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(57) Abstract: An interconnect system includes a first circuit board (18), first (14) and second (18a) connectors connected to the
first circuit board (18), and a transceiver (15) including an optical engine (15a) and arranged to receive and transmit electrical and
optical signals through a cable (16), to convert optical signals received from the cable (16) into electrical signals, and to convert
electrical signals received from the first connector (14) into optical signals to be transmitted through the cable (16). The transceiver
(15) is arranged to mate with the first (14) and second (18a) connectors so that at least some converted electrical signals are transmit -
ted to the first connector (14) and so that at least some electrical signals received from the cable (16) are transmitted to the second
connector (18a).
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TRANSCEIVER AND INTERFACE FOR IC PACKAGE

BACKGROUND OF THE INVENTION

1. Field of the Invention
[0001] The present invention relates to transceivers and IC packages. More specifically, the

present invention relates to transceivers that can be directly plugged into an IC package.

2. Description of the Related Art

[0002] Fig. 18 shows a conventional transceiver 500 and a conventional integrated circuit
(IC) package 504. The transceiver 500 is connected to a socket 501 on a printed circuit board
(PCB) 503. The IC package 504 is connected to the PCB 503 through solder balls 504a. The IC
package 504 is a ball grid array (BGA). The IC package 504 is connected to the socket 501 by
traces 502 located on or in the PCB 503. The transceiver 500 includes an optical engine that
provides optical-to-electrical and electrical-to-optical conversion. That is, the electrical signals
received from the IC package 504 are converted to optical signals that are transmitted through
the optical fiber cable 500a, and all optical sighals received through the optical fiber cable 500a
are converted to electrical signals and are transmitted to the IC package 504 through the traces
502 on the PCB 503 and the solder balls 504a.

[0003] Increased bandwidth demands make it difficult to transmit data to and from IC
packages over copper connections, including the traces 502 shown in Fig. 18. Signals to and
from the IC package have to travel over a long distance. For example, an electrical signal
transmitted by an IC die (not shown in Fig. 18) of the IC package 504 has to be transmitted
through an IC circuit board (not shown in Fig. 18), through solder balls 504a, along traces 504
on the PCB 503 to the socket 501, and finally to the transceiver 500 where the electrical signals
are converted to optical signals and transmitted through the optical fiber cable 500a. Optical
signals transmitted from the optical fiber cable 500a to the transceiver 500 must follow the
same lengthy path, but in reverse. The length of this path can reach up to 20 inches. High-end
applications, such as switches, can use many transceivers, in which the optical and electrical
signals for each of the transceivers must travel similarly lengthy paths. This approach as shown

in Fig. 18 with a lengthy path has many drawbacks, including:
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1.  Requiring more power to amplify or recover the data signals, which increases
the bit error rate and which creates some limitations in the placements of components
on the PCB, because data signals have to travel over lossy copper traces on a PCB.

2.  Increasing costs by increasing the number of components, including
connectors, transceiver cages, housing, etc. and requiring a larger number of BGA
connections between the IC package and the PCB because all the data signals have to be
transmitted to and from the BGA of the IC package.

[0004] Known transceivers, including the conventional transceiver 500 shown in Fig. 18,
cannot be adapted for connecting directly to an IC package because known transceivers are not
small enough or have adequate mechanical retention. Known transceivers require a large
amount of space and consume hardware to mate or dock the optical engine. Known
transceivers cannot be adapted to both on-board and ball grid array (BGA) stepped-plane
environments. Size and geometry of known transceivers is limited by interference from low-
speed signals and power signals being carried in the same transceiver as the high-speed signals.
[0005] Known LGA connector systems require additional hardware to mate and operate,
including, for example, springs, fasteners, latch bars or levers, latches for heat sinks. This
hardware applies even compression pressure over the top of connector systems. Springs are
typically used to allow for thermal expansion while applying and distributing force. Added
hardware is typically used for alignment and ease of installation for electrical, optical alighment,
and mechanical reasons.

[0006] Fig. 19A shows a known IC package 514 that includes a socket 510 that includes a
multi-fiber push-on (MPO) 511. The IC package 514 also includes an IC die 515 and a circuit
board 516 with solder balls 516a. MPO 511 is an optical connector in which optical signals are
inputted and outputted. All the optical components, including those that convert optical signals
to electrical signals and convert electrical signals to optical signals, must be located in the IC
package 514 and cannot be easily replaced if they fail. That is, the IC package 514 must include,
in addition to MPO 511, a converter that converts optical signals to electrical signals and that
converts electrical signals to optical signals, which increases the size and cost of the IC package

514. Because the converter must be included in the IC package 514 when it is manufactured,
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the converter must also be able to tolerate the reflow temperatures used when the IC package
514 is connected to host circuit board (not shown in Figs. 19A and 19B). Further, the IC package
fails if either the IC die 515 or the converter fails. Fig. 19B shows a conventional modification of
the IC package 514 shown in Fig. 19A in which the conventional IC package 524 includes a
socket 520 located on the opposite side of the IC package 524 as the MPO 521. The socket 520
and the MPO 521 are connected by fiber optic cables 527. The IC package 524 includes an IC die
525 and a circuit board 526 with solder balls 526a. Because MPO 511 is an optical connector,
MPO 511 is more expensive than a copper connector, and is sensitive to dust and other
contamination. MPO 511 also requires expensive precision mechanical latching to ensure
proper alignment of the optical connector that mates with the MPO 511. The mechanical
latching causes the MPO 511 to be sensitive to mechanical stress on the fibers connected to the
MPO 511, which can create optical misalighnment. The IC package 514 requires more stringent
stiffness requirements compared to IC packages that can be used with copper connectors. In
addition, the IC package 514 cannot be tested electrically during production because only a very
expensive optical tester can be used.

[0007] Known transceivers, which typically include an optical engine and typically use
pluggable connectors, are not designed to be directly connected to an IC package. Known
transceivers are not small enough or have adequate mechanical retention. Known transceivers
require a large amount of space and require hardware to mate or dock the optical engine.
Known transceivers cannot be adapted to both on-board and ball grid array (BGA) stepped-
plane environments.

[0008] Typical transceivers have a single electrical connector that transmits all of the high
speed signals, the low speed signals, and the power and ground signals, which limits
miniaturization of the transceiver.Known IC package connector systems require additional
hardware to mate and operate, including, for example, springs, fasteners, latch bars or levers,
latches for heat sinks. This hardware applies even compression pressure over the top of the
connector systems. Springs are typically used to allow for thermal expansion while applying and
distributing force. Added hardware is typically used for alignment and ease of installation for

electrical, optical alignment, and mechanical reasons.
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SUMMARY OF THE INVENTION

[0009] To overcome the problems described above, preferred embodiments of the present
invention provide a transceiver that can be plugged directly into an IC package. Because the
transceiver includes an optical engine that can be unplugged from the IC package, none of the
optical components need to be located within the IC package.

[0010] An interconnect system according to a preferred embodiment of the present
invention includes a host circuit board, an IC package connected to the host circuit board and
including a first connector, an IC circuit board, and an IC die, a transceiver including an optical
engine arranged to convert optical signals into electrical signals and arranged to convert
electrical signals into optical signals. The transceiver is arranged to mate with the first
connector so that at least some electrical signals transmitted to and from the IC die are
transmitted only on or through the IC circuit board.

[0011] The IC circuit board preferably includes a plurality of solder balls arranged in a ball
grid array. The interconnect system preferably further includes a second connector connected
directly to the host circuit board and arranged to connect the transceiver directly to the host
circuit board so that at least some electrical signals received by the transceiver are transmitted
directly to the host circuit board. The second connector preferably is a zero-insertion-force
connector. The second connector can include a latch that is arranged to connect the transceiver
to the second connector. The second connector can include a clip that is arranged to connect
the transceiver to the second connector. The second connector and the transceiver can be
connected with a screw, for example.

[0012] The first connector is preferably an edge-card connector. The transceiver preferably
further includes a heatsink. The transceiver preferably further includes a transceiver circuit
board, and the heatsink preferably includes a pair of legs that are arranged to connect the
transceiver circuit board to the heat sink, preferably includes a pair of protrusions and a strap
that are arranged to connect the transceiver circuit board to the heat sink, or preferably
includes a pair of opposing clips that are arranged to connect the transceiver circuit board to
the heat sink. The transceiver is preferably connected to the host circuit board with a screw, for

example.
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[0013] The IC package preferably further includes a lid. The lid preferably provides a heat
path for the optical engine when the transceiver is mated with the first connector. The
transceiver preferably includes a cable through which the transceiver receives and transmits
optical signals. The optical signals are preferably converted to electrical signals and transmitted
to the IC package through the first connector. The electrical signals are preferably further
transmitted to the IC die through the first connector and the IC circuit board. The electrical
signals are preferably transmitted directly to the host circuit board through a second connector
connected to the host circuit board. The transceiver preferably includes a cable through which
the transceiver receives and transmits electrical signals.

