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A system including a Module

Background

10001} A computing system may be a modular system. The system may include
a processing module and a storage module for example. The modules can be
instalied in a chassis that provides communication channels and power to the
modules. The chassis provides a communications channel between the modules
and can also provide the modules with power. The channel between the modules

may cause g module to wait before it can send data to another module.

Brief Descrintion Of The Drawings

(0002} Some embodiments of the invention are described with respect {o the

following figures:
Fig. 1 is a module according to an example embodiment of the invention;
Fig. 2 is a connector according 10 an example embodiment of the invention;
Fig. 3 is a waveguide according o an example embodiment of the invention;
Fig. 4 is & waveguide according o an example embodiment of the invention;
Fig. 5 is a chassis according o an example embodiment of the invention;
Fig. 8 is & waveguide according o an example embodiment of the invention;

Fig. 7 is an optical conneclor according (o an example embodiment of the

invention; and

Fig. 8 is a block diagram according 1o an example embodiment of the

invention.

Detailed Description

10003} A computing system can include modules providing various funclions or
features. For example, the module may be a processing unit 1o process instructions
and data, a storage unit that may include items such as nonvolatile memory or

volatile memory, a communications unii that may connect the computing system o a
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network, or the module may provide a different function to the computing sysiem. A
processing unit for example may include a processor that needs o send data o
another processing unit or 1o a storage unit. The connection between two modules
may create a bottleneck where the inter-module data transfer rale exceeds the data
processing or handling capabilities of the source module, destination module, or both

the source and destination modules.

[0004] The connection between two modules may be limited by the frequency of
the signal between the two modules and the propagation of the signal through an
alectrical conductor such as copper. An optical connection between the two
madules may provide a higher transfer rale and more bandwidth comparedto a

similar connection through a copper conductor.

{0005} In some embodiments the copper conductor connecting two modules may
be included in addition to an optical connector. Adding the optical connector to the
back of a module can further reduce the airflow through the system and the reduced

air flow may cause cooling problems for the system.

100086} An optical connector may be placed on the {op or the bottom of the
madule. An optical conneclor may have both a transmitter and a receiver. if g
module is installed in a chassis the transmitier and receiver can be aligned s¢ that
the transmitler can transmit signals inlo optical communication path in the chassis
and the receiver can receive signals from anocther optical communication path in the
chassis. A first alignment device may be used for the transmiter and a second
alignment device may be used Tor the receiver so that the transmitter and receiver in
adjiacent modules are properly aligned. The transmitier and receiver can be at
different distances from the first side of the module and are located at a different
position along the edge of the module. In one embodiment the positions of the
fransmitier and receiver may creale a stair slep patiern relative to the first side of the

module.

00071 With reference to the figures, Fig. 1 is a module according to an example
embodiment of the invention. The module 100 can communicate with another

module of a computing system (o add funclionahity to the computing system. For
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gxample the module may be a processor module to process data, instructions, or
both, a storage module to store data, instructions or both, a communications module
or another type of module. The module may be a printed circuit board with a
component 135 or components atiached to the printed circuit board. The printed

circuit board may be within an enclosure forming all or a portion of the module.

10008} The module 100 includes a first side 105. The module 100 includes a first
gdge 110. An oplical ransmitter connector 115 ¢an be a first distance from the first
side 105 at a first position A along the first edge 110, An oplical receiver connector
120 can be a second distance from the first side where the first and the second
distances are different. The oplical receiver conneclor 120 can be at a second

position B along the first edgs 110.

10009} The oplical fransmitier connector 115 and the optical receiver conneclior
120 can be connected to an optical chip 125. The optical ¢hip 125 may create an
optical signal that carries data received by the optical chip from for example anocther
component. The optical ¢hip 125 may receive oplical signals carrying data and send
that data to for example ancther component. The optical transmitler connecior 115
and the optical receiver connector 120 may be oplically connected to the optical chip
125. The optical chip 125 may transmit data from a processor, volatile storage such
as random access memaory, non-volatile storage such as a hard drive, a network
connection or another daia source. The optical chip 125 may receive data from

ancther moduls.

{0010} The first position A along the first edge may be adjacent to the second
position B. {f the firsi position A and the second position B are adjacent then the
optical ransmitter connector 115 and the oplical receiver connector 120 may bein a
stair siepped pattern relative to the first side 105 and may be in a housing 130, The
optical transmitter connector 115 may be in the same or different housing as the

optical receiver connector 120.

10011} A second module may have the optical ransmitter connector 115 and the
optical receiver connector 120 in the same or different positions as the first module.

if the oplical fransmitier and receiver connectors are in the same position for each
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module then the position of a first and a second module would be interchangeabile
within a chassis. Where the optical transmitters and optical receivers are in different
positions in the first and second modules, they can be configured by changing the
connection between the optical chip 125, the oplical transmitier connector 115, and
the optical receiver connector 120. The posilion of the optical transmitier connector
115 and the optical receiver connecior 120 can depend on the design of the first
waveguide that connects the oplical transmitter on the first module to the optical
receiver on a second module and second waveguide that connects the oplical

receiver on the first module o the optical transmitter on the second module.

