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APPARATUS AND METHOD FOR INTEGRATED 
PHOTONIC DEVICES HAVING ADD/DROP PORTS 

AND GAIN 

RELATED APPLICATIONS 

0001) This application claims the benefit under 35 U.S.C. 
119(e) of U.S. Provisional Application Serial No. 60/253, 
200 filed Nov. 27, 2000, which is incorporated in its entirety 
by reference. 
0002 This application is also related to: U.S. patent 
application Ser. No. 09/XXXXXX, docket number 
1014.010us1, entitled APPARATUS AND METHOD FOR 
INTEGRATED PHOTONIC DEVICES HAVING HIGH 
PERFORMANCE WAVEGUIDES AND MULTICOMPO 
SITIONAL SUBSTRATES filed on even date herewith, and 
U.S. patent application Ser. No. 09/XXXXXX, docket number 
1014.01Ous2, entitled APPARATUS AND METHOD FOR 
INTEGRATED PHOTONIC DEVICES HAVING GAIN 
AND WAVELENGTH-SELECTIVITY filed on even date 
herewith, and U.S. patent application Ser. No. 09/XXXXXX, 
docket number 1014.01Ous4, entitled APPARATUS AND 
METHOD FOR INTEGRATED PHOTONIC DEVICES 
HAVINGADJUSTABLE GAIN filed on even date herewith, 
and U.S. patent application Ser. No. 09/490748, docket 
number 1014.002us1, entitled RARE-EARTH DOPED 
PHOSPHATE-GLASS LASERS AND ASSOCIATED 
METHODS filed on Jan. 25, 2000 and U.S. patent applica 
tion Ser. No. 09/490733, docket number 1014.004us1, 
entitled METHOD AND APPARATUS FOR CLOSED 
CRUCIBLE PROCESSING OF WAVEGUIDE OPTICS 
filed on Jan. 25, 2000 and U.S. patent application Ser. No. 
09/490730, docket number 1014.006us1, entitled METHOD 
AND APPARATUS FOR WAVEGUIDE OPTICS AND 
DEVICES filed on Jan. 25, 2000, each of which are incor 
porated in their entirety by reference. 

FIELD OF THE INVENTION 

0003. This invention relates to the field of optics and 
lasers, and more specifically to a method and apparatus 
including multi-compositional glass Substrates and related 
devices and optical waveguides on a glass Substrate. 

BACKGROUND OF THE INVENTION 

0004. The telecommunications industry commonly uses 
optical fibers to transmit large amounts of data in a short 
time. One common light Source for optical-fiber communi 
cations Systems is a laser formed usingerbium-doped glass. 
One Such System uses erbium-doped glass fibers to form a 
laser that emits at a wavelength of about 1.536 micrometer 
and is pumped by an infrared Source operating at a wave 
length of about 0.98 micrometer. One method usable for 
forming waveguides in a Substrate is described in U.S. Pat. 
No. 5,080,503 issued Jan. 14, 1992 to Najafi et al., which is 
hereby incorporated by reference. A phosphate glass useful 
in lasers is described in U.S. Pat. No. 5,334,559 issued Aug. 
2, 1994 to Joseph S. Hayden, which is also hereby incor 
porated by reference. An integrated optic laser is described 
in U.S. Pat. No. 5,491,708 issued Feb. 13, 1996 to Malone 
et al., which is also hereby incorporated by reference. 
0005 To increase signal-carrying bandwidth, an optical 
fiber can carry a plurality of different wavelengths (i.e., 
colors), wherein each wavelength is modulated (e.g., using 
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amplitude modulation) with a different signal Stream. Dense 
wavelength division multiplexing (DWDM) is the name for 
one Such Scheme wherein each Signal Stream is modulated 
on a carrier wavelength that is close to, but slightly different 
than, the neighboring wavelengths. For example, the carrier 
wavelengths can be chosen in the infrared at, Say, 1536 nm, 
1536.8 nm, 1537.6 nm, etc., for a wavelength spacing of 0.8 
nm per channel. Many Such wavelengths/channels can be 
combined and transmitted on a single optical fiber. Since 
photons have extraordinarily low or no interaction with one 
another, these channels are transmitted with no crosstalk or 
other interchannel interference. Further, a broadband light 
amplifier can be used to Simultaneously amplify all the 
colorS/channels by equal amounts, also without introducing 
crosstalk. The challenge, thus, is to be able to Separate the 
channels (i.e., to split off each channel-S color without also 
getting interfering light signals from adjacent 
channels colors). 
0006. It is desirable to be able, at, for example, a building 
in downtown Minneapolis, to extract one channel from the 
plurality of optical channels of data carried on a single 
optical fiber, e.g., to extract a first data Stream that is 
modulated on the 1536.8 nm channel from all the other 
channels on Some Single optical fiber, and to insert in its 
place a Second data Stream that is modulated on the 1536.8 
nm channel. The remaining channels being transmitted on 
the optical fiber should be undisturbed. This allows data that 
has a destination in that building to be separated and 
delivered into that building, and for other data in the Second 
data stream to be Sourced from that building and sent 
elsewhere. 

0007. There is a need in the art for an integrated optical 
System, including one or more high-powered laserS along 
with routing and other components, that can be inexpen 
Sively mass-produced. The System should be highly repro 
ducible, accurate, and Stable. There is further a need to 
having improved delivery of pump light to the active 
waveguides. There is further a need for improved add-drop 
devices that permit extraction of a first signal Stream at a first 
wavelength from a plurality of other Signal wavelengths, and 
insertion of a Second Signal Stream modulated onto a laser 
carrier of the first wavelength. 

SUMMARY OF THE INVENTION 

0008. The present invention is embodied by a laser, 
amplifier, other optical or combined component that 
includes a glass Substrate, in Some or all portions possibly 
doped with one or more optically active lanthanide Species, 
and having a plurality of waveguides defined by channels 
within the Substrate. 

0009. One aspect of the present invention provides an 
integrated photonic apparatus that includes a glass Substrate 
having a major Surface, wherein the glass Substrate includes 
a plurality of regions, each region having a different index 
of refraction, including a first region having a first index of 
refraction and a Second region having a Second index of 
refraction lower than the first index of refraction, and a first 
waveguide formed along the major Surface of the Substrate, 
wherein the first waveguide has a higher index of refraction 
than an intrinsic index of refraction of adjacent portions of 
the Substrate, and wherein the first waveguide passes 
through the first region and through the Second region of the 
glass Substrate. 
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0010. In some embodiments, the first region includes a 
dopant including an optically active species, wherein the 
first region acts to Substantially confine a pump light. In 
Some embodiments, the higher index of refraction of the first 
region allows pump light to enter the first region but not 
escape to the Second region. 

0.011) Another aspect of the present invention provides an 
integrated photonic apparatus that includes a glass Substrate 
having a major Surface, wherein the glass Substrate includes 
a plurality of regions, each region having a different indeX 
of refraction, including a first region having a first index of 
refraction and a Second region having a Second index of 
refraction lower than the first index of refraction, the first 
region forming a first waveguide for constraining a pump 
light, and a Second waveguide formed along the major 
Surface of the Substrate, wherein the Second waveguide has 
a higher index of refraction than an intrinsic index of 
refraction of adjacent portions of the Substrate, and wherein 
the Second waveguide passes through the first region and 
through the Second region of the glass Substrate, and wherein 
the pump light enters the Second waveguide along its Side in 
the first waveguide. 

0012 Another aspect of the present invention provides 
apparatus and methods for Stabilizing and/or flattening gain 
curves. For example, a tuned grating to Stabilize the input 
pump laser light, to flatten output gain curve, or both. 

0013. One embodiment includes an integrated photonic 
apparatus that has a glass Substrate having a major Surface, 
an input signal waveguide formed along the major Surface of 
the Substrate, wherein the input signal waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate, an input pump waveguide 
formed along the major Surface of the Substrate, wherein the 
pump waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate, an 
output pump waveguide, optically coupled to the input 
Signal waveguide and to the pump waveguide, and formed 
along the major Surface of the Substrate, wherein the pump 
waveguide has a higher index of refraction than an index of 
refraction of adjacent portions of the Substrate, and a first 
pump-stabilizing grating formed on the pump waveguide, 
wherein the first grating is transparent a first wavelength and 
is dispersive to a plurality of other wavelengths, Such that 
the first wavelength is passed to the output waveguide and 
the plurality of other wavelengths are attenuated. 

0.014. Yet another aspect of the present invention pro 
vides an integrated photonic apparatus including a glass 
Substrate having a major Surface, the Substrate including at 
least a portion having one or more active optical Species, an 
input signal waveguide formed along the major Surface of 
the Substrate, wherein the input signal A waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate, an input pump waveguide 
formed along the major Surface of the Substrate, wherein the 
pump waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate, an 
output pump waveguide, optically coupled to the input 
Signal waveguide and to the pump waveguide, and formed 
along the major Surface of the Substrate, wherein the pump 
waveguide has a higher index of refraction than an index of 
refraction of adjacent portions of the Substrate, and a first 
output-flattening grating formed on the output waveguide, 
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wherein the first output-flattening grating has a wavelength 
transfer function that is complementary to again curve of the 
active species of the Substrate in order to flatten again curve 
of the apparatus. 

0015 The present invention also provides apparatus and 
methods for adding and/or dropping one or more optical 
wavelengths from a light signal having a plurality of wave 
lengths. For example, Selectable gratings to get a tunable/ 
Selectable drop (peel-off) wavelength, an add waveguide 
that is run in an undoped region running parallel to the active 
drop Section, and/or an add/drop peel-off Section Surrounded 
with a confined active region. Some embodiments Selec 
tively pump waveguides in a lossy gain region to activate 
add/drop attenuation/amplification functions, Such that spe 
cific waveguides are activated. In Some Such embodiments, 
this is combined with an undoped region fused to active 
region, wherein pump light is launched into undoped 
waveguides that route activation light to Selected doped 
waveguides. 

0016 Some embodiments include an integrated photonic 
apparatus that has a glass Substrate having a major Surface, 
an input Signal waveguide formed along the major Surface of 
the Substrate, wherein the input waveguide has a higher 
index of refraction than an index of refraction of adjacent 
portions of the Substrate, an output signal waveguide, opti 
cally coupled to the input waveguide, and formed along the 
major Surface of the Substrate, wherein the output waveguide 
has a higher index of refraction than an index of refraction 
of adjacent portions of the Substrate, a drop signal 
waveguide, optically coupled to the input waveguide, and 
formed along the major Surface of the Substrate, wherein the 
drop waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate, and 
a first grating formed on the output waveguide, wherein the 
first grating reflects a first wavelength and is transparent to 
a plurality of other wavelengths, Such that the first wave 
length is passed to the drop waveguide and the plurality of 
other wavelengths is passed through to an exit interface of 
the output waveguide. 

0017 Some such embodiments further include a second 
grating formed on the output waveguide, wherein the first 
and Second gratings are electrically activatable, and wherein 
the first grating when activated reflects a first wavelength 
and is transparent to a plurality of other wavelengths includ 
ing a Second wavelength, wherein the Second grating when 
activated reflects the Second wavelength and is transparent 
to a plurality of other wavelengths including the first wave 
length, Such that when the first grating is activated and the 
Second grating is deactivated the first wavelength is passed 
to the drop waveguide and the Second wavelength is passed 
through to the exit interface of the output waveguide, and 
when the Second grating is activated and the first grating is 
deactivated the Second wavelength is passed to the drop 
waveguide and the first wavelength is passed through to the 
exit interface of the output waveguide. 

0018. Some embodiments further include an add signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an index 
of refraction of adjacent portions of the Substrate, and 
wherein the first grating reflects a first wavelength and is 
transparent to a plurality of other wavelengths, wherein a 
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third wavelength is launched into the add waveguide, Such 
that the first wavelength is passed to the drop waveguide and 
the plurality of other wavelengths and the third wavelength 
are passed through to an exit interface of the output 
waveguide. 

