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Abstract This paper proposes a novel design which is capable of faster data recov-
ery for high-speed communications such as serializer and deserializer (SerDes). The
SerDes is an essential and widely used component in high-speed gigabit communi-
cations such as PCle, Ethernet, passive optical networks (PON), MIPI and HD video
streaming interfaces. The high-speed serializer/deserializer is the dominant imple-
mentation of I/O interfaces at speeds of 2.5 Gbps and higher. The SerDes works with
a source-synchronous interface in which no synchronization clock will be present
while transmitting/receiving the data. The SerDes receivers must have the clock and
data recovery (CDR) circuit which dynamically extracts the clock and data from
the receiving differential serial data. The design in this paper proposes a Nyquist
sampling-based architecture that will simultaneously capture the serial data with
high redundancy and without any bit loss. The architecture uses an algorithm which
also features the adaptive sampling rate independent of the bit duration. The algo-
rithm is capable of estimating the interleaving window between successive bits and
significantly analyzes the samples of successive bits and dynamically filters the noisy
samples and recovers the bit information and also has the ability to adjust the offset
deviations occurred while sampling the serial data. The algorithm is implemented
and verified on the SerDes serial receiver at 25 Gbps data rate at 14 nm technology
node.
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1 Introduction

1.1 High-Speed Digital Communication

The chip density is increasing day by day, and the demand for the high-speed circuits
has skyrocketed. Previously, high-speed data communication was meant to be for
limited applications and offered at higher prices. As the chip density increases day
by day, the larger complex circuits can be accommodated in the integrated circuits
which brought the high-speed circuits [1] into daily life for almost all each and
every application. This has increased the demand for the circuits which can perform
high-speed gigabit communications. Eventually, the design requirements and design
challenges, pushing the limits of the current technology and reducing the time to
market, have become the inevitable task for the engineers.

Low-Voltage Differential Signaling (LVDS)

At first glance, it might appear that one of the disadvantages of utilizing LVDS in
an application as opposed to a customary single-finished information transmission
technique is that it requires double the same number of wires to transmit a similar
number of channels. In contrast, the inverted pair of wires used in the place of single
wire will help us to increase the data speed [2]. The two wires for the same signal
will carry bit information inverted to each other. This will help to recover the data
at the receivers when being transmitted at gigabits per second. In reality, the LVDS
interface can undoubtedly reduce the wires between the transmitter and receiver for
higher data speeds. On the contrary, the throughput will be the same when compared
with the multiple bits sent via the parallel interface at lower data rates and data sent
serially using LVDS at higher data rates.

The LVDS can be implemented for multiple configurations as shown in Fig. 1.
The point to point configuration for end-to-end interface and multibit configuration
to interface multiple devices is significantly more efficient unlike bus interface. The
multiple channels can be utilized for LVDS interface to increase the overall through-
put. The LVDS is being utilized in major high-speed applications such as mobile
industry processor interface (MIPI), high-definition media interface (HDMI), modem
interface and PCle.
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Fig.1 LVDS a point-to-point configuration, b multidrop configuration
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Fig. 2 Eye diagram of high-speed differential signaling

The LVDS is likely to be more redundant to environmental noise and demonstrated
robustness toward common-mode noise and also less affected by the noise-related
problems such as cross talk from the neighboring channels. This will also enable
the use of LVDS in low-power applications with higher data rates. Eye diagrams
are used to characterize a high-speed signal source or transmitter (receiver testing
usually requires bit error rate testing). A typical eye diagram test setup is shown in
Fig. 2. Eye amplitude is the difference between the one and zero levels. The data
receiver logic circuits will determine whether a received data bitis a “0” or “1,” based
on the eye amplitude.

The vertical opening is the main characteristic while recovering the bit information
from the differential signals which define the eye height of an eye diagram. The
channel noise, cross talk, signal-to-noise (SNR) ratio, jitter and additional noise
parameters will influence the eye amplitude. All these noise parameters will be
involved and try to reduce the eye amplitude which will cause the eye to close
in high-speed communications. If the eye amplitude reduced, it is very difficult
to recover the clock and data information using CDR. This paper addresses this
problem and proposes a possible solution to recover the data under these eye closing
circumstances.

