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Abstract

Abstract

The ultra-high ultra-short Ti:sapphire pulse laser system was studies theoretically and

experimentally in this dissertation. The main research as following, it includes:

This paper summarizes the development, application and general situations at present
of the ultra-high ultra-short pulse laser system. The development from the initial dye laser to
the familiar solid femtosecond laser makes the technology of the ultra-short pulse laser a
rapid evolution over the past 20 years, the pulse width was shorten to 10-15fs or less, the
power come up to 1012W or more, and the peak power density dramatic increased
approaching ~1020W/cm?’, so extremely new classes of physical effects can be available for
the study of the light-matter interactions in the relativistic regimes, such as the generation of
ultrafast x-ray radiation, ultrahigh-order harmonic generation, laser wakefield particle
acceleration, laboratory-based astrophysics and fast ignition fusion et al. The deep research
progress in the ultra-short pulse laser will make it a wider applying avenues in the military,
science and technology, civilian.

The basic components and key technique of Ti:Sapphire chirped pulse
amplification(CPA) system 1s given in detail. First of all, the theory of self-mode locking of
Ti:Sapphire femtosecond oscillator is introduced, and the compensation of dispersive in the
cavity is discussed too. Stretcher is a key part n amplifier system, whose dispersive and
stretchering factor will affect the whole amplification directly. Different schemes in common
use are analyzed, the advantages and the disadvantages are compared respectively.
Meanwhile, with the physics processes of stretcher, the formula by which the stretching
factor can be get approximately is obtained. Secondly, the regeneration amplifier and the
multi-pass amplifier are described and compared 1n detail. Which amplifier mode is choose
in the system is up to the fact. Furthermore, Suppression of parasitic lasing in large-aperture
Ti:sapphire crystal is discussed. Lastly, the structure and principle of compressor are
described, and the method of dispersive compensation are analyzed.

The theoretical analysis and numerical calculation about linear amplification of the
broad bandwidth chirp pulse were made. The nonlinear schrodinger equation is choose as the
calculation model through summarizing and analyzing the different propagation model. By
the numerical calculation, the effects of gain narrowing and gain saturation were analyzed
and discussed. And the effect of gain narrowing and gain saturation on the pulse was also

analyzed for the chirp pulse with two dimensions spatiotemporal distribution. In addition,
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for the multi-pass construction used in practice, the multi-pass amplification calculation of
the gaussian pulse with chirp was also made and analyzed through combining the nonlinear
schrodinger equation and population equation,

The theoretical analyses and experimental researches of active spectrum control are
completed. The high gain amplifier in CPA system 1s usually regeneration amplifier, so
strong gain-narrowing effects will be produced when laser propagates through the gain
medium in the regeneration amplifier, which will narrow the pulse spectrum bandwidth, and
thus affects the pulse width after compressed. Different ways which can control
gain-narrowing in regeneration amplifier are studied. By the active spectrum control, the
compressed pulse of near transform limit can obtained. Of all the controlling ways,
acoustic-optic programming dispersive ﬁlter(AOPDF) can be used to fulfill the gain spectral
amplitude and phase shaping, and minimizes the gain-narrowing etfects. To our knowledge,
this is the first experimental researches of spectrum shaping by AOPDF 1n china.

The multi-hundred terawatt Ti:Sapphire ultrashort pulse laser system has been
experimentally studied. The 3-TW front-end systems mainly includes femtosecond oscillator,
pulse stretcher, regeneration amplifier, pre-amplifier, main amplifier, and pulse compressor.
This stage work at 76MHz with an output of 150mJ/50fs without using AOPDF, while using
AOPDF to compensate the gain spectral narrowing and residual high-order dispersive, then
30fs of compressed pulse width is obtained, and the power of output 1s increased to 5-TW.
The 20-TW stage amplifier is a relay-imaged four-pass space amplification system, this
relay-imaged technique using in ultra-short pulse laser system is a innovation in the
multi-hundred terawatt laser facility. This stage amplifier is pumped by six 10-Hz
Q-switched YAG lasers that relay-imaged onto both faces of the crystal rod within an area
2cm in diameter. The output from the 20-TW amplifier chain is upcollimated to ~60-mm
diameter and then introduced into a final four-pass BA. For the large-aperture Ti:sapphire
crystal, amplified spontaneous emission and parasitic lasing(PL.) across the amplifier disk at
a high-energy pump fluence must be concerned. Then edge cladding technmics of
large-aperture Ti:sapphire crystal is developed.

The output power of the whole system is 286TW, and the focused intensity 1s
8.2x10%"W/cm?, Which to our knowledge, is the highest power and intensity in china. This
laser facility can work stably, and has already used for physical experiment.

Key words chirped pulse amplification; femtosecond pulse Ti:Sapphire laser;
Acoustic-optic programming dispersive filter(AOPDF); image-relay
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Table 1.1 The high power ultra-short pulse laser facilities over the world

.y TRE . Sukee | Bkeds | Buhdh | WorMRE | BREEN
L 5P Ad: 1 ! o N 1 s X
7 A 2 HRZH H) (fs) FH(TW) | (Wiem?) Fiet 4]
01 LLNL Petewatl 680 440 1500 61020 1996-1999
LENL lanUSP 15 75-80 200 2<1021 2000
USA
CUOs ALFA2 6 15 300
California [ U3 1.2 23.5 (]
02 ILE PWM 45 700-800 60-100 5x1019 1998
ILE MII 30 500 60 1999
Japan JAER] 2 18.9 100 11020 1998
JAER] 28.4 329 850 3.8x102v | 2003
TAERI 20 20 1000 Under constr
03 RAL Vulean PW | 30 700 40 5x]019 1998
England
RAL Vulcan PW | 500 500 1000 20027
04 LULI LUL) 30 300 100 1998
LULI Phybus 500 500 100¢ Under constr
France
Limeil PI192 10 300 100
ENSTA LOA 0.8 25 35 1019
05 GSI PHELIX 500 500 1000 Under constr
Germany
MBI 0.75 30 25
06 Sweden | LLC LUND 1 50 20
07 Czech IP/ASCR | PALS 100 20 5000 1023 Plan
08 SIOM QG-C4 0.78 339 23 2002
China
LFRC 6 30 280 1020 2004

CPA B RRIREE, (7R B rh g E O F RIS, =T LUEARA Y &
WAL E FIRE TW (10W) BLSEERE. KLE, R EDEMBLRARE

_4-



By i
Fif B R E AR CAGL B TW R PW L L, R AR BR R 107 e’

SER A ST K SO TE R “E BT SR 2 AT 975 1 90 A A R I AT,
HERHAE BRI, LT, SRS AR AR R R R
N1 15, BEG BRSO EBERERR m AT TR BN, #
SEHUNHLZ ., BF7ERES T E S RMTTmNEA E.

