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alignment frame may be positioned between the interposers 
to help maintain a desired spacing between the respective 
arrays of mirrors. 

In Some Such embodiments, an inner housing is provided 
that encloses the dice, the fiber array mounts the alignment 
frame and portions of the interposers, but leaves connectors 
mounted on the interposers exposed. An outer housing may 
optionally be provided to encase the optical Switch compo 
nents and the inner housing. A resilient filler material may 
also be provided between the inner and outer housings to 
provide additional protection to the optical Switch. 
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OPTICAL SWITCH PACKAGE 

BACKGROUND OF THE INVENTION 

The present inventions relate generally to packaging for 
optical Switches. 

In recent years there have been extensive efforts to 
develop commercially viable optical Switches. Presently 
there are a few relatively Small optical Switches on the 
market (e.g. eight port Switches). There are also on-going 
efforts to develop larger optical Switches (e.g., Switches 
having 64 to thousands of ports). One proposed optical 
Switch architecture contemplates the use of arrays of Micro 
Electro-Mechanical Systems (MEMS) mirrors to accom 
plish the Switching. A perceived advantage of this approach 
is that it is potentially Scalable to many channels. One Such 
MEMS mirror based optical Switching system is dia 
granmatically represented in FIG. 1(a). 

In the embodiment shown, the optical Switch 5 includes 
an input fiber array 10, an input lens array 11, input and 
output mirror arrayS 12, 13, an output lens array 14 and an 
output fiber array 15. The input and output fiber blocks 10, 
15 each consists of a two dimensional array of fibers with a 
polished end face. The input fiber block 10 is positioned 
adjacent an input lens array 11 to provide collimated input 
beams, while the output lens array 14 is positioned adjacent 
output fiber block 15 to provide collimated output beams. 
Each mirror in the input and output mirror arrayS is rotatable 
about two orthogonal axes. So that an input beam received on 
any one of the input fibers can be directed towards any one 
of the output fibers by appropriately adjusting the orientation 
of their associated mirrors. 

In theory, the mirror arrays can be formed using a wide 
variety of techniques and different companies have adopted 
different approaches in their attempts to provide Suitable 
mirror arrayS. By way of example, one approach is to create 
movable mirrors by forming MEMS structures on a mono 
lithic Silicon Substrate. Devices Such as these are commer 
cially available from a variety of Sources including MCNC 
of Research Triangle Park, N.C. and Analog Devices of 
Cambridge, Mass. 

In Some implementations, the mirrors are actuated elec 
trostatically. In the configuration illustrated in FIGS. 1(a) 
and 1(b), each mirror is rotatable about two orthogonal axes. 
The mirrors have an equilibrium position, from which they 
rotate bidirectionally about the respective axes. Since elec 
troStatic actuators ordinarily can move a mirror in only one 
direction from equilibrium, four electrodes are typically 
needed to actuate each mirror in each array and eight 
electrodes are needed per Switch channel. Consequently, a 
very large number of electrical interconnections are needed 
to drive a large optical Switch. 

Another common optical Switch configuration is illus 
trated in FIG. 1(b). In this configuration, a “folded” optical 
path is provided by using a fixed mirror 25 that cooperates 
with a moveable mirror array 27 (which may be imple 
mented as a single mirror array or multiple mirror arrays) so 
that an input beam is reflected first off of an associated input 
mirror in moveable mirror array 22. The first mirror directs 
the beam to reflect off of the fixed mirror 25 to an output 
mirror associated with the desired output channel. With this 
arrangement, all of the moveable mirrors can be placed on 
the same “side' of the optical Switch while the input and 
output fiber arrays can be placed together on the other side 
of the optical Switch. 

Regardless of which of the described (or other) 
approaches is used, the mirror arrays must be packaged in a 
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2 
manner that provides the required number of electrical 
interconnections. A rigid mechanical Structure is also 
required to accurately align the optical components. In one 
proposed implementation, the mirror arrays are mounted on 
a rigid metal Structure, while the electrical interconnections 
are provide by other means Such as a flexible electrical 
cable. A difficulty with this approach is that the electrical 
cables that are large enough to provide the number of 
interconnections needed in a large optical Switch are not 
very flexible. This problem is accentuated by the require 
ment that the traces must be relatively widely spaced due to 
the high voltages needed to drive current MEMS based 
electrostatic actuators (typically 100V or more today, 
although these requirements are expected to decrease as the 
technology develops). The Silicon Substrates are quite fragile 
and there is a danger that the Stiffness of the required cables 
might damage the MEMS mirror arrays through mechanical 
StreSS if the interconnecting cables were attached directly to 
the mirror arrayS. Accordingly, there is a need for improved 
packaging arrangements for optical Switches. 

SUMMARY OF THE INVENTION 

To achieve the foregoing and other objects of the 
invention, a variety of improved optical Switch packaging 
techniques and optical Switch components are described. In 
one aspect of the invention, an optical Switch component 
that includes a die mounted on an interposer is described. 
The die has an exposed array of mirrors that can be used as 
part of an optical Switch. Typically, the interposer will also 
have a fiber array mount arranged to receive a fiber array and 
to position the fiber array appropriately over the array of 
mirrors. The interposer may also carry electrical connectors 
Suitable for electrical connection to external devices. In this 
arrangement, bond pads on the die are electrically connected 
to the electrical connectors through appropriate conductive 
features on the interposer. 

In Some embodiments, the contact pads are positioned 
around an opening in the interposer and the array of mirrors 
is exposed through the interposer opening. In one preferred 
implementation, the die is attached to the interposer by 
directly metallurgically joining bond pads on the die to 
asSociated contact pads on the interposer. In another 
embodiment, the die is attached to the interposer and wire 
bonding is used to facilitate the electrical connection 
between the die and interposer. 