0019. Some embodiments further include an add signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an indeX 
of refraction of adjacent portions of the Substrate, and 
wherein the first grating reflects a first wavelength and is 
transparent to a plurality of other wavelengths, wherein a 
third wavelength is launched into the add waveguide, Such 
that the first wavelength is passed to the drop waveguide and 
the plurality of other wavelengths and the third wavelength 
are passed through to an exit interface of the output 
waveguide. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 FIG. 1 shows a top isometric view of a waveguide 
device 100 having a Signal waveguide passing left to right, 
and a doped region forming a pump waveguide passing 
bottom to top. 
0021 FIG. 2 shows a top isometric view of a waveguide 
device 200 having a plurality of Signal waveguides passing 
left to right, and an undoped region no forming a pump 
(lossy) waveguide of lower index of refraction passing 
bottom to top and a single doped active region to the right. 
0022 FIG. 3 shows a top isometric view of a waveguide 
device 300 having a plurality of Signal waveguides passing 
left to right, and an undoped region no forming a pump 
(lossy) waveguide of lower index of refraction passing 
bottom to top and two doped active regions, one to the left 
and one to the right. 
0023 FIG. 4 shows a top isometric view of a waveguide 
device 400 having a signal waveguide passing left to right 
longitudinally within a doped region and centered, and an 
undoped region no forming a pump (lossy) waveguide of 
lower index of refraction passing along both sides of the 
active region, one above and one below. 
0024 FIG. 5 shows a top isometric view of a waveguide 
device 500 having a signal waveguide passing left to right 
longitudinally within a doped region and off to the upper 
Side to be a shorted distance from the pumped light, and an 
undoped region no forming a pump (lossy) waveguide of 
lower index of refraction passing along both sides of the 
active region, one above and one below. 
0.025 FIG. 6 shows a top isometric view of a waveguide 
device 600 having a signal waveguide passing left to right 
longitudinally within a doped region and centered, and an 
undoped region no along both sides of the active region, one 
above and one below, with pump light entering the end of the 
doped region. 

0.026 FIG. 7 shows a top isometric view of a waveguide 
device 700 having a signal waveguide passing left to right 
longitudinally within a doped region and off to the upper 
Side to be a shorted distance from the pumped light, and an 
undoped region no along both sides of the active region, one 
above and one below, with pump light entering the end of the 
doped region also. 
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0027 FIG. 8 shows a top isometric view of a waveguide 
device 800 having a plurality of Signal waveguides passing 
left to right through a diagonally oriented doped region in 
order that the length of the waveguide within the doped 
region is longer, and further optionally including a Serpen 
tine waveguide path to make the doped length even longer. 

0028 FIG. 9 shows a top isometric view of a waveguide 
device 900 having a plurality of Signal waveguides passing 
left to right through a diagonally oriented doped region in 
order that the length of the waveguide within the doped 
region is longer, and further optionally including a Serpen 
tine waveguide path to make the doped length even longer 
and the diagonal doped region forming a pump waveguide 
passing bottom to top. 

0029 FIG. 10 shows a top isometric view of a waveguide 
device 1000 having a Signal waveguide passing left to right 
longitudinally within a doped region and centered, and an 
undoped region no forming a pump (lossy) waveguide of 
lower index of refraction passing along both sides of the 
active region, one above and one below further optionally 
including a Serpentine waveguide path to make the doped 
length even longer. 

0030 FIG. 11 shows a side view of a waveguide device 
1100 having a Signal waveguide passing left to right longi 
tudinally within a doped region, and capped with an 
undoped pump waveguide. 

0031 FIG. 12 shows an end view of the waveguide 
device 1100 having a signal waveguide passing left to right 
longitudinally within a doped region, and capped with an 
undoped pump waveguide. 

0032 FIG. 13 shows a top view of one embodiment of 
the waveguide device 1100 having a signal waveguide 
passing left to right longitudinally within a doped region, 
and capped with a tapered undoped pump waveguide. 

0033 FIG. 14 shows a top isometric view of a waveguide 
device 1400 having a Signal waveguide passing left to right 
longitudinally within a doped region and pump waveguide 
branching in from the Side, wherein the pump waveguide 
includes a Bragg grating to Stabilize the wavelength mode of 
the pump laser. 

0034 FIG. 15 shows a top isometric view of a waveguide 
device 1500 having a Signal waveguide passing left to right 
longitudinally within a doped region and pump waveguide 
with evanescent coupling in from the Side, wherein the pump 
waveguide includes a Bragg grating to Stabilize the wave 
length mode of the pump laser. 

0035 FIG.16 shows a top isometric view of a waveguide 
device 1600 having a Signal waveguide passing left to right 
longitudinally within a doped region and pump waveguide 
branching in from the Side, wherein the Signal waveguide 
includes a Bragg grating to flatten the gain-Versus-frequency 
curve of the Signal amplifier. 

0036 FIG. 17 shows a top isometric view of a waveguide 
device 1700 having a Signal waveguide passing left to right 
longitudinally within a doped region and pump waveguide 
branching in from the Side, wherein the Signal waveguide 
includes a Bragg grating to flatten the gain-Versus-frequency 
curve of the Signal amplifier, combined with a pump 
waveguide branching in from the Side, wherein the pump 
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waveguide includes a Bragg grating to Stabilize the wave 
length mode of the pump laser. 

0037 FIG. 18 shows a top isometric view of a drop/add 
waveguide device 1800 having a signal waveguide passing 
left to right longitudinally within a doped region having a 
plurality of Selectable wavelength-sensitive Bragg reflector 
devices, one of which is activated to reflect, and the others 
which are deactivated (and are thus transparent), Such that a 
Signal input having Several different wavelengths multi 
plexed into the Single Signal waveguide can have a single 
wavelength reflected to come back to a receiver waveguide, 
but the rest of the wavelengths continue on to the right (one 
Signal wavelength being dropped from the plurality of Signal 
wavelengths). Optionally, a transmitter input waveguide can 
accept a replacement signal wavelength to be added back in. 
In Some embodiments, the transmitter waveguide passes 
mostly through undoped glass. 

0038 FIG. 19 shows a side view of the waveguide device 
1800 of FIG. 18 having a signal waveguide passing left to 
right longitudinally within a doped region having a plurality 
of Selectable wavelength-sensitive Bragg reflector devices, 
one of which is activated to reflect, and the others which are 
deactivated (and are thus transparent). 

0039 FIG. 20 shows a top view of one embodiment of a 
device 2000 similar to the waveguide device 1800 of FIG. 
19 having a signal waveguide passing left to right longitu 
dinally within a doped region having a plurality of Selectable 
wavelength-sensitive Bragg reflector devices, one of which 
is activated to reflect, and the others which are deactivated 
(and are thus transparent). 
0040 FIG.21 shows a top view of a drop/add waveguide 
device 2100 having a Signal waveguide passing left to right 
longitudinally within a doped region having Sufficient dop 
ing and length that all signal is attenuated unless pump 
Signal is added at one or both right-hand ports. Optionally, 
an input port for transmit Signal to be added is provided in 
a doped region (since the entire Substrate is doped in this 
embodiment) at the upper left. 
0041 FIG.22 shows a top view of the waveguide device 
2100 of FIG. 21 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected only into the upper right-hand port Such that 
the upper waveguide to the right passes the amplified Signal, 
yet the lower waveguide to the right attenuates the Signal 
Sufficiently to Say that the Signal is not passed to that 
waveguide. 

0.042 FIG. 23 shows a top view of the waveguide device 
2100 of FIG. 21 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected both into the upper right-hand port and the 
lower right-hand port Such that both the lower and the upper 
waveguides to the right pass the amplified Signal. 

0.043 FIG. 24 shows a top view of an external evanes 
cent waveguide coupler 2400 that can be used with or 
integrated onto the waveguide device of FIG. 21. This 
coupler has a pump input for 980 mn light and a signal 
output for 1550 nm light. 

0044 FIG. 25 shows a top view of an external branched 
waveguide coupler 2500 that can be used with or integrated 
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onto the waveguide device 2100 of FIG. 21. This coupler 
has a pump input for 980 nm light and a Signal output for 
1550 nm light. 
004.5 FIG. 26 shows a top view of a drop/add waveguide 
device 2600 having a Signal waveguide passing left to right 
longitudinally within a doped region having Sufficient dop 
ing and length that all signal is attenuated unless pump 
Signal is added at one or both right-hand ports. Optionally, 
a transmitter input waveguide can accept a replacement 
input Signal wavelength to be added back in. In Some 
embodiments, the transmitter waveguide passes mostly 
through undoped glass that us fused along the upper edge of 
the doped region. 

0046 FIG.27 shows a top view of a drop/add waveguide 
device 2700 having a Signal waveguide passing left to right 
longitudinally within a doped region having Sufficient dop 
ing and length that all signal is attenuated unless pump 
Signal is added at one or both right-hand ports. An undoped 
region is fused to the right hand Side of the doped region. 
Optionally, an input port for transmit Signal to be added is 
provided in a doped region (since the entire left Side of the 
Substrate is doped in this embodiment) at the upper left, 
along with pump light Sufficient to provide amplification to 
compensate for attenuation in that waveguide. 

0047 FIG.28 shows a top view of the waveguide device 
2700 of FIG. 27 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected both into the upper right-hand pump port and 
the lower right-hand pump port Such that both the lower and 
the upper waveguides to the right pass the amplified signal. 

0048 FIG. 29 shows a top view of the waveguide device 
2700 of FIG. 27 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected only into the lower right-hand pump port 
Such that the lower waveguide to the right passes the 
amplified Signal, yet the middle waveguide to the right 
attenuates the Signal Sufficiently to say that the Signal is not 
passed to that waveguide. 

0049 FIG. 30 shows a top view of an active waveguide 
device 3000 having a signal waveguide 3030 passing left to 
right longitudinally within a heavily doped substrate 3001. 

0050 FIG. 31 shows a top view of an active waveguide 
device 3100 with all ports on a single face of substrate 3101. 
0051 FIG. 32 shows a top view of an active waveguide 
device 3200 having a signal waveguide 3230 passing left to 
right longitudinally, reflecting Some light to waveguide 
3220, and the reflected light selected by wavelength-sensi 
tive electrically controlled electro-optic grating reflectors 
3022-A, 3022-B, 3022-C, and 3022-D is passed back to RX 
output port 3218. 

0.052 FIG.33 shows a top perspective view (not to scale) 
of a waveguide device 3300. 

0053 FIG.34 shows a top perspective view (not to scale) 
of a waveguide device 3400. 

0054 FIG.35 shows a top perspective view (not to scale) 
of a waveguide device 3500. 

0055 FIG.36 shows a top perspective view (not to scale) 
of a waveguide device 3600. 
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0056 FIG. 37 shows a top view (not to scale) of a 
waveguide device wavelength-sensitive electrically con 
trolled electro-optic grating reflector 3022. 
0057 FIG. 38 shows a side view (not to scale) of a 
waveguide device wavelength-sensitive electrically con 
trolled electro-optic grating reflector 3022. 

0.058 FIG. 39 shows a front view (not to scale) of a 
waveguide device wavelength-sensitive electrically con 
trolled electro-optic grating reflector 3022. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

0059. In the following detailed description of the pre 
ferred embodiments, reference is made to the accompanying 
drawings that form a part hereof, and in which are shown by 
way of illustration specific embodiments in which the inven 
tion may be practiced. It is understood that other embodi 
ments may be utilized and Structural changes may be made 
without departing from the Scope of the present invention. 
0060. The present invention provides a process for form 
ing waveguides onto (or into) the Surface of a glass Sub 
Strate. In one embodiment, photolithographic techniques 
define waveguides by changing the index of refraction of 
waveguide channels formed into the Surface of the Substrate. 
In one Such embodiment, a glass wafer, for example 
approximately 10 cm by 10 cm by 1 mm, is cut from a slab 
of IOG-1 laser glass available from Schott Glass Technolo 
gies, Inc., of Durvea, Pa. USA. The Surfaces of interest, 
including a “top” major Surface (where “top” refers to an 
orientation in the Figures of this discussion, and not neces 
Sarily to an orientation used in the proceSS or operation of the 
devices) are polished to optical Smoothness. 
0061. In Some embodiments, a phosphate glass compo 
sition called IOG1 glass available from Schott Glass Tech 
nologies, Inc. is used, and molten potassium Salt ion-ex 
change is used to form the waveguides. In Some Such 
embodiments, these waveguides are formed as described in 
the above mentioned U.S. patent application Ser. No. 
09/490730. In other embodiments, a silver salt ion-exchange 
is used instead to form the waveguides, in order to make 
Smaller-diameter waveguides. In Some embodiments, for 
example, the doped glass is IOGI glass that has an Erbium 
concentration of about 1.5 times 10' ions/cc and a Ytter 
bium concentration of about 6 to 8 times 10” ions/cc, and 
the undoped glass is IOG1 glass that has little or no Erbium 
or Ytterbium. In various other embodiments, the dopant 
combinations are Erbium about 1 times 10' ions/cc and 
Ytterbium about 4 times 10' ions/cc, Erbium about 1.5 
times 10' ions/cc and Ytterbium about 4 times 10°ions/cc, 
Erbium about 1 times 10' ions/cc and Ytterbium about 6 
times 10°ions/cc, Erbium about 1.25 times 10°ions/cc and 
Ytterbium about 6 times 10' ions/cc, or Erbium about 1.5 
times 10” ions/cc and Ytterbium about 6 times 10” ions/cc. 
In Some embodiments, shorter devices include doping with 
a higher a Ytterbium concentration, in order to have the 
pump light absorbed within the device rather than exiting the 
device as waste light. 
0062) The present invention is embodied by a laser 
component that includes a glass Substrate doped with one or 
more optically active lanthanide species, or a laser Species 
that is not a lanthanide, and having a plurality of waveguides 
defined by channels within the substrate. 
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0063 AS used herein, a “channel within the substrate” is 
meant to broadly include any channel that guides light and 
is formed on or in the substrate, whether or not covered by 
another Structure or layer of Substrate. AS used herein, when 
an embodiment reciting optically active lanthanide species is 
described, other embodiments may use a laser Species that is 
not a lanthanide. 

