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Fig. 1. Resonator design of high beam quality and high power stability laser based on propagating circle.
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Fig. 2. Dynamic analysis of focal length varies with

thermal lens.
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Fig. 3.
beam quality and high stability power laser.
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Fig. 4. Beam spot size in optimized cavity.
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Fig. 5. Astigmatism in two arms of laser versus focal

length of thermal lens.

3.2 FTRITHIAE RIS RRE
g ot

SESAM (1) | S MM T NSO, 4 #%E
i A IR AR 5] R SESAM ALY BEAR AL IR, Bk i
PV R R R AR AR AR, BIOR i H TR R AR B,
FEE RN R S EEEI R, B 6 v SESAM 41
AT AR TG BE A2 AR AR A (B B A ARG B R
PEAS AT R AR AR KIS . B AR R AEBRATI A
WA IR o, 28T 18 A TR 2 IR T B, #4
RS A IR BN 51k SESAM AL YETE K /N AR LT
AT DA AN 108 SR AN B A X PR A

BATHT T AR B, AU e T 2% il
B2 M2 G &, 1 HF 2] T ZBOo6#+,
BWOLMB N RN REME. B74HH T Sk
BAEARME, MBOCHGE S AEETE 700900 mm
AL, SESAM Ab 25 IR T Y6 BE 242 () A 5t
BAAEDL. B 7 R IR AAR ALy = 0 X% R FRAT AT
WA A RIS, ALz (HR /N8 55 5SS AL E

i s LA I i, 0L 3 ol T 5 4 2 2 TR
PR Ly R . MAZ AR, ALy = O, #
FG A AR 5] 2 SESAM ALY BE AR I AL i
/N RIE BT SESAM AL G BE AR AR AL,
AT UE PRI 1 T Z A8 MBI RE B v

0.02
]
i IR T
—fub AR
’g AR T
2|~
e
|7 0.014
s
<3
=
3
O T T T — T —
700 750 800 850 900
fi/mm

6 SESAM AbJGBEAR {b Bl #4545 A5 BE I U 1 4L
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0.10
— AT
005 1 DAL
|>< t 0.06 4
HE
33
0.04
0.02
0 I II/
—50 —25 0 25 50
ALjz;/mm

K7 A POEB AR A B X SESAM _EOGBER /M
LA

Fig. 7. Amount of laser beam spot radii change at
SESAM vary with AL3 when thermal perturb focal
length of thermal lens.

DAL 32 B 5T T #RGg B A B AR AL I, ik
OGBS B (SESAM AL) JEBEKEA4R AR AL
8, N TR 7 0G5 B AR P X s P LA A BB ) R
M. AP 8 rh T R, A7 AR R A A ] ) AR A
M (700—900 mm), TLALSEE N % OB BEAE 1L B
AN EE R ARSI 6 FEI 8 AT EN, SR EEH)
U 3 U R A L, A A AN ASCTE i P T D A
(SESAM 4b), T H.7E fis A Fe A A B G BE - 12 1 A8
3535 3] fo A .

074201-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 7 (2018) 074201

R - - - TR
. * A R R T
200 ., — T T
' . AR
i " .
~ . .
2 . .
| 104 4 .
g ! ‘\ " '
3 b . G *
n . " ('Y
g . b
0 t= — “' - ‘/
T T T T T
0 200 400 600 800 1000
z/mm

B8 g e FE AR AL IR R A AN [R) o BB /N34
Tt

Fig. 8. Amount of laser beam spot radii change vary
with optical axis z (zero point from Mout, following

Mz, M1 and Mp) intracavity.