[0014] The IC package preferably includes at least one additional first connector.

[0015] An interconnect system according to a preferred embodiment includes a first circuit
board, first and second connectors connected to the first circuit board, and a transceiver
including an optical engine and arranged to receive and transmit optical signals through a cable,
to convert optical signals received from the cable into electrical signals, and to convert
electrical signals received from the first connector into optical signals to be transmitted through
the cable. The transceiver is arranged to mate with the first and second connectors so that at
least some converted electrical signals are transmitted to the first connector and so that at
least some electrical signals received from the cable are transmitted to the second connector.
[0016] The first connector can be connected to the first circuit board through a second
circuit board. The transceiver is preferably arranged to receive and transmit electrical signals
through the cable. The cable is preferably permanently attached to the transceiver.

[0017] A system according to a preferred embodiment of the present invention includes a
host circuit board, a package including first and second connectors, and a third connector
connected to the host circuit board but not connected to the package. The package is surface
mounted to the host circuit board through the first connector. The second connector is
connected to the package but is not connected to the host circuit board. The system can
transmit electrical signals or only optical signals or both electrical and optical signals.

[0018] The system preferably further includes a transceiver including a fourth connector

arranged to mate with the second connector, an interface arranged to mate with the third
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connector, a cable including at least one optical fiber, and an optical engine arranged to convert
at least some electrical signals received from the second connector into optical signals and
transmit the converted optical signals to the at least one optical fiber and arranged to convert
optical signals received from the at least one optical fiber into electrical signals and transmit the
converted electrical signals to the second connector. The cable is preferably permanently
attached to the optical engine.

[0019] The transceiver preferably includes at least one copper cable that is permanently
attached to the fourth connector.

[0020] The third connector preferably provides mechanical retention for the transceiver.
The third connector provides latching for the transceiver. The third connector preferably
provides electrical connections between the transceiver and the host circuit board without
going through the package. The third connector provides electrical connections between the
transceiver and the host circuit board without going through the package and provides
mechanical retention.

[0021] The above and other features, elements, characteristics and advantages of the
present invention will become more apparent from the following detailed description of

preferred embodiments of the present invention with reference to the attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
[0022] Fig. 1A is a conceptual drawing of an IC package and a transceiver according to a
preferred embodiment of the present invention before being mated together.
[0023] Fig. 1B is a conceptual drawing of an IC package and a transceiver according to a
preferred embodiment of the present invention mated together.
[0024] Fig. 1Cis a conceptual drawing of an IC package and a transceiver according to a
preferred embodiment of the present invention mated together.
[0025] Fig. 1D is close-up sectional view of an IC package and a transceiver according to a
preferred embodiment of the present invention.
[0026] Fig. 1E is close-up view of an IC package and a transceiver according to a preferred

embodiment of the present invention.
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[0027] Figs. 2A and 2B show a circuit board for use in an IC package according to the first
and second preferred embodiments of the present invention.

[0028] Figs. 2C and 2D show a lid for use with an IC package according to the first and
second preferred embodiments of the present invention.

[0029] Figs. 3A-3D show a transceiver and an IC package according to the first preferred
embodiment of the present invention.

[0030] Figs. 4A-4C show a transceiver and an IC package according to the second preferred
embodiment of the present invention.

[0031] Figs. 5A and 5B shows a transceiver for use with the third through eighth preferred
embodiments of the present invention.

[0032] Fig. 5C is a circuit board for use with the third, fifth, and seventh preferred
embodiments of the present invention.

[0033] Fig. 5D is a circuit board for use with the fourth, sixth, and eighth preferred
embodiments of the present invention.

[0034] Figs. 6A and 6B show a heatsink for use with the third and fourth preferred
embodiments of the present invention.

[0035] Figs. 6C and 6D show a transceiver with a heatsink for use with the third and fourth
preferred embodiments of the present invention.

[0036] Figs. 7A and 7B show a circuit board and a transceiver according to the third
preferred embodiment of the present invention.

[0037] Figs. 8A and 8B show a circuit board and a transceiver according to the fourth
preferred embodiment of the present invention.

[0038] Figs. 9A and 9B show a heatsink for use with the fifth and sixth preferred
embodiments of the present invention.

[0039] Figs. 9C and 9D show a transceiver with a heatsink for use with the fifth and sixth
preferred embodiments of the present invention.

[0040] Figs. 9E and 9F show modified transceivers with a heatsink for use with the fifth and

sixth preferred embodiments of the present invention.
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[0041] Figs. 10A-10D show circuit boards and transceivers according to the fifth preferred
embodiment of the present invention.

[0042] Figs. 11A-11D show circuit boards and transceivers according to the sixth preferred
embodiment of the present invention.

[0043] Figs. 12A and 12B show a heatsink for use with the seventh and eighth preferred
embodiments of the present invention.

[0044] Figs. 12C and 12D show a transceiver with a heatsink for use with the seventh and
eighth preferred embodiments of the present invention.

[0045] Figs. 13A and 13B show a circuit board and a transceiver according to the seventh
preferred embodiment of the present invention.

[0046] Figs. 14A and 14B show a circuit board and a transceiver according to the eighth
preferred embodiment of the present invention.

[0047] Figs. 15A and 15B show a heatsink for use with the ninth and tenth preferred
embodiments of the present invention.

[0048] Figs. 15C and 15D show a U-clip for use with the ninth and tenth preferred
embodiments of the present invention.

[0049] Figs. 15E and 15F show a transceiver with a heatsink for use with the ninth and
tenth preferred embodiments of the present invention.

[0050] Figs. 16A and 16B show a circuit board and a transceiver according to the ninth
preferred embodiment of the present invention.

[0051] Figs. 17A and 17B show a circuit board and a transceiver according to the tenth
preferred embodiment of the present invention.

[0052] Fig. 18 shows a conventional transceiver and a conventional IC package.

[0053] Fig. 19A shows another conventional IC package.

[0054] Fig. 19B shows a conventional modification of the IC package shown Fig. 19A.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
[0055] Figs. 1A-1E are conceptual drawings of the IC package 10 and the transceiver 15

according to a preferred embodiment of the present invention. Fig. 1A shows an IC package 10

and a transceiver 15 before being mated together, while Fig. 1B shows the IC package 10 and
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the transceiver 15 mated together. The IC package 10 includes an IC die 12 and an enclosure
(e.g., lid 11 and circuit board 13) for protecting the IC die 12 and electrical contacts (e.g., solder
balls 13a) for transmitting electrical signals in a larger overall system. The transceiver 15
includes an optical engine 15a and is connected to cable 16. The cable 16 preferably includes a
plurality of fiber optic cables. It is also possible for the cable 16 to include, in addition to fiber
optic cables, one or more copper cables. The optical engine 15a converts optical signals into
electrical signals and electrical signals into electrical signals. The optical engine 15a is preferably
a pluggable optical engine that includes 4, 8, or 12 channels and that can be surface mountable.
However, the optical engine 15a can have any number of channels. Although current channels
have a maximum speed of about 10 Gbps, higher maximum speeds will be achievable in the
future, and thus the speed of the channels of the optical engine 15a is not limited. The optical
engine 15a can be surface mountable. Examples of the optical engines 15a are disclosed in U.S.
Patent Nos. 7,329,054; 7,648,287; 7,766,559; and 7,824,112; U.S. Patent Application
Publication Nos. 2008/0222351, 2011/0123150, and 2011/0123151; and U.S. Application No.
61/562,371, the entirety of the contents of which are hereby incorporated by reference.

[0056] Fig. 1C shows a modification of the arrangement of the IC package 10 and
transceiver 15 shown in Figs. 1A and 1B in which a connector 18a connects the transceiver 15
directly to the host circuit board 18, without going through the IC package 10. In this
arrangement, signals can be transmitted directly to the host circuit board 18 without going
through the IC package 10.

[0057] If the cable 16 includes one or more copper cables, then power can be transmitted
through the transceiver 15. The power can be transmitted to/from the IC package 10 or could
be transmitted directly to/from the host circuit board 18 through the connector 18a. If power is
transmitted directly the host circuit board 18, then it is possible that the power can be further
transmitted to the IC package 10.

[0058] It is also possible to transmit signals through the copper cables directly to the host
circuit board 18 without going through the IC package 10. It is also possible for the optical
signals to be transmitted through the cable 16. It is also possible for the optical signals to be

converted into electrical signals, and for the converted electrical signals to be transmitted
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directly to the IC package 10 through socket 14 and/or directly to the host circuit board 18
through the connector 18a.

