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Abstract: The effect of pump focusing characteristic on output laser characteristics of passively Q-switched solid-
state (PQS) laser is studied. Using a 10 W laser diode(LD) and a coupling focusing lens with focal length of 4 mm,
without changing the cavity structure and the distance between LD and resonator (15 mm) , five coupling focusing
lens positions were selected to research the effect of pump focusing characteristic on output laser characteristics, es-
pecially on the stability of the output pulse. When the distance between LD and the coupling focusing lens is 7. 50
mm, at a continuous-wave pump power of 3.550 W, a passively Q-switched laser with higher repetition rate (160
kHz) , higher average output power(360 mW ) , higher single-pulse energy(2. 250 pJ) and lower time jitter( 120 ns)
was obtained. The experimental results indicate that the match degree between pump focusing spot and fundamental
mode spot is good when the distance between LD and the coupling focusing lens is 7. 50 mm. The theoretical calcula-
tion results indicate that the ratio of the fundamental mode spot size to the focusing spot size is 0. 854 when the dis-
tance between LD and the coupling focusing lens is 7. 50 mm. The ratio can be used as a reference for the research of

high repetition-frequency PQS laser.
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Fig.1 Experimental setup for the LD-pumped passively Q-
switched Nd: YAG/Cr*": YAG laser
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Fig.2  Pulse repetition rate versus incident pump power
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Fig.3  Pulse duration versus incident pump power

A 3R A5 07 5 0o ey T AR 20 1A Q TR
BN QUIEHE - €23 R A kS TN R S R
A 8T, A SR AR BT N TR A7 X A o ik ol ) st
SCREShBEAR . F BT 4RI, 06 1 Ab X R O
I REBh DA 27 s FE 5. 20 wso 57 B 2 Ab X i
H O B R 3 45 ws PR E 3 s VB 3 AL XS
Jo7 i O I SRR BN 11 ws R E 120 ns. {7 E 4
Ak X N7 O B R B K15 s B & 400 ns,
I E 5 kb k7 O B 3B B 22 s B =

3.10 ps.
5
45 -=- Position 1
=®-Position 2.
40 -A- Position 3
" 354 =v= Position 4
2 =#-Position 5
£ 304
Z 254
= 20+
TS
104
54
G T T : T T T I. :
0.5 1.0 1.5 2.0 2.5 3.0 3,5 40 45

Incident pump power/W
P4 I SRR S I 2R D R B0 A i e (I o SR A i
KIE)
Fig.4 Time jitter versus incident pump power, the inset

shows a partial enlarged view.



310 K b/

¥R 44 %

P 5 43R 1 2 F A SR AR 0 1 X s EE A B
VH Q WOGER O T s e . ] B
1Ak Xof 1z A e O 7 B s ) 20 R E R 61
mW o 7 B 2 Kb X R O T 34 g T R R R
50 162 mW . 7 B 3 &b XF B i 3806 S 24 %
IR A5 KAE N 360 mW o 7 B 4 4b %t 13 S 380
S B i I R A KA R 309 mW o v B S Ab X
iy th WO Y D R RN 212 mW ., 7R
FWHE I Q BOG AR, R G R AR AL B X
PO B K v R Y 52 e G 1 6 BT i, B A ST T
A IG NN, R A IR A AN [ L B T R K o
Bk oh R AR R B TR A 1A XN A
6 Bk vh BE B 1S B 0,467 L, ST HERE 0.436 pl.
A7 2 Kb X N A O B K b g i 5 & 0. 825
I, JEREZE0.680 wl, fe G E 1. 157 pwJ. i3
A X A+ IO B K e R R R A 2. 360 w) L e B
32,250 wlo 7 E 440 XF Ny IEOE BA k eb RE
B 1,683 W, T FEE 1,250 wJ, BT 3= 2. 060
plo 7 B 5 Ak XL i O B bk b RE g =
1.675 W, A b2 1. 283 Wi, i G £ 1. 514 .

