1 MODULATI ON OF FI BER LASER PUVMPED DI FFERENCE FREQUENCY GENERATOR FI ELD OF
THE | NVENTI ON 5[ 001] The present invention relates to a system and net hod
for nodul ation of an OPO by nodul ation of a fiber |aser punp. BACKGROUND COF
THE | NVENTI ON [2] Fiber lasers are used for producing high average
power, high beamquality, high beamstability, and highly efficient sources
of laser 10 radiation. Production of light at 1, 1.5, and 2 |am can be
performed using Yb, Er/Yb, and Tmsilica fibers, respectively. Oher

wavel engt hs can be obtai ned using Raman 1 asers (generally up to 2 1.imin
cont i nuous waveMQDMLaRTIGN)OIbFIBER lAASERd?i@VIHEBcDiEEEBENGEtE‘iE@UENCN crystals.
Such wavel engt h conversi on processe&é har noni ¢, sum and difference
frequency generation. 15 Harnonic generation is used to produce shorter
wavel engths at nultiples of the fundanmental [aser frequency. An exanple of

har nmoni ¢ generation is second rﬁéw?ﬂﬁgiﬁﬁgtm(SHG) for producing green

| ight (532nm) froma 1064nm Yb:'si punp. Longer wavel engt hs
are typical} y prodidmd TUie pgsentiifentote dteepuencienyane methcdiol DFG) . Mor e

commonl y, Vi . nhance the efficiency, i.e.
in an opti cal égg%%io[nrcﬁ nc@ﬂ?%y og@la@@g,aﬁ%’fﬂé%&isea?g%gwer ally used to
generate | onger wavel engt hs BAGMGB&[hNDtCﬂ?THE\lNVENQ‘I@Nand can produce a
broad range of wav gth re lon er than fiber |aser,.punp
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processes include harmonic, sum, and difference frequency generation.
15 Harmonic generatidn is used to produce shorter wavelengths at multiples of
the fundamental laser frequency. An éxample of harmonic géneration is
second harmonic generation (SHG) for producing green light (532nm) from a
1064nm Yb:silica fiber laser pump. Longer wavelengths are typically
produced using difference frequency generation (DFG). More commaonly, DFG
20 s performed in a cavity to enhance the efficiency, i.e. in an optical parametric
osciltator (OPO). OPOs are generally used to generate longer wavelengths
from a shorter wavelength and can produce a broad range of wavelengths
which are longer than the fiber laser pump source.
[003] Multiple applications require high average power and high
25  beam quality sources in the mid-infrared. in addition, such applications may
also require modulation of output power or temporal characteristics. These
applications include material processing (especially of glasses and plastics),
spectroscopy of materials with mid-infrared signatures, remote sensing
through the atmosphere, laser radar, free-space laser communications,
30  medical applications, infrared countermeasures, and others. |
[004] These applications often require the ability to quickly
modulate the output radiation. For example, in a material processing cutting




nodul ate the output radiation. For exanple, in a material processing
cutting 2 application, the OPO output radiation needs to be turned on and
off with short transition tinmes and stability of output power. The OPO

| ight can be directly nodul ated by external nodul ators, such as
acousto-optic or electro-optic nodul ators.. However, nodul ators in the
md-1R are not coomonly available 5 with |ow |losses and fast transition
times. The nodul ator itself adds to the gonpl exity and cost of the system
In addition, if the power nust be nodul ated externally to the |aser

gener at or, t hemmpplvatien,dlbe OFE wtbutrrgdiammmmatdsad) bwaﬂrhediopamabff whitbtshoept i cal

and el ectrical,
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met hod for nodwfélnmgutphtemnmupmte skt od exiefrfat medotdrs am:macyarg@enedsrﬁ or. The

met hod i ncl ude /| f] a punp fiber laser having at |east one internal,
directly nodul EF%‘%'FQ@%%M, nodul ating the internal, directly
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one internal, directly modulatible component, wherein the pump fiber laser
produces a pump signal, and a difference frequency generator coupled to the
pump fiber laser. The difference frequency generator is configured for
20 accepting the pump signal of the pump fiber laser and producing an output
signal, wherein parameters of the output signal are determined based on
direct modulation of the internal, directly modulatible component of the pump
fiber laser. ,
[007] There is provided, in accordance with embodiments of the
25 present invention, a method for modulating the output of a difference
frequency generator. The method includes providing a pump fiber laser
having at least one internal, directly modulatible component, modulating the
internal, directly modulatibie component, obtaining a pump signal from
the modulated component of the pump fiber laser, providing the obtained
30 pump signal to a difference frequency generator, and obtaining an  output
signal from the difference frequency generator, wherein parameters of said
output signal are determined based on the modulation of the internal, directly
modulatible component of the pump fiber laser.



