufiu (Ruby Laser)
warldfinnsimuieg1esaiiloliinazdu
fldvu-tosuaas (He-Ne) lulnsiauawes
(nitrogen Laser) 815nauLaias (Argon Laser)
metaiwes (Dye Laser) atwosvaudauiindue
waziawesansiwih Wudu

wilsluiawesvosudaSolid state Laser)
ﬁgﬂﬁwuqﬁumwﬁa Hleddlauudniamwes (Neo-
dymium YAG Lasen) #dliiguaafifinanuenindu
1.06 nm gnAunulud A 1964 lagldans
Wosdley (Nd) Wiuadlugnmvsesegiillonnis
Wis ( Yttrium Aluminium Garnet, YAG) wagly
vaoslnlunarlumsnszdu (Pumping) LiteliAn
awed nadldduamesuuuiad (Pulse) Aow
Tadnisimunldvasaluuuensa (Arc Lamp)

Tunsnszdu Tsarldlamwesuuunausiollos us
i1 2 svusnafiinnuougsiivaonlinsedu
Sefosinmanaefusyuunaennan udmaliing
2 wuuilwelng Sadufivveswunanudniios
finsimwszuuawesiduadnuasligeenn
Bosmssznermdeuiivasalyl Snvaadsnm
YouawosilsinszuLmaonlia 2 wuy
Tnglunsivelaeenuuuliansiawestiinveauds
dneni uadltiawoslalonnseduiiioanviunn
seuuszuigewdeu  lnenaiildniniiezndy
awesuuuaiuseionueady 1.06 um
adnnevinga edesnings Toulaes

2. InUsLaIANIIIY

1. iefnwmseenuuunaradisszuuilendlon
wEnawesuuuduasdaislasldiawedle
laAnseau

2. fleAnwiBnsnsydundssunasanniaie s
Taloanan1ugng

3. WieAnwmauduiusszninanssuaitou
Aumasvetiledioundniaes

4. WiomUszanSnnvasssuulawesiiadng

3. A5N15ATEUNNTIY
3.1 15\una3 (Resonator)

3.1.1 N3aNYaT (End Mirror) fiAesigudnis
avvieusnnd 99% TiElenue1IAAY 1046 nm
Saflen A 1.5 m duhugudnans 1 ndeu
fiduunsifinnsasiounasgsiiauenady
1046 nm

3.1.2 ns¥anutin (Output Mirror) SaUesidus
nsazsieuNINnIn 95% A meniady 1046
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nm $AEAULAY 1.5 m EEnuaudnans 0.5 13
iAdeuld uuandnIsasiouLasgandl
ANUYIARY 1046 nm

3.2 wiNANTlaAeULEN

3.2.1 UWRNENVSINTZUDN WNAEUHIUAENANS
3mm 813 12 mm

3.2.2 Usanaunstauaes Nd*™ Tundnwindu 1%
323 pdeutstunsasiouiirueninay 1064
nm fianesanstnavewadn uarldvinnisda
Founavrnisiedeuilduuiaiiotestuns
avviounasfinaueIndy 1064 nm iieannis
aydeluszuuiawessuinainnisasviouiian
NUNVBINEN

3.3 Laasinlan

Tun1svaaesifléis Optical Pumping Taglduas
aweslalonduaunusudng (Side Pumnped) &4
1 2 9unAe 20 W tag 40 W 1111779 10 mm
AILARIANAN YUEAUTUAUENY

Power (W)
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45
40 =
35 b
10 "/
= H/'J/
20-.—|Sl:.pa=|na\-wn|r =
15
10 _,f/. 5
P =~ _i Threshold = 6.1 A !
0 !
0 5 10 15 20 2%
Current (A)

Ui 1 nerluanairduaiesialen
NAFDUINUTENHER

3.4 53UUSEU8ANNSaULNLaLRS balan

3.4.1 duhwanainuuinaiug 20 das wiey
U@y eInATIN

3.4.2 Water Pump ﬁmﬁﬂﬁguéwﬁﬂﬂﬁﬁu
iaweslusns 6-9 L /min flgamad 20 - 23°C

3.5 w3esdnglyl ( Power Supply)