In another aspect of the invention, the fiber array mount 
carried by the interposer includes a base, an alignment Stage 
and a bracket. The base has an alignment ridge and the 
alignment Stage has a stage slot therein that fits over the 
alignment ridge. The Stage also includes a ledge within the 
slot. The bracket is sized to fit into the slot and has a bracket 
ledge arranged to rest on the Stage ledge within the slot. The 
bracket also includes a bottom Surface receSS arranged to 
nest over the alignment ridge within the slot. Fasteners are 
provided to couple the bracket to the base to hold the 
alignment Stage and base together. 

In many of the described embodiments, an optical Switch 
can be formed by putting together two of the described 
interposer based optical Switch components. In Some 
embodiments the two components may be mirror images of 
one another, although this is not a requirement. When 
placing two interposer based optical Switch components 
together, an alignment frame may be positioned between the 
interposers to help maintain a desired Spacing between the 
respective arrays of mirrors. In Some Such embodiments, the 
alignment frame may be arranged to rest directly on the 
interposers and to Surround the dice and fiber arrayS. 



US 6,819,824 B1 
3 

In other embodiments of an optical Switch, an inner 
housing is provided that encloses the dice, the fiber array 
mounts the alignment frame and portions of the interposers, 
but leaves the connectors exposed. In one preferred imple 
mentation incorporating a housing, the inner housing is 
Sealed and a Seal is formed between the inner housing and 
the respective interposers by Soldering the inner housing 
directly to the interposers. A heater or cooler may optionally 
be provided to heat or cool the inner housing. 

In various embodiments, the fiber bundle is a collimated 
array of optical fibers. Ribbon cables may be coupled to the 
interposer connectors, with each ribbon cable having an 
external connector for connecting to external Systems. 

In another aspect of the invention, an optical Switch is 
provided which has an Outer housing in addition to the inner 
housing. The Outer housing encases the optical Switch com 
ponents and the inner housing and a resilient filler material 
is provided between the inner and outer housings to provide 
additional protection to the optical Switch. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with further objects and advan 
tages thereof, may best be understood by reference to the 
following description taken in conjunction with the accom 
panying drawings in which: 

FIG. 1(a) is a diagrammatic representation of the optical 
paths associated with a three-dimensional optical Switch 
using movable mirrors that Scan in two axes. 

FIG. 1(b) is a diagrammatic representation of the optical 
paths associated with a three-dimensional optical Switch 
having the input and output fiber arrays on the same Side of 
the Switch. 

FIG. 2 is a diagrammatic perspective illustration of an 
interposer based optical Switch component in accordance 
with one embodiment of the present invention. 

FIG. 3 is a diagrammatic top view of the interposer of 
FIG. 2. 

FIG. 4 is a diagrammatic perspective illustration of the 
fiber array mount portion of the optical Switch component of 
FIG. 2. 

FIG. 5 is an exploded perspective view of the fiber array 
mount of FIG. 4. 

FIG. 6 is a diagrammatic perspective illustration of an 
optical Switch incorporating a pair of the optical Switch 
components illustrated in FIG. 2. 

FIG. 7 is an exploded diagrammatic perspective view 
illustrating an inner housing arrangement in accordance with 
one embodiment of the present invention that is suitable for 
protecting the optical Switch of FIG. 6. 

FIG. 8 is an exploded diagrammatic perspective view 
illustrating the attachment of ribbon cables to the optical 
Switch of FIG. 6. 

FIG. 9 is an exploded diagrammatic perspective view 
illustrating an outer housing arrangement in accordance with 
one embodiment of the present invention. 

FIG. 10 is a diagrammatic perspective View illustrating 
the exterior appearance of the optical Switch package of FIG. 
9. 

FIG. 11 (a) is a diagrammatic perspective illustration of a 
Substrate based optical Switch component having a fixed 
mirror in accordance with another embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An optical Switch package in accordance with one 
embodiment of the invention will be initially described with 
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4 
reference to FIGS. 2-10. FIG. 2 is a diagrammatic illustra 
tion of an interposer based optical Switch component 120 in 
accordance with one embodiment of the present invention. 
The optical Switch component 120 includes an interposer 
122, a die 123 having an array of mirrors 124, a fiber array 
mount 128 and a plurality of electrical interposer connectors 
129. A fiber termination 126 is secured to the interposer 122 
by the fiber array mount 128 and a bundle of optical fibers 
127 exits from the fiber termination 126. 
The interposer 122 can take a wide variety of forms. One 

suitable interposer construction is illustrated in FIG. 3. In 
this embodiment, the interposer 122 has a mirror opening 
131 that is Surrounded on one Side by an array of contact 
pads 134 that make up a contact pad field. The contact pads, 
in turn, are electrically coupled to the electrical connectors 
129 via electrical traces (not shown). The traces may be any 
type of electrical conductors produced using modern micro 
fabrication techniques. With this arrangement, the die 123 
can be mounted on the interposer 122 in a mirror array down 
configuration to expose the mirror array through the mirror 
opening 131. The die 123 can be electrically connected to 
the contact pads 134 on the interposer 122 by any suitable 
method. By way of example, direct Soldering in a flip chip 
mounting Style or wire bonding may be used. In the illus 
trated embodiment, a flip chip mounting Style is contem 
plated such that bond pads (not shown) on the die 123 are 
directly soldered to the contact pads 134 on the interposer 
using Solder balls, posts or the like. In other embodiments, 
wire bonding, TAB, conductive adhesives, as well as other 
conventional interconnection techniques can be used to 
electrically couple the die 123 to the interposer 122. An 
alignment hole 136 may be provided to provide a reference 
for handling equipment during assembly of the optical 
Switch component 120. 