3 [8] In further enbodi nents of the present invention, the punp | aser
may be an "all-fiber"” fiber laser or a hybrid fiber |laser. The internal,
directly nodul ati bl e conponent is at |east one of: a power anplifier punp
di ode, an anplifier punp diode, or the oscillator. Wen the internal,
directly 5 nodul atible conponent is an oscillator, the difference
frequency generator output signal may have an "on" node or an "off" node,
and the oscillator is nodul atible by keegi ng average power of the punp
fiber |aser constant while providing an oscillator signal having an

anmpl i fied peak powej008lbovdn durthelfemigottireerdits exjusn gyesganeneaiton, thy pshgl d for
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punp di ode or aliffeeameki ffecmendugenatandehredigd dbf fher ‘©RT enddeesnte Belvwom@er at or

produced out put,..signal, may be obtajn b dul atjng the paower anplifier
punp di ode Whi Idg%k%]gﬁifﬁe@u¥ﬂ@ gy Sﬁgﬁxﬂgﬁgfn t OBr ingde O?FI§SmE¥I into
the power anpl iabtemplishegp beli modulatilg et Meist \wakyof: phisé hdurgtiochf peakgpwier equency
generator pr odtgce I.‘out ut silgnaé may. pe oht ai ned by nodul ating the
anplifier pump SHOHY rﬁ&%(ﬂﬁfﬁ’ A SUBR B O AN X he internal, directly
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providing an oscillator signal having a modulated pulse energy or a modulated
repetition rate.

[0010] In yet additional embodiments of the present invention, the

20  pump fiber laser is a MOPA fiber laser, and the internal, directly modulatible

~ component is either a power amplifier pump diode or an amplifier pump diode.

The difference frequency generator produced output signal may be obtained

by modulating the power amplifier pump diode while keeping the pump signal

constant prior to its entry into the power amplifier pump diode. Alternatively,

25  the difference frequency generator produced output signal may be obtained
by modulating the amplifier pump diode.

[0011] In some embodiments, the internal, directly modulatible
component may include two or more of: a power amplifier pump' diode, an
amplifier pump diode, or an oscillator. The difference frequency generator is

30  at least one of: an OPQO, an OPA or an OPG.

[0012] Unless otherwise defined, all technical and scientific terms
used herein have the same meaning as commonly understood by one of
ordinary skill in the art to which this invention belongs. Although methods and



4 materials simlar or equivalent to those described herein can be used in
the practice or testing of the present invention, suitable nethods and
materials are described below. In case of conflict, the patent
specification, including definitions, will control. In addition, the
materi al s, nethods, and exanples are 5illustrative only and not intended to
be limting. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0013] The above and furt her
advant ages of the present invention nay be better understood by referring
to the follow ng description in conjunctron with the acconpanyi ng draw ngs
i n whi ch: i oFl Gatetigisssimilarcéresmuivaierittd thatse atesoibedf haaeipysinam Uedfiorthe

nodul ati on of %-!T,cgj - c C L i t sent

i nventi on; 9% GBP%?E?% Béﬂ*gér g%%%a'ﬁ"%ﬂ“?ﬁ’s%p %oﬁgo;oas %d rﬁ%ﬁﬁélgwi th
modul ati on of prd desceibeibalows; in case of confligl, Ghe 28tant saetgﬁlcapm cad:luding
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i s a graphical usttat Ion o
duration; s |IIuEtrmve®lly|€mda10gma@Neda¢ be limdisgr at i on of OPO power with the
modul ati on of FIG 3A; 20FIG 4 is a schematic illustration of a MOPA fi ber

::?ségr \éVIAt gngugg glr gdgfam: gh?ﬁﬁ]: @E?@fﬁjﬁ?@‘ %E%‘%‘[gﬁgﬂé’a Vegahogal n during

a sinulation; and [0013] TheFétﬁbveGanchu&hef aqwahfa@lesldf lthes preaémtonvertioaPO

out put dur 'ng t he y %emget?er understocz)g Ey referrmg %0 the following description in
conjunction with the accompanying drawings in which:

