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A LASER ARRANGEMENT AND A METHOD FOR GENERATI NG POVNER
PULSES FI ELD OF THE I NVENTION 5 [0001] The present
invention relates to the field of lasers and in
particular, .to a |aser arrangenent and a method for
generating power pulses. BACKGROUND OF THE | NVENTI ON
10 [0002] High-power ultrashort pul se | asers have w de
range of applications in scientific research,

ACASER AHRANGEMENT ANDCA VI THODEHOR IGEINERATENG POWER
Traditional ly, high- powrashort pul ses are
gener at ed using the node- ng techni que of
solid-state |asers, which are bul ky, expensive, and
difficult to operate. Passively nnde-|ocked 15 fi ber

| asers are an aFWIa‘EQFvF’éHQIWﬁgﬁ)% to solid-state

| asers for generating fentosecond optical pulses.

Fi ber | asers are conpact in size, cost effective and

(8004) ¢ dhe present dnventiom relates torfherfisd ot lapers, and, ineppricylar, 1o a
AGR B BeRAR Shd' PmBRBILRl BRIl kot pliGs, | aser s, for

exanp the sem conduc at'ur abl e absor ber m nor

(SESAM net hod, the nonlinear |oop m nor (NLP) nethod
and the nonly ]ﬂﬁ:n@ﬁl B INVRRAT (NPR) net hod.
20 However, %’Sgﬁtbo 1ts glﬁ%ﬁﬁmty, slta ility and .
ultrafast recovery tine, the NPR nethod has attracted
t attenti , . y . h .
[?'sé’? ni gt' ]{I%chgl r11er a Ae?’ul}é\%g%%% ehc:lél geﬁg“%%?%“ gglotfp%Pis}%go?snm
dcleetifby losearchdioghstial mbterial lpasesssig) and hifescence taditenailyy kigh-
000 FHowever, a fundamental dr ck-of the .
YR Pe DR 8 el Sy R BL0RE, Sl of ot stae
lgserse médnichcare pulke,adxpsive eandhdiffeuld d ypdraey Bassisdy ernde-tpeked

nd. peak power .in the res tive range of several .
e lsSSro e B8 g alamive Fouii-aa Jospe o epperiig temidsecond
@pticgt rpalsky Hitek il dird bonfipatiia st@| cdso effapies ahd easyad opérate.

i ber | rslimt t he. maxi mum achi evabl e
(Bl pelRG Tonte ishde 205es R bads (e in Tt s for
dBenpRtit semidondudiof shtinhits 8 aisbbernitlor (BENAM) &Rod; tHefrbnliHeara

node- | oc pul se. accunul ated wi.t hin 30 one it
PR P s A e g, Msrtratos huhos gRPK) fethod.
Bepadvarl, Badtodts siilicitiSseibity idSultrafadt oG tie, Ma SIPRYmethod

reached .
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 ﬁ.mdaméntal drawback of the passiv§ly mode-locked fiber

lasers is that the generated optical pulses have only low pulse energy 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 pcak power. The NPR mode-Idcking 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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[0004] To boost energy of the node-Iocked pul ses, a
nunber of techniques were 1 inplenented. One is the
stretched- pul se techni que as di sclosed in publication
"Stretched-Pul se Additive Pul se Mbde-Locking in Fiber
Ring Lasers: Theory and Experinent”, H A Haus et
al ., IEEE Journal of Quantum El ectronics. Vol 31, No.
3, March 1995. The idea of the stretched-pul se
ingldatenepde Ong isOthd sstrefchhelmsseofechxaq@e ag @isclokede irb pablitation

bt Q0B Chli Yook SG5Re inpPitrolig e Ty aha

Exp’eﬁhileﬁt’ i@, Haussédah, IaEEastaﬁalcba\Qummsaléc&amesr alol ¥1, No. 3,

Ve rﬁt Chedhf? {s]‘ga%: Hee i esﬁeqd m}%@éac nﬁ}lé%?%%@t@ﬁheehf lats'@rpowﬁ%ﬁn
tﬂaategasﬁfve %'oﬁ 064119 1dNsprkith {GED P8 lcE R0t ﬂtettﬁ)eﬁegee cﬂi’lﬁcﬂ &

bandw d herefore, the effective nonlinear ase
%ﬁcffltput&e egHlAtiag iysucha &fﬁe CavitH 6 (erRnoTAiY Stretehed jagd mfPSé‘Pd

Ade &Qnsguﬁé%vé%%e hhehi@p SRy O?ﬁﬁrrﬂiﬁeqwc@ﬁulwe%tﬂ&qowgﬂﬁan
out put pul ses o stretched pul se fiber |asers

