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Abstract—A proposed delay-locked loop (DLL) circuit that
uses 4 cell delay line with extended inverters is proposed,

designed and simulated in 180nm CMOS process technology.

This design can be applied to microprocessors, memory, and
communication IC applications whose timing relationships
(delay) are essential. Its voltage controlled delay line is
improved by adding extended inverters so as to achieve a
50% duty cycle in the DLL output which is usually limited
due to jitter and noise in the DLL circuit. The design shows
a range of 50-50.3% duty cycle with a 0.6% duty cycle error
in its output and its jitter is 5.63ps at 1 GHz. The circuit
operates within a frequency range of 520 MHz to 1 GHz and
achieves a locking time of 200ns at 1 GHz operation. The
DLL’s total chip core area is 0.09703 mmZ,

Index Terms—delay-locked loop, dynamic phase detector,

charge pump, voltage-controlled delay line, duty cycle, jitter.

I.  INTRODUCTION

As the speed performance of VLSI systems increases
rapidly, clock synchronization between the subsystems is
getting more challenging [1] and more emphasis is placed
on suppressing skew and jitter in the clocks [2]. These
high-speed  synchronous systems require tightly
controlled clock timing allowances for high performance
operation. Efficient performance is essential in
communication, network and multimedia applications.

Delay-locked loops (DLL’s) and phase-locked loops
(PLL’s) are synchronous circuits routinely employed in
microprocessors, memory interfaces and communication
IC applications in order to hide clock distribution delays,
to cancel the on-chip clock amplification and buffering
delays and to improve the overall system timing [2][3][4].
Generally, these circuits are used for clock multiplication
and signal synchronization [5].

In applications where no clock synthesis is required,
DLLs offer an attractive alternative to PLLs due to their
better jitter performance and timing margin performance,
inherent stability, and simpler design [4][6]. Additionally,
since DLLs do not use a voltage-controlled oscillator
(VCO), phase errors induced by supply or substrate noise
do not accumulate over many clock cycles. This
improved noise immunity is the main reason for the
increased adoption of DLLs in applications [4]. The DLL
has better stability than the PLL because the DLL uses a
first-order loop filter. Furthermore, the jitter of the DLL
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is smaller than that of the PLL because the DLL has less
jitter accumulation. Even though the PLL has been used
predominately, the DLL is now getting more attention in
the applications such as data communication links and
memory interfaces [1].

This commonly used synchronous circuit is used to
align the outgoing data with an external clock signal for
clock synchronization [7]. A typical DLL involves
several design considerations. First, DLLs suffer from the
problem of their limited delay range since DLLs adjust
only the phase and not the frequency [4]. Second, the
output of the DLL also depends greatly on the input tothe
delay line. Third, the basic DLL cannot generate new
frequencies different from that of the delay-line input [8].

The locking time and the jitter performance is always a
concern in the design of DLL. The DLL uses a VCDL
rather than the VCO since the noise in the voltage-
controlled delay-line (VCDL) does not accumulate over
many clock cycles; hence, it is preferred to be used in
many cases. It also offers a faster locking time, which
allows a system to reduce the wait time required before it
can operate [9].

Since much of the present and future synchronous
systems will depend heavily on high speed operation and
efficient performances, a need to meet the goals of fast
locking time with less jitter accumulation, given a range
of frequencies, is necessary to allow proper data
synchronization at high speeds. There are several
techniques to achieve a fast lock delay-locked loop. This
study proposes a new design approach which involves
designing a high frequency fast lock delay-locked loop to
meet the demands for microprocessor applications, using
a 4 cell voltage-controlled delay-line with extended
inverters to improve the 50% duty cycle of the DLL
output without the need for duty cycle correction, and
designing high speed architectures to attain faster locking
time and adding a low pass filter in the overall design to
reduce the jitter accumulation.

Il. SYSTEM DESIGN AND ARCHITECTURE

A. DLL Overall System

The basic loop building blocks of the delay-locked
loop are composed of the phase detector, charge pump,
loop filter and a voltage-controlled delay-line. Fig. 1
illustrates the four main functional blocks. The phase


mailto:jefferson.hora@g.msuiit.edu.ph

International Journal of Electronics and Electrical Engineering Vol. 2, No. 4, December, 2014

detector compares the phase of the reference input and
the delay-line —output.
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Figure 1. DLL overall system.

