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(57) ABSTRACT 

An ultra-low latency communication device includes a clock 
recovery module, a de-serializer module, an FPGA fabric 
and a serializer module. The clock recovery module receives 
an incoming electrical physical layer serial signal and recov­
ers a recovered clock signal therefrom. The de-serializer 
module converts the incoming electrical physical layer serial 
signal to an incoming electrical physical layer parallel signal 
according to driving signals generated based on the recov­
ered clock signal. The FPGA fabric processes the incoming 
electrical physical layer parallel signal to output an incom­
ing data-link layer parallel signal, receives an outgoing 
data-link layer parallel signal generated based on electronic 
information contained in the incoming data-link layer par­
allel signal, and processes the outgoing data-link layer 
parallel signal to output an outgoing electrical physical layer 
parallel signal. The serializer module converts the outgoing 
electrical physical layer parallel signal to an outgoing elec­
trical physical layer serial signal. 

22 Claims, 3 Drawing Sheets 
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DEVICE AND METHOD FOR ULTRA-LOW 
LATENCY COMMUNICATION 

RELATED PATENT APPLICATION 

This application claims priority to U.S. provisional patent 
application No. 62/531,965 filed on Jul. 13, 2017 by and 
titled "Device and Method for Ultra-Low Latency Commu­
nication," which is incorporated by reference. 

TECHNICAL FIELD 

The present disclosure generally relates to methods and 
devices for ultra-low latency communication. 

BACKGROUND 

Ultra-low latency communication is critical for various 
applications that depend on the round-trip time at which 
information is sent and returned. One application that has 
recently garnered interest for ultra-low latency is electronic 
trading. For example, some trading firms are now using 
FPGAs to improve throughput and latency performances of 
their trading equipment. To further improve speed, trading 
firms deploy their trading infrastructure directly into the 
financial exchange data centers. 

It is well known that microwave and laser radio technolo­
gies are used to interconnect financial exchanges and elec­
tronic components within financial exchanges to provide 
lower latency. Optical fiber links are also used to intercon­
nect financial exchanges and electronic components within 
financial exchanges. Data between financial exchange data 
centers and trading firms are generally sent and received 
over 1 G, 1 0G, or 40G data links. The trading firms may also 
install their trading equipment directly within the financial 
exchange data center, which can also contribute to decreas­
ing latency. The data links may be electrical, microwave, 
radio frequency, or optical fiber Ethernet links. 

SUMMARY 

2 
de-serializer module receives the incoming electrical physi­
cal layer serial signal directly from the optical fiber trans­
ceiver. 

According to some example embodiments, the incoming 
5 electrical physical layer serial signal received by the de­

serializer module is unusable by the de-serializer module for 
driving the de-serializer module to convert the incoming 
electrical physical layer serial signal to the incoming elec­
trical physical layer parallel signal. 

10 According to some example embodiments, the clock 
recovery module carries out recovering the recovered clock 
signal in parallel with the de-serializer module carrying out 
converting the incoming electrical physical layer serial 

15 signal to the incoming electrical physical layer parallel 
signal. 

According to some example embodiments, a latency 
contributed by the clock recovery module and the de­
serializer module in a round-trip latency of the ultra-low 

20 latency communication device is substantially equal to a 
latency of the de-serializer module. 

According to some example embodiments, the serializer 
module converts the outgoing electrical physical layer par­
allel signal according to transmitting-side driving signals 

25 generated independently of the recovered clock signal. 
According to some example embodiments, the receiving­

side driving signals are non-synchronized with the transmit­
ting-side driving signals. 

According to some example embodiments, the receiving-
30 side driving signals and the transmitting-side driving signals 

have the same clock frequencies. 
According to some example embodiments, the device 

further includes a prefabricated transceiver module imple­
menting the clock recovery module and having an embedded 

35 de-serializer module. 
According to some example embodiments, the clock 

recovery module and the embedded de-serializer module are 
implemented as a unitary clock and data recovery and 
de-serializer module within the prefabricated transceiver 

40 module, and wherein the unitary clock and data recovery and 
de-serializer module are used exclusively for recovering the 
recovered clock signal from the incoming electrical physical 
layer serial signal. 

According to one aspect, an ultra-low latency communi­
cation device includes a clock recovery module, a de­
serializer module, an FPGA fabric and a serializer module. 
The clock recovery module receives an incoming electrical 
physical layer serial signal and recovers, from the incoming 
electrical physical layer serial signal, a recovered clock 
signal. The de-serializer module receives the incoming elec­
trical physical layer serial signal and receiving-side driving 
signals generated based on the recovered clock signal, and 50 

converts, according to the receiving-side driving signals, the 
incoming electrical physical layer serial signal to an incom-

According to some example embodiments, the de-serial-
45 izer module applies a de-serialization ratio when converting 

the incoming electrical physical layer serial signal being less 
than a minimum de-serialization ratio of the embedded 
de-serializer module of the prefabricated transceiver mod­
ule. 

According to some example embodiments, the prefabri­
cated transceiver module is bypassed by the de-serializer 
module when converting the incoming electrical physical 
layer serial signal to an incoming electrical physical layer 
parallel signal. 

ing electrical physical layer parallel signal. The FPGA fabric 
receives the incoming electrical physical layer parallel sig­
nal, processes the incoming electrical physical layer parallel 55 

signal to output an incoming data-link layer parallel signal, 
receives an outgoing data-link layer parallel signal generated 
based on electronic information contained in the incoming 
data-link layer parallel signal, and processes the outgoing 
data-link layer parallel signal to output an outgoing electri- 60 

cal physical layer parallel signal. The serializer module 
receives the outgoing electrical physical layer parallel signal 
and converts the outgoing electrical physical layer parallel 
signal to an outgoing electrical physical layer serial signal. 

According to some example embodiments, an optical 65 

fiber transceiver converts an incoming optical signal to the 
incoming electrical physical layer serial signal and the 

According to some example embodiments, the de-serial­
izer module converting the incoming electrical physical 
layer serial signal is a standalone module. 

According to some example embodiments, the serializer 
module applies a serialization ratio equivalent to the de­
serialization ratio applied by the de-serializer module. 

According to some example embodiments, the transmit­
ting side of the communication device is free of a prefab­
ricated transceiver. 

According to some example embodiments, the device 
further includes an FPGA, the prefabricated transceiver is 
instantiated as a hard macro on the FPGA, and the FPGA 
fabric is implemented on the FPGA. 
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herein may be practiced without these specific details. In 
other instances, well-known methods, procedures, and com­
ponents have not been described in detail so as not to 
obscure the embodiments described herein. Furthermore, 

According to some example embodiments, the FPGA 
fabric comprises a receiving-side PCS module and a receiv­
ing-side MAC module, each being driven by a driving signal 
having a frequency determined according to a data rate of 
the incoming electrical physical layer serial signal and a 
de-serialization ratio applied at the de-serializer module. 

