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Influence of resonant cavity state on beam pointing stability of high-power
Nd:YAG pulsed solid-state laser

FU Chao, WANG Shiyu, LI Bingbin, LI Lequn
(School of Optoelectronic Engineering, Xidian University, Xi'an 710071, China)

Abstract: A numerical calculation model of laser light field considering thermal distribution and gain
distribution was constructed to evaluate the beam pointing angle instability of high-power solid-state lasers.
The influence of the detuning degree of the resonant cavity output mirror and the mirror on the beam pointing
stability was analyzed. The cavity mirror rotation perturbation factor and the cavity mirror movement
perturbation factor were defined to describe the degree of parallel detuning and coaxial detuning of the cavity
mirror, respectively, and the perturbation factor, thermal effect modulation and gain modulation were
introduced in the calculation of the resonant cavity light field. The influence of resonant cavity parameters on
the beam pointing stability of high-power Nd:YAG solid-state laser under the condition of cavity mirror
detuning was studied. When the pump power is 10 000 W, and the cavity mirror rotation perturbation factor
and the cavity mirror movement perturbation factor changing in the range of 1x107*~50x10™ and 1x107~
50x107, respectively, the fluctuation range of the root mean square value of laser beam pointing offset angle in
the pump pulse time is 1x10° rad~5x10~° rad.

Key words: high-power solid-state laser; beam pointing stability; resonant cavity detuning; LD end-pumping

518 A AR E AR AR, EOE AR I T
e D) 3R [ RO A48 A2 ZE 5 FIRHIE 7 T A R L VI, G o M, Dl £ SF ST )T 19 R

TR, EARRGIE Tz e e Em™ mohx S E R ERAT S R ER R —.

[ Nd:YAG HOGAS P25 4 iy B 50 | AR X T3 A 1 3 B AR ) e ) A [ AR

Yo#s B #8:2023-10-31; & H #8:2023-12-12
TEHER N ATAR (1985—), %, LR 4, F2AFHH R BAREEEHR ., E-mail: fuchao@vip.126.com


https://doi.org/10.5768/JAO202445.0607003
mailto:fuchao@vip.126.com

NHYGE 2024, 45(6) B, S RIS IR Nd: YAG kA G g gt « 1299 -

SR, bR T D) L Gl B AF A, G4 )
T R A R — T A R A, LR 2 e 8 B
SO R AR AR BARLRE, (R84 1k, FHOCHFSY
/b, 2016 4F, DING L % A L2 %% CcCD %t
YD G Rk ol i D R RO R S OG R AR
) e 8 P ) R AT T F AR, AR B TORBE AR N
60 mm, BE & K 100 J, # A 1 053 nm 1 fii H 3%
o, IR T IO RGBS K B IR RS
77 HR (root mean square, RMS) {H /N T 17 prad 1Y
510, Z M EH AR T O RGO R MR
0 SIS HUE, TR ITEA B G HRAR R AR E 1
SN2, 2019 4F, XIE M L 25 A 5% T ks BE
JEHRAR ) FE A AEHLZR MG T A P 0 B, A58 T
WO R G0 R T A% A B K8 a1 13 254 0.015°,
RMS {E 2} 0.007 5 4518, M98 R Z 4T T AT
A P Bl R KA A 0T D' SRR [ AR T A S e, O
R IEATHOGER B IR I TAE RS X G4 A2
FEPERZ I B F 5T . 2008 4F, DIXIT S K %5 A\ B K4
TATSE T 8 28 RO AR R A EE mfa e ™, 45
FE: SR SR S 08 I RS R BB A% AR A5 1Y) B/
JEHAE LR AN 8 prad, 1R S i AE % 4K 15
R F KOG TR IR 6] 1245 £ O 120 prad, FEFRUE B9 JETR
& IR f A TP Z 0], T i T OB
RUR T GE IR I 52 P47 B35 A R 2R ARG
PRI (6 RFS 1 A M, I A I 9% 1 B O 3l Xl
S RS MR R

AL T — B T3 I S RO AR
TR 1) B S e Y BS(E T R A i A A
ST SR R R O B T R
R 25 FE AR B 8 45 R 2 - BOW I IR 1 B A7 F1
B IR, ST R A sh B T RN B SR RS B
TP B DA R A7 2 18 R0 Ll 2 3B 1 2 32,
i ik Fox-Li 28 B AR ik AR Bk U7, T3 s
Bi R S5 N OB A I L, S T ORI
W I ) G TR 1) A T

