FI' BER.LASER FOR ULTRASONI C TESTI NG Descri ption
RELATED APPLI CATI ONS [ 0001] This application

i ncorporates by reference and cl ainms the benefit of

U S. patent application Ser. No. 10/753,208 filed on
07 Jan. 2004 and entitled "REMOTE LASER BEAM DELI VERY
SYSTEM AND METHOD FOR USE W TH A ROBOTI C PCSI TI ONI NG
SYSTEM FOR ULTRASONI C TESTI NG PURPOSES" to Thomas E.
Drake. [0002] This application incorporates by
reference and clains the benefit of U S. patent
application Ser. No. 10/634, 6342 filed on 1% Feb. 2004

and entitled 'BWM@WH{W'E&@W RASONI C
LASER TESTI NG' to ThonasDeEsc”p ke. TECHNI CAL FI ELD OF

THE | NVENTI ON [ 0003] The pr €8ent invention rel ates
REUATED APRLYCAT®ON®Y appar atus and nethod of non-
destructive evaluation of materials, and nore
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ms@pﬁdn%panﬁ feing tﬁ@hhv&ﬁbtuﬁr{g@rcﬁe@t tered |l aser energy. The
col | ectl on optics are coupl ed to an interferoneter or
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rhl |t &1 RhSm )ﬁ ctured
so [ -state detection | asers used elther fl ash-
punped rod architectures or diode-punped sl ab
configurations to anplify atlow power naster °

oscillator |laser. These configurations are generically
referred to as nmaster oscillator power anplifier
(MOPA) | asers. [0007] Inspection speed is currently
limted by the pulse rate of the |asers. Flash-Ilanp
punped | asers can only operate at 100 Hz and the | anps
typically only last 10's of mllions of shots.
Therefore these | asers are slow and expensive to
operate. D ode-punped sl abs are nuch faster (400 Hz



distortion. Although diode array lifetines are getting

better, sone have |asted 10B shots, they have

hi storically been a concern due to both high-cost,

reliability and thermal distortion. Hi gh-power pul sed-

di ode punping of a crystal slab will introduce thernal

distortions into the slab that ultimately limts the

waveform quality of the | aser beam Wvefront

di stortion can limt the useful power of a |aser and

prevent efficient fiber optic delivery of the beamto
diodeharaysaio gpelbe-pumche slibgded bragte amre@h@“%rﬂr Vﬁ.{%‘gst rc1 o%e\?shn dyce thermal
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ser he rt n e b an array
S'Q@Q WV, 8 %f ments of the present
sumwamecmemnuilaNect ed to systerrs and net hods that
substantial |y address the above identified needs
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apparent fromthe description, acco anyi ng draw n
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proUt!BéQbHé@&m&ﬁﬁ@ﬂ Adht RYclomaladeeolicttenarldapseesssibiawbtan tiita gepresentative
of e attesonip snfred dipldvemeritagdhe suffhee. dealyaing itheninfprangtion witkig e Rhase
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frofl itiO@ode pum’pmld:lefebtbe ffibdr dseTeitor réfietiet or| sag'@red ép ej remate target. The
process@auAyi optidaly. prq>qqssotheh Q'Pasé ﬁl@@}ﬁﬁt??ellgf“stotp ut signal containing

datg £eprgseniglivg of ult t gThen the processor
maéﬁrﬁf:esi;r%q Putﬂg’e gng. gssafs erugura m ae S gﬁ&qs aselreaé%‘l
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lasgy| pihffer ap oth r@o% qlmeg\ﬁ; ?ﬂ g ﬂ é‘} @ include a master
osgll | ser re amp ier, . an @%ﬁ jof umped laser
amg fler %’n?ﬁfo%sl c%ﬁo %aﬁg ea %&%cﬂ:{nt dRE€ bunfpad fiber laser.

