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(57) ABSTRACT 
An optical assembly, such as a multiple output diode laser 
pump source for EDFAs, is formed by pressing an optical 
array emitter chip against a standoff structure protruding 
from a submount such that the emitter chip deforms to match 
the curvature of the standoff structure. An IO chip is also 
juxtaposed against the standoff structure such that its optical 
receivers can receive optical energy from the emitter chip. 
The IO chip can provide various optical functions, and then 
provide an optical array output for coupling into an optical 
?ber array. The standoff structure preferably contacts the 
emitter chip over an aggregate contact area much smaller 
than the area by Which the emitter chip overlaps the sub 
mount. The materials used for bonding the emitter chip and 
the IO chip to the submount are disposed in the recesses 
betWeen standoffs and not on the contact surfaces of the 
standoff structure. 
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MULTI-CHANNEL LASER PUMP SOURCE FOR 
OPTICAL AMPLIFIERS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention relates generally to semiconductor 
diode laser based pump sources, and more speci?cally to 
techniques for construction of planar multi-channel diode 
laser pump sources. 

[0003] 2. Description of Related Art 

[0004] Optical ampli?ers are an accepted part of long-haul 
telecommunications systems. They are used to amplify 
signals after optical ?ber propagation losses over long 
transmission distances typical of such as the nationWide 
netWorks. A typical system uses a plurality of Erbium doped 
?ber ampli?ers (EDFAs) pumped by semiconductor diode 
lasers. Semiconductor diode laser pump sources for EDFAs 
typically operate at Wavelengths of 980 nanometers (nm) or 
1480 nm. The EDFA is capable of amplifying Wavelengths 
over a Wide bandWidth With a gain spectrum that peaks at 
about 1530 nm and that typically extends to 1570 nm, or 
1620 nm in advanced con?gurations. Usable output or 
optical gain is achievable over this 40 to 90 nm region. This 
Wide bandWidth provides the opportunity for the optical 
signal to be carried on a large number of Wavelength 
channels that can be independently and all-optically ampli 
?ed by an EDFA. This technique of Wavelength division 
multiplexing (WDM) is currently driving the expansion of 
modern telecommunications. 

[0005] The EDFA has been available for about 10 years, 
during Which time the performance of the device has 
increased markedly, bene?tting in particular from improved 
performance of semiconductor diode laser pump sources. 
HoWever, this improved performance is typically accompa 
nied by increased cost. The increased cost is readily toler 
ated in the high value, relatively loW ?ber count long haul 
system because each ?ber is able to carry many data 
channels via WDM, each data channel being ampli?ed 
simultaneously Within a single EDFA. Thus the cost of the 
high performance EDFA is shared amongst many revenue 
generating data streams and subscribers. 

[0006] To achieve continued expansion of data carrying 
bandWidth to the of?ce and home, the ?ber optic transmis 
sion system must be extended from the point-to-point long 
haul netWork to Metropolitan (Metro) and access netWorks. 
The more diffuse nature of the Metro netWork, and the need 
to service users on a more individual basis means that less 

data is carried onto a single ?ber, generally causing proposed 
Metro netWorks to be characteriZed as having feWer data 
channels per ?ber at loWer transmission rates and more 
individual ?ber transmission paths and shorter span lengths 
than long haul systems. The loWer data channel count per 
?ber means less revenue per ?ber, and the increased number 
of separate ?bers and decreased span length means increased 
component numbers. The combination of these tWo factors 
leads to a requirement of loWer cost components to enable 
pro?table Metro netWork implementation. 

[0007] EDFAs play a key role in Metro netWorks, just as 
they do in the long-haul backbone. The use of EDFAs enable 
longer ring or mesh propagation distances Within the net 
Work, and also enable the use of lossy all-optical compo 
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nents such as Wavelength demultiplexers and multiplexers, 
or optical cross connects Without the need for costly detec 
tion, electrical regeneration, and reemission/modulation of 
the data signals. Thus a loWer cost implementation of the 
current EDFA found in long-haul netWorks is required to 
drive the installation and commissioning of Metro netWorks. 

[0008] A typical long-haul netWork EDFA is composed of 
a number of subsystems or components including one or 
more erbium doped ?ber sections, optical isolators to elimi 
nate back re?ection, and one or more semiconductor laser 
diode pumps With their associated Wavelength couplers to 
combine them With the 1550 nm data signal on the netWork 
?ber. A signi?cant proportion of the overall cost of the 
ampli?er results from the semiconductor diode laser pumps, 
Which typically cost many thousands of dollars each. Thus, 
a loWer cost implementation of the diode laser pump source 
Would enable loWer cost EDFAs for application in Metro 
netWorks. 

