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Abstract

Transmission of data from a source to destination with error protection is the main aim of communication.

Communication can be established in a parallel way or serial way. In parallel communication each bit of data

require a separate line for transmission. But as according to the Moore’s Law number of transistor density in

increasing resulting in the growth of pin interconnect density. Thus the unrivaled solution is to use SerDes.

SerDes uses serial communication for data transfer. The SerDes is used not only in backplane drivers but also

in high speed IO interface such as chip-to-chip, chip-to-backplane and chip-to-memory. SerDes is becoming

a common building block for ASICs. SerDes will become pervasive IO solution but also the characteristic

and optimization of these links present new challenges.

With the increase in speed of communication and complexity of circuits more fast and compact SerDes

are required. SerDes itself have its design concerns such as error correction, load matching at the receiver,

area constants, speed and power consumption. In this work, our main aim is to reduce the power with optimal

speed. Current Mode Logic is used because it has a power advantage over CMOS at high speed. It has great

error immunity as compared to conventional methods.

Our work is divided in two parts. First to design a synchronous SerDes. Synchronous SerDes is designed

using CML mux. A new parallel chain method is used at deserializer. This all help us to reach a speed of

16.64Gbps speed with only 9.29mW . In second work, we designed a asynchronous SerDes, which was

designed with the help of CML latch. Asynchronous since does not require clock, saves lot of power from

PLLs and CDRs. The asynchronous circuit operates at 18.92Gbps consuming only 8.82mW power.

ii
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Chapter 1

Introduction

1.1 Overview

In the modern society, communication plays an important role. Use of the computer is increasing which also

enhances the need for data transfer. In Mobile communication, user needs are increasing day-by-day which

results in development from 2G to 4G network. For various applications like voice call, video calls, Internet

browsing, HD videos, Bio-Medical Signal processing all this require significant amount of data transfer.

With the conventional parallel method of data transfer, require a large number of pins consuming more area

and power. These all increases the research in the interconnects. The most suitable and adopted way of

data transfer is serial communication. This growing demand has to be fulfilled by new circuit optimised for

increased speed and reduced power.

1.2 Motivation

Increasing demand of interconnect speed has to be optimized for power consumption. Since interconnects

are the physical medium, thus they have their limitations and losses. Interconnect IC’s has to be designed by

keeping all this constrains in mind.

• A interconnect IC must be able to communicate at higher speed

• Must have low power consumption.

• Must be able to minimise the distortion produced by channel and recover data properly.

1



1.2 Motivation 2

• Must be backward compatible and most importantly must have a vast area of implementation.

Some of the examples where SerDes is used are HDMI, USB, Infiniband, MIPI, PCI Express, SATA,

LTE etc.

The related work is done in [1], Sally et. al. using a three-level encoding technique they are able to

achieve a data rate of 12Gbps. They have designed a comparatively small phase detector which recovers

data and clock from the received data. In [2], a modified three level coding is desirable to reduce the power

consumption and decrease the error probability. They have designed a modified three-level encoder and

decoder which is also able to recover the clock thus small circuit saves power and chip area. In [3] again

they used half data rate self-timed three-level coding to increase the speed to 24Gbps.

In [4] transformer coupled CML technique is used to reduce the power. In this technique, they have

reduced the supply voltage in order to obtain the desirable power. Transformer coupled technique with

enhanced drain-to-source voltage provides significant drain current per unit of width-to-length ratio, which

provides large voltage swing reducing the effect of reduced power supply. In [5] and [6], Jri Lee and et. al

used the NRZ and PAM4 encoding methods to increase the speed up to 56Gbps. This NRZ and PAM4 are

more error resistive and provide a better communication link.

Diego Tondo et. al. [7] used both CMOS and CML design methods to utilises the benefits of both

CMOS at lower speed and CML at higher speed. CMOS perform well at low frequency therefore 16 × n

multiplexing is done using CMOS logic. Where as CML has advantages over CMOS at high frequency thus

n × 1 multiplexing is done by using CML. Since half the circuit is built using the CMOS approach it has

comparatively smaller area. Asynchronous Serialization approach was explained by Bui Chinh Hien in [8].

They used conventional shift registers method to serialize and deserialize data. Since it is an asynchronous

method, it has lesser power consumption as compared to synchronous method. They chain of tri-state in-

verters separated by the Delay Element to design SerDes.The Delay element is used to maintain proper bit

width in asynchronous design methods. They are able to reach up to a speed of 3.9Gbps.

In [9], Ashok Jaiswal uses a CML asynchronous method for SerDes designing. They have used CML-

MUX for serializer/deserializer. By doing so, they gain a speed of 12.67Gbps at 14.3mW power consump-

tion. Rostislan Dobkin in [10] used asynchronous method with LEDR encoder to reach up to a speed of

67Gbps.

2



1.3 Summary of Contributions 3

1.3 Summary of Contributions

Our main focus was on to design the circuit which consumes less power so that they can easily be used in

mobile devices. Significant contributions of this thesis are listed as following

• Current Mode Logic Synchronous SerDes is designed with reduced power as compared with previous

methods.

• CML based asynchronous SerDes is designed which has much less power consumption because of the

asynchronous design method.

1.4 Organization of the Thesis

The thesis is organized as follows

• Chapter 2 give the detailed study of Current Mode Logic. Since in whole of our work we have used

CML method, therefore starting from basic and advantages, few CML basic components are also

discussed.

• Chapter 3 give the study of why we need SerDes. What are its advantages, disadvantages? Some of

the application are given.

• Chapter 4 has a detailed view of Serializer and Deserializer. Their types i.e. synchronous and asyn-

chronous SerDes. The basic component of a SerDes transceiver. Serialization and Deserialization

methods. . Moreover, previous studies were done in the field of SerDes are explained.

• Chapter 5 tells about the various protocol which defines the working of SerDes.

• Chapter 6 gives the proposed CML Synchronous SerDes. In this chapter, our work on synchronous

SerDes is represented with the block diagram of proposed serialize and deserializer. Timing diagram

to explain serialization is also given. Circuit designed in Cadence Virtuoso is also given.

• Chapter 7 tells about the proposed CML asynchronous SerDes. CML-latch is used to design SerDes.