400
-m-Position 1
350 —e-Position 2 A"/‘
300 -A-Position 3 v
7] -v-Position 4
250 =¢-Position 5 Y,

200 / ‘ o
150 / /0;'
100 4{2:/ o

a—a

Output average power/mW

_®

4 L)
-’ -
—_n—"

05 1.0 1.5 2.0 255 3.0 3.5 40 45

Incident pump power/W
P52 s ) 24 B A 2 5 B 2 Al 2k

Fig.5 Average output power versus incident pump power

2.5

-m-Position 1 A\A-A
-e-Position 2 /
2.04 -A-Position 3 / v/v
= -v-Position 4 v~
2 =#-Position 5 ¢._ v /
En, 154 { \‘7\ / ? g
g v Q_\s’/_o/
z ]
5 10-
5 i

® ®
o——9

N

055 10 15 200 25 3.0 3.5 40 45

Incident pump power/W
6 B bkt BE i B A2 i 2 A< A 2 A il 26

Fig.6  Single-pulse energy versus incident pump power

——p

ZE b B ST D) R A R A R A
V7 B 0T IO O B EE R ST S TR B
iU N NN ETES S5 N 0 TR O ok s e R L A 1)
KBS TS RERAE A, W
WO RRPE XS B ) HAR BB AN [\ . 25 A& RN
B EOCR AR AR I B
S Ly 2G0T ) 238 DL KAk e e
FH 0 14 T, B sl R Bl B R A bk B AR A R R SR
B, AR e e THe e &
3.1.2 AR Q ok e ARk kP ik

A & 2~6 it s TE R & B 00 B 1~5 2 (8], 4%
A REEA T A0 E 30 AH R W )R HN L T
VSIS B /N Ly, A B O B L O
f EE AT 35 e D R B bk R R B, A B )
B

TR A RN E 340, LD % K 3. 550
W, SEEL T E AR O 160 kHz 2% o R o
360 mW Bk B A 2. 250 w O Fa i Bk b
2o b TR A 22 R AR L 15 B A R ik b e 51 i 1 7 e
i e L B AR Kk b i B 3 120 ns
(I 8 7 ) o s aw L UCREE T, A kit £k
W 9 B i bk e A Dk 5 10. 60 ns.
SCHR B & 248 Y R I R EDOL B S

RIGOL

Sps/div

17 160 kHz F Ik o 17 51 1]
Fig.7 Pulse train profile and the pulse repetition rate (160
kHz)

100ns/div

K8 s} g R
Fig.8 Time jitter profile



Wk, A WG RN R FE A 1064 nm 85 3 Q OB Y R 311

Sns/div

Ko Fiks =&l

Fig.9 Single-pulse profile and pulse duration

FEAH 6 AR OB BE 9 DL L B0 AU H 5 O Y
R 2l A A AR S TG JOE A A AR B
WV AFTESZ W o 256 SR 45 1T LUAE 1, i G
REHEAE 3L, IR ESEBOE RS A6 R
FEOCBE VT BE ROR B4 o 8 IR ] Zemax B A5
PLAT B8 T 55 8 7 20, R AT U IR T R AOL BE R
oF o 5 5 6 T AR BE A R, T R
iy BRI 5E .
3.2 EHRSW

AR LD 3E 3K T HE & B AH ¢ 24, R Ze-
max HCAF X 2 3 OG5 Al D 1) 280 AR BR T RS S SR AR
an A A SR A BE Y SR RO #EA TR . AR A 2R
R B 3 B, LD REERFTE Zemax IE 7 51 5
KRB ROCH W E 10 s . 51 4R IEF 51
BT MRS LD & M CO Al 77 18] & 150 2 307,
18 4l 77 ] & B R 10°) R R OG X8 (1 um*200
pm) S5 AH 5C 2 BB AR IR 5 2 4k ik
AR 4 mm BUHRE5 85, X AL IEAT R AR
55 34 Sy PRI A% B AR DL S R KOG 17,50
mm , 3R 5O R AL R .