0064. Each substrate waveguide (or “channel”) is defined 
within the SubStrate as a region of increased index of 
refraction relative to the Substrate. The glass Substrate is 
doped with one or more optically active lanthanide Species 
which can be optically pumped (typically a rare-earth ele 
ment Such as Er, Yb, Nd, or Pr or a combination of Such 
elements such as Er and Yb) to form a laser medium which 
is capable of lasing at a plurality of frequencies. Mirrors or 
distributed Bragg reflection gratings may be located along 
the length of a waveguide for providing feedback to create 
a laser-resonator cavity. One or more of the mirrors or 
reflection gratings is made partially reflective for providing 
laser output. 
0065. The laser component may constitute a monolithic 
array of individual waveguides in which the waveguides of 
the array form laser resonator cavities with differing reso 
nance characteristics (e.g., each cavity resonating at one of 
a plurality of differing wavelengths). The component may 
thus be used as part of a laser System outputting laser light 
at a plurality of Selected wavelengths. In certain embodi 
ments of the invention, the resonance characteristics of a 
waveguide cavity are varied by adjusting the width of the 
channel formed in the substrate which thereby changes the 
effective refractive index of the waveguide, thus changing 
the effective optical spacing of the grating. The effective 
refractive indeX can also be changed by modifying the 
diffusion conditions under which the waveguides are formed 
as described below. Changing the effective refractive index 
thus changes the effective DBR spacings length of the 
waveguide cavity which in Some embodiments determines 
the wavelengths of the longitudinal modes Supported by the 
cavity. In another embodiment, the resonance characteristics 
of the waveguide cavities are individually Selected by vary 
ing the pitch of the reflection gratings used to define the 
cavities which, along with the effective refractive index of 
the waveguide under the DBR for the propagated optical 
mode, determines the wavelengths of light reflected by the 
gratings. In Still other embodiments, the location of the 
reflectors on the waveguide is varied in order to Select a 
laser-resonator cavity length that Supports the desired wave 
length of light. 

0066 One embodiment of the invention is illustrated by 
FIG. 1, which shows a top isometric view of a waveguide 
device 100 having a signal waveguide 140 passing left to 
right, and a doped region 120 forming a pump waveguide 
passing bottom to top, between undoped region 110 and 
undoped region 130. Doped region 120 has an index of 
refraction n1 that is higher than the index of refraction no 
of undoped region 110 and undoped region 130. Signal 
waveguide 140 has an index of refraction nw1 that is higher 
than index of refraction n1 when it is in region 120, and has 
an index of refraction nw0 that is higher than index of 
refraction no when it is in region 110 and region 130. In 
Some embodiments, the Signal waveguide 140 has a uniform 
index of refraction (nw1=nw0) to minimize reflections of the 
signal 97 entering waveguide 140 at the left, passing left to 
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right and amplified signal 98 exiting the right. In Some 
embodiments, undoped region 110 and undoped region 130 
have indices of refraction n0 and no respectively that are 
different from one another, but both are lower than the index 
of refraction n1 of region 120. Because index of refraction 
n1 is higher than the Surrounding regions, pump light 
entering region 120 will tend to stay in that region instead of 
leaking to undoped region 110 and undoped region 130. By 
having Such a large cross-sectional area (i.e., all of region 
120), the pump light 99 is easily launched into that region, 
and that entire region forms a “waveguide” that confines the 
pump light and allows more of the pump light a chance to 
enter the active portion 142 of the signal waveguide 140. 
The widths of the undoped regions 110 and 130 can be 
adjusted to accommodate other desired features of the 
device 100, some examples of which are described below. 
0067. One embodiment of the invention is illustrated by 
FIG. 2, which shows a top isometric view of a waveguide 
device 200 having a plurality of signal waveguides 240 
passing left to right, and an undoped region 210 having an 
index of refraction n0, and forming a pump light (lossy) 
launch region of lower index of refraction passing bottom to 
top and a single doped active region 220 having an index of 
refraction n1 to the right of the Figure, where n1 is larger 
than n0. This allows pump light 99 to be launched into 
undoped region 210 and leak into the doped region 220, 
where it then enters the active portions 242 of each of the 
waveguides 240. Signal waveguides 240 have an index of 
refraction nw1 that is higher than index of refraction n1 
when they are in region 220, and have an index of refraction 
nw0 that is higher than index of refraction n0 when they are 
in region 210. In Some embodiments, the Signal waveguides 
240 have a uniform index of refraction (nw1=nw0) to 
minimize reflections of the Signal passing left to right. 
0068 One embodiment of the invention is illustrated by 
FIG. 3, which shows a top isometric view of a waveguide 
device 300 having a plurality of signal waveguides 340 
passing left to right, and an undoped region 310 located 
centrally and having index of refraction n0 forming a pump 
(lossy) waveguide of lower index of refraction passing 
bottom to top and two doped active regions 321 and 323, one 
to the left and one to the right, and each having a higher 
index of refraction (e.g., both n1, or each having a different 
index, n1 and n1 respectively, not equal to one another). 
This allows pump light 99 to be launched into undoped 
region 310 and leak into the doped regions 321 and 323, 
where it then enters the active portions 341 and 343 of each 
of the waveguides 240. Signal waveguides 340 have an 
index of refraction nw1 that is higher than index of refrac 
tion n1 when they are in region 321 and 323, and have an 
index of refraction nw0 that is higher than index of refrac 
tion n0 when they are in region 310. In some embodiments, 
the signal waveguides 340 have a uniform index of refrac 
tion (nw1=nw0) across their lengths to minimize reflections 
of the Signal passing left to right. 

0069. One embodiment of the invention is illustrated by 
FIG. 4, which shows a top isometric view of a waveguide 
device 400 having a signal waveguide 440 passing left to 
right longitudinally within a doped region 420 and centered, 
and an undoped region(s) 410 and/or 430, each having an 
index of refraction n0 forming a pump (lossy) waveguide of 
lower index of refraction passing along both sides of the 
active region 420, one above and/or one below. Because the 
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pump light of this embodiment is launched into an undoped 
region, there is little absorption of the pump light in regions 
410 and 430, and the pump light is evenly distributed along 
the entire length of doped region 420. Because region 420 
has a higher index of refraction, pump light enterS doped 
region 420 but does not exit. Because waveguide 440 has an 
even higher index of refraction, pump light then enters 
waveguide 440 but does not exit. This provides highly 
efficient pump light launching from the exterior into region 
410 and 430, and then into region 420 and then into 
waveguide 440. In some embodiments, the pump light 99 is 
launched directly into the same end face 401 into which the 
Signal 441 is launched. In other embodiments, the pump 
light 99 is launched directly into an end face 402 opposite 
the face 401 into which the signal 441 is launched. In some 
embodiments, a reflective surface 470 is placed the face 402 
opposite the face 401 into which pump light 99 is launched, 
in order to maximize pump light containment in the device 
400. 

0070. One embodiment of the invention is illustrated by 
FIG. 5, which shows a top isometric view of a waveguide 
device 500 having a signal waveguide 540 passing left to 
right longitudinally within a doped region and offset to the 
upper side to be a shorter distance 549 from the pumped 
light in region 410, and an undoped region 410 having index 
of refraction n0 forming a pump (lossy) waveguide of lower 
index of refraction. This embodiment is otherwise the same 
as that of FIG. 4 above. In other embodiments, the pump 
light 99" is launched into the undoped region 430 from face 
402 opposite to face 401 into which the signal 97 is 
launched. In still other embodiments, the pump light 99" is 
launched into the doped region 420 from face 402 opposite 
to face 401 into which the signal 97 is launched. 

0071. One embodiment of the invention is illustrated by 
FIG. 6, which shows a top isometric view of a waveguide 
device 600 having a signal waveguide 440 passing left to 
right longitudinally within a doped region 420 and centered 
top-to-bottom therein, and an undoped region 410 and 430 
having index of refraction n0 along both Sides of the active 
region, one above and one below, with pump light 99 
entering the end of the doped region 420 at face 401. In some 
embodiments, a reflective surface 471 is placed the face 402 
opposite the face 401 into which pump light 99 is launched, 
in order to maximize pump light containment in the doped 
region 420. This device 600 is otherwise the same as for 
FIG. 4 described above. 

0072 One embodiment of the invention is illustrated by 
FIG. 7, which shows a top isometric view of a waveguide 
device 700 having a signal waveguide passing left to right 
longitudinally within a doped region and offset towards one 
edge of the doped region (the upper Side, in the figure) to be 
a shorter distance from the pumped light, which is launched 
transversely from the top edge of the undoped glass region 
410. Device 700 is otherwise identical to device 500 of FIG. 
5. 

0073. One embodiment of the invention is illustrated by 
FIG. 8, which shows a top isometric view of a waveguide 
device 800 having a plurality of signal waveguides 840 
passing left to right through a diagonally oriented doped 
region 820 in order that the length of the waveguide within 
the doped region 820 is longer than if region 820 was 
orthogonally oriented as in FIG. 3, but device 800 is 
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otherwise similar to device 300 of FIG. 3. Some embodi 
ments further include a Serpentine waveguide path 842 to 
make the doped waveguide length even longer. In other 
embodiments, the waveguides 840 are straight end-to-end 
through device 800 to reduce signal light leakage due to the 
curves 842. In some embodiments, the pump light 800 is 
launched onto region 810 at face 811 to allow the largest 
Surface area for launch, and face 812 is made reflective at the 
wavelength of the pump light. In Some embodiments, pump 
light is also launched onto region 830 at face 832 to allow 
the largest Surface area for launch, and face 831 is made 
reflective at the wavelength of the pump light. 
0.074. One embodiment of the invention is illustrated by 
FIG. 9, which shows a top isometric view of a waveguide 
device 900 having a plurality of Signal waveguides passing 
left to right through a diagonally oriented doped region in 
order that the length of the waveguide within the doped 
region is longer, and further optionally including a Serpen 
tine waveguide path to make the doped length even longer 
and the diagonal doped region forming a pump waveguide 
passing bottom to top. Device 900 is similar to device 800 
of FIG. 8. In some embodiments, region 920 is made very 
narrow to reduce cost of dopes material and/or to maximize 
the confinement and/or intensity of the pump light in the 
doped region. In Some embodiments, the tilt of the doped 
region 930 is increased in order to lengthen the waveguide 
length in the doped region 930. 

0075 One embodiment of the invention is illustrated by 
FIG. 10, which shows a top isometric view of a waveguide 
device 1000 having a signal waveguide 1040 passing left to 
right longitudinally within a doped region 1020 and centered 
therein. In some embodiments, an undoped region 1010 and 
1030 having index of refraction n0 forms a lossy transparent 
pump waveguide of lower index of refraction passing along 
both sides of the active region 1020, one above and one 
below. In Some embodiments, face 1002 is made reflective 
at the pump light wavelength on regions 1010 and 1030 to 
maximize light containment and reflections. In Some 
embodiments, device 1000 includes a serpentine pump 
region 1020 to allow a closer proximity of pump light to path 
1040. 

0.076 One embodiment of the invention is illustrated by 
FIG. 11, which shows a side view of a waveguide device 
1100 having a signal waveguide 1140 passing left to right 
longitudinally within a doped region 1120, and capped with 
an undoped overcladding 1110. In Some embodiments, a 
pump waveguide 1111 having a higher index of refraction 
than that of cladding region 1110 is formed within cladding 
1110. In some embodiments, pump light 99 and signal light 
97 are launched into their respective waveguides at face 
1101, and signal 98 exits through the opposite face 1102. In 
Some embodiments, the overcladding 1110 is added to the 
various embodiments of FIGS. 1-10 to improve and/or 
increase the pump-light interface. 
0077 One embodiment of the invention is illustrated by 
FIG. 12, which shows an end view of the waveguide device 
1100 of FIG. 11. In some embodiments, the width of the 
overcladding is made very narrow (and/or tapered as in FIG. 
13), in order to concentrate the pump light over the active 
waveguide 1140. 