(0012} Fig. 2 is a connector according 1o an example embodiment of the
invention. The connector may include a connector housing 130. The connector
housing may include an oplical transmitier connecior 115, an optical receiver
connector 120, or both. A resilient member can apply a force between the oplical
transmitter 115 or optical receiver 120 and a connecior on a waveguide. For
example the oplical transmitter connector or optical receiver connecior may be
spring ioaded {o retract or apply force against a waveguide if a connection is made
between the module and a waveguide. The optical transmilter or optical receiver
connector may aiso be replaceable if the oplical transmitier or oplical receiver

connecior becomes damaged, wormn oul or is not compatible with the waveguide.

10013} A conneactor may have multiple optical receiver connectors. For example
a module may have one oplical transmitter connector to transmit data to three other
modules but have at least one receiver 1o receive data from the transmitters of each
of the three other modules. The number of oplical receivers 3 module includes can
be the number of modules that the first modude can connect to, for example it 4
madules communicaled optically each module may have an optical transmitler and
three optical receivers. A module may have more than one optical transmitters and
more than one receiver per module it is communicating with 1o increase the
bandwidth of the communication between the modules. An optical cable 135 can
axtend from the connector housing 130 1o connect to an oplical chip. There can be

an optical cable for each of the conneclors.
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10014} Fig. 3 is a waveguids according to an example embodiment of the
invertion. The waveguide assembly may include a first waveguide 355, a second
waveguide 360, or more waveguides depending on the communications bandwidth
required between interconnectad modules. Figure 3 shows four waveguides in the
assembly. The first waveguide 355 may include a first connector 370, a second
connector 375, a third connector 380 and a fourth connector 385, The connectors
370, 375, 380 and 385 can allow the exit of an optical signal from the waveguide {0 a
receiver or permit the entry of an optical signal from a transmitter to the waveguide.
The waveguide may have the same number of connectors as the number of modules
that are connected to the waveguide, for example if the waveguide is connecled (o
the optical transmilier or optical receiver of two modules then the waveguide may
have two connectors. The connectors 370, 375, 380 and 385 can have an alignment
guide 365 to align an optical transmitier or optical receiver with an opening in the
waveguide. The alignment guide may be, for example, three walls with two walls on
opposing sides of the connector and the third wall at one end of the conneclor, the
opposite end of the two walls includes an opening for the optical ransmitter or
optical receiver 1o enier the alignment guide. The waveguids 355, 380 may be, for
exampie, a hollow metal waveguide, an optical fiber, or ancther light transmitling

material.

10015} If a waveguide of Fig. 3 was installed in a chassis each of the modules
thal connect {0 the waveguides would have o be reconfigured so that the optical
transmitter of one module was connected through the waveguide to the optical
receivers of another module. If the oplical transmitter connector of the first module
was in the same position along the first edge of the first module as the position of the
optical transmitter connector of the second module then a first module would be
connected to the connectors in column 361 and second module would be connected
o the connectors in column 362, and a third module would be connected to
connectors in column 363 and a fourth module connectaed (o the connectors in
column 364 with the optical fransmitters connected {o the connectors in row 350 and
waveguide 3585, Thus, the waveguide in row 350 would interconnect only optical
transmitters and no receivers from the waveguides in row 351, 352 and 353 would

be connected o these transmitters. If the waveguides in Fig. 3 were used in the



WO 2012/015384 PCT/US2010/043233

-6

chassis the optical transmitter in one of the modules would have to be moved to
ancther position in the connector housing. For example, if there were only two
modules then the optical transmitier connector 115 and the optical receiver
connector 120 of Fig. 2 would have (o be reversed. If the optical transmitter from the
first module and oplical receiver from the second module are connected by reversing
the positions dala can be transferred between the modules. I however, the optical
transmitter of the first module and the optical transmitter of the second module were
not reversed the first and the second modules could not communicate. The columns
361-364 and rows 350- 353 of the wave may not be perpendicular 1o each other s0
that a connector from an oplical transmitier or receiver does not have o pass over
the connector in a different waveguide than the connector the connector was

suppose to connect to.

10016} Fig. 4 is a waveguide according to an example embodiment of the
invention. The waveguide ¢an include a first waveguide 355 connected o a second
waveguide 356 through a flexible waveguide 357 such as a fiber oplic cable.
Portions of the waveguides 355 and 356 are in different rows 350 and 353. Having
the waveguides partially in different rows may allow the modules o be designed with
the optical transmilters and the oplical receivers in the same position on different
madules. For example the row 350 may be conneclors for optical transmitters and
rows 351, 352, and 353 can be connectors for optical receivers. The connector 370
in row 350 may be a connector for an optical ransmitter and the connectors 375,
380 and 385 in row 353 may be connectors for optical receivers while connectors
370, 375, 380 and 385 are in different columns 361, 362, 363, and 364.

