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BACKGROUND OF THE | NVENTI ON 1. FI ELD OF THE | NVENTI ON I nvention
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er bi um doped fiber anplifier (EDFA) in future dense wavel ength division
mul tiplex (DADM systems. The EDFA's are commonly punped at about 1480 nm

I.e. the em ssion wavelength of a commercially avail able |aser, and they
may al so unped with a source matched to the 980 nm er bi um absorption

be
li ne. Eﬁglﬁﬁ&u IQfs THE INVENTV@N t o i ncrease span | engths between
regenerators to suit nost terrestrial and underwater needs due to its | ow

noi se figure. The gain bandw dth of such anplifier is sufficient to permt
si mul taneous anplification of nultiple channels for dense wavel ength

di vi sion nultiplexin urposes. A | aser diode consists of a planar

seni c&nfd@t—@roaé'\’@ﬂg\déwlﬁ)hl the end facets cleaved to formthe resonator
mrrors. The beamprofile in the fast axis of the aperture is defined by
t he wavegui de index profile of the sem conductor material, whilst in the
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concerns with the high power optical pumping of an optical amplifier, such as Erbium
doped fiber amplifier and Raman amplifiers, to achieve an enhanced system

performance.

2. DESCRIPTION OF THE RELATED ART

The use of laser diode light source which is capable of providing hilgh optical output
power is becoming highly desirable in optical communications systems. There is an
increasing demand for pumping sources for Raman amplifiers and the high power
erbium-doped fiber amplifier (EDFA) in future dense wavelength division multiplex
(DWDM) systems. The EDFA's are commonly pumped at about 1480 nm, i.e. the
emission wavelength of a commercially available laser, and they may also be
pumped with a source matched to the 980 nm erbium absorption line. The EDFA
makes it practical to increase span lengths between regenerators to suit most
terrestrial and underwater needs due to its low noise figure. The gain bandwidth of
such amplifier is sufficient to permit simultaneous amplification of multiple channels
for dense wavelength division muitiplexing purposes.

A laser diode consists of a planar semiconductor waveguide with the end facets
cleaved to form the resonator mirrors. The beam profile in the fast axis of the
aperture is defined by the waveguide index profile of the semiconductor material,

whilst in the slow axis, the emitting aperture is defined by the stripe width. The stripe
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optical fiber containing a Bragg grating. The grating provides a narrow band reflected
signal that is spatially matched to the optical mode of the fiber, and that can be
coupled back to the diode with the lens to form an external resonant cavity. Fiber
Bragg grating can be used to achieve quasi-monochromatic light sources which are
desirable in many practical applications. In this technique, the fiber Bragg grating
acts as a phase-preserving mirror when the Bragg condition is met precisely. The
U.S. Patent No. 6,188,705 to Krainak et al, disclosed the fiber grating coupled quasi-
monochromatic light sources capable of tunable single frequency operation. The
currently preferred method of recording an in-line grating in optical fiber is to subject
a photosensitive core to the interference pattern between two beams of actinic
(typically UV) radiation passing through the photoinsensitive cladding. The U.S.
Patent No. 5,327,515, to Anderson et al., disclosed a method of recording Bragg

gratings in single mode optical fibers by UV exposure through a phase mask.

In addition to control wavelength fluctuations, it is also necessary to maintain the

beam quality in the slow axis for the broad area lasers. A number of schemes have



gréti ngs in single node optical fibers by UV exposure through a phaset mask.
In addition to control wavelength fluctuations, it is also necessary OA
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required high quality curved reflector is difficult and expensive, the applications of the
devices are also limited.