[0009] Currently, tWo main types of diode laser pump 
sources exist: those that operate at 980 nm and those that 
operate at 1480 nm. These tWo Wavelengths are absorbed 
quite ef?ciently by the erbium ions in the ?ber core and offer 
different performance characteristics for the overall ampli 
?er system. Pumping at 980 nm is usually chosen for 
pre-ampli?ers Where loW noise ampli?cation is important, as 
the 980 nm pumping may lead to a more complete popula 
tion inversion of the emitting erbium state and to a corre 
spondingly loWer ampli?er noise ?gure as compared to 1480 
nm pumping. Diode lasers operating at 1480 nm are often 
chosen for high output poWer ampli?ers as the optical 
optical conversion ef?ciency is higher and the dollar cost per 
mW of output poWer from the diode laser is generally loWer 
than for 980 nm diode lasers. 

[0010] Prior art semiconductor diode laser pump sources 
operating at 980 nm (a very similar device con?guration is 
used at 1480 nm, simply utiliZing a different semiconductor 
material system to generate the different Wavelengths) gen 
erally consist of a number of individual components, shoWn 
symbolically in FIG. 1. A diode laser chip 105 is soldered 
to a submount 110 to provide thermal heatsinking and 
electrical connection. Each diode laser chip 105 has a single 
active laser region that is capable of generating and emitting 
several hundred mW of output poWer in a single transverse 
optical mode. Submount 110 is positioned inside a butter?y 
package 115 that has the capability of achieving a hermetic 
seal on ?nal closure. A single-mode optical ?ber 120 is fed 
through a ferrule and opening in butter?y package 115 and 
then brought into alignment With the output aperture of 
diode laser chip 105. To achieve a high coupling ef?ciency 
betWeen diode laser chip 105 and single-mode optical ?ber 
120, a lens or chisel shaped tip may be formed on the end 
face of ?ber 120 so that the rapidly diverging optical mode 
of diode laser chip 105 is efficiently converted into the 
relatively much larger and sloWer diverging mode of ?ber 
120. 

[0011] In addition to the need for the lensed or chisel 
ended ?ber 120, there are also very tight constraints placed 
on the positioning of the tip of ?ber 120 relative to the 
emitting aperture of diode laser chip 105. In fact, it is 
necessary to control the position of ?ber 120 to sub-micron 
accuracy to achieve optimum coupling. This precise control 
is typically achieved by holding ?ber 120 via a computer 
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controlled multi-axis micropositioner. Diode laser chip 105 
is energized to generate output light, and the output from 
?ber 120 is monitored using a photodiode or poWer meter. 
The micropositioners then move ?ber 120 to optimize for 
maximum signal transmitted therethrough, after Which ?ber 
120 is ?xed in position, typically by laser Welding of a 
metalliZed ?ber ferrule 125 to a holder clip 130 mounted to 
the package or submount 110. Often it is necessary to tWeak 
the alignment of ?ber 120 after initial ?xing With further 
laser-assisted or mechanical bending of holder clip 120. 

[0012] The fully active ?ber alignment process described 
above is both cumbersome and sloW, and although it can 
result in remarkably good coupling ef?ciency betWeen the 
diode laser and ?ber (in excess of 60%), it does not lend 
itself Well to high volume, high yield and loW cost manu 
facturing. It is this fully active alignment step that accounts 
for a signi?cant portion of the cost of constructing a diode 
laser pump source for an EDFA. 

[0013] In the prior art, attempts have also been made to 
construct multi-channel integrated laser arrays and to align 
them With integrated optoelectronic chips or directly With 
?ber arrays. The use of a self-aligned solder assembly With 
mechanical stops and misaligned solder joints is reported to 
provide three-dimensional passive alignment betWeen the 
laser diode axis of each diode and a corresponding optical 
axis of an optical ?ber With lateral misalignment of :2 
microns and vertical misalignment of 10.75 microns, With 
coupling losses of about 4 dB per channel reported for a 4 
diode array. 

[0014] Such prior art techniques do not provide the level 
of precision obtained using the active ?ber alignment 
described above, and Which is conventionally required to 
achieve ef?cient coupling betWeen a diode laser and an 
optical ?ber. Dif?culties include height variation (that is 
spacing betWeen the diode laser chip and the substrate) 
across the lateral array dimension due to solder thickness 
variations or bonding pressure variations. Thus, co-planarity 
of the bonding surfaces is dif?cult to achieve to the degree 
desired for very ef?cient coupling (typically about 0.2 
microns over 10 mm for a high channel count laser diode 
array). 
[0015] BoWing of the diode laser chip also gives rise to 
misalignments across an array of emitters. Fabrication of the 
diode laser structure using epitaxial groWth and planar 
surface lithography often results in a laser array chip With a 
residual boW or Warpage. 