The control block is also explained in detail whose function is to control the working of asynchronous

SerDes.

3



1.5 Publication List 4

• Chapter 8 gives the results of proposed synchronous and asynchronous methods in chapter 6 and

chapter 7.

• Chapter 9 gives the conclusion and future work of the proposed methods.

1.5 Publication List

• Mohit S. Choudhary, Mahesh Kumawat, Pramod K. Bharti, and S. K. Vishvakarma, 16.64Gbps Syn-

chronous CML SerDes Transceiver Design Technique with Process Corner Variations for Low Power

Application, IEEE VLSI Circuit System Letter, Volume 2 Issue 1, Page 2-6, April 2016.
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Chapter 2

Current Mode Logic

2.1 Overview

In this chapter, Current Mode Logic (CML) is explained with its comparison of conventional design tech-

niques. Their implementation using CMOS technology is discussed. We will see the designing of the basic

inverter, mux and latch using the CML.

2.2 Current Mode Logic

2.2.1 Basics of CML

Until now most convenient approach adopted for circuit design is CMOS. CMOS has many advantages such

as zero static power dissipation, high level of integration, comparative easy circuit design. However, as

the speed of communication increases, CMOS cannot parallely cope with the higher speed and low power

requirement. By increasing W/L ratio of CMOS, we can increase the speed but along side, it also increases

the power consumption. Additionally, at higher frequencies CMOS produces the inexorable amount of noise,

thus integration of sensitive analog and digital circuit on the same chip become difficult [11].

MOS Current Mode Logic is a fully differential logic style which overcomes high-speed limitations of

CMOS. CML has much less power consumption at high-speed as compared with the CMOS. CML is widely

accepted in high speed circuit design applications such as optical communication. [12] CML circuits as

compared with CMOS has varies characteristics such as low supply noise generation, high noise immunity

and low power consumption at high frequencies enabling merger of analog and digital circuits on the same

5



2.2 Current Mode Logic 6

Figure 2.1: Current in CMOS and CML for increasing frequency.

chip [13].

As shown in figure 2.1 CMOS current is directly proportional to the frequency; it consumes very less

power at low frequencies and power consumption increases with frequency. Whereas as shown in figure

2.1 [13]. CML current changes very less with frequency making it ideal to use at high frequencies [12].

Table 2.1 shown the tabular comparison of CMOS, CML and Bipolar CML [13].

Table 2.1: Tabular comparison of CMOS and CML

Logic type Noise performance Maximum speed Power Dissipation

CMOS Bad Moderate Low at low frequency,

high at high frequency

CML Good High High at low frequency,

Low at high frequency

Bipolar CML Excellent Very High High at low frequency,

Low at high frequency

2.2.2 Advantages and Disadvantages of CML

Benefits of CML over CMOS are as follows:

6



2.3 CML Circuit Design 7

• Fully Differential working.

• Low Voltage swing is making it suitable for high-speed circuits.

• The weak dependence of propagation delay on fanout load capacitance.

• High noise immunity as compared with CMOS.

• CML draws constant current from power source due to Current source.

• Switching noise is very less.

• Power dissipation is very less as compared with CMOS, especially at high frequency.

Disadvantages of CML over CMOS

• CML has a current source, thus has a static power dissipation.

• More complicated design process.

• Comparably more design parameters than CMOS.

• PMOS (resistor) require large circuit area.

• A large number of interconnect (usually double than CMOS) due to the differential method.

2.3 CML Circuit Design

2.3.1 Basic Component

CML consist of basic 3 circuit component as shown in figure 2.2. They are

1. Load resistance

2. Pull down network

3. Constant current source.

Load resistance can be designed using an active PMOS. PMOS source-gate voltage equal to VDD and a much

smaller source-drain voltage, thereby forcing PMOS in triode region in which it can act as resistance. The

output voltage is taken across these load resistance. The pull-down network consists of logics created with

7



2.3 CML Circuit Design 8

Figure 2.2: Basic CML circuit component.

NMOS. Since CML is a fully differential network, logic circuit and its complement circuit are designed in

pull-down network (PDN) using only NMOS. Because of this circuit area increases but differential circuit

become more immune to noise [14].

The Ibias is a constant current source provided with the help of NMOS current mirror circuit. For sim-

plicity in the circuit diagram, a current mirror is represented by a simple current source in this report. Current

from this source depending on the logic provided flows through on of the branches of PDN. Since the voltage

swing is less in CML, it has less dynamic power consumption, and its speed is fast as it only uses NMOS

transistors [14].

2.3.2 CML Inverter

The circuit diagram of CML Inverter is shown in figure 2.3. It consists of a constant current source Iss,

PMOS in always ON condition and a pull-down network designed for inverter operation.

CML operation can be explained by assuming them in the saturation region. Current iD1 and iD2 along

8



2.3 CML Circuit Design 9

Figure 2.3: Current Mode Inverter.

transistorM1 andM2 can be expressed as the function of the differential input voltage vi = vi1 − vi2 as

iD1(vi) =



0 if vi < −
√

2Iss
µnCOX

Wn
Ln

Iss
2 + vi

2

√
µnCOX

Wn
Ln

Iss −
(
µnCOX

Wn
Ln

vi
2

)2

if |vi| ≤
√

2Iss
µnCOX

Wn
Ln

Iss if vi >
√

2Iss
µnCOX

Wn
Ln

(2.1)

iD2(vi) = Iss − iD1(vi) (2.2)

whereWn and Ln are the effective CMOS channel dimensions, COX oxide capacitance per area, µn carrier

mobility of NMOS [15].