In the embodiments shown the die is mounted in a mirror 
array down configuration So that the mirror array 124 is 
exposed through the mirror opening 131. This configuration 
has Several advantages, one of which is that it allows the die 
123 to be mounted on the opposite side of the interposer 
from the fiber termination 126 which makes it easier to 
prevent interference between the fiber array mount 128 and 
the die. However, in alternative embodiments, the die 123 
may be mounted on the same side of the interposer 122 as 
the fiber termination 126 which eliminates the need for the 
mirror opening 131. This arrangement has Some advantages 
as well. For example, Same side die mounting generally 
permits the use of Smaller dice, which can have a significant 
impact on the production costs of the mirror arrayS. 

Interposers in general (as well as Suitable interposer 
fabrication techniques) are well known in the Semiconductor 
packaging area and any of a wide variety of interposer 
designs may be used. Generally an interposer is a Substrate 
Structure that provides both mechanical Support and electri 
cal interconnection. By way of example, the interposers may 
be formed from ceramic materials. Such as Alumina or 
Aluminum Nitride, or from a composite laminate (Such as 
printed circuit board laminates), Silicon, polymer 
composites, ceramic or metal matrices or a wide variety of 
other materials. The interposer may be constructed with 
traces on one side, both sides, or in a layered manner with 
multiple conductive layerS depending upon the needs of the 
optical Switch. 
The fiber termination 126 is mounted to the interposer by 

fiber array mount 128. It should be appreciated that the fiber 
array mount 128 must both hold the fiber termination 126 
and align the fiber array relative to the mirror array 124. A 
wide variety of mount Structures may be used and the actual 
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construction of a particular mount 128 will depend in large 
part on the nature of the fiber termination being held. In the 
embodiment shown, a collimator is formed as part of the 
fiber termination by aligning a lens array (not separately 
shown) at the face of the optical fibers. In other 
embodiments, the lens array may not be necessary and/or 
additional components (such as an optical multiplexer/ 
demultiplexer, optical detectors, etc.) may be made part of 
the fiber termination 126. In any of these embodiments, an 
appropriate mount 128 can be made to Secure the fiber array 
to the interposer 122. 

Referring next to FIGS. 4 and 5, a particular mount 128 
will be described. As best seen in FIG. 5, the mount includes 
a base 205, an adjustable alignment stage 210 and a bracket 
215. The base 205 is substantially U-shaped and includes an 
alignment ridge 207. The stage 210 is also substantially 
U-shaped and includes a Substantially U-shaped slot 212, 
which has a ledge 214 therein. The slot 212 is arranged to fit 
over the alignment ridge 207. The bracket 215 is also sized 
and Shaped to fit into the Slot 212 in alignment Stage 210 and 
its lower end is stepped down to form a ledge 216 arranged 
to rest on the ledge 214. The bracket 215 has a recess in the 
bottom Surface thereof (not shown) that is arranged to nest 
over alignment ridge 207 on base 205 to position the stage 
210. Fasteners 218 (which may be screws, bolts or a variety 
of other Suitable fastening or locking means) are then used 
to secure the bracket 215 to the base 205. The fiber array 
termination 126 is held in the stage 210. Appropriate fea 
tures (not shown) may be added to either the termination 126 
or the stage 210 to help the stage hold the termination in 
place. In Some embodiments, an adhesive Such as epoxy 
may be used to Secure the Stage to the termination. 

It should be appreciated that in the described fiber array 
mount 128, the position of the Stage may be adjusted within 
the tolerances between the relative widths of the slot 212 and 
alignment ridge 207. This permits the fiber array to be 
relatively precisely aligned relative to the mirror array 124 
during installation of the fiber array. Guide grooves 220 may 
be provided to provide a precision gripping point for han 
dling equipment and may be used in combination with 
interposer alignment hole 136 to facilitate precise alignment 
of the fiber array relative to the mirror array 124. When the 
proper alignment has been made, Stage 210 is locked in 
place by tightening the fasteners (e.g. Screws) 218. It should 
also be appreciated that with the described independent 
alignment Stage arrangement, the bracket 215 Substantially 
only presses down against the ledge 214 in Stage 210. Thus 
only vertical forces are transmitted from the bracket 215 to 
the Stage 210 to lock the Stage in place. The nesting of the 
recess in bracket 215 over ridge 207 absorbs any torsional 
component without passing any of that force to the Stage 
210. Notably, when screws are used as the fasteners, rota 
tional forces are not transmitted from the fasteners 218 to the 
alignment Stage 210 during tightening, which could have the 
effect of throwing off the alignment of the fiber array. 

Asbest seen in FIG. 4, the mount 128 holds the fiber array 
termination 126 over the mirror array 124, in a manner that 
covers only a portion (e.g. half) of the mirror array to leave 
an optical path for reflected light to pass through. It should 
be appreciated that the U-shaped nature of the various 
illustrated mount Structures provide a good connection with 
the interposer without interfering with the optical path. 
However, a variety of other mount Structure geometries and 
configurations may be used as well. 

In the illustrated embodiments, the only electrical com 
ponents carried by the interposers are the dice, the connec 
tors and the conductive features that electrically couple the 
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6 
connectors to the dice. However, it should be appreciated 
that a wide variety of other electrical components can be 
incorporated onto the interposer. By way of example, this 
may include other integrated circuits (such as various ASICs 
or programmable logic devices) as well as various discrete 
components (e.g., resistors, capacitors, inductors etc.) 
mounted on, formed on or formed within the interposer. 