1 IEigiEAE
11 MEEER R R RIER
1 BT R LD 53 R SO6 28, M, R 4
55, WSRO R, M, % R, IR R, i
YR R L, S A B SR B ay L a,
a a,

WA ARV = S

B 1 LD Ri#lE®FEHLR
Fig. 1 LD pumped solid-state laser
WOGAR LA e SR i R RO I 70t
BEHO T R, LB b AR bR R
[ xI(x,y)dxdy
X="——"—"
J I(x,y)dxdy
_ JyI(x,y)dxdy
Y= Ty drdy
JCHAE 18] fi B £ 7 SCH
ey (2)

z

(1)

0=

1.2 itEER

B2 it R e D) e B R NdYAG 308 28 18 R
FETTH AR, B TAEA B Nd:YAG S5300R 8 AT
PIFLAR G, BRAR S T B8 . O B AL AR
BRSP4 7 HL A

B2 SMERE Nd: YAG BRI IRE T EER
Fig. 2 Calculation model of resonator of high-power solid-

state Nd:YAG laser

Fox-Li JF 2 Ak AUROE BT B OB AR E

i H B A 28 MR, RV R - B IR AT AR )

ARJE Fox-Li BIE LA, KRR R

B 2 A SRR 45 1R 5 TR S 00 I 25 B0/ 1B
g5, BARIEACh

ik .,

Us(xy) = 3 !j U,y

e—ik}l

(1+cospB)ds (3)
u

b S O BB M, Bl Hotm o Ai b Uy (x,y');
JCHAR G353 A R Us(x,v)5 k ARG CIER s ok i



« 1300 - VA< I = = 95 45 5 55 6 )
(X’,y’)'%}ﬁ (x,y)B’*JEE%; Bj"j)‘]—i (x’,y’)ﬂ‘ﬂ'i%?ﬂ% niy 1, nt, <t < nty+1,
Jeff gl :{ 0, nt,+t, <t<m+1Dt,+1, n=0,1,2,3..
I R A A7 A PR 3 25 RN 5 | A A R 1, B (11)

W)

U (x,y) = exp(G (x,)) exp (—iAg (x,y)) U, (x,y) (4)
e U, () ¥R 616 S5 ROG IR AL 16 5 35 53 1 5
U; (x,y) R A5 S 806 R AR 156550 465 G (x,y) Fl
Acp(x V)73 ) Ry BRI A o0 A FAHA. 22 0 At . BAAR

25 R T AE A O S8 OG RE 0 WO 1R R I
RO B e AR, ek Uk

1
ot
Gxy) =0 [ No(xy.2)dz = TPy (1=
0

exp(—a, 1))(1 ox p(__)) jaz()(;zy 2,

(5)
R oo B2 O ST 5 No oA SR TG w0
REGAL T 7315 Po AR IR v N A DGHOL T
REHE . T(x,y,2) NP IR TE AR AL i o
T R 0 A1, UA— 1k pR R

7 2,
(x.7,2) = w?[1—exp (—ozpl)]
[exp (—2 ( x +2y2 ))] exp(-a,z) (6)
wy
K a, o TARA B ZETHOC R R R 5 o TAE

VTR N wpﬁﬁ(ﬁj‘ﬁixﬁzho BAREAR AL 2253
ﬁﬂ‘]%‘z‘ﬁiﬁﬂv

2n 2n !
Mp(x.y) = =-dom = = | An(xy2)dz (T)

An(x,y,z) = % (T (x,y,2)—T(0,0,2)) (8)

. T(xyz)jil]:ﬁE FR R BE 534 5 T(0,0,2)
Syt IR Aopp FIETEZE; dl’l/dT?’in:’ﬁE i
POLRE . X T & m RIPE R TAEN BT, &4 T7
[i1) () PR I 2 A R A X B G, ZEREARBR R R, T
YEA B B S G 3 5 F 1T DL ER R
T 0 8T oT

X ﬁ+ia€+62)+q(rz)g(t) —pCpa (9)
K P =2+ y B TAEN B RREREEG o8 T
YEA %5 B 5 Cp ol TAEA 0 FLARER s g (r,2) 3 pR
B g (O M B R PR R B BRI R

q(r,z) = Pun(1 —exp(—a,))1(r,z) (10)

o AR o i BB 0 R 0 R T TR T i
ST TARRE, (2% R g (il Fon Ty

s 1, F B R 5 o, S RO 0 Bk b T E

Fox-Li JF 5 452 1% A58 125 38 o X ) 46 e 3 kA7
Z YR, U7 BOCTE I R 1 N 1R 4 5 1y o 72
YR 1k BN RS, B R BT AL D635 03 A S EOG &%
o RR A A, IR R H AR,