10  FIG. 1 is a schematic illustration of a system 10 for modulation of OPO
output, in accordance with embodiments of the present invention;

FIG. 2A is a graphical illustration of pump power with modulation of
pulse sequences;

FIG. 2B is a graphical illustration of OPO power with the modulation of -

15 FIG. 2A; |

FIG. 3A is a graphical illustration of pump power with modulation of
pulse duration;

FIG. 3B is a graphical illustration of OPQO power with the modulation of
FIG. 3A;

20 FIG. 4 is a schematic illustration of a MOPA fiber laser with pump
diodes which can be used in the present invention;

FIGS. 5A and 5B are graphical illustrations of output power and gain
during a simulation; and

FIG. 6 is a graphical illustration of OPQ output during the simulation of

25 FIGS. 5A and 5B.

[0014] It will be appreciated thai for simplicity and clarity of
illustration, elements shown in the drawings have not necessarily been drawn
accurately or to scale. For example, the dimensions of some of the elements
may be exaggerated relative to other elements for clarity or several physical

30 components may be included in one functional block or element. Further,
where considered appropriate, reference numerals may be repeated among
the drawings to indicate corresponding or analogous elements. Moreover,



[0014] 1t will be appreciated that for sinplicity and clarity of
illustration, elenments shown in the drawi ngs have not necessarily been
drawn accurately or to scale. For exanple, the dinensions of sone of the
el enents may be exaggerated relative to other elenments for clarity or
several physical 30 conmponents may be included in one functional block or
el ement. Further, where considered appropriate, reference nunerals nay be
repeat ed anong the drawings to indicate gorrespondi ng or anal ogous

el enents. Moreover, 5 sone of the bl ocks depicted in the drawi ngs nay be
conbi ned i nt o 80m8g AGihe Weaks degivtecORTIAR IGFDVIDESCRY R GNNioer Blo A singe
fol | owi ng det aj l.ekhndescription, numerous specific 5 details are set forth
in order to provide a thorough understandi ng of the present invention. It
will be understood by those of OPETAWER BESCRIRTONhe art that the present
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exists for harmonic generation, sum frequency generation, and any other
nonlinear process driven by a fiber laser. The principles and operation of a
15 system and method according to the present invention may be better
understood with reference to the drawings and accompanying descriptions.
[0017] Before explaining at least one embodiment of the present
invention in detail, it is to be understood that the invention is not limited in its
application to the details of construction and the arrangement of the
20 components set forth in the following description or illustrated in the drawings.
The invention is capable of other embodiments or of being practiced or carried
out in various ways. Also, it is to be understood that the phraseology and
terminology employed herein are for the purpose of description and should
not be regarded as limiting.
25 [0018] it is appreciated that certain features of the invention, which
are, for clarity, described in the context of separate embodiments, may also
be provided in combination in a single embodiment. Conversely, various
features of the invention, which are, for brevity, described in the context of a
single embodiment, may also be provided separately or in any suitable sub-
30 combination.
[0019] Reference is now made to FIG. 1, which is a schematic
illustration of a system 10 for modulation of OPQ output, in accordance with



20 conponents set forth in the follow ng description or illustrated in the
drawi ngs. The invention is capable of other enbodi nents or of being
practiced or carried out in various ways. Also, it is to be understood that
t he phraseol ogy and term nol ogy enpl oyed herein are for the purpose of
description and should not be regarded as Iimting. 25[0018]1t is
appreciated that certain features of the invention, which are, for clarity,
described in the context of separate enbgdi ments, may al so be provided in
conmbi nation in a single enbodi ment. Conveéersely, various features of the

i nvention, whi émbadigenisoel thedvesep! invesidar. b@anenally e CBOt i@ pumpdabysangl e
enbodi nent, ma Vi S r I i y J e :
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amplifier 20. Theliaeret® pupoeidirg 4 sectiiise ancearpdmiplifier 22 0Thendezipuilse isome
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8

