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A LASER ARRANGEMENT AND A METHOD FOR GENERATI NG PONER
PULSES FI ELD OF THE | NVENTI ON [ 0001] The present
WO poossilen relates to the field of | asers and P@T/SG2007/000399
particular, to a | aser arrangenent and a nethod for
generating power pul ses. BACKGROUND OF THE | NVENTI ON
ATOSER ARRADNGEMENT ANID &r MEIHOP FQRGENFRATINGPOWER
range of applications in ?@[ﬁ%ﬁ% fic research,
industrial material proce and |ife science.
Tradi tional ly, highpower ultrashort pulses are
gener ated using the node-| ocki ng techni que of
solid-state | aseFEELDMOE FHE BVU%NIJQNexpensi ve, and
difficult to operate. Passively node-|ocked fiber
| asers are an attractive alternative to solid-state
[0083pr s Therprefeimehtith featoretenfitl®pfilgels md feparticular, to a
Fi ber |asers are conpact in size, cost effective and
l@agwme@s@tra@d@.m@b%foage%@mfwwmu}w used to
achi eve passive node locking in fiber |asers, for
exanpl e the sem conduct or saturabl e absorber mrror
(SESAM et hACKIGROUND OFTHEANYENTION (NLP) et hod
and the nonlinear polarization rotation (NPR) nethod.
However, due to its sinplicity, stability and
af t ] :
O005] 2" 35 RO SIsh T el TR aE . g A Ans i
stientifiné pseartiy 11ghmmhnmteﬁmhpm3®smgdand|dife ceilengaul Il“sa;ﬁtidrrally, high-

the erbiumdqped fiber |lasers.is n routi.ne wor
PPB G0 ST AreS A RO IS e mOalogigE Toqhaiaue OF Solid-state
1R8ES Wﬁ&wa{mﬂﬁk}b agleeskive, g dlﬁﬁﬁn Slo Io%eiak@tpagﬁeely mode-locked
ﬁg)enerat ed opti cal pul ses have onl %k” se ener

ntjlagga qum/eétraqtlwe alternategte @ohdretatealﬁ@es gersyating t%mtosecond

nd several hundred wa :
B ey ol BBE S SomBRE I e B il Bl v tgeoperate

Sl &rar nie&fcﬁg Sahibe ded th heehieRipasiva alvdeViadlifg fllfier lasers, for
ener gy. and peak power._ The NPR npde-| ocking action
epuBplvake searicondustor spteiablernbsorben miTecs(SERAYD masthed, the neplinear
— a y
G5 L DU 4 Ao bR 08 CRYERIIER) mecod
Hyyvevat, idoa tofts simeplicatgestabitityi and ultrafast recovery time, the NPR method
has attracted great attention and is widely used. Using the NPR technique to generate

femtosecond optical pulses in the erbium-doped fiber lasers is now a routine work.

[0003] However, a fundamental drawback of the passively mode-locked fiber
lasers is that the generated optical pulses have only low pulse énergy and peak power
in the respective range of several pico-joules and several hundred watts. It was
generally believed that the soliton operation of the fiber iasers limited the maximum
achievable pulse energy and peak power. The NPR mode-lbcking action becomes
saturated when the nonlinear phase shift of a mode-locked pulse accumulated within
one cavity round-trip exceeds a certain value. Under soliton operation of the lasers this

value can be easily reached.

[0004] To boost energy of the mode-locked pulses, a number of techniques were -
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val ue can be easily reached. [0004] To boost energy of

t he node-| ocked pul ses, a nunber of techniques
wowseieqBement ed. One is the stretched-pul se tBChsGHOR000399

as disclosed in publication "Stretched-Pul se Additive

PU SQ Mode- Locking in Fiber Ring Lasers: Theory and

ilﬁpbmeintcdnt(he I-ils Athe Hetesched-palse , tebltifue) aar diatlosdd Quapublination

‘ 1995. _Th de
ghstcf;%f BYER Ao Btse Mpe it it Pt Fipdeb&fy Theory and
ﬁﬁelﬁt@ SHIA V@3N aNCIERE YireH] o rQu&iﬁﬂuﬁﬁEIe)étr&h&s!3 8/0}139NNo. 3,
1\& to construct the fiber |aser cavity. As

PER éﬁSPS die sdeacif rth%téﬁmhﬁré -pulse sesbniqae istoarse ﬁh@ﬂsw lgrge positive
BETRAS oA B RS SESS ks BB ARF iy, As an
opeic @Sﬁl‘sekﬁ‘éﬁﬁhﬁ@ﬁﬂmﬁ:ﬂ atlas(éf cavifylig mehsuraity $tht¢h%d apdlcé@pressed

of the same spectral bandw dth. Therefaore
B ppe Epsle thfoRieragsancalo RAWEr efihe @Qﬁ@de?li?ﬂd%“&? heﬁowﬁfelower than