3 EF 4 2/ ST B 1993 EH U R B I TLBUGHEARS 2 1 PUESE ), 11996
FESHA2IH T I h MY, B HPotavwatt, WEIL 2FT 5. 23S E Xkt EE
440Fs, BAKHEE 680, WE{HINARL. APW, SEEI T & EIAF6 X 107W/ e’

Crabngs “’H"""':';:l' D8 picosecs ren
0 ﬂ ot
ﬂy 2 00 coary
nibal
B |
Sorpube L 3 (MK PR B \
Eacias Peraar ampl©ed ‘ E
[——y ’n'/ i [a—ra—

e b g

i o J d'.l 'ﬁ'l
i Bl e pliflcation

1.2 CPAEARFEHEE o Petawatt £F
Fig. 1.2 The principle of CPA and the Petawatt laser

Janus 2 F) 30K T 19T4F AR I T R B R OGS . AR 3
B T20006 M T —AROEENEFFESESBOLRY, WEL IR, &
3 JanUSP ( Janus—pumped ultrashort-pulsc laser) . #REEHE RA15], Wi
FEHFEDI86Ts, WEINRR2001W; ENEREY . SHHB2un, REINFRER
#i$2><102‘w/cm3 Kkt tePetawat th/N- - EUTfE, MRS LEEE, B kol & TR

M EEIRE107. RS R R LA T CER i AR

_5.



MR 1l KO | S LA i

H AR RS8O0 TRETAR (ILE) 19834 R T 12K GEKKOXT 1% 32 . th
I8 00 7 58 13HOE WM~ A AR SO BOE ™ T, WL 4PTR. 1998
MO B, RAEEA5], BOPTEAETOOs, WRAIIR60TY, k% AT
HHPEELOW/ em’s A BHL 4 PW (Peta-Watt Module) . 20024F, UL4K4§500], 500fs
fsoeHiL, IR ERE R IPW

B 1.3 JanUSP B M= BAKE
Fig.1.3 Janusp ultra-short pulse laser in LLNL

B 1.4 HA&ILE PWMEE
Fig.1.4 ILE PWM laser in Japan

-6-



LA IR F AEDFILIT T 1999 Bl — & 10tz T 8 e 1 R A8 R B O 52
O O(JAERDY , WL 5, CHHVEOBRRM o E A L00TW, kel TEE A 19Ts, B
IjJ?FZ—‘&I‘EJ‘éIDJUW/CmZD 200312'2 B%&K%}{-ﬁ?]iBSOTW[MD

B S BARTHERARE JARRI R HAEE
Fig.1.5 The ultra-short laser in JAERI Japan

7R RLULLSE 56 = ) B 3 [E CRAIR f fUPhybus 2 B (3] @ 208mmfl A 4%) » F20034E 4

B A LK)/ Ins 15001 /500 sHV A RE B . o] LK AR B8 M F Ry, Wmarsk
HRLPWI) AR Sh e A b il ™ i1, 65T

Bl 1.6 E LULT L ERA AN ABBARE
Fig.1.6 The PW laser underconstructing in LULI, France

-7-



LRI I Ly N e 1B e S VA 100

E Pyt B B 9T B A K0 I AR T B b TR R R A e RIS, S o
AP O. PRESEAT. BT REERE. BRI RFliKE, ng
RIETA RS, HERKBANEST TW ZBEKMTREMTI, MRS . KEX
¥F 1982 FERETEAF - CHEEERSE, EEREE TN FEALI T R
85 Fh e i B AR EIF ST 1 A 8 R /N RV TS S R B R B R B TS, O o
SR RB MR T TW BR ST RSN, JEE 2000 4K T —E ™ £5, b
NIRRT NS FEROR RS CPA BERBEZ™ . hRI BN T 1999 4RI 2R
RIS CPA BR %k, BT 2T AN TW 2% CPA B4, My ThEN 1. 4TW, BRfiE
(EIR LY B S UGIEAT . LHgOCHLAT R E N CPA RIS AT R4, 1998 SERIL T [
PR G UEE TR IA 5. 4TW, BEE% 100z B R BEOLEEY, Rt — 5%,
M Th AR 156TW,. RN, mm LFFRET OPCPA HFFT™, #itiITh#E KT 10TVW.

HELEWﬂHn&@%ﬁﬁﬂHFWHHmmif#FQW%EHWﬁLE%W
EOGREEN, B PIERAIRATET, 1E 2004 LI T BN T 30fs, MAETHERK
F 280TW, BAENEZE KT 10°W/ cn’ BRI ECHE. ZRARME, KAE
P B U (T B AR S BB, R R BB BERREIZATEE 100TW UL
Mk EE —. | -

1.3 BXMEERRIH

MR T BRI R R, ERYBUKBNEASMOREMR.
PR RO IERE S 20 ENER T RERE, bR AR KRBT,
IG(ETHERTT LA T PW B, BAESWLERERENIGEEIIEEE, FERNYE
&, BEER TIENE—HEN, BEEBRMEOtHESEER, REARAFE
SIS RS AT R .

SR JE 3T AR kb 7= A LR L CPA R ZE TP IRk R 5 — R 4R SR B R M B R
BT B B R I A2 o & R R R BT T AW A0t . JRILAR St kit JCR A%
MR REAT TS AL, G TE S BHMOM KIS TR, B XM
SRR SRAE, AMHTANT I8 T BRI AR b A A S A AL A BRI . I L
B FoF B 2% T 4 A0 A RIS 28 A A RS 35 AN Bk b Sk FE AR R T 404
T SE R P SRR, B R I R TR RARE &, T
Hi 1 B RIS A T VR 44T




| E1EHKie
o1 T Rt 52 o 480 28 7 1 AR B B e B S 2 A R B BT BB B R R AR ZE SR
FEH RS SR, SRS AT 2K S B R,
BRI AT LR . P R B R 28 T UL B RO R B 0k i A
A SN B8, B AR RN R RE SR, T8 8% i R4
%, |

LB ESERTEEE KL EEBEEKFEUCRERN W L. /. ME.
BXBBTTRNBEHNRAERLR. ZAWFRERNNE, BARRBREDNEN
KRR RERMEOCR BTSSR, FEREOLEE FHT TR MELR, SWT
MFRIEEES -

AR 3BT HE RE ELAE

1) BEFHEFRHANE, BRTEARREEIRYKEABEKTECEER
. B RIET 2867V, XEREAREEENENREGR

HHEE .

2) FeEEERARRE T HENERLSBMERMNERARE, ZWEAF
S5 RKTE “353%” &, i ARSI RP254E, EWfERIE.