e to etect u trasonlc surface
dlsplacenents on a renote target. This system i ncl udes
an ul trasound generation system a di ode punped
detection fiber |aser, collection optics, and a °
processor. The ultrasound generation system produces
ultrasoni ¢ surface displacenents at the renote
target. This may be done nmechanically or using a | aser
ul trasound generation system The diode punped
detection fiber |aser generates a detection |aser beam
that substantially illumnates the wultrasonic surface
di spl acenents at the renote target. Collection optics
col | ect phase nodulated light fromthe di ode punped




oscillator, at |east one di ode punped | aser

pre-anplifier, and at |east one di ode punped | aser

anplifier. As previously stated at | east one if not

all of these is based on the diode punped fiber |aser.

2 [0013] In yet another enbodi nent the present

i nvention provides a | arge area conposite inspection

systemto neasure ultrasonic surface displacenents on

the surface of a renpte target in order to assess the

structural integrity of the renote target. ThIS | ar ge
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inventipf:ace di spl acenents. This data may then be used to
ﬁ;ess tlh& el atb)()clpglag?ﬁf"to FOPHE vhd toondrf @rof E&‘@nmla&und
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DESCRI PTI ON OF THE DRAW NGS [0014] For a nore corrpl et e
[oouTider st am@li nigusbétes the upe efsibat lagan\ae At detsationrigher bram to detect laser
ultra@waﬁm\@e@e"t%'h aqeargance wilt asempedimantof Hig\Rres ey BvVeEC™ he
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s HE pk&f RkBonnUMEr al s
v ?ca‘?éewl I ke features and V\,herel n f0015] FIG 1

[OOH Sb]l ust r i@ss Ylingates the afe gieliver sdr @n al deteeliondesghbeamdto gletect laser
ultreigonio dsm’mmer&%le Pccbfé%m? v angevedBnEol A @Rt B Nas er

[00 gpr asor]'-ll r@ﬁ\dlus % e use %f flbgr Qge‘l-;% %ad?e% él:gdi%é @J&m fo detect laser

ultr fg Grd BB i Un erﬂbSB(rﬁJh &f@Ha:pr ntidnt 4ad
provi des ock diagramto show t he basic conponents

[ooaf] | aserFl&I?tprc&@eamugxc foyslagram if SOATFIncdWilB, ong off rhdre enabogimens for
thetpneseni swentidn. f | ber | aser as a detection | aser beamto

I ' spl acenents in accordance
DE&F{LEB?#@@E‘%N%%EMNEQWW esent invention; [0018]
002G 4 iprdibtadil MBEMEME olUBE pRbert iidvertioh agelus@stedin the FIGs., like

nurﬁlahle Bdirigaed ta e tollileand t@resimndind pahas‘ehe varu:lus draw(m; c
d| spl acenents in accor dance with an

?]esent E Rets A th mmn o, \%J a laser
S A ey

Ias ﬁ§€J lectedahd ARGt bﬁﬁ a&&fméittcﬁdelrﬂadtﬁ&é?mé Gtﬁﬁﬁéﬁ/lk\M‘tbrﬁh dalised by
therBtva @tHaedf trefulbdvanddat esantace shverphitdhe injpB@&DdeteRiollasd (first laser)
illustrates the use of fiber |aser as a detection
| aser beamto detect |aser gultrasonic displacenents °
i n accordance with an enbodi nent of the present
i nvention; and [0021] FIG 7 provides a logic flow
diagramin accordance with one or nore enbodi nents for
the present invention. DETAILED DESCRI PTI ON OF THE
I NVENTI ON [ 0022] Preferred enbodi nents of the present
invention are illustrated in the FIGs., like nunerals
being used to refer to |like and correspondi ng parts of
the various drawi ngs. [0023] Enbodi nents of the



| aser is collected and anal yzed with an interferoneter

to denodul ate the surface vibrations caused by the

return echoes of the ultrasound at the surface of the

part. The inproved detection laser (first laser) 3 is

constructed using a di ode-punped fiber |laser to

produce a hi gh power single-frequency |aser source.

