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HIGH-DENSITY SMALL FORM-FACTOR PLUGGABLE
MODULE, HOUSING, AND SYSTEM

BACKGROUND
Field
[0001] This disclosure is generally related to the field of data communication. More
specifically, this disclosure is related to a high-density small form-factor pluggable (SFP)

module, housing, and system for facilitating increased bandwidth density of an SFP package.

Related Art

[0002] In today’s networks, high-speed connections are typically implemented using SFP
modules (e.g., a communication module in a small form-factor pluggable package). For
example, 40 or 100 gigabytes per second (40G or 100G) connections, which are heavily used in
datacenters, can be implemented using quad SFP (QSFP) modules. The data rate of a QSFP
module is generally four times the rate of an SFP module. Therefore, in a network, 10G and 25G
SFP modules are often used for coupling servers and edge switches, 40G and 100G QSFP
modules are used for coupling edge and aggregate switches, and the rate of QSFP package
modules is generally quadruple the rate of SFP package modules. FIG. 1A illustrates an
exemplary SFP module, in accordance with a prior art.

[0003] With increasing bandwidth demand in datacenter networks, 40G and 100G
network connections may be unable to meet the demand. The bandwidth requirement of the next
generation datacenter networks is expected to reach 400G. To accommodate such high
bandwidth, multiple ports of a switch are typically configured to operate as a port channel,
supporting a higher bandwidth link than an individual port can. However, this approach requires
multiple ports of a switch dedicated for a single connection, thereby reducing the port density of
the switch.

[0004] To facilitate a switch with a high port density, each port supporting a high
bandwidth connection, a 100G SFP module has emerged. With current technologies, 100G
signals may not be modulated on a single photoelectric signal channel in a short time due to the
limitations of high-speed signals and high-speed photoelectric components. However, single-
channel 50G signals can be implemented using a 4-level pulse-amplitude modulation (PAM4)

technique.
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[0005] While a high-bandwidth connection brings many desirable features to a

datacenter, some issues remain unsolved in facilitating a switch with high port density.

SUMMARY

[0006] Embodiments described herein provide an apparatus for facilitating a double-
density small form-factor pluggable (SFP-DD) module. The apparatus includes a set of control
connector pins for exchanging control signals. The apparatus also includes a first set of
communication connector pins for establishing a first communication channel and a second set of
communication connector pins for establishing a second communication channel. The set of
control connector pins and the first set of communication connector pins correspond to connector
pins of an SFP module, and the second set of communication connector pins extends the SFP
module. The size of the SFP-DD module corresponds to the size of the SFP module.

[0007] In a variation on this embodiment, the SFP-DD module is downward-compatible
with the SFP module. The apparatus can then include a position restriction that aligns the SFP
module with the first set of communication pins.

[0008] In a variation on this embodiment, the second set of communication connector
pins is on the host side with respect to the first set of communication connector pins in the SFP-
DD module.

[0009] In a variation on this embodiment, each of the first and second sets of
communication connector pins includes a set of transmission pins and a set of reception pins.

[0010] In a variation on this embodiment, if the second set of communication connector
pins requires additional power, the second set of communication connector pins includes a set of
power and ground pins.

[0011] In a variation on this embodiment, the apparatus includes clock and data recovery
(CDR) circuitry that extracts timing information and recovers transmitted symbols. The
transmitted symbols are one or more of: electrical signal and optical signal.

[0012] In a further variation, the apparatus further includes wavelength-division
multiplexing (WDM) transponder circuitry configured to convert between the electrical signal
and the optical signal.

[0013] In a variation on this embodiment, the first set of communication connector pins
can accommodate (e.g., can couple) a first cable for transmitting a signal associated with the first
communication channel and a second cable for receiving a signal associated with the first
communication channel. Similarly, the second set of communication connector pins can

accommodate a third cable for transmitting a signal associated with the second communication
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channel and a fourth cable for receiving a signal associated with the second communication
channel.

[0014] In a further variation, the first, second, third, and fourth cables form one or more
of: active optical cable (AOC) and direct attach cable (DAC).

[0015] In a variation on this embodiment, the SFP-DD module can reside in a
corresponding SFP-DD port in a server, thereby facilitating a communication channel between

the server and an access switch.

BRIEF DESCRIPTION OF THE FIGURES

[0016] FIG. 1A illustrates an exemplary small form-factor pluggable (SFP) module, in
accordance with a prior art.

[0017] FIG. 1B illustrates an exemplary datacenter network using double-density SFP
(SFP-DD) modules, in accordance with an embodiment of the present application.

