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Watt Level CW Frequency-Stabilized Nd: YAP/KTP Laser with
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Abstract A continuous laser-diode end-pumped Nd: YAP/KTP laser with dual wavelength outputs at 0. 54 pum and
1.08 um has been achieved. The ring laser resonator consists of five mirrors and a piece of frequency-doubling
crystal KTP is placed between two concave mirrors. After calculating and comparing the waist-sizes of the
fundamental wave and the astigmatism at different incident angles to the concave mirrors, the curvature radii of the
concave mirrors as 100 millimeter are chosen and the incident angles of infrared light are less than 3 degree. The
cooler and temperature controller of Nd: YAP rod are improved and the lower dopant concentration of the Nd: YAP
(0. 6 at,-%) is chosen, thus the thermal effect of the laser rod is decreased. Under a pump power of 10 W, the
output powers for the second-harmonic wave and the fundamental wave of 1. 02 W and 700 mW are simultaneously
obtained with the intensity fluctuations less than = 0. 65% and =+ 0. 5%, respectively. With the frequency-
stabilizing servo system on, the frequency stabilities for 0. 54 pm and 1. 08 um wavelengths are better than 4484
kHz and =240 kHz, respectively.
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Fig. 1 Five-mirror configuration

M, ; input mirror; Mz, Mj;, M;: high reflectors for infrared;
M, ; output mirror; FR; Faraday rotator; A/2: half-wave plate;

PZT: piezoelectric transducer
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Table 1 Calculated waist-sizes of the fundamental wave and

the possible minimum angles for different curvature radii

P4 = PO /mm L, /mm Z, /mm w, /;im [N /() @5 /)

50 56 27 25 2.4 2.1
100 126 59 57 1.1 0.9
150 214 98 96 0.6 0.5

Notes: ps (ps) of concave mirrors My and Ms; L1, the distance
between My and Ms; Z,, the distance between the beam waist and
M;; wo, the radius of the beam waist; ¢4(gs), the possible

minimum angle for My (Ms).
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Table 2 Calculated the locations and the radii of the
meridional and sagittal planes between concave

mirrors M, and M; for three different incident angles

o=@ /) Zy/mm Z,/mm AZ/mm Aw/pm

3 58. 85 58.83 0.02 1.39
5 58. 87 58. 82 0.05 3.90
10 58.96 58.73 0.23 16.74

Notes: ¢4 (¢s5) » the incident angle of infrared light for My (Ms) ;
71, the distance between the beam-waist in the meridional plane and
the mirror My; Z;, the distance between the beam-waist in the
sagittal plane and the mirror Ms; AZ, the difference of the two

beam-waist locations; Aw, the difference of the two waist radii.

BAGHOER GRS AN o B, PR M 1 2
e TR (R E WD MK OKFE) N &
BE 435

fl=-‘g—-cosgo (2)
L

fr= o+ secp 3)

Hib o AEANSHREMBSE LA ARMA. KA
ABCD 5 [ H AT LA 23 3 5K 7 2F T A0 9 5% T A9 0%
RESH, — AR O T RSB & 5 v — i E
R . REE RS AU DG R R &, T 46/
WP B i e TAE X, B i, ZE B B B s/ ME
HUR RN . 7HE T fFRER 100 mm § ME
BECE M B (L8 e e M T B8 B A A S AD 2 5
3°,5°M 10°M S L IR 2 s, NE2FH,
M1 T 58 A 5 2 O 37 B, 4 TG A I 5K T A R R A

BAHZ 0. 02 mm, ERELAAZE 1. 39 pm, FHRUN R
MAAR /N A A BE K, T4 A ORR B B 9 o7 B A
PAREEH A EFRROE MY L. EditE
30 R TE P A M TR 455 B R RO A 4 A9 R IO TR EE
FHSF I B . MRS bR xof M T 5y R A2 R AR ARG
S AT AT G A5 R 5 T B R A M T M B A b R
FREIH 100 mm, HFHEFEA N A EHET 3°
B E