0078. One embodiment of the invention is illustrated by 
FIG. 13, which shows a top view of one embodiment of the 
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waveguide device 1100 having a signal waveguide passing 
left to right longitudinally within a doped region, and capped 
with a tapered undoped pump waveguide. 
0079 Another aspect of the invention is illustrated by 
FIG. 14, which shows a top isometric view of a waveguide 
device 1400 having a signal waveguide 1440 passing left to 
right longitudinally within a doped region 1420 and pump 
waveguide 1450 branching in from the side and joining 
waveguide 1440, wherein the pump waveguide includes a 
Bragg grating 1460 to stabilize the wavelength mode of the 
pump laser. In Some embodiments, grating 1460 filters the 
pump light to let only a narrow bandwidth through. In other 
embodiments, grating 1460 forms a narrow bandwidth 
reflector that provides narrow bandwidth feedback to the 
pump laser (not shown), which in turn oscillates at a 
narrower bandwidth. In Some embodiments, the Stabilizing 
pump grating 1460 is combined with the embodiments 
shown in FIGS. 1-13. 

0080. One embodiment of the invention is illustrated by 
FIG. 15, which shows a top isometric view of a waveguide 
device 1500 having a Signal waveguide passing left to right 
longitudinally within a doped region and pump waveguide 
with evanescent coupling in from the Side, wherein the pump 
waveguide includes a Bragg grating to Stabilize the wave 
length mode of the pump laser. This embodiment is identical 
to FIG. 14, except that pump waveguide 1550 is evanes 
cently coupled to Signal waveguide 1540 after passing 
through (or under or over) grating 1560. 
0081. One embodiment of the invention is illustrated by 
FIG. 16, which shows a top isometric view of a waveguide 
device 1600 having a signal waveguide 1640 passing left to 
right longitudinally within a doped region 1620 and pump 
waveguide 1650 branching in from the side, wherein the 
Signal waveguide includes a Bragg grating 1670 to flatten 
the gain-Versus-frequency curve of the Signal amplifier. In 
various embodiments, a gain-flattening grating 1670 is 
added to the embodiments described herein for the same 
purpose. 

0082 One embodiment of the invention is illustrated by 
FIG. 17, which shows a top isometric view of a waveguide 
device 1700 combining the embodiments of FIG. 15 and 
FIG. 16, having a signal waveguide 1740 passing left to 
right longitudinally within a doped region 1720 and pump 
waveguide 1750 evanescently coupling in from the side, 
wherein the Signal waveguide 1740 includes a Bragg grating 
1770 to flatten the gain-versus-frequency curve of the signal 
amplifier, combined with a pump waveguide 1750 evanes 
cently coupling in from the Side, wherein the pump 
waveguide 1750 includes a Bragg grating 1760 to stabilize 
the wavelength mode of the pump laser. 
0083) One embodiment of the invention is illustrated by 
FIG. 18, which shows a top isometric view of a drop/add 
waveguide device 1800 having a signal waveguide 1840 
passing left to right longitudinally within a doped region 
1820 having a plurality of selectable wavelength-sensitive 
Bragg reflector devices 1880, one of which (e.g., electrically 
Selectable) is activated to reflect, and the others which (each 
having a different peak wavelength if reflective) are deac 
tivated (and are thus transparent), Such that a signal input 97 
having Several different wavelengths multiplexed into the 
Single Signal waveguide 1840 can have a Single wavelength 
95 reflected to come back to a receiver waveguide 1845, but 
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the rest of the wavelengths continue on to the right (one 
Signal wavelength being dropped from the plurality of Signal 
wavelengths). Optionally, a transmitter input waveguide 
1846 can accept a replacement signal wavelength to 96 be 
added back in. In Some embodiments, the transmitter 
waveguide 1846 passes mostly through undoped glass 1810. 

0084. One embodiment of the invention is illustrated by 
FIG. 19, which shows a side view of the waveguide device 
1800 of FIG. 18 having a signal waveguide passing left to 
right longitudinally within a doped region having a plurality 
of Selectable wavelength-sensitive Bragg reflector devices, 
one of which is activated to reflect, and the others which are 
deactivated (and are thus transparent). 
0085. One embodiment of the invention is illustrated by 
FIG. 20, which shows a top view of one embodiment of a 
device 2000 similar to the waveguide device 1800 of FIG. 
19 having a signal waveguide passing left to right longitu 
dinally within a doped region having a plurality of Selectable 
wavelength-sensitive Bragg reflector devices, one of which 
is activated to reflect, and the others which are deactivated 
(and are thus transparent). 
0.086 One embodiment of the invention is illustrated by 
FIG. 21, which shows a top view of a drop/add waveguide 
device 2100 having a Signal waveguide passing left to right 
longitudinally within a doped region having Sufficient dop 
ing and length that all Signal is Substantially attenuated 
unless pump signal is added at one or both right-hand ports. 
Optionally, an input port for transmit Signal to be added is 
provided in a doped region (since the entire Substrate is 
doped in this embodiment) at the upper left. 
0087. One embodiment of the invention is illustrated by 
FIG. 22, which shows a top view of the waveguide device 
2100 of FIG. 21 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected only into the upper right-hand port Such that 
the upper waveguide to the right passes the amplified Signal, 
yet the lower waveguide to the right attenuates the Signal 
Sufficiently to Say that the Signal is not passed to that 
waveguide. 

0088 One embodiment of the invention is illustrated by 
FIG. 23, which shows a top view of the waveguide device 
2100 of FIG. 21 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected both into the upper right-hand port and the 
lower right-hand port Such that both the lower and the upper 
waveguides to the right pass the amplified Signal. 

0089. One embodiment of the invention is illustrated by 
FIG. 24, which shows a top view of an external evanescent 
waveguide coupler 2400 that can be used with or integrated 
onto the waveguide device of FIG. 21. This coupler has a 
pump input for 980 nm light and a signal output for 1550 nm 
light. 

0090. One embodiment of the invention is illustrated by 
FIG. 25, which shows a top view of an external branched 
waveguide coupler 2500 that can be used with or integrated 
onto the waveguide device 2100 of FIG. 21. This coupler 
has a pump input for 980 nm light and a Signal output for 
1550 nm light. 

0091. One embodiment of the invention is illustrated by 
FIG. 26, which shows a top view of a drop/add waveguide 
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device 2600 having a Signal waveguide passing left to right 
longitudinally within a doped region having Sufficient dop 
ing and length that all signal is attenuated unless pump 
Signal is added at one or both right-hand ports. Optionally, 
a transmitter input waveguide can accept a replacement 
input Signal wavelength to be added back in. In Some 
embodiments, the transmitter waveguide passes mostly 
through undoped glass that us fused along the upper edge of 
the doped region. 

0092. One embodiment of the invention is illustrated by 
FIG. 27, which shows a top view of a drop/add waveguide 
device 2700 having a Signal waveguide passing left to right 
longitudinally within a doped region having Sufficient dop 
ing and length that all signal is attenuated unless pump 
Signal is added at one or both right-hand ports. An undoped 
region is fused to the right hand Side of the doped region. 
Optionally, an input port for transmit Signal to be added is 
provided in a doped region (since the entire left Side of the 
Substrate is doped in this embodiment) at the upper left, 
along with pump light Sufficient to provide amplification to 
compensate for attenuation in that waveguide. 
0093. One embodiment of the invention is illustrated by 
FIG. 28, which shows a top view of the waveguide device 
2700 of FIG. 27 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected both into the upper right-hand pump port and 
the lower right-hand pump port Such that both the lower and 
the upper waveguides to the right pass the amplified signal. 

0094. One embodiment of the invention is illustrated by 
FIG. 29, which shows a top view of the waveguide device 
2700 of FIG. 27 having a signal waveguide passing left to 
right longitudinally within a doped region, wherein pump 
light is injected only into the lower right-hand pump port 
Such that the lower waveguide to the right passes the 
amplified Signal, yet the middle waveguide to the right 
attenuates the Signal Sufficiently to say that the Signal is not 
passed to that waveguide. 

0.095 One embodiment of the invention is illustrated by 
FIG. 30, which shows a top perspective view (not to scale) 
of a waveguide device 3000 having a signal waveguide 
passing left to right longitudinally within a heavily doped 
substrate 3001, wherein pump light is injected into the lower 
right-hand pump port 3021 only if a received signal is 
desired, such that the lower waveguide 3020 passes the 
pump light right to left. For example, a plurality of wave 
lengths at about 1530 nm to 1550 nm having a 0.8 nm or a 
0.4 nm wavelength spacing between channels, and each 
channel amplitude-modulated with a data Stream (one or 
more of these channels of light is/are collectively called 
“1550 signal” whether input or output from the device 
3000), are combined and transmitted across a single-mode 
optical fiber, and provide the “signal in light that is 
launched into port 3010. The doping in Substrate 3001 is 
made high enough that unless pump light is added, the 
dopants will absorb Substantially all of the Signal, and 
Substantially no signal is output through Signal-output port 
3.014 or received-signal port 3018. 
0096] A plurality of wavelength-sensitive electrically 
controlled electro-optic grating reflectors 3022-A, 3022-B, 
3022-C, and 3022-D are provided. Four wavelength-sensi 
tive electrically controlled electro-optic grating reflectors 
3022 are shown here, other embodiments use one or more. 
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FIGS. 37 to 39 below show details of one such exemplary 
electro-optic grating reflector 3022. In Some embodiments, 
all of the gratings have the same physical Spacings, but the 
waveguide 3020 passes under each grating at a slightly 
different angle, So the effective spacings are each different. 
In Some embodiments, all of the gratings have the same 
physical spacings, but the waveguide 3020 is a different 
width (providing a different index of refraction) under each 
grating, So the effective grating spacings are each different. 
In other embodiments, the grating spacings are each differ 
ent. 

0097. Optionally, a pump-light port 3011 couples to an 
optional waveguide 3033 that leads to optional evanescent 
coupler 3061 that injects pump light into waveguide 3030. 
Optionally, a transmit Signal light port 3051 accepts signal 
“Tx 1550 In” into waveguide 3050, which adds this signal 
to that going left-to-right (the amplified "SiSignal 1550 In” 
on waveguide 3030, at a point after (to the right) of the 
branch-off point for waveguide 3020, in order that the added 
signal “TX 1550 In” does not go to the reflectors 3022. 
0098. In some embodiments, an activation or deactiva 
tion Voltage is applied to each one of the wavelength 
Sensitive electrically controlled electro-optic grating reflec 
tors 3022, e.g., one reflector 3022 will have a voltage that 
makes the index of refraction of the electro-optic coating 
different than the index of refraction of the grating Such that 
only that one grating is reflective, and all the others will have 
a Voltage that makes the index of refraction of the electro 
optic coating match the index of refraction of the grating, 
Such that those gratings 3022 are transparent (as if there 
were no grating). The one reflector 3022 that is reflective is 
reflective only at a sharply defined wavelength defined by 
the grating spacing and the indices of refraction of the 
materials, thus Selecting only that wavelength to be reflected 
to exit through port 3018. No other wavelength or light is 
reflected towards the left, so only the selected wavelength 
goes out to port 3018. Gratings 3022 are always transparent 
to the pump wavelength (e.g., 980 nm laser light) In Some 
embodiments, additional pump light is launched into port 
3018 to further amplify the selected wavelength. Waveguide 
3030 provides a through-path for the amplified signal input 
into port 3010 only if additional pump light is launched into 
port 3012 (this light is evanescently coupled into waveguide 
3030 by evanescent coupler 3062, and propagates only 
toward the left), yet the middle waveguide 3030 to the right 
attenuates the input Signal Sufficiently to Say that the Signal 
is not passed to output port 3014 if no pump light is added 
to port 3012. Thus, in some embodiments, the received 
signal RX (reflected by one of the gratings 3022 and routed 
back to waveguide 3028 that splits off waveguide 3030) is 
output from port 3018 only if pump light is launched into 
port 3016, and the input signal received into port 3010 is 
amplified and output as So Signal 1550 Out from port 3.014 
only if pump light is launched into port 3012 (into 
waveguide 3034, and then crossing to waveguide 3030 at 
evanescent coupler 3062). 
0099. One embodiment of the invention is illustrated by 
FIG. 31, which shows a top perspective view (not to scale) 
of a waveguide device 3100 having a Signal waveguide 
passing left to right longitudinally within a heavily doped 
substrate 3101, wherein pump light is injected into the lower 
left-hand pump port 3116 (and thus across evanescent cou 
pler 3163) only if a received signal (RX 1550 out) is desired, 
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such that the lower waveguide 3120 passes the pump light 
left-to-right and the RX signal right-to-left. In this embodi 
ment, all light input and output ports are located on a Single 
face (the left face) of substrate 3101. A plurality of wave 
length-sensitive electrically controlled electro-optic grating 
reflectors 3022-A, 3022-B, 3022-C, and 3022-D are pro 
vided (four wavelength-sensitive electrically controlled 
electro-optic grating reflectors are shown here, other 
embodiments use one or more). In Some embodiments, an 
activation or deactivation Voltage is applied to each one of 
the wavelength-sensitive electrically controlled electro-op 
tic grating reflectors 3022, such that only one is reflective 
and all the others are transparent. The one that is reflective 
is reflective only at a sharply defined wavelength defined by 
the grating spacing and the indices of refraction of the 
materials, thus Selecting only that wavelength to be reflected 
to exit through port 3118. No other wavelength or light is 
reflected towards the left in waveguide 3120, so only the 
selected wavelength goes to port 3118. In some embodi 
ments, additional pump light is launched into port 3116 to 
further amplify the selected wavelength. In some embodi 
ments, only when additional pump light is launched into port 
3116 does any appreciable signal reach port 3118. 
Waveguides 3130 and 3131 provide a through-path for the 
signal input that was launched into port 3110 and reflected 
by mirror 3155 (e.g., a multi-layer dielectric mirror depos 
ited on the edge of Substrate 3101 at least covering 
waveguide end 3154)) only if additional pump light is 
launched into port 3156 (this light is evanescently coupled 
into return waveguide 3131 by evanescent coupler 3161, and 
propagates only toward the right in waveguide 3131, and 
this light is also evanescently coupled into waveguide 3158 
and 3130 by evanescent coupler 3162, and propagates only 
toward the right, amplifying the Signal-1550-in and the 
TX-1550-in signals), yet the middle waveguide 3130 and 
return waveguide 3131 attenuate the input signal Sufficiently 
to Say that the Signal is not passed to output port 3114 if no 
pump light is added to port 3156. In some embodiments, 
waveguides 3130 and 3131 provide a through-path for the 
Signal input only if additional pump light is launched into 
port 3157 (which is evanescently coupled into TX waveguide 
3158 by evanescent coupler 3162, and propagates then into 
waveguide 3130 going left-to-right). In Some embodiments, 
waveguides 3130 and 3131 provide a throughpath for the 
Signal input only if additional pump light is launched both 
into port 3157 and into port 3156. 