[ 0024] Thi s di ode-punped fiber |aser can be

constructed in many ways. One approach is to use

si ngl e-frequency non-pl anar ring oscillator (NPRO as
is @nstwisteed psimsz diotieapumpedafigpr taserrio praducscaibigh PowaTsIngle-frequenicy fpser
soyse- one or nore fiber laser anplifiers. Another
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freque@Q BlserPriey/d ibaslassods tek rsasm escifiaderaed fibefriaﬁle&s?é the apgliigrs as well.

el ther f | ash: l 9 ! Ods uardce er(t:"lasthlII m rod architectures
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aeJré@i (9 hs &%smfﬁ%ﬁ&ﬁler Q@;ﬁfdr QUORK) 1RBS. Flash-

lan@r[ﬁmgétﬂ@é’et e@I dpyrafeezft appr@indiely 809 Hremt diodepipkd slipdesigosneperate

easiiyrpll 400 iHer buf dd0IR/Rp elxta@eds: 1 RHiza 4 Hypichlenyige piafipavauld bsterreash g peak

powsH &F 1P Wofpr o&g%e%m Lﬁst Vgulaeofetemi*haﬁaefdﬁ ¥t BafAgat tat ipts the
insprigndmUopEY Jied 28T at 400 Hz, but coul d be

[0o8aft endeCEnIdeu%er}fs"Bf thePorbs6Ri iGahtioR wloviBe RF Rl Rspatish ehtddintpRved
systeRPrekubity, peaK opepfishdost® hindldd@itle Méuile andafortdil systeri hspestion Bpeed is
curppnilydienitedetyéheqpise tate of the &sers. Slagnlemp pumpae 'a$ea$:¢tao 1o8ly presgte at 100 Hz

he |l t I 10 Pf er f rs- are slow and
(ae:(]q j ﬁ] @@St ymca )Ii e;% @%1 YA gm g ?IS c ren%%m and 1 KHz may be
t

poss Qﬁ%a& fa s to ThUS&bunfpthe siabs.
Al n@f fif eI iMBleGLel sdafd Had RSted Hdﬁ%h@téeﬁiey Bav6 hidtically
bedn d;oﬁ&lrﬂ tideYto bbtRVgK- C(Qp@fd&énalny CHightpswe rpdlisedidalk @umpiyl df @ crystal
slaamil ig¥odiioaltiognas yistoréars intd 18 pat HebwHiratsbelnte he wauFfPTEIRURY of the
las¢rbagrp.dMaveijont W?mlcgre'mv'téb%useﬂ Roper qf 3 daspreand prevaBefficigRiioer optic
delernpide ReaB G YR only operate at 100 Hz and the

Oobﬂn'ps t VR @Rdde BarGiinY dib@SdralMaysha®d a fak béviRNer 40fw ©R6d W -and they
muHifbe bRYsREIR clhitas eachamer ik odérdo &fidmniyaguthp trexsftie osthe Bsdr slab. The total
nuragee ofaltode bddk io dearpy naebe 30- 9P sanaarray williuimpfeashtsisie of thOglab-po fossibly
20¢:digde bprs may b ysedipidpatrempyal apg jhermal digiesiagibgromes B significpid Jesips éssue
f°r9%"P {he diodraraysAad a8 m manuf act ured di ode” arrays to

ooP8{! S€- PUIR KRR aRpiRd? SchemAlubRONEN sAAIRERIn@IUE Fivel (bvf) RilobEERS pump
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thel U8R fib&FPTHR\aS sevsrairvdnaye. Fies tied thbGibersbuples ,purtlyhmgdeh are eelatively
smili iss paver (yplchlly or‘ggemw m (ambtbe fosschi er‘;yggfjgd odldhhaye iftie élglp?a@%e?ﬁgﬁtﬁi
perfogrhanadhtf|thetlgser pm GQUB 5

gaip l"}‘?g' (’]% (the f?Pp&B f q;m[rl}‘g‘?sﬁt'% Ee ?q‘?élhﬁ?ﬁl SFSP%WS?]" 3lycg TR
raipgr et IR0 NSt uitimately linits the waveform quality