[0018] FIG. 2A illustrates an exemplary SFP-DD module with multi-layer high-density
signal pin groups, in accordance with an embodiment of the present application.

[0019] FIG. 2B illustrates an exemplary SFP-DD module with double-density signal pin
groups, in accordance with an embodiment of the present application.

[0020] FIG. 2C illustrates an exemplary SFP-DD module with double-density signal pin
groups and additional power pins, in accordance with an embodiment of the present application.

[0021] FIG. 3 illustrates an exemplary SFP-DD package supporting signal conversion, in
accordance with an embodiment of the present application.

[0022] FIG. 4 illustrates an exemplary SFP-DD package, in accordance with an
embodiment of the present application.

[0023] FIG. 5A illustrates an exemplary deployment of SFP-DD modules in a network, in
accordance with an embodiment of the present application.

[0024] FIG. 5B illustrates an exemplary deployment of SFP-DD modules using an optical
splitter, in accordance with an embodiment of the present application.

[0025] FIG. 6A illustrates an exemplary direct attach cable (DAC) based on SFP-DD
modules, in accordance with an embodiment of the present application.

[0026] FIG. 6B illustrates an exemplary active optical cable (AOC) based on SFP-DD
modules, in accordance with an embodiment of the present application.

[0027] FIG. 7A presents a flowchart illustrating a method of an SFP-DD module
transmitting a signal, in accordance with an embodiment of the present application.

[0028] FIG. 7B presents a flowchart illustrating a method of an SFP-DD module

processing a received signal, in accordance with an embodiment of the present application.
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[0029] FIG. 8 illustrates an exemplary apparatus that facilitates an SFP-DD module, in
accordance with an embodiment of the present application.

[0030] In the figures, like reference numerals refer to the same figure elements.

DETAILED DESCRIPTION

[0031] The following description is presented to enable any person skilled in the art to
make and use the embodiments, and is provided in the context of a particular application and its
requirements. Various modifications to the disclosed embodiments will be readily apparent to
those skilled in the art, and the general principles defined herein may be applied to other
embodiments and applications without departing from the spirit and scope of the present
disclosure. Thus, the embodiments described herein are not limited to the embodiments shown,
but are to be accorded the widest scope consistent with the principles and features disclosed

herein.

Overview

[0032] The embodiments described herein solve the problem of increasing the bandwidth
of a small form-factor pluggable (SFP) module by incorporating at least two transmission and
reception channels within the SFP package. Such an SFP module can be referred to as a double-
density SFP (SFP-DD) module. An SFP-DD module can be a copper module, which carries
signal via a copper cable, or an optical module, which carries optical signal via an optical cable.
The SFP-DD module doubles the signal rate while maintaining the small package size of an SFP.
As aresult, a device (e.g., a switch or a server) equipped with SFP-DD modules can attain higher
bandwidth with a high port density.

[0033] With existing photoelectric signal technology, 100G optical modules may not be
implemented using SFP packages. In particular, there may not be an appropriate solution to
implement a 100G connection between a server and a switch in a datacenter. One 100G
connection can be established using two 50G SFPs at an increased cost. On the other hand,
QSFP and micro-QSFP (uQSFP) use four 25G channels. However, these technologies may not
work well with other modules, such as Octal SFP (OSFP) and QSFP-DD modules.

[0034] In addition, port density on a switch is limited to the physical dimensions of the
switch. For example, a switch with a rack unit of 1U can accommodate 64 SFP ports on its front
panel. However, the same switch can only accommodate 36 QSFP28 ports. Furthermore, the
conversion between 25G and 50G signals may increase the cost and power consumption of a
module. Moreover, neither QSFP28 nor uQSFP is downward-compatible (or backward-

compatible) with SFP modules, which are heavily used in current datacenters.
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[0035] To solve these problems, embodiments described herein facilitate an SFP-DD
module that provides at least two high-speed signal channels using an SFP package. This allows
the SFP-DD module to increase bandwidth while remaining downward-compatible with existing
solutions. In addition, similar to an SFP-based front panel, SFP-DD interfaces can provide high
port density to a switch. To facilitate a higher signal rate, the SFP-DD module can include an
additional row of connector pins on the host side (i.e., the side toward the host with the direction
of module insertion).