3) AT XN EINEBRHR. BRI AXRATHINER ISR B 418
BABEBCSE, BRECKNMERERARBPRE BTN R EHN,
R AR EEEE, Kk WEERERTHORE. B
BB b, BRGSO R B RN T, TR A Ha i R
IR . FIR RO T R ERIERS, A CISCIRX KA SEE IR
Mo EzhEsgl, RTHENISHH AR ABNELERERE, FREREEFENR
¥ 8% PR A IR 45 K 98 -

4) B R B E A AR R ALITS . VAWK AR K 5 RN T E BT 2
BERhEES ik LT RENESE, SEENERR A UK E
BT RRPRAK, HEAHREANEMNEE, ZwmikrbpERl. B
WEESESERA R, FEOCHKIHRNEHEBIHRABEENIME, AR
B (=R T RAR R ERE KA. FREH, YEERE5RERFGHEA
SR RICE R, ATUEAERLLERENESRY. 100TV EHRMERRE
SRR ZILE RGHED, B 1200/mm, FE4FEE 1480/mm, XFPAILECH
B/ EGWE, BEERAMERM B RN AR, AERE ErHZIRRR K&

-G.




MRET KETFEL AR

He ik % -

5) K42 &R HM a1 ASE Rl 3T R ILE B A TR . BEERE O RBAFFH
BABMA R TEEREREEEOEMNBOORES, AEA KBNS R RERE,
MFEH RN B REBET (ASE) Fiima £I=GrI# M, ASE HIfE R M5+
WG HFE LRI A T, EEXNRBASEEMRRE . BRI —ER
F AR sk )RR | BEIREM ASE. BRAIRA T 58 E0 a5 %48
JE B B B A RO E AT DAL EE, 7] BURLF sEIMEI K D22 S0 di 14
M ASE.

- 10 -



2R SRRk bl N R R

F2E KEAWEMEKHNREK RS

2.1 3|18

BRI ROCR G — N H RGO RS, B H LR PR kb O Aok
KRR RSB RR M s L . BT IR R I R R, SR AER AR LR R Tk
MIBERESHARNKNBE (—RAWHPEMNT) , KRB S YRR ER
R E ST, PR BOLIke R 2 il bk e £, W] A b e A e B Eh 220 (M
g, WA A RS AR L ISR G ERM RS A RS, THRIK
HRRgES, WE 2.1 iR,

B 21 CPARGHERERXEER
Fig.2.1 The principle of CPA and kcy units

U KR R R R (Ndiglass ) o B
(Tisapphire) o CroLISALE™ "SEOEPPEHE WA B, XSRS RA
KRB AT LA AT MR R R CPA RAU R IET
SRR IS, PO R ST R RO, T LU 66 A AR T DL
TROK, BREHOK S A A TR OB B B (SR TR 00 BB, B
THOCE AR ETAE. (1L THR BN RER (SREA R |
VA R LE DT BRIBN R, SRBOCE RIMBIA, RS OIA, U

S11-



MR AP RS T S 2R

&ﬁ%%%?%%ﬁx,m1%6¢%lﬂ%ﬁmi¥§(uM)ﬁ&MPwﬁﬁ””
H B rPSE4 1, 5PWA660]\440f s,

RF A S A LR R PO RBR M, 300 R -5 B T B M K e 28 1 i,
REEES T WM R R L. AFAGAEEAUT RN RS, BfaSEmnn
AR (1]/cn®) . BIFEIMSYE (46W/nK at 300K) « BERGIEE O5)/en®>
BB (9 %0 %. FEEME, S aRAnmEasegs 230nm, BB
SR 3fs MARRARFRM A B CBEIE — kA . SR B RERE SN,
HoME S8R RPN THIRIEN 10 . LLERSR At 25 v 5 AR Bk BR ol O B A
His A=W, BERASMEMEERAEENRE S, FEFEAZE&EARS
IR T EOLE B M LN, HERNEETERE. aihE Y2/~ 5w 2,
2002 F RN 100TH 268 ™, BRI 100TW/2. 5]/257s/10Hz. HARKE T
FET (JAERDY EFFRRRELERNE PV RBOLE B, 2% T HiTC /78 8507V, Mt
— B RALEL, BB PW BRI T

FEBELANFETHEAM CPA RA TR BT REBHAR.

2.2 CHiIRTA

REN KX HPRERGSE YR B CPA RETBEFT R FRME. 4kt
8 AP TE B T B R TR ZE 490nm AR, HEIGIEL Y LT 800mm £ AT . fETEH
B, &R E (S&E ¢ #HPIT) MRBOCER TERER. ERARERD
—TEESYR FOM (Figure of merit) {H, e WMo BB RE S REuE
TR R B . FOM fEAE, FRAWRYHD, RFRERG. BRrYB%kEa8
A9 FOM {483 150.

SRR ORI B BTRUR MK S PREY PR S R, R SRR
AN AR TN

n:n0+ngwf> (2.1)

Hfn, =0, 7X10%n" /W AR EARBHFLENTHERE. NS REEE LG,
HFENRS S, AETA BN &L BREMT . RN RO E, X
BRI RERRE S
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H2E BRI ARG

f., = aw’ f4An AL (2.2)

H5h o, HNBBIEARGRBIADN: o HES, WEN 5.6-5.7, AL HATRK
B A, BAFSTRIGEICERRIES (2.1, An, WERRH:

An, =n,E,|") (2.3)

AP B2 E3F, RRehATSIEREIRD 3 ko b R AR 2 DGO, BE, Bk
e R O Y S B AR B/ R T S S TR B LR . SRR, O R L T Ak
Jesef s SRRk AT S B e T R B L Rk T B R A R B RN B T TR
BN, kb TER (A] AR AR B LA A A I L L e BT B RARARN, ORIk
MR AZE M RE R ATAS . kAR AR, KRR S AR
PFC, MR A RO, R RIS AN A . S TE AR R E TR B K
WL HIR

REAHOLEMASSARE R, A REBBUE™, TEEELHER RO
M -ANRIIES), AR AT BRATIL S Bk A RIS . B B HRERHE
WA ZH TG S IR sh A S, SO IERR I S, T ALARRE, R BTN
HRHTHARPRE, MBREEAN, RN, ORI, KRR N
BIN, ATRERRENERSER, ST ERE. WML, RAIBHAEE
RIS FISL . AR, R ST HRAREE ™ (SESAM) BRI AR 4
Hea M TR B, B 2.2 BRAMEE A B HRIRES 8 HEaiE .

B 2.2 SKED HYBIRGE
Fig.2.2 Selt-mode-locked oscilltor of Tizsapphire
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g AR Tl A 8 T4 18 - S48 440 3T

BE3OA dn s T 62 TUURR R S R IT 5T SRAGE AL, AT P L BB BT A 1
SRR LI T/EA

ST A &, 24
BUE, Bt Mkah &-E0 2 b i eS Az ARy« -
58(r) = KLS1) (2. 4)
Hb k. MR EE50 2 BRI IR A -
o) = o, + 0l (2.5
So(t) = &%0) anLQEIQi (2.6)
2 ot

M (2.5 FTLLEE, kBN A RN R & _ERAAFRKNENHE, X
iR “wm” .