U’fﬁl =A,exp(G)exp (—iAp) AryApn-
exp(G)exp (—iAp) A, UM =sU"  (12)

o m ARG A 68 H I BLREG A6, )= 1,2,
d) R SR i AN AR RO R =2 1] 1 % i 4 I

2 BREXRIERTF

s 3 R, fESE bR Hak # v, BTEOBES
FELENN T, AL iR 25 M AR BLsh & Z iy m, 18
P B B2 A 5 B ARUIR S A A O 25, A 4 5 3 M 22
RS B 2% o

(a) UATAERE B 22

JeIR

-

(b) FELER% S22 PSS i 22
B3 EREREXERSTER

Fig.3 Schematic diagram of detuning state of resonant ca-

vity mirror

] 3(a) A MG AT, 2050 R 2 Bl R IR S T 9 2
SHEE A BT, @G = L2)MIB (= 1,2)70 51 0 S 4%



NHYGE 2024, 45(6)  fH #E, S RIS IR Nd: YAG fkfEA s tadg mge i « 1301 -

5 A HE BRI IR AV 2 B0 3R R RN K OF- B h Ok i
it &1 3(b) MY RITMY 4350 R e sl RS Bl 3 [R] O 1
RS BB A HBE, x. (1= 1,2) My, (i = 1,2)5>
S Ay 2 S 4 A B ) T RS B AR 3 R RK
R

i 4 R, ALy, 2) S BRI RSB M, B Y
— 8, CRERL, WA

(13)
M AR AP G B D B, A FE X R B
B RKERANDE, WIS A 2 Yo, Z
WOHT L A 72 Y. Z Wl BB K AR ik, sl s
Jiion, Ay AR RIEIRE T &L ATE Yo Z i N I %
5, Ay HARAD R IEIRE T &L ATE Yo Z T N I 4%
%, WA

1Ay0,E' = LE —a, (1) = arcsin(y—A)—al ® (14)
(4]

1

0,E" = cos(/A,0,E") X 0,A =

cos [arcsin[ Y ]—m (t)]x
2
Jylz +(R1 _ /R12 —x2 _y/Z)
2
Y2+ (R = R - x> —y?) (15)

Y’ = AE’ =sin(/A,0,E") X 0,A =

sin| arcsin Y —a, (1) |X
2
\/y'2+(R1 _ [RIZ_x/2_y/2)
2
\/y’2+(R1— ’R]z_xlz_yfz) (16)

K a, () ~U=b,b), EXbSEEKEMCEMA)
B LUAEL M 5% sh B R F &, TUIAT
Y

B4 $8BEM, KK

Fig.4 Ideal mirror M,

>Z

N
; '
;
;
| bOAL
o LT
R EAE
S !
0y |/ L e i
T Y/ AT U | SESRE. 11 S
E
'
:

BS %M Yo Z mHRIRE
Fig. 5 Projection of mirror M, into Yo,Z plane
b m f,

e=—=b
6 pl

fi= L2(1—8182)8182
\ (61 +4:-2818.)°
_L (18)
R,
_L
R,
5% M A TE R A0V 52 3 i 25 1K P75 20 i 2%
BF, s A4 78 X5 L B K IR AR, [ BT R
JE B 5 1 5 A B & Xo Z T N4y BT A ATE Y
Z Wil - B R AR, AT

(17)

2

81

&2

y' = sin[arcsin(x—)_lg1 ([)]X 1/01]5,2 T x?
Vo, E?* +x7?
(19)
X/
Z" = sin|arcsin| ——=| - (t))x Vo, E? +x7
( ( V01E’2+x’2) g !
(20)

KHB (0 ~ U(=b,b).
FIAB B RIE R E(4) T pHlcos ST RN N

f= O+ 5 O =07+ 07 43 (=) + (=2
(21)

- - - -

nefgo_n-p
[7|x[a]  Rixu
A1 (0,30 () ~ U=c,0)e 5 X e SO
B A R S A I T, Hik =

c ,TC
f:w—ozc /lfe (23)

(22)

cosB =




* 1302 -

=
&

k¥

A5 % 6 )