[0016] In addition, misalignment can also be caused by 
particles trapped betWeen the diode array and the mounting 
surface. Keeping large planar surfaces free of particles is 
dif?cult. Even a single sub-micron particle is suf?cient to 
cause severe misalignment along a large array. In one prior 
art approach, the presence of foreign particles is accommo 
dated by supporting the laser array on a pair of standoffs, 
above the large substrate area, one standoff at each end of the 
array. This may help to minimiZe the effect of foreign 
particles, but does not address the absolute positioning of the 
multiple emitters across the array, and cannot alleviate 
misalignment arising from laser array curvature due to 
Warped or boWed Wafers. 

[0017] In vieW of the problems associated With prior art 
techniques for manufacturing pump sources, it is an object 
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of this invention to provide a semiconductor laser array 
pump source for optical ampli?ers Which may be manufac 
tured relatively easily and inexpensively, and Which enables 
precise optical alignment of components even in the pres 
ence of foreign particles and/or component Warpage or 
boWing. 

SUMMARY OF THE INVENTION 

[0018] Roughly described, a multiple output diode laser 
pump source is manufactured by an array scaleable optical 
alignment process, Which can achieve simultaneous highly 
ef?cient coupling betWeen each of the emitters in a laser 
diode array and a respective receiving Waveguide array. The 
Waveguide array may be fabricated (Without limitation) in a 
lithium niobate, glass substrate, or other integrated optics 
chip. The simultaneous coupling of all of the emitter/ 
Waveguide pairs advantageously reduces the number of 
manufacturing steps, thereby alloWing the pump source to 
be manufactured more rapidly and inexpensively. 

[0019] According to one aspect of the invention, the 
simultaneous array scalable alignment process utiliZes a 
standoff structure on a submount to de?ne a reference 

surface for mounting of a laser array and a receiving 
integrated optic Waveguide chip. Mounting both chips to the 
single reference surface permits optical alignment in the 
most critical dimension, perpendicular to the plane of the 
arrays, to be performed passively, leaving active alignment 
required only in the transverse and longitudinal dimensions 
and the yaW axis. 

[0020] In addition, the standoff structure also can over 
come other problems in the prior art by, for example, 
eliminating the effect of solder deposition thickness on 
emitter position, lessening the impact of foreign particulate 
defects by decreasing the contact area betWeen the arrays 
and the submount, and alleviating the effects of non-uniform 
bonding pressure and chip boW or Warp by distributing the 
reference surface across the entire array and therefore ref 
erencing the positions relative to the submount of all emit 
ters directly to the same reference surface. 

[0021] The invention Will be better understood upon ref 
erence to the folloWing detailed description in connection 
With the accompanying draWings: 

BRIEF DESCRIPTION OF DRAWINGS 

[0022] FIG. 1 is a symbolic diagram of a prior art diode 
laser pump source. 

[0023] FIG. 2 is a symbolic diagram of a laser array pump 
source according to an embodiment of the present invention, 
shoWn Without a protective package. 

[0024] FIG. 3 is a cross-sectional vieW taken along line 
A-A in FIG. 2. 

[0025] FIG. 4 is a fragmentary symbolic diagram of a 
submount according to an embodiment of this invention. 

[0026] FIG. 5 is a symbolic diagram of a second embodi 
ment of the invention, shoWing in particular an IO 
Waveguide array chip With distributed Bragg re?ector struc 
tures (DBRs) for Wavelength stabiliZation and Waveguide 
tapers for mode siZe conversion. 

[0027] FIG. 6 is a symbolic diagram of fused-?ber-optic 
directional couplers arranged to combine light output at 
different Wavelengths from several emitters of a laser array. 
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[0028] FIG. 7 is a symbolic diagram of Waveguide direc 
tional couplers formed on the IO Waveguide chip and 
arranged to combine the light output at different Wave 
lengths from several emitters of a laser array. 

[0029] FIG. 8 is a symbolic diagram of optical ?ber 
polarization multiplexers arranged to combine the light 
output from pairs of emitters of a laser array. 

[0030] FIG. 9 is a block diagram illustrating detector 
array locations for output monitoring and poWer stabiliZa 
tion. 

[0031] FIG. 10 is a symbolic diagram, shoW in plan vieW, 
of an integrated poWer monitoring detector array on an IO 
Waveguide array chip. 

[0032] FIG. 11 is a cross-sectional vieW taken along line 
A-A of FIG. 10 shoWing locations of distributed Bragg 
re?ector and optical detector chip (tWo alternatives) for 
poWer monitoring. 

[0033] FIG. 12 is a symbolic diagram, shoWn in plan 
vieW, of an integrated poWer monitoring detector array using 
Waveguide directional couplers. 

[0034] FIG. 13 is a symbolic diagram shoWing a redun 
dancy-providing array design in plan vieW. 

[0035] FIG. 14 is a symbolic diagram, shoWn in plan 
vieW, of an embodiment providing for redundancy using an 
optical ?ber sWitch matrix. 

[0036] FIG. 15 is a symbolic diagram, shoWn in plan 
vieW, of an embodiment providing for redundancy using a 
Waveguide sWitch matrix on an IO Waveguide array chip. 