3 SEHRCREAMER

WOt B A Al iz 95 2 32 B Coherent 23 6] A4 7~
B JGEFFEA WOt AR S, F ol o K A 803
nm FFMRIG . B8 BT 0 W EAKE
Nd: YAP ik (35 CRYTUR A& A7), B 7 1k
JEH 0.6 at.-%, R5FHK 63 mmX5 mm, B34
Xt 1. 08 pm % 5 & K F 99. 9%, B 3t H X 803
nm FBHRKF 99. 7%, NG ERE « VIEH
3 mmX3 mmX10 mm KTP 54k, 55 Fm*F 1. 08
pm 1 0.54 pm ¥ HE, WTHEGFH ¢4 mmX38
mm TGG G A/2(4 =1.08 pm) P K 20 5L BE 1]
75 e i B BERS f R 8°.

HEFEERE (LE 2) B =AF s M,
M, , My FIPIA M5 M, M H M, 25 ARG
B, —T % 803 nm #FE (T >96%), 5 —TX 0° A
SHAAMEE R (R >99.7%) . M, F1 M, & 45° A%+
ZLAM S PR R R 8 (R >>99. 7%) . M i1 M,
2 H AR 100 mm B [T 45, BT & X 0° 4050 )R
SERKT 99.98%, J5& B HE 5, 0° 4/ 5
BN 99. 2%, “HE AR A EY/NF 3% BN L,
~126 mm., 7£ 10 W JeHiE TR T, LW 0. 6
at. - %0/ Nd: YAP @ AR B HRAEE 2125 mm, F
Fi ABCD JE RT3 AT 500, o648 TAEERR XV Bl
W& 3 fim. ¥ YAP @IKBE M, 5 M, Z[H
BOREBE AL B, e E AR Y 440 pm; £5 57 & &
KTP BEMES M, 5 M; ZIR R EREALE B M,
2559 mm, L ERY 104 pm,

B BRI R G ER Nd: YAP &
R KTP & & /9 5 B 43 51 7 20. 00°C 1 74. 93°C
(BERIREAMT 0. 5%),78 10 W EHIBEThETF
KA 0.6 at.-%0 ) Nd: YAP &k, 758 3 TE i IR i
K KTP Gt 47 W EAE5, o7 [F] A 75 3] 1. 02 W 4
J6€0. 54 pm) 1 700 mW £L 40 (1. 08 pem) 3 £E XX
KB ERD FEF —ERED HABRKER



516 G B b X 31 %

green

frequency
stabilization

B2 MRS Nd: YAP/KTP XU i th #ot a5 2% & 7 E
My ~ Ms : 5455 M : G638 BLLANES 855 D1 ~ Ds 3R AR 52/2: 1/2(1. 08 pm) P J s FR: B0 55 e 56 2% s F-P1, F-P2. 43 3 & 6 M4 50k
WL 5 5 1 s F-P3 ARG W 8% s PZ T JE W B 5 5 scope 1: WEERERIEHNLL AN G 1 2l % 9 5 5 scope 2. WA GG FNLL AN G i 4% IR 7
Fig. 2 Experimental setup of intracavity doubling Nd: YAP/KTP laser with dual wavelength outputs
M; ~ Ms ; cavity mirrors; Mg ; dichroic mirror; D1 ~ Ds; detectors; A/2: half-wave plate; FR: Faraday rotator; F-P1, F-P2: confocal
reference cavities; F-P3: mode cleaner; PZT: piezoelectric transducer; scope 1: for recording the intensity fluctuations of dual wavelengths;

scope 2: for monitoring the frequency stabilities of dual wavelengths
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Fig. 3 Stable region of five-mirror ring cavity
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F,: thermal focal length; Fig. 4 Second-harmonic wave transmission through

L : distance between two concave mirrors the scanning F-P1 cavity (1 min)
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Fig.5 Frequency stability of the fundamental wave

through the scanning F-P2 cavity (1 min)
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Fig. 6 Intensity fluctuation of the second-harmonic

wave (a) and the fundamental wave (b)
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Fig.7 Curve 1, fundamental wave transmission through

the scanning F-P2 cavity with frequency-stabilized

system off (1 min); curve 2: second-harmonic

wave transmission through the scanning F-P1

cavity with frequency-stabilized system off (1 min)
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