5 this description is not to be considered as limiting the scope 
of the embodiments described herein in any way but rather 
as merely describing the implementation of the various 
embodiments described herein. 

According to another aspect, a method for ultra-low 
latency communication includes receiving an incoming 
electrical physical layer serial signal; recovering, from the 
incoming electrical physical layer serial signal, a recovered 10 

clock signal; generating receiving-side driving signals based 
on the recovered clock signal; converting, according to the 
receiving-side driving signals, the incoming electrical physi-
cal layer serial signal to an incoming electrical physical 
layer parallel signal, the converting of the incoming elec- 15 

trical physical layer serial signal being carried out in parallel 
with the recovering of the recovered clock signal; processing 
the incoming electrical physical layer parallel signal to 
output an incoming data-link layer parallel signal; receiving 
an outgoing data-link layer parallel signal generated based 20 

on electronic information contained in the incoming data­
link layer parallel signal; processing the outgoing data-link 
layer parallel signal to output an outgoing electrical physical 
layer parallel signal; and converting the outgoing electrical 
physical layer parallel signal to an outgoing electrical physi- 25 

cal layer serial signal. 
According to some example embodiments, recovering the 

recovered clock signal is carried out using a clock recovery 
module implemented on a prefabricated transceiver module 
that also implements an embedded de-serializer module and 30 

converting the incoming electrical physical layer serial 
signal to the incoming electrical physical layer parallel 
signal is carried out using a de-serializer module being 
discrete from the prefabricated transceiver module and the 
converting bypasses the prefabricated transceiver module. 35 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the embodiments described 
herein and to show more clearly how they may be carried 40 

into effect, reference will now be made, by way of example 
only, to the accompanying drawings which show at least one 
exemplary embodiment. 

FIG. 1 is a schematic diagram of an ultra-low latency 
communication device implemented using prefabricated 45 

transceivers. 
FIG. 2 is a schematic diagram of an improved ultra-low 

latency communication device according to one example 
embodiment. 

The following abbreviations apply: 
ASIC: application-specific integrated circuit 
CDR: clock and data recovery 
CML: current-mode logic 
CPU: central processing unit 
DC: direct current 
DSP: digital signal processor 
EO: electrical-to-optical 
FPGA: field-programmable gate array 
G, Gb/s: gigabit(s) per second 
IEEE: Institute of Electrical and Electronics Engineers 
LVDS: low-voltage differential signaling 
MAC: medium access control 
Mb/s: megabit(s) per second 
MHz: megahertz 
NRZ: non-return-to-zero 
ns: nanosecond(s) 
OE: optical-to-electrical 
OSI: Open Systems Interconnection 
PCS: physical coding sublayer 
PLL: phase-locked loop 
PMA: physical medium attachment 
ps: picosecond(s) 
RAM: random-access memory 
RF: radio frequency 
ROM: read-only memory 
RX: receiver/receiver unit 
SerDes: serializer/de-serializer 
SFP: small form-factor pluggable 
SRAM: static RAM 
TCAM: ternary content-addressable memory 
TX: transmitter/transmitter unit 
UI: unit interface(s). 
Broadly described, various embodiments presented herein 

pertain to an ultra-low latency communication device and 
method in which prefabricated transceivers used to process 
incoming and outgoing physical layer signals are replaced 
by low-latency serializer/de-serializer modules. The serial­
izer/de-serializer modules may apply serialization/de-serial­
ization ratios that are lower than the minimum serialization/ 

FIG. 3 is a schematic diagram of an apparatus according 
to an embodiment of the disclosure. 

50 de-serialization ratios achievable by the prefabricated 

It will be appreciated that for simplicity and clarity of 
illustration, elements shown in the figures have not neces­
sarily been drawn to scale. For example, the dimensions of 
some of the elements may be exaggerated relative to other 55 

elements for clarity. 

DETAILED DESCRIPTION 

It will be appreciated that, for simplicity and clarity of 60 

illustration, where considered appropriate, reference numer-

transceivers. 
"Incoming signals" herein refer to signals processed on 

the receiving side of an ultra-low-latency communication 
device. The incoming signals travel in a direction away from 
the source of the electronic information. For example, in the 
context of financial trading data, the source of the electronic 
information may be the financial exchange and the incoming 
signals are signals transmitted, and travelling away, from the 
financial exchange. 

"Outgoing signals" herein refer to signals processed on 
the transmitting-side of an ultra-low latency communication 
device. The outgoing signals travel in a direction towards the 
source of the electronic information. For example, in the 
context of financial trading data, the outgoing signals are 

als may be repeated among the figures to indicate corre­
sponding or analogous elements or steps. In addition, 
numerous specific details are set forth in order to provide a 
thorough understanding of the exemplary embodiments 
described herein. However, it will be understood by those of 
ordinary skill in the art that the embodiments described 

65 transmitted towards the financial exchange. 
Physical layer signals herein refer to signals that are 

represented in a state defined by electrical and physical 
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specifications of the data connection and that are conceptu­
alized as belonging to layer 1 of the OSI model. 

6 
ratios, has internal data buses of varying width and can 
output the electrical physical layer parallel signal at these 
different bit-widths. However, a minimum de-serialization 
ratio is defined, thereby also defining a minimum bit-width 

Within an optical fiber data link, optical to electrical 
conversion is carried out at an endpoint of the link. The 
endpoint refers to equipment, such as hardware devices, 
where electronic information (e.g., financial trading data) 
transmitted over the data link is to be logically processed 
(e.g., applying financial trading algorithms). After the pro­
cessing, electrical to optical conversion may also be carried 
out so that processed electronic information may be trans­
mitted from the endpoint. 

5 of the outputted parallel signal. For example, the UltraS­
cale™ GTY from Xilinx™ has internal data buses of 16, 20, 
32, 40 or 64 bits, with a minimum bit-width of 16 bits and 
a minimum de-serialization ratio of 1: 16. 

The FGPA-implemented ultra-low latency communica-

The conversion of optical signals to electrical signals 
and/or electrical signals to optical signals is carried out by 
optical fiber transceivers. These are most often implemented 
as user-swappable modules in SFP form. 

