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RESUMEN

TITULO: CDR CIRCUIT-BLOCKS: DESIGN AND VERIFICATION USING VERILOG’

AUTORES: LAURA CRISTINA NAVARRO GALVAN ~

PALABRAS CLAVES: Clock and data recovery (CDR), Phase Locked Loop (PLL), Methodology,
Flow design, high-speed interfaces.

DESCRIPCION:

En este trabajo se presenta una metodologia de disefio para circuitos de recuperacion de datos y
reloj (CDR) basados en una fijacién digital de fase (DPLL), utilizando un flujo completo de disefio
de circuitos integrados digitales. Con el fin de comprender los trade-offs de disefio y los desafios
involucrados en el proceso, el desarrollo de la metodologia permite el disefio y la validacion del
sistema CDR digital utilizando un modelo lineal, una simulacién en el tiempo y una implementacion
a nivel RTL. Donde, el modelo lineal y el modelo en el tiempo son implementados utilizando
Matlab-Simulink y el modelo a nivel RTL se realiza usando Verilog. Dos CDR a 5 Gbps fueron
disefiados y validados en tecnologia CMOS de 130nm. El primer circuito fue disefiado para
especificaciones generales y el segundo circuito fue diseflado para el estandar USB 3.0.
Finalmente, los resultados de los disefios validan la metodologia usada. Por lo tanto, el desarrollo
del trabajo permite disefiar circuitos CDR aplicables a tecnologias de procesamiento digital mas
baratos, extremadamente bajos en potencia, insensibles al ruido de suministro y facilmente
transportados a través de multiples tecnologias y objetivos de velocidad. Asi mismo, este trabajo
ayudaria a los disefiadores a acelerar el proceso de disefio de las arquitecturas CDR.
Conjuntamente, el flujo de disefio utilizado incluye la implementacién esquematica y layout.

:*Trabajo de grado
Facultad de Ingenierias Fisico-Mecanicas. Escuela de Ingenieria Electrica, Electronica y de
Telecomunicaciones Director Javier Ferney Ardila Ochoa



ABSTRACT

TITLE: CDR CIRCUIT-BLOCKS: DESIGN AND VERIFICATION USING VERILOG"

AUTHORS: LAURA CRISTINA NAVARRO GALVAN ~

KEYWORDS: Clock and data recovery (CDR), Phase Locked Loop (PLL), Methodology, Flow
design, high-speed interfaces.

DESCRIPTION:

A design methodology for clock and data recovery (CDR) circuits based on a digital phase locked
loop (DPLL) using a complete digital flow design is presented in this work. In order to understand
the design trade-offs and the challenges involved in the process, the development of the
methodology allows the validation of the digital CDR system using a linear model, a time step
simulation and an implementation at RTL level. Where, the linear model and the time step
simulation model are implemented using Matlab and Matlab-Simulink, respectively, and the RTL-
level model is performed using Verilog. Two CDR at 5Gbps were designed and validated in 130nm
CMOS technology. The first circuit was designed for general specifications and the second one
circuit was designed for the USB standard 3.0. Finally, the results of the designs validate the
methodology used. Thus, the development of the work allows designing CDR circuits applicable to
digital processing technologies, cheaper, extremely low in power, insensitive to supply noise and
easily ported across multiple technologies and speed targets. Also, this work would help designers
to speed up the design process of the CDR architectures. Additionally, the used design flow
includes schematic and layout implementation of the two circuits.

:*Degree work
Faculty of Physical-Mechanical Engineering. School of Electrical, Electronic and
Telecommunications Engineering Director Javier Ferney Ardila Ochoa



INTRODUCTION

As transmission rates in communication systems have been increasing up to the
range of Gb / s, it has been shown that serial communication systems provide
better performance in contrast to parallel transmission [1]. In addition to increased
data rates, high-speed interfaces also tend to reduce the number of signals sent
and integrate the status and control information that needs to be conveyed [2].
therefore, the serial communication are used for get maximum benefit in high-
speed interfaces.

Clock and data recovery (CDR) circuits have been widely used in high-speed serial
links. At Gbps transfer speed, channel non-idealities such as electrical noise,
attenuation, interference between symbols and phase noise affect the signal
integrity. Due to channel losses typically high-speed serial link does not send the
clock signal in a dedicated wire [3], [4]. Therefore, the receiver block has to extract
the synchronization signals from transmitted data, which is the main function of a
CDR.