[0037] FIG. 16 is a schematic diagram of a passive 
netWork of optical ?ber couplers and splitters for poWer 
sharing among the optical ?ber outputs of an array source. 

[0038] FIG. 17 is a symbolic diagram, shoWn in plan 
vieW, of an optical ?ber array disposed in v-grooves on a 
submount. 

[0039] FIG. 18a is a symbolic diagram of a laser array 
pump source using tWo submounts With a standoff structure. 

[0040] FIG. 18b is a symbolic diagram, shoWn in elevated 
end and perspective vieWs, of an optical ?ber array 
assembled on a silicon substrate adapted With v-grooves. 

[0041] FIG. 18c is a symbolic diagram of an IO 
Waveguide array chip coupled to a v-groove optical ?ber 
array, on a submount With a standoff structure and relief 
slots. 

[0042] FIG. 19a is a symbolic diagram, shoWn in plan and 
elevated side vieWs, of an alternative embodiment of the 
invention Wherein a laser array is coupled directly to an 
optical ?ber array. 

[0043] FIG. 19b is a symbolic diagram shoWing a per 
spective vieW of the alternative embodiment of the invention 
depicted by FIG. 19a. 

[0044] FIG. 20a is a symbolic diagram shoWing a 
Waveguide directional coupler for Wavelength multiplexing, 
and distributed Bragg re?ectors (DBRs) for Wavelength 
stabiliZation positioned before the directional coupler, 
arranged on an IO array chip. 
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[0045] FIG. 20b is a symbolic diagram shoWing a 
Waveguide directional coupler for Wavelength multiplexing, 
and DBRs for Wavelength stabiliZation positioned in series 
after the directional coupler, arranged on an IO array chip. 

[0046] FIG. 20c is a symbolic diagram shoWing a 
Waveguide directional coupler for Wavelength multiplexing, 
and DBRs for Wavelength stabiliZation positioned in series 
after the directional coupler, With one DBR on the IO array 
chip and another DBR on an output ?ber. 

[0047] FIG. 20a' is a symbolic diagram shoWing a 
Waveguide directional coupler for Wavelength multiplexing, 
and DBRs for Wavelength stabiliZation positioned in series 
on the output ?ber. 

[0048] FIG. 21 is a block diagram of multiple EDFAs 
pumped by a single laser array pump source of the invention. 

[0049] FIG. 22 is a fragmentary perspective vieW of the 
FIG. 2 embodiment, shoWing in particular the relationship 
betWeen corresponding ports of the laser array and IO 
Waveguide chip. 

DETAILED DESCRIPTION 

[0050] The invention Will noW be described in reference to 
various non-limiting embodiments thereof. It should be 
noted that individual elements or features of different 
embodiments described beloW may be combined in various 
permutations to produce a laser pump source having a set of 
desired physical and/or operational characteristics, and that 
such combinations are Within the scope of the present 
invention. 

[0051] FIG. 2 illustrates an embodiment of a semicon 
ductor diode laser pump source 200 in accordance With 
aspects of the invention. Pump source 200 is shoWn to 
include several major components: a submount 205, a diode 
laser array (hereinafter “laser array”) 210, an integrated 
optic (IO) Waveguide chip 215 and an optical ?ber array 
220. As used herein, an optical “array” is a device that 
includes tWo or more optical ports. The submount 205, laser 
array 210 and IO chip 215 are shoWn in greater detail in 
FIG. 22, Which illustrates in particular opposing edges 250 
and 255 of laser array 210 and IO Waveguide chip 215. Laser 
array 210 and IO Waveguide chip 215 are each provided With 
a plurality of optical ports 280 and 285 arranged along a 
respective subject edge 250 or 255. The optical ports may 
take the form of Waveguide inputs and outputs, positioned 
such that the subject edges 250 and 255 of laser array 210 
and IO Waveguide chip 215 are substantially perpendicular 
to the optical axes 290 of the Waveguide inputs and outputs, 
With the lateral spacing 240 in the horiZontal dimension 
parallel to the subject edges being substantially the same in 
both components, at least at the subject edges. In this 
manner, the optical ports of laser array 210 and the optical 
ports of IO Waveguide chip 215 can communicate With each 
other if they are arranged in such a Way that a suf?cient 
fraction of the optical energy emitted from one of the ports 
is captured by the other optical port. A condition of perfect 
alignment betWeen corresponding ports, Wherein the optical 
axes of the pair of corresponding ports are coincident, is not 
required. Rather, tWo ports “can communicate” With each 
other even if their optical axes are spatially or angularly 
offset, provided that such spatial and/or angular offset does 
not exceed a desired tolerance. Corresponding ports also 
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“can communicate” With each other if the ports are aligned 
(or misaligned by no more than a desired tolerance) With an 
optical path that includes an optical redirector (such as a 
re?ector, refractor, or re-emitter) positioned intermediate in 
the optical path betWeen the ports. Similarly, as used herein, 
one optical port “can receive” optical energy from another 
optical port if the tWo optical ports “can communicate” With 
each other. 