RV ¥ tfa?x%gmtlf i‘?edI ﬁelg_éfadf' ffk s &U& Child ‘g{fd&aﬁ%%{efore the

energy can he ou u ses
eﬁbctsxecﬂimﬂhnparl desé ishidr adcamarasedgmn@tead:dvytyhaum -ripc 3semailed], and

d ration and are linearly chirped. To obtain sub- 100
Prise ity @égftfl?@eﬁgé(s‘@f‘q&ﬁ fipeth e<oviteptwTes Of Figstched-pulse fiber

l&@%eﬁéx%gg ﬁé ﬁ}gggebg &2&% &5 Ad fehRBarhPIRfHRE ST Bbtain sub-100

system asers i nconvenierit to use
1§ pORE tharlasen emtpue mhcdsquoebeofuxﬂpen eommpiessgpd hhg:lugkn anesxternal pulse

uI'trashort ul ses fr he fi ber base stens is the
PR PE AR RS B Boers FBSGBR AIRA 11 cat  or
(MOPA) net hod as disclosed in publication "Hi gh-power
U trafast Fiber Laser Systens", Jens Linpert et al.

[U96} nalAngthesgdchuiquel ofrg@ec%mgrhl@quymltﬂ et pokipom the fiber
b, é)ed sy}t% s'\fglthg 0- %’Qie%hl(ﬁ&r E)sgiﬂggr aﬁﬁ]%ogvfel' A%F}ghfﬁ:lﬂ i3 (MOPA)

roma S oW power aser

n@dtidd 49 diskieyeddn fpublﬁifatlamﬁHhéh pAvdralitrasast Biber Bﬂdr Sbﬁ&ns” Jens
l.i nearly conpressed. Current high power. ultrashort

Limpert ef ghefousyal o melectcd Tories nOuantsm Eleronies n¥hlql. No. 2,
I\ihzgcltgp?gu go&# %@y&ﬁ%{nﬁg @'ton] E%fehSwllﬁ%F Pér%éér% Rfst power

as an ext cavity pulseanplification
applified by adfipn hsplificatipneystemn apchthien lmharbhcomessed Current high

°°”?htfa8$<§g§ﬁ?r Tk emitleaty 478 Mo JEoH 0t i WhHRRb Rl §8 fber
an 2 ?aﬂt GroHEME NALLof i 1BorPR Also MAYEA ekt'eltn%ﬁéaﬁ'&& puRie ramphﬁcatlon

ormlimted pulses directly
part and a pulse compression part, which may complicate the system.

[0006] Therefore, an objective of the present invention is to provide an alternative
method to generate high peak power ultrafast near transform-limited pulses directly
from the passively mode locked fiber lasers thereby advantageously avoids or reduces
some of the above-mentioned drawbacks of prior art devices. It is also an objective of
the present invention to provide an alternative laser arrangement which can be used

with the method for better performance.
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fromthe passively node | ocked fiber |asers thereby
advant ageousl y avoi ds or reduces sone of the
w@bmwsmeitent i oned dr awbacks of prior art devi ceBCT/BG200%000399
al so an objective of the present invention to provide
an alternative |laser arrangenent which can be used
with the nmet hoSIUMMMARY Off THE INVENATEONSUMVARY OF THE
I NVENTI ON [ 0007] In one enbodi nent of the invention, a
| aser arrangenent is provided including a gain fiber
[60R7PT OYh dRenétibddi@eht 8fMhd fihvetibRNa LR Hfdndehbmels provided
having a first end and a second end, a dispersion

ingleding e igem fitesée prrvideneprdinearramplidiedtiem dhexgain dibathavieg a first

apd _an t put coupler. Th .rste.end of th i.spersiaon
o8 S 3, R g B epbsion afpldof it dofing & M RO AT S8kond
efdi And iahediut?u’dn ouphe. Sheofifit end Of thddisPersivar sdaptation fiber is
adaptation fiber is connected to the second end of the .
cegnested; tgethe firplepnshof ther g9in diber,| andethecsegpnd, endrief the dispersion

. o) ' . ; | hoin ] '
SUARFREER SRR 0 hé Ronl 30 B LGN, ey BeBby Biming o
lazaw cdvtynBilse dispeetiog adajpationl fitssr thys dilaige & etatiohite B lemgth of the
posi.tive or below a predeterm ned threshold, and the . .
gainshReTsiUsh thafalhe dases ravith das pupetEPuR YelogHy dispersion which is

) . e L _ . q
FRATTES ekl o PRGBS I ahd T EBPRIEE SRR oer
frtteer dolypden siacongpen$ativarfibes pooiidieg medlitear compensgomand having a

ain. fiber and t second .e of the co nsati on
155158 2pd & serAd ehd T rey RIS b oy S TopR & dganestd to one
@ BPHR galrSARG Thdl HRRAoRE erl (¥ tRE86RPp&shEsh Hb&tiRBSMead@ Yo the
fromthe gain fiber such that a generated pul se has a

optpus eowtlett he rputpvé doupler i pesitignedtdien predstermingd idistasicagway
Al 98!, AR & C}Hét%d ehi n?%rﬁl)llljsle%%s WAAEE N ahYS 1he[100e0 Slvity, the
n an er en%o e Ol%aet e 1 nventpl on, a ne O%S]IOT

pURB&fidhibeihghaewePihs & prddefipsdpilstewlidtinedlueli ng
generating an energy gain-guided soliton by using
nonlinear anplification in a positive group velocity

(08P " 3 Bl B0 diln P LBRIA bitont NomBHd (BHsEfuting power

ton through a negative group vélocity ersio
phiskbeiis fpoovidahinahebng @engratssiaonenangy daasguidehsolitpn by using

round-tri 0009] The followng.figures illustrate .
npBlTeg B EPR Y P aEaF FErHPey b epersion Fbét? ahd bropagting
the gain-guided soliton through a negative group velocity dispersion fiber for

nonlinear compression in a laser cavity round-trip.