3 FEEZRKITR
3.0 PR R EE

FIFH Matlab 15 B A% Nd:YAG &4 N30
PoAL T BEAT 05 B, bR S BRI B R
Nd:YAG @ ik 1) 5 4 &2 %y = 0.013 W/ (mm-K), %
JE R p=45%x10" g/mm?, 44K C, =0.56 J/(g-K),
BURARB A2 A d = 10 mm, FEHEER 0, = 1.5 mm,
i AR 2B = 0.73 mm™!, R R By = 0.32,
IR P, =10000 W, Z2 31 Bk 96 1, = 200 ps, A<
SCZME T IR A S BRG] i AR AN TR S B
pi VA 3 T 9 R 0 A AN 2 50 A1 O, T AU BT IR
JE SR AR R AR i IR B 5 ) B s 2 A AT T
SR B T, = 300 K #UT X3 AT 200 AR
2R EE T = 300 K .

FHA B 25 43 Sk A =X (9) 159 21 1Y) b 1A 2 T
i 1T 9L BE 7 AR AR S AN 6 TR, WT LA H, — A4
FTH DK TE PN A% s R P B R 1) A A ke 0T R
H A& PO X FR R o

g, & 0s

6 BMERBEWREBEZNSE
Fig. 6 Temperature field distribution of crystal pump end

face

BHOE RS dn/dT =7.3x 1076 K, TP, =
10000 W, =k (7) F13 (8) HH A5 8 £ = 200 pshif ()
— A S K B P AR st TED BN AR A 22 43 A o
B 7 s, BT RAF Y, R[] A 20 fia) B0 AR 057 24 53 A
HAML, L O X FR A3

[

BEE IR 7 22

0
55 <

7 REWHEMBALE SR
Fig. 7 Additional phase difference distribution of pump end

surface

B2 B R AR T o = 5.3 x 1078 mm?, BOG TR
Hhy=246x107"J, FREZCRL T 7 fiv T =230 s,
A (5 ITFEAT BN 18 45 50 A 4 18] 8 o, mI LU
B35 AR L X R

2 =0
" 55 o

B8 ARRBHNZTHIEED S
Fig. 8 Gain distribution at different pumping times

FRADIRAS R VIR Jis B P-4 7 HL ALl 34 25 Rk
IO E 2T Dk v PN AT I 220 187 2 vp o X R 3 A . FR
Fox-Li B3 By i Co X RRME o] 401, SO 2% i Hh A =K
TR ZARFE DX FR 34, JCH AR M RRELARE
3.2 BEHREXEMAREERREENEI

WO IR i 2 80 L = 100 mm, R, =R, = 100 mm,
a; = a, = 20 mm, /A [F] O PR 6 54> 3 ik 5 9
AN T B 20 56 TR 1) D B2 fR B 5 40 189 BT R
K 9(a) PR S AL I 7~ = 0, & 9(b) % B i 4t
Kl Fe=0, AT LUE M, G A S ) I #% A 7E B R
TH Dk S8 AR B 3, B sl T DY Ok, D R 4
I i B A R, DG TR 1] D B A . G ERAR ]
s #% £71 1% 3l 0 2 78 B S0 bk T PN B e [A] A2 £k
WIS, 32 BT e DR S AT, B ] 3 i
) A AEN] A T R R TR, O R AR PR X AN [
T IR i O HRAE 1] B8 AR 1Y TP fE 0 A W A (R
E e

—3
35 x10
- —e=1x107
£=10x10
30¢ £=50x10
T 25¢
+=
&
R 20}
=
w 15T
byl
®
210}
0.5
0 : Ee e U,
0 0.5 1.0 1.5 2.0