[0059] The IC package 10 shown in Figs. 1A-1C preferably is a BGA package; however, the
IC package 10 could be any suitable package type, including flip-chip BGA package, dual in-line
package, pin grid array package, leadless chip carrier package, surface mount package, small-
outline IC package, plastic leaded chip carrier package, plastic quad flat pack package, or thin
small-outline package.. The IC package 10 preferably includes a lid 11, an IC die 12, a circuit
board 13, and a socket 14. The lid 11 can act as a heat sink for both the IC package 10 and the
transceiver 15 and preferably covers the IC die 12, at least a portion of the circuit board 13, and
at least a portion of the socket 14. It is possible to use a separate heatsink (not shown in Figs.
1A-1C) instead of or in addition to the lid 11. The lid 11 can be arranged to ensure that the
transceiver 15 is pressed in the socket 14.

[0060] Although only one IC die 12 is shown in Figs. 1A-1C, it is possible to use two or more
IC dies 12.

[0061] The circuit board 13 preferably includes solder balls 13a arranged in BGA for
connecting the IC package 10 to the host circuit board 18. The socket 14 preferably extends
through an opening through the lid 11 so that the transceiver 15 can be mated with the socket
14, as shown in Fig. 1B. Although only one socket 14 and transceiver 15 are shown in Figs. 1A-
1C, it is possible to use two or more sockets 14 and transceivers 15. The sockets 14 can be
located on the same side or different sides of the IC package 10.

[0062] The lid 11 of the IC package 10 preferably provides a path for heat dissipation, as
shown in Fig. 1D. Fig. 1D is a close-up view showing a possible arrangement of the socket 14
and transceiver 15. In Fig. 1D, the lid 11 and the socket 14 provide a cavity such that, when the
transceiver 15 is inserted into the socket 14, (1) the electrical connection between the
transceiver 15 and the socket 14 is assured by the upward compression force of the electrical
contacts and (2) the heat dissipates along the path provided between the transceiver 15 and
the lid 11. There is a heat path directly from the transceiver 15 to the lid 11. As shown in Fig.
1D, optical signals can be transmitted to and from the transceiver 15 through cable 16, and

electrical signals can be transmitted between the IC die 12 and transceiver 15 and between the

10
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IC die 12 and the host circuit board 18, which, although not shown in Fig. 1D, would be
connected to the circuit board 13 through solder balls 13a.

[0063] Fig. 1E is a sectional view of a possible arrangement of the transceiver 15 and the IC
package 10. Fig. 1E shows the IC package 10 preferably including four sockets 14, for example,
three of which are shown in the figure. One of the sockets 14 can be arranged along the upper
right surface of the lid. The IC package 10 includes an IC die 12 located on a circuit board 13
that includes solder balls 13a. The lid 11 includes a finger 11a that provides a heat path from
the IC die 12 to the lid 11. As with Fig. 1D, the socket 14 in Fig. 1E is arranged to provide a cavity
such that, when the transceiver 15 is inserted into the cavity, a heat path is provided from the
transceiver 15 to the lid 11. That is, the lid 11 provides heat paths for both the IC die 12 and the
transceiver 15.

[0064] Using the IC package 10 and the transceiver 15 it is possible to transmit some or all
of the data signals from the cable 16 to the IC die 12 without transmitting the data signals
through the solder balls 13a of the IC package 10 or through the host circuit board 18. Because
of the proximity of the transceiver 15 to the IC die 12, the IC package 10 needs much lower
output amplification of the data signals. Similarly in the transceiver 15, higher data rates are
possible because of the limited amount of dispersion in the short electrical path between the
transceiver 15 and the IC die 12. Lower product and packaging cost can be achieved because: 1)
fewer BGA connections are required because some or all the high speed data signals are not
routed through solder balls 13a of the IC package 10 or through the host circuit board 18, 2)
less complexity of the host circuit board 18 and less cost because fewer data signals need to be
routed through the solder balls 13a of the IC package 10 and the host circuit board 18.
Increased data signal density can be achieved because of the miniaturization of the transceiver
15. The IC package 10 can be reflowed without the transceiver 15, so there is no need for the
transceiver 15 to withstand reflow temperatures. That is, the transceiver 15 can be added after
the IC package 10 is connected to the host circuit board 18.

[0065] The IC package 10 and the transceiver 15 can be tested separately, minimizing yield
loss. The transceiver 15 can be replaced if it fails. Similarly, the transceiver 15 can be re-used

after an IC package 10 is replaced. The optical connections can be re-routed without

11
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redesigning the host circuit board 18. The IC package 10 can be electrically tested using
conventional methods. The transceiver 15 and cable 16 are added last, making handling easier
and allowing greater manufacturing freedom because the IC package 10 does not include any
optical fiber or cable extending from it.
[0066] The optical signals within the transceiver 15 and optical connections are preferably
never exposed. Optical connectors have surfaces that can get dirty, which can make the optical
connection not perform or have degraded performance. By not exposing the optical
connections, proper performance can be assured. There are no fragile optical connections
between the transceiver 15 and the IC package 10. Because optical connectors are expensive, it
is possible achieve cost savings by reducing the number of optical connectors. The transceiver
15 and the socket 14 can be designed as standard components with standard interfaces and
circuit board footprints. Packaging of new IC packages 10 only requires the redesign of the
routing of circuit board 13, of the BGA layout, and of the lid 11 of the new IC package 10. No
change in tooling or fixturing is required for the transceiver 15 or the socket 14.
[0067] The end opposite of the optical engine 15a of the transceiver 15 can be customized
to use any suitable connector, including, for example, MPO, LC or FC fan-out, Prizm connector,
other suitable transceiver(s), etc.
[0068] A multi-channel (e.g., 12 or other) half-duplex transceiver would also yield a highly
modular system, allowing customization of the number of input and outputs (I/Os) for different
ICs. Similarly, a single secondary electrical connector design could be used for a 12-channel half-
duplex transceiver or a 4- to 6-channel full-duplex transceiver.
[0069] The transceiver 15 according to any of various preferred embodiments of the
present invention can be inserted into a IC package 10 according to any of various preferred
embodiments of the present invention and can include any of the following:

1.  The socket 14 of the IC package 10 can be an electrical connector for

connecting the transceiver 15 to the IC package 10.
2.  The transceiver 15 shares the IC package’s 10 heatsink(s).

3.  The transceiver 15 has its own heatsink(s).

12
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4.  The transceiver 15 has electrical connections on one side and a thermal
dissipation surface on another side.
5.  The transceiver 15 is permanently attached to a single or a plurality of optical
fibers.
6. The transceiver 15 can include an electrical connector as well as an optical
connector for receiving an optical patchcord.
[0070] The IC package 10 can include data signal connection(s) that connect the IC die to
the socket(s) 14, without going through the IC package 10 or the host circuit board 18. The IC
packages 10 can include the data signal connections(s) that connect the host circuit board 18
directly to the socket(s) 14, without going through the IC die 22. This provides a simple socket
design, which is useful for testing and/or manufacturing.
[0071] The IC package 10 might not have an IC die 12 inside and could just transmit data
from the host circuit board 18 to the transceiver 15 and provide thermal management.
[0072] The transceivers 15 preferably are miniature/low-cost edge-connector-to-optical-
engine board connectors, can be directly connected to an IC package, and are small, fast, less
complicated, fewer parts or components, and have sufficient mechanical retention. The
transceiver 15 preferably does not require a large amount of space for mating the optical
engine 15a and preferably can be adapted to both on-board and ball grid array (BGA) stepped-
plane environments. The transceiver 15 is preferably not limited by interference from low-
speed signals and power signals being carried in the same transceiver 15 as the high-speed
signals.
[0073] The transceiver 15 and IC package 10 preferably do not require additional hardware
to mate and operate. The size of the transceiver 15 is preferably compatible with mating the
transceiver 15 at the edge of an IC package 10. The transceivers 15 and IC packages 10 can be
mated with little insertion force.
[0074] The connector system discussed above that only uses the socket 14 as shown in
Figs. 1A and 1B is a one-piece connector system. However, a two-piece connector system can
also be used, as shown in Fig. 1C. The two-piece connector system includes, for example, the

socket 14 and the connector 18a as shown, for example, in Fig. 1C. In the two-piece connector
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system, both the transceiver 15 and a high data rate transmission copper cables can be
accommodated. The socket 14 can be an edge-card connector, and the connector 18a can be a
zero-insertion-force compression connector so that the transceiver 15 is pushed into the socket
14, then pressed down with zero insertion force into the connector 18a. The transceiver 15 and
the IC package 10 can be used with various latching features discussed below, but with no
compression hardware required. Because there is no compression hardware required,
installation is simplified, component count is reduced, and a more commercially viable solution
is provided. The transceivers 15 are preferably capable of holding the weight of a heatsink
(shown, for example, as heatsink 25c in Fig. 4B) required for the optical engine 15a.

