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(57) Abstract: A system and method for increasing the fiber coupling efficiency of diode lasers is disclosed. The diode laser has a
diode pump source for generating a force to pump a laser and a double clad fiber directly coupled to the diode pump source instead
of coupling to the multimode fiber. The pumped laser is transmitted directly through the double clad fiber thereby increasing the
coupling efficiency of the diode pump source. At least one connector is utilized for connecting the double clad tiber and the diode
pump source. The connector has at least one adhesive placed in contact with an acrylate coating and not in contact with a glass clad -
ding of the double clad fiber to avoid cladding stripper and fiber splice thereby increasing the fiber coupling efticiency.
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FIBER COUPLING EFFICIENCY OF BIODE LABERS

CROSS-REFERENCE TO RELATED APPLICATIONS

{0001] This Application claims rights under 35 USC &118{g} from US.
Application Serial No. 81/888,680 filed 4 Guot 2013, the contenis of which are

incorporated hersin by references.

TECHNICAL FIELD

(00021 The preseni disclosure relates generally to  diode lasers.
Embodiments of the disclosure are related {o sysiems and mathods of

constructing dicde lasers to increase the fiber coupling sfficiency.

BACKGROUND

[0003] High powser laser diodes have bacome a staple pump source for hoth
solid state and fiber oplic lasers due o thelr high brighiness, speciral
versatiity, snvironmental robustness and high efficiency. Typical high power
fiber coupled diode lasers are fonused inlo the large core of a glass-cladded

multimods fiber.

[0004] FiG. 1 is an dustration of a schamalic diagram of a prior art laser
systern 100 utilized for coupling & diode tager 102 to a double clad fiber 118
through a multimode fiber 118, The core multimode fiber 118 by which the
diode laser 102, used o pump the double clad fiber laser, is coupled inlo I8
ganersily smaller than the glass cladding of the doubla clad fiber 118, it is
pumping.  This resulls In an aperlure mismatch and a loss in efficisncy
hecauss the double clad fiber 118 is capable of receiving lower brightness
fight than the multimods fiber 118 Jor comparable numerical aperfures,
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IBG0S] Thus, connecling the pump dinde 102 o multimode fiber 116 8
purtion of the avallable laser power from the pump dinde lost  Invariably
power is launched into the dladding of multimode fiber 118. When multimode
finer 1168 is built info a connector a dladding mode stripper I8 required o
remove Hght coupled into the cladding of multimods fiber 116, Double clad
fiber 118 typically provides a larger aperiure o couple light from pump diode
102 to the fiber laser oscillator comprisad of 118, 118%, 108, 110, 110" and
associated splices 108 and 121, The larger apsriure provided by double clad
fibar 118 increases pump diode coupling efficiency and removes the necassity
for a cladding stripper at the pump-~dicde to fiber connector imterface. Migher
diode-coupling sfficlencies and 2 simplified laser construction process arg
realized when coupling lght into double-clad fiber 118 compared {o using

muitimode fiber 118

[0008] A result of higher diode coupling efficlencies s the removal of the
cladding stripper buill into the connector built into multimods fiber 116, For a
laser system coupling pump diode 102 inlo double olad fiber 118 a cladding
strippar is not needed at the diode {o fiber interface as was the case when
coupling into multimode fiber 116, Constructing the connsclor with double
clad fiber 118 adhesive or other bonding materials must not come into contact
with the bare glass of 118 s0 as o not unintentionally create a cladding

stripper.

[G00F] The highly reflective fiber Bragg grating 118% is isbricated from the
same double clad fiber 118, For pump diode 182 coupled into multimode fiber
118 splice 104 iz required fo transmit the light coupled into multimods fiber
118 to the fiber laser comprisad of 118, 118* 108, 110, 11¢* and associated
splices 105 and 121. Splice 104 becomes unnecessary when coupling pump

dicde 102 info double clad fiber 148, The pump light s now coupled divectly
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o the fiber laser comprised of 118, 118%, 108, 118, 110" and associated
splices 105 and 121 without the need for an intermediate mulimods fiber 118,
The removing splice 104 from the faser inoreases sfficiency as all splices

oresent soms finite amount of loss (decrease in efficiency).