Referring next to FIG. 6, the assembly of an optical Switch 
300 using a pair of identical optical Switch components 120 
in accordance with one embodiment of the invention will be 
described. The optical functioning of the Switch 300 requires 
that the relative position of the input mirror array and the 
output mirror array be fixed. In the illustrated embodiment, 
this is accomplished by mounting an input optical Switch 
component 304 and an output optical Switch component 308 
to an alignment frame 311 which provides the required 
spacing between the interposers. That is, the alignment 
frame 311 cooperates with the interposers to provide the 
physical Structure holding the mirror arrays in a fixed 
relationship relative to one another thereby maintaining the 
required linear spacing (in a direction parallel to the mirror 
planes) and normal spacing (in a direction perpendicular to 
the mirror planes) between the mirror arrays. It will be 
appreciated that the required linear and normal Spacing are 
determined by the design characteristics of the Switch optics. 
The nature of the alignment frame 311 may be widely 

varied. In the embodiment shown, it takes the form of a 
rectangular open frame. AS best Seen in FIG. 6, the frame 
311 rests directly on the input and output interposers 305, 
309. The frame is positioned such that it circumscribes the 
pairs of mounts 128, dice 123 and fiber array terminators 
126, while leaving the connectors 129 outside of the frame 
311 to facilitate external electrical connections. The frame 
311 may be formed in any suitable manner. In the embodi 
ment shown, the frame is composed of two pieces. The first 
piece is a U-shaped element 316 and the Second piece is a 
cross bar element 318 that is secured to the U-shaped 
element 316 using an appropriate fastening arrangement 
such as screws 319. An alignment pin 321 carried by the 
frame 311 may cooperate with alignment holes in the 
interposer to facilitate alignment of the frame relative to the 
interposers and to hold the frame in position. 
One noteworthy feature of the described optical Switch 

300 is that the Switch is composed of two identical optical 
component halves. It should be appreciated that forming a 
Switch from identical Switch halves may have Some signifi 
cant production cost advantages over Switches that are 
formed from different components due to Standardization. 
On the other hand, the use of identical Switch halves is not 
required by any means and the described interposer and 
alignment frame based packaging structure works well 
regardless of whether the optical Switch components are 
identical. By way of example, it may be desirable to provide 
the optical connectors with all of the fiber connections on 
one side. One way that this can be accomplished is to utilize 
a folded Switch geometry as discussed above with respect to 
FIG. 1(b). In this arrangement, the fixed mirror 145 may be 
carried by a rigid Substrate 148 having a geometry similar to 
an interposer, while the moveable mirror array is carried by 
the interposer. It should be appreciated that the fiber arrayS 
would only need to be attached to substrate in this 
arrangement, while the interposer connectors 129 (which 
have large number of connections) may only be required on 
the interposer. This arrangement has the benefit of requiring 
fewer components than the previously described embodi 
ment. However, the described packaging arrangement can 
readily be used to protect either arrangement, or with a 
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variety of other optical Switch configurations. FIG. 11 illus 
trates a Suitable Substrate that carries a fixed mirror. 

The optical Switch 300 has all of the components neces 
Sary to form a fully functioning Switch. However, Since the 
MEMS mirror arrays in particular are somewhat delicate, it 
is generally desirable (and necessary) to provide environ 
mental protection for the Switch to create a commercially 
viable product. The environmental protection preferably 
isolates the Switch from dirt, moisture and other contami 
nants. It also protects the Switch from mechanical shock and 
Vibration, electrostatic Shock, RF interference and tempera 
ture eXtremeS. 

Referring next to FIG. 7, a housing arrangement Suitable 
for protecting the heart of the Switch 300 will be described. 
In the embodiment shown, an inner housing 330 is arranged 
to slide over the interposers 305,309 between the alignment 
frame 311 and the electrical connectors 129. Thus, the 
housing has interposer slots 332 arranged to fit over the 
interposers as well as terminator Slots 334 arranged to fit 
over fiber array terminations 126. Abase 336 forms a cap for 
the housing. In the embodiment shown, the base 336 is 
secured to the frame 311 by screws, although this is not 
required. Flashings 339 are then slipped over the fiber 
bundles 127 and fiber array terminations 126 to enclose the 
terminator slots 334. 

In Some (and possibly most) applications, it will be 
desirable to Seal (and potentially hermetically Seal) the inner 
chamber of the Switch. This can readily be done by joining 
the base 336 to the inner housing 330, joining the housing 
330 to the interposers 305,309 and joining the flashings 339 
to the housing 330. In the described embodiment, the 
various components are joined by Soldering. However, Such 
joining can be accomplished by a wide variety of conven 
tional techniques including Soldering, welding, adhesive 
bonding and the like. In Some embodiments, metallic Seal 
lines (not shown) may be formed on the interposer Surface 
to Serve as a Solder base for Soldering the housing to the 
interposers. When assembled with an inner housing, the 
optical Switch 300 has the appearance illustrated in FIG. 8. 

It is not uncommon for optical Switches to be placed in 
environments where it can get relatively cold. Accordingly, 
a resistive heating blanket 342 may be placed over the inner 
housing to facilitate heating when necessary or desired. If a 
heater is desired, a heater cord 345 is provided to power the 
heating blanket 342. The heater also allows the package to 
be held at a constant temperature for improved optical 
performance. In alternative embodiments it may be desirable 
to provide a cooler and/or a bi-directional heat pump either 
in addition to, or in place of the heater. 