One other approach is described by Emori, et al, in "Broadband lossless DCF using
Raman amplification pumped by multichannel WDM laser diodes" in Electronics
Letters, vol. 34, No. 22, pp. 2145-2146, for the development of the broadband
dispersion compensation Raman amplifier (DCRA). The device consists of a number
of single emitter laser diode modules. Each laser is stabilized by a fiber Bragg
grating, and is polarized and wavelength combined by a wavelength division
multiplexing (WDM) coupler, resulting in a total of eight lasers pumping the
dispersion compensating fibre (DCF). The total maximum output power is greater
than 1.0W. Emori also described a 100 nm bandwidth Raman amplifiers using 12-
wavelength-channel combined by a WDM coupler for broadband Raman
amplification, referring to Y. Emori, K. Kanaka, and S. Namiki, "100nm bandwidth
flat-gain Raman amplifiers pumped and gain-equalized by 12 wavelength-channel
WDM laser diode unit" in Electronics Letters, vol. 35, No. 16, pp. 1355-1356. The
WDM coupler is a silica-based planner lightwave circuit (PLC) comprising 11 Mach-
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with narrow laser spectrum width, e.g. 1 nm.

The device described in the present invention comprises of an arrayed laser diode
emitters and an arrayed waveguide grating (AWG) having a plurality of input channel
waveguides and at least one output channel waveguide. Each of the light emitter is
coupled with an input channel waveguide that is adapted for a predetermined
wavelength. In accordance with the present invention, means are provided to lock
the wavelength of the light emitted from each emitter by a fibre Bragg grating at the
input channel of the AWG. An AWG multiplexer consists of two star couplers
combined with a waveguide array acting as a diffraction grating. The waveguide
array is integrated with input waveguides, output waveguides, and two concave slab
waveguides acting as star couplers. The integrated AWG multiplexer has been
successfully fabricated by several waveguide technologies such as silica
waveguides on a silicon or silica substrate and InGaAsP waveguides on an InP
substrate. The AWG multiplexer can be designed to route channel from in-port to
out-port. An N-channel WDM signal with equal channel space injected from an input

wavegude can be divided and distributed into the corresponding output waveguide
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DESCRI N OF THE DRAW NGS These and ot her features of the pr esent
invention will be nore fully apparent by

Other objectives and attainments together with a fuller understanding of the invention

will become apparent and appreciated by referring to the following description and
claims taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of the present invention will be more fully apparent by

reference to the following detailed descriptions in conjunction with the drawings in

which
FIG.1 shows a prior art high power light source.
FIG.2 shows a simplified schematic drawing of a pump light apparatus

incorporating an array waveguide in accordance with one embodiment
of the present invention.

FIG.3 shows a simplified diagram of the divergent emission effect.
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obt ai Trotn the prior art. Fig. 1 shows a prior art pump laser diode unit t?ar\]ving% g/\%lCé- To
wavelength-channel WDM coupler. The device comprises high power GRINSCH
strained layer multi-quantum well (MQW) buried heterostructure (BH) laser diode
modules 11. The wavelength of the single emitter laser diodes ranges from 1405 to
1510 nm to enlarge the gain bandwidth of Raman amplifiers. Each laser is stabilized
by a fiber Bragg grating 12, to have a narrow and stable spectrum for low insertion
loss through the WDM coupler 14. The WDM coupler is a silica-based planar
lightwave circuit (PLC) comprising 11 Mach-Zehnder interferometers (MZIs). A
polarization beam combiner (PBC) 13 is used for each channel of the WDM coupler
to combine the polarization-multiplexed laser diodes. Since Raman gain obtained
with a single wavelengt'h pump is about 20nm wide, less than 20nm wavelength
spacing of WDM pump is necessary to smooth out and flatten the gain. To obtain a
flat, broadband, and high Raman gain in a single fiber output 15, using WDM
pumping, more energy is allocated to the shorter wavelength range of pumping.
Whilst it is to appreciate that the laser diode unit based on MZI type WDM pumping
may achieve a higher maximum output power, say greater than 1.0W. it also suffers
from several drawbacks. Its performance stability is of great concern in industry
applications. Due to the relatively large channel spacing, the total number of the
single emitter laser diodes is limited, which in turn limits the total maximum power

output for this type of device. Furthermore, integration of the Mach-Zehnder
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sai d wavelength of the light emitter 18 to the center wavelength of the grating 23. In the
present embodiment, the number of the light emitters of the laser diode array 17 is

as the same as the number of the input channel waveguides of the AWG 19.