10 Zemax = %

Fig.10 Zemax simulation optical path profile

WME 11 PR A6 R B T A8 30, LD 7R
i A A BRI AE 1) SR A8 R w, K 248. 800 pum

ZJa KBS RE R I AT B S R AR
A8 3 b1 IR A SEBOL BER S 0,7 I IR 2

2.00E+005

1.80E+0051
1.60E+005

o 1.40E+0051-

=< 8.00E+004|
6.00E+004F
4.00E+004-

2.00E+004[

0.00E+000 I 1
~025  -020 -0.15 -0.10 -005 0 005 0.10

X coordinate value

0.15 020 0.25

11 A REEALE 30, JE LR OB IE R
() .
Fig.11  Pump beam waist light spot size at coupling focusing

lens position 3(slow axis)

P LI 12 FIE 78 o & A A 3 5 0 7 AT LA 45 A0 O
B, R 17 BT R L AR 22 i

, oc
o N
Rl RZ
L L -
|

BL12 3G BRI IR IR 45 4

Fig.12  Cavity with thermal lens
TR M A BRE SR S 3 S A SO
(A)ZL(RI -L)(R,-L)(R, +R,- L)

0 = ; , (1)
(R, + R, - 2L)
R, ¥4 F I 55 KAt -
(A (e
wo—(ﬂ) L(RI L), (2)

IAE B 45 A0 T A il R R S G B AR IS
Z IR ARWT

R, =2(n, =1)f, (3)
4 /\ 2
wU:(;>L|:2(n0—1)f—L:|, (4)
Horp #GE B R R T O
ZTrKa)i. 1
Ju = &P, (dn ’ ()
ﬁ + av["ﬂg

KR HOL G A i T 5 58w, 18 Bl 7 1] 1 238 Ot
TE OGS AR T 7 B 6 BE RT 94, dn/d TR 381
O i MR 1) R BRI, 4300 R O A
1 A2 ik 28 AN AT SR & Ry B B AR R ORI



312 K b/

¥R

5 44 %

Ol it A T A ) 2 R AR AL SR BB Y L )
Pi, 28 TR my RO R R g, =

exp(=al) , o DA o0 51 2 FOG i AR (9 K 5 A
Wl B BARS AR 1R .

x1 REREEMMITEAXPETSH

Tab. 1 The parameters in the thermal lens focal length’ calculation formula
KAW-cm™-K")  dn/dTK™ , P /W [/mm o /pm a,/K 3 n, a/mm’™
0. 140 7.3%107° 1.823 3.550 154.127  7.9x10°° 0.36 0. 888 0.73

B3R 1 & WUEUE AR A 2 3 (9) AT A5 3 BE
FEHE /=104, 838 mm. KHR 7 OLIE K A=1 064 nm ,
IR A L=8 mm B F R A A K ()1
ARG R AEBAL T 8 30, i R i LB BE
FMER SF w, 212, 558 pm.

NG AL T AL B (R G B P 5 LD
#E B L, =6.90,7.20,7.90,8.20 mm) i}, XF )i (1
LD 7€ i 4R 9 R B SL B 1 I R o, 5000 8
301. 400,274.400,225,211. 400 pm, X Jij {9 F A5
Fe3E R w, 43 91 K 226. 012, 220. 088, 206. 026,
204.318 pm.,

1.00
) 3004 —e— Parameter a
E -0.95
3 280 +——
= —>-0.90 =z
@ 5
£ 2607 L0.85 £
= <
S ]
éﬂ 2404 Logo =~
=
2 2201 -0.75
t: Focal spot
200 Oscdlallmg spot : 0.70

6.5 7.0 7.5 8?0 8.5
The distance from LD to coupling len/mm
B3 ASTRHE A 2R A8 0 0 8 X L A ZE i e BE R T 0, B
R o, LS .
Fig.13  Pump spot size (®,), fundamental mode spot size
(@) and parameter a versus coupling focusing lens’

position.