@@tn@fr alttaysfmbmmd: palex 6h dhediamet spoetral handsyidth) Thereforey the
&%ml%é&r ?f?és@'sﬁtﬁséé@urﬂlﬁﬁed frSoRWadt ﬂoﬁlgﬁnl %fnaﬁ#t R

nee s to urt her conpressed thro terna
pideswith brgeprmssi @n beybtagme . Tiei mmmule@ af stretthed guise fiber

RSB Pk ol iy bIP L ALY S AERTLANE o

Baskcs thy éaselrmutpttt neqrs t8 be dartliee dorhvirstset th@sigh lah akmmahpldse

Powe flc t an A nethod di sclosed in
slifeuat Pato At Bt o e oser
Systens", Jens Llnpert et aI , Journal of Sel ect ed

t t
B Ao AT B 5L Bt e
mwefysn‘emb @ thie aseallddsMﬁsteerIscﬂﬂame an® Powerpimplifeakidny(MOPA)
fi .
hit SRS bRRR S b D £ish PRt Fipuemsy Js
melerés alg reurieldes SM?H T@pmtr:] i Quireah rﬂlﬂ:&emcdt Vl. hnts Nol. 2,
{ t ro t he er 0sSscC al SO
MeseB a4 o R b5 B SuabfR Y PR opeseh i frb eSS
anlised 69 ggba?)%n;tgﬁcﬁﬁﬁ Esysftéiyhlaﬁch ﬂmug@ﬂmtatm@aisfed tdmerent high
ste ) ererore e (Y 0 e, .
et leston SR ot SRomS i Bile B P SHTaP I s e
§y@teﬂ ?ﬁf fbi8 tiy 169er PRAktoR, Qwafo Hab tuf &fté@hdl cive@pulse amplification
tran ormlimted puls dlrectl fromthe passively
PB‘&lﬁ‘eﬁ’r‘fﬂrﬁ%‘Pn P%@’ ht“f’i’é’f"%‘ﬁ B Vel§Bousl y avoi ds

or_reduces sone of the above- nentlpned_drambacks of
[D606P" AhbrefdRY bt Bjectivt of fre preiht dVeMRINGEtd pt6vied 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 deviees. 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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the present invention to provide an alternative | aser
arrangenent which can. be used 30 with the nethod for
better performance. 2 SUMVARY OF THE | NVENTI ON [ 0007]
In one enbodi ment of the invention, a |aser
arrangement is provided including a gain fiber to
provi de nonlinear anplification, the gain fiber having
a first 5 end and a second end, a dispersion

adapt ati on fi SEMMARYVWQFIHE ISVENTIDONNd a second end,
and an out put coupler. The first end of the dispersion
adaptation fiber is connected to the first end of the

[0607) f behe cobodimbR Sf GRNAvENon 0f 1hBe athifeRE®R| 8 provided
adaptati on. flber i's co 1ected to the _second end.of the

igelneing pgaip fibenfa petyyd cAamplificafiony the gginiiiper haying a first

SHASRB faSeAd %ﬂ@ Rt :ﬂhief%[bnf ddbﬁﬁndﬁafﬂa ePhavaiod first Bnd &ldad deBdhd
to a length of the 10 %V% @@lber such that the | aser
I

endy jand, ap utowt sevpleyy Jip i ok thej dispersiono pdapjsfien fiber is
&Qﬁéckédvts R AR LAWoAHRS gﬂ{sﬁﬁén&r{aeﬂke tsbecRd Qﬁh df tRNdsgehfon

di spersi on adaptation ber " further includes a

wlepipiéamsizher @mopnmeﬂ tp hpvicennd end o thengsin flessniberelys fosmina id
1'3%\‘ CAlG arhefle §IISIOEEH%)"EQEGH FbSHa0'9 fon qn rel it E!Eeg;gﬁrb@ ttﬁf
er en e

e CO ensa 'S connect to one
grét fibdri duehr thmh thet lager sedtnihsendet adroupheclentyplispsaion owhich is

d.s 96 ok Hefol'R %d%gm‘hige E.]I'ﬁ'esil do (P“{e &1 Juﬁf ada flon fiber
ut put e&

coupl I'S positione
ﬁiﬁhﬁélﬁ&t@ieaa@ympénsamiwnlﬂher ]g'awdmg |nbmlmemknptdsabn and having a

%eneﬁgg a(tj s c0 d(sﬁnﬁ h@e f@st%ﬁ affretlcl)c\a\:\\ﬁ%ogrtlé]eﬂéa 101} Egerl gcsoerec eg\/o one’'
gudlcg élevgaﬂitﬂben/aiduha se[:tﬁﬂ%ﬂl of the ampdnsmloe lﬁbelds pantctaifto tHee