[0052] As is knoWn in the art, laser array 210 is con?gured 
to emit light responsive to application of electrical signals 
thereto. The term “light” as used herein is not limited to 
visible light, but rather includes any optical energy having a 
Wavelength or range of Wavelengths suitable for a speci?ed 
application. Light emitted by laser array 210 is coupled into 
the receiving end of IO Waveguide chip 215, Where a 
Waveguide taper array may be used to convert the mode 
emitted by laser array 210 to that of a single mode optical 
?ber. IO Waveguide chip 215 may also include other func 
tionalities as described beloW, such as incorporation of 
distributed Bragg re?ectors (DBRs) for Wavelength stabili 
Zation, directional couplers for Wavelength multiplexing, 
and sWitch netWorks for redundancy. At the output end of IO 
Waveguide chip 215, the transmitted and mode-converted 
light is coupled into an optical ?ber array 220 to be con 
veyed, for example, to the ampli?cation regions of EDFAs. 
In accordance With an aspect of the present invention, 
assembly of the several components to form the pump 
source 200 is advantageously effected by simultaneous 
optical alignment of the emitters of laser array 210 to 
corresponding receiver Waveguides fabricated in IO 
Waveguide chip 215, folloWed by (or performed concur 
rently With) the alignment of optical ?ber array 220 to the 
output end of IO Waveguide chip 215. As is discussed in 
further detail hereinbeloW, simultaneous alignment of the 
laser emitters to the corresponding receiving Waveguides 
may be achieved by utiliZation of a submount 205 having a 
standoff structure 222 to Which laser array 210 and IO 
Waveguide chip 215 are attached. 

[0053] As illustrated in FIG. 2, standoff structure 222 may 
comprise a set of discrete parallel standoffs 230 fabricated 
on and protruding vertically upWard from a ?rst major 
surface 227 of submount 205. Standoffs 230 terminate at 
their upper end in upper surfaces, at least a portion of Which 
contact corresponding surfaces of laser array 210 and IO 
Waveguide chip 215. As used herein, the term “vertical” is 
intended to mean substantially perpendicular to the major 
planes of submount 205, laser array 210 and IO Waveguide 
chip 215. Areas of ?rst major surface 227 lying betWeen 
discrete standoffs 230 de?ne an array of Wells 229 or 
recessed regions of a depth suitable for receiving solder balls 
and/or adhesive (for example a glue, epoxy or other such 
bonding agent). The Wells 229 may also carry circuit met 
alliZation traces and contact pads for electrical intercon 
nects. 

[0054] Standoff structure 222 may be fabricated on ?rst 
major surface 227 of submount 205 by photolithographic 
and selective etching processes. Alternatively, standoff 
structure 222 may be fabricated by laser ablation, by depos 
iting a layer of material and de?ning standoff structure 222 
by photolithography and a solvent or etchant, by positioning 
and affixing material preformed in a predetermined thick 
ness and shape, or by a combination of the foregoing 
techniques. Standoff structure 222 may alternatively be 
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formed on the appropriate major surface of laser array 210 
or of integrated optic Waveguide chip 215, or partially on 
laser diode array 210 or the integrated optic Waveguide chip 
215, and partially on submount 205. As shoWn, discrete 
standoffs or ribs 230 extend primarily longitudinally on 
submount 205 (the longitudinal axis being in the horiZontal 
plane of submount 205 and oriented substantially perpen 
dicular to the subject edges of laser array 210 and IO 
Waveguide chip 215). 

[0055] The function of standoff structure 222 is made 
clearer With reference to FIG. 3, Which represents a cross 
sectional vieW taken along the line A-A of FIG. 2, and With 
further reference to FIG. 4, Which depicts a fragmentary 
perspective vieW of submount 205 in the absence of laser 
array 210 and IO Waveguide chip 215. Ribs 230 contact laser 
array at a plurality of contact portions 232. Contact portions 
232 collectively de?ne a reference surface 305. Reference 
surface 305 Will typically be substantially planar, although 
some implementations of the invention may utiliZe standoff 
structures Which de?ne a curved reference surface (i.e., a 
reference surface having a ?nite radius of curvature along 
the lateral and/or longitudinal axes). It Will be appreciated 
that some portions of the standoff structure may be shorter 
than others, either intentionally or unintentionally, and those 
Will not form contact portions With laser array 210 and do 
not count in the de?nition of the reference surface 305. 