00081 A need, therefore, exists for an improved coupling method that

overcomes the ahove drawbacks,

SUMMARY

3008] The following summary is provided to facilitate an understanding of
some of the innovative faatures unigue to the disclosed smbodiment and is
not intended o be a full description. A full appreciation of the various aspegts
of the embodiments disclosed herein can be gained by lgking inlo
consideration the eniire specification, claims, drawings, and abstract as a

whaole.

(00101 Itis, therefore, one aim of the disclosed embodimeants to provide for a
dicde {aser comprising a diode pump souwrce for generating a force o pump &
lsar and a double clad fiber directly coupled o the dicde pump source
instead of coupling to the multimode fiher. The pumped laser is ransmitted
directly through the double clad fiber thereby increasing the coupling
afficiancy of the diode pump source,

100111 Htis, therefore, one aim of the disclosed embodiments to provide fora
diode laser in which at least ons comnnector for connexting the double clad

fiber and the diode pump source.

(0421 U is, therefore, one aim of the disclosed embodiments (o provide for a
diode laser comprising the connecior having at least one adhesive in contadt

with an acrylate coating of the double olad fiber.
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{0013] itis, therefore, one aim of the disclosed smbodiments to provide fora
diode laser in which the adhesive is not in contact with a glass cladding of the

double clad fiber and thus the adhesive doss not acl as & cladding stripper.

{00141 H s, therefore, one aim of the disclosed embodiments to provide fora
fiber-coupled dinda laser in which the doubls dlad fiber comprises no cladding
stripper and hence the nesd for thermal management system for the cladding

strippears is avoided,

{00151 s, therefore, one aim of the disclosed embodiments o provide for a
fibar-coupled dinde laser in which the double clad fiber may be the same fber
as the high-reflector fiber Bragg grating.

[0018] His, thersfore, one aim of the disclosed embodiments o provide for &
fiber laser oscilisior thatl comprises a fiber-coupled diode laser. The diode
laser has a dicde pump source for generating a force to pump a lassr and a
double clad fiber dirsctly coupled o the dicde pump sowrce instead of
couphng to the multimode fiber. The pumpsd laser is ransmitted directly
through the double clad fiber thereby increasing the coupling effinlency of the
diods punp source. Al least one conneclor s utiized for connecting the
doutda clad fiber and the dinde pump source. The connector comprises at
least one adhssive in contact with an acrylate coating of the double clad fiber
and not in contact with a glass cladding of the double clad. The double clad
fiber comprises no cladding stripper and hence the nead for thermal
management system for the cladding strippers can be avoided. The double

clad fiber may be the same as the high-reflector fiber Bragg graling.

{G017] ftis, therefore, oneg aim of the disclosed embodiments to provide for a
laser system that comprises a diode laser. The dinde lasser has a dicde pumg
source for generating a force to pump a laser and a double clad fiber diractly
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soupled to the dinde pump scurce instead of cougling to the multimode fiber,
The pumped laser is transmitted dirsctly through the double clad fiber thersby
increasing the coupling efficlency of the diode pump scwce. Al least one
connactor is utilized for connecting the double clad fiber and the dinde pump
source. The connector comprises at least one adhesive in contact with an
acrylate coating of the double clad fiber and not in contact with 8 glass
cladding of the double clad. The double clad fiber comprises no cladding
strippar and hence the need for thermal management system for the cladding
strippers can be avoidad. The double clad fiber may be the sams as the high-

refigctor fiber Bragg grating.

[0018] His, thersfore, one aim of the disclosed embodiments to provide for a
method for constructing a double clad fiber connector.  This method would
include placing at least one adhesive in contact with an acryate coating and

avoiding at least one adhesive in contact with a glass cladding.

[0018] W is, therefors, vel anocthar aim of the disclosed embodiments fo
pravide for a method for constructing a double clad fiber connector comprising
avoiding cladding strippers dus to adhesive in contact with the glass cladding
and avoiding thermal management sysiem for the cladding strippers.

{00201 His, therefore, one alm of the disclosad embodiments to provide for a
method for constructing & double clad fiber comprising eliminating at least one

fiber splice in the double clad fiber.

[0021] Htis, therefore, one aim of the disclosed embodiments to provide for a
method for sliminating a fiber splice whan mating 2 fibercoupled pump dinds

{0 a double-cliad fibar laser.

