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A study on the TEMg mode of the pulsed Nd:YAG laser
with a single elliptical cavity
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Abstract - Nd:YAG laser has been used Iin many
applications such as micromachining, nonlinear optical
experiments, holography, and rangefinding. These
applications quite often require operation of the laser at
the TEMoo mode since this mode produces the smallest
beam divergence, the highest power density, and, hence,
the highest brightness, In this study, a pinhole is put
between a rod and a half mirror to make the TEMos mode,
and then we measured the intensity distribution of the
output beam as reducing the diameter of the pinhole
from 6mm to 1.5mm. As a result, the optimum size of
the pinhole fixed in a resonator to make the TEMeo mode
was obtained, and we found out that the output beam of
the pulsed Nd:YAG laser with a single elliptical cavity

has a Gaussian distribution.

1. M B

NG:YAG HOlXE MUB, 248, B2 - &8 £o
o JE Aol ol27iMx FAUAMHA ofBslof 3
2o Aygg ¢ Us HEH 2 HolXMolci(]
ojgig S8 ZHolA ool 3 2o MY (micromachining),
BlAM 8 st A M (nonlinear optical experiments), E 2
2 # (holography} SoiME Jt% Zte 9 @itz 7t
g 2 odx ¥x, 22 s 59 RIYE X2
UE TEMp 2 =0l 2 Holx SXE Ry A
[2]. wiajA, 2 HAFoME oY EHY 3TIIRIE
FTHE HW2Y NAYAG MOl X 2 TEMp 2= & XY

Mol wHoR PHIH ED, OJE2IHCZ HOXE
TEMee RS9 #YY olux BE BEY 4 2
£ vin AEstAC £, ojFH 2OiT FUEFEH
ol Ef® HAY NA:YAG HOIXN & TEMp 2 =8 A
7171 it X7 e HWES HH HHof dis of
Brogz MyH ¥ MEXN WHE B AN

ct,

2.0 & 2 @
241, dolMye ouix ZE BEX

Molxiwe HElE AMOIM ZNI yeig TR
£ BAXNES MXojHol o8 #YEcH of IXRANF

o

Mool Al25+= TEMmn (Transverse EfectroMagnetic)
2 Mn wpol £33 e MAINYH ojtich
2 dolM TEE TEMe ZEE SYH A4 1
g sixlef, I ofUX 2% BE ()2 Oa 28
13 20 MO TANTE BEM SMO2RH #F Y
B P Gaussian BB NEHLD,

Il
Io
ey
d
I

- 1759 -



I[r)=loexp[~2(;§-)l] (1)

T YOl BAoZRH HF WY Hal
o #3AJi(spot size}BM Yl 2l(walist)
lo : WO FBAHNM NI &3 U
d o HO AH( 1,9 e? B i HXS 2N

Of BHM QU= BU2 F HEH AN AR gmsN o
O, JaiU g% 840l B84 S BMe @Mso
S0 AN SO vy M0 B I2H AN S
o BN &N AN 2 O!Eig TAW I Ho
X BT 9y TAE UBL 2O 2w & A0
f41(s].

0 < - ._L_ L
(1 R,«)“_ R;) < 1 (2)

M HE: g=1-L/A L : &I 0|

M HB: o= 1 - L/R Ry, Rt 88D HEY IRy
2 AINM o= 0.575, g = 1 Ol BENE A¥Y A
® 2zl

2-3. Fresnel % (N )

BT UM BB a © Bg(pinhole)® WAE O
8E ANE UBIE 2010
(a/Ll) a?
(A7a) AL
Fresnel 31 1 01612 O S 242 34 TEﬂo; 2es
AJ/I YO0 YN AT, B2 AIMUNME BI&Y 3|
= rod O NHO Smm MM 1.5mm DX HMYAMRT. HO
H & re 1.064um 010 B&D| U0 L 0.85m 012}
HE JHAZAO0 1.9mm ) K N JF 1O ®ICEH,

Ne = Si82t / S8 =

(3)