o e kPP aC 20" W8P o AP e R o o
switch, for examplifiersMedshoatniiof®@f 1. OM@steubsuillatdrd 8dusmebe atasendiobiy widt hi n
N ot e oo e e pBRB S oS BhB, JFhdkdea AR O
IR radiation, astpshimMoreyinermay within M4 fiber lasdrel 3pas pets @8 debodtieel ipr esent
VTS ot SRAAY R ph TR S B EEo5.! R WEra AR e g <1 onel”
_ 15 sentto OPO 14, resulting in IR radiation, as shown by arrow 16.
[0021] For the purposes of the present invention, the following
terms are defined as follows:
[0022] “Pulse signal” is a pulse generated within a pulse source
such as a MOPA fiber laser. =
20 [0023] “Pulse parameter” refers to any parameter of the pulse signal
itself, including, for example, pulse shape, pulse duration, pulse frequency,
peak power, intensity, etc.;
‘[0024] ‘Pulse source component” refers to any physical component
within the pulse source which is used to generate or to modify the pulse
25 signal, for example, oscillators, diodes, amplifiers, modulators (e.g. elecio-
optic, acoustq-optic, electro-absorption);
[0025] In embodiments of the present invention, modulation is done
by modulating an internal, directly modulatible component of a pump fiber
laser, and may include modulation of a pulse source component or a pulse
30 parameter, as defined above.
[0026] Reference is now made to FIGS. 2A-2B and 3A-3B, which
are graphical illustrations of examples of modulation of pulse parameters, in
accordance with a first embodiment of the present invention. In this



such as a MOPA fiber |aser. 20[0023]"Pul se paraneter” refers to any
paraneter of the pulse signal itself, including, for exanple, pulse shape,
pul se duration, pulse frequency, peak power, intensity, etc.; [0024]"Pul se
- source conponent” refers to any physical conponent - wthin the pul se
source which is used to generate or to nodify the pul se 25signal, for
exanpl e, oscillators, diodes, anplifiers, nodulators (e.g. electo- optic,
acoust o-optic, electro-absorption); [0025]1n enbodi ments of the present

i nvention, nodulation is done by nmodul ating an internal, directly
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steady state behavior is obtained. This hig nergy pul se may ge the
| aser or the OPEnvefkert kffisieneias.wdraepingl ibe evemogaprage of Hhedaser the: sarobt ai n
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repetition rat @& SsLengsemigsiinciige digh peak power pulses 30 while another part of a

seguence might include low peak power puises 32. However, during the low
peak power portion of the sequence, a high repetition rate will be used so as

20 to keep average output power constant. An OPO will only convert puises with
intensities above the OPO threshold. Thus, by modulating the pulse
sequences és in FIG. 2A, resulting OPO power will have an “on” state 34 for
high peak power pulses and an “off” state 36 for low peak power pulses, as
shown in FIG 2B. ' This configuration provides short on/off transition times.

25 [0027] Modulation of the pulse duration is often times required by
the application. For example, in a materials processing application high
energy pulses may be used for ablating whereas low energy high repetition
rate pulses maybe used for welding. As shown in FIG. 3A, modulation of
pulse parameters may be done by changing of pulse duration and the pulse

30 spacing, or period. This method provides modulation of energy per pulse
while keeping average power constant. Thus, for example, a puise or series
of pulses might have a long duration 38 while another pulse or series of
pulses has a short duration 40. The long duration pulses may have longer



20 to keep average output power constant. An OPOw |l only convert pul ses
with intensities above the OPO threshol d. Thus, by nodul ating the pul se
sequences as in FIG 2A, resulting OPO power will have an "on" state 34 for
hi gh peak power pulses and an "off" state 36 for | ow peak power pul ses, as
shown in FIG 2B. This configuration provides short on/off transition tines.
25 [0027] Modul ation of the pulse duration is often times required by the
application. For exanple, in a materi al s{1 processi ng application high energy
pul ses may be used for abl ating whereas 1ow energy high repetition rate
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periods 39 5 speweaserputseanergyfdfor OP@iUtRutt he short duration pul ses have
shorter periods 41 ke e t ul sQu ant .
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and 5 decr eas_egﬁp‘j e§§nte|'ﬂ%rﬂl¥>n44ABO xampid %‘f‘%bﬁ@t[n%ﬁé%k%ﬂ@ﬁ?% Sifedt NOW made

to FIG 4, whi S & schematic 11TUstTatl on aser 13 with
punp di odes whimgHulgégn bfeCQerhelntﬁ within putssesnurdenv2 MR fiben |laseaB) és of
nodul ati ng l%g)na;#hg di rect nodul ati on of conponents w thin pul se
source 12 ( aser 13) is to now described. [0029] MOPA fi ber | aser