[0056] It should be noted that standoff structure 222 may 
be formed in a variety of geometries and is not limited to the 
parallel discrete rib design depicted in FIGS. 2-4. For 
example, standoff structure 222 may be formed as a con 
tinuous serpentine-shaped structure, or as a comb-type struc 
ture having a plurality of teeth joined at one end by a 
common spine. Irrespective of the exact shape Which stand 
off structure 222 takes, it is preferable that at least three of 
contact portions 232 occur consecutively along a substan 
tially straight line parallel and close to the subject edge of 
the chip being supported (i.e., laser array 210 or IO 
Waveguide chip 215), and that those three contact portions 
232 are mutually isolated from each other along that line in 
reference surface 305. Note that contact portions 232 may, 
hoWever, connect With each other at locations not on such 
line, and therefore may not be entirely isolated from each 
other but they should be mutually isolated from each other 
at least along some line in the reference surface 305 parallel 
to and in close proximity to the subject edge. 

[0057] It is to be appreciated that, in the lateral dimension 
along the subject edge, contact portions 232 should be 
suf?cient in number, spacing and extent to effectively de?ne 
the curvature of the subject edge for a speci?ed application. 
For many applications, the subject edge Will have an in?nite 
radius of curvature, i.e., Will be linear. In the longitudinal 
dimension, contact portions 232 should be suf?cient in 
number, spacing, extent and proximity to the subject edge 
that they control the curvature of the subject edge adequately 
for the desired application. It is preferable that at least one 
contact portion included under the optical component 210, 
215 is suf?ciently close to the subject edge to de?ne the 
vertical angles of the optical axes of each of the optical ports 
adequately for the desired application. 

[0058] It should be appreciated that the present invention 
does not require a uniform height for all elements of standoff 
structure 222. In some embodiments, required curvatures 
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and optical axes’ angles are best achieved With non-uniform 
standoff structure heights. For example, a standoff structure 
may comprise a stepped standoff structure comprising a ?rst 
set of standoffs having a ?rst height, and a second set of 
standoffs having a second height different from the ?rst 
height. The ?rst set of standoffs may then be utilized to 
support laser array 210, and the second set of standoffs may 
be utiliZed to support IO Waveguide chip 215. In this case, 
it should be noted that the tWo reference surfaces de?ned by 
the ?rst and second sets of standoffs are not co-planar. The 
stepped standoff structure design may be useful in achieving 
vertical alignment of optical ports When laser array 210 and 
IO Waveguide chip 215 have substantially different thick 
nesses. In addition, the stepped standoff structure may 
provide a physical stop Which enables precise longitudinal 
positioning of IO chip 215, thus facilitating butt coupling to 
laser array 210. It Will be apparent to one skilled in the art 
that protrusions functioning as physical stops may be incor 
porated, Where desired, into standoff structures having an 
otherWise uniform height. 

[0059] It should be further noted that contact portions 232 
of the standoff structure 222 that are under one optical 
component, for example laser array 210, can be either 
continuous With or discontinuous (distinct) from corre 
sponding contact portions located under the second optical 
array component, for example IO Waveguide chip 215. 
Standoff structure 222 should be substantially rigid, at least 
along the longitudinal axis thereof, to achieve proper align 
ment of the optical ports of laser array 210 and IO 
Waveguide chip 215. In the vertical dimension, standoff 
structures should have suf?cient rigidity to Withstand the 
pressures exerted by the chuck pressing against it, as 
described elseWhere herein. If the pressures are exerted at 
elevated temperatures, Which might be the case if certain 
bonding agents such as solder are being used, then the 
vertical rigidity of the standoff structure should be main 
tained even at the elevated temperature. In this sense, a 
solder bump Which is liqui?ed during mounting does not 
qualify as part of a standoff structure. 

[0060] As used herein, the terms "top,”“bottom,”“loWer” 
and “upper and the like are used solely for convenience in 
referring to particular levels. The levels they refer to are not 
intended to change if the structure is turned upside doWn or 
tilted. 

[0061] It is further noted that the output light emerging 
from the emitters of laser array 210 diverges rapidly. The 
rate of this divergence is inversely related to the dimension 
of the optical mode Within the Waveguide cavity. For opti 
mally ef?cient operation of the laser diode emitters, the 
multiple layers composing the gain (or diode junction) and 
Waveguiding regions in the semiconductor chip are con 
structed such that the optical mode is tightly con?ned, With 
typical optical mode diameters of 1 pm in the vertical 
dimension (perpendicular to the plane of the diode laser 
junction) and 3 pm in the lateral dimension transverse to the 
optical axis of the diode laser Waveguide. Thus the laser 
diode output diverges faster in the vertical dimension per 
pendicular to the plane of the laser diode junction, compared 
to the divergence rate in the lateral dimension. This small 
vertical dimension and the corresponding rapid divergence 
makes the vertical alignment betWeen tWo such Waveguides 
the most critical, i.e. having the smallest alloWable misalign 
ment tolerance for ef?cient coupling. 
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[0062] To achieve accurate alignment betWeen the emit 
ters of laser array 210 and the corresponding Waveguides of 
IO Waveguide chip 215, standoff structure 222 de?nes a 
reference surface 305, as illustrated by and described earlier 
in connection With FIG. 3. This reference surface 305 is 
used to accurately align the optical axes of the emitters of 
array 210 and the receiving Waveguides of the integrated 
optical Waveguide chip 215 in the critical vertical dimen 
sion. This approach preferably employs a ?ip-chip bonding 
technique, Which involves bonding components of pump 
source 200 With the active surface (also variously referred to 
as the “top”, “upper” or “circuit” surface) of the component 
facing submount 205. According to typical construction 
methods of IO devices (such as laser array 210 or IO 
Waveguide chip 215), several devices of a given type are 
typically fabricated simultaneously by photolithographic 
and planar processing techniques on a single Wafer, Which is 
then separated into identical smaller units referred to as 
chips, components, or devices. As a consequence of the 
method of construction, the active and passive optical and 
electronic circuit structures of the devices, such as 
Waveguides, p-n junctions, and other structures knoWn in the 
art, are typically disposed near one major surface of the IO 
component, herein referred to as the “active” side. 