t/s 107
(a) ARSI T



NHYGE 2024, 45(6) B, S RIS IR Nd: YAG kA e g gt « 1303 -

X107

5.0
| - E1x107

45 Z10x107

40} &50x107

35¢F
3.0
25+
2.0
1.5
1.0 b
0.5 F

YR 1) 8% ff /rad

0 0.5 1.0 L5 2.0
tls 107
(b) AR AL T

B9 RFIEEEB AR ETN %
Fig. 9 Variation curves of beam pointing deviation angle

with time

33 BRMEEREEZGFTAREDEESEN
A

Ry it — 2 5 s 5 R R A R IR IR s SO0
S G e P RS e, OGRS A
B3 LR /IS CRAAS 30 Tk B P DG SRR 1) 01 7% £ B3 K
B 5 B /MEZ2) I LRl 0 A2 ML 4 1
FrifE . HUR, =R, = 100 mm, a, = a, = 20 mm, /~ [f]
5% B PR IR RS Bl b R 25 0 R s RO R
Fe R E ME R R A 10 fr R o AT LA 0%
G A8 7] F4 2 A I K 100 mm~ 150 mm 75 [l
WAETE Bk sh . & 10(a) i, BLe =0, ¥ 3h it
PR -8 A, G HRHR 1) i B A U B0 DR K, SR a4
] A Pk A 2% . X TR A Y B B R, AR TE
AR ) F e PE B U IR I, 2 e = 50X 107 I,
L =120 mm%t L7 A9 18 8 Ji Sk S SR Fe ) B 1 e A
)38 IR 5, A de /D G Tl 4R O A R I3l T R
2.96x 10 rad. & 10(b) 1, Bl e =0, B 3h A
TR, G AR 1] R A% A I B R, M é=
50% 1077, L =120 mmX} L (438 4 i Sk 6 S48 1) £
8 VE B U TS IR R, Tl A O A AR I8 3N v LA
B /ME 4.54x 10 rad . [A] B, [&] 10(a) A [A] % 3
M%I¥QWM%%ﬁmiQMUJ;Em?T
Bl 55 I B S 0 A, DA RO R s S EOR AR
T, RO OGS B U FE R,
KH%k@m%ﬁﬁﬁﬁﬁﬁt AR T] Js R 2 A
T, 5 S U iy O o A 7 AR iU N AR
b, AN TRI R PR () B (B a0, 36 I e IR XoF
B 3 A5 T 5 e R RN I R I b T A
fesm, ol LAE L, K L = 120 mmB, %R BT T

PLRE S7 foc i o

x1073

—e=1x10"*
3.0F  -—&=10x10"*
£=50x10"*

35¢

e ) A% £ 1 23l rad

O 1 1 1 1 1 1 1 1 J
100 105 110 115 120 125 130 135 140 145 150

L/mm
[OENE I/
257107
— &=1x107
—=- &=10x10"7
20t &=50%107

S ) A% 1 S¥ F rad

100 105 110 115 120 125 130 135 140 145 150

L/mm
(b) AR AL A T
B 10 SESE MR B 7E A R Bk I B B B RS K

T 2
Fig. 10 Variation curves of beam pointing deviation angle
fluctuates with cavity length within single pump

pulse width

34 HEFFEXNEREREFGHTARERRE G

B L = 100 mm, a, = a, = 20 mm, A~ 8% s 41
K A sh i I - 260 i K42 (Ri =R, =R)
XGRS AR PR RS ANl 11 FrR . SGHEE m)
5 Tk 0 28 A 7 il R 242 100 mm~ 150 mm 313 ]
WAETE Bk sh . & 1) i, BLe=0, #3h it
DAL 718K, S8 1] e B £ I8 2 15 FEDBROK, Dt o Fs
o) o o P A 2 o R T A Y T SR A Y T, AR AE
AR [l Fe e PR A IS IR S L Y e = 50 x 10746,
R =132 mmXf W 1) 18 9 Js Ry ' TR 4 1) B o M A
TSR, ST 1] iR F% £ 18 370 Bl d5e /)M 1.40x
10 rad. & 11(b) H, Ble =0, B ah AL A F K,
T A8 1] B AR ik 30 Y BB K, 4 ¢=50% 1077,
R = 148 mmXf W 1) 185 9 Jis Ry 't o 4 1) o M A
B 165 41 i, O Sl 4 ) A % £ i 3 Y LA A /IME



. 1304 - A

k¥

A5 % 6 )

4.15x 10 rad, A [R) %% Bl iR X 5 AR 3l G 1A
T X AR AR R kR il 2R D sh ok ik
10 B — 3, SR R A B % A [ il 2%
AR S AT G AR A ) B E M R ) 4 1E AH G M
o MR =132 mmbf, ZIEIREDT T IRRE ) i .