Referring next to FIG. 8, ribbon cables 350 having 
internal connectors 351 and external connectors 353 may be 
provided to electrically couple the Switch to external drivers. 
The internal connectors 351 plug into the interposer con 
nectors 129 and the external cable connectors 353 plug into 
connectors external to the package. Of course, when desired, 
connectorless joining methods may be used to couple the 
ribbon cable to the interposer. In the illustrated embodiment, 
each interposer has four connectorS 129 and a separate 
ribbon cable 350 is provided for each connector. Thus the 
optical Switch has a total of eight ribbon connectors. Of 
course the actual number of control lines and thus, the 
number and size of the various connectors that are required 
will vary Significantly based on the needs of a particular 
Switch. In current electrostatic MEMS mirrors that are 
rotatable in two degrees of freedom, four control lines are 
required for each mirror. In Switches having 256 input ports, 

15 

25 

35 

40 

45 

50 

55 

60 

65 

8 
that requires over 2000 different control lines for the input 
and output mirrors alone (four lines per mirror, 256 input 
mirrors, 256 output mirrors). Additionally, relatively high 
Voltages are currently required to rotate electrostatic mirrors 
(e.g. Voltages on the order of 100 volts in available Systems). 
Thus, high voltage drivers are required. In Some 
embodiments, the high Voltage drivers can be mounted on 
the interposers themselves. However, due to Space 
limitations, it may be impractical to place the high Voltage 
drivers on the interposers. Thus, the drivers can be located 
on external circuit boards. One effect of this approach is that 
the Spacing between conductors must be a bit larger than 
would be required in lower Voltage applications which tends 
to increase the Size of the required connectors. Of course, 
these technologies are rapidly advancing and as the tech 
nology develops, it is likely (indeed expected) that lower 
drive Voltages and higher connector densities will become 
COO. 

Although four control lines per mirror may be required in 
Some MEMS based mirror arrays, it should be appreciated 
that fewer or more control lines may require for other mirror 
arrays. For example, MEMS based mirror arrays that have 
rotation though a Single degree of freedom, may require just 
two control lines per mirror and further work in the area may 
be able to reduce the required number of control lines even 
further. 
Once the ribbon cables have been attached an external 

housing assembly 360, can be placed over the entire Switch 
assembly to further environmentally protect the Switch. Of 
course, the actual design of the outer housing may be widely 
varied. By way of example, one Suitable embodiment is 
illustrated in FIG. 9. In the embodiment shown, the outer 
housing assembly 360 includes an outer housing shell 362, 
an outer housing base 365, flexible cable strain relief clamps 
386, fiber bundle strain relief clamps 390, and clamp covers 
394. The various components can be coupled together using 
appropriate fastenerS Such as Screws (not shown). 

In the embodiment shown, the fiber bundle strain relief 
clamps 390 are coupled to the housing shell 362 using 
screws or other suitable fasteners. The clamp covers 394 are 
then coupled to the strain relief clamps 390 (again using 
suitable fasteners such as screws). Similarly, the flexible 
cable strain relief clamps 386 may be attached to the base 
365 by screws or other appropriate fasteners. 
Foam padding (not shown) or another highly damping 

resilient filler material is placed within the outer housing 
assembly 360 So that the only mechanical Support Suspend 
ing the inner housing assembly within the outer housing 
assembly is the resilient foam padding. In the described 
embodiment, a loose piece of foam is placed within the 
housing. However, in alternative embodiments a resilient 
material may be adhered to or molded into the outer housing 
shell 362. The foam padding allows substantially indepen 
dent movement of the inner housing assembly within the 
outer housing assembly thereby isolating the Switch from 
Vibrations and/or shock impulses that may disturb the outer 
housing. A thermal path can be provided between the inner 
and outer housings by using a thermally conductive (yet 
resilient) filler material. 

Although only a few embodiments of the present inven 
tion have been described, it should be understood that the 
present invention may be embodied in many other specific 
forms without departing from the Spirit or Scope of the 
invention. For example, although the illustrated embodiment 
has been described primarily in the context of a device 
having optical inputs and outputs carried by different inter 
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posers (e.g., using a simple 2 mirror array optical Switch 
approach), it should be appreciated that the majority of the 
described packaging techniques can be readily applied to 
folded optical path based optical Switches as well. These 
might include optical Switches wherein both the input and 
output fiber bundles are carried by the same interposer and 
the Second interposer carries all of the moveable mirrors and 
their associated electronicS and/or other components. It may 
also apply to mirror array based optical Switches having 
other optical paths and to optical Switches having a Single, 
or more than two fiber bundles. 

The described packaging techniques can be used with 
optical Switches of any appropriate size. Current efforts are 
primarily focusing on building 64, 256 and 1000 channel 
optical Switches, however the described packaging can 
readily be applied to Substantially larger and Smaller 
Switches as well. The invention has been described primarily 
in the context of semiconductor based MIMS mirror array 
Structures. However, it should be apparent that most of the 
described techniques can apply equally well to Switches 
using other mirror array technologies. Also, a number of 
unique packaging features have been described that com 
bined to provide a particular optical Switch packaging 
arrangement. However, it should also be appreciated that 
many of the described features are independent and do not 
need to be used in combination. Therefore, it should be 
apparent that the present examples are to be considered as 
illustrative and not restrictive, and the invention is not to be 
limited to the details given herein, but may be modified 
within the Scope of the appended claims. 
What is claimed is: 
1. An optical Switch component comprising: 
an interposer having an opening therein and a multiplicity 

of contact pads disposed about the opening and a 
multplicity of traces that are electrically connected to 
respective contact pads, and 

a die having an array of mirrors, the die being electrically 
connected to the contact pads and mounted on the 
interposer Such that the array of mirrorS is exposed 
through the interposer opening, whereby the optical 
Switch component is arranged Such that light Switched 
by the array of mirrors passes through the interposer 
opening. 