00221 &t is, therafore, yel another aim of the disclosed embodiments fo
provide for a system and method for increasing the fiber coupling efficiency of

(4]
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divde lasers in which the environmental robusiness of fiber coupled diode
lasars is incraased. Increasing the total usable aperure available for coupling
of the dicde laser mitigates damaging effects of beam degradation associated
with high power operation and operation in strenuous environmants, such as

thase an military platforms.

{8023] 1t is, therefore, yet another aim of the disclosed embodiments o
provide for & system and method for increasing the fiber coupling efficiency of
diode lasers which is more tolerant of beam blooming, diode smile, and beam
wandearing exhibited by diode lasers because there s 3 greater ares available

for fiber coupling.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024] The summary above, as well as the following detaliad description of
Hustrative embodiments, is better understond when read in conjunclion with
the appendead drawings. For the purpose of Blustrating the present disclosure,
semplary construntions of the disclosure are shown in the drawings.
However, the disclosure & not limiled o specific methods and
instrumenialiies disclosed herein. Moreover, those in the art will understand
that the drawings are not to scale. Wherever possible, ke elemants have
been ndicated by dentica! numbers.

[o025] FIG. 1 is an jllusiration of g schemalic diagram of a prior art laser
systam comprising a diode pump coupled fo a double clad fiber through a
mullimode fiber;

[0028] FIG. 2 is an illustration of 3 schemsatic diagram of a laser sysiem
comprising a dicde pump directly coupled to g double clad fiber, In

accordance with the disclosad embodiments:
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00271 FIG. 3 is an fllustration of a configuration of a double olad fiber utilized

it FiG. 2, In acoordance with the disclosed embodiments; and

[0028] FIG. 4 is an llusiration of a flowchart showing a8 method of coupling
diode pump and the double clad fiber of depicied in FiG, 3, in accordance with

the disclosed embodimants.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

{00281 The particdlar condigurations discussed in the following description
are non<imiting examples that can be varied and are clted merely o dlustrate

at least one embodiment and are not intended {o limit the scope thereot,

{00361 A sysiem and method for increasing the fiber coupling efficiency of
diode lasers is disciosed. The dicde-fiber interface connecior has at lsast one
adhesive placed in contact with an acnviate coating and not in contact with a

glass cladding of the double clad fiber to avold crealing a cladding stripper.

[0031] FIG. 2 is an illustration of a schematic diagram of a laser system 208
ytilized for coupling a diode laser 202 directly t¢ a double tlad fiber 218
without connecting o a2 multimods fiber 118 as depicted in prior art system
100 of FIG. 1. The pumped laser is transmitted directly through the double
clad fiber 218, thereby increasing the coupling efficiency of the diode laser
202, The dicde laser 202 has at least one connsclor {not shown} for
connecting the double clad fiber 298 and the diode laser 282, The connector
comprizes st least one adhesive in contact with an acrviate coating of the
double clad fiber 218 and not in contact with a glass cladding of the double
clad fiber 218, Adhesive In contact with an acrviate coaling doss ot act as a

cladding stripper and hence avoids the Hght loss. As there 8 no light loss

=
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hanoe there s no heat generation. Thus, the double clad fiber does not nesd

a thermal managament syatem for the cladding strippers.
3

{00321 As shown in FIG, 2, for example, coupling the highly reflective doubls
clad fiber 218 with a REDF 208 and coupling the REDF 208 with partial
reflactive double-clad fiber 210 results in splices 208 and 221 respectively.
Coupling partial reflective double-clad fiber 210 1o a tlerminator 214 resulls in
the splices 223 and 2258 and a cladding stripper 212

10033] # should be noted, In prior art sysiem 100 depicled in FIG. 1, the
muitimade fibers 118 unnecassarily choke the total power potentially coupled
into double clad fiber laser. The sysiem 200 increases the coupling efficiency
of the dicde laser 202 inte a fiber by sliminaling the multimode fiber 118
depicted in FIG. 1 and using a double clad fiber 218 in its place. The system
200 snables more power o be transporied {o the pumped laser madium
without significant sacrifice in brightness or alteration of existing design.
Additionally, the system 200 simplifies the uss of fiber coupled divde lgser
202 by removing the dadding muode stripper responsibls for removing the light
coupled into the glass cladding of a multimode fiber. This dadding mode
stripper is a8 heat source and requires some form of thermal dissipation via alr
ar waler. The system 200, by leveraging the ability of & double olad fiber 218
to propagate lght in the polymer clad glass cladding, eliiminates the need to
design and enginesr a thermal management systam for these cladding mode
strippears, thus greatly simplifying laser archilecturs,