PARAMETER CONDITION MIN TYP MAX

CW Power Output CS=30A at 25°C Heat Sink 20 W - -
W2=30A at 25°C Heat Sink

Threshold Current 25°C Heat Sink - 4.5A 6.0A
Operating Current 20W at 25°C Heat Sink - 27A 33A
Operation Voltage - - 1.6V 1.9v
Vop
Slope Efficiency 25°C Heat Sink 1.95W/A 1.97TW/A -
Center Wavelength | 20W at 25°C Heat Sink 792 nm 806nm 812nm
Wavelength Shift - 0.23 nm/°C 0.25 nm/°C | 0.23 nm/°C

M990 1 uansnndnuarretawasialanuuin 20 W nltlunisneaes
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LASDIT1YNFIA A ULALBS bALanaNUSEN
THORLABS lngilaaauvfnem1snan 2

Control Range ( continuous) 0-65 A
Compliance Voltage >5V
Resolution 10 mA
Accuracy +100mA
Noise Without Ripple (10 MHz, rms) +100mA
Transients <500mA
Temperature <50ppm/°C
Control range (power) 0.5-100 W
Resolution (power) 10mw
Warm - up time for rated accuracy 10min
Weight <10 kg
Dimension (mm) (WxHxD) 200x132x351

a Y A |
M3 2 wansaudnvazveuaIeeln
Tviuawastnlon

5UT 2 uanairsesinglylliiiuiaeslalon
31 LDC3065

3.5 yadanauaas (Power Meter)

WPIDIIANSIUDLAMDS W lanwas ki NLaLwas
A01903AL 2 WUU AD hUUABDLLDILAZLUU
%} 6 a % Qll -'-NI

NaE UhAPIAMANYTAINANITIY) 3 LLazg‘U‘m 3

Detector Compatibility

Thermopile, Photodiode pyreelectric, OEM

Spectral Response

250 - 3200 nm

Windows

Diameter 2 cm

Input Range

15 nm - 1.5 mA full scale in 16 range

A to D Sampling Rate

15 Hz

A to D Resolution

17 bits plus sign,(0.0007%resolution)

Electrical Accuracy

+0.1%+20pAnew, 0.3%+20pAafter 1 years

Dynamic Range

9 decades (1:10°)

Analog Output Accuracy

+0.2%+1mV relative to display

Dimensions 203Hx95Wx37D(mm)
Mass 550 ¢
Display 122x32 pixel Super twist LCD

Operation Between Charges

18 Hrs,10Hrs with piezoelectric heads
Battery charge time 10 - 14 Hrs.

Charger

DC:11to22V:orAC9to 15 Vs 3 W

M990 3 wansnuanTRveueTaTinmAasaws
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3UM 3 uanwainiidauanalees

3.6 N152aNLUU Optical Resonator

6

lunsnaaeslafimuanuaudivedawesal

3.6.1 Madaeiuszaia 10 W

3.6.2 Beam Profile 1Juluyu Gaussian Beam
(TEM, )

3.6.3 Output Yeaawesiduluu Single Mode
3.6.4 YUUIUDDNVDIAHAUAWDT (Beam
Divergence) Usgunad 2 mrad
SIUNIAUINDDNULUULS LS ( Resonator)

3.6.5 YU PBNUBNE MALALD TUsYRI 2 mrad
3.6.6 Slwmasiukuuyiln Confocal (R, = R,
=15m)
367 augnduvesilendouunawes fe
1064 nm

JUABUN 1 ANUIANIANUSEUNAL Beam Waist
(wo) Tnelaunns
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lagfl @ = YUUIUBINVRIALAUALES (rad)

Ysgued 2 mrad

(wg) = The radius of beam waist (m)

£ = eouempdumesillofdfieuudniawes - 1064 nm
agla

£ 1064x10~°

=— =034
8 wx2x10 3rad mm

a)0=

%Wl’e]uﬁ 2 ATUIINIANNYTY Resonator %\‘1
lun1seanuuuniivualidy resonator vl
Confocal SAfAMUlADINTEANAALMINAUSAL
ANUlAINTEAINANWNAU 1.5m (R, = R, = 1.5 m)

INFUNTT
2

) =

e Wnen L = anuenves Resonator (m)

4_ LRy —L)(R; —L)(R; +R; — L)
o (Ry + R, — 2L)?

w

R; = Safianulasnszanuad (m)
R, = Safianulasnszaniui (m)

Azl

102\’ L(1.5 — L)(L.5 — L)(L5 + 1.5
—4N4 _ =
(3x1075)" = (1064x p ) (15+ 1.5 — 2L)2
agla
L = 0.105 m %30 10.5 cm
Yunaui 3 lumsideuaglinuas fidemeaes