6 X107 ‘
— &1x107
< it = E=10%107
Es5F ~— - E=50x107
‘ \
2 ,0h 1 )
E 4*\ ‘\ r 1“
Y '
2 7] J 4
E2F L
o i 7 Al
0:}\_—' e e
100 105 110 115 120 125 130 135 140 145 150

R/mm

(a) AIFAF SR T

5010
| — e=1x10"*
g 45 - e=10x10°
@“ 4.0+ -~ &=50x10
¥ 35t 1y
E 30F 1
& 25+ |
®
;g 20F !
REL :
1 A
100 105 110 115 120 125 130 135 140 145 150
R/mm
(b) AIAF S A T
B 11 SeiRiEE R 7R A SRl Bk EE MR 3h e B bE #h %
FTimsk
Fig. 11 Variation curves of beam pointing deviation angle

fluctuates with curvature radius within single pump

pulse width

4 KWERKSH

XF 1R T) % Nd:YAG ik i [ R 30 45 06 B F8 )
Fe B PEHEAT T SR g0 B 5T, S I ke B AN 12 iR
SIS T R A Nd:YAG 7K A OGS, ik
£ & 808 nm, F &M Ky 5 HZ, Il 7 2 OGS
i B 10 B N 500 mm RS R B A A O 1 [
IMAGING SOURCE /A 7 ft§ DMK 33GP1300 COMS
FHHL

AN TR ZIARHLR SE 2 A S BEAn 18] 13 FIrR o X
R AR 14 i, al LA H, S ] A Z)
FEBE G5 o A AN ¢ A A [, i ad =X (D) DB

ot B, T (2) TR B ) i 20 D' SR A )
TW#e ffy, 255/ 15 R

12 KERE
Fig. 12 Experimental apparatus

(c) ¥ %13

13 ARENZFRRF LR
Fig. 13 Light spots on film attenuated at different times

(dy HF %4

H—fbtsm

40

30
20
0
00 10 X/

(a) B0

0.6

[ERS (/i

50

40

20 30

10 10 o

00
(b) B2



BLADGA: 2024,45(6) il 45 IERISREXTRZIE Nd:YAG BRERBOCED GRS EREZm « 1305 -

A4l

50
40

30

2
10 0 );J“\m

00
(c) B 213

(d) B Z4
14 AEMZIRBERF LEHRAEESS

Fig. 14 Intensity distribution of light spots on attenuating

film at different times

%1073

AR 10585 f /rad

0 0.5 1.0 15 20 25 30 35 40
t/s

15 AEEZ SRR AT A%

Fig. 15 Variation curve of optical axis offset angle at diff-

erent times

A LA H, AN A Z00O 35 00 6 R A8 1) I A% A
TEAEDG By, 3% T AS [ B Z20 38 4R Jis 2 i R 2 A7
FEPE BT B0, W BhE B 2.04 % 107 rad, 515 &
SRS LE FANAT . Horp iR 250 i AR v e R
Fr T 5 O 6 A Y B0 N O 22 R SR TG 00 A
P sl 5 K 2R 5 )

5 #it

ARBFFEHE T —Ff T 43 87 v 2 % [ AR O
OGS ] N B T Y BO(E T R AE A AR v
SUT B R Sh B R R B A s i R, A
S T A W BT - A % 3 R G A G 3l 0 R
H T TAEA A IR A 25, O LA o R
Nd:YAG BEURFOEES R, 5387 1 158 2808 X5 A )

TR s E AR AR E MR AR . Y dhis TR R

10 000 W, Ji B2 5% sh i 4t P9 -7 Fn s s B sh bl P -
A3 BIHE 131074~ 50x107* F1 1x107~50x107" 15 FBl N
Ak, K AE 100 mm~ 150 mm 5 B N 25 1k, il &R
A2 FE 100 mm~ 150 mm 75 Bl N 28 1k ks 5 B A
£ 20 mm~ 30 mm 75 B N AE AT, SEHEE ) S £
¥ 7 AR AE 7E BN K{ﬁﬂm{ﬁhﬁﬂﬁﬂwmdﬂ‘zm@@ﬁ
1x10°° rad~5x107 rad. ] 1% H LA 458 Ll 45
1] i &% #1754 5 0 ik o WTT/BzzﬁJ %KMMI:
R 8, DA AR ) A% A B, SRS Dk sl
BH I, AEL S SRR 1) 0% 3 R R AE B SR Tk 9 PN Ak
ARABE IS AR AL o K 6T ] I B2 £ 76 A 223
ik 5 P9 80 2 3 LR/ R PP OG #R G AR A 1)
e PR B BRUE, IR B 2 B0 AR AL X G SR AR
SE M B Y RE R, 2 51 O AR 1) B T Y D
3, St T I IR B IR S, AE T A R
PE 5 U B VIR T 5 T AN S B B IR S, 7
FEVUPE BE 7 et IR R I . S0 4 R 5 i &
FAY 5

AHEFEHE O AR 1) B M T SR R B
B8 i B m] AR PR AN GE M, tnT DL A T AR A
14 o5 T e [ AR SO 8 O R AR e M AT A A
Br, A5 1 26 F 0 A48 1 B M 14 45 18 X Bk il v
DR EARBOER B 2% 2 X, iR TR R
SRR BT 5 O TR BE 1 i 458 % = T R
] AR Y 25 1 AR 1) s A 1 i s o R Ty L
AR SRR,

5% 30k

(1] FE. @PEEOCHREAR S A MR (1. 5k k™
Ak, 2022(2): 47-50.
WANG Yu. Overview of high power laser technology and
industrial development[J]. Advanced Materials Industry,
2022(2): 47-50.