[ £ d f t 2 [
A P s bl SPRAG R 3, BRUG ul oBl S
Bah iltecgmn@emm@at ergmératmbpﬂsea‘ﬁph pﬁls@‘aidtmn theriasar cavity, the
{, | it j i O d .
B st r e e a8 pee AP LSt TRB LY ough
negative group velocity dispersi-on fiber for
a.laser cavit ound

n in on | 25
DB o] T st B a 41 i enan, & ettt R g Bowét
lﬁmmlb iovideabiacudiRg tgeneddting e efikHs gﬁih—guid\icﬁ blitom by using
ver fﬁ shoul d be not ed that he ﬁ@ent nventLon

IRRSF applificatinn @ Popifiye ERENNY %ﬁ19’ "EWB‘B p propagating

ﬂhb | ga5i grade@dsolifont heodeR! 4 Qlebae f drtfy &8locity 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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30 BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0010] Figure 1
shows a flow diagram for a nethod of generating power
pul ses froma |l aser according to an enbodi nent of the
present invention; 3 [0011] Figure 2 shows a schematic
di agram of a | aser arrangenent constructed according
to an enbodi nent of the present-invention; DETAILED
DESCRI PTI ON OF THE | NVENTI ON 5 [0012] Exenpl ary
[@éitipdi Figntrs 2chows b aglematic dapgenehid laaerdamngmdno dorfstoucted
ener ati ng _power l.ses are described in details
‘%‘é‘f@ﬂg\%ﬁ ! ?’gé\ﬁ}egﬁg SREESEH VeI npanyi ng figures. In
‘addi tion, the exenplary enbodi nents descri bed bel ow
can be DBHAILEDN DESCRIPTION OISPHEINVENIION changi ng
the essence of the invention. 10 [0013] FIG 1 shows a
[6619]/\’ dERGRARY T Shibadin&kd o :;Pfla&t@nﬁllr cnfelt I%ﬁ&\'ei ﬁé&@@?or
from a |asef according to an enbodi nent  of
gSne@ns: PPWRrepelpes nare Tdeacrihed Kp n@etqﬂs. bﬂi@%l\@ﬂbfrefeqeh@ to the

%ﬂ%ﬂvh?ﬁ ol 5 00N, ﬁﬁ%&% ef:[g;s iefi dbdriBed Rdv b€
group veToGity di spersion er to generate a
Heamagafied e vayipug)aspectgyvitibutichending the egsence pEhe ingentions
positive GVD gain fiber is used, pulse collapse
effect is avoided. The gain-guided soliton is 15 then
[0M3] | NEHE lyshowsrpn flew slegratthfopai giethpd obmaaiin@oimr pulses from
ativ nec sar
SRR bostBine P ah ot Bt B8 pERtL ivioh ST
thonleithné dg topu;le smnlnmlm anplifiesivh ah ecbodmm gg;up Ivelomqndhspfeemm
|f|c R0, Rrocess. Thr nonl i,.ne
@3@3%8 <ouEf g W ORER eripremor Aitiettes B oF povtve
I Sgem\lf]\ﬁliek ﬁnllseﬂ,l ypiﬂsb&ollip@é et isruvsfd;e@ ﬂﬁ@am@‘iﬁc&dtshl&on is
tr ort ul se it Wi t
dhercnoRiasgny prssed Frcp b opigatng i i OYBUe fgiep 104,
Is tsrlr&&gz;d&r;(1 ef usfelhﬂa hcﬂxﬁlﬁclfar wlgé cdhq:reseiloﬁ% acthBp tHehdhlindaf dse
tput t ul se W subsequent [ opagat e t he
P Bepfrateh Aunga cthe CapiiRseT otk ﬂ%&vﬁ}fw BYSF hﬂrawgk yhe
tlofilifedl puls@ TBmpreSidnd taatrandfoeiii iRl airdiRdit ipdke wilhadsss be
shift between the two pol ari,zation co onents_of the

faeddn siep 196, Qg e Slteashart pulspisiosne & williog Quigpk fzom a dgser

dauitd iRk 108! TRe &Qﬁdf&blh[%ig Is@en@l1SEF the! Bsﬁéreﬁﬂﬂfé selbkiéd so that
nmet'hod can be used in 25 fiber lasers, solid state

aftgseiptrut the pplsecyilsebieqyentdy propagaterp theisst of shelaser cagjiy with
VeRS &b nBilineRAY. SH iHhid Bisk QRk total accumulated nonlinear phase shift

between the two polarization components of the pulse still remains small. Therefore,