[0075] The transceivers 15 can separate high-speed signals from low-speed signals and/or
power. Preferably, the high-speed signals are located within portion of the transceiver 15 that
mates with the socket 14, and the low-speed signals and/or power signals are located within
the portion of the transceiver 15 that mates with the connector 18a. This separation of signals
can simplify board implementation, can enhance signal integrity, and can result in less
hardware being used.

[0076] Space on the IC package 10 is limited to the length, width, and height of the socket
14. Because less space is required, a less expensive and more widely usable and marketable
solution is provided. The length of the socket 14 is preferably less than about 11.25 mm, for
example, which allows multiple, for example, at least four, connections to an IC package 10. The
socket 14 can be a 0.5 mm pitch edge-card connector, and the connector 18a can be a 0.8 mm
pitch compression connector, for example.

[0077] The IC package 10 can be, for example, a typical field-programmable gate array
(FPGA) package with sides having a dimension of about 45 mm, which allows for eight
transceivers (four on each of two sides). The height of the socket 14 is comparable to the
typical height of an IC package 10, including an FPGA package, which is usually within the range
of about 0.75 mm to about 2.2 mm, for example. The socket 14 preferably has a depth that is as
small as possible because the smaller the depth of the socket 14, the smaller the IC package 10

can be to accommodate the socket 14. Currently, the socket 14 with a depth of about 0.95 mm
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to about 2.45 mm, for example, is preferred; however, it is possible that in the future even
smaller depths can be used.

[0078] The two-piece connector systems can be used in multiple environments, including a
stepped-plane environment (e.g., BGA, LGA, and PGA applications) and a flat, co-planar
environment (e.g., on-board applications in which the two connectors are on the same circuit
board). In the stepped-plane environment, the two connectors are located on two different
circuit boards. Preferably, the first circuit board is a host circuit board, and the second circuit
board is included in an IC package with a BGA such that the top surface of the second circuit
board is located above the top surface of the host circuit board, i.e., the second circuit board is
stepped up with respect to the host circuit board. In the flat, co-planar environment, the two
connectors are located on the same circuit board. This multiple environment use allows the
two-piece connector system to be usable in multiple markets. There are no known solutions
that allow direct mating to an IC package.

[0079] The two-piece connector system can separate high-speed signals from low-speed
signals and/or power. The high-speed signals can be separated using, for example, a 0.50 mm
pitch edge-card connector, and the low-speed signhals and/or power can be separated using a
0.80 mm pitch compression connector.

[0080] The one-piece and two-piece connector systems can be used in any signal
transmission system, including any multiple high-speed cables inside the box product using, for
example, insulation-displacement connector (IDC), shielded IDC, twisted pair, shielded twisted
pair, power, optical fiber (glass and plastic) flex, conductive elastomer, lead wire, shielded and
unshielded cables, coaxial cables, twinaxial cables, and laminated micro-stripline and
microstrip.

[0081] The first and second preferred embodiments of the present invention will now be
described. The first and second preferred embodiments of the present invention are similar
with the main difference being different connectors being used for the socket 14. In the first
preferred embodiment, a land grid array (LGA) connector 24a is preferably used, and in the

second preferred embodiment, an edge-card connector 24b is preferably used.
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[0082] Figs. 2A and 2B show a circuit board 23 for use with an IC package according to the
first or the second preferred embodiment of the present invention, and Figs. 2C and 2D show a
lid 21 for use with an IC package according to the first or the second preferred embodiments of
the present invention. As shown in Fig. 2A, the circuit board 23 includes areas 23b where LGA
connector 24a (shown in Fig. 3A) or where edge-card connectors 24b (shown in Fig. 4A)
corresponding to the socket 14 of Figs. 1A-1E can be located. As with the sockets 14 discussed
above, any number of LGA connectors 24a or edge-card connectors 24b can be used. The circuit
board 23 also includes areas 23c where an IC die 22 (shown in Figs. 3A and 4A) can be located.
As shown in Fig. 2B, the back of the circuit board 23 includes an array of solder balls 23a.

[0083] Figs. 2C and 2D show a lid 21 for covering the circuit board 23 shown in Figs. 2A and
2B that can be used in either the first or second preferred embodiments. As seen in Fig. 2D, the
bottom of the lid 21 preferably includes a finger 21a. The finger 21a is arranged to provide a
heat path for the IC die 22 when the lid 21 covers the circuit board 23 and when the IC die 22 is
placed in the area 23c of the circuit board 23. If two or more IC dies 22 are used, then the lid 21
can have two or more corresponding fingers 21a.

[0084] Figs. 3A-3D show the transceiver 25 and the IC package 20 according to a first
preferred embodiment of the present invention. Fig. 3A shows a circuit board 23 with four LGA
connectors 24a, for example. Although Fig. 3A shows two pairs of LGA connectors 24a located
on opposite sides of the circuit board 23, any number of LGA connectors 24a could be used and
any arrangement of LGA connectors 24a could be used. For example, it is possible to arrange
the four LGA connectors 24a on different sides of the circuit board 23 or to arrange the four
LGA connectors 24a on the same side of the circuit board 23. The possible arrangements of the
LGA connectors 24a are affected by the size of the circuit board 23 of the IC package 20. For
example, it is possible that the circuit board’s 23 size is small enough that only one LGA
connector 24a will fit on a side of the circuit board 23. The LGA connectors 24a are arranged
such that when the transceiver 25 is inserted into them the top of the optical engine 25a is
pressed against the lid 21 to form a heat path in a similar manner as the heat path shown in Fig.

1D.
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[0085] The circuit board 23 shown in Figs. 3A and 3C does not include an IC die 22 in the
area 23c. However, as explained above, a single IC die 22 could be used, or more than one IC
die 22 could be used.

[0086] Fig. 3B shows a transceiver 25 that preferably includes a tab 25b. The tab 25b
allows the transceiver 25 to be inserted and removed from the IC package 20. The transceiver
25 also includes an optical engine 25a that converts optical signals to electrical signals and
converts electrical signals into optical signals. The optical engine 25a is connected to cable 26
that transmits optical signals. Cable 26 preferably includes one or more fiber optic cables.
[0087] Fig. 3C shows the transceiver 25 inserted into the IC package 20, where the IC
package 20 does not include the lid 21, and Fig. 3D shows the transceiver 25 inserted into the IC
package 20, where the IC package 20 includes the lid 21. The optical engine 25a receives optical
signals from the cable 26 and transmits the converted electrical signals to the IC die 22 through
the LGA connector 24a and the circuit board 23, and the optical engine 25a receives electrical
signals from the IC die 22 through the LGA connector 24a and the circuit board 23 and
transmits the converted optical signals to the cable 26.

[0088] Figs. 4A-AC show the transceiver 25 and the IC package 20 according to a second
preferred embodiment of the present invention. In the second preferred embodiment, an
edge-card connector 24b is used instead of LGA connector 24a, and a heatsink 25c is used
instead of tab 25b. Fig. 3A shows a circuit board 23 with four edge-card connectors 24b, for
example. As with the LGA connectors 24a, any number of edge-card connectors 24b could be
used and any arrangement of edge-card connectors 24b could be used. The circuit board 25d
can be inserted into the edge-card connectors 24b. In this preferred embodiment, the optical
engine 25a is provided outside of the IC package 20. Because the optical engine 25a is outside
of the IC package 20, the lid 21 cannot provide a heat path for the optical engine 25a.
Accordingly, the transceiver 25 preferably includes the heatsink 25c to provide a heat path for
heat dissipation for the optical engine 25a.

[0089] The circuit board 23 shown in Figs. 4A and 4C includes an IC die 22 in the area 23c.
However, as explained above, a single IC die 22 could be used, or more than one IC die 22 could

be used.
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[0090] Fig. 4B shows a transceiver 25 that preferably includes a heatsink 25¢ and circuit
board 25d. The transceiver 25 includes an optical engine 25a that converts optical signals to
electrical signals and converts electrical signals into optical signals. The heatsink 25c can be
used to insert and remove the transceiver 25 from the IC package 20 and provides a heat path
for heat dissipation from the optical engine 25a. The heatsink 25c can also protect the optical
engine 25a and serve as a housing. The optical engine 25a is connected to cable 26 that
transmits optical signals. Cable 26 preferably includes one or more fiber optic cables.