(00341 FIG. 3 s an ilustration of a configuration of a double clad fiber 218
utiized In FIG. 2, in accordance with the disclossed embodiments. When the
dicde laser 202 and double clad fiber 218 are bonded with connaciors, the
adhasive i placed dirsctly on the acnylate coating 304 and not on the glass
cladding 308 {o bond the fibar {0 the ferrule 362, which holds the fiber 218,
The glass cladding 306 of the fiber 218 carries the laser pumpad from the

8
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dicds lgser 202, Numeral 308 In FIG. 3 is an arbifrary pattern inlended o
represent the diode light being coupled into the dadding of the doubls-clad
fowr. Directly connecting the double clad fiber 218 with the dinde laser 202
incregses environmental robustness and alse increases the total usable
apariure available for coupling of the dicde laser 202, This method mitigates
damaging effects of beam degradation associated with high power operation
and opearation in sirenuous environments, such as those on military platforms.

[00358] The system 200 is more tolerant of beam blooming, diode smile, and
beam wandering exbibiled by dicde laser 202 bacause thers s a greater area
available for fiber coupling. This is a very critical attribute for high refiability
fasers, patticularly in demanding applications where regular maintenance or
repalr s not an oplion, like on a sateliite of a military platform actively
deploved,

{0036] in FIG. 4 a method 400 of coupling & diods faser 202 and the double
clad fiber 218 of depicted in FIG. 3 As said at the block 402 and 404, the
adhasive for connedcting dicde laser and the double clad fiber is placed on the
acrylate coating on the fiber and not in contact with glass cladding. As
depictad at blooks 408 and 408, adhesive in contact wé*ﬁ} actylate coating
avoids cladding strippers oreated by adhesive in contact with glass cladding
and thennal management system for the cladding strippers. This increase the

coupling efficiency of the laser diods.

(00371 It should be noted that, there is also a significant simplification in fibar
laser architecturs associated with the present system. The system, when
implemenied in s fiber laser pscillator, eliminates 3 splice in the fiber laser by
allowing the diode Hight 1o be directly coupled into the double clad fibar that
the high-reflector fiber Bragg grating s written info. For a company producing
large numbers of these lasers, this has several implicstions such as

eliminating a splice decreases assembly Hme by an amourt proportional to

L
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the total number of splices nesdad o bulld the {aser, asar reliability noreases
by eliminating that splice, and laser afficiency 15 inoreased by sliminaling 3
polential source for loss and increased the ooupling efficiensy of the laser
diode, Furthermore, packaging of such a laser is simpiified since the design
does not nsed to consider the placemsnt and protection of an additions!

critical element in the laser architecture,

{0038] Finally, in the system, a dinde-fibsr inferface dadding stripper is
unnecessary and unwanied.  In addiion, the construclion of the fiber
connecior must change o ensure it survives. This requires the connector be
made such that no optical adhasives are in contact with the glass cladding.
Any oplical adheshve in contact with the glass cladding would aat as &
cladding stripper and remove the dicde light. This could alse result in heating
of the conneclor which could lsad {o calastrophic optical damage. To
eliminate this effect whan making the connector, any optical adhesive must be
placed in contact with the acrylate coating only, rather than the bare glass. By
adharing o the acrviate, no cut-coupling of cladding light can occur, as the
waveguide interface (the acryiate-cladding interface} is i-lagt. This enables
the coupling of dicde fight info the double dlad fiber while ansuring the

connactor adhesive does not act as a cladding stripper.