WEA &R L EE B HETHER A GECREATHME RS 2R AR R 1 Ak of
Shr b, RHEEOFGMERIRE A WM B TE.

PRGBS AR TR S, BE RSN EAGH, BN AT

A, BB S, TTENATF 4R R EOL R ERGME DR . B R REERN
AR XTI 2.3 Bz

A \
,z-*,t-»-.'iﬁc
4 P i"a f|~\-‘.
w}/% | 4 ’ e
i .._____-II"_\\\ 3 |} \,[ x'!ly I \\‘\ [ ||F l
R e - 3 i ) A
\_ Vi P e [___'z{ | \ |‘)|’ L r
\\’:'K f’ -~ Hﬂ \*' J ."l ll I
L l'Pﬁlf . \x !:’: ii: |
'??‘all" i
e

2.3 BRI R P A Y
Fig.2.3 The scheme of prisms and double prisms

FH R IE R BN 2 [ AETRHEAT V5, ARG — I OB T R R
o
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R2E BRI LABKNEAES

- d(w) _ _"f_lis_{d_z”.,,(ﬂ] (2n~-l~ﬂsin ﬂ_z[@) cosﬁ} (2.7>
do® 2m?||dA* \di n da

ME (2.7 FUEH, BREMEBRNZHERERGTHESEMES 7, B
BEMGHEREEE, HAl LSOt EMAIIRENME, Wil SR E SRR
B

WHEEH, MERFHEMEETCHEMIEE K, RERREFEEME
1), FRFIEARBAE-NERHBNWET, REREPZNER.

IR R BRRNEHS™ (Chirped mirror) W LA B HIFMERE N ES. FIuK
BRGHREME 2.4 i, HREEESUERENPORFRK, FEMRE
ERFEREHERAFN, SFARRKUARMRAEE. £HRB0MHT, RigE
B RMANN AR AR, DBk SHEHME, AMES%RERA#
JERRH HPUEIZ

Long wavelength
- >
.-,-—-—"""f

—
Short wavelength

EH2. 4 AR REER
Fig.2.4 The principle of chirped-mirror

2.3 BhREEES

NEBEFEKRATNE, KRE-EHFIRXH TERBARAH KRS
76, EMEMENA/DFILE T ARE TENMRENER. RUNCPARERKA
AREECBREERMN, RANMNREAAERESKY. REENHERCE
BI=Br. ZBresiayE, SR -neschf. ZHAE, B, BE-E40
M=fEdilK, SEEFERPRELE. BEXAREHNEREHAE X,
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WRE T KET#ETFTRY

0. E. Martinezi2 B TEJEHE Xt 2 B i — M TR RS, R EMT AT MR EERI N6,
H, ABEHMEBLIREX,

BEESNRBEERR, Wi EMSMMERE. 1993, LemoffFBarty®Rit T —
REEEEE™, ERSEBILI000045. 19944, Mouroudd i 7EE T8 f il — X %h
s, HEER-EERAN-MAERTAREE" . 19964, Cheriaux ARIH
THEZREEEME, FERANNEENCHRNERAIRED™ . 19974, S Kane
% ANERBR — R R AP H M s oM, FERBCKELN =M. —Fre A
LRI 2 B AT RS, SETTAMEBIUB G AT ™. RERERMERELMERE, 1
FHEOFEUT/LMHER, TESHNSE.

BMHRFBRARKERS, wHE2 ofix. ZMEAFE -8 mHR
RHEEFREARARAH. POBKELI ttrow AH 26 L, SEHE
FEERTEREDS, ROFHGRICRERGIRN RSB, MUEEE R FIERE
%, BREZEXRG S5 ETATAH I ZNK R HEN2, LSM27EIR FE F
Wid. XHREEWESE, FHLittrow NS, BRESBHORERE. BEATHLE
fE5 T — N, SURADBRZRFER.

E2.S HEBUTAHRER
Fig.2.5 The folded 4f stretcher system

BOMCAEESRERERS, W2 6fiR. BERTHETHREEMATITH
EFEAR. BERERERESEL TALBMER, NS ARKTE BN ZE
W, LR R HE T LR LRI, RE XA ERE. AT
BANELERGE ARFERABETEES, FRALES KELRESNHRN
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H2¥ HFEOERKAMARS

WREEE _WBENEL FFIME, BONERAEE. BT2EEB R TG
SR EEAY S, B BAYEENERES.

Cylindrical
Mirror

Cylindrical

Vertical Root Mirror

Mirror

B26 HERRELE
Fig.2.6 The cylindrical mirror stretcher

FoRNTANBEESELEENERE", TEETOfmerMEmE, BN
Offner/ B, B2 7THIR. MURMZAILO M ES NE RS EMUE R4, M
E 2 FARFR. BHAREENIXORESSIANRNGE, MMEMEH. BE
HTANERESNELZZH H2:1, BRFSAR, Brolixesd s S .
RHEMTHEBRTHLNEENEE. ATREGNEERE, ARTFELRELE
BRFTRE. FT5HEME FRRMAR hR PO EHE R, LB REELmeE.
FIHANEHERA. IMUENBERTSRRTUHSEE, AEMERHRTEK
—RPERSARE, AERNTHEES, MIKEERE.

E2. 7 Offner B RE

Fig.2.7 The Offner triplet stretcher
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BRI R TER SR Y

PlEHE THASERERARGRS, CAANEEETSTELE LR,
HEAENERRBL,

TEHE R AR R R REAT A B ER TN OB AL f U ok
AR LA T — MR R, A SRR AR E5%ER. EANRATL5
AEAD:

. 2
E,(T)= exp{—Zan-(l%ﬁ—T—} (2.8)

0

EHCAMGBERE, oAANNBTHETERE (FHM . MAS SRS IR
Ky

E, (@)= [ E,(DexpliaT)dl = _ }ée e (2.9)
g P 4 2(1+i0) | TP T 8In2(14iC) '
BESREEN_NERy,, FEASERHNERESH T, RUOXHA:

E_(IN= —Q%E:Em (w)exp(%hzﬁzw2 ~ioT)de

1 (1+iC)T* x4In2 (2.10)
exp| — .
T i (1+iC)x4In 2 202 - igh, (1+iC)x 4In 2

i, FTUVRER RS MK SRR H -

JA
%L:[(l+41n2:<2C><¢2)2+(4ln122x¢2)2} ; 2105

1] 0

BE N KRS 85 AR R A N R MR PR A Ak ot BD C=0, Z B BkobiE T
RREREHOREILARLRN.