[0091] Fig. 4C shows the transceiver 25 inserted into the IC package 20, where the IC
package 20 only includes the outer wall of the lid 21. The optical engine 25a receives optical
signals from the cable 26 and transmits the converted electrical signals to the IC die 22 through
the edge-card connector 24b and the circuit board 23, and the optical engine 25a receives
electrical signals from the IC die 22 through the edge-card connector 24b and the circuit board
23 and transmits the converted optical signals to the cable 26.

[0092] The third through tenth preferred embodiments of the present invention will now
be described. The third through tenth preferred embodiments of the present invention are
similar to the above-described preferred embodiments of the present invention, with the main
differences being the environment in which the transceivers are used and the method in which
the transceivers are attached to the circuit board(s). The transceivers can be used in either a
flat, co-planar environment with a single circuit board as shown, for example, in Fig. 5C or a
stepped-plane environment with two circuit boards as shown, for example, in Fig. 5D. The
transceivers can be attached to the circuit board(s) using latches 135, 145 as shown, for
example, in Figs. 7B and 8B, clips 155, 165 as shown, for example, in Figs. 10C and 11C, screws
175 as shown, for example, in Figs. 13B and 14B, or U-clip 191d as shown, for example, in Figs.
16B and 17B. Some of the figures show connectors, e.g. front connector 152 in Fig. 10B, that,
for simplicity, only include some of the contacts. It should be understood that the connectors
can have a full set of contacts.

[0093] Fig. 5A shows an optical engine 115a connected to cable 116 that can be used with
each of the third through tenth preferred embodiments. The transceiver 115 includes an optical

engine 115a connected to a cable 116. The optical engine 115a is preferably a pluggable optical
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engine that includes 4, 8, or 12 channels and that can be surface mountable. However, the
optical engine 115a can have any number of channels. Although current channels have a
maximum speed of about 10 Gbps, higher maximum speeds will be achievable in the future,
and thus the speed of the channels of the optical engine 115a is not limited. Examples of the
optical engine 115a are disclosed in U.S. Patent Nos. 7,329,054; 7,648,287; 7,766,559; and
7,824,112; U.S. Patent Application Publication Nos. 2008/0222351, 2011/0123150, and
2011/0123151; and U.S. Application Nos. 61/562,371, the entirety of which are hereby
incorporated by reference. Cable 116 can include only one or more fiber optic cables, only one
or more copper cables, or a combination of one or more fiber optic cables and one or more
copper cables. Fig. 5B shows the optical engine 115a with a circuit board 115b. The transceiver
115 includes a heatsink (not shown in Fig. 5B) that is used to dissipate the thermal load. The
circuit board 115b preferably includes lands 115c, 115d, 115e (only land 115c on the top of the
circuit board 115b is shown in Fig. 5B) and an IC chip 115f. The IC chip 115f can route and/or
modify the electrical signals transmitted to and from the transceiver 115, including conditioning
the electrical signals for protocol specific data transfers. Lands 115d, 115e are located on the
bottom of the circuit board 115b. Lands 115d are located on the bottom of the circuit board
115b opposite of the lands 115c. Lands 115e are located on the bottom of the circuit board
115b, near the end of the circuit board 115b opposite to the end with the lands 115d, 115e. The
circuit board 115b can also include notches 115j that can be used with the latches 135 of the
third and fourth preferred embodiments to connect the circuit board 115b to the back
connectors 134, 144 as discussed below.

[0094] Fig. 5C shows a circuit board 118 for use in a flat, co-planar environment, and Fig.
5D shows circuit boards 119a, 119b for use in a stepped-plane environment. The circuit board
118 includes lands 118a, 118b and holes 118c, 118d. The circuit board 119a includes lands 119c¢
and holes 119e, and the circuit board 119b includes lands 119d and holes 119f. The holes 119e,
119f provide alignment for the two connectors when the two connectors are attached to the
circuit boards 119a, 119b. However, it is to possible use circuit boards 118a, 119a, 119b with
any arrangement and number of lands 118a, 118b, 119c¢, 119d and holes 118¢, 118d, 119e,
119f. It is also possible to circuit boards 118a, 119a, 119b without holes 118c, 118d, 119e, 119f.
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[0095] The lands 118a, 118b, 119¢, 119d provide electrical connections for the two
connectors of the two-piece connector systems, can be arranged in any suitable arrangement,
and can include any number of individual lands. As shown in Figs. 5C and 5D, the lands 118a,
118b, 119c¢, 119d can be arranged in two rows, but it is also possible that lands 118a, 118b,
119c, 119d are arranged in a single row or more than two rows. Individual lands in different
rows can have the same number of individual lands or a different number of individual lands.
[0096] The holes 118¢, 118d, 119e, 119f, if used, can provide alignment for the two
connectors of the two-piece connector systems when the two connectors are attached to the
circuit boards 118, 119a, 119b. The holes 118c, 118d, 119e, 119f can be arranged in any
suitable arrangement, can include any number of holes, and can have any suitable size and
shape. The holes 118c, 118d, 119e, 119f can be polarized to ensure the proper alignment of the
connector when the connector is attached to the circuit boards 118, 119a, 119b.

[0097] Figs. 6A and 6B show a heatsink 131 for use with the transceiver 130 shown in Figs.
6C and 6D. The transceiver 130 is used in the third and fourth preferred embodiments of the
present invention. The transceiver 130 can be used in the flat, co-planar environment of the
third preferred embodiment shown in Figs. 7A and 7B and can be used in the stepped-plane
environment of the fourth preferred embodiment shown in Figs. 8A and 8B.

[0098] As shown in Figs. 6A and 6B, the heatsink 131 includes fins 131a to dissipate heat
from the optical engine 115a, legs 131b to secure the circuit board 115b, cavity 131c in which
the optical engine 115a is located, and notches 131d that engage with the latches 135 shown
Figs. 7A-8B. Any suitable arrangement and number of fins 131a can be used as long as an
adequate amount of heat can be dissipated from the optical engine 115a. Any arrangement and
number of legs 131b can be used to secure the circuit board 115b to the heatsink 131. For
example, it is possible to form the legs 131b with a bend to secure the circuit board 115b as
shown, for example, in Figs. 6A-6D, and it is possible to form straight legs 13b and then swage
the legs around the circuit board 115b. Any suitable shape and arrangement of the notches

131d can be used to secure the transceiver 130 to the circuit boards 118, 119a.
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[0099] Figs. 7A and 7B show a two-piece connector system according to the third preferred
embodiment of the present invention. Fig. 7A shows the circuit board 118 with the front
connector 132 and the back connector 134.

[0100] The front connector 132 is preferably an edge-card connector that mates with the
front of the circuit board 115b. Preferably, the front connector 132 includes two rows of
contacts 132a, with one row of contacts 132a that can engage the lands 115c on top of the
circuit board 115b and with the other row contacts 132a that can engage the lands 115d on
bottom of the circuit board 115b.

[0101] The back connector 134 is preferably a zero-insertion-force connector that includes
latches 135 that can be used to secure the back portion of the transceiver 130 (not shown in
Fig. 7A but shown in Fig. 7B) to the circuit board 118. The back connector 134 includes a row of
contacts 134a that can engage the lands 115e on the bottom of the circuit board 115b.
Although a single row of contacts 134a is shown in Fig. 7A, it is also possible to use more than
one row of contacts 134a.

[0102] To mate transceiver 130 with the circuit board 118, the circuit board 115b is
pressed down into the back connector 134 aligning latches 135 with notches 115j in the circuit
board 115b, and then the circuit board 115b is pushed forward so that the front end of the
circuit board 115b is inserted into the front connector 132 and the latches 135 engage with the
notches 131d. To unmate the transceiver 130 from the circuit board 118, the front end of the
circuit board 115b is pulled out of the front connector 132 such that the latches 135 disengage
with the notches 131d and align with the notches 115j, and then the transceiver 130 is pulled
out of the back connector 134. Preferably, the high-speed signals are transmitted through the
front connector 132, and low-speed signals and/or power are transmitted through the back
connector 134.

[0103] Figs. 8A and 8B show a two-piece connector system according to the fourth
preferred embodiment of the present invention. Fig. 8A shows the circuit board 119b with the
front connector 142 and the circuit board 119a with the back connector 144. The circuit board

119b can be part of an IC package; however, for simplicity, only the circuit board 119a is shown.
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[0104] The front connector 142 is preferably an edge-card connector that mates with the
front of the circuit board 115b. Preferably, the front connector 142 includes two rows of
contacts 142a, with one row of contacts 142a that can engage the lands 115c on top of the
circuit board 115b and with the other row contacts 142a that can engage the lands 115d on
bottom of the circuit board 115b.