10 tion device further includes a FPGA fabric which receives 
the incoming electrical physical layer parallel signal output­
ted from the electrical transceiver. The FPGA fabric is 
configured to provide further processing of the incoming 
electrical physical layer parallel signal according to speci-

SFP modules include components performing optical to 
electrical or electrical to optical conversion. The electrical 
side of the SFP module outputs (or receives) an electrical 
physical layer signal. The electrical physical layer signal is 

15 fications of an effective network protocol (e.g., Ethernet 
standard). The FPGA fabric outputs an incoming data-link 
layer parallel signal that contains electronic information 
(e.g., containing electronic trading information). This signal 

a physical representation of the transmitted electronic infor- 20 

mation, but requires further signal treatment in order to 
retrieve the transmitted electronic information. Since the 
electronic data is transmitted over an optical link, the 
electrical physical layer signal outputted by, or inputted to 
the SFP module is an electrical physical layer serial signal. 25 

The electrical side of the SFP can be connected directly to 
an electrical transceiver, which performs the signal treat­
ment of the incoming electrical physical layer serial signal 
so that a downstream component, when receiving electronic 
information over the optical fiber link, can process the 30 

electronic information represented in the physical layer 
electrical signal. 

Multiple physical layer standards are defined for Gigabit 
Ethernet using optical fiber. The IEEE 802.3z standard 
includes l000BASE-SX for transmission over multi-mode 35 

fiber, and 1 000BASE-LX for transmission over single-mode 
fiber. These standards use 8b/10b encoding, which inflates 
the line rate by 25%, (from 1000 Mb/s to 1250 Mb/s for a 

may be further received at a downstream computing unit that 
implements application-specific algorithms ( e.g., electronic 
trading algorithms) based on the electronic information. 

FIG. 1 is a schematic diagram of the components of an 
FPGA-implemented ultra-low latency communication 
device 1 that includes one or more prefabricated electrical 
transceivers implemented as hard macros instantiated into 
the FPGA. 

An SFP 8 forms the interface between the optical fiber and 
the FPGA-implemented ultra-low latency communication 
device 1. When receiving electronic information, an incom­
ing electrical physical layer serial signal 12 is outputted 
from the SFP 8. It will be appreciated that the SFP 8 converts 
the incoming optical signal to the incoming electrical physi­
cal layer serial signal 12. 

A receiving-side prefabricated transceiver 16 receives the 
incoming electrical physical layer serial signal 12. In a 
least-latency path within the receiving-side prefabricated 
transceiver 16, the incoming electrical physical layer serial 
signal 12 is sequentially processed by a receiving-side PMA 
module interface 20, a clock and data recovery and de-lG connection), to ensure a DC balanced signal. The sym­

bols are then sent using NRZ. 
Similarly, when transmitting data over the optical fiber 

link, the electrical transceiver performs the signal treatment 

40 serializer module 24, a PCS bypass module 28 and a fabric 
interface module 32. These modules are embedded within 

of the electronic information to output an outgoing electrical 
physical layer signal that can be converted to an optical 
signal at the SFP. 

For gigabit links (e.g., lG, l0G, 40G, etc.), the electrical 
transceiver is commonly called a gigabit transceiver. 

In various implementations commonly known in the art, 

45 

the electrical transceiver is implemented as a hard macro 
instantiated into a FPGA. The electrical transceiver imple- 50 

mented as a hard macro may be a prefabricated component 
that may be purchased in a form that is ready for use ( e.g., 
to be embedded) within an FPGA. Examples of commer­
cially available prefabricated hard macro suitable for use as 
an electrical transceiver include the UltraScale™ GTY from 55 

Xilinx™. 

the prefabricated transceiver. The physical medium attach­
ment module interface 20 carries out a first conversion of the 
incoming electrical physical layer serial signal 12. 

This converted serial signal is received at the clock and 
data recovery and de-serializer module 24, which recovers a 
synchronizing clock sub-signal in the converted signal and 
further converts the serial signal to an incoming electrical 
physical layer parallel signal 36. The clock and data recov­
ery and de-serializer module 24 is driven by a phase lock­
loop 40 of the communication device 1 and outputs a 
recovered clock signal 48. The driving clock signal 44 from 
the phase lock-loop 40 defines the nominal frequency at 
which each bit of the converted incoming electrical physical 
layer serial signal 12 is retrieved. This nominal frequency 
can be equal to the data rate of the incoming electrical 
physical layer serial signal 12. The recovered clock signal 48 
is a fraction of the driving clock signal 44 corresponding to 
the de-serialization ratio applied by the de-serializer portion 

The prefabricated hard macro used as an electrical trans­
ceiver is capable of performing various treatments of the 
incoming electrical physical layer serial signal, such as data 
de-serialization, encoding, decoding, equalization, clock and 
data recovery, etc. Various additional signal treatment or 
processing functionalities are often included in the prefab­
ricated hard macro. The electrical transceiver outputs an 
incoming electrical physical layer parallel signal, which is a 
de-serialized version of the incoming electrical physical 
layer serial signal. The prefabricated electrical transceiver 
can be configured to perform de-serialization at different 

60 of the clock and data recovery and de-serializer module 24. 
In the illustrated example, the driving clock signal 44 has 

a frequency of 1.25 GHz and the clock and data recovery and 
de-serializer module 24 applies a de-serialization ratio of 
1: 16. Accordingly, the recovered clock signal 48 has a 

65 frequency of 78.125 MHz. 
The clock and data recovery and de-serializer module 24 

outputs the incoming electrical physical layer parallel signal 
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36. In the illustrated example, since a de-serialization ratio 
8 

of both transceivers. This round-trip latency depends on the 
selected internal data bus width (the serialization ratio 
applied) and the various functional modules that are 
enabled. The example illustrated in FIG. 1 shows the mini-

of 1: 16 was applied, the incoming electrical physical layer 
parallel signal 36 is a 16-bit signal. Processing of the 
incoming electrical physical layer parallel signal 36 on the 
receiving side downstream of the clock and data recovery 
and de-serializer module 24 is carried out according to the 
frequency of the recovered clock signal 48. 

5 mum set of functional modules that need to be enabled. A 

After passing through the PCS bypass module 28 and the 
fabric interface module 32, the incoming electrical physical 
layer parallel signal 36 is received at a FPGAfabric 56 of the 10 

communication device 1. The FPGA fabric 56 processes the 
incoming electrical physical layer parallel signal 36 accord-
ing to specifications of the effective network protocol ( e.g., 
Ethernet standards). For example, and as illustrated, the 
FPGA fabric 56 includes a receiving-side PCS module 60 15 

that applies physical coding sublayer processing according 
to Ethernet standards. The FPGA fabric 56 further includes 
a receiving-side MAC module 64 that provides interfacing 

minimum round-trip latency can be achieved by selecting a 
serialization ratio that provides the lowest latency and by 
enabling the minimum set of modules of the transceivers 16, 
100. 