[0009] The following figures illustrate various exemplary embodiments of the
present invention. However, it should be noted that the present invention is not limited

to the exemplary embodiments illustrated in the following figures.
BRIEF DESCRIPTION OF THE DRAWINGS

[0010]  Figure 1 shows a flow diagram for a method of generating power pulses

from a laser according to an embodiment of the present invention;
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present invention. However, it should be noted that

the present invention is not [imted to the exenplary
wenhs@dssents illustrated in the foll owi ng fi gurPes/sG2007/000399

BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Figure 1

shows a flow diagram for a nethod of generating power
[ul s es Figure 2 shagen saloaatiti digeriam afi a dadeo cimaegdmeit coheructed

resent inveptjon;[0011] Figure 2 shows a schematic
ag‘?oé Pﬁﬁ‘?qulgg?‘ilg’éw[o(frtﬁ%llfﬁ%‘?i‘gmve’&%truct ed accordi ng
'to an enbodi nent of the present invention; DETAILED
DESCRI PTpEh At FiviDES&EPTION DIOFAE INBRITRON

enbodi ments of a |aser arrangenent and a nethod for

ratin ower pul.ses are described in details belo
PR T et “reRdiReds Cofn T gEReY aph & metiod for
oBRkhtd O Powkep ?ptﬁéé,@”ﬁjeaﬂéécﬁﬁélp% R4k 8eRe vaad bRt to the
can be nodified in various aspects w thout changi ng
atdpnpasyiegdeguods. (i eddinomthé exemplagighbadiraenty desvoived helow can
flow.diagramfor a netho f generatin I pul ses
op i e o U RsnPel Rishod cBepedi B ermehte SRA B dCen
i nvention. The working principle of the nethod is to
use nonlinear anplification in a positive group

[0pdBbci FYGdil shewsi 8aw(dagmmifoiemethod 9f gencsatengpovear gulses from
I N= gui it in st 10 positive .
S0 R 5B S oS P Bfon B B Hocite o
tie miethod . is Th@s@abilingtt aiaglifcdtiohdn a posithengroom velaedy dispersion
conpressed through propagating in a negative GV/D fiber .
P LYtfher 1@ gengrate|aslapgecensay gaipguided sphion g stspntl: As positive
: 25Sj ir i:n | hi F. .
B BB SIRLE TS CREe Areel 'R RRMATIRE AR ARAE dion is
themomal searlitvompyssedearough | propagatiny insenegetive @YV iver imstep 104.
transformlimted ultrashort pulse w|ll

ways be._.
I SrEEPs T (S isp Btoronligfivre Wecomnr?sawtdegﬁ‘_r% ﬁ“ﬁ ronlinear pulse
Cfi%% NBberatdd \Wulihg Dfie OMrdbar’ HEIRE aaﬁlﬁl%athﬁﬁ?’ﬂ)rb&’esb.n T;%l}cﬁ%}é the

8. The out put coupling strength of the laser w.
ngelinesr galssocarnpressadn, ey trgngfpum-lintited pultraghopi phlse will always be

TR S 108, PRERRR APy pURs i o L 05y RS Ebh daser

caduiudted @08.MTHY durpadr coRplse stednigfit oDleVIERA will et safected so that
gol ari zation corr_ﬁonents of the pulse still remains
a 68,

aiaPytputtthe pals subsequently propagate in the rest of the laser cavity with
very low nonlinearity. In this case the total accumulated nonlinear phase shift
between the two polarization components of the pulse still remains small. Therefore,
the effect of multiple pulse formation is also suppressed. The method can be used in
fiber lasers, solid state lasers (e.g. crystal laser), chemical lasers, dye lasers but not so

limited.

[0014] A mode-locked fiber laser is a very complicated system. Although through.
incorporating the nonlinear pulse ampiiﬁcation and nonlinear pulse corhpression in the
pulse shaping process of a mode-locked pulse can generate ultrashort high peak-power
pulses, generally, a mode-locked fiber laser cannot automatically operate in such an
ideal state. In order to force a laser to operate in the state, special design on the laser

cavity must be done.
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the effect of multiple pulse formation is al so

suppressed. The nethod can be used in fiber |asers,
weolsdersat e | asers (e.g. crystal l|aser), chemPCEBG2007/000399

| asers, dye lasers but not so |imted. [0014] A ‘

node-| ocked fiber |laser is a very conplicated system

Al t hough through incorporating the nonlinear pulse

i fication and nonlinear,. pul se cogpression in the
RL e’ G o e ebenpie it joscRabep araecigy: consiructed
aQ&ieinatte aH|dnitbaiRédt T tHO pRA&lt-iREMEDbN PHhS RSer A4RMBEREAY200 or
a node-| ocked fiber |aser cannot autonmatically operate

fiber dasen caityi may| inglude & sqctionradegain dibenR202 sectiprsepf Wispersion

hnot t . i [ i ..
SRR s 9. 3, R Rk "] 9 pizcin
cohtagileas 1208 and d poiarizing beangeget (BS)290 cusiaettdds a@ingdi Ng

to an enbodi nent of the present invention. The |aser
~arrangenment 200.or fiber |aser cavity may include a