[oogd; the ‘ﬂh@rﬁﬁf mdpageMenV¥ \&abérastbr/Ahpsiep s tihoiN e Bhahdied thart Wenin a
tradmezil blik Eresred pairohediunl. Aisomntioanh the fivee nweiate apdaf (Wodreisat i pitaeted) to the
fb s @angggg?f;ﬁfqd Hrggjg;% :gge%r‘é%‘rﬁ'q Wﬁf‘é‘qﬁ}é%g{%}% datio f%% <1T£1e
| éia’b | % £

i er, h e either il a de, the
‘s,\é; %ﬁ m tﬁgléw sﬁﬁé o ga nQ scannmg

Ve dckh r@l@gj&fuldtb@ 1@ @HHr F}belﬂlaﬁé'& et usé Gleitional discrete
or Mlkﬁ)ph(ﬁsecfh S Inadors dr h@sésormkefomwmtammaﬁmﬁ isdieschee dlimingted. A\ fiper laser

looksr likeuy Pigesyof lindui digorficsnFlexbieagychiigoture WHR; portable
'asw@ragqnwsp%owygmw S'gzﬁ@V%r?‘b&@f B YS! i?éeﬂgrgﬁss industrial
enyiImeNtSe roval  and thermal distortion becomes a
[008619Ni fi gaAt: @RI NS ladeP bedtRithht biiRratl AdeIeREI@YS ultrasonic
dusﬂﬁt{dmbrhe LadeBbear] 120 238]erate3 uittabouhd bisile ilamiphtohilaser et fdetects the
uses many snmall continuous wave (cw) diodes to punp
t he doped fiber. This has segveral advantages. First, °
all of the fiber-coupled punp diodes are relatively
small in power (typically only a few watts) and the
| oss of any one would have little inpact on the total
performance of the |laser. Heat renoval fromthe
fi ber-coupl ed diodes is managed separately fromthe
gai n nedium (the doped fiber). These | ow power di odes
have nean tinme between failure (MIBF) ratings of
100, 000 hours. [0029] Thermal managenent of a fi ber



capabilities. Effective scan rates could be 10 kHz or

hi gher. Fiber lasers do not use traditional discrete

or bulk optics such as mrrors or |enses. Therefore

contam nation issues are elimnated. A fiber |aser

| ooks like a piece of industrial electronics. Flexible

architecture enabl es nobil e and possi bly portable

| aser ultrasonic inspection equipnent designs.

Overall, fiber-lasers are well suited for harsh

i ndustrial environnments. [0030] FIG 1 depicts two
ultraswmtragemas dargeb &Qgnsuch Iaatbu m’qém@ti éo ammﬂ@ﬁ%@ﬁeﬂaas@ﬁf test. As
shqy\{nt Phﬁ%eo'ﬁ i %Eooéf res IT}he Qo n n?: Tvailgi

%‘w ma elre};l ?é“) bl gm% nc waves
e mlfl b t@@@éﬁ adlaté sEéﬁ&QJn@ re‘i‘l&ﬁ ﬂ]@ﬁmall laseP bt 1@8 to produce
ph H—ﬁ’noﬂlﬂdted lighel 1t edirebted awayGioMPagdt t1 €5 wdhas cotidcted moeprodesst to obtain
lmwmmDBHdwnmah#e@swwasemge#aytB@ coaX|aIIy applied to

enote t ner at Oﬂ EQZ "an;ilsea .
rovid | th sm 0 F performing Ultrasonic
il i Cal e
tar $ sHolin,t ﬂiy' 2951 i eld ats(:éhﬁ&rﬂr eth¥¥aik&dech thhtoves
lasé bdhrfxsf Brand 2zarabag1|a soan br, tesg amemat $camorl tess glan 218 amn AU eSated by
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detection | aser beam 224. Optical assenbly 214 directs