From eq. 2.6 it is clear that current Iss steer through one of the branches whose input voltage is vi is

greater then
√

2Iss
µnCOX

Wn
Ln

. The branch which is OFF gives VDD as output and branch where Iss steers gives

VDD - IssRD as output, where RD is the resistance offered by the active PMOS. Here active PMOS act

as a current-to-voltage converter. BSIM3v3 MOSFET model can evaluate RD of PMOS. Drain current for

PMOS by BSIM3v3 is given by

iD =
IDAST0

1 +RDS
IDAST0
VSD

(2.3)

where RDS = RDSW×10−6

W depends on model parameter RDSW which is source/drain parasitic resis-

tance [15]. in eq. 2.3 IDAST0 can be calculated by solving current equation given by BSIM3v3 model

9



2.3 CML Circuit Design 10

and assuming VSD to be small, then IDAST0 is given by

IDSAT0 =
VSD

Rint
(2.4)

here Rint is intrinsic resistance given by

Rint =
1

µeff,pCOX
Wp

Lp
(VDD − |VT,p|)

(2.5)

eq. 2.3 can be expanded by Taylor’s series and neglecting higher order terms we get

iD = IDSAT0

(
1− RDS

Rint

)
(2.6)

the equivalent resistance of the PMOS transistors is RD = VSD/iD, from eq. 2.4 and eq. 2.6 RD will be

RD =
Rint

1− RDS
Rint

(2.7)

Thus the differential output voltage across RD will be

vo = vo1 − vo2 = −RD(iD1 − iD2) (2.8)

Figure 2.4: Transfer characteristics of CML Inverter.

From transistor current in eq 2.1 and substituting them in eq. 2.7

vo(vi) =



RDIss if vi < −
√

2Iss
µnCOX

Wn
Ln

−vtRDIss

√
µeff,nCOX

Iss
Wn
Ln

−
(

µeff,nCOX

2Iss
Wn
Ln

vi

)2

if |vi| ≤
√

2Iss
µnCOX

Wn
Ln

−RDIss if vi >
√

2Iss
µnCOX

Wn
Ln

(2.9)
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2.3 CML Circuit Design 11

Eq. 2.9 shows that

VOL = −RDIss and VOH = −RDIss thus the output swing is given by

VSWING = VOH − VOL = 2RDIss (2.10)

In CML inverter figure 2.3 NMOS transistor M1 − M2 are kept out from triode region by maintaining

gate-drain voltage lower than the threshold voltage.

VGD = VDD − [VDD −RDIss] = RDIss ≤ VT,n (2.11)

Figure 2.4 shows the transfer characteristics of a CML inverter [15].

2.3.3 CML Buffer

The circuit of CML buffer is same as that of an inverter in figure 2.3; the only difference is that the outputs are

taken from the opposite terminals. CML buffer is used to boost the signal swings if their level degrades and

also used in designing of Delay Element used in the asynchronous SerDes explained later in next chapters.

Figure 2.5: Current Mode Logic MUX (2× 1).

11



2.3 CML Circuit Design 12

2.3.4 CML Multiplexer (2× 1)

The multiplexer is a combinational circuit which can be easily designed using current mode logic. Figure

2.5 shows the circuit diagram of CML MUX [9]. In the circuit, M1 and M2 are used as differential input

for one of the MUX’s inputs Ap and An and M3 and M4 as differential input for another input Bp and Bn.

NMOSMsp andMsn are used as a differential select line for MUX.

The working operation can clearly be seen in the circuit that the current will steer through one of the

differential branch depending on the value of the signal atMsp andMsn. WhenMsp is high, andMsn is low

, M1 and M2 will be ON and output will follow the values at Ap and An. Similarly, when Msp is low and

Msn is high, current will steer through M3 and M4 making output follow Bp and Bn. Current and voltage

equations will be same as in eq. 2.1 and eq. 2.9.

Figure 2.6: Current Mode Logic Latch.

2.3.5 CML Latch

The latch is a sequential circuit that can be designed by current mode logic using feedback. Circuit diagram

for the latch is shown in figure 2.6 [9]. Its structure is somehow similar to that of CMLMux, only the second

differential branch is feedback to the first. As shown in the figure 2.6 NMOSM1 andM2 are used as input

and M3 and M4 maintains the output when the input clock is low. Here Sp and Sn are used as clock here.

When Sp is high, and Sn is low, outp and outn will follow the input. However when Sp goes low and Sn

12



2.3 CML Circuit Design 13

goes high, the second differential pair maintains the output to the same previous output. Current and voltage

equations will be same as in eq. 2.1 and eq. 2.9.

During the positive clock cycle, i.e. Sp is high, and Sn is low output signal tracks the input signal.

However when clock cycle becomes negative i.e. Sp is low, and Sn is high, CML latch enters the latching

state and output will maintain the last output without affected by current changes in the input value.

In [16] and [17] new CML latch is designed since the conventional CML latch prone to function at high

frequency. On cascading conventional CML latch during latching operation it may become incontinent to

drive the load, and the voltage swing reduces to the undesired amount. To prevent such limitation, a novel

latch is designed in [16] using a NMOS in parallel with the constant current source. Circuit for novel CML

latch is shown in figure 2.7. In figure 2.7 NMOS M7 is connected in parallel with the constant current

Figure 2.7: Novel CML Latch.

source I0 and its gate is controlled by a negative part of the clock signal. When the clock goes low ( Vclk−

goes high), M7 becomes ON and value of current increases to I(I0) + I(M7). This results in increasing the

gain of latching branch and latch can work at higher frequencies. This novel CML latch is used to design

asynchronous SerDes, which will be explained in the next chapters.

13



Chapter 3

Need of SerDes

3.1 Overview

This chapter gives the detail explanation of why SerDes is needed, its advantages, disadvantages, and appli-

cations.

3.2 Need for Serializer and Deserializer

When chip processes the data, that data need to be transferred from chip-chip or chip-device. The simplest

way to transfer these data is the parallel connection, connect as many lines between chips as the size of data.

In figure, 3.1 chip1 is connected to chip2 with n number of interconnects. Synchronized data is transferred

between them as they are controlled by the same clock. This was the simplest way to transfer data between

two chips. However, there are two problems with such type of connection. The first problem arises due

to fast pace of the technological advancement of silicon technology. Interconnect pin density is not able to

Figure 3.1: Parallel connection between two chips.

14



3.2 Need for Serializer and Deserializer 15

cope-up with the silicon technology. Therefore, interconnect pins are more expensive than silicon circuits.

Thus dedicating this lines for parallel data is not acceptable for most application [18].

The second problem arises inmeeting timing requirements. Data from chip1 is transmitted synchronously

and is received by chip2 synchronously. Data at chip2 must meet hold and setup times relative to the clock

input of the chip. These hold and setup times should be calculated with permissible margin to allow for dif-

ferences in the delay of the clock distribution path to the two chips. The delay may depend on chip process,

voltage and temperature conditions, and an appropriate margin should be added to make communication

possible. At high frequencies design such parallel interfaces become very difficult.

The best solution for these is to transmit data serially, i.e. the use of Serializer and Deserializer (SerDes)

interface circuits. Some of the advantages of SerDes are: [19]

3.2.1 Advantages of SerDes

Maximum Data Flow

Let’s show an example application that shows us how SerDes can help board designers system architecture

Figure 3.2: HD Video Mixer.

etc. In figure 3.2 HD video stream requires 1.5 Gb/s when transmitted in a uncompressed format. Figure

3.3 [19] shows building this system using deserializer and serializer for the serial video stream, and par-

allel interfaces for the expansion bus and chip store. Figure 3.4 [19] shown another method using gigabit

15



3.2 Need for Serializer and Deserializer 16

transceivers inside the logic part to encode and decode the

Figure 3.3: Deserializer/Serializer(parallel)

serial streams. The faster stream work as the interface to the expansion connectors and chip store.

Pin Count

Number of pins always a problem when significant data are transferred. The number of I/O pins are limited.

16



3.2 Need for Serializer and Deserializer 17

Figure 3.4: Gigabit Transceivers(SerDes)

Number of pins never cope up with the increasing demand arise due to ever increasing silicon technology.

It is evident from the table 3.1 [19] that a total number of pin required for the serial is much less than

parallel. Also, cost reduces to a large extent when serial communication is used.

17



3.2 Need for Serializer and Deserializer 18

Table 3.1: Pin counts for figure.3.3 and figure.3.4

Direction Parallel Serial

Inputs 1-6 IN 120 12

Clip store IN 60 2

Expansion inputs IN 60 2

Expansion outputs OUT 60 2

Outputs 1-3 OUT 60 6

Control/ status In IN 48 48

Control /status out OUT 52 52

LEDs OUT 12 12

LCD driver OUT 48 48

Total 520 184

Simultaneous Switching OutputsWhen using parallel bus too many signals get toggle at the same time.If

too many switches, ground bounce creates a lot of noise. Serial bus saves from this problem. [19]

EMI

As the frequency increases, emissions testing become more worse in parallel communication. however, se-

rial link usually show very less radiation as compared to parallel links because of excellent signal integrity.

Cost

The serial link are much cheaper as compared to parallel links. A small, cheap package has less number of

pins and board design will be simpler as well. Serial link also requires a fewer number of IC’s.

3.2.2 Disadvantages of SerDes

To maintain the signal integrity requires to perform analog simulation and should use more complex by-

passing schemes. Connectors and cables should be paid more for impedance matching and high-frequency

operation. Since time base decreases more complication shows up.

18



3.2 Need for Serializer and Deserializer 19

3.2.3 Applications

Initially, the scope of SerDes was limited to the telecommunication industry. However as speed increases

SerDes is accepted in the vast areas such as military, medical, video, communication, networking and much

more. SerDes is used in chip-to-chip, chip-to-board, board-to-board/backplane and box-to-box communica-

tion. Some of the major industry standards where SerDes is used are:

• Fiber Channel

• Serial ATA

• PCI Express

• Rapid IO Serial

• Infiniband 1X,4X,12X

• Advanced Switching Interface

• 1-Gb Ethernet

• 10-Gb Ethernet (XAUI)

19



Chapter 4

Serializer and Deserializer

4.1 Overview

In this chapter, Serializer and Deserializer (SerDes) is explained with all its design parameters, application,

and limitation. Types of SerDes which includes synchronous and asynchronous SerDes is explained. This

chapter gives, a detail view about the working of SerDes. Previous work related to SerDes, synchronous and

asynchronous SerDes.

4.2 SerDes

SerDes i.e. Serializer and Deserializer is an interface IC that converts n bit data into serial data at the

transmitter and this serial data back to n it data at the receiver. Block diagram for SerDes is shown in figure

4.1 [18]. Transmitter side of the SerDes has Serializer, Equalizer, and line drivers. On the other side, receiver

has Receiver, Clock and Data Recovery (CDR) and at last Deserializer. The internal structure of each block

depends on the application where the SerDes is implemented. In many SerDes, an extra block of Line Coding

is used before the serialization. This line coding is to ensure error detection and prevention. Thus at receiver,

a line decoder will be used to recover coded data. Serializer block serializes the parallel data which may be

encoded thus its input is in the multiple of 8 or 10. 10 input is for the 8b/10b encoder. These serialized data

is then passed through an equalizer to prevent the losses caused by the transmission medium. Then these

equalized serial data passed through line driver which help to increase the data power so it may easy pass

through medium [18] [19].

20



4.2 SerDes 21

Figure 4.1: SerDes block diagram.

At the receiver clock and data recovery circuit is used to recover clock and data from the received stream

of the bits. These data then passed through deserializer to recover back the parallel data.

Serializer

Serializer block in figure 4.1, converts n bit data in serial data which must be given as input to the equalizer.

The value of n is in the multiples of 8 or 10. When the input is given in multiple of 8, it is useful for sending

encoded data. When 1 bits are used it is a coded data such as 8B/10B coding.

In some SerDes first, the n bit data is multiplexed to k bit interconnect (k < n) prior to the equalizer.

Then after equalization these k bits are again serialized at driver stage [18]. In SerDes, the high clock is

divided down to generate a clock for parallel data. This clock is used as a reference to serialize the data.

Equalizer

The channel between transmitter and receiver act as a filter at higher frequencies. Channel act as low pass

filter and distort the signals at high frequency. Thus equalizer is used at transmitter or receiver to minimize

the effect of the channel. Mathematically equalizer has the transfer function roughly equal to the inverse of

the channel so that it can minimize the effect. Equalizer distorts the signal at the transmitter output such that

the signal at receiver gets cleaned [18]. Mostly equalizer used in SerDes is FFE (Feed Forward Equalizer).

The block diagram for a 3-tap Feed Forward Equalizer is shown in figure 4.2 [20] [21]. The serial data is

delayed by each delay element and multiplied by each tap weight and final the summed if given as result
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4.2 SerDes 22

Figure 4.2: 3-tap Feed Forward Equalizer (FFE).

. Tap weights are selected to minimize the effect of the channel. Different algorithms are adopted to find

the tap weight. In some SerDes, receiver equalizer is used in spite of transmitter equalizer. This receiver

equalizer corrects the distortion produced by the channel [22]. Equalizer is generally of two types

• Passive Equalizer

They consist of passive circuit element having transfer function inverse of the transmission line. They

are considered as filters. [19]

• Active Equalizer

They are frequency dependent amplifiers/attenuators. These are of two types- fixed pattern and self

adjusting. Fixed pattern has same frequency response for all input frequencies whereas self-adjusting

are adaptive and can adjust their tap-weight according to the input frequency. Self-adjusting area

complicates to design and used for specific encoding schemes. [19]

Driver

The equalizer’s output is provided to the driver which increases the power of the signal to minimize the jit-

ters. Generally, differential drivers are used as they are superior to single-ended drivers. Different methods

for differential signaling are - Low-Voltage Differential Signaling (LVDS), Low Voltage Pseudo Emitter-

Coupled Logic(LVPECL), and Current Mode Logic (CML).

Receiver

Receiver receives the differential output of transmission line and gives it to the Clock and Data Recovery
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4.3 Types of Serdes 23

(CDR) circuit. In many application receiver blocks also contain an error correcting logic, receiver equalizer

(DFE) and linear amplifier.

Clock and Data Recovery (CDR)

When the output of the transmitter in one a single data wire or when the clock of serializer in accomplished

with the data, but the receiver must process these data synchronously. Then CDR circuit is used to recover

data, clock and timing information from the received stream of bits. Block diagram for basic CDR is shown

in the figure 4.3. In figure 4.3 input noisy data is passed and in output, we get recovered data and recovered

Figure 4.3: Block diagram of CDR

clock [23]. This recovered clock must have properties:

• The recovered clock frequency at the receiver must be equal to the frequency of the transmitter.

• Recovered clock should have minimum jitters.

• Recovered clock should have reasonable timing w.r.t the input data.

Deserializer

The function of Deserializer block is inverse of Serializer block. It convert back the serial data in to n bit

parallel data. The clock for deserialization is generated by dividing down the internal high frequency clock

and is supplied as an output for use by logic latching the parallel data.

4.3 Types of Serdes

On the basis of their working model SerDes are broadly classified in two categories i). Synchronous ii).

Asynchronous
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4.3 Types of Serdes 24

4.3.1 Synchronous SerDes

As the name suggest, synchronous SerDes require clock for their working. This reference clock is generated

with the help of a Phase Loop Lock (PLL) which is a power consuming circuit. The basic block diagram for

Figure 4.4: Block diagram of Synchronous Serializer

a synchronous serializer is shown in figure 4.4. This is a binary tree approach 2 bit are selected from one

and so on the tree approaches. The main frequency f is divided internally by frequency divider to provide

low frequencies to the previous stages of the tree. The blocks shown in figure 4.4 can be MUX, or a Double

Edge-Triggered Flip-Flop depending on the circuit design.

Deserialization can be done with the help of block diagram shown in figure 4.5 and 4.6

Figure 4.5: Block diagram of Synchronous Deserializer using single layer cascaded DFF
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Figure 4.6: Block diagram of Synchronous Deserializer using double layer cascaded DFF

In figure, 4.5 D flip-flops are connected one after the other, the simplest way to convert serial data into

parallel. Serial bits are passed through each shift registers with each clock and after eight clock cycle, parallel

data is latched from their respective flip-flops. In this method, data is shifted at a rate of 1bit per cycle. The

frequency used to operate this deserializer is f .

In the figure 4.6 shown another method to serialize the data. In this two parallel chains of D flip-flop are

used to convert data to parallel. One branch is operational on rising edge of the clock and another branch of

D flip-flop at the falling edge of the clock. Therefore bits are propagated through shift register at both rising

edge and falling edge of the clock cycle. Frequency required for this operation is f/2.

These two are the basic methods for deserialization, other method such as inverse tree is also adopted

for deserialization process.

In [1], synchronous method serialization is used. The Circuit is designed using C2MOS logics. Se-

rializer block diagram in [1] is similar to the above figure 4.4. In this paper, they have used double edge

triggered D-flip flop, so that data can be transferred at both rising and falling edge of the clock. This paper

proposed a new three-level encoding technique shown in figure 4.7. With the help of this coding technique,

they are able to reduce the power and recover the clock at the receiver by using a simpler circuit.

This three-level encoding maintains the signal level at VDD/2 independent of the data pattern. Because

of this need of equalizer is eliminated. This technique require much smaller circuit as compares to CDR

to recover clock at the receiver and also it is also insensitive to jitters. This circuit at 15.5mW power is

providing a speed of 12Gbps in 65nm technology.

In [2] Hussein and et. al. used a modified three-level encoder and decoder to increase the speed. three-

level coding is similar to that in [1]. The modified three-level encoder and decoder are shown in figure 4.8

and 4.9 [2]. This circuit is working on 16Gbps speed with 18.1mW power consumption.
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Figure 4.7: 3 level encoding technique

Figure 4.8: 3 level encoder

Figure 4.9: 3 level decoder

In [3] again a new three-level encoding scheme is used to increase the speed. This results in reduced

dispersion and inter-symbol interference (ISI) because of shifted power spectrum. But this technique re-

quires the frequency twice that of ordinary. Thus it is increasing the data rate to twice. Modified three-level
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encoding is shown in the figure 4.10. As shown in figure 4.10 data is divided into two ‘A’ and ‘B’ auxiliary

Figure 4.10: Modified 3 level coding

signals. Because of this auxiliary symbols, data rate of the circuit increases. Because of this speed of the

circuit increases to 24Gbps consuming 109.6mW power.

In [24] and [25] 8B/10B encoding scheme is used for the serialization. It is a lane SerDes each lane

working in a range from 1.065Gbps to 3.1875Gbps. It is a part of HX5000 Rad −Hard ASIC and can

be used in box-to-box networks.

In [7] Tondo and et. al. used both CMOS and CML design technique to get the benefit of both. CMOS

logic performs better at low frequency thus first data is multiplexed to 16× n using CMOS. Block diagram

is shown in figure 4.11. Using CMOS, they get the advantages such as low static power dissipation, high

noise margin, robustness and density, etc. CMOS is highly susceptible to environment noise such as supply

and ground bounce and electromagnetic coupling. At high frequency its performance decreases. Thus in

this circuit further n×1multiplexing is done using CML logic which is fully differential and has advantages

over CMOS at high frequency. It is 16× 1 serializer which operates at 10Gbps speed.

In [4] Transformer Coupled (TC), the technique is used with CML to reduce the power consumption and

increase speed. Transformer coupled id used to design latch and multiplexer for SerDes core. Transforming
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Figure 4.11: Serializer architecture in [7]

coupling enhances the drain-to-source voltage. TC produces larger drain current per unit of width-to-length

ratio. Thus large swing fight against the reduced voltage for saving power. Thus a small supply voltage is

needed for this circuits operation. It is operating at 0.7V with 40Gbps of speed.

In [5] and [6] uses PAM4 and NRZ two data format for increasing speed. The PAM4 transmitter uses

FFE, and its receiver uses DFE. It consists of an equalizer, three-level digitizer with DFE, a PAM4 decoder

and CDR. DFE with 3 taps is used. The output we get at 28Gbps at two channel which is summed up at

output. NRZ is designed with bandwidth and power optimisation to operate at 56Gbps.

4.3.2 Asynchronous SerDes

Asynchronous as the name suggest does not require clock for their operations. In an asynchronous model

communication is established on request. Thus it has to two main port: Active port and Passive port. Active

port initiate communication and passive port wait for the communication to start. Or we can say that passive
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port make a request to Active port to start communication on a channel, Active port start communication.

When the pasice port receives full data, it sends back the acknowledgement [26].

The communication is control by handshaking in asynchronous circuits. It consists of a request signal

and a acknowledge signal. The request signal is used to initiate a communication on a channel. After a

complete data transfer acknowledgement signal is generated specifying that complete data has reached the

destination and now transmission can be stopped [26].

Figure 4.12: Asynchronous serializer block diagram

Figure 4.12 shown a block diagram for the serializer. It uses the chain of latches with a Delay Element

in between. Data is fed into each latch using load signals. Propagation of data is controlled by mv signal.

A pilot is set at the starting of each word. This pilot bit is used to trigger the control block of deserializer.

Figure 4.13 shown the block diagram of deserializer. The structure of deserializer is same as of serializer

so to have the signal symmetrically. The output of this deserializer is given to a control block which generates

all the load mv and dc signals used to control the circuit. The detailed explanation will be provided in this

chapter later.

In [8] uses a chain of multiplexers and DFFs. The data propagate naturally through the chain. The bit

width is maintained by the delay elements provided in between. Therefore delay should be correctly set.

Figure 4.13: Asynchronous deserializer block diagram
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A pilot signal is set at the starting of each word for data alignment at the receiver. The circuit operates at

3.9Gbps speed with 2.44mW power consumption.

Figure 4.14: Structure of a) Serializer and b) Deserializer

In [27] SerDes is designed for implementation of Address-Event Representation Protocol (AER). It is

based on Quasi-Delay Insensitive (QDI) synthesis. If data propagation is null, it consumes zero power

because no clock is there to toggle. Serialization is done in 70ns with 2.34mW power consumption.

Dobkin and et. al. in [10], [28] and [29] uses NRZ Level Encoding Dual Rail (LEDR) asynchronous

protocol. It also uses differential channel encoding so to have high error prevention probability. The shift

registers are based on novel transition latches. After each word acknowledgement is provided to prevent

slow down of the circuit. It achieve a speed of 67Gbps.

In [9] asynchronous SerDes is implemented using the CML approach thus utilising the benefits of both

asynchronous circuit and CML logic. It is 55% faster than conventional CMOS circuit, and CML circuit has

less PVT variation as compared to CMOS. The circuit consumes 14.3mW power at 12.67Gbps speed. The

block diagram for serializer is given in figure 4.14 (a) and deserializer in figure 4.14 (b).

30



Chapter 5

Protocols for SerDes

5.1 Overview

This includes the predefined protocol for SerDes. Place of SerDes in different layer of communication

network.

5.2 Protocol Layers

In TCP/IP models the complete communication network from all software and hardware functions necessary

for communication. Figure 5.1 shows the block diagram of TCP/IP model. Most serial link follows this

model. The application layer is the software of communication network. It processes data in an application

specific format and provides it to the lower layer. The transport layer is in control for the end-to-end data

transfer by delivering data from an application to its remote peer. This layer also includes error control,

fragmentation and flow control. Network layer acts as an interface to actual network hardware. It is also

responsible for packet routeing. Data link layer is responsible for formatting data into a defined format for

transmission. At last physical layer is the layer which has a connection with the communication channel.

SerDes is the part of this physical layer, which helps to transmit data over channel [18].

Protocol defines the following items:

• Data Format

• Sub-channel

• Data Striping
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Figure 5.1: TCP/IP model

• Embedding

• Error detection and handling

• Flow Control

• Addressing/switching/forwarding

• Physical interface

Some of the standard protocols used for SerDes are [19]:

• XAUI: It is used for 10-Gigabit Ethernet with four channel interface 2.5Gbps payload, 3.125Gbps

wire speed.

• PCI Express: Old parallel PCI updated it to a high-speed serial structure.

• Serial RapidIO: Another serial version of older parallel spec.

• Fiber Channel: Copper channel replaced by fibre optics cable.

• Infiniband: Box-to-box protocol uses either copper wire or fibre optics. These are high-speed inter-

connect for few meters of range.
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• Advanced Switching: A switched fabric protocol for same as PCI Express.

• ATCA: Known as Advanced Telecom Computing Architecture or AdvancedTCA is for next gener-

ation telecommunication cabinets. Included are architectures for star-based backplanes, redundant

star-based backplanes, and fully connected mesh architectures.

• Aurora: It only handle link layer and physical issues. It uses one or more high-speed links.
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Chapter 6

Proposed CML Synchronous SerDes

6.1 Overview

In this chapter, the proposed technique for CML Synchronous SerDes is described. Both serializer and

deserializer block are explained in detail with their benefits over previous technologies.

6.2 Proposed method

We have preferred CML over CMOS because of the advantages of CML described in chapter 2. It is fully

differential and has low power consumption than CMOM at high speed. CML is also more immune to noise

as compared with conventional CMOS. We have adopted the same binary tree technique to serialize the data

shown in section 4.3.1. Figure 4.4 shows the block diagram for the serializer. In binary tree approach, we

have used CMl-MUX for implementation. Deserializer block is similar to that shown in figure 4.6. It is

implemented using CML D flip-flop.

6.3 Proposed CML Synchronous Serializer

The proposed serializer is implemented using CML technique. But the general data available is in CMOS

logic. Thus first step is to convert this single ended CMOS logic into differential CML logic. The circuit for

such conversion is shown in figure 6.1. CMOS to CML conversion is done with the simple differential pair,

input and its inverted form are given to differential pair with a current source as soon in figure 6.1.
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Figure 6.1: Circuit for CMOS to CML conversion

Similarly to interface with other logic the output of CML circuit must be converted back to CMOS logic.

This conversion is done with the help of circuit diagram shown in figure 6.2.

Figure 6.2: Circuit for CML to CMOS conversion

This CMOS to CML conversion is done with the help of a differential pair with an active load connected

to a the second differential pair. The voltage of first differential pair is mirrored to the second differential

circuit. Output we get from the second differential has low voltage swing thus two inverters are connected
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6.3 Proposed CML Synchronous Serializer 36

to buffer the output to required voltage levels.

Figure 6.3: Block Diagram for proposed Serializer

The block diagram of proposed serializer is shown in figure 6.3. Its structure is same as shown in the

section 4.3.1. Each block is designed using the CML-MUX whose working was explained in the section

2.3.4. Binary tree approach with three layers is adopted. The first layer is provided with the frequency f/4

, then the second layer with the frequency f/2 and so the third layer with frequency f .

The input to first layer is so connected, that after serialization its comes in correct sequence. When f/4

goes high MUX1 will select D1, MUX2 will select D3; MUX3 will select D2 and MUX4 will select D7.

Since the first stage has half the clock cycle that of the second stage. During positive half of the first stage,

the second stage completes its whole cycle. During positive half of f/2, MUX5 will select the output of

MUX1 i.e. D1 and MUX6 will select the output of MUX3 i.e. D2. Thus we get starting two bits at the input

of the last stage. Since the last stage has again twice the frequency that of the second stage, it again toggles

to full cycle during positive half of f/2. Thus we getD1 andD2 in output. The combination of the positive

half cycle of first stage with the positive half cycle of the second stage and full cycle of the third stage gives
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D1 andD2 in the output. Similarly, the positive half cycle of the first stage in combination with the negative

half of the second stage and full cycle of the third stage give D3 and D4 in output. As discussed above, the

negative half of the first stage give next four bits in output and we get all 8 bits serialized during one full

cycle of first stage or four full cycles of third stage. The timing diagram for serializer is shown in figure 6.4.

After serialization the data is passed through a channel. We have used a resistive channel of characteristic

impedance 50Ω along with resistive termination.

Figure 6.4: Timing Diagram for proposed Serializer

The circuit was designed in Cadence Virtuoso using United Microelectronics Corporation (UMC) 65nm

technology. The cadence circuit diagram of serializer is shown in figure 6.5.

6.4 Proposed CML Synchronous Deserializer

Block diagram of proposed serializer is shown in figure 6.6. We have used CML D flip-flop to design

deserializer. Deserializer has same structure as explained in section 4.3.1 and block diagram shown in figure

4.6. Two parallel branches of shift registers (D flip-flop) are connected. One branch is driven by positive

cycle and another by negative cycle. When serial data is given to two branches, odd bits of data propagate

through the upper branch and even bit of data propagate through the lower branch. Each bit shifted by one

position at every clock pulse. After four clock cycle, each bit reached their respective registers, and parallel

data is taken out from this shift registers. By using this circuit, we require a clock with half the frequency

and also the loss in signal with propagating through 8 registers is also reduced.
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Figure 6.5: Circuit diagram of proposed Serializer in Cadence Virtuoso

Figure 6.6: Block Diagram for proposed Deserializer
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Figure 6.7: Circuit diagram of proposed Deserializer in Cadence Virtuoso

The Cadence circuit diagram is shown in figure 6.7. In this figure, CML buffers is used to propagate

clock from one D flip-flop to another to maintain proper voltage level.
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Chapter 7

Proposed CML Asynchronous SerDes

7.1 Overview

In this chapter, the proposed asynchronous CML technique is described in detail.

7.2 Proposed Asynchronous Serializer

Block diagram for the proposed asynchronous serializer is shown in figure 7.1. The circuit is implicated

using the novel CML-latch explained in the section 2.3.5. Novel CML latch uses an extra nmos in parallel

with the constant current source which is driven by negative clock cycle to add extra current during the

latching branch. It helps vertical latches to maintain the input value during propagation.

The block diagram has vertical latches connected to D7, D6 ............ D0 and at has a pilot bit prefixing

all word. This pilot bit can be zero or one. In our circuit, we have taken the pilot bit as one. There are

horizontal latches connected to each other with Delay Element (DE). Loading of data through vertical latches

Figure 7.1: Block diagram of proposed Asynchronous serializer
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are controlled by load signal and propagation of data through horizontal latch are controlled by mv signal

(movement signal). DE is most important part of the asynchronous circuit. Since this circuits does not have

clock cycle to control the bit. The bit width is controlled by DE. DE decide the time for which the data

remain at the input to CML-latch.

Figure 7.2: Circuit diagram of Delay Element(DE)

The circuit diagram for DE is shown in figure 7.2. We used a CML AND gate followed by CML buffers.

DE element is controlled by the dc signal (delay control signal). When the dc signal is high, it passes on

all the input data to out. But when the dc signal is low it gives ‘0’ in the output. This will help to wipe out

all the data from the serializer and deserializer when complete bits had transferred, and it is ready to take

a new bit. Each buffer in the DE has a delay of 4.352ps and a total delay of 34.65ps. So to prevent false

triggering of control circuit all the data is wiped out using DE. All the control signal i.e. mv, load and dc

signals are generated by control block which will be explained later. In order load the parallel signal into

the serializer load signal goes high enabling parallel latch and mv signal does low disabling transmission.

When this parallel data is loaded, load signal goes low and mv signal goes high. Thus the vertical CML-

latch maintains the parallel bit at the input of each DE. DE maintains the bit width and the parallel data

shifts through the latch and get serialized. Last horizontal CML-latch is connected to zero voltage level in

order to wipe the suffix of the parallel data. In this way, parallel data is converted into serial bit streams and

transmitted over channel. This all serial data streams are prefixed by a pilot bit which is always logic ‘1’.
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The serial data is 9 bit long, 1 pilot bit and rest data bit represented as 1XXXXXXXX .

7.3 Proposed Asynchronous Deserializer

The receiver structure is shown in figure 7.3. As shown here the structure of the deserializer is same as

that of the serializer, otherwise data will propagate differently. When themv signal is high at the serializer,

received data propagate through each horizontal CML-latch.

Figure 7.3: Block diagram of proposed Asynchronous deserializer

When the pilot bit reaches the Control Block, it signals to control block that all the bits have reached

their respective CML-latch and control block generate a signal to ceases the transmission by making mv

signal low. After this it makes the load signal high to latch the data out of the serializer through vertical

latches. Control Block also generate the dc signal which wipes off all the data from input of CML-latch to

prevent the false trigging of the control block. Block diagram of control block is shown in figure 7.4.

Figure 7.4: Block diagram of Control Block
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7.4 Control Block

As soon in figure 7.4, control block consist of a mux, followed by buffer and DE and at last inverted signal

is given back to second input of the MUX. When the mv signal is high data propagate in serializer and

deserializer and in the control block 2nd input of MUX waits for the pilot bit. When the pilot bit reaches

control block, passing through the mux it goes to buffer. The output of buffer makes the mv to goes low.

Thus in serializer and deserializer transmission stops and in control block 1st input of MUX is selected.

The output of buffer after passing through a DE generates the load signal, enabling loading of data at the

serializer and latching of data at deserializer.

The output of DE after inverting given as feedback to the 1st input of MUX. Thus after a delay control

block again starts transmission. Loading of data at serializer and latching of data at deserializer is done with

the help of same load signal, thus prevents time.

43



Chapter 8

Results

8.1 Overview

In this section, we will discuss the results of both the proposed technique Synchronous and Asynchronous

SerDes with Process Conver Variation and comparison with previous works.

8.2 Result for CML Synchronous SerDes

The proposed method was designed using UMC 65nm technology. For this technology we have used a 1.2V

power supply. We were able to achieve a data rate of 16.64Gbps at 9.29mW power consumption. Table

8.1 shows the PVT variation of the circuit. PVT various shown the circuit is quite stable with variation in

PVT conditions. It reaches to the highest speed of 16.96Gbps for fast-fast and lowest speed of 15.36Gbps

at slow-slow.

Table 8.1: PVT corners of proposed Synchronous Serdes

P V(V) T( 0C) Speed(Gbps)

SS 1.08 125 15.36

TT 1.2 27 16.64

FF 1.32 −45 16.96

Table 8.2 shown the comparison result of proposed technique with previous techniques.
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Table 8.2: Comparison of proposed technique with Various SerDes techniques

Architecture Technology(nm) Speed(Gbps) Power(mW)

Self-timed 65 16 18.1

WP-CML 65 12.67 14.6

WP-CMOS 180 3.9 2.44

CMOS-CML 45/65 10 50/106

This Work 65 16.64 9.29

Figure 8.1 shows the output of the serializer. In the figure, it is clear that the CML output is little distorted

but when it is converted back to CMOS, it gives clear result. This proves that CML is high immune to errors.

The output we get is 11011000 with a delay.

Figure 8.1: Output of Serializer
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8.3 Result for CML Asynchronous SerDes

Asynchronous SerDes was also designed using UMC 65nm technology. The power supply was 1.2V . Using

asynchronous method, we were able to achieve a speed of 18.92Gbps at 8.82mW of power consumption.

Table 8.3 shown the PVT varies of the circuit and next table 8.4 shown the comparison of our method with

the previous methods.

Table 8.3: PVT corners of proposed Asynchronous Serdes

P V(V) T( 0C) Speed(Gbps)

SS 1.08 125 18.02

TT 1.2 27 18.92

FF 1.32 −45 19.48

Table 8.4: Comparison of proposed asynchronous technique with Various SerDes techniques

Architecture Technology(nm) Speed(Gbps) Power(mW)

Self-timed 65 12 15.5

Self-timed 65 16 18.1

WP-CML 65 12.67 14.6

WP-CMOS 180 3.9 2.44

CMOS-CML 45/65 10 50/106

WP-SR 65 67 175

This Work 65 18.92 8.82

In the next page figure 8.2 shows the output of serializer and figure 8.3 shows the output of deserializer.
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Figure 8.2: Output of Serializer

Figure 8.3: Output of Deserializer
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Chapter 9

Conclusion & Future Work

9.1 Conclusion

This thesis represented a Synchronous and Asynchronous design of Serial Link transceivers. CML design

technique is adopted, since it is fully differential it is more resistive to errors and also CML has low power

consumption at high frequencies. All the circuit components are designed by CML logic like MUX, latch,

inverter, buffer, etc.

In the first part Synchronous SerDes transceiver is implemented. Problems with the previous design

related to power and speed are identified, and improvised technique is implemented and checked with simu-

lation results and achieve 16.64Gbps with 9.29mW . Proposed design has shown improvement in data rate

by 32% approximately. The synchronous transceiver has the problem with clock and data recovery which is

solved with the CML based synchronous transceiver design.

In order to get better performance in Asynchronous pair SerDes transceiver new pipelined method is

proposed, which results in low power consumption of 8.82mW with the speed of 18.92Gbps. Since asyn-

chronous does not have PLL and CDR, it consumes less power. CML circuits design is used which more

immune to errors, thus for on-chip communication data can be transferred directly.

Both the methods synchronous and asynchronous has very less variation at PVT corners.
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9.2 Future Work

To increase further the performance of our circuit, we can use an inductive load CML logic. Due to an

inductive load, it consumes less power and as high switching speed as compared to resistive load CML.

For large distance transmission Equalizer can be added to decrease channel distortion. Source encoding and

channel encoding methods can be used for error correction and security.
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