Cl é’% of

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 amphﬁcatmn and nonlinear pulse compression 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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[00141 A node-locked fiber |laser is a very conplicated
system Although through incorporating the nonlinear
pul se anplification and nonlinear pul se conpression in
the 30 pul se shaping process of a node-locked pul se
can generate ultrashort hi gh peak-power pul ses,
general ly, a node-locked fiber |aser cannot
automatically operate in such an ideal state. In
order to force a laser to operate in the state,
ial.design on the laser cavity nust be done. 4
PBRT 5T Pl S0 dahenai et of i lof cnopeeraen) Agispocted
@cording @dTen emBatimtdt WE tiROpreREICiavalting The 1asr fTiagahdrento of
éhe gresent i nvention. The | aser arrangenent 200 or
bopdeseq Gy max, nelpdeayseption ofiny b W20 echipnsyel dismersigy
22ptatice Eibéroped, Of RiaSiPRIoE | MependRb MoRitdro2Vef 1tR6T potfifkatich
pol ari zati on i ndependent jsolator 206, two
wwgholiars,208iapda pelariingdepm splitten(PS) 240 eonpentedin 2 KiRg beam
splitter (BS) 210 connected in a ring. [0016] The gain

fiber 202 may be any suitable fiber with positive GVD.
Gk dheugpindiben 0% mgrbe apy tshitablgolher Wil mvitive YR dRpme

B
wbleusbidmpleged fibre(EDBMViterbtmsisped fiberetivliunndeted:fiba, but
2 1. L. 202 982 GPoEE AR B i /it

(@pp) akiumedopkd fibds vithgd Yibnok appadximatelpvE msiigt/km abd wavelength

J t..an ui,t abl e | engt.h Waly
RSB Yot bl Bt gl by SopeBidich aip08VB
{aDR4 mhy dlbebediseder si on adaptati on fiber 204 may be any
suitable single node fiber (SMF) or nulti-node fiber
(MW) with negative G/D. In FIG 2, the dispersion
[68iapt afThodisperdiar addfdtionadibeb 204 1mae bel pnyoduithhle single inioda Siber

G R b8 Bon v ED S P BRIV S5 B Y i Gvehoso

aflapatioarfibeh26f maypipy xdenmit @l tyo 3&HOns ] hbud 2 eomybisdilémpid €

| engt h, and, GVD val ues ma | sp be used e first

SRR, S Pl oyP 80 amgwitiailn J¢ e 4y o

Wivelengl oD Aprox@Batelp 1 SHBYm N anBsuditellg 1dnghiand GVTD xiloa trfdyy
40, cm , gj.Vi rise to conpi ned. | engt h of

oo S oot i vy Tendhh o8 apr e f7oom and the

d@tcnp 8€ctib® thaf Haeladbn o fl App@kimately 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 end 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 {o 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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204 can be terned the conpression fiber as it serves
to conpress a light pulse in a 25 nonlinear manner and
has two ends, one end is connected to a first end of
the gain fiber 202 and the other end is connected to
t he pol arizati on i ndependent isolator 206. The second
section of the dispersion adaptation fiber 204 al so
has two ends, one end is connected to the second end
[0018] he Thai poldrizitin-idperalant isolatont (o208 nday Hecosedent duce
ﬁﬁ&ﬁ%ﬁnﬂ% m&b gﬁLarlzatlon control l ers 208. The
respec?lvé’sec i ons t he di spersion adaptation 30
fibers 204 are being spliced t oget her mﬁth t he gain

i her o that the | e be
e L S T I

¢081&er aos (,vhi)ch 206 bemyo hmse;dvet SlattOALE andi ketbiEpdlarRBEdn
[0019] T polarlz tion

oper f.the rin et
??5?1?‘? 28@ eﬂgl%%ﬂy WO ARy VA e ﬁ’rait"étd\’gbﬁfﬁlr oz deftpove glate
G afr@hdo® fin Baaeémmpma@& SoNBolR BAC g sPbRU e, a

(214) and a second pol arization control 208 whi ch
ﬂwh T (XA%e Blatss PerYeaBInglien herepD Thy p@wam@cqngpmerm
&h&eSised ?oleamazr ﬂi@ﬁygﬁﬁzaﬁen *a?ﬁlgﬁ%ﬂ theT Eserrb%?f »FATHE Butp tput

controllers may be a sing pl at e, plurality o
RADEngtrangtl d@pndamy teecprisntation @ﬁth@ Frapestive wawlq@lates and can be

lgat 1c&¥6; r

RRLARS0B10 We PR WflcRify Al en 8 pREertRf ot ] e,
intie-payity polse eugsey- iy a@tembm;mmtdé phﬂwﬁsseghWMomthe ke ger ithen
9%