(2] JHBEE, £, XU, 5. o B E IO HoAR & R iF
FEL]. TR, 2020, 22(3): 49-55.
TANG Xiaojun, WANG Gang, LIU Jiao, et al. Develop-


https://doi.org/10.15302/J-SSCAE-2020.03.008

1306 -« N H

A5 % 6 )

(3]

[4]

[5]

6]

(7]

[8]

(9]

[10]

[11]

[12]

ment of high brightness solid-state laser technology[J].
Strategic Study of CAE, 2020, 22(3): 49-55.

HUBER G, KRANKEL C, PETERMANN K. Solid-state
lasers: status and future[J]. Journal of the Optical Society
of America, B. Optical Physics, 2010, 27(11): 93-105.
sz WOt b RERO A B A R (1], N5l
BHE 525955, 2016(23): 95-96.

ZHANG Lihong. Development prospect of high energy
lasers in laser weapons[J]. Inner Mongolia Science Tech-
nology & Economy, 2016(23): 95-96.

Bk, S, IR, L R RBOLA R R ).
O SLTH1, 2013, 43(8): 845-852.

LUO Wei, DONG Wenfeng, YANG Huabing, et al. High
power laser development trend[J]. Laser & Infrared,
2013, 43(8): 845-852.

DHUPAL D, DOLOI B, BHATTACHARYYA B. Model-
ing and optimization on Nd: YAG laser turned micro-
grooving of cylindrical ceramic material[J]. Optics and
Lasers in Engineering, 2009, 47(9): 917-925.

MAHNKE P, PEUSER P, HUKE P. Nd:YAG laser/KTi-
0AsO, (KTA) OPO system for laser ultrasound measure-
ments on carbon-fiber-reinforced composite materials[J].
Applied Physics B, 2014, 116(2): 333-338.

TRAATL, TR . RNk Nd:YAG BOEPI#EI& 40 T
ZWFEL]. RO, 2020, 40(4): 724-729.

ZHANG Songhong, XU Yingruo. Study on the techno-
logy of cutting alloy with solid pulse Nd:YAG laser[J].
Applied Laser, 2020, 40(4): 724-729.

XIANG H, CHEN B, WU W J, et al. An integral MPS
model of blood coagulation by laser irradiation: applica-
tion to the optimization of multi-pulse Nd:YAG laser
treatment of port-wine stains[J]. International Journal of
Heat and Mass Transfer, 2017, 114: 1220-1233.
TORTSCHANOFF A, BAUMGART M, KROUPA G.
Application of a compact diode pumped solid-state laser
source for quantitative laser-induced breakdown spectro-
scopy analysis of steel[J]. Optical Engineering, 2017,
56(12): 1-8.

POSADAS-CASTILLO C, LOPEZ-GUTIERREZ R M,
CRUZ-HERNANDEZ C. Synchronization of chaotic sol-
id-state Nd:YAG lasers: application to secure communica-
tion[J]. Communications in Nonlinear Science and Nu-
merical Simulation, 2008, 13(8): 1655-1667.

XU J, KONG M W, LIN A B, et al. Directly modulated
green-light diode-pumped solid-state laser for underwater

wireless optical communication[J]. Optics Letters, 2017,

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

42(9): 1664-1667.

DING L, LI S S, LU Z W, et al. Analysis of the beam-
pointing stability in the high power laser system[J]. Op-
tik-International Journal for Light and Electron Optics,
2016, 127(15): 6056-6061.

XIEM L, LIU P, MA C W, et al. Application research of
high-precision laser beam pointing technology in airborne
aiming pod[J]. Optik, 2019, 183: 775-782.