A
_{1 (4h12><¢2) } (2.12)

tin

0
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B2E R BRI K R

AR (2.12) AT R S TR I e 171
2.4 BKIMIMAFE

E CPA RHH, BUOKEIEH I A e B A N S RUT) 2 O ™ ™0 e B 2
AERER ARG, WEHRERT 10" 8925, H CRb RS 5401 A9 Bkob ik KA
n] BHEAE n] BH. SEEACASEMREAE, HMERCE (Regenerative
Amplifier) FA1" FIH A 2l BB, FEARBO T LUERE IO B3 e %
OO B A B A RE T AR GE, A S TRORs R ST RS i
(RT3 10" BL B, 20 HI AT B ROEHOR S . B ARROCE A8 AT s S S O
M, Rl e R AR L. Mk A REAIM R, R, DORIEN e
ALRIN L R,

AR I g B R PP AR AP LA B P RO S i 2R R A8 e 2R
AR, WA 2.8 FiR. RABAGIERERS, ABUBIEKAh okl -4 kb,
FHEANBIRHARRORES T BEIT IR . BRI LA A & IE S miRAF 16 (n)
WA kil A S ATERT, LT RURE PCL RN 2 —RHE &, Ak
MR L R RO PR AR . 2 58 % PCL LRI, R0 kbl s oo im M AR E A
LOGE L G e BRI, BT ER R AR RO BONE, WS s, W)
e AR PC2 DY 4y 22— R T BRI P UGB L PC2 J IR AR PR (3R
R 2% T L BE A

Cutput Fump

W28 BHeKABHE
Fig.2.8 The scheme ol Reg-amplifier
P EE o AT AT A T RAR S R AR, RSN S E H
H—E KM, DRERAANMRRE AL E G,
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G ARIE T AV 2 T i 3

AEZMPRARRIEL 0fR, B4 /B, RO 3B m J kY
BB ST M - WA A R . MFEELXIOMA, RFETREN2. MEH A
KGR BRI o AR B T RATIRROC, AR e R 00 RR 5 MR AR
SEL L BOTRE TR EMRIA S, MRl EO0 R R A LRI
AW, AR P AT MR FFE TR B G

F2.9 RELRBAE
Fig.2 9 The cofocused multi-passed amplifier

TR R MEREE, BT B USRI Mo AP RO T
HATHOR, BERBEBAT KR, Wl 105TR, FE S IR RATEE
TR, S LR AR AT A TR E YT, QR YAGRL Y AL K
FANG AT A . ThER BOCE I LU Rt B it M JE AR S B B 22T
%, BuiCebi ikt s ERCORRII0TA L, X0 H R B RNRmRE R A ik
PO R, OB IR B AR 30 % Ao AT, A R AL R A I 0]
BEI50% FIEBE R,

In Gain nedium
Punp . Punp
P
out '

B 2.10 WA REe kT T WARMAE
Fig.2.10 The fowr-passed amplifier of double sided pumping

-20 -



H2H KRR R

BEE S A an b D ZHE R, FESIEBOREIE T BRI MR ASE HrmH) =™,

R 1E] ASE 1B % RN K E B AR AT I ISR 7 IDHl, 4 ASE NEE
PG RAEATIRE .

2.5 BkihEYEES

WA R RS RRR B RIE S5, Be AR S48 28147 M R 48, %
W ERE WHER, NMREERNEED R . R4S REAATHAHTIMLE
ﬁﬂﬂiLF*%AMEéﬁ FAT MR E R EE™ R Treacy T19694E 4% A9,
SHWEL. 11PTR. JCRHARASBIIEMGL, ARG, EXMHe2E, E5A
ETJ%*E?TB‘]ﬁﬁHd%T 2 REEME RERIRE. JSCERANMGI ERAS sy, FIH M

Ay -0

o
2

B2 11 PAT A %8 2
Fig.2.11 The parallel gratings compressor

MBE2. 117750, P ARBUEIRKIEREN
P=AB+BC (2.13)

WAB=b, AB’ =k, W;

b =b,/cos(v—6) (2.14)

RIECHRFTH IR, F—RTHNE:
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MREIW K FET F#E LM
sinv+sin(v—8)=4/d (2.15)

MRIRHBRAL AFAAy BCRET R TELS .

P =b(1+cosd) =b,(1+ cosB)/cos(v —8) (2.16)
NXHAANAH G =knP » EHREK, nAFHEE, EERHAR P n=1. AETLREE
e 00 —Hr A =B S X
@:laﬂas == 2L (2.17)
2 Ow* 4mc’d’ cos’* (v - 0)
¢3:la3~=_¢2i’:1+1 Sin(v——é?):l (2.18)
6 S 27 d cos’(v—-6)

BAFHGE S KA R I M AR B AR BR, B EE SR Ak A B CPA REH BB EL
SRR EERFME, FIkrP&IGOER T MR ERIAFEE .. BRI NGB /I
M PL I o, HETT R BHREL:

d@)=d(@,)+d (@ —0,)+ (0 —0,) +¢(0—0,) +d (0 —-0,) +A (2.19)

AR, GREPHBER, g oA B TH . SHANGSEE. 3TN F1500s
MO, HUEHRTE. SHEEE. WREKE/T0cs, NI
R, ZBr. =% FE MR TR R R

—

™

¢;z +¢;mp +¢¢omp _
¢+ P =0 (2.20)

AT A

o

HApPZHrEasn Lo WERER. BARESEMBFERNER. MR M=
PMIREPAEME— DA LS, WELSHE PR RARIKE T E%E.
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F2E HFER !ﬁﬁﬂﬂcﬁ#ﬁp‘:% £33
AT MR R AL A A B R GRS A RSO B 95, AP 2
HHEREREN M ZNERLRFOIME. RENSVAEGMEER RS
g FROGT R RS SN R E B T E BN,

N THMECPARG W EM AR, AMMHER ERNSER FRH T &M AIE. Jeff
Squier ZATI9ERHTREEERLEFXAXNLIECRA LM, E4H3uMm
HEZERATEEBIEMARLER, TUANBR I EECRPE RERTH A8,
7] LR 8 R AR PR B R4 k. IT4E Sk B BRRMF g EEuEE S ™™ (AOPDF)
A LA O R TR ) B =B FRIUBY BB s BT #ME, W LEBRBRERERBIEW
kb, XTAOPDFRIBHESLE, BMERTMETPEIRA.

r—

2.6 g5

AEFE T EH AN E BB KRAHIT THIE, 7t TRKELGCPARS
B s, REEANBETFETEHCPARSGE TR EZ LR P LML FEE AR,

B AT T A SUEBOLS K BEUEN BN EEMEE L. T T B8RS
A&, ERENEESNEENMSESAME B BaINTE. BERBGEERMZRE
KABEFEXREEREXAEREMEEA G

B=THETIIHEENRPREESDCNS BN E. FBR4IRGET S
Mgt B, ERHLittrovAAS, BEBRWVERERS, BRETXEEIIL T EEA
—EME, SHRDBHEHEY; AEEREERS LIRS EER, F
SABEBRFENT UASTR LTI, BRAERE, 7TFERERDEAN
¥et, BRETESHFRARHSE, EXATHEENEXRESR; E5HNTVRESET,
B A Mer BH2S, XMMEMNBERRATDRFNHEERE, BERRBIEH
BMEEAR T Ek—ROERR KRS, HERNMTHES, mTHEHEE. 7F
THPRER T IR, FEREBEEARAEESENEESRWE.