[0036] As shown in FIG. 1A, the board (e.g., the printed circuit board or PCB) of an SFP
module 100 includes set of low-speed connector pins 102 that includes control signal and ground
pins (e.g., pins 1-10). The control signal pins can be used for receiving low-speed control signals
and the ground pins are used for outputting low-speed control signals. SFP module 100 can also
include set of communication pins 104 that includes transmission and reception signal pins
corresponding to a single communication channel (e.g., pins 11-20). Communication pins 104
can also include connector pins for power and ground.

[0037] Including an additional row of connector pins, the SFP-DD module includes at
least two rows of connector pins for communication. The additional row of connector pins can
include at least one group of high-speed connector pins that provides an additional
communication channel in the SFP-DD module. In this way, the SFP-DD module provides two
high-speed signal channels. The additional row can include connectors for power and/or ground
signals. However, these power/ground connectors may not be added if additional power
consumption is not needed. The additional row of connector pins should be coupled to any other
modules, such as an optical-to-electrical converter, on the SFP-DD package (e.g., the caging that
includes the SFP module) via the connections on the PCB.

[0038] This design can ensure downward-compatibility with a single-channel SFP
module. It should be noted that, to accommodate the additional row of connector pins, an SFP-
DD module can be longer than a single-channel SFP module. In some embodiments, the SFP-
DD package can incorporate a position restriction that ensures that a single-channel SFP module
is properly aligned with the communication pin (e.g., communication pins 104 in FIG. 1A). The
SFP-DD module can be inserted into a corresponding SFP-DD port. Except the above-

mentioned elements, other elements may remain identical to those of a single-channel SFP.

Exemplary System

[0039] FIG. 1B illustrates an exemplary datacenter network using SFP-DD modules, in
accordance with an embodiment of the present application. In this example, a number of

switches 152, 154, and 156 can communicate via a network 160 (e.g., a next generation 400G
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network) with servers 162, 164, and 166, which can be part of a datacenter 150. Servers 162,
164, and 166 can be storage servers, each of which can include a CPU, an interface card, and
storage devices or modules. For example, server 166 can include a central processing unit
(CPU), a memory, a network interface card (NIC), and a number of high-performance storage
devices (e.g., solid-state drives or SSDs).

[0040] With existing technologies, there may not be an appropriate solution to implement
a 100G connection between a server and a switch in datacenter 150. To establish a 100G
connection between switch 152 and server 166, two 50G SFPs can be used, which can lead to an
increased cost. Moreover, switch 152 may accommodate 64 SFP ports on its front panel.
However, switch 152 can only accommodate 36 QSFP28 ports. Furthermore, the conversion
between 25G and 50G signals may increase the cost and power consumption of switch 152.
Moreover, neither QSFP28 nor pnQSFP are downward-compatible with SFP modules, which can
be heavily used in datacenter 150.

[0041] To solve these problems, server 166 can be coupled with an SFP-DD module 174
that provides at least two high-speed signal channels. Similarly, switch 152 can also be coupled
with SFP-DD module 172. To support SFP-DD modules 172 and 174, switch 152 and server 166
can be equipped with SFP-DD ports that can accommodate both single-channel SFP modules and
SFP-DD modules. Using SFP-DD modules 172 and 174, a 100G connection can be established
via network 160. In this way, SFP-DD modules can facilitate high-bandwidth connection in

datacenter 150 while ensuring high port density in switch 152.

SFP-DD modules
[0042] FIG. 2A illustrates an exemplary SFP-DD module with multi-layer high-density

signal pin groups, in accordance with an embodiment of the present application. In this example,
an SFP-DD module 200 can include a number of additional rows of connector pins on the host
side. This allows SFP-DD module 200 to support a higher number of channels. For example,
with two additional rows of connector pins, SFP-DD module 200 can support at least three
channels.

[0043] As shown in FIG. 2A, SFP-DD module 200 can include a set of low-speed
connector pins 202 that includes control signal and ground pins (e.g., pins 1-10). The control
signal pins can be used for receiving low-speed control signals and the ground pins are used for
outputting low-speed control signals. SFP-DD module 200 can also include set of
communication pins 204 that includes transmission and reception signal pins corresponding to a
single communication channel. Communication pins 204 can also include connector pins for

power and ground. Power and ground pins are used for supplying power.
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[0044] Suppose that SFP-DD module 200 includes two additional rows of connector pins
206 and 208 (e.g., aligned with pins 11-20). If these connector pins are communication pins,
SFP-DD module 200 can include at least three rows of connector pins for communication. Each
of the additional rows of connector pins can include at least one group of high-speed connector
pins that provides an additional communication channel in SFP-DD module 200. For example,
communication pins 206 can include a set of transmission pins (TD+ and TD—-), and a set of
reception pins (RD+ and RD-). In this way, SFP-DD module 200 provides three high-speed
signal channels.