2 Theory

2.1 SerDes Overview

The basic architecture of the SerDes is shown in Fig. 3. The architecture is mainly
consisting of parallel in serial out (PISO) and serial in parallel out (SIPO) shift register
to convert the parallel data into serial and serial data into parallel, respectively [3].
The architecture of SerDes can be classified into four categories (1) parallel clock
SerDes, (2) bitinterleaved SerDes, (3) embedded clock SerDes and (4) 8b/10b SerDes
which is exclusively used for passive optical network (PON) applications.
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Fig. 3 Architecture of SerDes

The parallel in serial out (PISO) is typically consisting of parallel interface with
the number of flip flops to hold the data, clock input for the flip flops and a serial
output line where the serial data is available. The PISO module utilizes the internal or
external phase-locked loop (PLL). The basic element in parallel in serial out (PISO)
is a shift register which will convert the parallel data into serial out for one bit per
clock.

However, the design will require various synchronizing schemes when the data
is transferred from one clock domain to another clock domain to avoid metastability
and also to prevent the data loss.

The serial in parallel out (SIPO) performs an opposite function to parallel in serial
out (PISO). The serial in parallel out (SIPO) used in SerDes slightly differs from
conventional SIPO. The SIPO used in SerDes will not be given any the same clock
which was given at the PISO as there will be no reference clock provided along
with the data. The SerDes internal clock management system will recover the clock
information from the serial data after analyzing the serial bits, and then, the CMS
will provide the corresponding reference clock to the phase lock loop (PLL). The
PLL will lock the reference clock and generate the serial clock which will be given to
serial in parallel out (SIPO) shift register. Further, the SIPO will shift the serial high-
speed data and then converts it into parallel bit information. The clock management
system (CMS) and phase-locked loop (PLL) performance should be good enough
so that the low harmonic frequencies in the data stream and frequency offset can be
nullified.

2.2 Clock and Data Recovery (CDR)

In the cutting-edge high-speed data circuits, specifically the gigabit transceivers,
solid impedances and cutoff between intersymbol interference (ISI), is completely
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dependent on frequency. The intersymbol interference (ISI) is considered as one
of the major causes for performance degradation of theses gigabit transceivers by
effecting in eye opening and timing jitter which leads to data mismatch [4] and bit
error rate (BER). The major challenge in the gigabit communications is that there is
no dedicated clock is allotted to the signal in high-speed SerDes transceivers. The
clock and data recovery (CDR) plays a vital role [5] in gigabit communications.
As there will not be any reference clock sent along with the high-speed serial data,
the CDR must analyze the serial bit pattern and extract the clock information from
the incoming serial data. Clock and data recovery (CDR) units are observing the
transitions and choosing the minimal sampling phase for the data at the midpoint
between edges. It retrieves clock data from the actual receiving data stream and
uses this extracted clock to recollect the data waveform and absorb the data. CDR
is nonlinear which significantly limits jitter and noise inside the SerDes [6] circuit.
There is numerous clock recovery circuit (CRC) design approaches existing like
traditional CRC, over-sampled CRC, source-synchronous links, etc. where the data
stream must guarantee transitions. Most of all clock and data recovery circuits employ
phase-locked [7] loop circuits.

3 Proposed Design

This paper proposed a Nyquist sampling-based architecture that will simultaneously
capture the serial data with high redundancy and without any bit loss. The architecture
uses an algorithm which also features the adaptive sampling rate independent of
the bit duration. The algorithm is capable of estimating the interleaving window
between successive bits and significantly analyzes the samples of successive bits and
dynamically filters the noisy samples and recovers the bit information and also has
the ability to adjust the offset deviations occurred while sampling the serial data.
The block diagram of the design is shown in Fig. 4. The serial data is sampled by
the sampler and collects a fixed number of samples for each serial bit. The sampler
in the design is independent of the bit duration and also scalable. This scalability
feature does not limit the number of samples to be fixed.
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Fig. 4 Block diagram of proposed design
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The number of samples required to sample the data can be varied from one sce-
nario to another scenario considering several factors such as bandwidth, signal-to-
noise ratio (SNR), bit error rate (BER) and noise present in the data. The sampling
frequency should be significantly higher than the speed of the incoming data. The
sampling frequency of the serial data can be chosen depending upon the number of
samples that need to be collected for bit analysis in the noisy medium. The major fea-
ture of this architecture is that it will be suitable for high-speed source-synchronous
interfaces where no reference clock will be distributed along with the serial data.
The quantizer collects the sampled information of each bit and then identifies the
samples related to transitional window and active window where the actual portion
of the samples will be utilized for data recovery.