0051, ST PR SR PCARRESEL HATEIANETEVD. som
ckaoplas of fite6 withopgsitiver GY&) fimhudes gl fibers ad8daped fibers for
oKl SPRDgare RhsdEDTbo rbjuBeonsg Mher abiEn ApBt ber, but

bt §iRRSA. tTh A GO theSORR 84290 Asy BE a?l@ec'h?%g\éfq Eaé'trs pep million

positive GVD includes punp fibers and dope or
(eprangrbimm-dopxiduthed wothdG ViDoek app ERinatelyt 52 pisinovkmicp @ vavelength

ofptosimalily 133D P it ang Ghieonls ety Bl fHns@Bistinhapd GVD
vaRies fiay hisoBe LAY er bi um doped fiber with GVD of

approximately -52 ps/nnfkm at a wavel engt h of
approxi mately 1550 run, but any suitable |ength,

(38179 RGP BT B T 1 Yl e o
(SMIF) &blr;ﬂulﬁim@xleezibﬁd@g\;fg) eulr/itl( gb%)tlvg rGYEl tHa_—FI@ﬂ €, fthd dispersion
MVF th_n Ive . In 2, e di spersi.on
aé%ﬁ%%vﬁttﬁﬁ 2,05 %%ry bomagayp BE R aeetiaps #1d hays agmbla?fklength of
GRS M U5, b0 SLRAPBTARLY, P03 o
waavlehgh @f pproxapgselyXiSo ngl, pull B50suitabledangthapd SIND aklues may

a{s'g rb%t Qseg.n?h%%tvs%l:tliloensmrg?)i\ave a length of approximately 62 cm and the

second section may have a length of approximately 240 cm, giving rise to a combined
length of approximately 302 cm. The first section of the dispersion adaptation fiber
204 can be termed the compression fiber as it serves to compress a light pulse in a
nonlinear manner and has two ends, one énd is connected to a first end of the gain
fiber 202 and the other end is connected to the polarization independent isolator 206.
The second section of the dispersion adaptation fiber 204 also has two ends, one end is
-connected to the second end of the gain fiber 202 and the other end is connected to one
of the polarization controllers 208. The respective sections of the dispersion adaptation
fibers 204 are being spliced together with the gain fiber 202 so that the losses may be

small and can be ignored.
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al so be used. The first section may have a |length of
approximately 62 cm and the second section nay have a

wo eovgbbs1ef approxi mately 240 cm giving rise tBCESG2007/000399

conmbi ned I ength of approximtely 302 cm The first
section of the dispersion adaptation fiber 204 can be

[0U8ied Thee peleripativasndapendandrisalgtart (I3 e20fegnayo beomprdede force
L QN i near manner and has two ends,
1%%%k%ﬁ%u€§b%%%%€%ﬁg§8€% a first end of the gain fiber
202 and the other end is connected to the pol arization
i ndependent isolator 206. The second section of the .
[¥12ber ihentriastanizaien copellern 208) g8y himsludgor direts polgrigation
0 e ..
SRoLe ARG iy 42 AR L P Blaricacin
cpotralidr 248 wlncle andyrtsl twer guaz@B-walb platess(ébt dndeoreeledl f-oase plate

t he di spersion aptat.ion fibers 204 are bein
@BP W@%@dﬁ&ewnﬁgﬁ bo 230 CqniIg Frs 08 T8y bt sk plate, o
;Jhﬁﬁmsofrwawe%@m An%&ﬁ&i&ethb&eg rl;?-;@go@é}flzglio% Béntrollers 208
- or (I 06 may

pol ari zati on-i ndependent 1 sol at e use
can bearse togbutrel gbe ipohuaizatope pfitighninothe tlheer cavigy 20@0T8] output

The. t 0 [ ion,controllers.208 may include a )
cpppite TP R o0, PG RL SOBE APER e figgend can be
betAdeh 809/ RVAYPO FthE tntfdlAit3 pllsd eRQE P M RAIAS tndRlthAN50% of the
controller 208 which may be two quarter-wave plates

intr3-eavityrhlsenenergyl. fin waemboidiment (df/thy peasentrigeehtion, the larger the

Ry 0 B RSB 5k 308 DU, e coping

canidribeadd Rifgd M6 Ghany Ifiectieal Rnita@drsOfor @RathpReIth@lesloddBg self-
can be used to_control the Eolanization of light in )
stariéng eequireraenf; Wthospenllenputpyt equpling ohp outiyt pulse peaknpower will

SRR, W AN B b RGN e e e

powker. 2A dikeliytrgaspo insay tenthagwith prmatler altpyt conpkng, thalipii%nstle the

g R I T

pel8mpRict.or mence of the laser cavity 200. However, the
coupling cannot be too |large due to many practica
limtations, for exanple node-|ocking selfstarting

ir nt. Wth snal l couplin t he out put .
(G0 " A8 Pornsitne v seiftlss UEShArargHEbe ik b Rip P i e
laxei Qiviity @00 Bbr thg NPRaodekinghad @sih Pskr Qith@t& oK The polarizer
only outputs the rejected polarization component of the NPR mode locking. The
polarizing BS 210 and the polarizer may be an integrated device or it may be separate

devices.