2. An optical Switch component as recited in claim 1 
further comprising at least one electrical connector mounted 
on the interposer, each interposer connector being electri 
cally connected to associated contact pads through asSoci 
ated traces. 

3. An optical Switch component as recited in claim 1 
further comprising a fiber array mount arranged to receive 
an optical fiber termination and to position the optical fiber 
termination appropriately over the array of mirrors. 

4. An optical Switch component as recited in claim 3 
further comprising an optical fiber termination that termi 
nates plurality of optical fibers, the optical fiber termination 
being Secured to the interposer by the fiber array mount. 

5. An optical Switch component is recited in claim 1 
further comprising additional electrical circuitry carried by 
or integrated onto the interposer, wherein the additional 
electrical circuitry includes at least one of an integrated 
circuit and a discrete component. 

6. An optical Switch component is recited in claim 1 
wherein the die is attached to the interposer by directly 
metallurgically joining bond pads on the die to associated 
contact pads on the interposer. 

7. An optical Switch component comprising: 
an interposer having an opening therein and a multiplicity 

of contact pads disposed about the opening and a 
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10 
multiplicity of traces that are electrically connected to 
respective contact pads; 

a die having an array of mirrors, the die being electrically 
connected to the contact pads and mounted on the 
interposer Such that the array of mirrorS is exposed 
through the interposer opening, and 

a fiber array mount arranged to receive an optical fiber 
termination and to position the optical fiber termination 
appropriately over the array of mirrors, wherein the 
fiber array mount includes: 
a base having an alignment ridge; 
an alignment Stage having a slot therein that fits over 

the alignment ridge, the Stage including a stage ledge 
within the slot; 

a bracket that fits into the Slot, the bracket including a 
bottom Surface receSS arranged to nest over the 
alignment ridge within the slot, and a bracket ledge 
arranged to rest on the Stage ledge within the slot, 
and 

fasteners arranged to couple the bracket to the base to 
hold the alignment Stage and base together. 

8. An optical Switch comprising: 
a pair of optical Switch components, 
an alignment frame; 
wherein each optical Switch component includes, 

an interposer having an opening therein and a multi 
plicity of contact pads disposed about the opening 
and a multiplicity of traces that are electrically 
connected to respective contact pads, 

a die having an array of mirrors, the die being electri 
cally connected to the contact pads and mounted on 
the interposer Such that the array of mirrorS is 
exposed through the interposer opening, 

a fiber array mount arranged to receive an optical fiber 
termination and to position the optical fiber termi 
nation appropriately over the array of mirrors, and 

an optical fiber termination that terminates a plurality 
of optical fibers, the optical fiber termination being 
Secured to the interposer by the fiber array mount, 
and 

wherein the alignment frame is arranged between the 
interposer of the respective optical Switch components 
to help maintain a desired spacing between the respec 
tive arrays of mirrors. 

9. An optical Switch component comprising: 
a rigid, planar interposer having a multiplicity of contact 

pads and a multiplicity of traces that are electrically 
connected to respective contact pads; 

a die having an array of mirrors, the die being electrically 
connected to the contact pads and mounted on the 
interposer to expose the array of mirrors, and 

a fiber array mount attached to the interposer, the fiber 
array mount being arranged to receive a plurality of 
optical fibers and to position the optical fibers appro 
priately over the array of mirrors. 

10. An optical Switch comprising: 
a pair of optical Switch components as recited in claim 9; 
an alignment frame arranged between the interposers of 

the respective optical Switch components to help main 
tain a desired spacing between the respective arrays of 
mirrors, and 

a pair of optical fiber terminations that each terminate an 
asSociated plurality of optical fibers, each optical fiber 
termination being Secured to an associated one of the 
interposers by an associated one of the fiber array 
mountS. 
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11. An optical Switch as recited in claim 10 wherein the 
alignment frame is arranged to rest directly on the interpoS 
erS and to Surround the dice and fiber array mounts. 

12. An optical Switch as recited in claim 10 further 
comprising an inner housing that enclosed the dice, the fiber 
array mounts the alignment frame and portions of the 
interposers, but leaves a portion of the interposers exposed 
to facilitate electrically connecting the dice to external 
devices. 

13. An optical Switch as recited in claim 12 wherein the 
inner housing is Sealed. 

14. An optical Switch as recited in claim 13 wherein a Seal 
is formed between the inner housing and the respective 
interposers by Soldering the inner housing to the interposers. 

15. An optical Switch as in claim 12 further comprising a 
heater arranged to heat the inner housing. 

16. An optical Switch as recited in claim 12 further 
comprising a cooler arranged to cool the inner housing. 

17. An optical Switch component as recited in claim 12 
further comprising at least one electrical interposer 
connectors, each interposer connectors being mounted on an 
asSociated interposer outside of the inner housing and being 
electrically connected to an associated die through asSoci 
ated contact pads and traces. 

18. An optical Switch as recited in claim 17 further 
comprising at least one ribbon cable, each ribbon cable 
being coupled to an associated interposer connector and 
having an external connector for electrically connecting to 
external Systems. 

19. An optical Switch component as recited in claim 9 
further comprising at least one electrical connector mounted 
on the interposer each interposer connector being electri 
cally connected to associated contact pads through asSoci 
ated traces. 