Among the main existing CDR architectures, those based on phase locked loop
(PLL) stand out because of their performance and easy implementation. These
types of CDRs can be categorized as: analog or digital [5]. One of the advantages
of digital PLL-based (DPLL) CDR over the analog implementations is the fact that
DPLL can be fully synthesized in a digital flow design [6]. In addition, a digital CDR
saves area, reduces process, voltage, and temperature (PVT) variations and
improves testability and observability with respect to analog implementation [6], [7].

This work consists in the development of a framework for a designing DPLL-based
CDR using a complete digital flow design. The development of a methodology for
this type of CDR arises from the need to design CDR circuits applicable to digital
processing technologies, cheaper, extremely low in power, insensitive to supply
noise and easily ported across multiple technologies and speed targets [7].
Therefore this document presents a design methodology and validation of CDR
circuits through three different models, which allows to understand the design
trade-offs and challenges involve in the process.
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1. DPLL-BASED CDR

The block diagram of a CDR is shown in Fig.1. This architecture is composed of a
Bang-Bang phase detector (BBPD), followed by a decimator, a digital filter formed
by a proportional and an integral path, which is added to a phase integrator and
subsequently to a digital-to-phase converter (DPC). The operation of this
architecture is described as follows: The BBPD converts the input signal into phase
errors (Phe) which are decimated by a factor of L, so, the signal resulting from the
decimation (Phe L) operates at a lower speed. The signal Phe L passes through
the digital filter driving the frequency integrator which operates at a rate of L Unit
Interval (Ul) or 1/LUIL. The principle of operation of the phase integrator is an
accumulator with L phase output bits which are the digital representation of the
sampling phase. This sampling phase is sent to the DPC to convert them into an
edge place, with respect to a local reference clock [6].

Figure 1. Block d_ilgg’rvam of a DPLL-based CDR.

1.1. LINEARIZED SMALL-SIGNAL MODEL

The Fig.2 shows the equivalent linear model of the architecture shown in Fig.1.
Here the parameter Kgg, Kp, phug and frug, are the BBPD gain, decimation gain,
proportional and integral gains respectively. The parameter Kppc is the gain through
the DPC and corresponds to the resolution of the DPC in units of Ul per bit. Ng_
represents the latency for the whole system loop, including analog and digital pipe
stages. Finally, @i, and @o are the input data phase and output clock phase
respectively.

Figure 2. Discrete linear model for typical DPLL-based CDR.

11



Using the linearized model, two interesting functions can be calculated: the jitter
tolerance function, @in/@er and the transfer function, @ou/¢@in. To compute either of
these, It is necessary to calculate the open loop transfer function, which is
determined by the following equation:

The transfer function for the digital CDR model is:

(@)

The Jitter tolerance represents the ability of the CDR to recover an incoming serial
data correctly despite the applied jitter and is given by:

3)

The first parenthetical term in the equation (3) is the remaining horizontal eye
opening remaining after considering the presence of Gaussian jitter with a standard
deviation of gjn. This standard deviation will be discussed later in this paper.

In order to understand how the discrete linear model match with the block diagram
of Fig.1, it is necessary to analyze how the CDR blocks are built.
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2. CDR BUILDING BLOCKS

2.1. PHASE INTEGRATOR

As mentioned in section Il, the phase integrator is a digital accumulator and it is the
digital representation of the sampling phase through the digital-to-phase converter.
All numbers coming out of the phase integrator correspond to a real sampling time.
Therefore, the number of bits of this phase integrator in its output must be at least
the number of control bits (N) of the DPC which indicate the number of phases
through each Ul, as shown in Fig.3(a) together with its equivalent discrete function.
e.g., if the output of the phase integrator has a "1”, this integrator will move the
phase 1/2" Ul, which indicates the gain (Kppc) is equal to 1/2". On the other hand,
if the phase integrator has N upper bits for the digital-to-phase converter together
with additional D, bits of sub-resolution allows the loop gain parameter vary and the
DPC will change gently. The use of additional bits makes the phase of the
integrator to take several steps before moving one step of the DPC (Fig.3(b)).
Therefore, now the integrator moves the phase 1/2"Ul each 2°P cycles and the
linear parameter Kppc is 1/2V*PP, as shown in Fig.3(b).

Figure 3. Phase integrator and the equivalent discrete function (a) Basic (b)
Sub-resolution.