B ANBT I CPA RAEPHBUKEE LT, AR EE 0 S BRF M) =
RAREFE. BEARABEFEANERAS, TURMKAT 10°K%n, SEm
MAREWHFAE, DFERASBRAEMLESERAINE, efFaRiks. XN

H— B REEOLK A REEE, NEEDE (BB HKSE, RE\ERARPHAHEH
M RRT R EN AR, BOLREBERNURAREREZ L THEREL.
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M AR TR % T L AT X
BEFABT RO ERBOERFIRAAL, H3 G520 OHIMERRET T

TR AR, TEAKTE
AR ROERREL. FIXE ERRAME, ANMERBHT My, FESHFNE

FRA

hH B H

SRR, EE

B R 2 N ARAFME,
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HIFE EHTEMBAFR KRS EH

W38 FESERGHEASEH

3.1 5I&

IR — ERARBE B RAG R RERN BB —. EBEKNFRET, HE
SRR R AT REE UK, B AL B Th Z A Ak o X 56 52 Jo A3 BARER, 28 5% B WA K i v
AR AR (CPAY BEAR™ . BB CPA BAREREB W ERIISHER, 58
LR RIFATIOR, wlaXthikr2E T Edn, e WA ik, AW Ak ab (&5 LT
WAk BT AR U EROC RGEWMBRIT T, £RBER. HaiEH,
a7l AFLEF RN IR,

WaFARZA TR ENRFAHETRTIRE, BRI BB EGHE RN
Bk rh I A E K, R B e\ i R 8 PO R TR B S AR A N R
B LI R, M ABFEETOREIMER KA ERA RO, Tk
{PIL LR AL N BEH RUBIIBOR, BRI TR {850 R R P RO SIS 28 % . 1B s AL I K 78
PR SE R, RAMESFEKFREREE, WHES KRR 3R
RV 18 G RN B T kP BTG TE A8 T R R T2, REUCK K
METEHDER BRI AR TR, ATEBCKIK T M aT a8, E kb a SnE 7=
LR, ATSET KNS AXIR, KR, TEBRAKPEABER
IR, Wa U MEREMPERER SR ERmERRE, EE&. ORE
HF AP ELTERN RN, MR BRMNE PR SR E TR PR %
WEEAR, EEAEMNRPREKRERXTRERK, WERGE RSN IEFAH
R. BERAFHESETHRNHRE. —HrEe#H—&KAixE0HE, BEZHUL
HIEM GRS SBUKGRIIEE", XX B ERBCRR AR, F BAEX B R4
JE AR AR XS B B B AT #ME

F T 3 R 25 %ot A B o ) B, 7 0 T SR AR A e 2R 8 Y R B v £
BATHAGTE, D SHFEIEREERSE. Hil, BT SMHEBERRIFRE
AP ZE B K R R AR S, XA & B AT BIREIIMNE G
RE AN E, STEBBRER AT O e R B, B8 TR IR
g,
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RRIE D R ET FEH i

.

3.2 FSRHHMEM AR ICHE

3.2.1 BF F-N AEEpER™

AN E DB EMEM RS D F-N AR HNERRTEZ, X T Ak
B At AT CLZE LB R AT 8 IE. CPA RGP R M A EARER L. 25 ERKEX
iaf

J ., =hv/oc(w) (3. 1)

2B SO IR AR (R BN R JERR A A A 1A) 5T, B RETL e AT LA B

Juur — er [lﬂ(l + G(exp(‘jin /Jsat) _ 1))k1 o L) (3' 2)

AP J. B LA BRRARS KRR, T LERRERY, BPMESHRARI

G=exp(J,/J ) (3. 3)

KE L RART R, HOEERARAERE, T 6. 2) RETHS
$RAB R B ALY B S
exp(J,, (0] J o NGDL, (1) + ., 0G(0)18) = ], 0G(1) &

I_(f)= (1-1) (3. 4)
8 L+ (exp(J () ., 0~ DG(?)

SERE KR e B T E X

T ()= |1, (0)d (3. 5)
Joi®) = [ L)t (3.6)

F Tl B G BB T I SR IR £ B0AR 4k, TR A RI/ME S 8 5 th R A
H X HY:
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53 F IR BUK S

G() = exp(

J sat

£14

oo = ®= I, (r)} (3.7)

N T RVIEHKEREEE. T EREETREMIAENEN, AETAT BERK
ERyEES, EEL RN G 4) AT bR B ZREBCRETE. T CPA 1K
KBS, BT IR 2 M RRKR &l B e 55032 S VR K ik o B B fe) R 2

w(1) =Kt (3. 8)

Heh A REHAL (s°) o 78 CPA BURRY, BATAICAERkrrsaE 7 (1) SH¥&miE ¢(w)
FEBEFR, I MRk Pk o A I o kb 9 v AR AT LASR IR Bk

exp(J,. (0], (@)G(@,D)], (1) + J ,,3G(@,1)/8) — J ,0G(w, 1) | &t
1+ (exp(J 0 (1)/ J (@) - DG (@, 1)

Iﬂ#f (!J w ) =

(3.9)

FIFE (3.9) X, T4 ER R A B I UK 2R 4 P B 8 25 2R R0 0 P AR AN
T B TR OO R R A ER M T 4, R AER R AR
bREA sk g, NER ERTE T ERAESR, HEHE SR ABATIRRERY.