The transitional window samples are used to adjust offset deviations between
the successive bits while sampled by the sampler. This technique effectively tunes
the number of transitional samples required for each bit depending on the offset
deviations caused by the sample. This will help the design to be more robust. The
quantizer categorizes the samples into two groups such as (i) transitional window
and (ii) active window.

Transitional Window

The transitional window is the key area that will compute the offset caused by the
residual components while sampling the information. This transitional window fur-
ther subdivided into pre- and post-computed offset windows. The pre-computed off-
set window will hold the previous bit offset deviation which will affect the sampling
duration of the current bit. This bit-to-bit offset will be summarized and results in
data mismatch due to the offset residual components [8]. The post-computed offset
window which was computed successfully after the previous data will be buffered
as a pre-computed offset to utilize during the next bit sampling window for tuning
the transitional window. This will dynamically tune the complete sampling window
for successive bits when they were retrieved at higher data rates.

The pre- and post-computed window size is scalable and can be chosen at
which the rate of data being transmitted and offset deviation between the residual
components generated while sampling (Fig. 5).

The post-computed offset will be taken into account when the next serial data is
getting sampled, and the pre-computed window and number of samples collected in
the active window will be adjusted dynamically such that offset deviation will be
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Fig. 5 Sampling methodology
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nullified. In this way, the proposed design will address the offset deviation between
successive bits during the high-speed reception.

m=M — (Amp + Amq) (1)
m—1
er_int (n —+ 1) = '1’'when Z _x(n — k) > %
=0 (2)
'0’ otherwise
m—1
rxd_int (n) = 'I"when Y x(n —k) > %
k=0 3)
0/ otherwise
where
m Active window samples

M Total number of samples collected for differential serial bit
Amy Pre-computed offset values
Amg Post-computed offset values.

Active window

The active window is the group of samples that will be used to extract the bit informa-
tion. The high-speed interfaces will communicate in differential signaling (LVDS).
Thus, both positive and negative samples will be combined together. Then, the sam-
ples will be processed further to recover the bit information. The noise filter will
be filtering the non-differential samples which should be a compliment in nature.
Then, the inverted samples will be processed, and the final bit information will be
evaluated after analyzing both inverted samples collected from the active window.
This will enhance the robustness of the design which enables the design for better
performance and faster data recovery.

4 Results

The proposed design is successfully implemented on a SerDes receiver at the data
speed 25 Gbps. The SerDes has 40-bit parallel input bus operating at 625 MHz which
will match the throughput of the serial data 25 Gbps. Similarly, it has the 40-bit
parallel output data bus where the received serial data is latched. The reference clock
of 156.25 MHz will be supplied to the PLL for generating the internal transmitter
and receiver clocks. The SerDes serial receiver while receiving the data at 25 Gpbs
data speed, each bit has duration of 37.253 ps. Each bit was sampled at 1 ps sampling
clock resulting in 37 samples per bit (Fig. 6).

The 0.253 ps residual cumulatively will create an offset of 25 ps after receiving
every 100 bits. This 25 ps offset is significantly capable of data corrupt or mismatch.
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Fig. 6 SerDes recovered data with the proposed algorithm

To avoid this, the above algorithm was implemented on the receiver samples. The
algorithm was dynamically self-tuned and adjusted the offset of each consecutive bit,
and the offset of 0.253 ps per bit was successfully nullified without inserting delay.

5 Conclusion

This paper focuses on challenges that arise while receiving high-speed serial data
only as it has more complex issues unlike transmission of the data. The SerDes
works with a source-synchronous interface in which no synchronization clock will
be present while transmitting/receiving the data. The SerDes receivers must have the
clock and data recovery (CDR) circuit which dynamically extracts the clock and data
from the receiving differential serial data. The algorithm is capable of estimating the
interleaving window between successive bits and significantly analyzes the samples
of successive bits and dynamically filters the noisy samples and recovers the bit
information and also has the ability to adjust the offset deviations occurred while
sampling the serial data. This will dynamically tune the complete sampling window
for successive bits when they were retrieved at higher data rates.
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