[0105] The back connector 144 is preferably a zero-insertion-force connector that includes
latches 145 that can be used to secure the back portion of the transceiver 130 (not shown in
Fig. 8A but shown in Fig. 8B) to the circuit board 119a. The back connector 144 can be similar to
the back connector 134 with the difference being that the height of the back connector 144 is
larger than the height of the back connector 134. The back connector 144 includes a row of
contacts 144a that can engage the lands 115e on the bottom of the circuit board 115b.
Although a single row of contacts 144a is shown in Fig. 8A, it is also possible to use more than
one row of contacts 144a.

[0106] To mate transceiver 130 with the circuit boards 119a, 119b, the circuit board 115b
is pressed down into the back connector 144 aligning latches 145 with notches 115j in the
circuit board 115b, and then the circuit board 115b is pushed forward so that the front end of
the circuit board 115b is inserted into the front connector 142 and the latches 145 engage with
the notches 131d. To unmate the transceiver 130 from the circuit boards 119a, 119b, the front
end of the circuit board 115b is pulled out of the front connector 142 such that the latches 145
disengage with the notches 131d and align with the notches 115j, and then the transceiver 130
is pulled out of the back connector 144 .Preferably, the high-speed signals are transmitted
through the front connector 142, and low-speed signhals and/or power are transmitted through
the back connector 144.

[0107] Figs. 9A and 9B show a heatsink 151 for use with the transceiver 150 shown in Figs.
9C-9F. The transceiver 150 is preferably used in the fifth and sixth preferred embodiments of
the present invention. The transceiver 150 can be used in the flat, co-planar environment of the
fifth preferred embodiment shown in Figs. 10A-10D and can be used in the stepped-plane

environment of the sixth preferred embodiment shown in Figs. 11A-11D.
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[0108] As shown in Figs. 9A and 9B, the heatsink 151 includes fins 151a to transmit heat
from the optical engine 115a, protrusions 151b or clips 151e to secure the circuit board 115b,
and cavity 151c in which the optical engine 115a is located. Any suitable arrangement and
number of fins 151a can be used as long as an adequate amount of heat can be dissipated from
the optical engine 115a. If the heatsink 151 includes protrusions 151b as shown, for example, in
Fig. 9A, then a strap 151d is used to secure the circuit board 115b. The straps 151d can be made
of a stamped metal or any other suitable material. The strap 151d preferably has a U-shape
with a base and ends extending from the base. The ends of the strap 151d includes holes that
can engage with the protrusions 151b of the heatsink 151 to secure the circuit board 115b to
the heatsink 151. The base of the strap 151d is positioned under the circuit board 115b, with
the ends of the straps 151d facing the heatsink 151. Pressing the base of the strap 151d against
the circuit board 115b, causes the ends of the strap 151d to deflect over the protrusions

151b to cause the holes of the straps 151d to engage with or snap together with the
protrusions 151b to secure the heatsink 151 and circuit board 115b together. Instead of using
protrusions 151b and strap 1514, it is also possible to use clips 151e to secure the circuit board
115b as shown in Figs. 9E and 9F. Although a single pair of opposing clips 151e is shown in Figs.
9E and 9F, it is possible to use more than one pair of opposing clips 151e to secure the circuit
board 115b.

[0109] It is possible to use any number and any suitable arrangement of individual lands in
the lands 115c, 115d, 115e. Figs. 9E and 9F are bottom perspective views of the transceiver 150
showing different possible arrangements of the lands 115d, 115e on the bottom of the circuit
board 115b. For example, it is possible to use more individual lands as seen by comparing the
number of individual lands in lands 115d in Fig. 9E with the number of individual lands in lands
115d in Fig. 9F. It is also possible to use multiple rows of lands. For example, lands 115e
preferably include two rows of lands 115e, instead of the one row of lands 115e shown, for
example, in Fig. 6D. If two rows of lands 115e are used, then the circuit board 115b can be
mated to a back connector 154, 164 with two rows of contacts 154a, 164a as shown, for

example, in Figs. 10B and 11B.

23



WO 2013/006499 PCT/US2012/045127

[0110] It is also possible to provide the circuit board 115b with guide features to guide the
transceiver 150 in the front connectors 152, 162 shown, for example, in Figs. 10A and 11A. Figs.
9C and 9D show the circuit board 115b with holes 115g that can be used in cooperation with
the posts 152c, 162c of the front connector 152, 162 shown, for example, in Figs. 10A and 11A.
Figs. 9E and 9F show the circuit board 115b with notches 115h that can be used in cooperation
with the ramps 152b, 162b of the front connector 152, 162 shown, for example, in Figs. 10B
and 11B.

[0111] Figs. 10A-10D show two-piece connector systems according to the fifth preferred
embodiment of the present invention. Figs. 10A and 10B show the circuit board 118 with front
connectors 152 and back connectors 154.

[0112] The front connectors 152 are preferably edge-card connectors that mate with the
front of the circuit board 115b. Preferably, as seen in Fig. 10D, the front connector 152 includes
two rows of contacts 152a, with one row of contacts 152a that can engage the lands 115c on
top of the circuit board 115b and with the other row contacts 152a that can engage the lands
115d on bottom of the circuit board 115b. The front connector 152 shown in Fig. 10A includes
posts 152c that engage with corresponding holes 115g in the circuit board 115b.

[0113] The back connector 154 is preferably a zero-insertion-force connector that includes
clips 155 that can be used to secure the back portion of the transceiver 150 (not shown in Figs.
10A and 10B but shown in Figs. 10C and 10D) to the circuit board 118. The clips 155 can engage
portions of the circuit board 115b that extend beyond the heatsink 151; however, it is also
possible that the clips 155 engage portions of the heatsink 151. The back connector 154
includes contacts 154a that can engage the lands 115e on the bottom of the circuit board 115b.
It is possible for the back connector 154 to include a single row of contacts 154a as shown in
Fig. 10A or to include more than one row of contacts 154a as shown in Fig. 10B.

[0114] As shown in Fig. 10D, to mate the transceiver 150 with the circuit board 118, the
front end of the circuit board 115b is inserted into the front connector 152, and then the back
end of the circuit board 115b is pressed down into the back connector 154 such that the clips
155 engage with the portions of the circuit board 115b that extend beyond the heatsink 151. To

unmate the transceiver 150 from the circuit board 118, a force is applied to the clips 155 to
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disengage the clips 155 from the portions of the circuit board 115b that extend beyond the
heatsink 151, and then the front end of the circuit board 115b is pulled out of the front
connector 152. Preferably, the high-speed signals are transmitted through the front connector
152, and low-speed signals and/or power are transmitted through the back connector 154.
[0115] Figs. 11A-11D show two-piece connector systems according to the sixth preferred
embodiment of the present invention. Fig. 11A and 11B show the circuit board 119b with the
front connector 162 and the circuit board 119a with the back connector 164. The circuit board
119b can be part of an IC package; however, for simplicity, only the circuit board 119b is shown.
As shown in Fig. 11D, the circuit boards 119a, 119b can be connected together using solder
balls 119g.

[0116] The front connector 162 is preferably an edge-card connector that mates with the
front of the circuit board 115b. Preferably, as seen in Fig. 11D, the front connector 162 includes
two rows of contacts 162a, with one row of contacts 162a that can engage the lands 115c on
top of the circuit board 115b and with the other row contacts 162a that can engage the lands
115d on bottom of the circuit board 115b.

[0117] The back connector 164 is preferably a zero-insertion-force connector that includes
clips 165 that can be used to secure the back portion of the transceiver 150 (not shown in Figs.
11A and 11B but shown in Figs. 11C and 11D) to the circuit board 119a. The back connector 164
can be similar to the back connector 154 with the difference being that the height of the back
connector 164 is larger than the height of the back connector 154. The back connector 164
includes a row of contacts 164a that can engage the lands 115e on the bottom of the circuit
board 115b. It is possible for the back connector 164 to include a single row of contacts 164a as
shown in Fig. 11A or to include more than one row of contacts 164a as shown in Fig. 11B.
[0118] As shown in Fig. 11D, to mate the transceiver 150 with the circuit boards 119a,
119b, the front end of the circuit board 115b is inserted into the front connector 162 on the
circuit board 119b, and then the back end of the circuit board 115b is pressed down into the
back connector 164 on the circuit board 119a such that the clips 165 engage with the portions
of the circuit board 115b that extend beyond the heatsink 151. To unmate the transceiver 150

from the circuit boards 119a, 119b, a force is applied to the clips 165 to disengage the clips 165
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from the portions of the circuit board 115b that extend beyond the heatsink 151, and then the
front end of the circuit board 115b is pulled out of the front connector 162. Preferably, the
high-speed signals are transmitted through the front connector 162, and low-speed signals
and/or power are transmitted through the back connector 164.