[0021]  The polarization controllers 208, the polarization-independent isolator 206
and the polarizing beam splitter 210 are mounted on an approximately 76 mm long
fiber bench.

[0022] A wavelength-division-multiplexing (WDM) coupler 212 made of SMF
may be used to couple the pump light into the laser cavity 200. The WDM coupler 212

may be on any section of the dispersion adaptation fiber 204. Other suitable devices

6



10

15

20

25

30

power. A likely reason may be that with small er output
coupling, the light inside the dispersion adaptation

wo pdwencA®? beconmes stronger, which is not optipPCEea2000000399
| aser performance. [0020] The pol arizing beamsplitter
(BS) 210 may be used as a polarizer in the |aser
fomgaupling 0@ fuprp light intPhertaste cavityid09gnasnalsabke ased aSane examples

.out put. coupl.er. The pol arizer only outputs the
1?%?@%%%3 p%ﬂg%f%gpﬁgn conponent of the NPR node
| ocki ng. The polarizing BS 210 and the pol arizer may

be an integrated device or it nmay be separate devices.

[0Q93b1] Seme prosiderasigns oh theokbar dpses cgvippdesigminclude selections of
i i - i . at . .
80145 SR T SFTF e 53N BgfTRr 0 ghBE v poscve and
nepgivexG Vbt Bependthgon the agixfmie aviikibtdpov @2 2e pmp laser and the

e e P e B o e R

Bgedt@B & b€ %%%ﬁé@%?l 210 e AMHEOLRE St %&lz?dl‘rg%eﬁrltgg O’f}ﬂe selected

i$
lany section spersi on adaptati on
1Gigtte rof shie teethhm-ddped dibsf also adetgrinineg 4 lkerrgyponding gloinbinddoSMF

the | it 00 al so sed.. So exanpl X
i aieboit 5L ket BF baily e £V Gusisye sBhaca efo. The cavit
neP GV I96haA} beOna tRE rﬁxggr% $ff Hrodifarly 92yt ﬂ%?%)gﬁately 0.07 ps.

i ncl ude sel ections the 'l aser output cou
Thersifereodepending oalthe netsavignGVEY the respetiive bengthswifithe fiber could

R ' GVvD endi ng on. the i mum
g il DR OThe e st IGCBE IR aCEHERG A RBE hd of the
cORPEREbA FEibeR At fiprédiMmalyP62 oA drdnh BRY gaid HBerl #A&eh®Mmode-
the erbiumdoped fiber is selected to be approxi mat el

lockgd pwise has feragrgwestpridthigithe savityrilhe dolerpnes mape fardhe Ye’ngth

IR L S RS L Ly e
cragpist eeweavagpyoximbte[VD % 05 hplbmeinaanﬂ%r rfe%. Wiesnothe Tllét%ﬂa of the
CTRENC T R T,
pbl8r PabesC@N kil b%ﬁi&&%&@é&@ﬁ%})&ﬁaﬁﬁg Qlli %gétfrﬂfoftﬂlﬂéecompression

fiber could be varied according . out put
fibeugreater then ppprioxinmtely 546 mayaotbeloptimizhé

[0024] The fiber laser cavity design may have the following characteristics. Firstly,
the cavity is both dispersion and nonlinearity managed. As the gain fiber has positive
GVD, pulse propagatiﬁg in the gain fiber is temporally broadened and nonlinearly
amplified. Subsequently, when the pulse propagates in the dispersion adaptation fiber
which has negative GVD, pulse is nonlinearly compressed and de-chirped. A
transform-limited pulse is then formed at the position of the laser output and coupled
out of the laser cavity. Through using an output coupler of large output coupling, the
pulse energy is signiﬁcantly reduced. Therefore, after thé intracavity polarizer, it

propagates almost linearly in the rest of the negative GVD fiber.