20. An optical Switch component as recited in claim 19 
further comprising electrical circuitry carried by or inte 
grated onto the interposer. 

21. An optical Switch component as recited in claim 20 
wherein the electrical circuitry includes a Second die having 
integrated circuits formed therein, the Second die being 
mounted on the interposer. 

22. An optical Switch component as recited in claim 9 
wherein the die is attached to the interposer by directly 
metallurgically joining bond pads on the die to associated 
contact pads on the interposer. 

23. An optical Switch component as recited claim 9 further 
comprising an optical fiber termination a plurality of optical 
fibers, the optical fiber termination being Secured to the 
interposer by the fiber array mount. 

24. An optical Switch component as recited in claim 23 
wherein the optical fiber termination collimated the Signals 
carried by the optical fibers. 

25. An optical Switch as recited in claim 9 wherein the 
interposer is formed from a material Selected from a group 
consisting of a ceramic material, Silicon and a composite 
laminate. 

26. An optical Switch component comprising: 
an interposer having a multiplicity of contact pads and a 

multiplicity of traces that are electrically connected to 
respective contact pads; 

a die having an array of mirrors, the die being electrically 
connected to the contact pads and mounted on the 
interposer to expose the array of mirrors, and 

a fiber array mount arranged to receive a plurality of 
optical fibers and to position the optical fibers appro 
priately over the array of mirrors wherein the fiber 
array mount includes: 
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12 
a base having an alignment ridge, 
an alignment Stage having a slot therein that fits over the 

alignment ridge, the Stage including a Stage ledge 
within the slot; 

a bracket that fits into the slot, the bracket including a 
bottom Surface receSS arranged to nest over the align 
ment ridge within the slot, and a bracket ledge arranged 
to rest on the Stage ledge within the slot; and 

fasteners arranged to couple the bracket to the base to hold 
the alignment Stage and base together. 

27. An optical Switch comprising: 
a pair of optical Switch components each having an 

interposer having a multiplicity of contact pads and a 
multiplicity of traces that are electrically connected to 
respective contact pads, a die having an array of 
mirrors, the die being electrically connected to the 
contact pads and mounted on the interposer to expose 
the array of mirrors, and a fiber array mount attached to 
the interposer, the fiber arrange mount being arranged 
to receive a plurality of optical fibers and to position the 
optical fibers appropriately over the array of mirrors, 

an alignment frame arranged between the interposers of 
the respective optical Switch components to help main 
tain a desired spacing between the respective arrays of 
mirrors, and a pair of optical fiber terminations that 
each terminate an associated plurality of optical fibers, 
each optical fiber termination being Secured to an 
asSociated one of the interposers by an associated one 
of the fiber array mounts; 

an inner housing that covers the dice; and 
an outer housing that encases the optical Switch compo 

nents and the inner housing. 
28. An optical Switch as recited in claim 27 wherein a 

resilient filler material is positioned between the inner and 
outer housings. 

29. An optical Switch comprising: 
first and Second interposers, 
a die having an array of mirrors, the die being mounted on 

the first interposer; 
an alignment frame Sandwiched between the interposers 

to help maintain a desired spacing between the inter 
posers, and 

input and output optical fiber bundles for respectively 
delivering optical Signals to and transmitting optical 
Sings from the optical Switch. 

30. An optical Switch as recited in claim 29 further 
comprising a Second die having a Second array of mirrors. 

31. An optical Switch as recited in claim 30 wherein: 
the Second die is mounted on the Second interposer; 
the input fiber bundle is mounted on the first interposer 

and the output fiber bundle is mounted on the second 
interposer, and 

the alignment frame helps maintain a desired spacing 
between the respective arrays of mirrors. 

32. An optical Switch as recited in claim 29 wherein the 
alignment frame is arranged to rest directly on the interpoS 
erS and to Surround the die and termination portions of the 
optical fiber bundles, the optical Switch further comprising 
an inner housing that enclosed the die, the alignment frame 
and portions of the first and Second interposers, but leaves a 
portion of the first interposer exposed to facilitate electrical 
connection to external devices. 

33. An optical Switch as recited in claim 29 further 
comprising at least one electrical connector mounted on the 
first interposer and electrically connected to the die. 
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34. An optical Switch component as recited in claim 29 
wherein the fiber bundles are collimated arrays of optical 
fibers. 

35. An optical Switch comprising: 
first and Second interposers, 
first and Second dice each having an array of mirrors, each 

die being mounted on and electrically connected to an 
asSociated one of the interposers, 

an alignment frame arranged between the interposers to 
help maintain a desired spacing between the respective 
arrays of mirrors, and 

input and output fiber arrays for respectively delivering 
optical Signals to and transmitting optical Signals from 
the optical Switch. 

36. An optical Switch as recited in claim 35 further 
comprising a plurality of electrical connectors each electri 
cal connector being mounted on an associated interposer and 
electrically connected to an associated die through at least 
traces on the associated interposer. 

37. An optical Switch as recited in claim 36 wherein the 
alignment frame is arranged to rest directly on the interpoS 
erS and to Surround the dice and fiber arrays, the optical 
Switch comprising an inner housing that encloses the dice, 
the alignment frame and portions of the interposers, but 
leaves the connectors exposed to facilitate electrical con 
nection to external devices. 

38. An optical Switch as recited in claim 35 further 
comprising: 

an inner housing that covers the dice. 
39. An optical Switch as recited in claim 38 wherein the 

inner housing is sealed. 
40. An optical Switch as recited in claim 39 wherein a seal 

is formed between the inner housing and the respective 
interposers by Soldering the inner housing to the interposers. 