0100. In some embodiments, one or more channels of 
data (i.e., a laser light signal that is amplitude-modulated 
with a digital data stream) can be added to the input signal 
by launching those one or more channels into TX signal input 
port 3150, and adding pump light into port 3157. 

0101 The doping in substrate 3101 is made high enough 
that unless pump light is added, the dopants will absorb 
Substantially all of the Signal, and Substantially no signal is 
output through Signal-output port 3114 or received-Signal 
port 3118. 

0102) Thus, in some embodiments, the received signal RX 
is output from port 3118 only if pump light is launched into 
port 3016 and one of the wavelength sensitive electrically 
controlled electro-optic grating reflectors 3022-A, 3022-B, 
3022-C, and 3022-D is made reflective, and the input signal 
received into port 3110 is output from port 3114 only if 
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pump light is launched into port 3156 and/or port 3157. In 
other embodiments, fewer or more electro-optic grating 
reflectors 3022 are provided. 
0103) One embodiment of the invention is illustrated by 
FIG. 32, which shows a top view of a waveguide device 
3200 having a signal waveguide 3230 passing left to right 
longitudinally within a heavily doped substrate 3201, 
wherein pump light is injected into the middle left-hand 
pump port 3216 (this pump light crosses to waveguide 3220 
at evanescent coupler 3262) only if a received signal is 
desired, such that the middle waveguide 3220 passes the 
pump light left-to-right and the reflected light Selected by 
wavelength-sensitive electrically controlled electro-optic 
grating reflectors 3022-A, 3022-B, 3022-C, and 3022-D is 
passed back right-to-left to RX output port 3218. Similarly, 
pump light is injected into the upper left-hand pump port 
3215 (this pump light crosses to waveguide 3250 at eva 
nescent coupler 3261) only if a transmitted/added signal 
(from signal Tx 1550 in) is desired, such that the upper 
waveguide 3250 passes the pump light left-to-right and the 
amplified Tx 1550 in signal is passed back left-to-right as 
well. Similarly, pump light is injected into the lower left 
hand pump port 3215 (this pump light crosses to waveguide 
3230 at evanescent coupler 3263) only if an amplified input 
signal (from SiSignal 1550 in) is desired, such that the lower 
waveguide 3230 passes the pump light left-to-right and the 
amplified Si Signal 1550 in signal is passed back left-to 
right as well. 
0104. In FIG. 32, an input signal Si is injected into port 
3210. If a received signal is desired, then pump light is 
launched into port 3216, and the pump light is evanescently 
coupled into waveguide 3220 by evanescent coupler 3262, 
and propagates only toward the right. Depending on the 
amount of pump light added, pump light launched into port 
3216 causes amplification in waveguide 3220 to equal or 
exceed the light absorption by the doping Species. Further, 
if a signal out is desired, then pump light is launched into 
port 3217 and/or port 3214, and the pump light is evanes 
cently coupled into waveguide 3230 by evanescent coupler 
3263, and propagates toward the right (from port 3217) 
and/or left (from port 3214). In all of the above embodi 
ments, depending on the amount of pump light added, pump 
light launched (e.g., into ports 3217 and/or 3214) causes 
amplification in waveguide 3230 to equal or exceed the light 
absorption by the doping Species. 

0105. One embodiment of the invention is illustrated by 
FIG. 33, which shows a top perspective view (not to scale) 
of a waveguide device 3300, which is similar to the embodi 
ment of FIG. 32, except all waveguide ends interface to 
external optical components (e.g., optical fibers) at a single 
face (at the left face shown here). In this embodiment, a 
mirror 3355 reflects the amplified signal some of which 
splits off into waveguide 3331, and is amplified and output 
to So Signal 1550 Out only if pump light is added into port 
3219 and coupled to waveguide 3331 by evanescent coupler 
3264. In this embodiment, pump light added into port 3215 
splits in two and is coupled to waveguide 3250 by evanes 
cent coupler 3261 and to waveguide 3220 by evanescent 
coupler 3262. Since the RX wavelength (the received 
“dropped” channel) is subtracted from the Si 1550 signal 
input, the TX wavelength (the “added” channel) can be the 
Same as the RX wavelength, making this a good add-drop 
device. 
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0106. One embodiment of the invention is illustrated by 
FIG. 34, which shows a top perspective view (not to scale) 
of a waveguide device 3400. In some embodiments, tunable 
reflector 3440 includes a plurality of one-quarter-wave 
dielectric layers 3446 and two electrodes 3442 and 3444, 
wherein each dielectric layer is electro-optically changeable 
(e.g., an applied voltage changes the index of refraction Such 
that the wavelength that is reflected is electrically tunable) to 
Select a Specific wavelength to reflect, while not reflecting 
other wavelengths (i.e., one wavelength is reflected more 
efficiently than others are). By varying the Voltage, the 
wavelength that is reflected is varied, thus a single wave 
length channel (or a very few of the many channels) can be 
selected for output at Rx port 3418. 
0107. In some embodiments, the substrate 3401 is 
heavily doped, such that the reflected wavelength is further 
amplified and is output to port 3418 only if pump light is 
added into port 3414 and crosses to waveguide 3420 at 
evanescent coupler 3261. The So Signal 1550 Out is ampli 
fied and passes through wavelength tunable mirror 3440, the 
amplification energy provided by pump light that is added to 
port 3415 and that crosses to waveguide 3430 at evanescent 
coupler 3262. The amount of amplification depends on the 
amount of pump light added. 
0108). In other embodiments, the substrate 3401 is not 
doped (and evanescent couplers 3261 and 3462 are omitted), 
such that the reflected wavelength is not amplified but is 
always output to port 3418. The So Signal 1550 Out is also 
not amplified, and passes through wavelength tunable mirror 
3440. 

0109. One embodiment of the invention is illustrated by 
FIG. 35, which shows a top perspective view (not to scale) 
of a waveguide device 3500. In some embodiments, tunable 
reflector 3440 (as described above) is placed on RX 
waveguide 3520. Some of the input light splits to crossing 
waveguide 3522, and is amplified by rump-light energy 
added at port 3516. By varying the voltage to tunable 
reflector 3440, the wavelength that is reflected is varied, thus 
a single wavelength channel (or a very few of the many 
channels) can be selected for output at Rx port 3518. Added 
signal TX 1550 In is input to port 3519, and adds into the Si 
signal 1550 in waveguide 3530, and both are amplified and 
output through port 3514 only if pump light is added to port 
3515. Since the RX wavelength is not subtracted from the Si 
1550 signal input, the TX wavelength should be different 
than the RX wavelength. In Some embodiments, waveguide 
3550 is made longer before it joins waveguide 3530, and an 
additional pump-light port is added for Tx waveguide 3550. 
0110 FIG.36 shows a top perspective view (not to scale) 
of a waveguide device 3600. Device 3600 is similar to 
device 3200 if FIG. 32, except substrate 3601 is undoped, 
and no amplification occurs in device 3600. Otherwise, the 
ports and waveguides and gratings function the same as in 
FIG. 32. 

0111 FIG. 37 shows a top view (not to scale) of a 
waveguide device wavelength-sensitive electrically con 
trolled electro-optic grating reflector 3022. FIG.38 shows a 
Side view (not to Scale) of a waveguide device wavelength 
Sensitive electrically controlled electro-optic grating reflec 
tor 3022. FIG. 39 shows a front view (not to scale) of a 
waveguide device wavelength-sensitive electrically con 
trolled electro-optic grating reflector 3022. In all three FIGS. 
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37-39, grating 3720 is formed, in some embodiments, in a 
Surface layer of SiO2 deposited on phosphate-glass Substrate 
3001 across waveguide 3020. The ridge-to-ridge spacing 
3798 and the angle 3799 between the grating lines and 
waveguide 3020, as well as the index of refraction of the 
various materials and the width (or diameter) of waveguide 
3020 all interact to determine the interaction wavelength that 
will be reflected if the grating is “turned on.” Electrodes 
3742 and 3744 are used to apply a voltage to electro-optic 
material 3710 to change its index of refraction. When the 
applied Voltage is Such that the index of refraction of 
electro-optic material 3710 matches the index of refraction 
of grating 3720 (when measured at the wavelength of 
interest in waveguide 3020), the ridges effectively disappear, 
and the grating, being transparent has no interaction with the 
light in the waveguide, there is no reflection and the grating 
reflector 3022 is “turned off” for all wavelengths (it is 
Substantially transparent). When the applied voltage is Such 
that the index of refraction of electro-optic material 3710 is 
Significantly different than the index of refraction of grating 
3720 (when measured at the wavelength of interest in 
waveguide 3020), the ridges are effectively “seen” by the 
light in waveguide 3020, and the grating, (perhaps evanes 
cently) interacting with the waveguide light, causes a reflec 
tion at the specific wavelength of the grating (as described 
above) and the grating reflector 3022 is “turned on” for that 
Specific wavelength, while other wavelengths pass through. 
0112 AS in each of the figures described herein, some 
embodiments include a ferrule that holds a plurality of 
optical fibers in fixed relationship to one another, Such that 
all fibers can be simultaneously aligned to their respective 
input or output ports (e.g., ports 3210, 3212, 3213, 3214, 
3216, and 3218). In some embodiments, a single ferrule 
holds optical fibers for both the left and right-side light 
Signal connections. In other embodiments, two or more 
separately movable ferrules hold optical fibers for the left 
Side and right-side light signal connections. In Some 
embodiments, the optical fibers are butt-joined to align to 
their respective waveguide ports. In other embodiments, one 
or more lenses are added between the end of the optical 
fibers and their respective input ports to focus the light from 
the fiber into the input ports and/or to focus the light from 
the output ports into the optical fibers. 
0113 Further, in some embodiments, a plurality of copies 
of the Set of waveguides shown are implemented one Set 
above another, in order that if one set of waveguides does 
not function properly, the ferrule of optical fibers can be 
aligned to another Set of waveguides. This is because it is 
Sometimes not practical to dice Substrates So Small that only 
a single Set of waveguides fits on a Substrate, thus with a 
given minimum-size Substrate, there can be more than one 
Set of waveguides formed, with a fewer number of Sets 
actually connected to optical fibers, and functioning. 