For the ultra-low latency communication device 1 illus­
trated in FIG. 1, it was observed that latency is introduced 
in the receiving-side transceiver 16 by the PMA module 20, 
the clock and data recovery and de-serializer module 24, 
passing through the PCS Bypass module 28, and passing 
through the fabric interface module 32. A similar amount of 
latency is introduced in the transmission-side transceiver 
100. 

For one particular model of the Xilinx UltraScale™ GTY 
transceiver, a minimum round-trip latency is 163.5 UI. One 

20 UI corresponds to one period of the driving clock signal 44 
( e.g., 800 ps for a clock frequency of 1.25 Gb/s ). This results 
in a minimum round-trip latency of the GTY transceiver of 
130.8 ns. This minimum round-trip latency is obtained when 
the minimum set of modules of the transceiver are enabled 

of the FPGA fabric 56 with a multiple access network. The 
FPGA fabric 56 outputs a data-link layer parallel signal 72 
containing the electronic information, which may be further 
received and processed at a downstream computing unit 
implementing application-specific algorithms ( e.g., elec­
tronic trading algorithms). The computing unit may be 
external to the ultra-low latency communication device 1, 25 

such as a workstation or server. Alternatively, the computing 
unit may be implemented within the FPGA fabric 56. 

and the de-serialization/serialization ratio is set at the mini­
mum data width of the transceiver (i.e. the minimum seri­
alization ratio). For example, for the Xilinx UltraScale™ 
GTY transceiver, the minimum data width is 16 bits. 

Within the illustrated ultra-low latency communication 
device 1, latency is also introduced in the FPGA fabric 56. 
The processing carried out at the receiving-side PCS module 
60, receiving-side MAC module 64, transmission-side MAC 
module 88 and transmission-side PCS module 92 all intro­
duce additional latency. The latency of modules 60, 64, 88 
and 92 is a function of the period of one clock cycle of the 
recovered clock signal 48 driving these modules. In the 
illustrated example, each of the modules 60, 64, 88 and 92 
are driven by the recovered clock signal 48 having a clock 
period of 12.8 ns (for a clock frequency of 78.125 MHz). 

Latency at the modules 60, 64, 88 and 92 can be reduced 
by driving them using a faster clock (e.g., 250 MHz to 350 
MHz, giving clock cycle periods of 2.86 ns to 4 ns) having 
a shorter period. This would require another clock signal, 
which would also require a clock rate conversion. Such a 

The transmitting side of the ultra-low latency communi­
cation device 1 substantially mirrors its receiving side. The 
FPGA fabric 56 receives outgoing electronic information 30 

signal 80 from the computing unit. The transmitted elec­
tronic information signal 80 may be in the form of an 
outgoing data-link layer parallel signal 72. The outgoing 
electronic information signal 80 is processed at a transmit­
ting-side MAC module 88 and a transmitting-side PCS 35 

module 92. An outgoing electrical physical layer parallel 
signal 96 outputted from the FPGA fabric 56 further passes 
through a transmission-side fabric interface module 104 and 
transmission-side PCS bypass module 108 of a transmis­
sion-side transceiver 100. As illustrated, the transmission- 40 

side transceiver 100 is also a prefabricated transceiver, and 
can have the same specifications as the receiving-side trans­
ceiver 16. A transmission-side serializer module 112 of the 
transmission-side prefabricated transceiver 100 converts the 
outgoing electrical physical layer parallel signal 96 to an 
outgoing physical layer serial signal. A transmission-side 
PMA interface module 116 provides a transmission side 
conversion to the outgoing physical layer serial signal 120. 
The signal outputted from the PMA interface module 116 is 
ready for conversion by the SFP 8, to be further transmitted 
over the optical fiber link as an outgoing optical signal. 
Various modules of the transmission-side transceiver 100 
may also be driven by clock signals outputted by the 
phase-lock loop 40. 

45 conversion is undesirable for low-latency applications 
because it introduces another source oflatency. Accordingly, 
it was observed that the latency introduced at the FPGA 
fabric 56 is a function of the speed of the driving clock signal 
44 and the serialization ratio applied at the clock and data 

It was observed that the round trip latency of the ultra-low 
latency communication device 1 using prefabricated trans­
ceivers (the time elapsed between when the incoming elec­
trical physical layer serial signal 12 is outputted from the 
SFP 8 and when the outgoing electrical physical layer serial 
signal 120 is received at the SFP 8) includes the latency of 
the receiving-side transceiver 16, the receiving-side of the 
FPGA fabric 56, the transmitting side of the FPGA fabric 56 
and the latency of the transmitting-side transceiver 100. 
Furthermore, since the receiving-side transceiver 16 and 
transmitting-side transceiver 100 mirror one another, a 
round-trip latency can be defined for the prefabricated 
transceivers 16, 100, which is an aggregation of the latency 

50 recovery and de-serializer module 24. 
For example, for the illustrated ultra-low latency commu­

nication device 1 of FIG. 1, a total-round trip latency of 
approximately 200 ns can be obtained (including the round­
trip latency of 130.8 ns introduced in the Xilinx UltraS-

55 cale™ GTY transceiver). 
FIG. 2 is a schematic diagram of an improved ultra-low 

latency communication device 200 according to one 
example embodiment. 

The SFP 8 forms the interface between the optical fiber 
60 and the improved FPGA-implemented ultra-low latency 

communication device 200. When receiving electronic 
information, an incoming electrical physical layer serial 
signal 12 is outputted from the SFP 8. 

A receiving-side SerDes module 208 receives the electri-
65 cal physical layer serial signal 12 from the SFP 8. The 

receiving-side SerDes module 208 is positioned on the 
receiver side of the improved ultra-low latency communi-
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cation device 200 and performs de-serialisation of the 
incoming electrical physical layer serial signal 12 to output 
an incoming electrical physical layer parallel signal 216. The 
SerDes module 208 is implemented to have a low latency, 
such as being implemented using programmable logic. The 
SerDes module 208 operates as a de-serializer module 
within the improved FPGA-implemented ultra-low latency 
communication device 200. 

It will be appreciated that the SerDes module 208 is 
illustrated in the example as a standalone module. That is, 
the SerDes module 208 is not provided as a module that is 
embedded within a component that also performs various 
other data/signal conversion/processing modules. 

According to various embodiments, an electrical conver­
sion is applied to the electrical physical layer serial signal 12 
outputted from the SFP 8 before that signal is received at the 
SerDes module 208. The outputted electrical physical layer 
serial signal 12 may be in CML signal format and a 
conversion to LVDS is applied by an LVDS converter 224 
prior to being inputted to the SerDes module 208. This 
conversion may be carried out by electrical buffers to 
provide the LVDS converter 224 with a very low latency 
(e.g., latency of less than 1 ns). 

