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Abstract

Abstract
Zhang Xiaofu (Optics)

Directed by Prof. Zuyan Xu (Academician of Chinese Academy of Engineering)

Diode pumped high power all-solid-state picoseconds lasers are widely used in the fields of

military affairs, industrial processing and scientific research. Experimental researches on

high-power and high-beam-quality diode pumped picoseconds all-solid-state lasers are the

keystones of this thesis. The investigation involves many theoretical and experimental studies

such as the reduced quantum defect of direct laser level pumping (DLLP) of Neodymium

doped materials, accurate management of thermal lens, passively mode locked laser with

Semiconductor Saturable Absorber Mirror (SESAM), and control of beam-quality. The main

work is described as follows:

l.

Investigation of the reduced quantum defect of DLLP of Neodymium doped materials.
The reasons of thermal effects generated in Neodymium doped materials were analyzed.
The possibility and advantage of the reduced quantum defect of DLLP and the energy
level diagram of Neodymium doped materials are studied on respectively. Laser
performance of Nd:YAG crystal pumped by 885 nm LD is experimentally researched and
65.5 % optical-optical efficiency is obtained corresponding to 81.9 % slop efficiency. The
Nd:YAG ceramic laser pumped by 885 nm LD is presented for the first time with high
optical-optical efficiency of 58.9 % and a military affairs patent is asked. The 888 nm
reduced quantum defect of DLLP Nd: YVOq crystal is also experimental studied on and
74.14 % optical-optical efficiency is obtained with slope efficiency of 79 %. The 888 nm
pumping Nd:GdV Oy laser, with 67 % optical-optical efficiency and 79 % slope efficiency,
is also presented, and a patent is prepared. The reduced quantum defect of DLLP is an
efficient way for high optical-optical conversion efficiency generation and better thermal
management.

Researches of Nd: GdVO, rod side pumping technique. Based on the requirement of Nd:
GdVOy4 rod side pumping, the Nd: GdVO, side pumping laser head are designed and

assembled. The temperature changed for distribution of fluorescence in the Nd: GdVO,
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rod is presented firstly. The laser performance of Nd: GdVO, side pumping laser head and
Nd: YAG side pumping laser head with the same parameter are compared with 18 % of
optical-optical efficiency higher than that of Nd: YAG in cw and Q-switched output.
Theoretical and experimental researches of high power and high-beam-quality
picoseconds laser. Based on the reduced quantum defect of DLLP discussed before, a
diode pumped passively mode locked Nd:YAG laser with SESAM is obtained with
average power 17 W, repetition rate 80 MHz and M*=1.1, pulse width 30 ps, after the
problem of thermal lens measurement and the parameters of SESAM are solved.
Theoretical and experimental researches of high power picoseconds laser amplifier. We
investigate the method using both Nd: YVO4 and Nd: YAG in multi-stage amplifier
system to achieve high power output. In the MOPA system, by using Nd:YVO, and
Nd:YAG together, the output power is increased to 92.7 W with repetition rate 73 MHz,
pulse width 26.5 ps. The efficiency of energy extraction is 6%.

The high power middle-infrared lasers are studied by wusing advanced thermal
management technique. The difficulties of 2 micron laser generated by Tm: YAG are
discussed and theoretically analysesed including thermal management technique, high
power density pump, and Q-switched output. The 2 micron Tm: YAG rod side pump laser
head are designed and the laser power of XX W cw and XX W Q-switched output are

achieved in the experimental research.

Keywords: Direct Laser Level Pumping, Diode-pumped Solid-State Picoseconds Lasers,