CONCLUSION 

0114. One aspect of the present invention provides an 
integrated photonic apparatus that includes a glass Substrate 
having a major Surface, wherein the glass Substrate includes 
a plurality of regions, each region having a different indeX 
of refraction, including a first region having a first index of 
refraction and a Second region having a Second index of 
refraction lower than the first index of refraction, and a first 
waveguide formed along the major Surface of the Substrate, 
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wherein the first waveguide has a higher index of refraction 
than an intrinsic index of refraction of adjacent portions of 
the Substrate, and wherein the first waveguide passes 
through the first region and through the Second region of the 
glass Substrate. 
0.115. In some embodiments, the first region includes a 
dopant including an optically active Species. 

0116. In some embodiments, the first region acts to 
Substantially confine a pump light. In Some embodiments, 
the higher index of refraction of the first region allows pump 
light to enter the first region but not escape to the Second 
region. 

0117. In some embodiments, a pump light is introduced 
into the Second region, the pump light enters the first region 
from the Second region, and the first region acts to Substan 
tially confine the pump light. 

0118. In some embodiments, a pump light is introduced 
into the first region from a face having an area much larger 
than a cross-sectional area of the first waveguide, and the 
first region acts to Substantially confine the pump light. 

0119). In some embodiments, a pump light is introduced 
into the first region from a first face having an area much 
larger than a cross-sectional area of the first waveguide, 
wherein the first region has a Second face opposite the first 
face that is Substantially reflective at a wavelength of the 
pump light, and the first region acts to Substantially confine 
the pump light. 

0120 In some embodiments, a pump light is introduced 
into the first region from a first face having an area much 
larger than a cross-sectional area of the first waveguide, 
wherein the first region has a Second face that is Substantially 
reflective at a wavelength of the pump light, and the first 
region acts to Substantially confine the pump light, and 
wherein a light Signal is introduced into the first waveguide 
at a third face that is Substantially perpendicular to the first 
face and to the Second face. 

0121. In some embodiments, the first region is a base 
portion of the Substrate, and the Second region is a cladding 
deposited on the Substrate. 

0122) In some embodiments, the first region is formed at 
a non-perpendicular angle to a face of the apparatus. 

0123. In some embodiments, at least a portion of a length 
of the waveguide is Serpentine. 

0.124. In some embodiments, the first region crosses a 
length of the Substrate, and the waveguide crosses the length 
within the first region. 

0.125. In some embodiments, the first region crosses a 
length of the Substrate, and the waveguide crosses the length 
within the first region and is closer to one lateral Side of the 
first region than to an opposing Second Side. 

0.126 In some embodiments, the first region crosses a 
length of the Substrate, and the waveguide crosses the length 
within the first region and is closer to one lateral Side of the 
first region than to an opposing Second Side, wherein the 
Second region is Substantially undoped by active optical 
Species, the first region is doped with an active optical 
Species. 
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0127. In some embodiments, the first region crosses a 
length of the Substrate, and the waveguide crosses the length 
within the first region and is closer to one lateral side of the 
first region than to an opposing Second Side, wherein the 
Second region is Substantially undoped by active optical 
Species, the first region is doped with an active optical 
Species, and pump light is launched into the Second region. 
0128. Another aspect of the present invention provides a 
method that includes providing a glass Substrate having a 
major Surface, forming a plurality of regions in the glass 
Substrate, each region having a different index of refraction, 
including a first region having a first index of refraction and 
a Second region having a Second index of refraction lower 
than the first index of refraction, and forming a first 
waveguide along the major Surface of the Substrate, wherein 
the first waveguide has a higher index of refraction than an 
intrinsic index of refraction of adjacent portions of the 
Substrate, and wherein the first waveguide passes through 
the first region and through the Second region of the glass 
Substrate. 

0129. In some embodiments of the method, the first 
region includes a dopant including an optically active Spe 
cies. 

0130. In some embodiments of the method, the first 
region acts to Substantially confine a pump light. 
0131 Some embodiments of the method further include 
introducing pump light into the Second region, the pump 
light entering the first region from the Second region, and 
wherein the first region acts to substantially confine the 
pump light. 

0132) Some embodiments of the method further include 
introducing pump light into the first region from a face of the 
Substrate having an area much larger than a cross-sectional 
area of the first waveguide, and wherein the first region acts 
to Substantially confine the pump light. 
0.133 Some embodiments of the method further include 
introducing pump light into the first region from a first face 
of the Substrate having an area much larger than a croSS 
Sectional area of the first waveguide, wherein the first region 
has a Second face that is Substantially reflective at a wave 
length of the pump light, and the first region acts to 
Substantially confine the pump light. 
0134) Some embodiments of the method further include 
introducing pump light into the first region from a first face 
of the Substrate having an area much larger than a croSS 
Sectional area of the first waveguide, wherein the first region 
has a Second face that is Substantially reflective at a wave 
length of the pump light, and the first region acts to 
Substantially confine the pump light, and wherein a light 
Signal is introduced into the first waveguide at a third face 
that is Substantially perpendicular to the first face and to the 
Second face. 

0135) In some embodiments of the method, the first 
region is a base portion of the Substrate, and the Second 
region is a cladding deposited on the Substrate. 
0136. In some embodiments of the method, the first 
region is formed at a non-perpendicular angle to a face of the 
apparatuS. 

0.137 In some embodiments of the method, at least a 
portion of a length of the waveguide is Serpentine. 
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0.138. In some embodiments of the method, the first 
region crosses a length of the Substrate, and the waveguide 
crosses the length within the first region. 
0.139. In some embodiments of the method, the first 
region crosses a length of the Substrate, and the waveguide 
crosses the length within the first region and is closer to one 
lateral Side of the first region than to an opposing Second 
Side. 

0140. In some embodiments of the method, the first 
region crosses a length of the Substrate, and the waveguide 
crosses the length within the first region and is closer to one 
lateral Side of the first region than to an opposing Second 
Side, wherein the Second region is Substantially undoped by 
active optical Species, the first region is doped with an active 
optical Species. 

0.141. In some embodiments of the method, the first 
region crosses a length of the Substrate, and the waveguide 
crosses the length within the first region and is closer to one 
lateral Side of the first region than to an opposing Second 
Side, wherein the Second region is Substantially undoped by 
active optical Species, the first region is doped with an active 
optical Species, and pump light is launched into the Second 
region. 
0142. Yet another aspect of the present invention pro 
vides an integrated photonic apparatus that includes a glass 
Substrate having a major Surface, an input signal waveguide 
formed along the major Surface of the Substrate, an output 
Signal waveguide formed along the major Surface of the 
Substrate, and optically coupled to the input waveguide, an 
input pump waveguide formed along the major Surface of 
the Substrate and optically coupled to at least one of the 
output waveguide and the input waveguide, and a first 
pump-stabilizing grating formed on the input pump 
waveguide, wherein the first grating is transparent a first 
wavelength and is dispersive to a plurality of other wave 
lengths, Such that the first wavelength is passed to the output 
waveguide and the plurality of other wavelengths are attenu 
ated. 

0143. In some embodiments, each waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate. 
0144. Some embodiments further include an output pump 
waveguide, optically coupled to the input signal waveguide 
and to the pump waveguide, and formed along the major 
Surface of the Substrate, wherein the pump waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate. Some Such embodiments 
further include a Second pump-stabilizing grating formed on 
the output pump waveguide, wherein the Second grating is 
transparent a first wavelength and is dispersive to a plurality 
of other wavelengths, Such that the first wavelength is passed 
to the output waveguide and the plurality of other wave 
lengths are attenuated. 
0145 Some embodiments further include a third output 
flattening grating formed on the output waveguide, wherein 
the third output-flattening grating has a wavelength-transfer 
function that is complementary to a gain curve of the active 
Species of the Substrate in order to flatten again curve of the 
apparatuS. 

0146 Yet another aspect of the present invention pro 
vides an integrated photonic apparatus that includes a glass 
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Substrate having a major Surface, the Substrate including at 
least a portion having one or more active optical Species, an 
input signal waveguide formed along the major Surface of 
the Substrate, an input pump waveguide formed along the 
major Surface of the Substrate, optically coupled to transfer 
pump light to the input signal waveguide, and a first output 
flattening grating formed on the input waveguide, wherein 
the first output-flattening grating has a wavelength-transfer 
function that is complementary to a gain curve of the active 
Species of the Substrate in order to flatten again curve of the 
apparatuS. 

0147 In some embodiments, each waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate. 

0.148. Some embodiments further include an output pump 
waveguide, optically coupled to the input Signal waveguide, 
and formed along the major Surface of the Substrate, wherein 
the pump waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate. 
Some Such embodiments further include a Second pump 
Stabilizing grating formed on the output pump waveguide, 
wherein the Second grating is transparent a first wavelength 
and is dispersive to a plurality of other wavelengths, Such 
that the first wavelength is passed to the output waveguide 
and the plurality of other wavelengths are attenuated. 

0149 Some embodiments further include a third output 
flattening grating formed on the output waveguide, wherein 
the third output-flattening grating has a wavelength-transfer 
function that is complementary to a gain curve of the active 
Species of the Substrate in order to flatten again curve of the 
apparatuS. 

0150 Yet another aspect of the present invention pro 
vides a method for Separating a wavelength from a plurality 
of wavelengths. This method includes providing a glass 
Substrate having a major Surface, an input signal waveguide 
formed along the major Surface of the Substrate, an output 
Signal waveguide formed along the major Surface of the 
Substrate, and optically coupled to the input waveguide, 
launching pump light into at least one of the output 
waveguide and the input waveguide, and applying a first 
wavelength-sensitive transfer function to light in one of the 
waveguides wherein the transfer function passed a first 
wavelength and is dispersive to a plurality of other wave 
lengths, Such that the first wavelength is passed to the output 
waveguide and the plurality of other wavelengths are attenu 
ated. 

0151. In some embodiments of the method, each 
waveguide has a higher index of refraction than an index of 
refraction of adjacent portions of the Substrate. 

0152 Some embodiments of the method further include 
launching pump light into both of the output waveguide and 
the input waveguide. 

0153. Some embodiments of the method further include 
applying a Second wavelength-sensitive transfer function to 
the pump light to Stabilize the pump light. 

0154) Some embodiments of the method further include 
applying a Second wavelength-sensitive transfer function 
that is complementary to a gain curve of the active Species 
of the Substrate in order to flatten a gain curve. 
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O155 Yet another aspect of the present invention pro 
vides a method for flatten again curve of a photonic device. 
This method includes providing a glass Substrate having a 
major Surface, an input signal waveguide formed along the 
major Surface of the Substrate, an output signal waveguide 
formed along the major Surface of the Substrate, and opti 
cally coupled to the input waveguide, launching pump light 
into at least one of the output waveguide and the input 
waveguide, and applying a first wavelength-sensitive trans 
fer function to light in one of the waveguides that is 
complementary to a gain curve of the active species of the 
Substrate in order to flatten a gain curve. 
0156 Some embodiments of this method further include 
applying a Second wavelength-sensitive transfer function 
that passes a first wavelength and is dispersive to a plurality 
of other wavelengths, Such that the first wavelength is passed 
to the output waveguide and the plurality of other wave 
lengths are attenuated. 
O157 Still another aspect of the present invention pro 
vides an integrated photonic apparatus that includes a glass 
Substrate having a major Surface, an input signal waveguide 
formed along the major Surface of the Substrate, an output 
Signal waveguide, optically coupled to the input waveguide, 
and formed along the major Surface of the Substrate, a drop 
Signal waveguide, optically coupled to the input waveguide, 
and formed along the major Surface of the Substrate, and a 
first grating formed on the output waveguide, wherein the 
first grating reflects a first wavelength and is transparent to 
a plurality of other wavelengths, Such that the first wave 
length is passed to the drop waveguide and the plurality of 
other wavelengths is passed through to an exit interface of 
the output waveguide. 

0158 Some embodiments further include a second grat 
ing formed on the output waveguide, wherein the first and 
Second gratings are each electrically activatable, and 
wherein the first grating when activated reflects a first 
wavelength and is transparent to a plurality of other wave 
lengths including a Second wavelength, wherein the Second 
grating when activated reflects the Second wavelength and is 
transparent to a plurality of other wavelengths including the 
first wavelength, Such that when the first grating is activated 
and the Second grating is deactivated the first wavelength is 
passed to the drop waveguide and the Second wavelength is 
passed through to the exit interface of the output waveguide, 
and when the Second grating is activated and the first grating 
is deactivated the Second wavelength is passed to the drop 
waveguide and the first wavelength is passed through to the 
exit interface of the output waveguide. 
0159. Some embodiments further include an add-signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an index 
of refraction of adjacent portions of the Substrate, and 
wherein the first grating reflects a first wavelength and is 
transparent to a plurality of other wavelengths, wherein a 
third wavelength is launched into the add waveguide, Such 
that the first wavelength is passed to the drop waveguide and 
the plurality of other wavelengths and the third wavelength 
are passed through to an exit interface of the output 
waveguide. 