[0045] In some embodiments, the number of additional rows of connector pins is
programmable. SFP-DD module 200 can include both connector pins 206 and 208. However,
only one of them can be programmed to be active at a time. This can allow a simple and generic
manufacturing of SFP-DD module 200 with differentiated service. SFP-DD module 200 with
both connector pins 206 and 208 active can have a higher price than an SFP-DD module 200 that
has only one of connector pins 206 and 208 active.

[0046] FIG. 2B illustrates an exemplary SFP-DD module with double-density signal pin
groups, in accordance with an embodiment of the present application. Similar to the example in
FIG. 2A, an SFP-DD module 230 can include a set of low-speed connector pins 232 that includes
control signal and ground pins (e.g., pins 1-10). The control signal pins can be used for receiving
low-speed control signals and the ground pins are used for outputting low-speed control signals.
SFP-DD module 230 can also include set of communication pins 234 that includes transmission
pins (TD1+ and TD1-) and reception pins (RD1+ and RD1-) corresponding to a single
communication channel. Communication pins 234 can also include connector pins for power (D)
and ground (T). Power and ground pins are used for supplying power.

[0047] To support at least two communication channels, SFP-DD module 230 can
include an additional row of connector pins 236 on the host side (e.g., aligned with pins 11-20).
In other words, since connector pins 236 are communication pins, SFP-DD module 230 can
include at least two rows of connector pins for communication. Communication pins 236 can
include at least one group of high-speed connector pins that provides an additional
communication channel in SFP-DD module 230. For example, communication pins 236 can
include a set of transmission pins (TD2+ and TD2-), and a set of reception pins (RD2+ and
RD2-).

[0048] Suppose that communication pins 236 do not incur additional power consumption
for SFP-DD module 230. Communication pins 236 then may not include connector pins for

power (D) and/or ground (T) signals. Communication pins 236 should be coupled to any other
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modules, such as an optical-to-electrical converter, on the SFP-DD package of SFP-DD module
230 via the connections on the PCB.

[0049] The design of SFP-DD module 230 may ensure downward-compatibility with a
single-channel SFP module (e.g., SFP module 100 in FIG. 1A). It should be noted that, to
accommodate communication pins 236, SFP-DD module 230 can be longer than SFP module
100. In some embodiments, the SFP-DD package of SFP-DD module 230 can incorporate a
position restriction that ensures that SFP module 100 is properly aligned with communication
pins 234.

[0050] FIG. 2C illustrates an exemplary SFP-DD module with double-density signal pin
groups and additional power pins, in accordance with an embodiment of the present application.
In this example, an SFP-DD module 250 can include a set of low-speed connector pins 252 that
includes control signal and ground pins. The control signal pins can be used for receiving low-
speed control signals and the ground pins are used for outputting low-speed control signals. SFP-
DD module 250 can also include set of communication pins 254 that includes transmission pins
(TD1+ and TD1-) and reception pins (RD1+ and RD1-) corresponding to a single
communication channel. Communication pins 254 can also include connector pins for power (D)
and ground (T). Power and ground pins are used for supplying power.

[0051] To support at least two communication channels, SFP-DD module 250 can
include an additional row of connector pins 256 on the host side. In other words, since connector
pins 256 are communication pins, SFP-DD module 250 can include at least two rows of
connector pins for communication. Communication pins 256 can include at least one group of
high-speed connector pins that provides an additional communication channel in SFP-DD
module 250. For example, communication pins 256 can include a set of transmission pins (TD2+
and TD2-), and a set of reception pins (RD2+ and RD2-).

[0052] Suppose that communication pins 256 can incur additional power consumption for
SFP-DD module 250. Communication pins 256 can then include connector pins for power (D)
and/or ground (T) signals. The power and ground pins can depend on the number of
transmission and reception signal pins in communication pins 256. Each power pin can be
placed corresponding to positions of the set of transmission signal pins and the set of reception

signal pins.

SFP-DD Packaging

[0053] FIG. 3 illustrates an exemplary SFP-DD package supporting signal conversion, in
accordance with an embodiment of the present application. An SFP-DD package 300 can

include a clock and data recovery (CDR) 302, which can extract timing information and recover
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transmitted symbols. Since an SFP-DD can receive optical signals, CDR 302 can convert the
symbols encoded in an optical signal to a corresponding digital signal (i.e., a corresponding bit
stream). Typically, a number of bits are encoded in a transmitted signal based on a
corresponding modulation technique. For example, if CDR 302 is based on PAM4, data is
encoded in the amplitude of signal pulses with 2 possible discrete pulse amplitudes. SFP-DD
package 300 can include multiple CDRs, such as CDRs 302 and 304.