13 includes an osm[O'D%ﬂ]or M@P Antbeiniasermp1Bf Inslude® , anntpscititar diBplandian 20 may

i nclude a powe | ishi rs 23.
MOPA fi ber lOI asé?ﬂaﬁ% Erfﬁ’ %rr%;ht %P"f@ O‘ﬁ:ia cﬁélgéggﬁq@e%@q@éﬁeﬁ%vd\e%gml ifier
punp di ode 50 andevarall adgitiongharmgpifsrs f33er MGP f diler ddsedd 35@rther typaly of

lifiers 23. I i her i ncl ude
rmmd)ul ation of gg@??#%%?&fgé pgﬁgpéo%ﬁﬁlmeﬁ %Ago ;Rﬁ at’e%§%nelénﬁﬁ]@dl odes 50
and/ or one 16r Rump disde Sarip1 gachef amh&er&l%dé@dslanon of components of MOPA

fiber laser 13 can include modulation of oscillator 18, one or muliiple power
amplifier pump diodes 50 and/or one or multiple amplifier pump diodes 52.
[0030] Often times it is desired to conserve overall laser power,
meaning that if there is not OPO output, the laser should be turned off. Most
20 of the power consumption occurs in the pump diodes 50 of the power
amplifier. Thus, modulating this diode directly may result in the desire OPQ
output characteristics while at the same time decreasing the laser overall
power consumption, or increasing the electrical efficiency. However,
modulating the pump diodes will result in slower transition times than
25 modulating the oscillator and keeping the output power of the fiber laser
constant.
[0031] Modulating the pump dicde 50 results in modulation of the
MOPA fiber laser output. The OPO thus may be turned off by bringing the
output power of the MOPA fiber laser below the OPO threshold. By tuming
30  off the power amplifier pump diode 50, MOPA fiber laser 13 will be in an “off’
state when no OPO output is required, thereby reducing overall power
consumption and thermal load. However, as stated above, any of the pump
diodes 52 or oscillator 18 may be modulated as well to achieve desired



[0030]Often tines it is desired to conserve overall |aser power, neaning
that if there is not OPO output, the | aser should be turned off. Mst 20 of
t he power consunption occurs in the punp diodes 50 of the power anplifier.
Thus, nodulating this diode directly may result in the desire OPO out put
characteristics while at the same tine decreasing the | aser overall power
consunption, or increasing the electrical efficiency. However, nodul ating
the punp diodes will result in slower tr@nsition ti mes than 25nodul ating
the oscillator and keeping the output power of the fiber |aser constant.
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EXAMPLE
[0033] A simulation of a method of directly modulating power
amplifier pump diode 50 was performed. A 50W amplifier based on LMA-
15 YDF-25/250 fiber (available from, for example, Nufern or Liekki) was pumped
with 100W of diode power at 815nm. The input signal was a train of 100ns
pulses at 200kHz repetition rate. The output power and gain are shown in
FIGS. 5A and 5B, respectively. The pump was tumed on at time zero and off
at 250 ps. Full amplification was reached within 50us. After the pump was
20  stopped, the pulses siowly trailed off.
[0034] If this laser output is then sent to an OPO which operates at
three times threshoid with at 12.5% slope efficiency, then the output is shown
in FIG. 8. The rise time and fall time of the OPO is much less than the rise
time of the laser due to the thresholding effect of the OPO. If faster rise times
25  arerequired, 1) the laser can be pumped harder thereby increasing the output
power, 2) the input puises can be turned off in order to obtain a faster
inversion, or 3) the pulses from the oscillator can be modulated in such a way
to allow for fast transition times, as in FIG. 2.
[0035] To conclude, these preliminary simulations indicate that fast
30 OPO switching, rise and fall times <50us, can be performed by modulating the
pump diodes of the power amplifier of a MOPA chain. Such modulation will
result in a power consumption reductioh proportional to the duty cycle.



Il1)addition, in low duty cycle applications, power savings can be obtained
by only operating the punp source when OPO output is required. EXAMPLE

[ 0033] A simulation of a nethod of directly nodul ati ng power anplifier punp
di ode 50 was perfornmed. A 50Wanplifier based on LMA- 15 YDF-25/250 fi ber
(avail able from for exanple, Nufern or Liekki) was punped with 100W of

di ode power at 915nm The input signal was a train of 100ns pul ses at
200kHz repetition rate. The output power _and gain are shown in FIGS. 5A and
5B, respectively. The punp was turned o%at time zero and off at 250 ps.