AYNEIYBY Resonator dElutANNEI 20 cm
Wesndeniluussgnaldlulssnuananvingsy
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ARDINITTEUURWBSNLAMUNLIIASA @ 11150
gnpaausulfazAINLAZIINGT

JUNBUN 4 ANUIUMIAT Beam waist N1Y934

INANNTT

2 _ _ _
w3=(§) XL(Rl LY(R, —L)(Ry + R, — L)

T (R, + R, — 2L)2
Tned
(wg) = The radius of beam waist (m)
£ = euemeduvesilendlonudnawes

= 1064 nm

R; = Saflanulasnszanuds (m)
R, = Safanulasnszanuin (m)

L = anuenanin (m)

Wt = (1064—

N 10—‘9)2 x0.2%(1.5 — 0.2)(1.5 — 0.2)(1.5 + 1.5 — 0.2)
T

(1.5 +1.5 — 2x0.2)?
azla
wy = 0.34mm

INSIZRETIY Beam waist = 2w, = 2x0.34 = 0.68 mm

R1

le L

W

UM 5 laegunsuuans Beam waist
WAY ALYIANIN

YUABdUN 5 1N The radius of beam waist 9
n3¥9n R, hag R,

2
ot = () (G2 (D)
5 T Ri—L/ " \R{+R,—1L

wnuAIle

KR\ (R, —L L

t= () <@=( )

©1 ( " ) Ri—1) R +R,— L (L)
\ T J  \Mao-—uzs \15+15-02

¥
1@ w,; = 036mm

LagINGUNIT

2
ot = (22) % (z=0) % (z5=7)
T R,— L/ "\R,+R, — L
1072 Ls 2 y (1.5 . 0.2) X( 0.2 )
T 15-02/"\15+15-02

¥
191 w, = 0.36 mm

wi = (1064x

YUADUN 6 ALUILILINLYe Nd : YAG

INFAUNIT
L(R;— L)
t) = —
Ri+R,—2L
uay
- L(R, - L)
27 Ry +R,-2L

a a \ a A
Wwe t way £, AD izamﬂﬂf\;@ﬂaw,wﬁimmam
LENDINTTANNUN - YA

YUABUN 7 ATUIUNT g - parameter

¥
]

¢ A A Aa A R =
53UUL@LSU@§"U33JLaﬂﬂiﬂqWWWﬂialﬂJUUSﬂﬂu

% d‘ =
Auteuly g - parameter @v

0<gi82<1
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Tnesi e

Diode Laser
L
g=1—§ YYYYY
Nd :YAG
azle .
20 cm »

&=1—I?=036 R, > 99% R,=95%
' r,=15m r,=15m

~1-22_ 86
B2=2775 "

a

U1 5 uanin1sInagunsailunin

o

Foilien g1 g, = 0.74 egluoulaned uax

ausaihAsiequalulaesunsusla

[

Wastanadl

@
NIzunmng

",
PRSI

R1
W,=0.36mm. T

—_ ineai lalaa

Mot oy
——

U 4 uans resonator Mllun1snaaes U 6 uansnsUTZNOU resonator
uaEsInounadey

4. N1INAFDILASNANITNAADY

4.1 nsneaen 1 AnwlSsuisumasvesilofdsuufnaesNaAueitsigiunesnige fu
lnglifdwenawesialoninszduan 15 W

A2UYI NI YIULADS mastilofdienubniaweas (W)
L(cm) it 1 adait 2 addt 3 \de
10 1.21 1.22 1.24 1.22
15 1.12 1.08 1.14 1.11
20 1.02 1.14 1.08 1.08
25 0.85 0.08 0.86 0.84
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3.2 N1SNAABIN 2 ANYINaIvadsatawasisununsesantauliiuawasialanfam1eniu (5
WLPBSAIN 20 cm LawaslalanvuIn 20 W wae wsssuliidnaei 1.6 V)

NSEUE Aastilofiilsuudniaas (W)

(A) adadt 1 adadl 2 REE adadt 4 WAy
5 0 0 0 0 0

10 0.41 0.46 0.44 0.42 0.43
15 0.72 0.69 0.71 0.73 0.71
20 1.43 1.37 1.42 1.45 1.42
25 2.42 242 2.44 2.43 243
30 2.72 2.65 2.70 2.75 2.70