0.160) Some embodiments further include an add-signal 
waveguide, optically coupled to the output waveguide, and 
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formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an indeX 
of refraction of adjacent portions of the Substrate, and 
wherein the first grating reflects a first wavelength and is 
transparent to a plurality of other wavelengths, wherein a 
third wavelength is launched into the add waveguide, Such 
that the first wavelength is passed to the drop waveguide and 
the plurality of other wavelengths and the third wavelength 
are passed through to an exit interface of the output 
waveguide. 
0.161 In some embodiments, all interfaces to couple light 
between the Substrate and external devices are formed at a 
Single face of the Substrate other than the major Surface of 
the Substrate. 

0162. In some embodiments, each waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate. 
0163 Still yet another aspect of the present invention 
provides a method for Separating a wavelength from a 
plurality of other wavelengths. This method includes pro 
Viding a glass Substrate having a major Surface, an input 
Signal waveguide formed along the major Surface of the 
Substrate, an output Signal waveguide formed along the 
major Surface of the Substrate, and optically coupled to the 
input waveguide, and a drop signal waveguide, optically 
coupled to the input waveguide, and formed along the major 
Surface of the Substrate, launching input Signal into input 
waveguide, adding pump light to at least one of the input 
waveguide and the output waveguide, receiving a drop 
Wavelength Signal from the drop-signal waveguide, and 
Selectably applying a first wavelength-sensitive transfer 
function to light in one of the waveguides that reflects a first 
wavelength and is transparent to a plurality of other wave 
lengths, Such that the first wavelength is passed to the drop 
waveguide and the plurality of other wavelengths is passed 
through to an exit interface of the output waveguide. 
0164. Some embodiments of the method further include 
Selectably applying a Second wavelength-sensitive transfer 
function to light in one of the waveguides that reflects the 
Second wavelength and is transparent to a plurality of other 
wavelengths including the first wavelength, Such that when 
the first transfer function is activated and the Second transfer 
function is deactivated the first wavelength is passed to the 
drop waveguide and the Second wavelength is passed 
through to the exit interface of the output waveguide, and 
when the Second transfer function is activated and the first 
transfer function is deactivated the Second wavelength is 
passed to the drop waveguide and the first wavelength is 
passed through to the exit interface of the output waveguide. 
0.165 Some embodiments of the method further include 
providing an add Signal waveguide, optically coupled to the 
output waveguide, and formed along the major Surface of the 
Substrate, and launching a third wavelength into the add 
waveguide, wherein the first transfer function reflects a first 
wavelength and is transparent to a plurality of other wave 
lengths, Such that the first wavelength is passed to the drop 
waveguide and the plurality of other wavelengths and the 
third wavelength are passed through to an exit interface of 
the output waveguide. 
0166 Some embodiments of the method further include 
coupling light between the Substrate and all external devices 
from a single face of the Substrate other than the major 
Surface of the Substrate. 
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0.167 Some embodiments of the method further include 
applying a first wavelength-sensitive transfer function to 
light in one of the waveguides that is complementary to a 
gain curve of the active Species of the Substrate in order to 
flatten a gain curve of the apparatus. 
0168 Another aspect of the present invention provides an 
integrated photonic apparatus, for Switchably routing Signal 
light, that includes a glass Substrate having a major Surface, 
an input Signal waveguide formed along the major Surface of 
the Substrate, an output Signal waveguide, optically coupled 
to the input waveguide, and formed along the major Surface 
of the Substrate, a drop Signal waveguide, optically coupled 
to the input waveguide, and formed along the major Surface 
of the Substrate, and a first pump-light interface optically 
coupled to at least one of the input, the drop, and the output 
waveguides, the glass Substrate having a Sufficiently high 
doping level Such that only when Sufficient pump light is 
launched into the first pump light interface is significant 
light of a drop-signal wavelength is output from the drop 
Signal waveguide. 

0169. Some embodiments further include a first reflector 
formed on at least one of the input and the output 
waveguides, wherein the first reflector reflects a first wave 
length and is transparent to a plurality of other wavelengths, 
Such that the first wavelength is passed to the drop 
waveguide and the plurality of other wavelengths is passed 
through to an exit interface of the output waveguide. 

0170 Some embodiments further include a first electro 
optic reflector formed on at least one of the input and the 
output waveguides, wherein the first electro-optic reflector 
reflects a first wavelength and is transparent to a plurality of 
other wavelengths. Such that the first wavelength is passed to 
the drop waveguide and the plurality of other wavelengths is 
passed through to an exit interface of the output waveguide 
when the first electro-optic reflector is turned on. 
0171 In some embodiments, the first electro-optic reflec 
tor comprises a physical grating having an electro-optic 
material coating that Selectably matches or mismatches an 
index of refraction of the grating, wherein the first wave 
length is reflected when the electro-optic material coating 
mismatches the index of refraction of the grating. 

0172 Some embodiments further include a second elec 
tro-optic reflector that comprises a physical grating having 
an electro-optic material coating that Selectably matches or 
mismatches an index of refraction of the grating, wherein a 
wavelength selectably reflected by the first electro-optic 
reflector is different than a wavelength selectably reflected 
by the Second electro-optic reflector. 

0.173) In some embodiments, the first electro-optic reflec 
tor comprises a plurality of dielectric layers of an electro 
optic material coating each of which Selectably change an 
index of refraction, thus changing a wavelength that is 
reflected. 

0.174 Some embodiments further include an add signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate. 

0.175. Some embodiments further include a first electro 
optic reflector formed on the output waveguide, wherein the 
first electro-optic reflector selectably reflects a first wave 
length and is transparent to a plurality of other wavelengths 



US 2002/0085270 A1 

Such that the first wavelength is passed to the drop 
waveguide and the plurality of other wavelengths is passed 
through to an exit interface of the output waveguide when 
the first electro-optic reflector is turned on, and wherein the 
first pump-light interface is optically coupled to the drop 
waveguide, the glass Substrate having a doping level Such 
that when Sufficient pump light is launched into the first 
pump light interface, light of the drop-signal wavelength is 
output from the drop-signal waveguide. 

0176). Some embodiments further include an add signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an indeX 
of refraction of adjacent portions of the Substrate, and a 
Second pump-light interface optically coupled to the add 
waveguide, the glass Substrate having a doping level Such 
that only when Sufficient pump light is launched into the 
Second pump light interface, light of a add-signal wave 
length is output from the output waveguide. 

0177 Some embodiments further include a third pump 
light interface optically coupled to the output waveguide, the 
glass Substrate having a doping level Such that only when 
Sufficient pump light is launched into the third pump light 
interface, light of a add-Signal wavelength is output from the 
output waveguide. 

0.178 Another aspect of the present invention provides a 
method that includes 10 providing a glass Substrate having 
a major Surface, an input signal waveguide formed along the 
major Surface of the Substrate, an output Signal waveguide, 
optically coupled to the input waveguide, and formed along 
the major Surface of the Substrate, a drop Signal waveguide, 
optically coupled to the input waveguide, and formed along 
the major Surface of the Substrate, and launching pump-light 
into at least one of the input, the drop, and the output 
waveguides, wherein the glass Substrate has a Sufficiently 
high doping level Such that only when Sufficient pump light 
is launched into the first pump light interface is significant 
light of a drop-signal wavelength is output from the drop 
Signal waveguide. 

0179 Some embodiments of the method further include 
reflecting a first wavelength and not reflecting a plurality of 
other wavelengths, Such that the first wavelength is passed 
to the drop waveguide and the plurality of other wavelengths 
is passed through to an exit interface of the output 
waveguide. 

0180. Some embodiments of the method further include 
Selectably reflecting a first wavelength and not reflecting a 
plurality of other wavelengths, Such that the first wavelength 
is passed to the drop waveguide and the plurality of other 
wavelengths is passed through to an exit interface of the 
output waveguide. In Some Such embodiments, the Select 
ably reflecting comprises providing a physical grating hav 
ing an electro-optic material coating that Selectably matches 
or mismatches an index of refraction of the grating, wherein 
the first wavelength is reflected when the electro-optic 
material coating mismatches the index of refraction of the 
grating. In Some Such embodiments, the Selectably reflecting 
comprises Selectably reflecting either one or another of at 
least two different wavelengths. 
0181. In some embodiments, the selectably reflecting 
comprises changing an index of refraction of a plurality of 
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dielectric layers of an electro-optic material coating, thus 
changing a wavelength that is reflected. 
0182 Some embodiments of the method further include 
providing an add Signal waveguide, optically coupled to the 
output waveguide, and formed along the major Surface of the 
Substrate, and launching a Second wavelength of light into 
the add-signal waveguide. 

0183 Some embodiments of the method further include 
Selectably reflecting a first wavelength and passing a plu 
rality of other wavelengths such that the first wavelength is 
passed to the drop waveguide and the plurality of other 
wavelengths is passed through to an exit interface of the 
output waveguide, and launching pumplight into the drop 
waveguide, the glass Substrate having a doping level Such 
that when Sufficient pump light is launched into the drop 
waveguide, light of the first wavelength is output from the 
drop-signal waveguide. 

0184. Some embodiments of the method further include 
providing an add Signal waveguide, optically coupled to the 
output waveguide, and formed along the major Surface of the 
Substrate, and launching pump-light into the add waveguide, 
the glass Substrate having a doping level Such that only when 
Sufficient pump light is launched into the add Signal 
waveguide, light of a add-Signal wavelength is output from 
the output waveguide. 
0185. The invention thus provides means for controlling 
an amount of light of a drop-signal wavelength that is output 
from the drop-signal waveguide. 
0186. Another aspect of the present invention provides an 
integrated photonic apparatus that includes a glass Substrate 
having a major Surface, wherein the glass Substrate includes 
a plurality of regions, each region having a different index 
of refraction, including a first region having a first index of 
refraction and a Second region having a Second index of 
refraction lower than the first index of refraction, the first 
region forming a first waveguide for constraining a pump 
light, and a Second waveguide formed along the major 
Surface of the Substrate, wherein the Second waveguide has 
a higher index of refraction than an intrinsic index of 
refraction of adjacent portions of the Substrate, and wherein 
the Second waveguide passes through the first region and 
through the Second region of the glass Substrate, and wherein 
the pump light enters the Second waveguide along its Side in 
the first waveguide. See, for example, FIGS. 11 and 12. 
0187 Another aspect of the present invention provides 
apparatus and methods for Stabilizing and/or flattening gain 
curves. For example, a tuned grating to Stabilize the input 
pump laser light, to flatten output gain curve, or both. 
0188 One embodiment includes an integrated photonic 
apparatus that has a glass Substrate having a major Surface, 
an input Signal waveguide formed along the major Surface of 
the Substrate, wherein the input signal waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate, an input pump waveguide 
formed along the major Surface of the Substrate, wherein the 
pump waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate, an 
output pump waveguide, optically coupled to the input 
Signal waveguide and to the pump waveguide, and formed 
along the major Surface of the Substrate, wherein the pump 
waveguide has a higher index of refraction than an index of 
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refraction of adjacent portions of the Substrate, and a first 
pump-stabilizing grating formed on the pump waveguide, 
wherein the first grating is transparent a first wavelength and 
is dispersive to a plurality of other wavelengths, Such that 
the first wavelength is passed to the output waveguide and 
the plurality of other wavelengths are attenuated. 

0189 Yet another aspect of the present invention pro 
vides an integrated photonic apparatus including a glass 
Substrate having a major Surface, the Substrate including at 
least a portion having one or more active optical Species, an 
input signal waveguide formed along the major Surface of 
the Substrate, wherein the input signal waveguide has a 
higher index of refraction than an index of refraction of 
adjacent portions of the Substrate, an input pump waveguide 
formed along the major Surface of the Substrate, wherein the 
pump waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate, an 
output pump waveguide, optically coupled to the input 
Signal waveguide and to the pump waveguide, and formed 
along the major Surface of the Substrate, wherein the pump 
waveguide has a higher index of refraction than an index of 
refraction of adjacent portions of the Substrate, and a first 
output-flattening grating formed on the output waveguide, 
wherein the first output-flattening grating has a wavelength 
transfer function that is complementary to again curve of the 
active species of the Substrate in order to flatten again curve 
of the apparatus. 

