#) 32 % 3R Acta Phys. Sin. Vol. 68, No. 17 (2019) 174201

ETHRIOMNESER 7R AERREMALA 905 e
B RAEFEIA ISR R IT S 50

xE R BREFH

T &N

AEE  £XFT

(KB TP, H M8 B AROCEAR 5 E S0, KE  130022)
(2018 4E 11 A 11 AY®; 2019 4E 6 A 9 AU EMEHH)

HYE P AN SRR A (OPO) MO LR BT, Beit T — b 90°15UE % DU 552 4 - 1 3R i AU 45
. 3 3o S B IR AR AT Tk, T I R B s PR 5 A 17 A AR A AT R, O R T T
LL5M OPO 8717 19 90 MRIVEH% T HR JE 45 W A DC S0 TR BE RN [k — 2D N7 1 X AR Bl SR s o A A
UL, 3 B 45t B AR5 iy e O°1) 9084k, IR IS OG0B i 1 514k, e iy 90'I, BEA8E LA B
e B SR L L R L 1 O XS AR T I R T ZL A ZnGePy OPO X i 5 T 14 15 AL 2 B0 A7 52 50 ) 44t
BT OGO T i M3 = 181 M3 = 1.61. Ha st vl LATE W 7 15 39 904l % U 5% AF 1 1t 389 i % o 2141

OPO #Ot R GE i LR BT R LA B2 3OR .

KA ARFIIME R, Bk, Sttt St ik 4

PACS: 42.60.-v, 42.60.Jf, 42.65.Yj

1 5 =

LLAMER 1 3—5 pm BN IOES Rk
wen (OPO) &4 FRHOCRFMM IR Z —, K
TEFRSFAG I | 2 S | R 97 A5 AT A B
=4 BRI ZAb, HOb S L0 AN BT 28 G A% O
{7 PO TR ZR OGRS 14 5 ok BE 12 A e~ 24 2
R IR T th T HZHCR WO
F itz 08, P T 4607 B (E B AR A vh 41
HMELAE S AR DU — TR H R APRIL. TR
A PRIBAT A0 RS, 388 2R FHE iz e BE AR 1Y
it itk XA 51 A2 S 20E IR N AE
T H b, B RE I R AR, BOGHT HDOLR
Fui Ak, HIrE s R LLAh OPO HUL RS
A Y D0 AR R A S PR A )2 — ARk

DOI: 10.7498/aps.68.20182001

KT T AL 7 AT VF 2 WF S HRGE -1,
Rustad 55 10 SR FH Ha P 7 e 2 s 4R 1F 28 3 15
JCE T PG BT R M2 = 2 x 25, (2P
He fi PR B RCE 75 BEORS B R 1T . Lippert 58 A7
Haakestad %5 2 SR EIRGAFIRBRES (MOPA)
ghkbhiz BRI E SR T M2 = 31
ZEAMBOGH T IR PR SRR VG
A, PRI SR AR 0 3 A R T B Ry, I L
MOPA S5 %R R AR A%, X F /AL 4 A%
Y BERAEAE— 7€ PR . Shen 45 ) Fil Qian 45 11
K- AT N 2549 S T YRR B M2 ~ 31
LT AN M? ~ 1.6 I 2L A0, (B2
eI FERGARRER, RIS T/ S
ALK .

A SORE 5L T AR F TR R E S5, XF b2 4
OPO St R b AT Ptk et JFxd Frise it v i

* M T S I RREBORBISES B @S JIKH20181105K), 5 AKA R & iR (Gt S- 20180101033JC) A%
TRH TR HBE (152, B SYELT (kS 17DY027) BB IR,

t lfEVEE . E-mail: jgycust@163.com
©2019 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

174201-1


http://doi.org/10.7498/aps.68.20182001
mailto:jgycust@163.com
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 68, No. 17 (2019)

174201

BAGSHIHATIR AT, FEAIHS AT T PR A
e Xof JE AR T4 . e A 2 i SRR, 56 B
L5 OPO HOL R GERDER BT, X/l
A P LLINBOE R G BT —E 1R 8 X

2 FETHHKEA R
21 HLISh OPO M4 3E T EHF RS B4k

AR

AR LA OPO U 5% k- TH ¥ B
FELEA Al 1 R, izt e My AT AP 4L
HNEL M AR, 2ot ALV FC R R MR AR = A
L AN SRR R R AR IR AR 4 1 il is D' UBE
M, it sk PRV R 9 Is I8 5 R oL &
SR, B My IS ECH R A S, A=A~
B A S ot IR, R4 s S Emoere Ak
S BN LA M, — M3 — My — My — M, - - B[]
BT IR T TEAR SR AR 2 [R] oR S Sgf
W AEAE A R, BT RG fa . kS et
TELZE I [ 22 S 237 e U LA S AR 5 1ol FR) Tz
2320k s 5 22 1] I AB R £ LA R SR e e £ i
Th, IR G A I 7 #2561 2 8 G ik 7 1
2] Dl R 2 5 R Gl Rt iR i S
HARFE IR 1A, TS RO 45, 5 ILRIE,
TERFE IR MIE T, St aid Z G IE i
o B RO X RO h, SEE 204 OPO
=5 e & e T