illumnation | aser beam 224 to the surface of

conposite material 216 which scatters and/or reflects

detection | aser beam 224. Resultant phase nodul ated

light is collected by collection optics 226. As shown
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singl e-node fibers with typical dianeters snmaller than
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coupled to active fiber through punping fibers. The
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[0042] The heat renoval problens and thernal

distortion of the wave profile of |aser beam 314 is

greatly reduced. The heat renoval fromthe

fi ber-coupl ed di odes may be nanaged separately from

the gain. In addition, these | ow power diodes

typically offer greatly increased nean tine between

failure (MIBF) ratings that are currently available in

slab in diode slab |asers. The thermal management of

the fiber laser class anplifier is greatly inproved
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fibers. Ytterbiumdoped fibers can therefore repl ace

currentl|y-used di ode-punped or flash-punped rod or
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any of the optics and detectors. However,
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pro d[I rggjt @fég &EE %vh Sifed S&E?ﬁ al 1 has a
gre @Qﬂaﬁ s nal 2D I@E&npa% nfapbe bdnR@d (ﬁwheﬂ ﬂCé magnitude of
sighky E|gféﬁ1@dhzfrﬂﬁat bf&lgﬁzﬂ e mmfeh a@iriagiiudd i 6igna] 2 iFlelsetharl tm efrsignal 1.
and fi ber anpllflers can be punped u3|n differe
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| fisert ed he el i ber I aser or

anpllfler. Claddlng punplng can be done either from
the cladding end (end punping) or the cladding side
(si de-punping). Side-punping elimnates the
difficulties of end or coaxial punping, where
of f-axis core designs or twi sted active and punp fi ber
designs. In addition, a fused-fiber coupling
el imnates the need for focusing optics and alignnent,
and is nore robust than other designs such as end or
V- groove punpi ng [0048] By enpl oying individual diodes
and a cl addi ng si de-punpi ng technol ogy, the power can
he scal ed up by the introduction of additional punp
di odes with no adverse effect on reliability. The
lifetime of the individual diodes is orders of
magni tude | arger that of diode bars. Additionally,
single emtters are i ndependent from each other and
when one emtter fails, contrarily to diode bars it
does not affect any other emtter. Finally, in case of
the failure of a single emtter, the decrease in tota
out put power of the fiber laser or anplifier is very
smal | because of the | arge nunber of diode emtters.
[0049] In summary, enbodi nents of the present
invention relates to an inproved |aser for the
optical detection of ultrasound. The primary task of
this "first" detection laser is to illumnate the
spot where a "second"” laser is used to generate
ultrasound in the part under test. The scattered |ight
fromthe first laser is collected and anal yzed with an
interferoneter to denodul ate the surface vibrations
caused by the return echoes of the ultrasound at the
surface of the part. The inproved detection |aser
(first laser) is constructed using a di ode-punped
fiber laser to produce a high power single-frequency
| aser source. [0050] As one of average skill in the
art will appreciate, the tepm "substantially" or °
"approxi mately", as may be used herein, provides an
i ndustry-accepted tolerance to its correspondi ng
term Such an industry-accepted tol erance ranges from
| ess than one percent to twenty percent end
corresponds to, hut is not limted to, conponent
val ues, integrated circuit process variations, 8
tenperature variations, rise and fall tinmes, and/or
thermal noi se. As one of average skill in the art wll




may be used herein, indicates that a conparison
between two or nore elenents, itens, signals, etc.,
provi des a desired relationship. For exanple, when the
desired relationship is that signal 1 has a greater
magni t ude than signal 2, a favorable conparison may be
achi eved when the magnitude of signal 1 is greater
than that of signal 2 or when the nmagnitude of signha