It will be appreciated that the Ser Des module 208 receives 
the incoming electrical physical layer serial signal 12 
directly from the SFP 8 (which is an optical fiber trans­
ceiver). That is, the SerDes module 208 receives the incom-
ing electrical physical layer serial signal 12 without any 
intermediate modules being located therebetween that sub­
stantially contribute to increase latency. For example, while 
the LVDS converter 224 is located between the SFP 8 and 
the SerDes module 208, it has a very low latency compared 
to the total round-trip latency of the improved FPGA­
implemented ultra-low latency communication device 200. 
More particularly, a clock recovery module is not located on 
the signal path between the SFP 8 and the SerDes module 
208 (i.e., this signal path is free of a clock recovery module). 

According to various example embodiments, the SerDes 
module 208 is configured to be driven by a clock signal that 

10 
A delay element 246 is provided between the SFP 8 and 

the input of the SerDes module 208 to synchronize the 
electrical physical layer serial signal 12 with the receiving­
side driving signal 242, 244. For example, the delay element 

5 246 adjusts a phase of the electrical physical layer serial 
signal 12 received at the SerDes module 208. 

The recovery of the synchronizing clock signal by the 
clock recovery module 232 may be carried out in parallel 
with the de-serialization of the incoming electrical physical 

10 layer serial signal 12 by the SerDes module 208. That is, 
while the SerDes module 208 performs de-serialization of 
the incoming electrical physical layer serial signal 12, the 
clock recovery module 232 performs recovery of the syn­
chronizing clock signal at substantially the same time. It will 

15 be understood that the updating of the recovered synchro­
nizing clock signal occurs very slowly relative to the data 
rate of incoming data signal ( e.g., the recovered synchro­
nizing clock signal is determined based on an average of 
metrics from hundreds or thousands of data periods, or 

20 more, and the refresh rate of the recovered synchronizing 
clock signals is on the order of milliseconds or slower). 
Accordingly, using a recovered synchronizing clock signal 
that is obtained in parallel with the performing of the 
de-serialization does not substantially affect the accuracy or 

25 the timing of the de-serialization. By having the SerDes 
module 208 and the clock recovery module 232 operate in 
parallel, the latency contributed by the combination of these 
two modules is equivalent to the slowest (i.e., having the 
longest latency) of the two modules. Typically, this will be 

30 the SerDes module 208. Accordingly, the latency contrib­
uted by these two modules within a round-trip latency of the 
improved ultra-low latency communication device 200 is 
substantially equal to a latency of the SerDes module 208. 

According to one example embodiment, and as illustrated, 
35 the improved ultra-low latency communication device 200 

includes a prefabricated transceiver 16, as described else­
where herein, and the clock and data recovery and de­
serializer module 232 of the transceiver 16 is used as the 
clock recovery module 232. As illustrated in FIGS. 1-2, the 

40 clock and data recovery and de-serializer module 24 may be 
implemented as a unitary module. The recovery of the 
synchronizing clock signal is performed after the electrical 
physical layer serial signal 12 has been processed by the 
PMA interface module 20. 

is synchronized to the incoming electrical physical layer 
serial signal 12. This synchronized clock signal is not 
extracted by the SFP 8 when outputting the incoming 
electrical physical layer serial signal 12. Since the synchro­
nized clock signal is not extracted, the incoming electrical 45 

physical layer serial signal 12 received directly by the 
SerDes module 208 is unusable by this SerDes module 208 

It will be understood that that clock and data recovery and 
de-serializer module 24 is used principally, or exclusively, 
for recovering the synchronizing clock signal of the electri­
cal physical layer serial signal 12. Any de-serializing per­
formed by the module 24 is not used further within the 
improved ultra-low latency communication device 200. 
Accordingly, the SerDes module 208 is discrete from the 

for driving the SerDes module 208 when performing de­
serialization of the incoming electrical physical layer serial 
signal 12 to output an incoming electrical physical layer 50 

parallel signal 216. 
The improved ultra-low latency communication device 

200 includes a clock recovery module 232 that is configured 
to receive the incoming electrical physical layer serial signal 
12 and recover the synchronizing clock signal embedded 55 

therein, which is outputted as the recovered clock signal 
236. 

prefabricated transceiver 16. The de-serializer portion of the 
clock and data recovery and de-serializer module 24 is 
bypassed by the SerDes module 208 when the SerDes 
module 208 is operated to convert the incoming electrical 
physical layer serial signal 12 to output the incoming 
electrical physical layer parallel signal 216. 

The recovered clock signal 236 is fed to a receiving-side 
phase lock loop module 240, which up-converts the recov­
ered clock signal 236 according to the expected frequency of 
serial bits of the electrical physical layer serial signal 12 and 
the serialization ( de-serialization) ratio applied at the SerDes 
module 208. The up-converted clock signals generated 
based on the recovered clock signal is outputted by the phase 
lock loop module 240 as receiving-side driving signals 242, 
244 to drive the receiving-side SerDes module 208 and other 
components on the receiving side. 

According to various example embodiments, and as illus­
trated, the SerDes module 208 applies a de-serialization ratio 

60 that is different from the de-serialization ratio applied by the 
clock and data recovery module 24 of the prefabricated 
transceiver 16. For example, the SerDes module 208 applies 
a deserialization ratio that is lower (i.e., less parallel bits in 
the de-serialized signal) than the de-serialization ratio of the 

65 clock and data recovery module 24. The de-serialization 
ratio of the SerDes module 208 may be less than the 
minimum de-serialization ratio of the prefabricated trans-
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ceiver 16. This has the effect of each clock period of each 
group of parallel bits outputted from the Ser Des module 208 
being shorter in duration than each clock period of each 
group of parallel bits that would have otherwise been 
outputted by the clock and data recovery and deserialization 5 

module 24 of the receiving side prefabricated transceiver 16. 
In the example illustrated in FIG. 2, the electronic data 

contained on the incoming electrical physical layer serial 
signal 12 is transmitted at a data rate of 1.25 Gbps, which 
gives a per bit frequency of 1.25 GHz. The clock and data 10 

recovery module 24 of the prefabricated transceiver 16 has 
a de-serialization ratio of 1: 16 ( as provided elsewhere 
herein, for certain models of transceivers, such as the Xilinx 
UltraScale™ GTY, 16 bits is the minimum width of the 

15 
clock and data recovery module 24). As a result, the recov­
ered clock signal 236 has a frequency of 78.125 MHz. The 
illustrated SerDes module 208 implements a de-serialization 
ratio of 1 :4. The recovered clock signal 236 is upconverted 
by the phase lock loop 240 to output a first driving signal 20 

242 having an effective frequency of 1.25 GHz and a second 
driving signal 244 having a frequency of312.5 MHz. It will 
be appreciated that 312.5 MHz, which is a quarter of 1.25 

12 
A transmitting side phase lock loop 264 provides the 

transmitting driving clock signals 266, 268 for the PCS 
module 92, MAC module 88 and the transmitting side 
SerDes module 256. The transmitting side phase lock loop 
264 is internal to the improved ultra-low latency commu­
nication device 200 and clock recovery is not required. 