Crystal

L Hrsh OPO Mgz k- M 3R IE i s 7 ]
Fig. 1. Schematic diagram of a four-mirror non-planar ring

resonator mid-infrared OPO laser.
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Fig. 2. Diagram of reference frame and image rotation for

nonparallel planes of incidence.
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Fig. 3. Example of a four-mirror nonplanar ring resonator.
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Fig. 4. Two equivalent sphere representations of a four-mirror nonplanar ring resonator: (a) Transparent equivalent unit sphere;

(b) non-transparent equivalent unit sphere.
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Fig. 5. Diagram and unit sphere representation of a 90’ image rotating four-mirror non-planar ring resonator.
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Fig. 6. The intensity distribution of transverse mode in a four-mirror non-planar ring resonator at different rotation angles: (a) The

intensity distribution at 0° rotation angle; (b) the intensity distribution at 5  rotation angle; (c) the intensity distribution at 45" ro-

tation angle; (d) the intensity distribution at 90" rotation angle.
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Fig. 7. The intensity distribution of transverse mode in a 90° image rotating four-mirror non-planar ring resonator:

(a) TEMg, ¥ (b) TEMy, ¥ (c) TEMy, e
(a) TEMy

KH LA ZnGePy FELM: MR IEFT OPO 3256
DL SCG R HE E AR 6 kHz, Ikip9e 5 21 ns,
S M2 ~ 1.5 UK 2090.7 nm (9 Ho: YAG
HOCVE IR, ZnGePy AR R SFA 5 mm x
5mm x 15 mm, YJE K6 =55, OPO JEK N
150 mm, HA KSR 44 mm, 52~ 31 mm.
TR K 215 WHF, & 315 59T WK
3—5 pm BOCH . R, SEE I T K (R
9 150 mm B A 90 4ERE 31 1 B E I

2.0 1.8
(a) (b)

1.6 1.4+
g g
% § ® M3=1.81
= = m M3 =1.61
"% 1.2+ E 1.0
g g
I <
A A

0.8 0.6

0.4 . . . . 0.2 . . . .

160 240 320 400 480 50 170 290 410 530 650
Distance from lens/mm Distance from lens/mm
Kl 8 RIFAEET L4k ZnCGePy OPO i HOGH TR (a) S, (b) 90 e 5 P 85Il 57 1 B IF It

Fig. 8. The beam quality based on ZnGeP, OPO in different resonators:

mirror non-planar ring resonator.

(a) Plano-plano resonator; (b) 90° image rotating four-
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Design and analysis of 90" image rotating four-mirror non-
planar ring resonator based on mid-infrared optical
parametric oscillator beam quality optimization®
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Abstract

Mid-infrared optical parametric oscillator (OPO) operating in the mid-infrared transmission window (3—5 pm
wavelength range) is one of hot issues in the field of laser system. It has many applications in environmental
detection, remote sensing, and medicine. Besides, this laser system is used as a key component of infrared
countermeasures. The optical damage limit of nonlinear crystal is a great challenge to the mid-infrared OPO
which is pumped by a nanosecond laser source. Therefore, the pump beam diameter should be appropriately
increased to avoid damaging the crystal when scaling a nanosecond OPO to high pulse energy. The result of
this design is that the Fresnel number in the cavity is increased and the beam quality is deteriorated. In order
to improve the beam quality of mid-infrared OPO laser, a 90° image-rotating four-mirror non-planar ring
resonator structure is designed. The advantages of this design include the general ring resonators, such as
greatly reduced feedback into the pump laser and the avoidance of optical damage caused by standing wave
cavity structure. Most importantly, the image rotating cavity can uniform the beam in the cavity and improve
the beam quality. In this paper, the equivalent sphere representation of a four-mirror nonplanar ring resonator
is established, and the image rotation angle of this special cavity structure is calculated. Based on this method,
the parameters related to the 90° image rotating resonator structure suitable for mid-infrared OPO operation
are designed. The self-reproduction of the transverse mode in the axially-asymmetric resonator is further
established. It is found that the transverse mode in the resonator is gradually uniformed as the rotation angle of
the image changes from 0° to 90°. When the rotation angle is 90°, the fundamental mode and the high-order
mode both exhibit very good central symmetry. Finally, the mid-infrared ZnGeP2 OPO laser with the 90" image
rotating resonator structure is used to verify the improvement of beam quality. The beam quality of M% = 1.81
and MZ = 1.61 are achieved. It can be proved that the 90° rotating four-mirror non-planar ring resonator has a

significant effect on the optimization of the output beam quality of the mid-infrared OPO laser system.

Keywords: non-planar ring resonator, image rotation, beam quality, optical parametric oscillator
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