[0054] SFP-DD package 300 can also include a wavelength-division multiplexing
(WDM) transponder 310, which can convert an electrical signal to an optical signal, thereby
allowing SFP-DD package 300 to transfer the optical signal via an optical cable. WDM
transponder 310 can be based on, without being limited to, an electrical-to-optical/optical-to-
electrical conversion multi-mode shortwave WDM (SWDM) and bidirectional or single-mode
coarse WDM (CWDM). Furthermore, WDM transponder 310 can be one or more of: a multi-
mode wavelength division multiplexer, a photoelectric multi-mode wavelength division
multiplexer, a single-mode wavelength division multiplexer, and a the photoelectric single-mode
wavelength division multiplexer.

[0055] During operation, if SFP-DD package 300 is used with a computing device (e.g.,
server 166 in FIG. 1A), the computing device may use CDRs 302 and/or 304 to generate an
electrical signal based on PAM4 modulation. WDM transponder 310 can convert the electrical
signal to a corresponding optical signal and provide the optical signal to optical connector 320.
SFP-DD package 300 then uses optical connector 320 to transmit that signal to an optical cable
330. Optical connector 320 can be an SFP-DD module coupled to optical cable 330. The optical
signal then can travel via optical cable 330 at a data rate of 100Gbps .

[0056] In some embodiments, CDR 302 can include two 50G PAM4 optical-to-electrical
conversion modules that convert two 50G PAM4 electrical signals to two corresponding 50G
PAMA4 optical signals in SFP-DD package 300. By using two 50G PAM4 modules, the
bandwidth density is quadrupled. This allows SFP-DD package 300 to facilitate 100G optical
communication while maintaining a size similar to that of a traditional SFP package.

[0057] FIG. 4 illustrates an exemplary SFP-DD package, in accordance with an
embodiment of the present application. In this example, an SFP-DD package 400 can include a
set of ports 402 and 404, a PCB 410, a card slot 406, and an SFP-DD module 412. It should be
noted that SFP-DD package 400 can be implemented using application-specific integrated circuit
(ASIC) chips. SFP-DD package 400 can also be part of a system-on-chip (SoC).

[0058] PCB 410 can carry card slot 406, and ports 402 and 404. Card slot 406 is used for
accommodating (e.g., inserting) SFP-DD module 412. Port 402 (or port 404) can be coupled

with card slot 406 and used for transferring a signal to or from SFP-DD module 412. To ensure
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that SFP-DD module 412 can be properly housed in SFP-DD package 400, card slot 406 can
include connector pins that can accommodate an SFP-DD module 412 that supports at least two
communication channels, as described in conjunction with FIGs. 2A-2C. In other words, the
housing of SFP-DD package 400 is configured according to the dimensions of one of SFP-DD
modules 200, 230, and 250.

[0059] Since SFP-DD module 412 can include an additional row of connector pins, the
connector pins in SFP-DD module 412 are lengthened. As a result, the housing of SFP-DD
module 412 is correspondingly extended to protect the connector pins. Therefore, caging 420 of
SFP-DD package 400 also needs to be extended. However, other dimensions can remain
unchanged to accommodate a single-channel SFP module (e.g., SFP module 100 in FIG. 1A).
Hence, SFP-DD package 400 can also accommodate SFP module 100 in FIG. 1A. It should be
noted that since the connector pins of SFP module 100 are shorter than SFP-DD module 412,
caging 420 of SFP-DD package 400 includes a position restriction to prevent SFP module 100

from being inserted to the bottom.

Deployments
[0060] FIG. 5A illustrates an exemplary deployment of SFP-DD modules in a network, in

accordance with an embodiment of the present application. A communication system 500
includes core switches 502 and 504, aggregation switches 506 and 508, access switches 512 and
514, and a number of servers 522, 524, 526, and 528. In some embodiments, some of the
switches and servers can be in a datacenter. Servers 522, 524, 526, and 528 are coupled to access
switches 512 and 514 via corresponding SFP-DD modules 546.