(@)

(b)

2.2. PROPORTIONAL AND INTEGRAL PATH

The dynamics of the digital filter can be modified with the phug and frug gains,
making the CDR works in different ways when these values are controlled. For an
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easy digital implementation, the phug and frug gains can be applied by shifting the
output of the decimator a certain amount. So, these gains can be adjusted to a
power of two for multiply the decimator output easily.

2.3. FREQUENCY INTEGRATOR DETAILS

The frequency integrator is another accumulator with L | bits that are added to the
phase integrator every LUl to compensate small phase errors in the long term.
Here, it is desired to apply the same concept used for the phase integrator, where
the frequency integrator has upper bits M and a sub-resolution D; are used. The
difference with the phase integrator sub-resolution is that for this case the
subresolution of the frequency integrator use a method similar to delta-sigma
modulation (4%). The accumulator is unsigned with the lowest bits (D ) get a carry
out signal. The resulting signal is added to the upper bits M moving the phase
integrator since =2 M- 1 until 2" - 1 given L clock cycles. The last sum of the
sub-resolution used is signed and are obtained M + 1 bits at the output of the
integral path, as shown in the Fig.4 with its equivalent discrete function.

Figure 4. Sub-resolution of frequency integrator and the equivalent discrete
function.

2.4. BANG-BANG PHASE DETECTOR

The Bang-Bang phase detector is commonly used in analog and digital CDR
designs due to its simplicity and precision [7]. A BBPD produces a late or early
pulse at each clock transition based on the relationship between the data and the
phase samples. This block takes three consecutive flanks of the local clock S1, S2,
and S3 and detects if its sampling clock is in delay or in advance of the data
transition, as shown in Fig.5(a). If the phase bit agrees with previous data bit, the
phase sample is early (4¢ < 0) if the phase bit agrees with next data bit the phase
sample is late (4¢ > 0). But, if previous data bit and next data bit are the same, the
phase sample has no transition. Therefore, the BBPD is a nonlinear system. The
Fig.5(b) shows the transfer characteristic of a BBPD, where its output is +1 and -1
for positive and negative phase errors, respectively.

14



Figure 5. (a) Three points of data samples and clock (b) BBPD characteristic
curve.

(@)

(b)

2.5. LINEARIZED BANG-BANG PHASE DETECTOR

The BBPD nonlinear behavior is averaged over time by the digital filter
characteristics of the CDR loop. The transfer function of a Bang-Bang type PD has
a finite slope due to the dithering of the clock jitter [8]. As shown in Fig.6, when
CDR is locked to data input with small jitter amplitude (¢in), the phase error is small
and the loop behavior can be approximated by the linear region of the PD.
Considering a jitter with a Gaussian source, the gain of the BBPD can be
approximated by the slope at zero crossing of the transfer curve. The smallsignal
gain of the phase detector is given by [7]:

(4)

An extended explanation is presented in [9].
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Figure 6. Bang-bang_RD§tatistica| transfer function and the effect of jitter.

2.6. DECIMATOR

In order to ensure proper operation of the CDR in a specific technology, it is
necessary to reduce the sampling frequency of the system by performing a
decimation of the BBPD output. The use of decimation via voting has recently
increased due to its reduced gain and faster implementation over the use of a finite
impulse response (FIR) boxcar filter [7]. Decimation by majority voting takes L
phase errors from the BBPD and vote over these samples each LUI. If the samples
have more earlies, vote -1, if the samples have more lates, vote +1 and if the
samples have an equal number or no transition, vote 0. Its implementation is as
simple as making a shift register L times of the input, add its outputs and perform
the voting on this sum, as seen in Fig. 7.

Figure 7. Decimation by voting.
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Fi_g‘q_(e 8. Digital CDR implementation.

Decimation via voting produces gain K,, which can be determined by simulating
and comparing the BBPD output and decimation output for a vote over L samples.
For decimations via voting over 4, 6, 8, 10, 16 and 20 samples the results of
simulation show an approximate gain of 2, 2.9, 3, 3.6, 4.2, 4.9, respectively.

2.7. SYSTEM DETAILS

The practical realization of this digital CDR is shown in Fig.8, where equations
(5),(9) describe the relationship between output bits of each block and the design
parameters of this architecture, Phug, Frug, M,Ds, N and D,,.