In the pump light laser source, the input channel waveguides are adopted for a
plurality of wavelengths (A1, A2, ..., Ai,..., Ap), being within the bandwidth of the said
light emitter of the laser diode array 17. In the present embodiment, the wavelength
spacing between the input channel waveguide, AA; = A; - A4, is substantially
constant, and is about 0.4 nm. As the wavelength from each emitter is locked by a
Fiber Bragg Grating (FBG) or the Bragg grating on the input channel waveguide,
stability of the present proposed laser diode is maintained. In addition, since
spectrum width of the laser is determined by the FBG, the total spectrum width can

be preset at a small value.

The number of the light emitters of the said laser diode array can be readily

increased in accordance with the requirements for industry applications. A high



light emtter of the |aser diode array 17. In the present enbodi nent, the
wavel ength spacing between the i nput channel waveguide, AX = X; - X, 1, is
substantially constant, and is abou 0.4 nm As the wavel ength from each
emtter is locked by a Fiber Bragg G ating (FBG or the Bragg grating on

t he i nput. channel waveguide, stability of the present proposed |aser diode
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Al t hough the g_resent i nvention has been descri bed ¥vith r_efergnce H)hthe

pref er n in Fig. 5 (a), or by an inwardly convergent portion of the gain medium of the
light emitter, as shown in Fig. 5 (b). This structure enhances the coupling efficiency
between laser diode array and the AWG type WDM coupler, and can further

increase the light power output.

Although the present invention has been described with reference to the preferred
embodiment, it is apparent to those who are skilled in the art to recognize that
changes and modifications may be made in form and detail without departing from

the spirit and scope of the invention as defined in the following claims.



~ enmbodi nent, it is apparent to those who are skilled in the art to recognize
that changes and nodifications nay be made in formand detail w thout
departing from the spirit and scope %f the invention as defined in the
following claims. 9 CLAIMS Wat is clained is: 1. A punp light |aser
apparatus conprising: a |laser diode array having a plurality of |ight
em'tters; an arrayed waveguide grating (AW provided on a substrate,
having a plurality of input chanqu nﬁéeguides to receive the |ight
emtted fromthe said light emtt é, nd at | east one output channel
waveguivéat is oMiaieri ig: each of the said i nput channel wavegui des being
provided with Bragg grating neans adapted for a predeterm ned wavel ength,
having Bragg grating witten into a portion of the said input channel

\/vaveguf_qis?%mgg!gg]t HsghitaBgar&agw,g]gﬁaﬁﬁnt er wavel ength, providing optical

f eedback our ce, ocki ng the axial node wavel ength of

the lighs emlaserrdidde airay Ganingra plraity onggit erhitfehs, grating; wherein the
said input channel waveguides are adopted for a plurality of wavel engths
(a.,, ~-2, an arrayeflnyaveguide gradngd tprowidedhen saiisiibistrgte, havingt e of
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The punp | ilight ehniters, ampat Riass oné ottRithanneheavdduidée wavel engt h spaci ng
bet ween the input channel waveguide is about 0.4 nm 3. A punp light |aser

appar at us F¢heel aaeh phthel saidinput chpnperwawmasides beimgmravidedtwith Bfagmpt i cal
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emtters. Awvritterpump hi pbttiohasetheipzad dhpet @hanheli wedeguidebaisaldl grafirey ei n
the aperture of the |aser diode is tapered to match the node field of the
i nput chanii@ViNga@etitale Wavelangth,sioyidiygsoptical feedback to said light source,

and locking the axial mode wavelength of the light emitter to the center
wavelength of the grating;

e wherein the said input channel waveguides are adopted for a plurality of
wavelengths (A4, Ao, ..., A,..., A,),, being within the bandwidth of the said light
emitter of the laser diode array, and wherein the wavelength spacing between
the input channel waveguide, A = ;- A4, is substantially constant.

2. The pump light laser apparatus of claim 1, wherein the wavelength spacing
between the input channel waveguide is about 0.4 nm.

3. A pump light laser apparatus as claimed in claim 1, further comprises a plurality
of optical lens array disposed between the said Iase; diode array and the input
channel waveguides for collimating the light emitted from the light emitters.

4. A pump light laser apparatus as claimed in claim 1, wherein the aperture of the
laser diode is tapered to match the mode field of the input channel waveguide of
the said AWG.