Prlyis bR the KNS B Hediiel B M0 Rowes W5 Bl

cm)mé be Iteerlarge decoth rang préacticat amctatmns,;fomameleeme!nggcmngrsel&n

e

drowi Wrez&@ theiomeleaz rthe bﬁtgum@uplhng] dhe baendie dugput polst peake

48 BRI D gy i o

@smtsioaradapiatmm fiteo G4 berpmes la'eorrgmt, pudiichpis Inee optngikedpfoneaser
drop. Therefore, the smaller the output

W
Q%ﬁp??%%, the | ower the output pulse peak power. A
i kely reason nay be that with snaller out put

li the [ i %ﬁ ers on _adapt at.i an
FORE, ' 38 rhiRTina. 800 WIRECES) Mo sl B R) S0a BPRRES M P
lbss eavity P&y fooﬂmM‘RenocErokmg and as a laser output coupler. 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 scparate

devwes

[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 le2 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
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[0020] The pol arizing beamsplitter (BS) 210 may be
used as a polarizer in the |laser cavity 200 for the
NPR node-| ocki ng and as a | aser output coupler. The
pol arizer only outputs the rejected polarization
conponent of the NPR node | ocking. The polarizing BS
210 and the polarizer nmay be an integrated device or
it my be separate 25 devices. [0021] The
fo0 b@uphﬂgihb pmge light imd the taser2@8ty 200@ay also be used. Some examples
olg atio |nq§ endent isolator 206 and the
7ﬁﬂfp %?ltter 210 are nounted on an
approximately 76 mmlong fiber bench. 30 [0022] A

wavel engt h- di tipl ler 212
T G istreidepids ot e m MRSz e PRI b

hb Saskrasifput ‘é@ﬁﬁlér)bogg& thEl%laWeﬁﬁH&obﬁﬂle $ibérs \ﬂﬁ)ﬁ)oggz@ nd

any section of the dispersion ad aptatlon fib
rspiste GYP tl%\prla,dnweﬂm themaxigumayailablepowareithrrugipisser angiite
ddple2: Joﬂ@enlré’fﬁaﬁrof %verﬁlmna%ﬁged% fﬁlémn%g oPBE @rb[léﬁ) ngjed fiber

exarrp es include a 1 tter etc Sone
i6 gelsvierbtochel appeoxigatelh 21 ¢ty dn tlusa@ﬁe¢ beteanpt s limésed. Jie selected

feﬁ%ji %@%é&lb @éﬁ% al?)engt AR %&@H@m?%‘)?ﬁd SMF

t1on, atlve s of t
lpmln of &beufa%% cmnte dreapi theeca@ipnet 82 pokiting and nedn eemamiemmity

R Ay BONCtie Rk OF B BRZE 80 bISoxidlRRl M, o
"f'l‘meefene,tﬂepmddxgpmdhef ndb eemty Imehmklmdmteder’@ls of thc ﬁber could
2 but ]t .
B30 Qe Aoty R Pl R B PORSRER o B o F e
@mtmmmbmﬁmnanamnmﬂmmuydamgjmmymmﬁaﬂcghﬁﬁmﬂ-WBngmhnmﬂ&

e i o U PGB °  BFF i el B kg e

dopigeqfithendcetpyesfiom SiBertfor aplaviay itdalowe pfilde padth in the laser

Th f de di t h f ' D, . the

P BeEiren FERGRRARE O fh b WrSimetdt s 1. WheR i G of the

mﬁarsdgmﬁllfyej Echﬁges Hyapﬁbmﬁ;atenu?gsgmmpp?ths 4, :iig}acﬂeag:tz
0 sion fiber, a mat e

R s Bl sSGR, FRr, sy RBinies S S o Breich

fibiet gueathaﬁmidpprommat@y\&%mwm& optinkilel. cavity. The

tol erance range for the length change of the
conpression fiber for achieving the narrowest pulse

[M2df h The fibe 1dsaSAvity design may have the following characteristics. Firstly,

the cavity is both dispersion and nonlinearity managed. As the gain fiber has positive

GVD, puise propagating 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

7
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cavity is between approximately 0 %to approximately 5
% When the length of the conpression fiber changes
by approxi mately | ess than approximately 2.5 % high
peak power pul ses can still be obtained. However, any
changes in |length of the conpression 20 fiber greater
than approximately 5 % nmay not be optim zed. [0024]
The fiber |aser cavity design may have the foll ow ng
eAndw it dhérsfore; sltraghiortspulsy beyond theqgaini Hagdvwidthiimitation could be

i [ S| n nlinearity managed. As the gain fiber
%§§R%%%$%#€§3%&%%?‘pulse propagating in the gain fiber
is tenporally broadened and nonlinearly 25 anplified.

