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Abstract In an off-axis pumped laser, the off-axis thermal lens effect gives rise to the Hermite-Gaussian (HG)
mode hopping. Namely, with the pump power increasing, the running laser turns from a single HG mode into
mixed modes and then into the adjacent low-order HG mode. Our analysis shows that this is due to the decrease in
the effective off-axis amount caused by the off-axis thermal lens-induced optic axis shift of the resonant cavity for
off-axis pumping. The experimental results demonstrate that a higher-order mode has a lower pump power for mode
hopping. Moreover, we can return the laser to the original HG mode by modifying the off-axis amount in practice.
A larger adjustment is required as the pump power increases. We experimentally demonstrate pulsed outputs at a
high peak power in sixteen HG modes, from mode HG, ;, to mode HG;,. At a repetition rate of 10 kHz, a pulse
width of 32 ns and a peak power of 4.1 kW are realized for the mode HG, ,, and a pulse width of 79 ns and a peak
power of 0.7 kW are realized for the mode HGy; , .

Key words lasers; solid-state laser; Hermite-Gaussian beam; off-axis pumping; mode hopping; thermal effect

17 - i 307 (LG G RE K-8 i (HG) S REAE 6 274 3k
== M, », PR =

T A ARG B HOL 2 UR AR 2 DG 1
F T LA 2R 1 R R RIOA 02 25 ) 23 A AR S R B A TR L B T

WA BHE. 2021-07-25; f&EI HEA: 2021-08-27; A EHH: 2021-10-08
BE£mB. EXARR¥%HS(61805196)
BIEEE: “tianhongl@126. com

0714001-1



MR

E 425 FT7H/2022 F 4 B/RFEFIR

FEIERA s N0 38 JE R iR S A 7= A e R T
g I R SR LA R Ty R A X 4l
VR T INA K op TE L DL RO SRR RS AR,
W I E SO T IR s A FH A R TR 2 B
X BB A AT R L A R RO RS L
i A B 3R A v B AT L A2 A R 0 1 5
PR 22 A B 32 5 LA™ A= e D) 23R 8 ik oo, e
T R A I8 R B S DG TE AR S U R oK . i
JERE L 7= A R R OGO 7 A Tk b i T KSR
R v i 45 T LA R R 3, 8 3 A7 B F o
NP SR

LG JH A HG J6 3 7 312 3 18 e s 7 A A
P 2R ELAR AR bR R R RARTERE S, BREEBESL LG, ,
JCH B 8B L 53 A Lexp (iL0) , Hoh 0 Sy AL, L
RFANGEC AR T 1 (R VA — AR B v R D) K
NI B BT A B R T O SR R UL M A IR
WE . FEBOGHR b, AT L i R S O U
277 A LG R HE G, (H 3K Bh Jr 0 X 18 I Jis 0 158 4 %o
PR A 4 s 1 23R, i B B AE s X LG B
FRESEATEHYT . ORI A LG R 5 —
PP 302 AR IR I h A HG,,, JElR 2R 5 it
PR FE B AR5 W M LG, , WIEE[ HA p=min(m,
n) l=m—n], B AT % B A5 R B Ay O o7
JCAAE B BE 7K 32 1 T FROK AR o LR AR AR A . BR
TRE= A WHEE s HG G AE R T in ok | 2 8] %38 {5
SO A mEN Y 554 HG,,, R E A,
IR Z R CRIV a4 ) R S RS AR A 4 ] L
AR T B N8 B BE B 8 A5 2 4% 1Y A5 TE) 45 A
JEH L L AR O B B R AR HG SRR B AT
EE I ANE .

B PR BOC 7= A HG S H #5485 4
BN RN 15 -3 AN o )| /N [ I
bl H A I T 1 4 R R R AR X T AL 4
WO X FP T R AR T ZINA S SMA e 2E T A
X S G B IR I B AT S RS 3h BT S B
FOGTE Q S 7 A ik b e 1 — b E Ly vk L H R A
FEEOEE Q B Z i HG OGSk i b, —
B HE L 756 TE Q BOGR B AT I, A i A% X ] g /b
K B[R] 58 il B, AR 5t B 2Rk 5, S B —
HG B 0 xE B8R 540, T R4 A 0
{E ) 3R, T B i 1 I T 3R X 2 5 IS B AR
N7 o L il G B 00 2 o O 2 AT R 1 7 R
—E R, AR SCHIFSE TS A A R O A
75 A5 A5 XoF K A A AR 1 B, 0 7 AE 7 O 9