Passively Mode Lock, MOPA Amplification, Tm: YAG Middle-infrared Lasers, Thermal

Management
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X R TR BRI IR N o [ S PO i DG AP e vy, AR VE R 4t .
M LD 223 [ WOt as, Al LA ik Bl p K, AE 2 A T06 A B
W, RO TR LD i mT LA SR & A AN R0 R 7 1 ] 25 16 25
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F1 Quist BRI HLSLIL T IX— AL, R T & LD EilME AR, X &L
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1968 4F, ZZIEA A Ross!'" IS8l T 25— & 1 GaAs 2 SAAMOE2%(867 nm)
HEIH Nd: YAG #o6as, EFTHMN LD AR 170 K, A HESl &K
MINd: YAG (WS AHDLAS . /1T LD SRR 3R DL & S D3 KN, ok
SEEL DPL 1m0 TAE, 2% T DPL [ R A R . U4 i T4 i LD B KPR
i, HrthThsh, JelUREA R, REase, i H W2 L/EE(RR 41, DPL
LI SRAF IO CBCR WA, (HJE DPL i scR SN O 28, 5 T#%
FERMIF 53 BB ORI T8 . A 2 AR ROR I BEE,  Bilbed 70 4F4R LD 23l
TER TS TAE. 1971 4 Ostermayer®™4% 5 7 % T H H LS 64 A
GaAsP PSR MABOCE R IPINGYAG HOGHS, SEIL TS 1.4 mW 1 1.06 um
Bokit, BIE 30 W, FEiTh#EA 900 mW. 1972 4 Danielmeyer 25K ]
LD %29 Nd: YAG BRI T RefS7E = 444 Fig %% 1) DPL. {HJ&, BHEZAT
X} DPL (A 9E LA B TR 7 FRIE A LD Z2 i 11 [ A0 A R RN AS (1) B i
WEFE L, Bln: BB K E AT F T N YAG 11 X% Mot REZ 75 i v K 1K)
NdPsO.4 (NPP) F LiNdP,O; (LNP) 25370 [ fAoe AR 22, R Dk ix sty
(RO AR AT AFERR /AN AR PR 22 1 i g i, DU EESRAF 3 e IR0
ORISR s 1972 4F, N.P. Barnes A 3% i 427 DPL J50% BIAE AR 3%
FPTAL T FE T I IRTSE R 1974 4F, G.1. Farmer F1 Y.C. Kiang $3i4 T 5% s
S FERRE R 62 5% LD 238 1) [l A SO 25 01 2 T SEIR N IR BRS I FT TAERY. i
HME 70 SEARIEFEE AT TR IT AR ER LD SR A BOoR 77 T R AH ST . B : 1974
F, J.Stone Fl C.A.Burrus KU F45H), HIRSZHLT LD ZLLFHota;
1973 4 L.J.Rosenkrantz Z5&HF 573 W & SGHF5T T LD diiHi 43 DPLP® 27 28 291,
75 70 AFAX, DPL BORTEARAC— BRI ) Y B BAT RIS, 24N LD R 52«
B H DA RO G TR 22 . PR ZE L SR U FLE DL AR S 4%
PER o JUT 22 BUirt%an H D 4 LA A — B 22 R SCIR 7 20Ul ™ B LS DPL (R J&
—HF) 80 FACH, XPRBLACB A4 KISON, B TAKD% LD H#ENH
T, A5 A S AR BEAE T, DPL JEAR RIS 2IN A RE .

20 tH4d 80 AFEARLLK, miZk MDA LD 716 ic sk A5 s 1) 3. H 11 5%
PR T AP AR R PIAT, [ 2SO A8 (10 R TG R A KD 1. gk 80 4FEAR
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Ja i1, WA AR R SOSCR N T, LD AR T 5B QW) RN AR
BT HFSL-QW)SERT 4544 RN, 43 7 RANE(MBE)FI< J& A7 B AL 22 AR UTRR
(MOCVD)Z& i R A AT L2 AR R IR HE T LD MR, Brish e K
T 2R R A, TRV R H R RS R = . B4 LD 3
{H I R, PG RORE T8y, b D3 sy, A A Kiades. |
I, LD R RESEAINEY]: 1983 “EHAS LD f il i) 100 mW; 1988 4F
L 100 um 45557 LD S KIESEHHIA 3.7 W 1989 4, 3E[E SDL 2w £EMT
HIH 1 em FOZRPEREFILE SRR Jy 23°CIF, MBS DR 76 W, HOGHEHK
F39%; fEX—I, LD FIFE (LDA) HiiZhZ®R KT 13 W; HEESLIET) R K
T 150 W; LD IHIFES H DR E KT 3 kW/em?®; HLGRERIE 60%. 75X — 1)1
LD 1% DR G 2 B4, SRR A S S I A DUKIR S & .
BT 90 AR, BEA LD BORFIEA €, DPL AR A . 1992 4FE K
CLEO 2 b, SEEHRT T 1 ecm FEFELLR DA 121 W AT 45 % R 250%
[[4F, Kasinski 55 A& T LD ZUREMITHIZRE K Nd:YAG HoGasHm i GeEh 17
(¥ Bkt 1993 4F 3 B 19546 - RIS /R (LLNL) [ 585256 =5 ) FH 5 2714
VIERE KV, RIS TP R DT 1000 W ) LDy HEIEZE TARIRES K
BOERs, AT 50 WL 120 W, 1500 W 1 3 kW RS C RSk, 60 W 4
A CET R AT Y LD FIE(E D% 350 kW [ LD WO it [F4E,
Norman Hodgson 1 Shalei Dong 55 AR =H 24 7 mm X 26 mm X 191 mm [¥]
Nd: YAG WA % MOPA RG =427 1460 W %t Ui, D i A1 7¢
x J7 A1y J7 1) _EAR/NT 4 mmemrad.