equyent.ly en the | s ropagates in the o
D o S PR bRl Gk ROiE R sefinta S megmio.
thel Ieﬁ'a:ftiivs nﬂﬂi_ilbe:lrlmawel dﬁ}a@ depees ﬁﬁdwfa Ipdlaﬂ?ti@ﬂ in‘[oﬁaﬂof the pulse
tran orm|imte S€E 1S e or.med, at Qsit] on
(o] %te‘{ %5‘5%‘? cayify MBH'Q?WS 8ol tﬁ’lwe Hw CRYiEY Ryfsep ‘1? g effect
6 aM d serioub MG disthéglspeatit put coupl er of large

out put coupling, the pulse energy is significantly
reduced. Therefore, after the intracavity polarizer,

| [0827] 30F o8t @St @Avi[”fgscﬁvbiisl%ﬁh% hill E1B& foP2dro,Okhdrbiehe

negati ve ﬁ fiber. 025] Secondly, due to the strong
HEAVES eulps vigh Jargerpuise prsrgy cauld be gereméede onpr essi on
process, the transformlimted pul se spectrum can
beconme broader than the gain 7 bandw dth. Therefore,

(09281 as Figibly, pulodsizafioporedumt splitteydb isddaasciive dutpud ¢owplen twhich
tﬁrﬁ?ﬁlrtsgtfr@ethe %j L&t chr&gtEh%.ro%ttﬁedNPl’@ rrfoﬁ -ldcﬁﬁg,rtherh%%me cavifyI

/, as’'strong nonlinearity only ocCurs in"a sha

cap aeerhighofontihearityapperagion, a8d ¢vse wathflares duimit nonpling self-started

S . he two pol ari zati on nodes of the
%u ?gﬂggggﬁﬁﬁfg%egﬁrﬁ'the cavity round-trip is stil
| ow, the cavity pul se peak clanping effect is not a

jous. |Ljm.tatj I 027: :
15 Do Finalit bR o0l o Ut BE RERy e By Y b
ahBgwationas thhOofsretchaigsiisedibkslasers, the desigyprinpiflss cemplewgly

I e . Fi.f t hl. pol ari.zat i
G4t P ELRY e 03B sty BB B e
affettiret @vioy nynlinkeity;efherefoed fibelsawitly &rgeoGVOF stohld BdPRded. In

e-|lockin therefore, .the cavity . can,have hi
FRREL, Befhe ok S Bigerich Fafbéntat i1 PR 8kt stk e
algatitygmasagbherst and edth thd pupde: b phsivdy dmreasihg Ithe boeal

achi eved. .
nonlineanty 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 approx-imately 40.2 fs
(assuming the' pulses have sech-form profile) at a pﬁ]se “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

8
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[0029] Finally, it is to be noted that although the
fiber laser cavity has a simlar configuration as
that of stretched pul se fiber |asers, the design
principle is conpletely different. In the stretched
pul se fiber |asers, dispersion managenent is to reduce
the 20 effective cavity nonlinearity; therefore,
fibers with Iarge GVD should be used. In contrast, in
dppeoxtmatel e 1700 aaw e ac shpe emlmnddpam dipermoedd. iBetterS@eult may be

t oget WL t the nonl i near i managenent , . and with
R it Shet Wi af Bty PR oo o oRroR Biakpé teca.
nonlinearity of the cavity. 25 Results [0030] Wth
the fiber laser cavity design of the present
i nvention, self-starté@&ﬁ@@@E | ocki ng can be easily
achieved in the laser. Near transformlimted | aser

ul se with gglse energy of approximtely 2.08 nJ,
PRl e Theifeyelopecafipsr dsspminepyercomesomg of the(paahiemy %@owqﬁ@
Wil ﬁl@%oﬁir@f{tﬁmﬂ%f}fofl %EF Iasre%ffo} % ﬁéak%w SferaficP gtﬂa La?él:

rate of approximtely be obtai ne

pdss lengsgnend wirasherepylse @éthang@ogglke gl ghe other fiber lasers, it is
& Ba)éh@ﬁ{tseéx}felﬁgt éf%ﬁiél#?@-lgolﬁ%giag%gcimﬁ g%{f bt uge(al‘ﬂ]q rplg'nber of

better but may e punp p
appligatiens Whireplaqga jheh danetosecorslx isolidhstpo viesersof e.g. 8used for the

dth b .
L R T R
suitckivg and aiggs piomssing stodies rtivo-ahotom nﬂwsdapy, usemlxertz (THz)

i cations .The de el .oped fi ber
QT S sy o e B SRET Brog v (O DB
M0 fxRnkbrivatdn Febiyinenmbtelsls. | asers for hi gh peak power
generation. It has large pulse energy and ultrashort
pulse wwdth. In addition, like all the other fiber