In some example embodiments, and since clock recovery 
is not required, the transmitting-side phase lock loop 264 can 
be independent of the receiving side phase lock loop 240. 
For example, the transmitting-side phase lock loop 264 can 
be non-synchronized with the clock signals of the receiving­
side phase lock loop 240. It will be appreciated that due to 
serialization being provided on the transmission side by the 
SerDes module 256, the transmitting side of the improved 
ultra-low latency communication device 24 is free of (does 
not include) a prefabricated transceiver. 

Since data is transmitted from the SFP 8 at the same rate 
(e.g., 1.25 Gbps) as data is received, the transmitting-side 
phase lock loop 264 may output driving signals 266, 268 
having the same clock frequencies as the receiving-side 
driving signals 242, 244 outputted from the receiving-side 
phase lock loop 240. Furthermore, the transmitting-side 
SerDes module 256 can have the same serialization ratio as 

GHz, corresponds to the period of each cycle of each 4-bit the de-serialization ratio of the receiving side SerDes mod-
electrical physical layer parallel signal 216 outputted from 25 ule 240. 
the SerDes module 208. The effective frequency of 1.25 
GHz of the first driving signal 242 may be obtained by 
having an actual frequency of 625 MHz and using both the 
rising and falling edges of the signal to drive the SerDes 
module 208. 

As illustrated, the incoming electrical physical layer par­
allel signal 216 is received at the FPGA fabric 56 and 
processed by the receiving-side PCS module 60 and the 
receiving-side MAC module 64. As described elsewhere 
herein, the receiving-side PCS module 60 applies physical 
code sublayer processing according to Ethernet standards. 
The receiving-side MAC module 64 provides interfacing of 
the FPGA fabric 56 with a multiple access network, and 
outputs an incoming data-link layer parallel signal 248 
having the same bit-width (e.g., 4 bits) as the electrical 
physical layer parallel signal 216. 

As illustrated the PCS module 60 and the MAC module 
64 of the FPGAfabric 56 are driven by the second receiving­
side driving signal 244 outputted from the phase lock loop 
240. It will be appreciated that the PCS module 60 and MAC 
module 64 on the receiving side are driven by a driving 
signal (signal 244) that has a frequency determined accord­

In the illustrated example, the parallel signal 250 pro­
cessed by the transmitting-side MAC module 88 and PCS 
module 92 are also 4-bit parallel signals and the transmit­
ting-side SerDes module 256 also applies a serialization 

30 ratio of ( 4: 1 ). Furthermore, the transmitting-side phase lock 
loop 240 also outputs a first driving signal 266 correspond­
ing to the effective frequency of the serial bits outputted 
from the transmitting-side SerDes (e.g. 1.25 GHz) and a 
second driving signal 268 corresponding to the frequency of 

35 each group of 4 bits of the parallel signal ( ex: 312.5 Mhz), 
which further drives the transmitting-side MAC module 92 
and the transmitting-side PCS module 88. 

The transmitting-side SerDes module 256 may output an 
outgoing electrical physical layer serial signal 272 in LVDS, 

40 which may be converted at transmitting-side converter 280, 
prior to being received at the SFP 8. 

It was observed that the improved ultra-low latency 
communication device 200 illustrated in FIG. 2 exhibits 
lower round-trip latency than the ultra-low latency commu-

45 nication device 1 implemented using prefabricated trans­
ceivers illustrated in FIG. 1. 

A first reduction in latency is achieved by using the 
ing to a data rate of the incoming electrical physical layer 
serial signal (which may be equal to the frequency of the 
recovered clock signal, e.g., 1.25 GHz) and the de-serial- 50 

ization ratio applied at the Ser Des module 208 ( e.g., ratio of 
1:4). This may cause the PCS module 60 and MAC module 

receiving-side SerDes module 208 to provide de-serializing 
of the physical layer serial signal 12. The latency of the 
Ser Des module 208 is substantially lower than the latency of 
the receiving-side prefabricated transceiver 16 (each of the 
PMA module 20, clock and data recovery and de-serializer 
module 24, PCS bypass module 28 and fabric interface 
module 32 of the prefabricated receiving side transceiver 16 
contribute to the latency). While the prefabricated trans­
ceiver 16 may be used to perform clock recovery, it will be 

64 to have a higher frequency (e.g., 312 MHz) than if 
components of the prefabricated transceiver were to be 
wholly used to drive the receiving-side PCS module 60 and 55 

MAC module 64. 
On the transmission side, transmitting-side MAC module 

88 receives an outgoing data link layer signal 250 that has 
been outputted after logical processing (e.g. applying finan­
cial trading algorithms). A transmitting side PCS module 92 
converts the data link layer signal to an outgoing electrical 
physical layer parallel output signal 252. This outgoing 
electrical physical layer parallel signal 248 is serialized by 
a transmitting side SerDes module 256 operating in serial­
ization mode. The transmitting-side SerDes module 256 is 
implemented to have a low latency, such as being imple­
mented using programmable logic. 

appreciated that the clock recovery is performed in parallel 
to the conversion performed by the SerDes module 208 and 
is not contributory to the latency. Accordingly, the prefab-

60 ricated transceiver 16 that provides the clock recovery is 
bypassed by the de-serializer module 208 when converting 
the incoming electrical physical layer signal 12 to an incom­
ing electrical physical layer parallel signal 216. 

A second reduction in latency is achieved by using a 
65 de-serialization ratio at the receiving side SerDes module 

208 that is less than the minimum de-serialization ratio of 
the de-serializer module 232 of the pre-fabricated trans-
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ceiver 16. This reduces the clock period of each set of 
parallel bits of the incoming electrical physical layer parallel 
input signal 216, and increases the clock frequency at which 
the PCS module 56 and MAC module 64 are driven. In the 

14 
l0G/lG), ultra-low latency switch, and low-latency micro­
wave link Ethernet Gigabit interface. 

illustrated examples, whereas the PCS module 56 and MAC 5 

module 64 are driven at 78.125 MHz in the device 1 of FIG. 

While various example embodiments are described herein 
in the context of an optical fiber data link (implementing 
optical to electrical and electrical to optical conversions via 
the SFP), it will be understood that the example embodi-

1, they are driven four times faster at 312.5 MHz in the 
improved device 200 of FIG. 2. It was further observed that 
the 312.5 MHz clock for driving the PCS module 56 and 
MAC module 64 is within a range of 250 MHz to 350 MHz 
that provides for improved low latency use of these modules 
56, 64. 