The comparison vyields a signal proportional to the
phase error. It generates “up” or “down” synchronized
signals to the charge pump. The charge pump converts
the digital signal output from the phase detector into an
analog signal. The charge pump consists of two switched
current sources. It is either a source or sink current
according to UP and DN signals. This current is
converted into control voltage by the loop filter to feed
the voltage-controlled delay-line. The delay of each cell
in the VCDL depends on control voltage. Each stage
provides a delayed version of this signal. The loop acts as
a feedback system, compensating any phase difference
between out_clk and ref_clk. Therefore, once the loop is
in the locked state, the two signals have exactly the same
frequency and are aligned in phase. Extended inverters
for each delay cell element was proposed because the
required delay has not been achieved with a single
inverter, so two inverters were added. These inverters
were also used to maintain the 50% duty cycle as much as
possible without the need for duty cycle correction.

B. Dynamic Phase Detector

Phase detector compares the phase at each input and
generates an error signal proportional to the phase
difference between the two inputs. Fig. 2 shows the
dynamic phase detector used in this study. This type of
phase detector is widely used recently in high-speed DLL
designs. The basic structure of this phase detector
includes two blocks, which are used to generate the UP
signal and the DOWN signal, respectively. The two
blocks have exactly the same design, except that the two
input signals are switched in position. Each block consists
of two cascaded stages with a pre-charge PMOS in each
stage. The pre-charge activity of the second stage is often
controlled by the output of the first stage. The dynamic
PD eliminates flip-flops and has the advantages of simple
structure and a fast transition time. However, the dynamic
PD was carefully designed in order to minimize the dead
zone.
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Figure 2. Phase frequency detector using NOR gates

C. Charge Pump

The schematic of the charge pump is shown in Fig. 3.
A single ended switch at the source charge pump is used.
The current mismatch between source current and sink
current is reduced by ensuring that the source current is
the same as the sink current; thus experiencing the same
process variations. Studies show that in CMOS circuits,
current switching provides a faster switching speed than
voltage switching.

G

- n?

— Vc

vp — l_jm

‘ 20uA

« I

e\

Y

Figure 3. High switch speed charge pump
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Switches M1 and M10 are controlled by the PFD
outputs (UP & DN). The current mirrors formed by
transistors M5, M6 and M7 as well as M3-M4 pair ensure
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equal amount of current for UP and DN branches.
Transistors M2, M8 and M9 are included to act as
dummy switches to reduce timing mismatch. The current
source in this design is calculated using the current
equation shown in (1). The transistor sizing is chosen so
that current mismatch is avoided.

W
1 D = % ucox TVDSATZ (1)

The current equation shown in (1) is used to design the
current source in the charge pump. Proper transistor
sizing is carefully designed to avoid current mismatch.
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D. Voltage Controlled Delay Line

The proposed delay line circuit corresponding to the
current mirror arrangement and the first delay cell with
extended inverters is shown on Fig. 4, it consists of four
delay cells connected in series, which provide four clock
phases required to be generated. Each delay cell consists
of two current starved inverters along with four normal
digital inverters which are used to improve the rise time
and fall time of each phase of the clock.
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Figure 4. Delay cell with extended inverters
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The delay elements are controlled by the control
voltage generated by the charge pump block. This control
voltage determines the current through the current mirror
of the VCDL. Two inverters were added to the
configuration to get the required delay and attain a 50%
duty cycle in the output. Initially, one inverter stage is
added and sized to get the 50% duty cycle. After correct
sizing of the 2" inverter stage, the third inverter stage is
added to get inverted output of the reference signal.

The basic operation of a delay cell is described as
follows: If the final output phase lags the reference clock,
i.e., it has a lower time period compared to the reference
clock, then the control voltage increases; thus increasing
the current through the delay cells and thereby increasing
the delay of each delay element. Finally the overall time
period of the clock phases is increased to match the
reference clock period. Once this lock is achieved, the
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control voltage remains stable and the delay cells
maintain the delay locked to the clock time period.

Exactly opposite thing happens when the output clock
phase has higher time period compared to the reference
clock. The control voltage decreases in this case; thus
decreasing the delay offered by each cell, till the time
period of each clock phase locks to the reference clock
period.