[0061] For example, server 522 and switch 512 can be coupled to each other with optical
cable 540 via SFP-DD modules 532 and 534, respectively. Therefore, server 522 and access
switch 512 can be equipped with optical interfaces that support SFP-DD modules. It should be
noted that such optical interfaces may also support single-channel SFP modules. On the other
hand, access switches 512 and 514 are coupled to aggregation switches 506 and 508 via QSFP-
DD and/or OSFP modules 544. For example, aggregation switch 506 and access switch 514 can
be coupled to each other with QSFP-DD (or OSFP) modules 536 and 538, respectively. Hence,
aggregation switch 506 and access switch 514 can be equipped with optical interfaces that
support QSFP-DD (or OSFP) modules.

[0062] Similarly, aggregation switches 506 and 508 are coupled to core switches 502 and
504 via QSFP-DD and/or OSFP modules 542. QSFP-DD and/or OSFP modules 542 can
facilitate 400G connections. On the other hand, SFP-DD modules 546 can facilitate 100G

connections. In this way, SFP-DD modules 546 ensure high-speed connection in system 500
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while maintaining high port density on access switches 512 and 514, thereby allowing access
switches 512 and 514 to serve a large number of servers.

[0063] FIG. 5B illustrates an exemplary deployment of SFP-DD modules using an optical
splitter, in accordance with an embodiment of the present application. In this example, a
communication system 550 includes an access switch 552 and a number of servers 562, 564, 566,
and 568. Access switch 552 can include a front panel 553 comprising a plurality of QSFP-DD or
OSFP interfaces (i.e., that can accommodate QSFP-DD or OSFP modules). One such interface
can be QSFP-DD or OSFP interface 554. Each of servers 562, 564, 566, and 568 can be
equipped with SFP-DD interfaces. Interface 554 can be coupled with a splitter 560 via an optical
cable 556.

[0064] Since interface 554 can support a 400Gbps data rate, optical cable 556 can carry a
400G connection. This connection can be split into four 100G connections via splitter 560. Each
of these 100G connections can be coupled to a server 562, 564, 566, or 568 via a corresponding
SFP-DD module. For example, splitter 560 and server 562 can be coupled to each other with
optical cable 558 via SFP-DD modules 580 and 572, respectively. Here, optical cable 558 can be
a direct attach cable (DAC) or an active optical cable (AOC). In the same way, splitter 560 can
be coupled with servers 564, 566, and 568 via SFP-DD modules 574, 576, and 578, respectively.

[0065] In some embodiments, two SFP-DD modules can also be coupled through a cable.
This cable can be a copper cable or an optical cable. For example, to use a copper cable, the
SFP-DD modules can be copper modules and the cable can be a passive direct attach copper
cable. On the other hand, to use an optical cable, the SFP-DD modules can be optical modules
and the cable can be an active optical cable.

[0066] FIG. 6A illustrates an exemplary DAC based on SFP-DD modules, in accordance
with an embodiment of the present application. In this example, a communication system 600
includes a 100G passive DAC 610 coupling SFP-DD modules 602 and 604. Here, SFP-DD
modules 602 and 604 can be copper modules. DAC 610 can include a set of signal-transmitting
copper cables and a set of signal-receiving copper cables. DAC 610 can carry signals in one
direction via the signal-transmitting copper cable group and in the other direction via the signal-
receiving copper cable group.

[0067] Each of SFP-DD modules 602 and 604 includes two high-speed signal channels
for transmission and two high-speed signal channels for reception. Four corresponding high-
speed copper cables coupled to SFP-DD modules 602 and 604 can form 100G DAC 610. For
example, cables 612 and 614 can be used for transmission from SFP-DD module 602 to SFP-DD
module 604. Similarly, cables 616 and 618 can be used for transmission from SFP-DD module
604 to SFP-DD module 602. From SFP-DD module 602’s perspective, cables 612 and 614 form
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the set of signal-transmitting copper cables, and cables 616 and 618 form the set of signal-
receiving copper cables. In this way, DAC 610 facilitates a low-cost 100G short-distance (e.g.,
typically 5 meters) network interconnection.

[0068] FIG. 6B illustrates an exemplary AOC based on SFP-DD modules, in accordance
with an embodiment of the present application. In this example, a communication system 650
includes a 100G AOC 660 coupling SFP-DD modules 652 and 654. Here, SFP-DD modules 652
and 654 can be optical modules. AOC 660 can include a signal-transmitting optical cable group
and a signal-receiving optical cable group. AOC 660 can carry signals in one direction via the
signal-transmitting optical cable group and, in the other direction via the signal-receiving optical
cable group.