[0025]  Secondly, due to the strong nonlinearity in the nonlinear pulse compression

process, the transform-limited pulse spectrum can become broader than the gain
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conpression fiber, at approximately 62 cm away from

the gain fiber, where the nodel ocked pul se has the
woa00808E3T W dth in the cavity. The tol erance pemge200on00399

the | ength change of the conpression fiber for

achi eving .the narrowest pulse width in the |aser

bardwidth. Thergéaroed rashoprmsserheyend thg grin bandpidth timitation rosld be
. of the conpression fiber changes by
d?%%ﬁ&%%ﬁ%%%ﬂb?$%%§ﬁthan approximately 2.5 % high peak
power pul ses can still be obtained. However, any
changes_in length of the conpression fiber greater

140295~ ad birdls Anstene nondineayity ghlynecypin asmal scgraen of thegavity,
. _ _ . : ‘ : .
Oty EPRRAY bhisc R HecfToh B8R0 Rl Bl Mo of the puise
adéumpdated anthardvityordunderp id stillntewa thedavidp ptlke pegi dlarhping reffect
.has positive GVD, pulse propagating in the gain fiber
13 %Qtﬁéﬁ‘ﬁ%qséfmwt}ﬂn&g&gﬁBﬂlsgﬂﬁ’%nonI inearly anplified.
Subsequent |y, when the pul se propagates in the
di spersion adaptation fiber which has negative GVD

[(937ke Feurty) ithecaetl gavstynoiVe: se ghositive ded adldseptodzerd, where the

transformlimted |se is t fornmed.at the position
O B e s Rred o ST e | aser
cavity. Through using an output coupler of |arge

outﬁut coupling, the pulse energy is significantly o
[0028L c e fifthiviea @plarigatinf beam tsplettar s uaeches the pepat coupler, which

ol RSB R TR O bt 9T BB, g

cahdvertegh hénlinefitylupertioh] adasveid withdarge BRHRS Soupling, self-started
process, the transformlimted pul se spectrum can

peking eachbil herpghicvee gai nbandwi dth. Ther ef or e,
ul trashort pul se beyond the gain bandwidth limtation
could be directly generated in the laser. [0026]
[002P} dI ¥inalg, Btis dobe motxdi thetaalitiopgiothey fiberclases damity hasralsimilar

segnent of e cavij the_effective nonlinear phase.
cREHsartndbt QB PP AP dETeen el ogutetely
AFEGEHTU AR trlefthbd) ulza \iblel 1454 NGhspdréibn nfandfdrhdnt liOY8 rdddEe the
cavity pul se peak clanmping effect is not a serious

effe¢tivieagavy nomlinensityuthseefpreakibers oty Jlarge (F YR shouidhbe vesed. In
cSftYast yin(-:'}ﬁ% | BB Ic%shv isaé]r%oﬁl ozsmeagtgr%erzlte (9 ’us%] g{)geﬂtler}ewith the
narrowest pul'se w arge pul'se=energy cou €

ngaliraffye thanagement, and with the purpose of possibly increasing the local

nonlinearity of the cavity.
Results

[0030]  With the fiber laser cavity design of the present invention, self-started mode
locking can be easily achieved in the laser. Near transform-limited laser pulse with
pulse energy 6f approximately 2.08 nJ, pulse width of approximately 46.2 fs
(assuming the pulses have sech-form profile) at a pﬁlse ‘repetition rate of
approximately 38.3 MHz may be obtained. The peak power of the pulse may be as
high as approximately 36 kW. The obtained result could be better but may be limited

by available pump power source, which may have a maximum power of
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[0028] Fifthly, a polarization beamsplitter is used

as the output coupler, which outputs only the rejected
w@oedoanszmat i on of the NPR node-| ocki ng, thereforer/seche7/000399

cavity can have high nonlinearity operation, and even

with |arge output coupling, self-started node-| ocking

approxsnatély H¥ avhi evkdhe [c@o@@}dopedibey, used. Bsttttrordsalt may be

not.ed.that .a hou t he flber | aser

ORI i REEaif PR af Sokn ez doBRECPPEPERILh BaY BB T dber

| asers, the de3|gn principle is conpletely different.

In the stretched pul se fiber |asers, dispersion
managenent is to reducénphieatidnSective cavity
nonlinearity; therefore, fibers with | arge GvD shoul d

be used. In contrast, in the current case di spersion
[0081Rge Thatdeveopisefibdr 0get hery ovetddnich@dnivost the Padtlénts associated
managenent, and with_the purpose of possibly

Wlﬂilcth@ senvegtions S?I&emﬁbﬁbl«mrﬁ é%rrhlglgf perk paveer @gheretjon. It has large

pﬁﬁg %érg w@msﬁgﬁ #)hlgy%ld‘t hfﬁ‘i%ﬁ dlll&a%f {hF ﬂ-%? lﬁggr l%ers it is
Lent 1 nvent art ocC

cbmpamanﬂ thasexdetiestdstabilityh & h}a éfﬁef las?]daam also be used i 1n a:t number of

t fo limted | { ner

SRRt o1 285 Ofien JemistresB Ptk B Sarors s for the

|
] SR8 ST, S i
smiyhlbg anbt sigrab grocklhdng saldigep teo-phbtoh icpescssy, MpetalizetzaCTHz)

as approxi mately 36 kW The obt ai ned result coul d,
ﬁB@ R .sp%ﬁrpsq?ay g ITRENEeAPA SORErIBPBOFARRYY (k) micro-

aﬁ@Ha{xﬁ)eﬁabMEHt%H SlydY faf i mum power of approxi mat el y
an& ﬁgﬁe biunf%%%gﬁ fi ber used. Better result