1994 45, U.J. Greiner 2 A 6 A~ 10 W 1 A B0O6#% 41 BN THI 22 3 Nd:
YAG #%, 13%5] 14 W Z80ett, Sl 29%P. 1995 4, lTH Z=
Nd: YAG #4c, 3RT3 40 W TEMoo WOGH ., 72 W B0, R2&E 50
) 22%F1 36% P, [FI4E, IS Nd:YAG #%, 3K75 45 W TEMoo OGS,
300 W ZEGHOBHH, YEERCR N 28%07), 1996 4F, D.Golla 5 N\ oK — M 306
ar BEACET M 4 H S A D SR, S 1 520 Nd: YAG #8, 1521 7 60 W TEMoo
BRI, JeI6ROR R 25%, R4 235 W PO, 1997 4, H K Mitsubishi
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Electric 2> &) FIFFE N B3R N 2230 Nd:YAG #4548, 15%5] 7 80 W TEMg 4
i, SR 20.7%, HIGHCR AN 8.06%° . 1999 4, %A H] ik
TAETHG, 33T 208 W ) TEMoo WOGHITH, Ytk h 18.9% P81, [H
4, Eric C.Honea F Raymond J.Beach % AR LD %71 Yb: YAG 3k15 T 1080 W
(RGO, OO CHHRBIOR 27.5%, iSOG K T XU SR 45 /5%, 2004
42, LLNL FE 925 % KM LD 423 Nd: GGG A28 30 KW (150 J / 200 Hz)
Iz DPL WOGHIH, JOOCHAIAERL) 20%, FFHRISEHL 100 KW #EH0G
iy O, BB SIS FE BT, B G A OGRS OO T3 12 KWH,
2005 4=, HAH T.Kozeki fil M.Sakashita 25 AHR1E T —FF 5 734 2% DPL 1K
KRG ZRGURMNES: LD R, (RPN 1064 nm, FEE A 10 KHz 1
00N, s 1 kW, [F4E, Keisuke Furuta 25 A\ SCHRIE — Pl H 2 )
FKA[ik 1 kW [f] MOPA R45. ZRGAE Q Bl F s A DG IR A T %
EF 2.3 MW, EEMFN 6 kHz, Yed s M=%,

HEN 21 e Bk, o A SIFEERE (Thae. B k. s FF
SEANT I S DA B T I AN K, 5 BO80'E AR 51 E DM AS AN T 1) T %
¥ Scifres #IBEM, A B FARBOGCAR IS 1E LU 60% 13 TR . IR 267
MIHH],  EZel PO IR N Bk 2 B % (kW 2% DPL
(KI8T, DPL BIWESEE p e 1n) T SE A FINRS ST ) R e, o, it
HFN DA FUR ) DPL A B A 4SO Sidet i 22 i v SR 2 — . BT, DPL
L 2N A= R A BT RO TS S 7 B A FU LA R
Ty =4y H 1F) DPL 7 5% [l A R0 1 A S5 K008 18 538 s B T Ak . T- Bug DPL
FE i AR [ S BE AN B ST T Rofin—Sinar DL & Trumpf 258w . HEr
A5 DPL i ds i P DR ik 8 kWP 7 B0 i e v 004 20 kwWH), LA
H TR AR DURE , 56 HAE EAEBOGCI L R AR AR AR ST ISR F IR T KiE
(FIRIFFE T AT 45 49, 30, 3032 3 e 3 7 M A [l dpe 7K 1o RV 3R E DPL 5T