Ful | anplification [0888]r ea¢tiiedcomdihifarto@pof 1A tregsehhevepian Wase BBshopped,

t he pul ses slo rail off. [0034]1f this.|laser output is then sent to
o 0P0 whi ch ot and dedhibac erei ot B r Sihitibonss chries
ef ficiency, thandtdevatertyiayioscshownoderofordinarg.skiThethel g It isntheddidrd,al | time

of the OPOis h |ess t the rise tinge.of the |laser due to the

Chr eshol dino. el B nggion Wecihe, deiuta P oid fiedRSto Gve' Bbsiired, 1)
the |aser can hediivaes ahacegigesheriabyithineiccasd st ettt irpeMmein. 2) the
i nput pul ses can be turned off in order to obtain a faster inversion, or 3)
the pulses fromthe oscillator can be nodulated in such a way to allow for
fast transition tinmes, as in FIG 2. [0035] To concl ude, these prelimnary
sinmulations indicate that fast 30 OPO switching, rise and fall tines <50us,
can be perfornmed by nodul ati ng the punp di odes of the power anplifier of a
MOPA chai n. Such nodul ation will result in a power consunption reduction
proportional to the duty cycle. 10 [0036]Wiile certain features of the
present invention have been



illustrated and descri bed herein, many nodifications, substitutions,
changes, and equivalents nmay occur to those of ordinary skill in the art.

It is, therefore, to be understood that the appended clains are intended to
cover all such 5nodifications and changes as fall within the true spirit of
the present invention. 11 CLAIMS: 1. The systemof claim 18, wherein said
punp fiber laser is at |east one of: gn "all-fiber" fiber laser or a hybrid
fiber laser. 2. The system of claim 181lwherein said at |east one internal,
directly M abl e conponent.is at |east one of: a power anplifier punp
di ode, an anplifier punp diode, or an oscillator, 3. The systemof claim 2,
wherein said at |east one internal, directly nodul atable conponent is an
oscillator, and wherein said difference fre yency gener at or, out put signal
conprises ar "on" node or an "Gﬁﬁwﬂﬂ@d%°b5%g wisrein saig punpder | | ator is

nodul at abl e|z8yr i¥ eBBA BndYE LA UA-BEMEbertsef ai AhyidmbEd 1By | aser constant
whi |l e providing an oscillator signal having an anpllfled peak power above a

di fference frequency generator threshold for said ' node and bel ow sai d

di fference jrequency gener at orrhbfsm@rhafdaﬁromsmubmsa‘d at lg@dlene 4. The system
of claim3, erei.n said ﬁrov ded osci | | tor mgg is obta ed by

modul at i ng T¥eaadteciy, mogylatapls compangnt, i Heasﬁ8 Gpiver F‘@B ¥l tion rate, or
pul se shapepanp sikdd, apsahpiffiatpuimpdigizabr. arboscilier.syst em of claim 2 , wherein
said at |east one internal, directly nodul atabl e conponent is an
oscillator, and wherein said difference frequency generator output signal
conprises g nodified energy orTheegysiemtofalaim &, ehe@imdsaichatrieast osai d osci | | at or

whi 1 prov TERAATEET ot o Fé?’“éﬁébs?nngﬁiéﬂ%eoﬁu%ﬁq i
modul at ed r éiffetancé dnaquence.generator output signal comprises an “on” mode or an

“of” mode, and wherein sald oscillator is modulatable by keeping average

power of said pump fiber laser constant while providing an oscillator signal

having an amplified peak power above a difference frequency generator

threshold for said “on™ mode and below said difference frequency generator

threshold for said “off’ mode.

b, The system of claim 3, wherein said provided osciliator signal
is obtained by modulating at least one of: pulse duration, peak power,
repetition rate, or pulse shape of said osciliator signal.

5. ' The system of claim 2,wherein said at least one
internal, directly modulatable component is an oscillator, and wherein said
difference frequency generator output signal comprises a modified energy or
repetition rate, and wherein said oscillator is modulatable by keeping average
power of said pump fiber 'Iaser constant while providing an oscillator signal
having a modulated pulse energy or a modulated repetition rate.