3.3 nsneaasil 3 Anwinaavedsasawasiisununsewandaulinuiawesialanfiaimnaiu
(SMoULARsAIN 20 cm LaweslalaAvunn 40 W way wsenulWinmai 3.2 V)

9.57

nsue (A)

JUN 7 nmluamsnnuduiusseniinssuanteu
waslalanduiasiilefdlisundniawes

(awasialanvuin 20 W)

nSELE Arastilafiivuudiniagas (W)

(A) AT 1 ASIN 2 AT 3 ASe 4 wde

5 0 0 0 0 0

10 0.74 0.76 0.75 O 0.75

15 1.28 1.30 1.31 1.37 1.32

20 2.83 2.84 2.83 2.89 2.85

25 3.89 392 3.94 397 393

30 4.22 4.25 4.30 4.25 4.25
g” g” -
8 15 4 ‘;._‘5': 15 T80 15—
;—“: .69, 12 § %
ag 10 567, 9 g 10 67,9
:g 5 % :g 5 .57, 6
g 3,3 ] o,/3
:E 0 T 1 & 0 T T T

9.67 9.69 9.82 0 9.57 9.67 9.69 9.82

nszuE (A)

JUN 8 nmluamsnnuduiusseninnsewandey
wwaslalanduidsiilofdsundniames
(awaslalanuunn 40 W)
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o W

3.4 N1SNNABIN 4 ANPIANUFUNUSIEIMININFNRasalantumastAleuLinlawes (lawas
Talonuunn 20 W wag wsanuliinman 1.6 V)

nSuE | ANaauEs Adsiilefdiouudiniaiwad (W)
(A) | wwoslalen | asefl 1| asedt | Ased | Ased | tedw | UszAnSam
(W) 2 3 4 Lwas (%)
5 0 0 0 0 0 0 0
8 2.36 0.17 0.19 0.19 0.17 0.18 7.60
11 552 042 0.43 0.45 0.43 0.44 8.00
14 8.68 0.76 0.76 0.76 0.75 0.76 8.76
17 11.84 1.22 1.24 1.23 1.23 1.23 10.38
20 15.00 1.60 1.58 1.58 1.59 1.58 10.53
23 19.16 2.00 2.01 2.02 2.02 2.02 10.55
~ 25
g
e 20 —~
2 .95, 18
g 15 %
El 569, 12
§ 10 67,9
@ s /M .
A U 9 nsmanuduiussEiiduawesialen
- 0 957 967 969 982 995 R 20 W AUMasindleundniames
fdwasawaslalan (W)

v aAa a 6V

3.5 ANSNAABIN 5 ANWIANUFUNUSSEUIInavawesialeaduiaelndisundnawes awes
Talonuunn 40 W way wsanulninmai 3.2 V)

nssud | Adeues ndstilefdloundniaas (W)

(A) | wwedlalon afiii 1| atell | atell | adedl | iy | UszAusam

(W) 2 3 4 a3 (%)
0 0 0 0 0 0 0

2.10 0.22 0.21 0.21 0.21 0.21 9.57
7.34 0.72 0.70 0.72 0.70 0.71 9.67

12 12.59 1.21 1.22 1.22 1.22 1.22 9.69

15 17.03 1.73 1.76 1.75 1.75 1.75 9.82

18 23.08 2.14 2.30 2.35 2.40 2.29 9.95

21 28.32 2.62 2.90 2.97 2.94 2.86 10.10
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5 W)

N
o

o
Jury
w

° a d
189U LIALUU-LLENLALYD
=
S

ar
w

o

”~
% 18

982,15

9.69, 12
967, 9
%
03
0 10 10 10 10 10

fdusuawaslalan (W)

25
= 20 —
g /9.95,13
E 15 5.82,15
@ .69, 12
G
2 10 567,9
2
& 5 9.57, 6

D 3
O T T T T T T
0 10 10 10 10 10
fduasaiwaslalon (Input,W)

25
= 20 ~
g /9.95,13
E 15 5.82,15
“® 0.69, 12
G
: 10 /67'9
2
- 0.57,6
& 5 / f

D 3
O T T T T T T
0 10 10 10 10 10

fdudaaiwaslnlan (Input,W)

34

JUT 10 nsmAnuduiusseninemas

Wwaskalanvun 40 W Aumasdndioy
wfinlawes

Useansninvesseuuilleniiaundn
AesENTaN A LagNA 1S LE
7¥lé (Output Power) sordauas
.aweslaleniingedu (nput Power)
FIENNTT =22 x100% @ANTOLARS