[DOBSET SThé develdpedCOfiOp®ler ANGashars pﬂg@ﬁﬁdr ®R3dbr is babmdauy )ﬁseful
The flbe | aser al so be useq18 nunber of
n LB ¢

o Fe 2P lafﬁlgnsc § o, dhe prav plfy R &enemtion t%“P%*ﬂlée is

difdSeRuseftl. The damchub @moutshﬁe pcfsédﬁﬂ%"ﬂf'ﬂhﬂé the ﬁ&ﬁﬂi&ff"f@a‘iures of
ul t raf ast spectroscop gfgrobe studi es at

Bplasc gavity doprhapgerhe 5?{9&%&0%%4@]&5&%8#%@%1013“

t&or@rqaél a9 aldb 54 @@@gpyappm@r @h@m&rzmea'é-lébkedtlhﬁﬁ; dadRhd the
%ectrosc@%§ and i magi ng,. optical coherent tonpgraph

er laser and the solid-state lasers. For the mode-locked solid-stafe
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 improve 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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and nano-fabrication of polymer materials. 15 [0032]
The devel oped hi gh power, ultrashort pulse fiber |aser
is potentially useful for many applications. In
addi tion, the new ultrashort pul se generation
technique is also very usefpimsThe techni que shows
the possibility of using the nonlinear features of
the | aser cavity to enhance the performance of the
nﬁgpflo?ked |l asers. The devel oped 20 techni que may
al's6 E@Egﬁﬁ%F%y applied to other node-Ilocked | asers,
such as the different types of fiber |aser and the
solid-state | asers. For the node-|ocked solid-state

.| Adeses arrapgeneat epFaBisingcked pul se energy and peak power

is further increased, the nonlinear cavity effects
start to play an inportant role. The techni que has

| 4 paifi tibat ®provid¥nbdilinéaCariyblificatieRttbs gaifffibar haasiey a fifst end and
i nprove its performance. The proposed' | aser 25 cavity
desgeghd Ml t echni que may be used in the next
generation of node-| ocked | aser systens. [0033] The
af orenenti oned description of the various enbodi nents
hadispaeinn apapestemt febr hoving afipsiead and aistdondtendit i on and
description. It is not intended to be 30 exhaustive
or tolimt the invention to the precise form
d&§&h?aﬁgup@ﬂd obvi ously many nodifications and
variations are possible in Iight of the disclosed
teaching. It is intended that the scope of the

R St Grer i lioteln 58 o RRRPAET | R B qp T or

COBRAINSHYE, and tBkEdddohd BRY ofitBe QisPUEIIE aBGhtidHEMer being
anplification, the gain fiber having a first end and
aconaed pditactig secppd anfg pEhe eaindib e&dbﬁm‘gx fosping o lseriavitng
a first end and a second end, an output coupler, the
first end of the dispersion adaptation fiber being

cihe depteidbntadapthtiod fibathaeing adéngtl In teliogas a 1drighest thagain
the second end of the dispersion adaptation fiber
b Ipeg@uch that t%e (ilaser cavity has a get group ve oé’}% flspersrgon w%.\ech is positive

and 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

coupler, the output coupler being positioned at a predetermined distance away from
the gain fiber and positioned to coincide with a point in the laser cavity where the

pulse width is substantially at a minimum.

. The laser arrangement of claim 1,

the gain fiber comprises a positive group velocity dispersion fiber

10



connected to the second end of the gain fiber, thereby
formng a |laser cavity, the dispersion adaptation
fiber having a length in relation to a |l ength of the
gain fiber such that the |laser cavity has a net group
3. VehORkdrardhsaeéd bPolaihiich is positive 20 and bel ow a
predeterm ned threshol d, and the dispersion adaptation
f theelispeisiomtasieptetiom fiberi aegnpaiseormegatiae Zomnp fvieloeity dispersion fiber.
providing nonlinear conpression and having a first
end and a second end, 25 the first end of the
4. CORPRES aktafFerhddOrf clRfph Mg connected to one end of the
gain fiber —and the second end of the conpensation
f thg dasenedvity heda et gwypvslociie disperpign in gwyphgerof abpet 0 ps” to
0 | er being positioned at a predeterm ned
d%%@gégz%ggay from the gain fiber and positioned to
coincide with a point in the |aser cavity where the
pul se wwdth is suhstantially at a mninum 30 2. The
5. | Haelserarapepansahot elpilai m 1, the gain fiber conprises
. | r‘ .
B IDIbLEUS SR e Ao PRE KT e i lengtimthe Hifo of
agtayot Ao tonbdutkdé6. conpri ses a negati ve group velocity
di spersion fiber. 4. The |aser arrangenent of claim
1, 5 the laser cavity has a net group velocity