3, WNE Ed W e

Nd:YAG Laser P49 2els

Fuli Mirror

-0

Pin Hole

Osciflator  Half Mirror

——
————

28 2

1000V 2 7}

b
P

EnergymJ]
s8388

T et gl

500 600 700 800 900 10001100 1200

PN B MM BOII MO WME A HOINY &
O M2 DB QEE =, A2 UM SAYY B
8 EEE ENSAC. 2D UM, B3I Be(rod
B2 WA AMONY AOIKHY AR SAW IR Naw
QUSTD BMO WPEAE rod 2 XA 6w UM 4na,
2 @O 1.5m MK ZANRC. WAS @AW N
Of &2 HSE, SAY ALK E=AZ HUE NSO
J 301E RHSAC. T2AD HHK ME NHN NP
i 21 BEE SO SAA(IMO2 HUS OIS
N0 EAWO LN VS WEM AW OIBNOD o
MBS NZOM TEMe DI SEX ROSAC, 2 3
MME BHHY 1000VHM BHHEIE ISHI 9
8 SCRO MOIEM 5% AA€OR 308 FE E2AH ¥
& MO A0 @2 WM RHUID AT, O AU &
AW BMHBES MUK MNEY SUES LG O
0.5%0ILI0N ACH= AE@ ¥ 4 AT

O™ 40ME BIEO XRAY 30 DE AW
MLXIZO HSE UEIHD A0 U HS0 500V e
He W& UM FOUX RXD, CHE AR AU
= B& NA 2010 HAM SHA0 BNYE R &

- 1760 -



QACH, D8 50 ME /& 2 SHM HE WA
E® 4.2, 1.5m3 ¥E O IR SAW oy
I 3 2XT8 UBUWHD ACH. A0 FOHSHAM
WUX T 22X OI2HCR YAE Gussian &
o Slolz@ sy 4 0. &, BE RI2¥AF0l

1.5m 2 HHM TEMe 2501 EHOE AT & & AL

L’il ¥ 4mm)% T Energy Density E—EI

12
- 1
=
S o8
£ os
s
g 04
g o2
(<]
e 9 it NP
41 8 6 420 2 4 6 8 10 12
20 B4
I A 2[mm] % M Energy Density x?il
1.2
r
w1 B
2 I
5 ;
el
5 06 r
& |
72*0.4 r
g0z
0 fr— T 1 L1 i i L L N T Y
f= ]
[’ﬁ 2 1.5[mm]2 W Energy Densnyi‘-ll
1

Power{Relative units]
o o o ©
o N B O o

-5
-4
-3
2
1
0 |
1
2
3
4
5

4.8 B

B o3MAME © HAY SN I4F
NA:YAG Ol K{ 2 TEMoe T S8l AIIIJl HAM 23H
REI Lo BEE MXS0C O HNIXIA XN+2
TEH FOUM SHYY HUX T 22E Y &
HEQACH. 2210 0N 2o &8 B OEH
oOF JFAXE TEMp TEY 2 2ZH Hd0 B
& MAAAFO 1.5mm ZHOHM HUX 2 I
Gaussian 2 X B 8ll& A8 JAJAL. oF,  ©

ER OISB8X RYATEM, LEB OtE & U

fir

Bl 4
S0l Ls HTE NSH 2 AOD. B A= AP
8 =X 4B AS NE XM HOE

e

B g
28 A02 M Of ZUR EU2 TEM ZEY &
a8 gaH FHH 2 A0

13

&

&
Ro
ret

[upFRE 0 S, “TALEZIALZbLEDATL
SL-YHE", ®MBE 113%, H1®, 1993,
pp.903-927

[2]W.Koechner, “Solid-State Laser Engineering”,
Springer Verlag, New York, Heidelberg, 1976
[3]C.Bowness, “On the Efficiency of Single and
Mu!tiple Elliptical Laser Cavities™, APPLIED
OPTICS, January 1965, Vol.4,No 1

{4]R.B.Chesler and D.Maydan, “Convex Concave
Resonators for TEMg Operation of Solid State fon
Lasers”, Bell Telephone Laboratories, Murray Hill,
New Jersey 07974, Received 8 December 1971

[5]Jurg Jean Pierre

Steffen, Lortscher, and

G.Herziger, “Fundamental Mode Radiation With
Solid-State Lasers™, IEEE Journal of Quantum

Electronics, February 1972

- 1761 -