(6)
(6)
(7)

L F = log2[(2M+1 — 1) + (2P+2 - 1)] (8)
L phase = N + D, 9)

As mentioned previously, These design parameters are relations with the
parameters of the linear model, so the open loop transfer function can be rewritten
as

17



where the parameter Kppc and the integral path gain, varies according to sub-
resolution of the phase integrator (Dp) and the frequency integrator (D),
respectively.

18



3. METHODOLOGY DESIGN

The Fig.9 shows the step-by-step diagram of the design flow methodology and
verification for the CDR using three different models.

3.1. Specifications

The first step is to establish the CDR specifications such as baud rate (Gbps),
tolerance of jitter tracking (PPM), frequency step (PPM), frequency slew rate
(PPM/us) among others. From these specifications, it is possible to obtain the
design parameters using a spreadsheet calculator developed in this project.

Figure 9. Design flow methodology.

3.2. SYSTEM PARAMETER

The parameters are analyzed and adjusted according to the linear model and a
time step simulation of the CDR using Matlab-Simulink. In the analysis of the
transfer function of the linear model, the parameters are adjusted considering the
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stability of the system and the maximum jitter peaking specified in the reference
standard used for the design. In the same way, the jitter tolerance function
obtained is compared with the tolerance mask of the standard, determining if the
CDR designed is able to tolerate the specified maximum input jitter amplitude.

3.3. RTL LEVEL

After validating the parameters using the linear model and the time step simulation,
the final parameters are used to perform the proper implementation and validation
of the design at the RTL level. Here, Fig.8 is described using Verilog hardware
description language. Then, the Verilog code is checking through a functional
simulation.

3.4. SYNTHESIZED AND PLACED/ROUTED GATES

Finally, the synthesis and place and route of the design are done, adapting the
CDR to a specific technology. During the synthesis, the internal structure of the
device is taken into account, and restrictions are defined, such as pin assignment,
the clock period, the clock uncertainty caused by jitter of the input data, among
others. Then, it is verified that the synthesizer has correctly performed the
synthesis of the circuit by transforming the Verilog code into logical blocks
connected to each other, through post-synthesis simulation.

The place and route process locate the obtained digital blocks in the synthesis
optimally, interconnecting the blocks properly, trying to minimize propagation
delays to maximize the maximum frequency of operation of the device.

20



4. DESIGN EXAMPLES AND RESULTS

In order to validate the methodology developed in Fig.9, two digital CDR has been
designed and validated in 130nm CMOS technology. The first circuit is designed
based on the specifications given in [7] and the second one based on USB
standard 3.0. Table | shows specifications for both designs.

Table 1. Specifications

[7] USB standard 3.0 [10]
Parameter Value Value
Baud rate [Gb/s] 5 5
Tolerance of jitter tracking [PPM] | ~+1000 ~+7850
Gaussian input jitter (o) [RMS Ul] 0.03 0.02
Freq. Steps [PPM] ~10 ~10
Freqg. Slew Rate [PPM/us] 1320 1320

4.1. GENERAL DESIGN EXAMPLE

Assuming that the first design does not have Spread- Spectrum Clocking (SSC), a
jitter tracking tolerance of +1000PPM and a slew rate of 1000PPM/us are set.
Using reasonable initial values of 5-bits or 32 steps per Ul in the DPC and 3-bits for
the sub-resolution in the phase integrator, the equivalent phase resolution (Kppc)
for the first system is 1/256Ul or 0.0039UI. Due to the most of the standard use a
8b10b coding with at least one transition every 4 samples, a decimation by voting
over 4 decisions for both paths of the digital filter are used. Therefore, the CDR
clock is 4Ul/cycle and the frequency integrator needs to be able to put in +1 per
cycle to get £1000PPM or 0.004Ul/cycle, so this frequency integrator need 1 upper
bit signed to get —1 and Ds-bits to get very close to +1 (2°"-1/2""

Figure 10. Period I\_/«Igqu_J’Iation from Triangular SSC.
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The minimum PPM step size of the frequency integrator is set around 10PPM, so
this means moving the sampling phase 0.00004Ul/cycle. Since a phase integrator
step is 0.0039Ul/cycle, the required number of cycles to move 1 step of the phase
integrator is 97.5 cycles, rounding this value to a power of 2 , the frequency
integrator need 128 cycles or 7 bits to move the phase integrator (1 in 2", i.e.
these 7 bits will allow to move 1/128th of an Ul per Ul, or per 4 Ul.