Q WOLFIBITIRE T A2 A HG B & W 5 )
APk O

2 ERE STk

BRI A OGUH Q MO 2% 1Y 52 50 4 A
F 1) iR, bRl 808 nm WG HE4 it
HOE S (LDE R IR AR SOG4 AR
105 pm BUEFLER (NAY H 0. 22, F4 G2 i iy
MG B L, MEH B85 L, BEIEOLMKE
Nd: YAG st 1 KRR G B B8 L, (L, L REFENG %L
BE L HAE o i sh, nf SC8l B 4 A . Nd:
YAG B2k B (R F8 8O R 1. 0%, HRE A
5mm, K E N 10 mm, &K E W WS
808 nm 1437 A 1064 nm {5 J B, 5 — o 0 % A
1064 nm H{BEWE, i th# G 5 (OO Iyt F2F 42 R
200 mm, &3 RN 5%, OC FHOE & AR 1Y %
i TR AR B P~ T 22 B R s . 70 Q JF & CAOMD
P A R R R A S T A 26 W ST T AR AL L FLREER
MRS 5 mm X 10 mm, A7 80AT 9 X 38k 5 42 0
1 mm, BG5S HE K 70 MHz, 2 H KL E K
10 kHz, JH i # O6 M #8088 (B4 5 DETO025A,
Thorlabs) Ul & 3#G bk w3 7 L B FH 7 3 2% A9 Y 56
300 MHz, R #% J} 2GSa/s, ] Cinogy 72 &/ 7=
(49 % BE 43 7 A (B 5 CinCam CMOS-1202) #1145 i
HOLBE,

BRI A HG B0 AR R SO S
HG 230 2 1 52 58 92 BB =X IT e, AT [l H A% HG
RO P 1 25 A LR 5 5 ZE o 5 b AR H AR
(0 5 B 2L /N M HORRE IR . DR, A 0 e ks %
FEWOEBE R /NKE S T L R R R A B T
S Xt AR SR FH B S L IR R I K E L=
R/2=100 mm A}, #06MAm I AR 7 ERE2E A
BB R BB 2R 180 pm ., I 5 25 5 52 A
UG L, B, KR R K E ke
100 mm F T 2 3 6 BE KN 2k 6. 0 T iz i Ik
FiE B TH T 25 HG B G B 2 42, 45 R
WE 1 TR, I HG,., BIF I, Bl G BB 50
Thim s —IF IR 3 2k 52 BE Y 21 A2 2URI0/N , 4R ) W8/
BB AR R, HG,,, 853558 B 248 4080/ K
HG,,, BGEE 12 1 — 2, 4 T HG,,,, 8, Kl %
SEBEREAR AR 80 pm, WA T A A E B HG
B, S P ARG BE Y 2 48 BT 80 pm,

FEOLIERRE, JCE LM S B HG Bz Bt
F18 DT C 5 111 52 B o 8 3 D 7 S0 b 1 rh 7 AL 4 —

0714001-2



MR

E 425 FT7H/2022 F 4 B/RFEFIR

SE Y I B A RE B 52 4 O, 24 SR AR BE /NI L AR
ROEE HG BE5 BEAE M7 i L fE 52 S L B
(ELAE £ THT 22 J 258 30 D' TR bR T O B bR T R Y 2R
G RE S AR A b Uk A & 5 AR F AR
PRz . BN RE 92 0 R4 Y =R DRE . PR,
S I X IR A MR R e AR AT 2E— AL A
B R AIE AR, BaE6H L L, 1E
P S ) 2R R S S O BRE 1 DN L S v gk v

@

HiEE L ER £, =20 mm, BEER L, MEE
fo AR 20,30, 40 mm, I X 38 IR KR AE 50~
120 mm #4715, B 20 o 8 IR I A LA B2 Dy
60 mm, &G L, £ £, K 30 mm, FEFHEOL R
L Q FF R I 3, IR L= ERK R 70 mm,
XiF o7 B4 G A A it T A ) R B R B O R R AN
170 pm, DLW, i JLADE2ABRE T 8 H 0 2F T 3R
WEBEER 2R 75 pm, X 5 S/ T 20k
200
180

@)

0 5 10 15 20
Mode number

1 B L Q BOLAS LI B KM HG B G AR (0 MR A6 Q Hot#
THEEE A (b) HG B g sn 47

Fig. 1 Experimental setup of off-axis pumped acousto-optic Q-switched laser, and spot radius of outmost spot of HG mode.

(a) Experimental setup of off-axis pumped acousto-optic Q-switched laser; (b) radius of outmost spot of HG mode
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(b) threshold pump power; (c) pattern of HG4,, mode
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