[0069] Each of SFP-DD modules 652 and 654 includes two high-speed signal channels
for transmission and two high-speed signal channels for reception. Four corresponding high-
speed optical cables coupled to SFP-DD modules 652 and 654 can form 100G AOC 660. For
example, cables 662 and 664 can be used for transmission from SFP-DD module 652 to SFP-DD
module 654. Similarly, cables 666 and 668 can be used for transmission from SFP-DD module
654 to SFP-DD module 652. From SFP-DD module 652’s perspective, cables 662 and 664 form
the set of signal-transmitting optical cables, and cables 666 and 668 form the set of signal-
receiving copper cables. SFP-DD module 652 can convert two 50G PAM4 electrical signals to
two 50G PAMA4 optical signals, as described in conjunction with FIG. 3, and transmit the
corresponding optical signals using AOC 660. In this way, AOC 660 facilitates a low-cost 100G

medium-distance (e.g., typically 30 meters) optical network interconnection.

Operations
[0070] FIG. 7A presents a flowchart 700 illustrating a method of an SFP-DD module

transmitting a signal, in accordance with an embodiment of the present application. During
operation, the module receives a signal for transmission (operation 702) (e.g., from a PAM4
CDR) and determines whether the signal needs an electrical-to-optical (EO) conversion
(operation 704). If EO conversion is needed, the module converts the electrical signal to optical
signal (operation 706). Upon conversion (operation 706) or if EO conversion is not needed
(operation 704), the module identifies the transmission pins of SFP-DD module and transmits the
optical signal (operation 708).

[0071] FIG. 7B presents a flowchart 750 illustrating a method of an SFP-DD module
processing a received signal, in accordance with an embodiment of the present application.
During operation, the module receives a signal from the reception pins (operation 752) (e.g.,

from RD pins) and determines whether the signal needs an optical-to-electrical (OE) conversion
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(operation 754). If OE conversion is needed, the module converts the optical signal to a
corresponding electrical signal (operation 756) and transmits the electrical signal through ASIC
(operation 758). If OE conversion is not needed, the module transmits the optical signal through

the optical switching apparatus (operation 760).

Exemplary System and Apparatus

[0072] FIG. 8 illustrates an exemplary apparatus that facilitates an SFP-DD module, in
accordance with an embodiment of the present application. Apparatus 800 can comprise a
plurality of units or apparatuses which may communicate with one another via a wired, wireless,
quantum light, or electrical communication channel. Apparatus 800 may be realized using one or
more integrated circuits, and may include fewer or more units or apparatuses than those shown in
FIG. 8. Further, apparatus 800 may be integrated in a computer system, or realized as a separate
device which is capable of communicating with other computer systems and/or devices.

[0073] Specifically, apparatus 800 can comprise units 802-812, which perform functions
or operations described in this disclosure. Connector pins 802 operate as the set of connector
pins for one or more SFP-DD modules, as described in conjunction with FIGs. 2A-2C. CDR unit
804 can extract timing information and recover symbols transmitted through connector pins 802.
Transponder unit 806 can convert an electrical signal to an optical signal, thereby allowing
apparatus 800 to transfer the optical signal via an optical cable. Channel unit 808 can use
multiple cable wires to form a link channel, as described in conjunction with FIGs. 6A-6B.
Programming unit 810 can program connector pins 802. Communication unit 812 can use
connector pins 802 to send and receive data signals.

[0074] The data structures and code described in this detailed description are typically
stored on a computer-readable storage medium, which may be any device or medium that can
store code and/or data for use by a computer system. The computer-readable storage medium
includes, but is not limited to, volatile memory, non-volatile memory, magnetic and optical
storage devices such as disks, magnetic tape, CDs (compact discs), DVDs (digital versatile discs
or digital video discs), or other media capable of storing computer-readable media now known or
later developed.

[0075] The methods and processes described in the detailed description section can be
embodied as code and/or data, which can be stored in a computer-readable storage medium as
described above. When a computer system reads and executes the code and/or data stored on the
computer-readable storage medium, the computer system performs the methods and processes

embodied as data structures and code and stored within the computer-readable storage medium.
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[0076] Furthermore, the methods and processes described above can be included in
hardware modules. For example, the hardware modules can include, but are not limited to,
application-specific integrated circuit (ASIC) chips, field-programmable gate arrays (FPGAs),
and other programmable-logic devices now known or later developed. When the hardware
modules are activated, the hardware modules perform the methods and processes included within
the hardware modules.