0190. The present invention also provides apparatus and 
methods for adding and/or dropping one or more optical 
wavelengths from a light signal having a plurality of wave 
lengths. For example, Selectable gratings to get a tunable/ 
Selectable drop (peel-off) wavelength, an add waveguide 
that is run in an undoped region running parallel to the active 
drop Section, and/or an add/drop peel-off Section Surrounded 
with a confined active region. Some embodiments Selec 
tively pump waveguides in a lossy gain region to activate 
add/drop attenuation/amplification functions, Such that Spe 
cific waveguides are activated. In Some Such embodiments, 
this is combined with an undoped region fused to active 
region, wherein pump light is launched into undoped 
waveguides that route activation light to Selected doped 
waveguides. 

0191 Some embodiments include an integrated photonic 
apparatus that has a glass Substrate having a major Surface, 
an input Signal waveguide formed along the major Surface of 
the Substrate, wherein the input waveguide has a higher 
index of refraction than an index of refraction of adjacent 
portions of the Substrate, an output signal waveguide, opti 
cally coupled to the input waveguide, and formed along the 
major Surface of the Substrate, wherein the output waveguide 
has a higher index of refraction than an index of refraction 
of adjacent portions of the Substrate, a drop signal 
waveguide, optically coupled to the input waveguide, and 
formed along the major Surface of the Substrate, wherein the 
drop waveguide has a higher index of refraction than an 
index of refraction of adjacent portions of the Substrate, and 
a first grating formed on the output waveguide, wherein the 
first grating reflects a first wavelength and is transparent to 
a plurality of other wavelengths, Such that the first wave 
length is passed to the drop waveguide and the plurality of 
other wavelengths is passed through to an exit interface of 
the output waveguide. 
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0.192 Some such embodiments further include a second 
grating formed on the output waveguide, wherein the first 
and Second gratings are electrically activatable, and wherein 
the first grating when activated reflects a first wavelength 
and is transparent to a plurality of other wavelengths includ 
ing a Second wavelength, wherein the Second grating when 
activated reflects the Second wavelength and is transparent 
to a plurality of other wavelengths including the first wave 
length, Such that when the first grating is activated and the 
Second grating is deactivated the first wavelength is passed 
to the drop waveguide and the Second wavelength is passed 
through to the exit interface of the output waveguide, and 
when the Second grating is activated and the first grating is 
deactivated the Second wavelength is passed to the drop 
waveguide and the first wavelength is passed through to the 
exit interface of the output waveguide. 

0193 Some embodiments further include an add signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an index 
of refraction of adjacent portions of the Substrate, and 
wherein the first grating reflects a first wavelength and is 
transparent to a plurality of other wavelengths, wherein a 
third wavelength is launched into the add waveguide, Such 
that the first wavelength is passed to the drop waveguide and 
the plurality of other wavelengths and the third wavelength 
are passed through to an exit interface of the output 
waveguide. 

0194 Some embodiments further include an add signal 
waveguide, optically coupled to the output waveguide, and 
formed along the major Surface of the Substrate, wherein the 
add waveguide has a higher index of refraction than an index 
of refraction of adjacent portions of the Substrate, and 
wherein the first grating reflects a first wavelength and is 
transparent to a plurality of other wavelengths, wherein a 
third wavelength is launched into the add waveguide, Such 
that the first wavelength is passed to the drop waveguide and 
the plurality of other wavelengths and the third wavelength 
are passed through to an exit interface of the output 
waveguide. 

0.195 Thus, the present invention as described in FIGS. 
1-13 provides 

0.196 a. an active region as high-n waveguide trans 
verse to Signal waveguide with one or more low-n 
undoped Side regions 

0.197 b. pump launching regions as undoped low-n 
region(s) welded to sides (as opposed to cladding 
described earlier) of narrow high-n doped region(s) 
0198 i. lengthwise 

0199 ii. sideways 

0200 ii. one-side 

0201 iv. two-sided 
0202 C. low-index-of-refraction overcladding to 
optically join the Separate undoped low-n Side 
regions 

0203 d. a diagonal doped region, pump into the now 
larger undoped faces 
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0204 e. a serpentine waveguide for lengthening 
gain region 

0205 f. a lengthwise doped region, waveguide 
along its length, optionally offset to an edge to be 
closer to pump light in undoped Side region 

0206 g. a tapered/constricted pump waveguide 
within larger overcladding 

0207. The present invention as described in FIGS. 14-17 
additionally provides 

0208 h. tuned grating to stabilize input pump, flat 
ten output gain curve, or both 

0209 i. Selectable gratings to get tunable/selectable 
drop (peel-off) wavelength 

0210. The present invention as described in FIGS. 18-20 
additionally provides 

0211 j. run add waveguide in undoped region run 
ning parallel to active drop Section 

0212 k. Surround add/drop peel-off section with 
confined active region 

0213 1. Selectively pump waveguides in a lossy gain 
region to activate add/drop attenuation/amplification 
functions, Specific waveguides activated 

0214 m. combine l. with an undoped region fused to 
active region, launch pump light into undoped 
waveguides that route activation light to Selected 
doped waveguides 

0215. The present invention as described in FIGS. 21-39 
additionally provides 

0216 n. a highly doped substrate that intrinsically 
attenuates signal in waveguides, but which includes 
on or more pump ports to allow adding enough pump 
light to Selectably overcome the attenuation and to 
amplify Selectable wavelengths, and to route differ 
ent wavelengths to different output ports. 

0217. The present invention also provides combinations 
of any two or more of the above features. 
0218. It is understood that the above description is 
intended to be illustrative, and not restrictive. Many other 
embodiments will be apparent to those of skill in the art 
upon reviewing the above description. The Scope of the 
invention should, therefore, be determined with reference to 
the appended claims, along with the fill Scope of equivalents 
to which Such claims are entitled. 

What is claimed is: 
1. An integrated photonic apparatus comprising: 

a glass Substrate having a major Surface; 
an input Signal waveguide formed along the major Surface 

of the Substrate; 
an output signal waveguide, optically coupled to the input 

waveguide, and formed along the major Surface of the 
Substrate; 

a drop signal waveguide, optically coupled to the input 
waveguide, and formed along the major Surface of the 
Substrate; and 
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a first pump-light interface optically coupled to at least 
one of the input, the drop, and the output waveguides, 
the glass Substrate having a Sufficiently high doping 
level Such that only when Sufficient pump light is 
launched into the first pump light interface is significant 
light of a drop-signal wavelength is output from the 
drop-signal waveguide. 

2. The apparatus of claim 1, further comprising 

a first reflector formed on at least one of the input and the 
output waveguides, wherein the first reflector reflects a 
first wavelength and is transparent to a plurality of 
other wavelengths, Such that the first wavelength is 
passed to the drop waveguide and the plurality of other 
wavelengths is passed through to an exit interface of 
the output waveguide. 

3. The apparatus of claim 1, further comprising: 

a first electro-optic reflector formed on at least one of the 
input and the output waveguides, wherein the first 
electro-optic reflector reflects a first wavelength and is 
transparent to a plurality of other wavelengths. Such that 
the first wavelength is passed to the drop waveguide 
and the plurality of other wavelengths is passed through 
to an exit interface of the output waveguide when the 
first electro-optic reflector is turned on. 

4. The apparatus of claim 3, wherein the first electro-optic 
reflector comprises a physical grating having an electro 
optic material coating that Selectably matches or mismatches 
an index of refraction of the grating, wherein the first 
wavelength is reflected when the electro-optic material 
coating mismatches the index of refraction of the grating. 

5. The apparatus of claim 4, further comprising a Second 
electro-optic reflector that comprises a physical grating 
having an electro-optic material coating that Selectably 
matches or mismatches an index of refraction of the grating, 
wherein a wavelength selectably reflected by the first elec 
tro-optic reflector is different than a wavelength Selectably 
reflected by the Second electro-optic reflector. 

6. The apparatus of claim 3, wherein the first electro-optic 
reflector comprises a plurality of dielectric layers of an 
electro-optic material coating each of which Selectably 
change an index of refraction, thus changing a wavelength 
that is reflected. 

7. The apparatus of claim 1, further comprising: 

an add signal waveguide, optically coupled to the output 
waveguide, and formed along the major Surface of the 
Substrate. 

8. The apparatus of claim 1, further comprising: 

a first electro-optic reflector formed on the output 
waveguide, wherein the first electro-optic reflector 
Selectably reflects a first wavelength and is transparent 
to a plurality of other wavelengths such that the first 
wavelength is passed to the drop waveguide and the 
plurality of other wavelengths is passed through to an 
exit interface of the output waveguide when the first 
electro-optic reflector is turned on, and wherein the first 
pump-light interface is optically coupled to the drop 
waveguide, the glass Substrate having a doping level 
Such that when Sufficient pump light is launched into 
the first pump light interface, light of the drop-signal 
wavelength is output from the drop-signal waveguide. 
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9. The apparatus of claim 8, further comprising: 
an add signal waveguide, optically coupled to the output 

waveguide, and formed along the major Surface of the 
Substrate, wherein the add waveguide has a higher 
index of refraction than an index of refraction of 
adjacent portions of the Substrate; and 

a Second pump-light interface optically coupled to the add 
waveguide, the glass Substrate having a doping level 
Such that only when Sufficient pump light is launched 
into the Second pump light interface, light of a add 
Signal wavelength is output from the output waveguide. 

10. The apparatus of claim 8, further comprising: 
a third pump-light interface optically coupled to the 

output waveguide, the glass Substrate having a doping 
level Such that only when Sufficient pump light is 
launched into the third pump light interface, light of a 
add-signal wavelength is output from the output 
waveguide. 

11. A method comprising: 
providing a glass Substrate having a major Surface, an 

input Signal waveguide formed along the major Surface 
of the Substrate, an output signal waveguide, optically 
coupled to the input waveguide, and formed along the 
major Surface of the Substrate, a drop signal waveguide, 
optically coupled to the input waveguide, and formed 
along the major Surface of the Substrate; and 

launching pump-light into at least one of the input, the 
drop, and the output waveguides, wherein the glass 
Substrate has a Sufficiently high doping level Such that 
only when Sufficient pump light is launched into the 
first pump light interface is Significant light of a drop 
Signal wavelength is output from the drop-signal 
waveguide. 

12. The method of claim 11, further comprising 
reflecting a first wavelength and not reflecting a plurality 

of other wavelengths, Such that the first wavelength is 
passed to the drop waveguide and the plurality of other 
wavelengths is passed through to an exit interface of 
the output waveguide. 

13. The method of claim 11, further comprising: 
Selectably reflecting a first wavelength and not reflecting 

a plurality of other wavelengths, Such that the first 
wavelength is passed to the drop waveguide and the 
plurality of other wavelengths is passed through to an 
exit interface of the output waveguide. 

14. The method of claim 13, wherein the selectably 
reflecting comprises providing a physical grating having an 
electro-optic material coating that Selectably matches or 
mismatches an index of refraction of the grating, wherein the 
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first wavelength is reflected when the electro-optic material 
coating mismatches the index of refraction of the grating. 

15. The method of claim 14, wherein the selectably 
reflecting comprises Selectably reflecting either one or 
another of at least two different wavelengths. 

16. The method of claim 13, wherein the selectably 
reflecting comprises changing an index of refraction of a 
plurality of dielectric layers of an electro-optic material 
coating, thus changing a wavelength that is reflected. 

17. The method of claim 11, further comprising: 
providing an add signal waveguide, optically coupled to 

the output waveguide, and formed along the major 
Surface of the Substrate; and 

launching a Second wavelength of light into the add-signal 
waveguide. 

18. The method of claim 11, further comprising: 
Selectably reflecting a first wavelength and passing a 

plurality of other wavelengths such that the first wave 
length is passed to the drop waveguide and the plurality 
of other wavelengths is passed through to an exit 
interface of the output waveguide, and 

launching pump-light into the drop waveguide, the glass 
Substrate having a doping level Such that when Suffi 
cient pump light is launched into the drop waveguide, 
light of the first wavelength is output from the drop 
Signal waveguide. 

19. The method of claim 18, further comprising: 
providing an add Signal Waveguide, optically coupled to 

the output waveguide, and formed along the major 
Surface of the Substrate; and 

launching pump-light into the add waveguide, the glass 
Substrate having a doping level Such that only when 
Sufficient pump light is launched into the add Signal 
waveguide, light of a add-signal wavelength is output 
from the output waveguide. 

20. An integrated photonic apparatus comprising: 
a glass Substrate having a major Surface, 
an input Signal waveguide formed along the major Surface 

of the Substrate; 
a drop Signal waveguide, optically coupled to the input 

waveguide, and formed along the major Surface of the 
Substrate; and 

means for controlling an amount of light of a drop-signal 
wavelength that is output from the drop-signal 
waveguide. 