W FE B BE R 0, 15 5 30 ' 3R A2 ' B o
Rt 0, Z oo, LS o, UEH 3D BE
HEMOCRENENESRE . HAEREHEAR
8 (R A B A F i 5 LD B B 1,=6.90, 7. 20,
7.50, 7.90, 8.20 mm) X} N () 2 K o 5 B N
0.750,0. 802,0. 854,0.916,0. 966

A SRS R K 2~6 FR AT B Y PR A
RGO E 3TN, BEE 500 316 & i3 m , i i
WOLRYF A F- 5% D)2 B b RE SRR AR B s
BLahdi A, AN [EIHE B R A B 0 i Ik bR 1) 28 Ak IR
FAE R A CBE R 5 iR i FEAO G BE R DT e

THHL AL BN S8 a 28k, FIRES R B
M SE 00 %6 E T, a=0. 854 J& i = T AT 0k 211 Q 0k
AR R b i R A D IE 5 1 . R A A T B
30F, S8 a=0. 854, FF 45 SCHRFE 2 1) hy R8I A 1 B4
BEEA , o 1% KT 0. 625 BT JE I,

ARSI R ARAT B LA, LD Je R G AT e 4
Pl 7 0] KA R 5 R P B — AR Bk AT 5T
JEREE . RAF WL, LD 24 I i) 5 PRl gy i 3 A
B2 SEMRIRAE R o AR 5548 5l 77 1) AH W) 14 20 SR 2E 1 7
TR Pl 7y R RS G R AR AL B (AL 1~5) %)
B 43 3R 16. 250,17. 632,22, 667,23. 667,
23. 413, P4l T 1) TS 4R s AR B BRI R~ i K
R B A R T I IR 5 SR BT 5 R AR BT T
P P Je 2% T8 oy ). L, IR ERE AT R %
JE LD P25 5 1) 8 S AR LT e

4 %

T o ST B IR Q BOB S b, & B A K

T 11 R K R O 1 R R R A SRR,
TP Sy o Seu AR LD 58 R 8 45 b 5 e PR
(15 mm) ANAS AR 4 mm /Y 5 —AE Bk 1T 52
VE R A B AR Bl I8 Y LD S50 A A S 1 Y
FEES L, W R 2R A5 007 X I TR Ol SR AR A
PEXF 8 T Nd: YAG/Cr: YAG B 8018 Q 306 25 i
KRR e . SR A R R A RAER
TEHE R LD 7. 50 mm &b, I D) %58 3,550 W AT,
SCHL T % R 160 kHz F % T %k 360
mW Bk vp BE &R 2. 250 wl BT IEENS A 120 ns |
Jik 9 7 10. 60 ns (4 £ E Bk o i 1h o B B R OF-
Yyt i oy R Ak b i e B i) sh E R AR A R
R E R ARSI . o, 120 ns 2 BUA SCHR
HEE A 160 kHz B, 9 2h I8 Q % H Dk o bof Ssl ) 3
BAFMEE R . XU G RAERAEEZ LD 7. 50
m Ak, ZE 3 O IR AR O BE 5 U IR i LY BE DG e

BAf . ZJE il BT R AR S R AR IR
B LD 7.50 mm &b, BEBIEEE RS 5 Z 6 R £



%2 wE o EE, SF: JRWDURAERERXT S ES 1064 nm RS Q WOL AR 5 313

BESE R SF 22t R 0. 854, 2 LU (B 7E P a5 5 AR S G i B L B A LA N AR T Al
FESAE T ARAS 0, 1T R A 5 T R e T R 2 AU http://cjl. lightpublishing. cn/thesisDetails#10. 37188/
i Q W i B AIF RIS B AR A 2 CJL. 20220294.