[0063] Both laser array 210 and IO Waveguide chip 215 
are preferably designed and fabricated such that the cen 
troids of the optical modes of each are located at a very Well 
knoWn distance from the respective active surfaces. For laser 
array 210, this condition may be accomplished by the use of 
controlled epitaxial groWth of substantially planar layers on 
a planar substrate, Which are then processed With litho 
graphic techniques to de?ne the active region. For IO 
Waveguide chip 215, this condition may be achieved by 
using the carefully controlled indiffusion of a species into 
the surface of a planar substrate, e.g., diffusion of protons 
into lithium niobate. Typically, the distance in the vertical 
dimension betWeen the centroid of the optical mode and the 
active surface in laser array 210 Will be different than the 
corresponding distance in IO Waveguide chip 215. To cor 
rect for this difference, a thin ?lm material of an appropriate 
thickness may be deposited on the active surface of one of 
the components (i.e., the component having the smaller 
centroid-to-surface distance) such that the tWo distances are 
rendered substantially equal. The thin ?lm material may 
comprise, for example, SiO2 deposited by sputtering, or by 
ion beam assisted deposition, Which technique enables con 
trol of the ?lm thickness to an accuracy of a feW nanometers. 
The thin ?lm material may alternatively be a metal such as 
gold. Preferably, the thin ?lm material is patterned into 
discrete pads spatially corresponding to some or all of 
contact areas 232. Well-knoWn photolithographic tech 
niques, such as photoresist liftoff or etching With photoresist 
protection, may be used to pattern the pads. Alternatively, 
the pads may be patterned by deposition through a shadoW 
mask. The patterning serves to provide pads With suf?cient 
area to support the associated component (e.g., IO 
Waveguide chip 215), While minimiZing any stress resulting 
from thermal expansion mismatch betWeen the component 
and the thin ?lm material. Other techniques Which may be 
used to compensate for differences in the centroid-to-surface 
distance include interposing, during assembly, preformed 
metal pads of appropriate thickness betWeen the component 
having the shorter-centroid-to-surface distance and the 
underlying portions of standoff structure 222. 
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[0064] Assembly of laser array 210 to submount 205 may 
be performed according to the following process. As 
described above, standoff structure 222 is prepared on a ?rst 
major surface 227 of submount 205. If desired, a suitable 
solder 405 may be deposited into Wells 229 de?ned by ribs 
230 of standoff structure 222, as illustrated in FIG. 4, to 
enable bonding of diode laser array chip 210 to submount 
205. In another embodiment the adhesive is placed in 
recesses laterally outside the standoff structure. Laser array 
210 and submount 205 are neXt placed on respective chucks 
Within a ?ip chip bonder. At least one of the chucks of the 
bonder preferably provides a compliant or deformable layer 
as described in detail beloW. Laser array 210 and the 
submount 205 are brought into initial alignment, Which may 
be preformed, for eXample, by using a combination of 
optical alignment and ?ducial marks for lateral and in-plane 
(yaW) angular alignment, and an autocollimator to set par 
allelism (roll and pitch angular alignment). The ?ip chip 
bonder is then used to bring the top or active surface of laser 
array 210 into contact With the reference surface 305 de?ned 
by standoffs 230. As it is practically impossible to orient the 
laser array 210 and the submount 205 in perfectly parallel 
relation, especially When one considers that the fabrication 
process of the laser array 210 generally results in a Warped 
or boWed chip, one portion of the active surface of laser 
array 210 Will contact the corresponding area of standoff 
structure 222 before remaining portions of the active surface 
are brought into contact With standoff structure 222. 