41. An optical Switch as recited in claim 38 further 
comprising a heater arranged to heat the inner housing. 

42. An optical Switch as recited in claim 38 further 
comprising: 

a plurality of electrical interposer connectors each inter 
poser connector being mounted on an associated inter 
poser outside of the inner housing, and 

a plurality of ribbon cables, each ribbon cable being 
coupled to an associated interposer connector and hav 
ing an external connector for connecting to external 
Systems. 

43. An optical Switch comprising: 
first and Second interposers, 
first and Second dice each having an array of mirrors, each 

die being mounted on and electrically connected to an 
asSociated one of the interposers, 

input and output fiberbundles, for respectively delivering 
optical Signals to and transmitting optical Signals from 
the optical Switch; 

an inner housing that covers the dice; and 
an outer housing that encases the interposers, the dice, 

termination portions of the fiber bundles and the inner 
housing. 

44. An optical Switch as recited in claim 43 further 
comprising a resilient filler material positioned between the 
inner and outer housings. 

45. An optical Switch comprising: 
first and Second interposers, 
an array of mirrorS mounted on the first interposer; 
input and output bundles fiber respectively delivering 

optical Signals to and transmitting optical Signals from 
th optical Switch; 
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14 
an inner housing that encloses the array of mirrors, 

termination on portions of the fiber bundles and first 
portions of the interposers, but leaves a Second portion 
of at least the first interposer exposed to facilitate 
electrical connection to external devices, and 

an outer housing that encases the inner housing and the 
entire interposers while permitting the fiber bundles to 
pass therethrough. 

46. An optical Switch as recited in claim 45 further 
comprising a resilient filler material positioned between the 
inner and Outer housings. 

47. An optical Switch comprising: 
first and Second interposers each having a multiplicity of 

contact pads and a multiplicity of traces that are elec 
trically connected to respective contact pads; 

first and Second die each having an array of mirrors, each 
die being mounted on and electrically connected to the 
contact pads of an associated one of the interposers and 
mounted on the interposer; 

a plurality of electrical interposer connectors each inter 
poser connector being mounted on an associated inter 
poser and electrically connected to the contact pads of 
the associated interposer through traces of the associ 
ated interposer; 

input and output fiber arrays, for respectively delivering 
optical Signals to and transmitting optical Signals form 
the optical Switch; 

an inner housing that encloses the dice, termination por 
tions of the fiber arrayS and portions of the interposers, 
but leaves the electrical interposer connectorS eXposed; 

a plurality of ribbon cables, each ribbon cable being 
coupled to an associated interposer connector and hav 
ing an external connector for connecting to external 
Systems; 

an outer housing that encases the inner housing and the 
entire interposers including the interposer connectors, 
the Outer housing being arranged to permit the ribbon 
cables and fiber bundles that terminate in the input and 
output fiber arrays to pass therethrough; and 

a resilient filler material positioned between the inner and 
Outer housings. 

48. An optical Switch comprising: 
an interposer having an opening therein and a multiplicity 

of contact pads disposed about the opening and a 
multiplicity of traces that are electrically connected to 
respective contact pads; 

a die having an array of mirrors, the die being electrically 
connected to the contact pads and mounted on the 
interposer Such that the array of mirrorS is exposed 
through the interposer opening; 

a Substrate; 
an alignment frame arranged between the interposer and 

the Substrate to help maintain a desired spacing 
between the interposer and the Substrates, and 

at least one optical fiber bundle for delivering optical 
Signals to and transmitting optical Signals from the 
optical Switch. 

49. An optical Switch as recited in claim 48 further 
comprising a fixed mirror mounted on the Substrate and 
wherein; 

the optical fiber bundle is mounted on the Substrate; and 
the alignment frame helps maintain a desired spacing 

between a fixed mirror carried by the substrate and the 
arrays of mirrors. 

k k k k k 
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PATENT NO. : 6,819,824 B1 Page 1 of 2 
DATED : November 16, 2004 
INVENTOR(S) : Welsh et al. 

It is certified that error appears in the above-identified patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 3 
Line 63, add -- Figure 11b is a diagrammatic perspective view of a Switch incorpo 
rating a substrate of Figure 11(a) -- after brief description of FIGURE 11(a). 

Column 6 
Line 61, change “to substrate' to -- to the Substrate --. 

Column 9 
Line 17, change “MIMS" to -- MEMS --. 
Line 20, change "technologies" to -- or non-array technologies Such as holograph 
icS, liquid crystals, etc. --. 
Line 42, add -- before and after being reflected by the array of mirrors -- after 
"opening”. 
Lines 56 and 61, change “is recited" to -- as recited --. 

Column 10 
Line 46, change "having a "to -- having an opening therein and a --. 
Line 52, add -- the array of mirrors through the interposer opening, whereby the 
optical Switch components arranged such that light Switched by the array of mirrors 
passes through the interpOSer opening before and after being reflected by -- after 
"expose". 

Column 11 
Line 5, change "enclosed the dice" to -- encloses the dice --. 
Line 15, change "as in" to -- as recited in --. 
Line 46, change "recited claim" to -- recited in claim --. 
Line 47, change "termination a' to -- termination that terminates a --. 
Line 51, change "collimated” to -- collimates --. 
Line 53, change "switch as" to -- Switch component as --. 
Line 47, change "Sings' to -- Signals --. 

Column 12 
Line 61, change "enclosed the die” to -- encloses the die --. 

Column 13 
Line 65, change "bundles fiber” to -- fiber bundles for --. 
Line 67, change “th optical” to -- the optical --. 
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