[0119] Figs. 12A and 12B show a heatsink 171 for use with the transceiver 170 shown in
Figs. 12C and 12D. The transceiver 170 is used in the seventh and eighth preferred
embodiments of the present invention. The transceiver 170 can be used in the flat, co-planar
environment of the seventh preferred embodiment shown in Figs. 13A and 13B and can be
used in the stepped-plane environment of the eighth preferred embodiment shown in Figs. 14A
and 14D.

[0120] As shown in Figs. 12A and 12B, the heatsink 171 includes fins 171a to transmit heat
from the optical engine 115a, legs 131b and post 171d to secure the circuit board 115b, and
cavity 171c in which the optical engine 115a is located. Any suitable arrangement and number
of fins 171a can be used as long as an adequate amount of heat can be dissipated from the
optical engine 115a. The post 171d of the heatsink 171 includes a hole 171e through which the
screw 175 is inserted to secure the circuit board 115b. As seen in Fig. 12D, the circuit board
115b preferably includes a tab 115i with a hole through which the screw 175 is inserted.
[0121] Figs. 13A and 13B show a two-piece connector system according to the seventh
preferred embodiment of the present invention. Figs. 13A and 13B show the circuit board 118
with front connectors 172 and back connectors 174.

[0122] The front connectors 172 are preferably edge-card connectors that mate with the
front of the circuit board 115b. Preferably, the front connector 172 includes two rows of
contacts 172a, with one row of contacts 172a that can engage the lands 115c on top of the
circuit board 115b and with the other row contacts 172a that can engage the lands 115d on
bottom of the circuit board 115b.

[0123] The back connector 174 is preferably a zero-insertion-force connector. Retainer
175a can be used to secure the heatsink 171 (not shown in Fig. 13A and but shown in Fig. 13B)
to the circuit board 118. The screw 175 can be inserted into a hole 175b of the retainer 175a.

The screw 175 secures the transceiver 170 to the circuit board 118 by being inserted through
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the holes 171e, 175b in the heatsink 171, the circuit board 115b, and the retainer 175b. The
back connector 174 includes contacts 174a that can engage the lands 115e on the bottom of
the circuit board 115b. It is possible for the back connector 174 to include a single row of
contacts 174a as shown in Fig. 13A or to include more than one row of contacts 174a.

[0124] To mate the transceiver 170 with the circuit board 118, the front end of the circuit
board 115b is inserted into the front connector 172, and then the screw 175 is used to secure
the transceiver 170 to the circuit board 118. To unmate the transceiver 150 from the circuit
board 118, the screw 175 is unscrewed from at least the retainer 175a, and then the front end
of the circuit board 115b is pulled out of the front connector 172. Preferably, the high-speed
signals are transmitted through the front connector 172, and low-speed signals and/or power
are transmitted through the back connector 174.

[0125] Figs. 14A and 14B show a two-piece connector system according to the eighth
preferred embodiment of the present invention. Fig. 14A and 14B show the circuit board 119b
with the front connector 182 and the circuit board 119a with the back connector 184. The
circuit board 119b can be part of an IC package; however, for simplicity, only the circuit board
119b is shown.

[0126] The front connector 182 is preferably an edge-card connector that mates with the
front of the circuit board 115b. Preferably, the front connector 182 includes two rows of
contacts 182a, with one row of contacts 182a that can engage the lands 115c on top of the
circuit board 115b and with the other row contacts 182a that can engage the lands 115d on
bottom of the circuit board 115b.

[0127] The back connector 184 is preferably a zero-insertion-force connector. Retainer
185a can be used to secure the heatsink 171 (not shown in Fig. 14A and but shown in Fig. 14B)
to the circuit board 119a. The screw 175 can be inserted into a hole 185b of the retainer 185a.
The screw 175 secures the transceiver 170 to the circuit board 119a by being inserted through
the holes 171e, 185b in the heatsink 171, the circuit board 115b, and the retainer 175b. The
back connector 184 includes contacts 184a that can engage the lands 115e on the bottom of
the circuit board 115b. It is possible for the back connector 184 to include a single row of

contacts 184a as shown in Fig. 14A or to include more than one row of contacts 184a.
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[0128] To mate the transceiver 170 with the circuit boards 119a, 119b, the front end of the
circuit board 115b is inserted into the front connector 182 on the circuit board 119b, and then
the screw 175 is used to secure the transceiver 170 to the circuit board 119a. To unmate the
transceiver 170 from the circuit boards 119a, 119b, the screw 175 is unscrewed from at least
the retainer 185a, and then the front end of the circuit board 115b is pulled out of the front
connector 182. Preferably, the high-speed signals are transmitted through the front connector
182, and low-speed signals and/or power are transmitted through the back connector 184.
[0129] Figs. 15A and 15B show a heatsink 191 for use with the transceiver 190 shown in
Figs. 15E and 15F. Figs. 15C and 15D show how a U-clip 191d is used to secure the heatsink to
the circuit boards 118, 119a. The transceiver 190 is preferably used in the ninth and tenth
preferred embodiments of the present invention. The transceiver 190 can be used in the flat,
co-planar environment of the ninth preferred embodiment shown in Figs. 16A and 16B and can
be used in the stepped-plane environment of the tenth preferred embodiment shown in Figs.
17A and 17B.

[0130] As shown in Figs. 15A and 15B, the heatsink 191 includes tines 191a to transmit
heat from the optical engine 115a, a U-clip 191d that engages with the notches 195, 205 shown
in Fig. 16A-17B to secure the circuit board 115b as well as the heatsink 191, cavity 191cin
which the optical engine 115a is located. The heatsink 191 also preferably includes slots 191i in
which the U-clip 191d is inserted. Each of the slots 191i preferably includes a ramp 191h that
engages the top of the arm 191f and that stops the U-clip 191d from being inserted past the
ramp 191h and preferably includes depressions 191j, 191k that engage the bottom of the arm
191f. Depressions 191j are arranged to engage the bottom of the arm 191f to stop the U-clip
191d from being pulled out of the heatsink 191. Depressions 191k are also arranged to engage
the bottom of the arm 191f when the legs 191e are engaged with the notches 195, 205 to
provide a resistance when the U-clip 191d is pulled-up to disengage the legs 191e from the
notches 195, 205.

[0131] Any suitable arrangement and number of tines 191a can be used as long as an
adequate amount of heat can be dissipated from the optical engine 115a. In addition, any

length of the tines 191a can be used. The cavity 191c is preferably arranged to allow the cables
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116 to be angled with respect to the circuit boards 118, 119a as shown in Figs. 16B and 17B. By
angling the cables 116, it is possible to reduce the size of the footprint required on the circuit
boards 118, 119a and to reduce the bend angle of the cable 116. Reducing the bend angle of
the cable 116 reduces the possibility of damaging the optical fibers in the cable 116.

[0132] Figs. 15C and 15D show the U-clip 191d. U-clip 191d preferably includes legs 191e,
arms 191f, and tab 191g. The tab 191g is arranged such that a force from, for example, a human
finger, can push the legs 191e into the notches 195, 205 of the back connector 194, 204 as
shown, for example, Figs. 16A and 17A and can pull the legs 191e from the notches 195, 205 of
the back connector 194, 204.

[0133] Figs. 16A and 16B show a two-piece connector system according to the ninth
preferred embodiment of the present invention. Fig. 16A shows the circuit board 118 with the
front connector 192 and the back connector 194.

[0134] The front connector 192 is preferably an edge-card connector that mates with the
front of the circuit board 115b. Preferably, the front connector 192 includes two rows of
contacts (not seen in Fig. 16A), with one row of contacts that can engage the lands 115c on top
of the circuit board 115b and with the other row contacts that can engage the lands 115d on
bottom of the circuit board 115b.

[0135] The back connector 194 is preferably a zero-insertion-force connector that includes
notches 195 that can be used with U-clip 191d to secure the back portion of the transceiver 190
(not shown in Fig. 16A but shown in Fig. 16B) to the circuit board 118. The back connector 194
includes a row of contacts 194a that can engage the lands 115e on the bottom of the circuit
board 115b. Although a single row of contacts 194a is shown in Fig. 16A, it is also possible to
use more than one row of contacts 194a.

[0136] To mate transceiver 190 with the circuit board 118, the circuit board 115b is
pressed down into the back connector 194 so that posts 196 align with notches 115j in the
circuit board 115b, and then the circuit board 115b is pushed forward so that the front end of
the circuit board 115b is inserted into the front connector 192. Then, the U-clip 191d can be
pushed down such that the legs 191e engage the notches 195. To unmate the transceiver 190

from the circuit board 118, the U-clip 191d can be pulled up such that the legs 191e disengage

29



WO 2013/006499 PCT/US2012/045127

with the notches 195. Then the front end of the circuit board 115b is pulled out of the front
connector 192 so that the posts 196 align with the notches 115j, and then the transceiver 190 is
pulled out of the back connector 194. Preferably, the high-speed signals are transmitted
through the front connector 192, and low-speed signals and/or power are transmitted through
the back connector 194.