On the receiving side, the addition of the LVDS convertor 
224, receiving-side SerDes module 208 (latency of <20 ns), 
and delay element 246 contribute to the latency within the 
receiving-side signal path, but these contributions are offset 
by reductions in latency described above. For example, on 
the receiving-side, the contributors of latency essentially 
consist of the SFP 8, the LVDS convertor 224, the delay 
element 246, the receiving-side SerDes module 208, the 
receiving-side PCS module 60 and the receiving-side MAC 
module 64. 

On the transmitting side, a third reduction in latency is 
achieved by also applying a serialization ratio at the trans­
mitting-side SerDes module 256 that is less than the mini­
mum de-serialization ratio of the de-serializer module 232 of 
the pre-fabricated transceiver 100. Accordingly, the trans­
mitting-side MAC module 92 and PCS module 56 are also 
driven at an increased clock frequency. In the illustrated 
example FIG. 2, they are also driven at a frequency of312.5 
MHz. 

A fourth reduction in latency is achieved by entirely 
omitting the transmitting-side prefabricated receiver 100 
and using the transmitting side SerDes module 256 to carry 
out the serialization. For example, on the transmitting-side, 
the contributors of latency essentially consist of the trans­
mitting-side MAC module 88, the transmitting-side PCS 
module 92, the transmitting-side SerDes module 256, the 
LVDS module 280 and the SFP 8. 

It was further observed that the improved ultra-low 
latency communication device 200 illustrated in FIG. 2 can 
achieve a round trip latency that is substantially lower than 
70 ns. 

ments may also be applicable to other types of data links, 
such as microwave, electrical lines, or laser radio. It will be 
understood that a different type of signal conversion needs 

10 to be implemented depending on the type of data link (e.g., 
the SFP 8 is replaced by a different type of suitable signal 
converter). 

A method for carrying out ultra-low latency communica­
tion can include the following steps: receiving an incoming 

15 electrical physical layer serial signal; recovering, from the 
incoming electrical physical layer serial signal, a recovered 
clock signal; generating receiving-side driving signals based 
on the recovered clock signal; converting, according to the 
receiving-side driving signals, the incoming electrical physi-

20 cal layer serial signal to an incoming electrical physical 
layer parallel signal, the converting of the incoming elec­
trical physical layer serial signal being carried out in parallel 
with the recovering of the recovered clock signal; processing 
the incoming electrical physical layer parallel signal to 

25 output an incoming data-link layer parallel signal; receiving 
an outgoing data-link layer parallel signal generated based 
on electronic information contained in the incoming data­
link layer parallel signal; processing the outgoing data-link 
layer parallel signal to output an outgoing electrical physical 

30 layer parallel signal; and converting the outgoing electrical 
physical layer parallel signal to an outgoing electrical physi­
cal layer serial signal. 

These steps may be carried out by components of the 
improved ultra-low latency communication device 200 

35 described herein according to various example embodi­
ments. In one example embodiment, the recovering the 
recovered clock signal is carried out using a clock recovery 
module implemented on the prefabricated transceiver mod­
ule 16 that also implements an embedded de-serializer 

40 module. Converting the incoming electrical physical layer 
serial signal to the incoming electrical physical layer parallel 
signal is carried out using a de-serializer module being 
discrete from the prefabricated transceiver module. Accord­
ingly, this converting bypasses the prefabricated transceiver According to some example embodiments, an SFP may be 

connected to at least two FPGA-implemented ultra-low 
latency communication devices, with an analog switch ( e.g., 
multiplexer) providing the switching between the two FPGA 
devices. One of the FPGA communication devices may be 
adapted for a lower data-rate link (e.g., lG) and has the 
configuration of the improved ultra-low latency communi- 50 

cation device 200 described herein with reference to FIG. 2. 

45 module 16. 
FIG. 3 is a schematic diagram of an apparatus 300 

according to an embodiment of the disclosure. The apparatus 
300 may implement the disclosed embodiments. The appa­
ratus 300 comprises ingress ports 310 and an RX 320 for 
receiving data; a processor, logic unit, baseband unit, or 
CPU 330 to process the data; a TX 340 and egress ports 350 

The other of the FPGA communication devices may be 
adapted for higher data-rate link (e.g., l0G) and has the 
configuration of the ultra-low latency communication device 
1 implemented using prefabricated transceivers and as 
described herein with reference to FIG. 1. It was observed 
that while the improved ultra-low latency communication 
device 200 substantially reduced latency for the lower 
data-rate link, the ultra-low latency communication device 1 
achieved acceptable latency using the prefabricated trans­
ceivers. 

As described elsewhere herein, the improved ultra-low 
latency communication device 200 is useful for various 
applications related to electronic trading, such as market 
data feed handler, market data feed distribution systems 
(e.g., interface to servers using lG Network Interface Card), 
Ethernet interfaces speed and protocols converters ( e.g., 

for transmitting the data; and a memory 360 for storing the 
data. The apparatus 300 may also comprise OE components, 
EO components, or RF components coupled to the ingress 

55 ports 310, the RX 320, the TX 340, and the egress ports 350 
for ingress or egress of optical, electrical signals, or RF 
signals. 

The processor 330 is any combination of hardware, 
middleware, firmware, or software. The processor 330 com-

60 prises any combination of one or more CPU chips, cores, 
FPGAs, ASICs, or DSPs. The processor 330 communicates 
with the ingress ports 310, the RX 320, the TX 340, the 
egress ports 350, and the memory 360. The processor 330 
comprises an ultra-low latency communication component 

65 370, which implements the disclosed embodiments. The 
inclusion of the ultra-low latency communication compo­
nent 370 therefore provides a substantial improvement to the 
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functionality of the apparatus 300 and effects a transforma­
tion of the apparatus 300 to a different state. Alternatively, 
the memory 360 stores the ultra-low latency communication 
component 370 as instructions, and the processor 330 
executes those instructions. 

The memory 360 comprises any combination of disks, 
tape drives, or solid-state drives. The apparatus 300 may use 
the memory 360 as an over-flow data storage device to store 
programs when the apparatus 300 selects those programs for 
execution and to store instructions and data that the appa­
ratus 300 reads during execution of those programs. The 
memory 360 may be volatile or non-volatile and may be any 
combination of ROM, RAM, TCAM, or SRAM. 

16 
incoming electrical physical layer serial signal to the incom­
ing electrical physical layer parallel signal. 

4. The device of claim 2, wherein the clock recovery 
module is further configured to further recover the recovered 

5 clock signal in parallel with the de-serializer module con­
verting the incoming electrical physical layer serial signal. 