nay be possi bl e |f t he galn fiber with an even | arge

O3 G TE Apteiert e Pl et e Aot Bl K poeRpally useful

o @bhye BFplREGGE ﬁﬂidl’(’i/bﬁ htht hRwC@RMSHY Hulsd g&i&dtfoﬁntechmque is
fiber lasers for high peak power generation. It has

alsg Vg ysefub.elherieqhgiqugrsiows theé@h%blﬂlt)p@ﬁ useng/thel nenlinepar features of
||
e b 8 o DS RUSL  BE 83530 T gcons

techniqaé swaybelsosted equally apphile@rtoobther mode-locked lasers, such as the

different types of fiber laser and the solid-state lasers. For the mode-locked solid-state

lasers, as the mode-locked pulse energy and peak power is further increased, the
nonlinear cavity effects start to play an important role. The technique has illustrated
how to use this feature of a laser to irhprove its performance. The proposed' laser
cavity design and technique may be used in the next generation of mode-locked laser

systems.

[0033] The aforementioned description of the various embodiments has been
presented for purposes of- illustration and deécription. It is not intended to be
exhaustive or to limit the invention to the precise form disclosed, and obviously many
modifications and variations are possible in light of the‘ disclosed teaching. It is

intended that the scope of the invention be defined by the claims appended hereto.
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applications to replace the fentosecond solid-state
| asers, e.g. used for the fundanental researches,

wolbdos@éast spectroscopy, punp-probe studies atpdr/SGIoY/000399

optical swtching and signal processing studies,

t wo- photon m croscopy, Terahertz .(THz) ti me- donain
spectroscopy and i magi ng, optical coherent tonography
(OCT), m croand nano-fabricgati of polyner materials.
[ 0032] The devel oped high égﬁégﬂsultrashort pul se
fiber laser is potentially useful for many '
applications. In addition, the new ultrashort pul se
geé¥batas ¢lemeaddehni que is al so very useful. The

techni que shows the possibility of using the nonlinear
features of the laser cavity to enhance the

1.PA faQérmRa6 gerfdnt ch@pABiAe- | ocked | asers. The deVeIoped

techni que nay al so be equally applied to other
nDde | ocked | asers, such as the dlfferent types of

a dggl{q ﬂi@%? pt%gﬂie dl%g 11’?&?1& ﬁgtglgfé?atst%nl ‘?1 ﬁbe? Baf@g& gl(r]st end and
pulsseondrepdgy and peak power is- further |ncreased, t he

-nonlinear cavity effects start to play an inportant

role. The technique has illustrated how to use this

F Sofidefii gtaﬁér‘?ﬁbér%ab{ﬁgra"ﬁr@té Satngghfe%rﬁae%e The

propose r cavit n an nique nmay be used
in the next generation of nDde | ocked | aser systens.

[ 0033 The ?forenentloned description of the various
edBSY W'Has been presented for purposes of
iIIustratlon and description. It is not intended to be
exhaustive or to limt the invention to the precise

f dhefingt el afsheldispansion b@apwi@h)ﬁhmhgingomrfeb@dm thedirstredd of

riati S ar 0SSi t of the

! e G 588, B RS s of s ¥ PR dgaRafeT g beihe
l Refidctedno B sdedriddd oPyhd daen fibé erebp Fexkifsl a laser cavity,
hereto. CLAIMS What is clained is: 1. Al aser

arrangenent conprising: a gain fiber to provide

ég ioft Fpt éloﬁ?%%xoﬁhvdg‘z?leﬂgthrlnfrélgt%n {33MbAh B fh'ergétn

a sec
fiber such that the laser cavity has a net group velocity dispersion which is positive

or below a predetermined threshold, and

the dispersion adaptation fiber further comprising a compensation fiber providing

-nonlinear compression and having a first end and a second end,

the first end of the compensation fiber being connected to one end of the gain fiber
and the second end of the compensation fiber being connected to the output
couplef, the output coupler being positioned at a predetermined distance away from
the gain fiber such that a generated pulse has a pulse width in the laser cavity, the

pulse width being narrower than a predefined pulse width value.

. The laser arrangement of claim 1,

the gain fiber comprises a positive group velocity dispersion fiber

10
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a di spersion adaptation fiber having a first end and a
second end, an output coupler, the first end of the

waolc@pesHBDN adaptati on fiber being connected teBCT/BE2007/000399

first end of the gain fiber, and the second end of the
di spersion adaptation fiber being connected to the
second end of the gain fiber, thereby form ng a | aser

cayity, the dispersjon adaptation fiber having a
3 gifﬁﬁ%eli W%F’QF& _‘436‘“3’ l ength of the gain fiber such
- T I QibRBsi bR Bt 4BY iFb¥r QSprRed £ he i @rdﬁ%lv‘éﬁidty dispersion fiber.

di spersion which is positive or bel ow a predeterm ned
t hreshol d, and the dispersion adaptation fiber further

c ising a co nsati.on fiber providing nonlinear
4c§ﬁBP§§%?gﬁ%gﬂ8§R§&ﬁﬁa1a first end and a second end,

t g Thidr ShviStths@f ndtPoupArERRINSG WidpeRidnl iRekhe RBEOES about 0 ps” to
connected to one end of the gain fiber and the second
eabow0.47Hs .conpensati on fiber being connected to the
out put coupl er, the output coupler being positioned at
a predeterm ned di stance away fromthe gain fiber such