4 SRR

T SRR S S A A IR, FRATTAR S
PTG 1) e 6 OB B e D FRA E I O A IR Il
SERE, AR N YAG 252 88 50 Tk oG 48 gk AT 5k
IOt FT. B a5 B IE K A AL RE RN A
PR AW GTPC-75S IZR AL, 3 mm x 65 mm [
Nd: YAG Ak 5646 € 1 12 L LD FEFINZE;

TR IR 25 A X R IR N TS W (&
HIZKIRFE 20 °C, 5K 170 mm (97, 4 Bt
FIL A 20%). LI R 1 GHz 98 (1 & s 5
V% 3% (DPO4104B, Tektronix, Inc, USA) Al i
TR ES (PIN2-11-12, Hi-Teck Optoclectronics
Co. Ltd, China) %8Ik b kAT W&, FIH Th =
1 (30A-P-17, Optronics Solutions Ltd, Israel) %}
iy G ThZR AT D

N T W TR LA I B R A E 1, SR
RV K LA E0 SR AA, 247K A 20 °C I, AR AL IR
W 38 i AE R W] ORI SR, i o o, AT
BE— AT FE A i R AR E IR B 2 S, RHIE R KA
KB 20 590 B 51 15 °C 125 °C, iktﬁﬂ;szwc
JEE TS8R R DA SIS BIAS R FR) 2 SRS, H 8 s AR T
TR IL T 3L, AR E RS IR, Gk 10 Fros.

FATTR H OB 3 #14X (Dataray, BeamMap2-
XYZ Scanning Slit Systerm) Wl & T it i s
T OCBEES, W 11 (a) il A1, AL . i
WO I EE AR AR TR Y RO, S HERA
BT IR AL s WOG % T B IR BORAR T 58 e Ah 2,
it G R BT B IO G IR, 5 EAR AT ] 4 4
A B0 SRAZOG A 7 O B AL s O 2%
iy OGRS IR TR ) M2 K743 308 1.03 F

| (a)

(b)

(c)

\ \\\
L\ J.Jx\

iy

Rwu \ J‘J

B9 JKif 20 °C I, oAb
7 3

308 Ji A O ke 7 27

(a), (b) LA H Bkt FE 515 (c), (d) 3 i it ko

Fig. 9. oscilloscope trace of the pulse envelope when laser crystal was cooled by 20 °C temperature cooled

water: (a), (b) oscillograms of the mode-locked laser trains of optimized resonators; (c), (d) oscillograms of

the mode-locked laser trains of universal resonators.
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Fig. 10. Oscillograms of the continuously mode-locked laser trains at different cooled water temperature:

(a), (b) Oscillograms of the mode-locked laser trains of optimized resonators; (c), (d) oscillograms of the

mode-locked laser trains ofuniversal resonators; (a), (c) crystal was cooled by 15 °C temperature cooled

water; (b), (d) crystal was cooled by 25 °C temperature cooled water.

i

8A

O

i

M

144 @

(a) fiAblE

11 /KR 20 °C I}, fbfE

38 i E AN [R] 132 PR IR FR A BB

Fig. 11. Output spot intensity profiles for optimized resonators and universal resonators laser at different

pump current when crystal was cooled by 20 °C temperature water.
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Abstract

High-performance lasers with high-quality beam laser and high-stability power are widely used for laser machining,
laser precision measuring, etc. Reflection curved mirrors are widely used in lasers to provide several small intracavity
focal spots and reduce the dispersion and volume of the laser. The primary disadvantage of using reflection curved mirrors
in folded resonators is that relatively large angles of incidence deform the circular transverse pattern of the output beam
and limit laser performance. In addition, in high power lasers or ultra short pulse lasers, the gain medium thermal
lens focal length fluctuation is the primary cause of the instability of laser output power. This paper focuses on beam
quality and power stability of laser, and an effective method of solving the two problems, i.e., astigmatism and instability
power of laser, is presented. The laser resonator with high-quality laser beam and high-stability power is very easy and
intuitive to design by this method, in which the resonator transform circle graphic theory is used and the thermal lens
and astigmatism compensation is taken into account. The theoretical investigation shows that the astigmatism in two
terminal arms of the folded laser resonator can be successfully eliminated by using this method, and the experimental
measurements of the pattern of the laser output beam show that the deformations of spot intensity profiles in the two
terminal arms can be simultaneously compensated for completely in the cavity, which is in good agreement with the
analytical prediction. When the focal length of the laser crystal thermal lens varies, the variations of radii of spots not
only at some key position, but also at all locations of the laser resonance designed by this method, are overtly smaller
than the variation of the normal resonant cavity. The stability of the output laser power of the laser is better than that

of a universal laser resonator under the same external conditions.

Keywords: high beam quality, high stability power, resonator design
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