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Design of Optical Resonator for Sealed-Off CO, Laser

Kim Yong'chol'> He Ping'an’
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> School of Electronic Information , Wuhan University, Wuhan , Hubei 430072, China

Abstract A novel optical resonator is proposed, so called unstable-stable coupling resonator, whose central portion
acts as unstable resonator and edge portion acts approximately as stable resonator. Using Fox-Li method, the
fundamental transverse modes of unstable-stable coupling resonator are computed. An optimization of the unstable-
stable coupling resonator is given for a sealed-off CO, laser with length of 1.2 m. Results show that output power of
fundamental transverse mode can be increased about 2 times and central core output power on the focus plane can be
increased about 1.5 times in comparison to stable resonators. And a design of unstable-stable coupling resonator is
presented, which consists of a plat mirror, a spherical lens with aberration and a spherical mirror with aberration.
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Fig. 1 Schematic diagram of resonator

1/2
+(r,cos @1 — 12008 @) + (rysin @ — rysin @,)° } + n—D . — . (D

— ) (2)

17, d\
prd+ (i Ddy + 5o r;+(1—§)r5}—(n—1>y—’g

b d JRIEIRIE M R . dL RBEG R R 2 EHE M2 iR 12 . n B BRI 238, y HAEBRT R & .
R RS E 1 }Jﬁﬁ’”lﬁﬁﬁﬂlﬁzjﬂm
= Q2g1g, — D +2g1g, [1—(g1g,) "]V, (3)
K g Mg, 5390 H

d d
gl:l_R 9g2—1_Ri? 4
AXH R, MR, 40 A s M1 A M2 il 242, R R =co, R, =R, Fr IR R M il £ F£ ik
d _ (M+1)°
1 R aM (5
T T PR A AR BR AT S R R AT KR A
y= B ., (6)
n—1
X pRE—1HSEL.
G F6) 2, ()X H N
2 M 1?2 P ) )
p~d+ (n—1d, Jri[r{ +%r§}—,@r§ — TZ’_COS(% —@). (7

TEREALHR R R ] 7R
ulrsg) = R, (Nexp(—jng), (n HEHD. (8)
FIAH— A 1] AR = 7/ W 355 B A2 ) 43435 BREL R, Co) W 2 TRT AL B3 R

J)’fll)szl) (@ Xy = J K, (x, vIz)Rz(zZ) (1'2)\/ xydxy
0

1
lyf,Z)Rf,” (X)) 27 = J K,(x,2,)RY (2)/x: dy

A R FIR,Y Sr B AE B M1 A M2 B33 AR m 3 A, 7, Fy,” E OGS M2 (L 75 3) M1 =%
MFEBE M AL % 2] M2 I A 4R i 28 0k AIAR (67 38 38 L B0 % K, (e wen )

2
%fﬂ}exp(jkﬁalxé), (10)

, (9

K,(z 2 = "' 22N A/xIxZJ,,(anxlxz)exp{—jnN[ﬁ +
AP N JRIEETE R SR BT, SR 0 B D ZER BRER
iz i Fox-Li 5k AR 88 L0663 A 4w 3 i (9) 20315 e A, JE 4748 44 300 R AR iR 1%
Rz &,

091404-2



50,091404 MM SYBIZHRE www. opticsjournal. net

TE 1975 JB G 1030 S0 O 25 7P L U — f i Hh R B i BB 1, SRR L HO R D
L _ T YoL + In[R(VR® ]2
Is {1+I:R22>/Rél>]1/2} {1*[R21)R22>]1"'2 } .

A T 2 BB MO WENE, 7, B/ME S L 2B A MK E . RY R &R M5 ML, M2 [
RO AR . U 2R 22 W S 5 A IS RSO 2K AR RS R R LR AT S Oy
RY =R, |7, |*. R?® = a—"T)|r"|%, (12)
X Ry &R ML RT3,
Xt F A E ) CO. A /M 5 3 25 7T Fom Rt
Yo = 0.012 —0.0025 X 2a(cm™ '), (13

(1)

X 2q REHR.
H 4 1 T 2R 5 S A S G R 5 R R R B R BT T AU — b T S L T R P, S A
WK P (P.=nd’ IS X

P, 7T (7oL +In[ |yPy® | VRIA—=T) |}

= . , . (14)
Po [+ [»2/y" | AQ=T/RHI[1— |yPy? | VR, A —T) |
WS A B R H A 5 2
~ <w1 +w2)2
Uy (15)

A wr il w, AT ML M2 i B AR R i
1
2 ZJ ‘R,(,” (x;) ‘ 2xida;
(&) — i=1.2. (16)
“ J IR () | ? i,
0

SRR AR R A A TR e M2 b i SR R R A g 0 TR Y DR a2 3 ' i A (B 2R £ D R 03 A D
A FERRAMUA R Hed Lot RE R SR P S AR P L BUH— e OO B SRS

0(] 2
L U@ [*0d0

P
= , an

J U |26do T
0

A O RAM AR 0, R — B R M AR . U RAENRE T M2 ERYIERIELLRE Gro) T HYH X8 37 20 A1 - 3l /2 3238
a*

1
U — J()R;?un]o (r M%a)xzdl-z. (18)

3 AL
B BRI T N=4, M= 2.5, 3= 0.5 " AUAERS Il o s b G i 4R s A L . 1B 2 ) (D) 43
2 T A —IRAEIR M 150 WAHEIR J5 B8 M2 1 37 1 41 W A0 AE 067 19 48 1) 43 A (8 M2 B0 46 1 B L3S &)