6. | The system of claim2 , wherein said pump fiber
taser is a MOPA fiber laser, and wherein said at least one internal, directly



6. The systemof claim 2, wherein said punp fiber laser is a MOPA fi ber

| aser, and wherein said at |east one internal, directly 12 nodul atabl e
conponent is a power anplifier punp diode, and wherein said difference
frequency generator produced output signal is obtained by nodul ating said
power anplifier punp diode while keeping said punp signal constant prior to
"its entry into said power anplifier punp diode. 7. The systemof claim2
,Wherein said punp fiber laser is a MOPA fiber |aser, and wherein said at

| east one internal, directly nodul atabl e conponent is an anplifier punp

di ode, and \Ahmpéjla:tatslaicdmdbrie‘nelisea\qaewérrzanplﬁe;cyurg]emma,t atd WhareiGRd out put

i I bt b d . Th t
of “ctaim 2. whtsarce” el bbb oolih bt SRR SoRoed S ap e
conponent i s eulaing reeidepaier amppfcemumptﬂﬂdefwrﬁe kpeiping 6ai0 damparyrainpl i fier
punp di ode, Of,dfanO5Hk td |§t991 into g&ld gafeégé'{%@e?gaf CJIO m 18, wherein said

di fference frequency generat "OPO, an OPA or an
OoPG. 10. The method of cl ai m 19 "wherein said prOV| ding a punp fi ber

| aser conpriseg providing at le (o) flber" r laser or a
hybrid fiber |aser. 11. The af?.h 8&3 ngcéaﬁﬁnzl hem?%? R”@Bt%g ®hodul ati ng
at ‘| east one BFRrds ﬁdﬂopﬂlﬂb@f:{ﬂs? Aod whateithsaid eblgashen inkomghrdieetty nodul at i ng

2t | east one budgne ingBhy 1f 3 e oA aBde 2R \feftn AP, i o0, o

an oscillator. 12. herern Saj
conpri ses rmd‘ﬂlffﬂﬁ"??g ff&ﬁ“%&l gqarmraj@r p&?ﬂﬂcﬁm@-@lﬁ sianal idi bftainedcly fr equency

gener at or modulating said amplifier pump diode.

8. The system of claim 2, wherein said at lgast one

internal, directly modulatable component is two or more of: a power amplifier
pump diode, an amplifier pump diode, or an ostillator.

9. , The system of claim 18, wherein said difference
frequency generator is at least one of: an OPO, an OPA or an OPG.

10. The method of claim 19.wherein said providing a
pump fiber laser comprises providing at least one of. an "allfiber” fiber laser
or a hybrid fiber laser.

11. The method of claim 19,wherein said modulating
at least one internal, directly modulatable component comprises modulating at

least one of: a power amplifier pump diode, an amplifier pump diode, or an
oscillator.

12. The method of claim 17 wherein said modulating comprises
modulating an oscillator, and wherein said difference frequency generator



13 out put signal conprises an "on" node or an "off node, and wherein said
nodul ating is done by keepi ng average power of said punp fiber |aser
constant while providing an oscillator signal having an anplified peak
power above a difference frequency generator threshold for said "on" node
and bel ow said difference frequency generator threshold for said "off'
node. 13The nethod of claim 12, wherein said providing said oscillator
signal is obtained by nodul ating at | east one of: pul se duration, peak

power, repetition rate, or pulse shape of saigd oscillatar si | . 14. The
met hod of cl acbuiputbignaheqr@?fﬁe%éﬂdb'i‘mﬁ‘ﬁg%ﬁ 78 B@nrﬁ?g%e@%r?@baﬁ%g%% ﬁ’g an

oscillator, %gdwﬁ\éeigndoﬁ@i il dbddiRy e6rags rrrasent saidepenatiber seput si gnal
conprises a noditle ener

y ‘or repetition rate _an r Q. i, d nmodul ati ng
sai d oscil | at canstast Wbiheprs‘ad'R%éBi%[j‘ﬁ%the?’%aé hRYORF" &’p\é@ﬁ%d&lgﬁrpr%%'?ber | aser
constant whi | de&)éoé/idgﬁe%c@@reqﬁﬁcylﬁnefat@i tpresholddori said Sonfodedsased pul se
energy or a nodul'ated repetition rate. t15t Tﬁ(:g f‘}?\%ﬁgdofp@no%ai mii, wherein
sai d punp fi beelowssiddiferense RBRNFY dansratgihes & érein sai d nodul ating at
| east one internal, directly nodul at abl e conponent conprises nodul ating a