As discussed in section lll, the integral path output can move the phase integrator
since =2 - 1 until 2% - 1 given L clock cycles and the phase integrator moves
the phase 1/2""P each cycle. So, it can be determinate the maximum and
minimum PPM offset that CDR can track, as described the equations (11) and (12).
Evaluating the parameters obtained for this design, the maximum and minimum
PPM offset are 975PPM and -1950PPM, respectively, which meet the spec
1000PPM. Applying a similar analysis, the effective PPM resolution is 7.6172PPM
< 10PPM, as a result of equation (13).

(11)
(12)
(13)
D
frug = 25 %L *Fre;.fDlva.:)ate * Tcycle (14)

In addition, equation (14) define for the first circuit a value of 0.1386 for frug. If the
value of phug set in 1, the proportional path can move roughly 1/1024Ul per Ul or
976.6PPM and this is the maximum pull-in range that the CDR can track.

4.2. USB STANDARD 3.0 DESIGN

USB standard 3.0 has a SSC deviation of 5000PPM at a rate between 30KHz and
33KHz, as shown in Fig.10. Where, Tssc represent the period modulation use for
the SSC. Assuming that the two sides of the link have independent SSC domains
and considering the superposition of other jitter components, the maximum slew
rate that must be tracked is 7.85ms/s

Consequently, for the second circuit are set a jitter tracking tolerance of +7850PPM
and a frequency slew rate of 1320PPM/us. Applying the same analysis as the one
used for the first design, the frequency integrator needs 5 upper bit (M = 4 + sign)
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and 6 dither bits (D=6) to get +16 cycles and move 1 step of the phase integrator.
The maximum and minimum PPM offset, the effective PPM resolution and the
values of phug and frug are 7312.5PPM, -7800PPM 7.6172PPM, 2 and 0.2773,
respectively, using equations (11),(14) for the second circuit.

Table 2. Linear Model Parameters

[7] USB
standard
3.0 [10]
Parameter | Value Value
KBB 13.3 19.9 per
per Ul Ul
Kb 2 3 (votex8)
(votex4)
Phug 1 2
Frug 0.25 0.25
KDPC 1U1/2° 1U1/2°
NEL 20 18

4.3. LINEARIZED ANALYSIS OF SYSTEM

Using previously selected specifications, it is possible to obtain the gains of the
linear model for both designs. Kggis 13.3 per Ul and 19.9 per Ul for the first and
second circuit, respectively, according to the equation (4). Kp is equal to 2 for
voting by 4 and 3 for voting by 8 as explained in Section IlI-F. The parameter Kppc
is equal to 1UI/2%for the first design and 1U1/2° for the second one, using equation

(9).
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Figure 11. Transfer _fgr_j_c#:tion (a) variations of phug (b) variations of frug

(a)

(b)

Figure 12. Transfer fu_r)‘_c@iqqn for the second model using USB standard 3.0

Behavior of transfer functions for the first circuit is observed in Fig.11(a) using three
values of phug (0.5, 1 and 2). Previously, the phug gain for the first design was
established in 1 because if phug is increased, the bandwidth expands and its peak
increases indicating that it has too much gain in the loop when frug is set to 1. On
the other hand, if phug decreases, the peak increases again because phug has
been lowered to the point where it interacts with frug causing the poles get too
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close, similar to a PLL [6]. Therefore phug is kept at 1 and it is decided to decrease
the gain of the integral path.

Figure 13. Jitter tolerance function (a) [7] (b) USB standard 3.0

(a)

(b)

In Fig.11(b) are shown three different values of frug (0.5, 0.25, and 0.125) and how
the bandwidth changes with these values. After observing the behavior for these
gains and adjusted the maximum jitter peaking below 1dB, it was decided to set the
gain of the integral path in 0.25. The problem with this value of frug is that it is not
possible to multiply a fractional number in integer math, but the integral gain is
frug/2”'/L, so there are two ways to solve this, either add bits to the bottom of the
frequency register, increase Dy, or increase the decimation rate just through the
frequency path. If the decimation rate is increased, voting over 16, instead of voting
over 4, then, the integral path has an additional reduction of 4. Consequently, the
output of frequency register can only change every 16UI, but it still gets added to
the phase integrator every 4UI. This means that the PPM tracking range does not
change at all, but it changes how fast the CDR can change the frequency
integrator. so the frequency integrator went from 8 bits at 1.25 GHz to being 8 bits
at 312.5 MHz and its minimum PPM resolution is now 0.0039/27/16 * 10°' 2PPM.
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For the circuit based on USB standard 3.0, the maximum peaking of the transfer
function must be less than 2 dB [10]. Therefore, the values of phug and frug are 2
and 0.5, respectively, as shown in Fig.12. As explained before, the gain of frug can
not be a fractional number, so the decimation of integral path vote over 16 and the
gain of frug is now 1. In order to guarantee the proper operation of system, stability
test was performed for all cases.