(00171 Fig. 5 is a chassis according to an example embodiment of the invention.
The chassis 590 can include for example a first slot 585 in the chassis (o receive 3
first module 500 and a second siot 586 in the chassis {0 receive a second module
501, A first waveguide 555 with a first connector localed a first distance from a side
of the first slot 585 and at a first position along the side of the first slot; and a second
waveaguide 560 with a second connector located a second distance from the side of
the first slot at a second posilion along the side of the first slot. The first conneclor

on the first waveguide may be aligned with the oplical transmitter 315 and the
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second connector on the second waveguide may be aligned with the optical receiver
520 of the first module 585, There may be mulliple optical ransmitters 515 and
receivers 520 connected {0 each of the other modules 501, 502 and 503 through the
waveaguides 555 and 560 belween the slots 585, 586, 587 and 588 o increase the

bandwidih of dala transmission between the first module and the second module.

10018} Fig. 6 is a waveguide 600 according 1o an example embodiment of the
invention. The waveguide can include conneclors 670, 675, 680, and 685 in mulliple
columns 361, 362, 363, and 364. The connectors in each of the different rows 351,
352, 353 and 354 may have different shapes or sizes so that a connector for row 353
does not connect to the connector 870 in row 351 as the module is inserted in the

chassis prior to being fully inserted in the chassis.

10019} Fig. 7 is an optical connecior according (o an example embodiment of the
invention. The oplical connector 730 includes optical transmitter conneciors 715 and
optical receiver connectors 720. The optical transmitter connector does not have (o
be the first connector in the conneclor and may be in any position on the optical
connector 730, The connectors can be different sizes and different shapes (o
prevent the one of the connectors from connecting 1o one of the rows of the
waveguide 600 before the conneclor is in the correct row {0 connect to the

waveguide 600.

100201 Fig. 8 is a block diagram according to an example embodiment of the
invention. The first module 800 can include a component 835 that is connected to
an optical chip 825. The component 835 may be storage, a processor, an input
output controlier or another component. The optical chip 825 can be connected o
the transmitter 815 and the receiver 820. The waveguide 855 can connect the
optical transmitter 815 of the first component 800 {o the optical receiver 820 of the
second component 801, The waveguide 860 can connect the optical receiver 820 of
the first module 800 to the optical transmitter 815 of the second module 801. The
component 835 in the first module may be the same as component 836 in the
second module or may be different components. For example if the first module 800

was a processor module the component 835 may be a processor and if the second
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module 801 was a storags module the component 836 may be a storage device
such as a hard drive although the components 835 and 836 can be other

components as well.

10021} In the foregoing description, numerous details are set forth to provide an
understanding of the present invention. However, it will be understoond by those
skilled in the art that the present invention may be practiced without these details.
While the invention has been disclosed with respect 1o a limited number of
embodiments, those skilled in the art will appreciaie numerous modifications and
variations therefrom. i is intended that the appended claims cover such

madifications and variations as fall within the true spirit and scope of the invention.
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What is clagimed is:

1. A system comprising:

a first module including a first side and a first edge;

an optical transmitter a first distance from the first side af a first position along
the first edge; and

an optical receiver g second disiance from the first side wherein the first and
the second distances are different and wherein the oplical receiver is at a second

position along the first edge.

2. The system of claim 1, wherein the first position and the second position are
adjacent.
3. The system of claim 1, further comprising a second module including a

sacond side and a second edge; a second optical transmitter conneclior a first
distance from the second side at a first position glong the first edge; and

a second optical receiver connector a second distance from the second side.

4. The system of claim 1, further comprising a chassis to receive the first
madule.
5. The system of claim 4, further comprising a waveguide in the chassis to align

with the optical transmitter connector if the first module is received by the chassis.

8. The system of claim 5, wherein the waveguide aligns with a second optical

receiver connacior in a second module.

7. The system of claim 4, further comprising a waveguide in the chassis to align

with the optical receiver connecior if the first module is received by the chassis.

8. The system of claim 7, wherain the waveguide aligns with a second optical

transmitter connector in a second module.
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9. A system comprising:

a chassis;

a first slot in the chassis (o receive a first module;

a second slot in the chassis o receive a second module; and

a first waveguide with a first connector located a first distance from a side of
the first slot and at a first position along the side of the first slot; and

a second waveguide with a second connecior located a second distance from

the side of the first siot at a second position along the side of the first slot.

10, The system of claim 8, further comprising a third connector attached to the
first waveguide located a first distance from the second wall and at g first position

along the second wall,

11, The system of claim 10, further comprising a forth connector atlached to the
second waveguide located a second distance from the second wall at a second

position along the second wall.

12. The system of claim 8, further comprising a first module with an optical

fransmifter {o connect to one of the first connecior.

13.  The sysiem of claim 12, further comprising an optical receiver {o connect o

the second connector.

14.  The sysiem of claim 12, further comprising a resilient member to apply force

between the optical ransmitier and the first connector.

15, A syslemn comprising:

a chassis to receive a first module and a second module in a first slot or a
second siot;

a first wavequide in the chassis includes a first connecior on g first side of the
first slot to connect an optical transmitter of the first module with the optical receiver

of the second module;
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a second waveguide that includes a second connector on a first side of the
first slot to connect an oplical receiver of the first module with an optical transmitter

of the second module, wherein the first conneclor and the sacond conneclor are
incompatible.
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