5. The device of claim 4, wherein a latency contributed by 
the clock recovery module and the de-serializer module in a 
round-trip latency of the ultra-low latency communication 

10 device is substantially equal to a latency of the de-serializer 
module. 

While the above description provides examples of the 
embodiments, it will be appreciated that some features 15 

and/or functions of the described embodiments are suscep­
tible to modification without departing from the spirit and 
principles of operation of the described embodiments. 
Accordingly, what has been described above has been 
intended to be illustrative and non-limiting and it will be 20 

understood by persons skilled in the art that other variants 
and modifications may be made without departing from the 
scope of the disclosure as defined in the claims appended 
hereto. 

6. The device of claim 5, wherein the receiving-side 
driving signals and the transmitting-side driving signals 
have the same clock frequencies. 

7. The device of claim 4, further comprising a prefabri­
cated transceiver module implementing the clock recovery 
module and comprising an embedded de-serializer module. 

8. The device of claim 1, wherein the incoming electrical 
physical layer serial signal is unusable by the de-serializer 
module for driving the de-serializer module to convert the 
incoming electrical physical layer serial signal to the incom-
ing electrical physical layer parallel signal. 

9. The device of claim 1, wherein the serializer module is 
What is claimed is: 
1. An ultra-low latency communication device compris-

ing: 
a clock recovery module configured to: 

receive an incoming electrical physical layer serial 
signal, and 

recover, from the incoming electrical physical layer 
serial signal, a recovered clock signal; 

a de-serializer module configured to: 
receive the incoming electrical physical layer serial 

signal and receiving-side driving signals generated 
based on the recovered clock signal, and 

convert, according to the receiving-side driving signals, 
the incoming electrical physical layer serial signal to 
an incoming electrical physical layer parallel signal; 

a field-programmable gate array (FPGA) fabric config­
ured to: 
receive the incoming electrical physical layer parallel 

signal, 
process the incoming electrical physical layer parallel 

signal to output an incoming data-link layer parallel 
signal, 

receive an outgoing data-link layer parallel signal gen­
erated based on electronic information contained in 
the incoming data-link layer parallel signal, and 

process the outgoing data-link layer parallel signal to 
output an outgoing electrical physical layer parallel 
signal; and 

a serializer module configured to: 
receive the outgoing electrical physical layer parallel 

signal; and 
convert the outgoing electrical physical layer parallel 

signal to an outgoing electrical physical layer serial 
signal. 

25 further configured to further convert the outgoing electrical 
physical layer parallel signal according to transmitting-side 
driving signals generated independently of the recovered 
clock signal. 

10. The device of claim 9, wherein the receiving-side 
30 driving signals are non-synchronized with the transmitting­

side driving signals. 
11. The device of claim 1, further comprising a prefab­

ricated transceiver module implementing the clock recovery 

35 
module and comprising an embedded de-serializer module. 

12. The device of claim 11, wherein the clock recovery 
module and the embedded de-serializer module are imple­
mented as a unitary clock and data recovery and de-serial­
izer module within the prefabricated transceiver module, 

40 and wherein the unitary clock and data recovery and de­
serializer module is configured exclusively to recover the 
recovered clock signal from the incoming electrical physical 
layer serial signal. 

13. The device of claim 12, wherein the prefabricated 
45 transceiver module is bypassed by the de-serializer module 

when converting the incoming electrical physical layer serial 
signal to an incoming electrical physical layer parallel 
signal. 

14. The device of claim 11, wherein the de-serializer 
50 module applies a de-serialization ratio when converting the 

incoming electrical physical layer serial signal being less 
than a minimum de-serialization ratio of the embedded 
de-serializer module of the prefabricated transceiver mod­
ule. 

55 

2. The device of claim 1, further comprising an optical 
fiber transceiver configured to convert an incoming optical 60 

signal to the incoming electrical physical layer serial signal, 
and wherein the de-serializer module is further configured to 
receive the incoming electrical physical layer serial signal 
directly from the optical fiber transceiver. 

15. The device of claim 11, wherein the prefabricated 
transceiver module is bypassed by the de-serializer module 
when converting the incoming electrical physical layer serial 
signal to an incoming electrical physical layer parallel 
signal. 

16. The device of claim 11, wherein the de-serializer 
module is a standalone module. 

17. The device of claim 11, wherein the serializer module 
is further configured to apply a serialization ratio equivalent 
to the de-serialization ratio. 

3. The device of claim 2, wherein the incoming electrical 65 

physical layer serial signal is unusable by the de-serializer 
module for driving the de-serializer module to convert the 

18. The device of claim 11, wherein a transmitting side of 
the communication device is free of a prefabricated trans-
ce1ver. 
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19. The device of claim 11, further comprising an FPGA, 
wherein the prefabricated transceiver is instantiated as a 
hard macro on the FPGA, and wherein the FPGA fabric is 
implemented on the FPGA. 

18 
processing the incoming electrical physical layer parallel 

signal to output an incoming data-link layer parallel 
signal; 

20. The device of claim 1, wherein the FPGA fabric s 
comprises a receiving-side physical coding sublayer (PCS) 
module and a receiving-side medium access control (MAC) 
module, each being driven by a driving signal having a 
frequency determined according to a data rate of the incom-

receiving an outgoing data-link layer parallel signal gen­
erated based on electronic information contained in the 
incoming data-link layer parallel signal; 

processing the outgoing data-link layer parallel signal to 
output an outgoing electrical physical layer parallel 
signal; and 

ing electrical physical layer serial signal and a de-serializa- 10 

tion ratio applied at the de-serializer module. converting the outgoing electrical physical layer parallel 
signal to an outgoing electrical physical layer serial 
signal. 

21. A method comprising: 
receiving an incoming electrical physical layer serial 

signal; 
recovering, from the incoming electrical physical layer 

serial signal, a recovered clock signal; 
generating receiving-side driving signals based on the 

recovered clock signal; 
converting, according to the receiving-side driving sig­

nals, the incoming electrical physical layer serial signal 
to an incoming electrical physical layer parallel signal, 
the converting of the incoming electrical physical layer 
serial signal being carried out in parallel with the 
recovering of the recovered clock signal; 

22. The method of claim 21, wherein recovering the 

15 
recovered clock signal is carried out using a clock recovery 
module implemented on a prefabricated transceiver module 
that also implements an embedded de-serializer module, 
wherein converting the incoming electrical physical layer 
serial signal to the incoming electrical physical layer parallel 

20 
signal is carried out using a de-serializer module being 
discrete from the prefabricated transceiver module, and 
wherein the converting bypasses the prefabricated trans­
ceiver module. 

* * * * * 
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