U, AR RARDL, FEH /NIRRT B AR [ B R KP4 24 B
30, 37, 38, 39, 60, 61, 62, 63, 64 R AE v D) Fe/ iy R I AT 9T 7 THI R B Bt 92 7K 1 AH X6
W, X EEARZ IR TR T RO T R K, EUE TR Ii% DPL
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(1)) 32 3 P T s HLAE e Al A s PEVE BN i Zh 2 DPL IR ol
ARSI o By, EFREEBEERF T C T 2003 4 52 L% S 4 A
St KT 500WIT, 2004 R AL Ge ) s i, ISR T 1 kW D30
B 100, 2005 AEFIT ALK i D)2 AR R 1354 W, JERREIL 41.0 %, [FIAE
KA 7RIS, RIS 2277 W IS, JaReRIE 53.1 %7, X J& H i
SCHRHRE 1 ] Py 4 [ 25068 H dse i 45 2R, de 2 N BB A& DB A s 1 [l =
ho Bt B B 254 ) 03 m AL Al TV AP REE, A B 1) A [ 2 o 1
RIFFOR L BEN— AP I B, PP ERIEE 5 D% DPL [
FEKN-o TIHMEEE RS, DPL SARZMOG A AR Z &, WA A Rl
B LT~ « S GREIN LA | R s 2 4 [ A A1
TOleUs, N AR G R B8 ), B SRR AEmr ).

YWAT 4 LD (IR, wit— A TERe AW, A K R R 2.
IXLEHRR I T PR LD [WARWIEE, iIXFh s i #6 LD Jch DPL (155 Al
i DPL [ FEIE EOR & B I AT A 0T (8 R A2
1.2 £ B B #0 s 88 5 K B & R A0 Rz Fg o7

S TR i i R bk T BEAE D A R (1072~107%) Ok s,
— Mt L SRR R BB 7 2Rk A

Active modelocking

| | Loss |
{ Saturated
gain
| Pulse intensity | |
1)
Time

|. )|

Tz

|
Passive modelocking | |
|

Loss

| |
/— /—_ Saturated
gain
Pulse intensity
|| | |
Time

1 |

b3

&l 1.2 =SSR Sh AR g 3 &




HRHSED) BRI 5 P - 1850 e D) R D AROTUR AR [ 2 B O & M 200 A AR EOL ST

FEF— B ROCH MBS /SR B, De Maria AU [ SRR T 85—
BB B Nd: glass WOLRET, USRI H B BUSTHEA S B iR )7 2 AN ]
T LAy Sy S SR S AT [ 1-2 4 H T Sl ASORT i S AR 1) S A
JRE

B BB 1 I 7RO I SR SRR L kg PSS 1] % (/) AR A 1A il
& (FMD B RS (AMD , AEEOGR ARG RN f=c/2L HBRITKT
Feal, Horb o R RDGHE, LAY — AR B3y LU R 6 R i
A B OGRS . XM BIURECR I ST, BT RIS sRian s, R
PR K P A0 T A v, BRARUE s S R A BRI RN R A 1 7 A DT AT A
BER 2 2 0 IR R G o “E BN ] LARK AR 1A 13 2455 16 2 AN ) 3 A PR ARSE (FM
mode lock) FIAIEEIEE (AM mode lock)

Wl BB IO i 8 e IO e Y NN R B O 9 BGE A A AR A I R 2
PETCAE, ] R A A, A A IR R s PR 38 e B AN T A O IR0 T R 4
AT RIS N A, e L3 RAFRRE IR Tk it o B BB K 2820 v LU A n iy
AR, angekl, PSR RIS, ] LU0 AR A S, i
FEBIAR Ti:sapphire WOGHAR, WOGHARA S AE Kerr R FH 335 1 BRad n] AT
AR IR Ff € o B B BIRBTEO G A AR LR BN R, A Ik BB APM), 5i/Ki%E
B (KLMD , Al RSO B AE o X i AR (P s TG 75 52 4= ) il i
#, TT HARAF I kot 58 B L RSB I 2 (Rl LA R, E3BE—ik
TEHCTBIECE AP 5 Bl fUR MK A E PEAS Gn B B . (HIZ IR Eedk fi 440k
BEE BB R it — P R O T AR KIS o AR SCERATT BT S0 1 g T34
Y5

BT UL PRI Uy 2R b, ST R AR TR . [R) SR RA R
FH— & BRSO AR Ik vl e H1 283 o) — 6 o, 8 18 il fias P9 386 25 10 7 V23R 158
B o 7 20 S TR RS 11 D S I B ST IO G A I TR s B2 5 SO G s I T R
JIs R R A A IR e R AU S S ik e 1) R 145 1Ol AR IO G A% 9 IR A )
B o [RD ST BB D SO T AE— 2B IR AR OGNk 56 B, SRAT L S Ik