6. HTRPRES PAngdndd 81 EBRYE, of about 0 ps2 to about 0.07
ps2. 5. The | aser arrangenent of claim1, the

clhapstysihcdupler belgrcohfigurad seihshatitbeontanmupbing strapigtinigan the
in length | he ran of.. .10 about. 0% to about 5% 6.
hoef BEidul o f af AR IO A it PRy Be AR o count er
bei ng configured such that the output coupling
strength is in the range of about 30%to about 70% of

7. i R laeivregeqmens ef elaign §y. 15 7. The | aser arrangenent

otfhe %luﬂ)lupboqlpler is configured such that the output coupling strength is larger than

\

about 50% of intracavity pulse energy.

8. The laser arrangement of claim 1,

the output coupler comprising a polarization beam splitter.

9. 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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the out put coupler is configured such that the output
coupling strength is larger than about 50% of
intracavity pul se energy. 20 8. The | aser arrangenent
of claim1, the output coupler conprising a
12PPhSlabaiiafferR@ROY Rl 11 er. 9. The |aser arrangenent
of claim8, the ?olar]zat|on'bean1$pl|tter conpri si ng
athg @olarizatéon conprgllgre being gespgetselapasitinpeden bods siddsaif thel |
qutggr Cfnprising a pol ari zation i ndependent i sol ator
b&Y'R (ﬁggeFioned at one end of the conpression fiber.
30 11. The laser arrangenent of claim1l1, further
conprising at |east one polarization controllers being
13pbhg lepamaangamenief elamn 62, t he conpression fiber. 11
. e . | ai t
B £ RSz A lor RIS RRP g e edes ool
on both sides of the output coupler. 5 13. The |aser
arrangenent of claim 12, the polarization controllers
14 Bhgplapaiapigngnament Qa1 | aflEECIHORIEIer - wave pl at es.
Dt i R ERRG o loldr (R esitioEd e dipersion
belapgitipp$iben. oned on t he di spersion 10 adaptati on
fiber. 15. The | aser arrangenent of claim14, further
conprising a wavel engt h-di vi si on-nul ti pl exi ng coupl er
1Sb?hé‘ﬁsd?%f’ﬂahg&%@oPElaﬁali‘%,_qﬁHHérec%ﬁig?Ei_ngf' ber. 15 16. The
| aser arrangenent of claim11, the diSpersion
atwpyelengbindvitien-modtinledisg agupderdicingl postivded on the compression
nﬁ%éj-nnde 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,

12
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17. The | aser arrangenent of claim1, 20 the

di spersion adaptation fiber conprising a photonic
crystal. 18. The | aser arrangenent of claiml, the
gain fiber conprising a doped fiber. 25 19. The | aser
apfopageieibe 8dingurlelsdBon thiBugtd edatiPEErBivRBcRPUREESHN
froma group of doped fibers consisting of erbium
dperdor ngdnean ¢ompirensiosdp edasel pavity roundetrip, um doped

fiber..20. A nethod for generatin r..pul ses .

cBrsTitsE A eRg gion e proh 2t endrg e Hon i gutoutting the
sl

S gbrictAEd PYlsdFbMEinRMhit Re@leranpl i fication in a

positive group velocity dispersion fiber, 12

propagating the gain-guided soliton through a negative

IGRAURIN Gk g:8§ih¥e gﬁoﬁg%ﬁbﬂgdm@é@ﬁh ffbgf iSO DGR the negative

conpression I'n l"aser "cavity roun -{rlp, generéilﬁg a

pgicap veked dBpersive fiben phgetyeldrmaign: gsdrdedtysald t on and

outputting the generated pulse from an out put

coupler; 5 wherein the positive group velocity

di . . D :

TEEHEE Bulph BBl T iFRIRECOFol 1d 16 SREHRL Gy ISR

cdigpdryion Hithesirel misitionbd atcapredétermtingl distahee dyedyniijom the positive

connected. tqQ. the. negative group. vel qQci. 10 di spersiqn

f PEP Y ]:%81%8@??]8}% e%\%ndap%it}é’&éi‘&?ﬁ éfgl ‘d@“gtad’& 1 iy aser
fEﬁ!ﬁ‘fy_tvﬂ?er@ﬁé'ﬁl'ls‘é%vid@lrié’HlﬁbsYa%ti% Ltya MingRGRS1 on i ber and
posi fioned to coincide wth a’point in the |aser

cavity where the pulse width is substantially at a
m ni num 15 13
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