3.2.2 MEHBAHRE™ ™
FH RN S T B AL R T R R B R

dU(z,1) _ (@ )IN(z,0)(z,1)
e (3. 10)

NEZD _ 2" L W(zHI(zD)

ot 1317,

AP nEBEEHTEEERL 27, R EBRK FEMET, BUEHE 1—2 2. I(z t)
HIKPRRRRE, Mz, ORRERTH. olo) REBEANEE, <

Nmr(f)=LLN(z,t)dz | (3.11)

g 3. 1) E—PHEAE
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RO AR Tl k28 T 2848 -2 fr by
I,.0O=1,explo(@)N, ()] (3.12)

Xt (3. 10) AR HIE A HEWIAX z R rlE

ON (O 2

e

1, (O){explo(@)N,, ()] -1} (3.13)
ot NG,

R (3.12) F1 (3.13> A, XER[T9IXAIENRMITT R AR B 2 FERK
RMEREEAT T RV E, dWEREE T HERREDE R EHREN, B &R
Mg RTSIRF. BHIX- A Gogoleva T T BB EEIC A SERIM R F
th AR HA K B ARAL I BITE M e S b R

HREHFBRARRBRAWR, BESRFBET 4T EACEBERER TR
th, MREFECRNBEE M, B (x, » HTRMEZBRESR. BT, R BE
R EHE S

3.2.3 EEMEEISHERR
Bridges 2 A FI3ELR MR S 7 A RRE Mk @ SUS oL S h f e i, B3

ki BT RAE NG
wl w?
VxVxE@F,0)-g(0)—5EF,0)=—7PF, (r.0) (3. 14)
. c £,C
X
Py =88 (r,0)E(r,0) (3. 15)

EXBHNEESE e=¢, +6,» WHEANr,0)= Je(,0), ELELLHE,
(3.14) R A[4L4

VE@r,w)+ B (r,0)E{F,0)=0 (3. 16)

AFIEFER L, 0)=n(r,0)o/c.
WA 570 A

E(r,T)=1/2A(r, Tyexp(iB,z —iw,T) +cc. . 317
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| F3EF RATREBRMAEKRES 5

H

RARK Q. 16) EBERBELLEMUT, A7

0, 1 & _lthi’.?Z @y,
Iaz Y asz 27, 5y2A C(n n,)A (3. 18)
SIS ERN A TR A
c g-«

n-—n, ~An, +An, +An, —1i (3.19)

®, 2

AP, AnyEFIR/RIEL M BNT RO BRENL, An BT RIELERNG
it BT, An RETEESIENTL, ¢Mamh B ZRENIRERL

Xt (3. 18) kT B E A 15

f_ééz[_ 1 & 1 O* +ﬁ2 d? +iﬁ3 o #wﬁnglAFHg—aﬂaJﬂﬁnr}A
Oz 28, 0¢* 2B, 208 6 & 2 2 c
(3. 20)
KR AL A AR
3.2.4 EHAHBEHER
HERITFEARRATE
Ok _10L L P(2t)+ Py (5,0) + P(z, 1)) 3. 21)

a2z o'’ Ot

R, EARY, z AERESE, (ARLHEEWONE, c ARZEPINE, PRH
BNBRETHORRRARE, A A2 RSB RS MERERERE, 210
o AL |

P.(z,0)+£,E(z,0) =n}(@)E(z,0) (3. 22)
P, (z,t)=2n,n,, <EX(z2,1") > 5,E(z,1) (3. 23)

T



BRI Tk K% T 423287103
A, nl(e) HEMEITEE, non (@) AFFEPOE o, ALHITTEE, mn N HRKIE
I EREL

EXIMBEN D, TBRMNRFERERCRE Pa] Bkl TR NP REH 2 [H)
R T RO IR A A

2
0 §+ﬁwﬂ§§+ij:—KNE (3. 24)
ot ot
5N+N—Nu: 2 EE?P (3. 25)
o T, wo, ) of

Fi 2B TIRBIECEIHR T, KifegMRibREr] RN
E(z,t) =ReE,(z,texpli(w,t - B,2)] (3. 26)
P(z,t) =Re P, (z,t)exp[i{w t — B,2)] (3. 27)

B (3.22), (3.23). (3.200F(3.27)FAEAN(B.21), (3.24). (3.25)KRu]1BEIH T 7
FE2H

o

OF(z,t W B"OE (z,1) .
OF,(z,t) Ao, 2{w, —o, . K | ,
Oﬁ(h‘ ) > [1+i (ﬁﬂ?a )lpﬂ(z,t)=12mo N(z,H)E,(z,1) (3. 29)
6N§ﬁ - j—[E; (z,0)P, (z,0) - Eo(2,0)Py (2,1)] (3. 30)
N

X BRVERRS Nd:glass ORISR TS0 H b AR o 08 28
IR, B2 TEAL AR IR SRR A T A RIS, B AR
B & HIIR T

T YAG BESNR, FEHESMS HBRAMBHFET —SER™. BX—BEN
RE T REAEBET BB RARSEP ., BRI TEAN, T —2Ei, &
RIZB) T EE BB RS 24"
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F3E ERTRYEARKSES

PE(z,f) @ B"’E(z,n) . f 2
PR et G R ;1 -1 |Eo (2,0 Ey(2,1) (3. 31)
Mkl . A% 166 Aw. —0? +@2)P,(z,1) + KN(2,1)E(z,1)] (3.32)
%, Aw, +i20,
ON(z,t) _ .2 w,

i——2{E(2,OB(z,t) - E, (2,0, (2,£)] (3. 33)
ot dna |

FH R HERAESREAN. HERE UL YAG R — 25O R
WS FE P B RS ALY . R AN, LU B B4 AN g AEAL U X dn e AR R R B
mafE T i E R TR S,

PR EFR S, FNIEREMNER T RBARMLERE, R bR RES,
ALAE B A A R WA, B FECHFETSHN. BHHEAME
MM e E AR AFHELE, FERENRL, IEFENE SR —L,
MEMAT S EEHRFEL. BB, AEEniEsESRR.

3.3 I BKipEMAM KRR

WAL FEEJLAMRBIEE, HEESRMNBMBIE, BINEFEEEFEER
VREORLAL T, RIAIX — RS R 7 1S RIS B i R R BB R AR
K. ZEdEPa g EARIEPRERE. MRmM. FEas Ul R 8N EH)
IR, FAX—-RAUEHRE R, BRIERE.

B EE (3.20) RAjAE

: 2 : 2 . 2 A3 _
%4"—[ ! 3, i %, ___Iﬁl 9, +ﬂ3 o +I£ﬂun2|A|2+g Q]A (3.34)

+ A —
28, & 2B, ¢ 2 & 64 ¢

RF, AAERELR, LA SETHERAAM=ZNERELE, o2 O0ME,
n RFEHITHERE (cn’/V), ¢ BERRE, «EHHRP. ARBGE, L£xXH
EMT=EE, TREreBmRtESERER.

Z B EF ARG RRKTR, MR R s H—PRRA
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g(x,5,1) = £,8,(%, 3, 1)8,(%,y,1) = 8,8, (X, 7.1) er’ip[—% [ 1(x,y,7)d7] (3. 35)
RF, aBMESHERRE, £ &0 50 5REFAAE HENE R RE

JRBMEREE
BRRAMEIR T /v BRI ST BTSRRI AR AL, FTRAR

27m,
A

L
B(x,f) = j I(x,1,2)dz (3. 36)

A, n,=2n/gen, s BRETZNREE, c BREFTHHOGE, n AT E.