3 10 N=4, M=2.5, =0.50a~* ~
L@ 7 S I 2 ©
ps g0 S r=0
\ & . y
E 05l s _1 () % 0.25
2 LA/ — first round trip ~T § £ 0.20
5 0 —after 150 round trips ~ & -2} %
0 02 04 06 08 1.0 0 02 04 0.6 0.8 1.0 20 40 60 80 100 120 140
Radial coordinate (X a) Radial coordinate (X a) Number of round trips

K2 BB M2 13 1042 1 IR R 3 A Cao AR 43 A (o) U S8 01 R 35 14 53 3 i
Hn=0); (o) G O33R 08 BE 1 & YRR %k 3l
Fig. 2 Radial distribution of amplitude (a) and phase (b) of field over M2 (the initially lanched wave has n=0 and a

uniform distribution) ; (¢) fluctuation of field amplitude at center point of mirror as a function of number of round trips
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Fig. 4 Maximum value curves of normalized central core Fig. 5 Maximum value curves of normalized output

output power of far-field of fundamental transverse mode power of fundamental transverse mode
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Tablel Sealed-off CO, laser resonators (fundamental transverse mode, laser the length 1.2 m)

No. d /cm T/% R /m B/X10° m* 7 P,/P, Pi/P,
1 1. 00 49 3 0 0. 27 0.21 0.21
2 1. 00 49 5 0 0.33 0.25 0.25
3 1. 10 28 10 0 0. 37 0. 31 0. 31
4 1.43 26 —5.7 1.8 0.73 0. 50 0. 46
5] 2.02 17 —4.7 1.0 0.93 0. 60 0. 40
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Fig. 6 (a) Radial distribution of amplitude of fundamental transverse mode over mirror M2; (b) radial distribution of phase
of fundamental transverse mode over mirror M2; (c) radial distribution of intensity of far-field of fundamental

transverse mode over mirror M2

4 I3 B RN RS BK 7 S IR AR R RS AR A T PR I
(6) 3B, AR AR A M R 5 30 I M Al BR T 35 8 19 2K 80 1 B AR 18] AR B 9 4 K7 B X L BR T 28 5 1Y)
BRZE . PR B AT 3R 22 1 BRI E B T BT A AR A S T R I
W1 7 AR e R T IR i i P TS S 5 Al 3K T P o A 5 AN U ) T B S B A . B R H
rF R R B TP Y 37 B A TR A A B AT Bk 2 1 T T K T A7 B RN BR TR S R . ELIRE T A B S BRI R g
B R BR RS S IR dy /D TR ISR d ., FEAEARFR R b MT EARAT SUF] M2 B 22 JR] Y d DO o
FRES o W C R
pa [(d—yu? + (ricos ¢ —rcos ¢.)° + (rysin ¢ — rysing,)’ ' + (n — D (dy, — y1.) » (19)
A n RBGTH R, yu Fl 3
yu =R — VR — iy = Rt — VRL — 13, 20)
ST Ry RSB 00 4 Ry 78 BRI 00 MK . X (1) A — B ] 79

o d =y =Dy + 50t 41 — = Dy, — reos(e — go). 21
PRI Ay BR 1 375 58 A EK 1] S S B AR HL A Bk 2% . (15) AT Bl ok
s rs s rs
Ym — ZRM —I—%,yl‘ = 2RL _’_@v 22)
A (16) 5,75
o d+ (n— Dy + 5o + E —d(RiM+ ”R_Ll)}w - [S;M + ”8;\?‘1}; " cos(g — ). (23)
F TR AR R R AR, Q) X5 (DX EAMFE I K
M+D? . 1 a—1
PRy d(RMjL R, )

. . (24)
f— n—
LT T

S MR AT SR AR A Ry MRy BUN = 4. R =—5.7m G F M = 2.43),8=1.8X10°, HJ
LA F AT AR R 5 0 i o 1 S R A S0 O A IR Oy 10,6 o OB Y AR O 14. 3 mm, i
JEMEIRIE B 1. 2 m B BRI IRy 1. 49, P M@ B ek i il A A5 0y 29. 44 mm, BRI SO B R AR
A 59. 46 mm,

5 4% 1w
BT —Mr BEOE R B E R — R A RE” oo R B AR EIBIRESW .

091404-5



50,091404 MM SYBIZHRE www. opticsjournal. net

e or B AR E W IR A H . AEXT B X COL PO e BEAT BB 23 M 19 R At b L A5t T PP A A I S Ik
FIR I+ 5 1 G RG A IR P R BB 1o v M — R I R 5 A T S AR () i 1 ) 3T R 2 2 A i
RAFLOOC R B AR ANy 1.5 4% . S5 40, Beit T — b E A BRZE 9 BR 1 2 BT S BRI S S B AR
e — R IR

i MEH A O. Svelto HIRIAAFTF AT AL FLTHEEAIEALSFTZ.

& X
1 O Svelto. Principals of Lasers, 5th ed. [M]. New York: Plenum Press, 2010. 175—200.
2 A G Fox, T Li. Resonant modes in a maser interferometer[ J|. Bell Syst Tech J, 1961, 40. 498 —508.
3 C Cheng C, Y W Ma, S L He. Optimization of a sealed-off laser resonator by utilizing a genetic algorithm[]J]. Optics and
Laser Technology, 2001, 33(8): 601—604.
4 H Kogelnik, T Li. Laser beams and resonators[J]. Appl Opt, 1996, 5(10): 1550—1567.
5 Theodore S Fahlen. CO, laser design procedure[J]. Appl Opt, 1973, 12(10);: 2381—2390.
6 W W Rigrod. Saturation effects in high-gain lasers[J]. J Appl Phys, 1965, 36(8): 2487 —2490.
7 A E Siegman. New developments in laser resonators[ C]. SPIE, 1990, 1224. 2—14.

091404-6