DIXIT S K, MAHAKUD R, PARAKASH O, et al. Role
of optical resonator on the pointing stability of copper va-
por laser beam[J]. Optics Communications: A Journal
Devoted to the Rapid Publication of Short Contributions
in the Field of Optics and Interaction of Light with Matter,
2008, 281(9): 2590-2597.

e . WO IR EAL T MU R 4 ) 12 [D].
DL AR R, 2005.

YONG Fugiang. Numerical matrix method for mode
study of laser resonator[D]. Wuhan: Huazhong Univer-
sity of Science and Technology, 2005.

PAXTON A H, YANG C. Laser simulation applying Fox-
Li iteration: investigation of reason for non-converge-
ncelJ]. SPIE, 2017, 10090: 233-239.

GOODMAN J W. Introduction to Fourier optics[M].
Roberts & Company Publishers, 2004: 96-120.

BORN M, WOREF E. Principles of optics[M]. 7th ed. Ox-
ford: Cambridge University Press, 1999: 131-197.
FDOIE . 3G i FRREON N 155 RRE [ R O A% 5 R F
FE[D]. VU4 Vi4 i T RHERA, 2018.

WANG Hangqing. Influence of gain and thermal effect on
high performance solid-state lasers [D]. Xi'an: Xidian Uni-
versity, 2018.

JeE NG TR R R SR EMAO L AR G ROR BT SE (D,
PUZE: VYL T RHCR S, 2017.

QU Pengfei. Research on key technology of compact high
performance solid-state laser[D]. Xi'an: Xidian Univer-
sity, 2017.

RALVE. HET Nd: YAG PGB FR0M 1T Q WO AT
5E (D). P44: TG 7R, 2022.

ZHU Jiangtao. Study on Q-switched laser based on Nd:
YAG thermal lens effect[D]. Xi’an: Xidian University,
2022.

S AL T IR FR2E 04 19 MATLAB SCBL L] ik
FHIMTE 2% Be 24, 2009, 24(4): 27-29.

SHI Ce. Heat conduction equation finite difference meth-
od to achieve the MATLAB [J]. Journal of Xianyang Nor-
mal University, 2009, 24(4): 27-29.


https://doi.org/10.15302/J-SSCAE-2020.03.008
https://doi.org/10.1364/JOSAB.27.000B93
https://doi.org/10.1364/JOSAB.27.000B93
https://doi.org/10.3969/j.issn.1007-6921.2016.23.050
https://doi.org/10.3969/j.issn.1007-6921.2016.23.050
https://doi.org/10.3969/j.issn.1007-6921.2016.23.050
https://doi.org/10.3969/j.issn.1007-6921.2016.23.050
https://doi.org/10.3969/j.issn.1007-6921.2016.23.050
https://doi.org/10.3969/j.issn.1001-5078.2013.08.001
https://doi.org/10.3969/j.issn.1001-5078.2013.08.001
https://doi.org/10.1016/j.optlaseng.2009.03.016
https://doi.org/10.1016/j.optlaseng.2009.03.016
https://doi.org/10.1007/s00340-013-5696-7
https://doi.org/10.1016/j.ijheatmasstransfer.2017.07.033
https://doi.org/10.1016/j.ijheatmasstransfer.2017.07.033
https://doi.org/10.1016/j.cnsns.2007.02.005
https://doi.org/10.1016/j.cnsns.2007.02.005
https://doi.org/10.1016/j.cnsns.2007.02.005
https://doi.org/10.1364/OL.42.001664
https://doi.org/10.1016/j.ijleo.2016.04.061
https://doi.org/10.1016/j.ijleo.2016.04.061
https://doi.org/10.1016/j.ijleo.2016.04.061
https://doi.org/10.1016/j.ijleo.2016.04.061
https://doi.org/10.1016/j.ijleo.2019.02.152
https://doi.org/10.3969/j.issn.1672-2914.2009.04.009
https://doi.org/10.3969/j.issn.1672-2914.2009.04.009
https://doi.org/10.3969/j.issn.1672-2914.2009.04.009
https://doi.org/10.3969/j.issn.1672-2914.2009.04.009
https://doi.org/10.3969/j.issn.1672-2914.2009.04.009

	引言
	1 理论模型
	1.1 激光器模型及其光束指向
	1.2 计算模型

	2 腔镜失谐因子
	3 仿真结果及讨论
	3.1 热效应及增益
	3.2 腔镜失谐对光束指向稳定性的影响
	3.3 腔长对腔镜失谐条件下光束指向稳定性的影响
	3.4 曲率半径对腔镜失谐条件下光束指向稳定性的影响

	4 实验结果及分析
	5 结论
	参考文献