[0137] Figs. 17A and 17B show a two-piece connector system according to the tenth
preferred embodiment of the present invention. Fig. 17A shows the circuit board 119b with the
front connector 202 and the circuit board 119a with the back connector 204. The circuit board
119b can be part of an IC package; however, for simplicity, only the circuit board 119a is shown.
[0138] The front connector 202 is preferably an edge-card connector that mates with the
front of the circuit board 115b. Preferably, the front connector 202 includes two rows of
contacts (not seen in Fig. 17A), with one row of contacts that can engage the lands 115c on top
of the circuit board 115b and with the other row contacts that can engage the lands 115d on
bottom of the circuit board 115b.

[0139] The back connector 204 is preferably a zero-insertion-force connector that includes
notches 205 that can be used with U-clip 191d to secure the back portion of the transceiver 190
(not shown in Fig. 17A but shown in Fig. 17B) to the circuit board 119a. The back connector 204
can be similar to the back connector 194 with the difference being that the height of the back
connector 204 is larger than the height of the back connector 194. The back connector 204
includes a row of contacts 204a that can engage the lands 115e on the bottom of the circuit
board 115b. Although a single row of contacts 204a is shown in Fig. 17A, it is also possible to
use more than one row of contacts 204a.

[0140] To mate transceiver 190 with the circuit boards 119a, 119b, the circuit board 115b
is pressed down into the back connector 204 so that posts 206 align with notches 115j in the
circuit board 115b, and then the circuit board 115b is pushed forward so that the front end of
the circuit board 115b is inserted into the front connector 202. Then, the U-clip 191d can be
pushed down such that the legs 191e engage the notches 205. To unmate the transceiver 190
from the circuit boards 119a, 119b, the U-clip 191d can be pulled up such that the legs 191e

disengage with the notches 205. Then the front end of the circuit board 115b is pulled out of
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the front connector 202 so that the posts 206 align with the notches 115j, and then the
transceiver 190 is pulled out of the back connector 204. Preferably, the high-speed signals are
transmitted through the front connector 202, and low-speed signals and/or power are
transmitted through the back connector 204.

[0141] Instead of using the latches 135, 145, clips 155, 165, screws 175, or a U-clip 191d of
the various preferred embodiments of the present invention described above, it is also possible
to use other arrangements to secure the circuit board 115b to the heatsink 131, 151, 171,
including, for example, staples or epoxy.

[0142] It should be understood that the foregoing description is only illustrative of the
present invention. Various alternatives and modifications can be devised by those skilled in the
art without departing from the present invention. Accordingly, the present invention is
intended to embrace all such alternatives, modifications, and variances that fall within the

scope of the appended claims.
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WHAT IS CLAIMED IS:

1. An interconnect system comprising:

a host circuit board;

an IC package connected to the host circuit board and including a first connector, an IC
circuit board, and an IC die; and

a transceiver including an optical engine arranged to convert optical signals into
electrical signals and arranged to convert electrical signals into optical signals; wherein

the transceiver is arranged to mate with the first connector so that at least some
electrical signals transmitted to and from the IC die are transmitted only on or through the IC

circuit board.

2. An interconnect system according to claim 1, wherein the IC circuit board includes a

plurality of solder balls arranged in a ball grid array.

3. An interconnect system according to claim 1, further comprising a second connector
connected directly to the host circuit board and arranged to connect the transceiver directly to
the host circuit board so that at least some electrical signals received by the transceiver are

transmitted directly to the host circuit board.

4. An interconnect system according to claim 3, wherein the second connector is a zero-

insertion-force connector.

5. An interconnect system according to claim 3, wherein the second connector includes

a latch that is arranged to connect the transceiver to the second connector.

6. An interconnect system according to claim 3, wherein the second connector includes

a clip that is arranged to connect the transceiver to the second connector.
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7. Aninterconnect system according to claim 3, wherein the second connector and the

transceiver are connected with a screw.

8. An interconnect system according to claim 1, wherein the first connector is an edge-

card connector.

9. An interconnect system according to claim 1, wherein the transceiver further includes

a heatsink.

10. An interconnect system according to claim 9, wherein:
the transceiver further includes a transceiver circuit board; and
the heatsink includes a pair of legs that are arranged to connect the transceiver circuit

board to the heat sink.

11. An interconnect system according to claim 9, wherein:
the transceiver further includes a transceiver circuit board; and
the heatsink includes a pair of protrusions and a strap that are arranged to connect the

transceiver circuit board to the heat sink.

12. An interconnect system according to claim 9, wherein:
the transceiver further includes a transceiver circuit board; and
the heatsink includes a pair of opposing clips that are arranged to connect the

transceiver circuit board to the heat sink.

13. An interconnect system according to claim 9, wherein:

the transceiver further includes a transceiver circuit board; and

the transceiver is connected to the host circuit board with a screw.
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14. An interconnect system according to claim 1, wherein the IC package further

includes a lid.

15. An interconnect system according to claim 14, wherein the lid provides a heat path

for the optical engine when the transceiver is mated with the first connector.

16. An interconnect system according to claim 1, wherein the transceiver includes a

cable through which the transceiver receives and transmits optical signals.

17. An interconnect system according to claim 16, wherein the optical signals are

converted to electrical signals and transmitted to the IC package through the first connector.

18. An interconnect system according to claim 17, wherein the electrical signals are

further transmitted to the IC die through the first connector and the IC circuit board.

19. An interconnect system according to claim 16, wherein the electrical signals are
transmitted directly to the host circuit board through a second connector connected to the host

circuit board.

20. Aninterconnect system according to claim 1, wherein the transceiver includes a

cable through which the transceiver receives and transmits electrical signals.

21. Aninterconnect system according to claim 1, wherein the IC package includes at

least one additional first connector.

22. An interconnect system comprising:

a first circuit board;

first and second connectors connected to the first circuit board; and
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a transceiver including an optical engine and arranged to receive and transmit optical
signals through a cable, to convert optical signals received from the cable into electrical signals,
and to convert electrical signals received from the first connector into optical signals to be
transmitted through the cable; wherein

the transceiver is arranged to mate with the first and second connectors so that at least
some converted electrical signals are transmitted to the first connector and so that at least

some electrical signals received from the cable are transmitted to the second connector.

23. Aninterconnect system according to claim 22, wherein the first connector is

connected to the first circuit board through a second circuit board.

24. An interconnect system according to claim 22, wherein the transceiver is arranged to

receive and transmit electrical signals through the cable.

25. Aninterconnect system according to claim 22, wherein the cable is permanently

attached to the transceiver.

26. A system comprising:

a host circuit board;

a package including first and second connectors; and

a third connector connected to the host circuit board but not connected to the package;
wherein

the package is surface mounted to the host circuit board through the first connector;

the second connector is connected to the package but is not connected to the host
circuit board; and

the system transmits electrical signals only or transmits only optical sighals or transmits

both electrical and optical signals.

27. A system according to claim 26, further comprising a transceiver including:
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a fourth connector arranged to mate with the second connector;

an interface arranged to mate with the third connector;

a cable including at least one optical fiber; and

an optical engine arranged to convert at least some electrical signals received from the
second connector into optical signals and transmit the converted optical signals to the at least
one optical fiber and arranged to convert optical signals received from the at least one optical
fiber into electrical signals and transmit the converted electrical signals to the second
connector; wherein

the cable is permanently attached to the optical engine.

28. The system according to claim 27, wherein the third connector provides mechanical

retention for the transceiver.

29. The system according to claim 28, wherein the third connector provides latching for

the transceiver.

30. The system according to claim 27, wherein the third connector provides electrical
connections between the transceiver and the host circuit board without going through the

package.

31. The system according to claim 27, wherein the third connector provides electrical
connections between the transceiver and the host circuit board without going through the

package and provides mechanical retention.

32. A system according to claim 27, wherein the transceiver further includes at least one
copper cable that is permanently attached to the fourth connector.
33. The system according to claim 32, wherein the third connector provides mechanical

retention for the transceiver.
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34. The system according to claim 33, wherein the third connector provides latching for

the transceiver.

35. The system according to claim 32, wherein the third connector provides electrical
connections between the transceiver and the host circuit board without going through the

package.
36. The system according to claim 32, wherein the third connector provides electrical

connections between the transceiver and the host circuit board without going through the

package and provides mechanical retention.
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