IIl.  SIMULATION RESULTS

The simulation of the schematic was carried out in
TSMC 0.18um 1P6M CMOS process technology. Fig. 5
and Fig. 6 show the VCDL output with the control
voltage and the VCDL output duty cycle at the locked
state, respectively. The delayed output waveforms shown
are controlled by the control voltage generated by the
charge pump. As can be seen from the graph, the control
voltage is increasing which means that the reference
clock is leading the output clock. All the delay stages in
the VCDL are identical with each delay stage,
contributing a time delay of 0.25ns.

Moreover, in Fig. 6, shows the locked state output
waveform of the VCDL. This is justified by a stable
control voltage at 1.5V. The graph shows a range of 50 to
50.3% duty cycle of each delays produced by the voltage-
controlled delay-line.
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Figure 6. VCDL duty cycle

Fig. 7 shows the overall output of the delay-locked
loop. As can be seen from the graph, the reference clock
and the output clock are combined to determine whether
or not the DLL is locked. This means that it will verify
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whether or not the output clock is aligned with the
reference clock. A macro shot shown on Fig. 7 is taken at
the locked state of the DLL output. The graph shows that
the control voltage is decreasing until it reaches a stable
state. This goes to show that at in the stable state of the
control voltage, the reference clock and the output clock
are aligned, which means it is in a locked state. The
design locks at about 200ns.

Cref and DLL
output

Figure 7. Overall delay locked loop output

Figure 8. Monte carlo analysis at 30 iteration
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Figure 9. Jitter analysis

Fig. 8 shows all three corner simulations of the Monte
Carlo Analysis for 30 iterations. Both individual and
cumulative variation simulations were performed on all
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corner models (SS, TT and FF) to study the effects of
process variation. It can be seen that no transistor failed
during any of the 30 iterations since the output voltage
remained stable when varied. Also, shown on Fig. 9 is the
overall DLL output which has attained a jitter of about
5.63ps at 1 GHz operation.

The specifications summary in Table I. shows that
there were improvements in most of the properties of the
current design than from previous published works. The
proposed delay-locked loop design shows that the DLL
operates at a high frequency with an operating frequency
range of 520 MHz to 1 GHz.

TABLE I. DESIGN SPECIFICATION SUMMARY AND COMPARISON
n (16) {14) 2) This Thesis
€S 0.35um CMOS ~ 90nm CMOS  0.8um CMOS  0.18um CMOS  0.18um CMOS
SUPPLY N/A 363V SV 18V 18V
VOLTAGE —
OPERATING  300Mhz to 1Ghz  150-533Mhz  415-650Mhz  B00-1200Mhz | 520Mhz -1Ghz
FREQUENCY
POWER N/A N/A 3BmW N/A N/A
CONSUMP-
TION
ATTER Tps 30ps 15ps 20.5ps 5.63ps@1Ghs]
@1200Mhz
LOCK TIME 545 10us 450ns 200ns 200ns
CHIP AREA Nf."l 0.].319wn2 NM NM oonTns. .l
DUTY CYCLE /A 18% 9.68% 0.8% 0.6%

ERROR

As compared to other published designs, the proposed
design has the most reduced duty cycle error of about
0.6% with a jitter of 5.63ps. Hence, it is capable of
generating stable time delays which is necessary for clock
generation and signal synchronization. Generally, locking
time is related to the speed of the architectures used.
Since this design incorporates high speed architectures,
the circuit attained a fast locking time of about 200ns,
which allows a system to reduce the wait time required
before it can operate.

The chip layout is shown in Fig. 10 which has a chip
area of 0.09703 mm?,

Figure 10. DLL chip core layout

IV. CONCLUSION

The designers were able to achieve a high frequency
fast lock delay locked loop using a 4 cell delay line with
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extended inverters operating at a frequency range
between 520 MHz to 1 GHz attaining a locking time of
about 200ns at 1 GHz operation. The design shows a
range of 50-50.3% duty cycle with a 0.6% duty cycle
error in its output and its jitter is 5.63ps at 1 GHz with a
total core chip area of 219.775 pm x 441.51 pm (0.09703
mm?). This design is suitable for microprocessor and
memory IC applications particularly those whose timing
relationship is essential.
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