Z F X #:

L1 &R, RRN, AL, F. HESEEQBAEBOEHIT R [J]. #ot 5 ke F 5k, 2015, 52(9):
09001-1-10.
LIM L, MENG P B, YAN F J, et al. Progress on passively Q-switched solid-state lasers [J]. Laser Optoelectron. Prog. ,
2015, 52(9): 09001-1-10. (in Chinese)

[ 2] FER&. BRARZEMY R mhE BAELEHA (D] 0L WEHFRHERY, 2014,
LI B B. Study on Compact High Peak Power End-pumped Solid-state Lasers [D]. Xi’an: Xidian University, 2014. (in
Chinese)

[ 3 ] HALLD G, SMITH R J, RICE R R. Pump-size effects in Nd: YAG lasers [ J]. Appl. Opt. , 1980, 19(18): 3041-3043.

[ 4 ] LAPORTA P, BRUSSARD M. Design criteria for mode size optimization in diode-pumped solid-state lasers [J]. IEEE J.
Quantum Electron. , 1991, 27(10): 2319-2326.

[ 5] CHEN Y F. Pump-to-mode size ratio dependence of thermal loading in diode-end-pumped solid-state lasers [J]. J. Opt.
Soc. Am. B, 2000, 17(11): 1835-1840.

L6 ] T, =48 Mm@ Rl A st B 4 M A3t 547 [D]. dbat: Jbat Tl K2, 2007.
DING X T. Design and Analysis on Structure Parameters of Diode Side-pumped Thin Disk Laser [D]. Beijing: Beijing Uni-
versity of Technology, 2007. (in Chinese)

L7 ]8R, LEE, A%, F. LDUHIRRM Nd: YAGHOG Py B ST R [J]. & F 54k, 2005, 34(12): 1769-
1772.
YANG Y M, WEN J G, WANG S Y, et al. The thermal lens focus of the end-pumped Nd: YAG laser [J]. Acta Photoni-
ca Sinica, 2005, 34(12): 1769-1772. (in Chinese)

[ 8 JLIGQ, ZHAO SZ, YANG K J, et al. Control of the pulse width in a diode-pumped passively Q-switched Nd: GdVO,/
KTP green laser with a Cr*': YAG saturable absorber [J]. Appl. Opt. , 2005, 44(28): 5990-5995.

[ 9] &, LDREEA N YVO, SR h 8 Q BAAH LA [D]. 3R 1L K%, 2012.
YIN L. Study on Passively Q-switched and Mode-locked Laser Characteristics of LD -pumped Nd:YVO,Composite Crystal
[D]. Ji'nan: Shandong University, 2012. (in Chinese)

[10] 2EF . IDHBRELD QF £ N YAGH A BEME SR [D]. KE: KEM T K¥, 2016.
WU X F. LD End-pumped Passively ( -switched Nd: YAG Laser Simulation and Experimental Study [D]. Changchun:
Changchun University of Science and Technology, 2016. (in Chinese)

[11] Em . BARSAREMREALRXEBEARIR [D]. U WL FRH-ERY, 2017.
QU P F. Study on Key Techniques of Compact High Efficiency End-pumped Solid-state Laser [D]. Xi’an: Xidian Universi-
ty, 2017. (in Chinese)

[12] MAO Y L, DENG P Z, ZHANG Y H, et al. High efficient laser operation of the high-doped Nd: YAG crystal grown by
temperature gradient technology [J]. Chin. Phys. Lett. , 2002, 19(9): 1293-1295.

WRER(1997-), J , I AR AT A, Al - A
g4, 2019 4F F N 58 iy K2 gk g+
X VANE =L YN 4 QU S O - B0l

5
:

HE#E(1980-), 5, 5 il B 2 iR R
NS WR9E 5L 1 A S 0, 2008
AR T rp E R B R AR O B LS
Y B T ARAG W 0,
Ok e B A R R PR B 5

E-mail: fuxh@ciomp. ac. cn

E-mail: yaocongl9@mails. ucas. ac. cn