3.3.1 S HIIHTEHE"

o FRAZ (3. 34) A7 vE, TEIX BB A MRV ch BT BT 0 43 S5 (@ s e AR
k. M AENEABRREEFEINTR, T —RARBZINORES SN
ZRIR)fE, ZEMESTHHE EAT LU — SRR RN R, REES TR
A, FHENE, PEARE—BAR (KEXN B $, RIWIFERS. GRESE
MMM RS S HERERN, S5 AR, FREER 12, RE
Ee4 p IEBHAN, BRIEREES /2 PTEMEAN. RE p 28/, WRAF
RIS RSB 2 B RV T S0

KB S E I AR EERAR (3.34) A, o (3.34) XERITEN

X _(D+I4 (3. 37

oz

Hp DRENER, TEFEUENFRMEBMRE, NREREER, CHRET Kb
et P RN RN . eIRRN

. 7 ' 2 . 2 3
(O O B/ B (3. 38)
20, ¢ 2B, 7 2 0 6O

D=
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#3E B TERBR K 58w

=12y, 870 (3. 39)
C 2 -

KM iR =0 . BB RUTE:
(1) #ia2(AEK) gt (FTSMER0 di:

9 _ pa
'z (3. 40)

W bR, A jefBa/0t, - AR ik RAVERS/0xRd/ 0y, BE
WEEHTR, AREB A -

(ii) 2aAESRMEBNEREN:

g4’ N

oZ (3. 41)
X E ] g 47 -

A’ = A’exp(fwﬁ(z'}dz') (3.42)

(ii1) G208 GrsMeas) TE:

ia‘i: DA (3. 43)

g — AR
BT AR LR AR R ™

Az+h 1)~ exp(-g—ﬁ) exp(LM N(z"dz") exp(gﬁ) (3. 44)

CHRNAE T 58XNERMERN, HHELRBN, BEUETH exp(hN)-
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ERBINBEGERRBERIDEN RPN B T B Gk, B
BEEHEE R N 2h 6553 5, LT E VO B4 B MR A F ok,
EH_EAR AT LS.

HTRARYIGBIEGREEE (x r ) W40, FTUEHEN FEREF
MR A, HARIE T BB AL E, AR R A B S A e i
REBBOC N EI AR, RERRME SR, BRMEAR LR RBE LS
i

3.3.2 WERBKhAIBEBERIESH

T R A R v 450 53 i e 3 al AL RS SR A R R B . R R
Bk ik e A

ACe,1) = B, expl—2 (5)* Texpl-i (2] (3. 45)

KA, LRRBEL mnRBRAHNRHIRETE, cHKHERE ¢ ' LRBE, b=Av,r/2
RN K B S M TR 2 40

L kR 39 28 A5 AR

EUNSEIRA W/ en®, BRAP R (FWHM) % 400ps, Bkib e Oy 800nm, ki
RIS IREBRNIERA N 10°. MR RAH TN 220nn. EHEFESBIAH 10nm,
30nm 1 50nm KWK AR APHEAT VR, HEERWE 3 LR, B3 1) FAKEHER
EA A REEKAPEEEHER, B 3. 10)-(c) 2R H TiE%EH 10nm, 30nm
A 50nm FIAKM T ShEWE. AWE 3. 1(a) PRI FE R R EU B NAF KPR EE A,
I H B & & R A, E?]‘(/‘:F#f“@?'é B4, 385 % W Bk AT B9 32t 5 Bk b 1
TR, BB AF R AR AP AR th 3%, BEE ki T A K, BNk R .
i 3. 1(b)-{c) From. XRAMARRIESE S A M8 E FEZ N, MEE L
BAAHE, R, BREHEHEE. XREHTFNTERT SO, FEAOEARNR
AEETE 7 I BT B SRS B AT B S BOK, RREE 1 23 0o i 1 Y R 20 HEOK
AT EAth B A UK B
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MPEHRIEERIE M, Bl 3. 20 B T AR A TR WA kSt g m. M
AP A AME AR R RVE S, RINHMESNE R, R KK g,
X TR RS (EHD FROER X THRSRR (BH) BN,
Ak IR EE R EHE) . NEPERTUAEY, MERMEEREAD, Wi
TR AR B SRAE A &, AK UE {8 {1 Ot SR T

3. WM S IRBK

h T SRR L R, (A R — R £ R B B HER K
5. DFSURNKHR 4RO A B M5 TR BOK B IRAT SRR R . 384 M 028 B34
R R R A B & R BB T AT LB L, 3IAE
=T

NEE _ 2 oW (OI(2.0) (3. 46)
Ot nw

SRR, (3.35) A R RBAIRE AL N

o,N(z,1) (3. 47)
1+ 4o®)-0,)/Aw]

g =o(®)N(z,t)=

FA (3. 34) SKFHE R TR Q. 47) ALK A TR AR kb Z FER K H L 4 .

WA S AT K0 (3. 48) PR, BIAREE 1], MR KE 2cnm, &R
RFEETH 0.1, HARFEERE N 0.004en”. AT HETETRH AT E TS
e R w2 tbAe /A, =0, 5.
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MR AR S AERIAHSECN: ASTEEN 20W/cen’, HETE A
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G R 8 1R BN A RE SR A A R A, M th REUR . P BAE L

J=J n{l+Glexp(J, //,)— 1111 - L) (4. 2)

ul

Rt . B T AR R E K EEdL, 10 L ERBERE, (RMESHERREG

G=exp(J,/J ) (4. 3)

X BN PR, AR BONE R, W R (4. 2) SUE TR
3R 3L QUL T IR E

_ exp [Jm (t) ’! '}.a'ui ] [G(I)Im ({) + ‘].wﬂ aG(t) K af] — J.m.l’ 5G(I‘) ‘/ at
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A K-
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RS E, W (4. 9) TTLURIL, YWk Ak B9 AR AT B TR AR K 2 AL B S W Rk 17
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Fig.5.25 The experimental data of 30TW amplifier
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Table 5.1 Experimental data of 200TW main amplifier

Pump energy(]) | Input energy(m]} | Output energy (mJ) gain Peak-pawer (TH)
18. 58 1348 3390. 10 2.5 70.1
27.56 1359 1627. 25 3.4 95.6
29. 67 1099 4722, 45 4.3 97.6
36. 34 913 5862. 35 6.4 121.1
29, 90 896 6133. 75 6.8 126. 7
40. 18 1331 8901, 03 6.7 154
40. 52 1283 9093. 83 7.1 188
45,75 1291 10170. 2 7.9 211
49 27 1186 14200 12.0 286
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