2 is less than that of signal 1. [0051]Although the

present invention has been described in detail, it
Whahieclitledye understood that various changes
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Eaal o

tardet @eﬁte Q%Qfete&@mﬁér SePwithahdBEdseric @l&é‘de disﬁhdél‘nents at the surface to
prodi@phdss imoduizaeddiplachelieptingjiehése eduliteslght; preceshingdie ppasepedulated
light tesbiain dagp ceprepgulative abine aliseRopic ayrfaep displd¢emgals ?Ll'mﬁéﬂacm gy@pollecting
mQQQ§éhh@ﬁﬁWFWW@F°a%ﬁGe%m@WBﬂemﬁghﬁ@@m?ﬁgﬁ ampl i fier
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reng)@srl@l‘{;&tfdrm& BmsRed ‘featﬁ@ fa goRAdTionl Bbdd Bednl 8 i0MBALE B portion of a surface
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oﬂamavampwbeWaG@mﬂm%an1u3|ng t he di ode punped | aser
pre- anﬁr% aqp t he out put ge beam qg, 0g,
T c r|sin proce smg a to assess e ctural
Im%m® ﬁ’ ﬂ m@ h@%% APIE"F | Tele ate

et ect aser beam dlrectlng the detectlon Iaser
4. beametrﬁbtﬁob Bf Gairh fi aareredif thd hestdrenaiber orttiger ) @hst ose dibdeauinpegl laser
amblmer 0dlepr'eettai dinyle persred slbtelamrwi th t he uI tr asoni c surface

ace at t rface t u
ter, l|a r(%he Ie S% one diode pumped
Iasg% lflél?e% ASL bl g }n}géerg P (g | @i §I Ig fabrz)ut
E h I"at ed to obtain data
representatlve of the uItrasonlc surface di spl acenent s
6. at Theanethed fohd@m Tankbreioihk ewstemegcillatdsandesitie akileast ongy diode pumped
laspr el oprice cﬁ’%\%l%)&eé U AP BRSTSPREFFPR 1P HREOd eisigtion at a
wayelgngf ot 20t 190 AMnet hod of claim 1, wherein generating
7. Ul t £RSfdMoE oflbiSh | 12GRAEBNEIS mbtePosSilbidr ARdor e 4t MBst o€ BBELHUMPped
laséradnipifier TcothifrBE fibet Q3PS IMa@Sg sidd Eladding Nymaing @neeiatpudpind aisdss are
conkpeamat:mlerﬂbdr u\mugfatue\pag fiersti on of a surface of the
nDte ta n the ultrasonic surface . .
C,a?dnn e fgf g el e BmPRG T TR Bt S0 P irovg) s
ace of he Femt & target. 3. The nethod of
9. cl aTHEnilelhoﬁ ifclaiie?, wa&aip the HuriiingtiddcL@mbieg sinble erdiadrala §roup of single
emﬂsrsGs@ ttarseansitormgrbumroaﬁ:odeibattsegri ty of t he r ermt e target.
e neth d of

d te t t
the éﬁi@ a}ggtrl’aasg:.l eneratlonezst I%% asgl)ﬁe%rg @gls ur}a % pelmo eer?trsg:t

nQI & 143 bl§k rﬁ@%rdete ion 1a5E® beam
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produce radi ation at a wavel ength of about 1550 nm

7. The method of claim1, woerein the master °
oscillator and/or the at | east one di ode punped | aser
anplifier conprise fiber |asers having side cladding
punpi ng wherei n punpi ng diodes are coupled to active
fiber through punping fibers. 8. The nethod of claim