Parameters listed in Table Il are used to obtain Jitter tolerance curve for both
systems, as shown in Fig.13. The two curves acquired are shown along with the
jitter tolerance mask established for the USB standard 3.0. In Fig.13(b) it can be
seen that the chosen parameters for both circuits easily beat the jitter tolerance
limit, indicating that the designed system is appropriated.

Table 3. Digital CDR Parameters

[7] USB
standard

3.0 [10]

Parameter | Value | Value
Phug 1 2
Frug 1 1
V ote P 4 8
V ote | 16 16
D¢ 7 6
LI 8 11
Dp 3 4
N 5 5
L phase 8 9

4.4. IMPLEMENTATION DETAILS

The signal present at the receiver for all the results described above for both
circuits is shown in Fig.14. These input signals pass through the system obtaining
the output observed in Fig.15. Clearly, it can be observed that the input jitter is
considerably reduced, indicating that the parameters obtained are appropriated for
both cases. In this section, it will be described how the parameters obtained from
the linearized model coincide with the implementation of Fig.8 and the parameters
of Table Il by mean of a step-time simulation. Due to the DPC will have 32 steps or
32 possible clock
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Figure 14. Eye diagra_m”i»_nc‘;oming signal (a) [7] (b) USB standard 3.0 [10]

(a)

(b)

edge positions in both systems, the phase integrators according to equation (9) will
have 8 and 9 output bits (L phase) , respectively. Therefore, the output of the
phase integrators will take values between 0 and 32 as it is the digital
representation of the sampling phase through the DPC. The Fig.16 shows the
phase integrators output for each system. In Fig.16 it can be seen that the second-
order system used for the circuit has an underdamped behavior and a step value is
maintained around half-bit period upon reaching establishment time, which is
desired behavior.

4.5. DIGITAL FLOW ( SYNTHESIS)

Following the methodology of Fig.9 and after having validated the parameters
selected for linear model and the timestep simulation for both designs, the models
of CDR are implemented in software according to Fig.8, using HDLVerilog. Here
each block is behaviorally validated by test bench.

27



Figure 15. Eye diagrar_r‘]ﬂ_‘swa‘mpling clock (a) [7] (b) USB standard 3.0 [10]

(@)

(b)
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Figure 16. Phase Integrator Output (a) [7] (b) USB standard 3.0 [10]

(a)

(b)
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5. THE CONFIGURATION CAN BE CLASSIFIED INTO TWO MAIN PARTS:

1. Script configuration: In this script, the library of the geometric description of the
cells, time description and parasitic extraction are charged. Here, the behavior
of the desired circuit for synthesis is described. Furthermore, the script has the
proper commands of the synthesis and the reported time restrictions, used
cells, used area, power consumption described in leakage for each cell, net-list,
among others.

2. Restrictions: In this section, the limit parameters are defined such as the clock
period, the clock uncertainty caused by jitter of the input data, rising and falling
edge, capacitive charge for each output and final delay time in which clock
arrives at inputs. These declarations are made in order to verify the maximum
operation frequency of the circuit.
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Figure 17. Layout (a) [7] (b) USB standard 3.0 [10]

(@)

(b)

Table IV shows the results of the synthesis of each design. The most critical path is
the decimation over 16 samples because it is a parallel-serial shift register and
circuit takes 16 clock cycles before generating an output. Fig.17 shows the layout
view obtained for both designs. The area of the layout were of 120um for the first
design and 95um for the second one.

Table 4. Synthesis Results Of Each Design

Synthesized design [7] | USB standard 3.0 [10]
Frequency [MHZz] 555 555

Timing Slack Ops 1ps
Total Power (mW) 2.894 1.7748
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6. SUMMARY

In this paper, a methodology for CDR digital circuits is stated. Since characteristics
of the frequency response of CDR are determined by jitter tolerance and jitter
transfer characteristics, developed designs are analyzed and evaluated for three
different models. Based on the presented tables and figures, it is clear that the
results validate the methodology for used. Thus, this work would help designers to
speed up the design process of the CDR architectures.
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