Tamanssaludl

JUM 11 nmluansysgansnmuesssuy
Hloflsuufnames (Output, W) fumas
wasinsesNEaslalen 20 W (input, W)

JUN 12 nsmluansdsganiamuesssuy
tloAenudniames (Output,W) AUAIAS
wainseFuaNaweslalen 40 W (Input,W)
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3.6 NINAABIN 6 ANYINITUIUDONVDIAUANAIYOINTZYLAIAIUANNTT

Oin =

_ 1.274
2w

0

wo = The radius of beam waist = 0.34 mm

5. agunan1innaes

5.1 Llawashnlan

NNTANWILAENAADUYALALLDS LA LR
YU 20 W azfiaualsadegiivszann 5 A
wazgaaailnlenuuin 40 W lidwnalaadag
fszana 5 A iwuiu waztaweslelonazyinay
I¢ANgumgiid g osaninfinnzgumgiivng

'
1Y a

einduniinangamaiineuanlusuniu

(%
L% Y a

UBY ANUUISU

v
o

i
o a «

Muudiaansouvetaiasialen
agfanuriuNINNINgaumilas inlAnnis

MUD

9

WALADS AlaALNT UMY

AansauNan uznuuInyinlilaan

(9
o

n9

[

UGN
lnglunisnaassdinseuandeulviiuyn
wweslalonuuin 20 W msegil 25 A aylvien

1Y

Masataweslalonsgn 20.43 W uazyn

szuzilia (cm) urhAudnanaves AYyuUIUBEN ANUUTYREN
uaaLaas (mm) 0,,(mrad) 0, (mrad)
10 cm 4.70 2.00 -
20 cm 4.90 2.00 2.00
30 cm 5.10 2.00 2.00
60 cm 5.80 2.00 2.20
100 cm 7.20 2.00 2.78
\0fe = 2.24

35

awastalanuuin 40 W aistaunsenan 25 A
wuiuagldmmasuanawesialensti 36.80 W

5.2 Wlafdisundniawas

Uszdnsninvesiilendloundnialwes
NPaesiANIAf1 10 15 20 uaz 25 cm Lite
ANwNIANFLIUGAN g - parameter YOdusAL
aRfufStawes @i fiszer 100 mm Q-
parameter 0.87 lamasilloAdeuudniames
gegn 1.22 W fisvey 150 mm @1 g - parameter
0.81 lamdsilleflleuudnawesasan 1.11 W
fisguy 200 mm f1 g - parameter 0.75 1¢f
Adsilofidonudniawosgegn 1.08W fisvos
250 mm @1 g - parameter 0.69 lanasiilon
Wguudniawesgedn 0.84 W INA1TNARBINGY

MAIANVNIEEUAB 200 mm a1nNITAUNIY
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wieslalonuunn 20 W 25 A A1 g - parameter
0.75 aglvimmasawesgeae 2.70 W
nszAumelaeslalonuuin 40 W 25 Afn g -
parameter 0.75 glviAMduaweigegane
4.25 W FnnilournseualuBengsyuuayls
Aridsgeanduluan uiaeddgmdesnan

I¥UUTEU18AILTU ( cooling system)

5.3 9ATINTTUIUDDNVDIAILEN

N13IANTsUINBENYRIAkaTlUN U UR
Aefungefdesuinisdednauisasensule
TneAyuuILeoni o19vzInINANLazLEen
vounesilotnuaziin

6. VDLaAUBDLUY

s o

6.1 sruuewpsdal
duniaendaulanedl

[

AMaslalUTyugy
UseanSaingegneg

LONE1591999

1
2
3
i}

(
(
(
(
(5

10.55 % waz 10.22 % e1ainduiioswnan
Usumssienisnseduluwiandnilondiouios
Wuluvilnsguaunis population inverse
tios Fapasidsunszanutaineila concave
(IAar3) unfuuuu plano (Bev) asvildiiud
Uhinassemanszdusnniu

6.2 AIIUMINNZANYDINITERNTUNTATVIALN
vowmdAnTlefidloutusunssiiufivindaiaios
lalonmsiUasuuriandnaingunsanszuanan
Huglamasugnuiadun

6.3 SyUUSTUIEAUSouddiusEansnnluf
woszurgausaulaldunndnritliuniileon
Feuudndadannfeugeguszna 55 °C 3
MIANMADAATDIANAIN NLAAITEDNWUY
Huszuu chiller
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