5.t ITat laegandkamest dli¢laya 1has a pul se width in the laser

cavity, the pulse width being narrower than a
piheremnsasation fiber s thangg igdengh inthe rangs of abeyt Aeenent
of &h%@y11, the gain fiber conprises a positive group
veFocity di spersion fiber3. The | aser arrangenent of
claim1, the dispersion adaptation fiber conprises a

negative group vel ocity dispersion fiber. 4. The |aser
6aﬁ%§%§ ﬁ?

gemertioficim 1. t he | aser cavity has a net
ORI RGN S REITRLAR st i R WherbPR2n th
UM QLM ERGITRRA chéh Pt SR Supg fraiPn the
1 ranghof elooy 8A%etbiaboutf 108 ef intracaxity palsgenérgyl engt h in

the range of about 0% to about 5% 6. The | aser
arrangenent of claiml,

7. The laser arrangement of claim 6,

the output coupler is configured such that the output coupling strength is larger than
about 50% of intracavity pulse energy.

. The laser arrangement of claim 1,

the output coupler comprising a polarization beam splitter.

. The laser arrangement of claim 8,

the polarization beam splitter comprising a polarizer.

10. The laser arrangement of claim 1, further comprising

a polarization independent isolator being positioned at one end of the compression

fiber. -

11. The laser arrangement of claim 1, further comprising

at least one polarization controllers being positioned at one end of the compression
fiber.

11
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t he out put coupl er being configured such that the

out put coupling strength is in the range of about 30%
W@ 2008406187 70% of intracavity pul se energy. 7. HGESGAHPN00399

arrangenent of claim6, the output coupler is '

configured such that the output coupling strength is

| arger than about 50% of intracavity pul se energy. 8.

T aser_arrange t f claim1, the output coupler
L%ﬁﬁﬁi??ﬁﬁ5m§“88ﬁé?§§£P'on beam splitter. 9. The |aser
afHetleAbn edntfolletsBethg &gﬁc@ﬂilﬁ bsitadrie@ dnHOEMIHR dftther
conprising a polarizer. The aser arrangenent of
c PHIPH QOUPteliy t her conpri sing a pol ari zation i ndependent
i sol ator being positioned at one end of the
conpression fiber. 11. The |aser arrangenent of claim
131 Thé lusthatrangeapitioficigmat, | east ‘one pol ari zati on
control |l ers being positioned at one_end of the
c hedrodarization £¢ eeﬁzompﬁélnlgée@rwaazﬁrpéaﬁwﬂe?wwmlaﬁeS-
1, the polarization controllers being respectively
positi oned on both sides of the output coupler. 13.
14THe laeenranpeaagefeimdf ficthar conipsiighe pol ari zati on .
control | ers..conprisi.ng hal f | ates or
qaa*fatvslﬁn&sé\ﬂéw hradtiviaine srwplpehsite RASHIARGE AR e dpersion
chaigbn fiysf t her conprising a
mave engt h-di vi si on-mul ti pl exi ng coupl er being -
positi oned on the dispersion adaptation fiber. 15. The
further conprising a

arr anc
lmg FIW ogﬁ al‘ﬁ}ll 8 er being
p@%&atvbl‘éﬁgtﬂ (ﬁﬂsﬁ)ﬁﬁnﬂﬁﬁkkﬁg%b@ﬂerf béih@g’ positioned on the compressmn

fiber.

16. The laser arrangement of claim 1,

. the dispersion adaptation fiber comprising a single-mode or a multi-mode fiber.

17. The laser arrangement of claim 1,

the dispersion adaptation fiber comprising a photonic crystal.

18. The laser arrangement of claim 1,

the gain fiber comprising a doped fiber.

19. The laser arrangement of claim 18,
the gain fiber being selected from a group of doped fibers consisting of erbium-

doped fiber, thulium-doped fiber, ytterbium-doped fiber.
20. A method for generating power pulses, comprising:

generating an energy gain-guided soliton by using nonlinear amplification in a

positive group velocity dispersion fiber, and

12



16. The | aser arrangenent of claim1, the dispersion

adaptation fiber conprising a single-node or a
wordosioearete fiber. 17. The |aser arrangenent 0PC’D’SGZ(](W/000399

1, the dispersion adaptation fiber conprising a

photonic crystal. 18. The | aser arrangenment of claim

1, the gain fiber conprising a doped fiber. 19. The

| aser arrapgenent . t he gain flbe

s Sreediine P g EidssSHEn dupaeh ¢ heeefse BierElopity dppersion
© DR ABh ek aﬁﬁpressm WP BAGt o BRI irip.

ytterbi um doped fiber. 20. A nethod for generatlng
power pul ses, conprising: generating an energy

gai n-gui ded soliton by using nonlinear anplification

in a positive group velocity dispersion fiber,

andpr opagating the gai n-guided soliton through a
negati ve group velocity dispersion fiber for nonlinear
conpression in a laser cavity round-trip.
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