power anplifier punp diodg, an efein said difiecence finpgusngy generator
produced out pd-si gnal i sﬁﬁbpfﬂ??ggoéfl%dh?’a%vﬁ%%{nsggg S\Al/e_r garrpl ifier punp
di ode whil e keggiidist skirs Bbtained by makiuletingsatdenst gei dlrpulse duilioBrts int o sai d
power anplifier punp diode, 16. Th : L. i, wherein said punp
fiber laser i$oWenIPRIFINIRE: ?rapé‘g’ﬁ,s(ﬁgé%g%%febr%{mggéﬁl nodul ating said at

| east one internal, directly nodul atabl e conponent conprises nodul ati ng an

anplifier punp diode. 17.T The Mégo%i,ﬂflﬁkﬁér%%id’ m¥eakL Romptisksnodul at i ng
at | east one ikternal, di thggﬁ y nodu at abl e conponent conprises nodul ating
14 two or nor anedulatiog povesciliatopl arfd whersinrpaid Gieeencs FeHpI Y ¥ HUnp di ode,
or an oscillator. 18 A | S 'Orq}gf@m, feteD 8fid Wasrein sallat
conpri ses at I%‘ﬁ%l{tsgﬂ%' cioﬁ'%g'igre%ar%ﬁ,ag I rde%!tel‘)‘% nodul at abl e coEgo.gent wher ei n
the punp fi bermbddatingissidcorsilaiguisdonaoby KeRRiRGARragFRPVEr §h P19 BUITP

fiber laser constant while providing an oscillator signal having a modulated

puilse energy or a modulated repetition rate.

15. ‘ The method of claim 11, wherein said pump fiber
laser is a MOPA fiber laser, and wherein said modulating at least one internal,
directly modulatable component compiises modulating a power amplifier
pump diode, and wherein said difference frequency generafor produced
output signal is obtained by modulating said power amplifier pump diode white
keeping said pump signal constant prior to its entry into said power amplifier

pump diode.

16. : The method of claim 11, wherein said pump fiber
laser is a MOPA fiber laser, and wherein said modulating said at least one

internat, directly modulatable component comprises modulating an amplifier

pump diode.

17. The method of claim 11, wherein said modulating
at least one internal, directly modulatable component comprises modulating



a difference frequency generator coupled to the punp fiber |aser and
further configured to: (i) receive the punp signal and (ii) produce an

out put signal, wherein the output signal of the difference frequency
generator is being nodul ated by the punp fiber |aser such that paraneters
of the output signal are determ ned based on a direct nodul ation of the at
| east one internal, directly nodul at &bl e conponent. 19. A net hod
conprising: providing a punp fiber |laser that conprises at |east one
internal, directly nodulatable conponent and a difference fre uency
generat or couplted crencréief: peper arhelifien pised diogs, GAFNINITE RUNAMPE A by the
punp fi ber Iaseromakw produci ng an out put signal at the dlfference'
frequency genemﬁ i'n response to the punp signal; and applying a
“direct nodul ation to the | east one internal, dlrectly nodul at abl e
conponent, to yl&ld a noHENstam epmpsisinghe out put signal of the di fference

frequency generator g gyah fABAtadRR L he out put. si gnal ar
determined based on E IE]| rect no(lﬁ:'%e (%‘?1”9% 3RSt 'ohe intBm h d"‘ecﬂy
Uktable component, wherein the pump fiber laser is configured to

produce a purmnp signal; and

a difference frequency generator coupled to the pump fiber faser and
further configured to: (i) recei\_fe the pump signal and (i) produce an output
signal,

wherein the output signal of the difference frequency generator is being
modulated by the pump fiber laser such that parameters of the output signal
are determined based on g direct modulation of the at least one internal,
directly modulatable component,

19, A method comprising:

providing a pump fiber laser that comprises at least one internal,
directly modulatable component and a dlfference frequency generator coupled
to the pump fiber laser:

praducing a pump signal by the pump fiber laser:

producing an output signal at the difference frequency generator in
response to the pump signal; and

applying a direct modufation to the feast one internal, directly
modulatable component, fo vield a modulation of the output signal of the
difference frequency generator, such that parameters of the ouiput signal are
determined based on the direct modulation.