[0065] FolloWing the establishment of initial contact 
betWeen laser array 210 and standoff structure 222, force is 
applied by the ?ip chip bonder to bring the chucks holding 
submount 205 and laser array chip 210 still closer together, 
thus pressing laser array 210 onto reference surface 305 of 
standoff structure 222. Force is transmitted to laser array 210 
through a compliant or deformable layer disposed betWeen 
the laser array chip 210 and the metal (or ceramic) chuck 
Which holds the chip 210. This compliant layer can be 
compressed and distorted, thereby distributing the applied 
force over the area of the laser array chip 210 and permitting 
it to ?eX and/or rotate such that it becomes substantially 
uniformly contacted to the reference surface 305 across its 
entire area. The distributed applied force is suf?cient to 
rotate the laser array chip 210 to overcome any remaining 
nonparallelism. 

[0066] In essence, laser array 210 is pressed onto standoff 
structure 222, optionally deforming laser array chip 210 or 
submount 205 or both from its or their originally provided 
shape, until the resulting curvature of the laser array chip 
210 substantially matches the resulting curvature of refer 
ence surface 305. Once such uniform contact is achieved the 
?ip chip bonder may be used to heat the tWo components to 
a temperature suf?cient to cause solder 405, Which Was 
previously deposited in Wells 229 betWeen stand-offs 230, to 
ball up and contact laser array 210. On cooling, solder 405 
solidi?es and the force applied by the ?ip chip bonder may 
be released. The solder forms a strong bond betWeen laser 
array 210 and submount 205 Which may be used for both 
mechanical support and, if desired, electrical connection 
betWeen the laser diode drive circuitry and the laser emitters 
themselves, and also for providing a good thermal contact 
for cooling. 

[0067] It Will be noted that the combination of the standoff 
structure 222 and the compliant layer disposed betWeen laser 
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array 210 and the chuck of the ?ip chip bonder enables 
uniform contacting of the laser diode array, to the reference 
surface 305 de?ned by standoff structure 222, across the 
entire Width of laser array 210. Thus, all the emitters of the 
laser diode array 210 are accurately located relative to the 
reference surface 305. This location is achieved indepen 
dently of the presence of curvature or Warping in either the 
submount 205 or the laser array chip 210, both as originally 
provided and as ?nally bonded. 

[0068] It Will also be noted that the position of the emitters 
relative to reference surface 305 is determined only by the 
accuracy of thickness control in the layer deposition and 
formation processes used to construct laser array 210. There 
is no solder or adhesive located betWeen the active surface 
of laser array and the contact portions 232 of standoffs 230; 
rather, the solder or adhesive 405 is located in the Wells 229 
betWeen the standoffs 230, and so variations in the thickness 
or volume of solder 405 deposited on the submount 205 do 
not affect the alignment of the laser diode array 210. 

[0069] In addition, the use of standoff structure 222 com 
prising a set of standoffs 230 arranged across the Width of 
laser array 210, advantageously reduces the actual contact 
area betWeen laser array 210 and submount 205 compared to 
an assembly Wherein the entire planar surface of laser array 
210 is contacted With a corresponding planar surface of the 
submount 205. This reduced contact area decreases the 
probability of a material defect or foreign object (e.g., a dust 
or debris particle) being located betWeen the laser array 210 
and the submount 205 at a point of contact, and therefore 
decreases the probability of a resulting misalignment that 
Will adversely affect the coupling ef?ciency. As shoWn in 
FIG. 2, the aggregate contact area betWeen the standoffs 230 
and each of the optical array components (i.e., laser array 
210 and IO Waveguide chip 215) is substantially less than 
the total area by Which the submount 205 overlaps each such 
optical array component. The overlap area is de?ned herein 
as the intersection area of a perpendicular projection of the 
optical components onto submount 205. The aggregate 
contact area is preferably less than 50 percent, and more 
preferably less than 10 percent, of the corresponding overlap 
area in order to minimiZe misalignment arising from defects 
or the presence of foreign particles. 

[0070] Attachment of IO Waveguide chip 215 to the sub 
mount 205/laser array 210 subassembly (hereinafter “sub 
assembly”) may be performed by a method closely similar 
to the above-described method for attaching laser array 210. 
HoWever, active alignment techniques may be employed for 
positioning of IO Waveguide chip 215, as is set forth beloW. 

[0071] During the attachment procedure, the subassembly 
may be mounted on a ?Xed or movable stage and provided 
With electrical connections to driver circuitry to energiZe the 
laser emitters. IO Waveguide chip 215 is preferably mounted 
With its active or top surface (at or proximal to Which are 
located the Waveguides) facing the standoffs 230 fabricated 
on the major surface 225 of the submount 205, With the 
receiving ends of the Waveguides facing corresponding 
emitters of laser array 210. IO Waveguide chip 215 may be 
mounted in a suitable holder attached to a computer con 
trolled multi-aXis micropositioner capable of submicron 
positioning accuracy and repeatability, such as an autoalign 
system. IO Waveguide chip 215 is initially aligned relative 
to the assembly using optical alignment and ?ducial marks 














