[0077] The foregoing embodiments described herein have been presented for purposes of
illustration and description only. They are not intended to be exhaustive or to limit the
embodiments described herein to the forms disclosed. Accordingly, many modifications and
variations will be apparent to practitioners skilled in the art. Additionally, the above disclosure is
not intended to limit the embodiments described herein. The scope of the embodiments

described herein is defined by the appended claims.
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What Is Claimed Is:

1. A communication module, comprising:

a set of control connector pins configured to exchange control signals;

a first set of communication connector pins configured to establish a first communication
channel, wherein the set of control connector pins and the first set of communication connector
pins correspond to connector pins of a small form-factor pluggable (SFP) module; and

a second set of communication connector pins configured to establish a second
communication channel, wherein the second set of communication connector pins extends from

the SFP module.

2. The communication module of claim 1, wherein the communication module is
downward-compatible with the SFP module, and wherein the communication module includes a

position restriction that aligns the SFP module with the first set of communication pins.

3. The communication module of claim 1, wherein the second set of communication

connector pins is on a host side with respect to the first set of communication connector pins.

4. The communication module of claim 1, wherein each of the first and second sets

of communication connector pins includes a set of transmission pins and a set of reception pins.

5. The communication module of claim 1, wherein, in response to the second set of
communication connector pins requiring additional power, the second set of communication

connector pins includes a set of power and ground pins.

6. The communication module of claim 1, further comprising a clock and data
recovery (CDR) module configured to extract timing information and recover transmitted

symbols, wherein the transmitted symbols are one or more of: electrical signal and optical signal.
7. The communication module of claim 6, further comprising a wavelength-division
multiplexing (WDM) transponder configured to convert between the electrical signal and the

optical signal.

8. The communication module of claim 1, wherein the first set of communication
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connector pins is configured to accommodate a first cable for transmitting a signal associated
with the first communication channel and a second cable for receiving a signal associated with
the first communication channel, and wherein the second set of communication connector pins is
configured to accommodate a third cable for transmitting a signal associated with the second
communication channel and a fourth cable for receiving a signal associated with the second

communication channel.

9. The communication module of claim 8, wherein the first, second, third, and fourth
cables form one or more of:

active optical cable (AOC); and

direct attach cable (DAC).

10. The communication module of claim 1, wherein the communication module is

configured to reside in a server facilitating a communication channel with an access switch.

11. An apparatus facilitating a double-density small form-factor pluggable (SFP-DD)
module, comprising:

a set of control connector pins in the SFP-DD module and is configured to exchange
control signals;

a first set of communication connector pins in the SFP-DD module configured to
establish a first communication channel, wherein the set of control connector pins and the first set
of communication connector pins correspond to connector pins of an SFP module; and

a second set of communication connector pins in the SFP-DD module configured to
establish a second communication channel, wherein the second set of communication connector

pins extends from the SFP module.

12. The apparatus of claim 11, wherein the SFP-DD module is downward-compatible
with the SFP module, and wherein the apparatus includes a position restriction that aligns the

SFP module with the first set of communication pins.
13. The apparatus of claim 11, wherein the second set of communication connector
pins is on a host side with respect to the first set of communication connector pins in the SFP-DD

module.

14. The apparatus of claim 11, wherein each of the first and second sets of
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communication connector pins includes a set of transmission pins and a set of reception pins.

15. The apparatus of claim 11, wherein, in response to the second set of
communication connector pins requiring additional power, the second set of communication

connector pins includes a set of power and ground pins.

16. The apparatus of claim 11, further comprising clock and data recovery (CDR)
circuitry configured to extract timing information and recover transmitted symbols, wherein the

transmitted symbols are one or more of: electrical signal and optical signal.

17. The apparatus of claim 16, further comprising wavelength-division multiplexing
(WDM) transponder circuitry configured to convert between the electrical signal and the optical

signal.

18. The apparatus of claim 11, wherein the first set of communication connector pins
is configured to accommodate a first cable for transmitting a signal associated with the first
communication channel and a second cable for receiving a signal associated with the first
communication channel, and wherein the second set of communication connector pins is
configured to accommodate a third cable for transmitting a signal associated with the second
communication channel and a fourth cable for receiving a signal associated with the second

communication channel.

19. The apparatus of claim 18, wherein the first, second, third, and fourth cables form
one or more of:

active optical cable (AOC); and

direct attach cable (DAC).

20. The apparatus of claim 11, wherein the SFP-DD module is configured to reside in
a corresponding SFP-DD port in a server, thereby facilitating a communication channel between

the server and an access switch.
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