7, wherein the punping fibers couple to the active

fi ber through side cladding or an inner cladding of

the active fiber. 9. The nmethod of claim?7, wherein

t he punping di odes conprise single emtters a group of




the renote target; a diode punped detection fiber

| aser operable to generate a detection | aser beam

that substantially illum nates the ultrasonic surface

di spl acenents at the renote target; collection optics

operable to coll ect phase nodul ated |light fromthe

di ode punped detection fiber |laser either reflected

or scattered by the renote target; and a processor

operabl e to: process the phase nodulated [|ight from

the di ode punped detection fiber |aser either
diodeefumped leskr pre-agpiiiet aperile pyaniplii theexwest lesey maget"/hftrejn thg @t ‘a%sh one
diograpumpe [apes SeeramRtifiey eomprises [Rediagp tprfa%ee P 1R9Ps l;ﬁ%r?g] loagt one
droEeh%m\p%ngBieé arp%{rpg era t@napr‘g qg qtg m produce e af least one
diode pum re-am an ed laser amphfler comprises a
moeﬁh § i b rasoni c |sp acenents

assess the structural integrity of the renote target
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las& £ coMPARE ditdrtAme Boped Ebad1pperdbiectd poqaedead kagliatiad arplvavbliyngth
amthOdBed | aser beam wherein the at | east one di ode

ed Iaser lifier co
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rein ses POHnEI gje mpe
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wa ggﬂT era Fan ou aser
Eeantp uced by the at Ieast one dlode punped | aser
14.pr eTrergppardriser claimhe mberin theenaster dseitator ansie the ialdenst qne dipéapumped
lasrommptifien ggrhiripe dper daserp hpgrosside clendoa@uoenq;eaefflr [PePPinggdigdes are
couplep fojaetive fiber fhpoughrEPig iesat us of cl ai m 10, wherein the
ul T2 L BERMAL] HRreRURS Riping fittRElomtl @ theQictivd iib& @roudh side
llsa&ﬁﬁ%F @f E?%%cléo@ﬁ@& R tiser | FI%I 8 ménat e g'mpor tion of a
surface of the renote target, wherein the ultrasonic
16.s ur Treceppaidteif geieninveereirive purpingtfiades FoePrise) singie |9aterg a group of
singlo, proiftgsmdiosle PRI F BB OO RSt enpt e target. 12. The
APPR B iarlof Ghifd B whBrein WG ed RRCIRFDE las@SEhpris@t Alieast two
;Z@tt&d?{&fjﬁ se%&(t’p‘ﬂ fiersOdperale Mpﬁfv He&6ed th@s Byamawidréif the bt least
twoCsHnguel idpee peu liset ramgliiprs dorfiprise disdequeapethiiber tassr, herdin @e ogfput of
theragligiastitwo oarallet dicgle merored @ﬁgtamphﬂarﬁ 8Tty ithifye single opfgakfider.

I1a8s ggp Zrt b Of CL % %t] s{er Bgl(ﬁatgao‘f"th?aé %%&'oln% Qr%&br pumped

rlse |un1 or co doped fibers operable to
produce radlatlon at a wavel ength of about 1550 nm
14. The apparatus of claim 10, wherein the nmaster
oscillator and/or the at |east one di ode punped | aser
anplifier conprise fiber |asers having side cladding
punpi ng wherei n punpi ng diodes are coupled to active
fiber through punping fibers. 15. The apparatus of
claim 14, wherein the punping fibers couple to the
active fiber through side cladding or an inner
cl addi ng of the active fiber. 16. The apparatus of
clai m 14, wherein the punping di odes conprise single
emtters a group of single emtters diode bars,
and/or a group of diode bars. 17. The apparatus of
cl ai m 10, wherein di ode punped detection fiber |aser
conprises: at |least two parallel diode punped |aser
anplifiers operable to anplify the seed | aser beam
wherein the at |east two parallel diode punped | aser
anplifiers conprise diode punped fiber |aser, wherein
an output of the at |east {fwo parallel diode punped °
| aser anplifiers are conbined within a single optica
fiber. 18. The apparatus of claim 10, wherein the
master oscillator or the at | east one di ode punped
| aser anplifier conprises a diode punped slab | aser.
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