{00381 While the present invention has been described in connaction with
the preferred smbodiments of the vanous Figurss, # s to be understond that
ather similar embodiments may be used or modifications or additions may be
made 1o the described smbodimant for parforming the same function of the
presert  invention without deviating  therefrom. Therelore, the present
invention should not be Hmited to any single smbodimant, but rather
construad i breadth and scope i accordancs with the recilation of the

appended claims,

10
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(00407 It will be appracisted that varations of the above disclosed and other
features and functions, or alternatives thereof, may be desirably combinsd
e many other difforent systems or applications. Also, various presently
unforgseen o  unanticipated  alternatives, modifications, vadations  or
improvements therein may be subssquently made by those sidlled in the ar

which are also infended 1o be encompassed by the following claims,

{0041] Although smbodiments of the current disclosure havs beean described
comprehensivaly in considerabls detail fo cover the possible aspents, those
skiled in the art would recognize that other versions of the disclosurs are alse

passible.

11
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CLAIMS
What is claimed is:

1. A diode iaser comprising:
a dinde punp source for generating a fores fo pump 3 laser; and
8 double clad iber directly coupled to the diode pump source
nstead of coupling to the multimods fiber, whearsin the pumpsd laser is
transmitted directly  through the double clad fiber, thereby increasing

the coupling efficiency of the diode pump source,

2. The diode laser of claim 1 further comprises at least one connector for

cannecting the double clad fiber and the diods pump source.

3. The divde laser of claim 2, whersin the comnector comprises at least

one adhesive in contact with an acrylate coating of the doubile clad fiber.

4. The dinde laser of claim 3. wherein the adhesive s not in contact with a
glass oladding of the double clad fiber.

5. The dinde laser of claim 3, wharein the adhesive does not act a8 a
cladding siripper.

8. The diode laser of claim 1, wherein the double clad fiber comprises no
cladding stripper.

4

7. The dinds laser of claim 1, wherein the double clad fiber comprises no

thermal management system for the cladding strippers.

8. The diode laser of daim 1, wherein the doulbde clad fiber comprises
high-reflactor fiber Bragg grating.

12
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8. A fiber laser osclliator comprising a divde aser, wharsin the diode laser
comprises:

a dinde pump sawrce for generating a force to pump & lasern and

a double clad fiber directly coupled o the dinds pumg source
instead of coupling to the multimods fiber, whersin the pumped laser is
fransmifted  through the double olad fiber, thereby increasing the
coupling efficiency of the dicde pump source.

10, The fiber laser oscillator of clalim 8, wherein the double colad fiber

comprises high-reflector fiber Bragg grating.

1. A laser system comprising a dinde laser, wherein the dicde laser

COMprises:

a diode pump source for generaling a force o pump 3 faser; and
a double clgd fiber directly coupled to the dicde pump source
instaad of coupling to the multimode fiber, wharein the pumpead laser is
transmitied twough the double clad fiber, tharsby increasing the

coupling efficiency of the dicde pump source.
12, A method for constructing a double clad fiber comprising:

placing at least ong adheshva in contact with an acrylate coating;
and
avoiding at least one adhesive in contact with a glass cladding,

13.  The method of claim 12 further comprising:

avoiding oladding strippers due to adhesive in contact with the
glass cladding; and
avoiding thermal managament system for the cladaing strippers.

14,  The method of claim 12 further comprising sliminating at least one fiber

sphice in the double clad fibee
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15, A method for sfiminating & Sber splice in a pump diods comprising:

placing 3t least one adhesive in conlact with an acrylate coating,
and
coupling a double clad fiber dirgctly o the pump dinde.

18. The method of claim 15 further comprising:
avoiding af least one adhesive in contact with a glass cladding;

avoiding oladding strippers by placing adhesive in contgel with the

olass cladding,; and

avoiding thermal managament system for the cladding strippers.

14




WO 2015/102697 PCT/US2014/058770

144

/112 114
]

G

PRIOR ARY



WO 2015/102697 PCT/US2014/058770

214 200

210,212 214

1
E
/
¢

i \ { e i toi A
‘\'\ \\ \ "\'\
218 221 223 225



WO 2015/102697 PCT/US2014/058770

T
ST
BRiSE

Mtesaidiiit

¥ 113t

Strpt iy
rhaasnisias




WO 2015/102697 PCT/US2014/058770

~~ 438
y
¥
4i4
40¢
o
Place at least one adhesive in contact with
acrylate coating
404
+ o
Avoid at laast one adhesive in contact with
glass cladding
""""""" 406
¥ fj
Avoid cladding strippers due {o adhasive in
cordact with glass cladding
408
¥ -
Avoid thermal management system for
cladding strippers.

FIG. 4



	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings

