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Abstract— A low power DLL based CDR circuit has been 

proposed  in this paper. The standby filter is the new feature 

in this design. Level tracking is used for data recovery. 

VHDL is used for designing the circuit. Cadence tool is used 

for generating and verifying the layout. Total area of the die 

and total power dissipation due to switching events is 

0.01mm2 and 799.8643μW respectively at 1800mV power 

supply. 
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I. INTRODUCTION 

The operating frequency of modern devices, like 

microprocessors, pen drives etc., is in GHz. Therefore, high 

bandwidth serial links are required to make data transfer 

possible among its peripheral devices. The increased 

bandwidth for data transmission has improved networking 

and computer data link performance. Serial Bus, Fire Wire 

play an important role in the applications used in our day to 

day life. Clock and data recovery (CDR) circuit is one of the 

critical circuits in such interconnecting systems. It is placed 

at the receiver end of any transceiver system. It first extracts 

clock from the incoming signal and then it extracts the serial 

data corresponding to it. 

There are mainly two approaches for CDR circuit 

design-Phase Locked Loop (PLL) based and Delay Locked 

Loop (DLL) based. Traditionally, PLL based CDR circuit is 

used to recover clock and data at the receiver end. PLL 

based CDR circuit is generally designed in analog domain. 

Analog design techniques are process, voltage and 

temperature dependent while the all digital design approach 

is process, voltage and temperature independent. By using 

the hardware description language (HDL) and standard cell 

design flow the design can be implemented in a very short 

time. A data recovery method using the DLL technique can 

achieve this goal. The PLL contains a Voltage Controlled 

Oscillator (VCO). VCO is prone to substrate and supply 

noise. It also has the phase accumulation property. 

Therefore, the noise gets accumulated for a period of time 

which degrades the performance of the CDR circuit. In 

reference, it is ascertained that since DLLs do not use VCO, 

phase errors induced by supply and substrate noise do not 

accumulate over many clock cycles. The DLL based 

applications offer an attractive alternative to PLL due to 

their better noise performance, inherent stability and simpler 

design. Oversampling based techniques have been used for 

clock and data recovery. A phase picking technique is 

introduced for the selection of correct data from sampled 

values. It requires a memory element for storing sampled 

values. The phase noise of the VCO and any delay in the 

clock directly reduces data eye for oversampling. Most of 

the designers have opted for either edge tracking or centre of 

eye tracking technique for data recovery. In edge tracking 

technique, the clock samples the data whenever there is a 

change in the data bit status. Therefore, the data is sampled 

either at the rising edge or at the falling edge of the data bit. 

In high speed applications, rise time or fall time of the clock 

is very small so great precision is required for extracting the 

data. The centre of the eye tracking technique is used in 

oversampling based CDR circuit. It generally requires a 

memory device to store the sampled data. Requirement of 

additional large storage element is a disadvantage of this 

technique. This also introduces finite latency in the system.  

Nowadays, most of the devices are battery 

dependent. Therefore, power consumption along with the 

speed of operation has become an important metric in the 

designing of a circuit. As the  speed or frequency increases, 

the power dissipation in integrated circuits (ICs) also 

increases. Though CMOS circuits have low power 

dissipation but it is not independent of frequency. During 

switching events, the output capacitance of the circuit is 

repeatedly charged and discharged. During the process of 

charging and discharging of the output capacitor, the CMOS 

circuit dissipates dynamic power. Average power dissipation 

is directly proportional to the switching frequency but 

independent of all transistor characteristics and sizes. Thats 

why, in high speed CMOS circuits, power dissipation is a 

major concern. 

In this paper, a low power DLL based CDR circuit 

has been designed. The focus is on reducing power 

dissipation and area of the circuit. Power dissipation is 

reduced by limiting the number of switching events in the 

circuit. Implementation of one-hot MUX has provided 

significant advantage in terms of power dissipation and area. 

Level tracking is used for data recovery process. It helps in 

reducing noise in the circuit. It does not need any memory 

element to store the sampled data; hence, it reduces the area 

and delay produced due to the memory element. A Standby 

Filter is introduced in the architecture to reduce power 

dissipation and glitches during standby mode. 

II. METHODOLOGY 

The circuit is designed with an objective to reduce power 

dissipation and area. CMOS circuits have almost negligible 

static power consumption. Therefore, by reducing dynamic 

power of the circuit we can reduce power dissipation in a 

CMOS circuit. The circuit has a serial input sampler, one-

hot multiplexer, delay locked-loop (DLL) and standby filter 

as its building blocks (shown in Fig. 1). The serial input 

sampler consists of buffers and D-Flip Flops. Their role is to 

sample the incoming data. The sampled data is fed to the 

one-hot MUX. Here, in place of conventional MUX one-hot 

MUX are used because it reduces number of switching 

events in the circuit and hence, reduces dynamic power 

dissipation in the circuit. The power and area report of the 

multiplexers are generated using Cadence SOC Encounter. 
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It can be seen that significant advantages in terms of area 

and power is gained by implementing one-hot multiplexer in 

place of multiplexer. One-hot multiplexer is used for 

selecting the sample, out of the six sampled values, 

according to its select lines. Selected values are fed to the 

delay locked loop (DLL) block. The DLL block consists of a 

phase detector, phase change filter and DLL clock 

generator. The objective of DLL block is to recover clock 

for sampling the input data. Phase detector is used for 

detecting the edges of the reference clock. Phase change 

filter helps in avoiding some useless values obtained from 

the phase detector. The DLL clock generator provides the 

clock signal to the one-hot MUX for selecting the correct 

data out of the six sampled values. A Standby Filter is 

introduced in the architecture. It is a novel feature in this 

architecture. It has an input signal kept at high whenever the 

CDR circuit is in standby mode. During this period the filter 

generates a signal named “gateoff”. This signal will stop the 

changes in the logic state of the blocks connected to it. 

Hence, it will reduce the dynamic power dissipation in the 

circuit and avoid glitches at the output during standby 

situation. 

 
Fig. 1 : Block Diagram of Proposed CDR 

A. Algorithm for Data Recovery 

The proposed level tracking algorithm for data recovery is 

illustrated in Fig. 2. It overcomes the error caused due to the 

edge mismatches. There are six different clock phases; 

each of these clock phases samples the data stream. The 

algorithm samples the data away from the edges of the data 

bit transitions. At the beginning of the sampling process one 

sample is chosen, for example, the third sample. Then, it is 

compared with the two adjacent samples (second and 

fourth). If the values are equal then third clock pulse will 

remain the reference clock for next sampling process. If the 

sampled values are different then the reference clock is too 

close to one of the bit edges. The algorithm will adjust its 

reference clock "away" from this edge. For example, if the 

second sample was different from the third and fourth, the 

algorithm would adjust to select the fourth phase. 

 
Fig. 2: Level Tracking Phase Adjustment Process 

III. RESULT AND DISCUSSION 

The DLL based CDR circuit is designed using VHDL. After 

the HDL synthesis phase of the design process, a schematic 

representation of the synthesized source file is displayed. 

The snapshot of RTL schematic of the DLL based CDR 

circuit generated using Xilinx Simulator is shown in Fig. 3. 

Behavioural simulation is performed. With the help of 

behavioural simulation verification of syntax and 

functionality is performed. Fig. 4 shows the snapshot of 

behavioural simulation waveform. 

“Serialin” is the input data given to the circuit. 

“Serialout” and “clkrec” are the output data and recovered 

clock respectively. It is observed that the CDR circuit is 

correctly able to extract the clock and corresponding data at 

the output port. Total cell area and power report of the 

designed circuit is generated using Cadence SOC Encounter. 

The results are summarized in Table 1 and Table 2. The 

layout of the DLL based CDR Circuit is designed using 

Cadence SOC Encounter tool. Total die area of the designed 

CDR circuit is 0.01mm
2
. Designed layout is shown in Fig.5 

 
Fig. 3: Snapshot Of Dll Based Cdr Circuit Rtl Schematic 

Generated Using Xilinx Simulator 
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Fig. 4: Snapshot Of DLL Based CDR Circuit Behavioral 

Simulation Waveform 

Type Instances Area Area% 

Sequential 32 651.22 22.1 

Inverter 11 25.329 0.9 

Logic 213 2165.468 77.0 

Total 256 2812.320 100.0 

Table 1 :Area Report 

Instance Cells 
Leakage 

Power(µW) 
Dynamic 

Power(µW) 
Total 

Power(µW) 

 
main 

 
256 

 
33.3276 

 
799.8643 

 
833.1919 

Table 2 : Power Report 

 
Fig. 5: Snapshot Of Dll Based Cdr Circuit Layout Generated 

Using Cadence Soc Encounter 

IV. CONCLUSION 

A DLL based CDR circuit has been designed. Nowadays, 

with the increase in the number of circuits fabricated on a 

single chip, area and power dissipation have become an 

important parameter in the design of any VLSI circuit. The 

need and demand of battery operated devices has intensified 

the hunger for low power circuits which in turn increases the 

battery life. Therefore, reduction in area and power 

dissipation was taken into account while designing the 

circuit. The objective was achieved by adding features like 

level tracking technique, one-hot MUX and Standby Filter 

in the architecture. Level tracking technique has reduced 

error caused due to edge mismatches and it does not require 

memory element for storing sampled values. Standby Filter 

has squelched the switching events in the circuit during 

standby mode operation. Implementation of one-hot MUX 

instead of MUX has reduced dynamic power dissipation in 

the circuit. The circuit is designed using VHDL; hence, it is 

purely digital in nature which makes it independent of 

process, temperature and voltage variations. Area and power 

dissipation of the circuit is calculated using Cadence SOC 

Encounter. Total cell area, total area and dynamic power 

dissipation of the designed DLL based CDR circuit are 

2812.320068μm
2
, 0.01mm

2
 and 799.8643μW respectively. 
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