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Abstract— In this paper we present a review of different
Delay Locked Loop (DLL) based clock generator circuits.
The paper briefly discusses concept of DLL and different key
parameters which determine the performance of these delay
locking circuits. DLL finds wvast applications in
communication systems and digital logic circuits. Here we
have confined our study to clock generation application only.
Basic idea and comparison of some of the clock generation
circuits and their comparison has been carried out to find out
the factors where improvement is required.

Key words: Delay locked loop, clock generation, skew, jitter

I. INTRODUCTION

With increasing needs of high frequency clocks in the field
of digital logic circuits and interfaces it becomes really
important to have low jitter and skew effects in clock. There
are different approaches to implement low skew clock trees
which can prove same clock over the System on Chip (SoC).
DLL plays a major role in efficient clock generation due to
its versatility in skew compensation clock recovery and
frequency synthesis. These are self calibrating based on a
reference frequency which makes them really attractive for
clock routing and generation applications.

Due to versatile nature and ease of design as
compared to PLL the DLLs have many applications in
timing circuits -for the purpose of signal synchronization,
clock generation etc. For example DLL can generate
different clock signals with different phases as required in
some circuits. It can also be used to generate clock of
different frequency than reference frequency when used
with technique such as edge combining. Reduction of clock
skew is another important application of DLL which
demands fast lock time and excellent phase alignment
between reference and output signal. The only limitation of
DLL is resolution, which depends on the minimum delay
achievable using the process technology used.

In the next sections we will discuss basic structure
and concepts of DLL and different techniques proposed to
implement clock generation circuits. 1 comparison will be
carried out at the end of the paper to find scope of
improvement in existing designs.

Il. DELAY LOCKED LOOP

A delay locked loop (DLL) has similar structure as phase -
locked loop (PLL). It consists of voltage controlled delay
line (VCDL) in place of voltage controlled oscillator (VCO),
phase detector (PD), and a low pass filter (LP). The output
of the low-pass filter controls the delay of VCDL, changing
its supply voltage, capacitive load, or the conductance of the
driving transistor are some ways to control the delay of
delay line. DLL sets the delay of the VCDL so that the
signal at its output is aligned with the reference clock. It can
also be used as a frequency multiplier, as the output signal is
a simple replica of the input reference. DLLs are advanced
than PLLs and used more in digital, programmable circuits

like SoCs and FPGAs. DLLs achieve locking by using
variable phase which is generated by delay line, i.e. they
lock onto a fixed phase difference whereas in PLL's
frequency is used to achieve locking, i.e. they adjust their
frequency until there is a lock. DLLs are commonly used in
high-speed data exchange among chips on a board (e.g.,
between a memory controller and its SDRAM chips) or
inside chips in order to "cancel out" things like input and
output buffer delays as well as wiring delays which helps in
achieving higher data rates. Indefinite jitter accumulation in
VCO was a drawback in PLLs which is not present in DLLs
due to use of delay lines where it is proportional to the total
delay of the delay line.
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Fig. 1: Block diagram of general DLL

DLLs have analog and all digital implementations
generally known as ADLLs and DDLLs respectively.
Digital DLLs have advantages over analog ones as DDLLs
have shorter locking times and require less chip area
because there are no capacitors. DDLLs are less dependent
on process variations and can be migrated to advanced
technology nodes without major design changes and
optimization.

I1l. DLL BASED CLOCK GENERATION

As already discussed DLLs are widely used for clock
generation. With advances in technology there are demands
of DLL circuits with different clock generation
requirements. For example, multi phase clock generation,
programmable clock generation, frequency multiplication
etc. We have discussed below some clock generation
circuits with different clock generation features and
parameters.
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Fig. 2: all-digital programmable DLL-based clock generator

Figure above shows an all digital programmable
clock generator proposed in [2] this design majorly focuses
on low power consumption, it consists of digital control
delay line, pulse generator, multiplier selector, and edge
combiner it can generate 1x to 8x output frequency based on
digital program bits. The design was implemented at 180nm
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at supply of 1.8V. The output rang was 100 MHz to 1.2 GHz
with phase noise of -112.36dBc @1MHz.Power
consumptlon of design was 23.87mW@ 800MHz.
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Fig. 3: Self-calibrated DLL-based clock generator [3]
Figure above shows a self calibrated DLL proposed
in [3] design can provide clocks of 0.5x to 8x of reference

clocks and has 9.7 ps of peak jitter at 120Mhz which
seems good for clock generation applications. To take
advantage of the fully differential VCDL, a single-to-
differential converter (S2D) converts the reference clock
into a differential clock. The core DLL produces 16 pairs of
multiphase clocks, which are wused for frequency
multiplication. The multiphase clocks from the VCDL pass
through a self-calibration loop consisting of a timing error
comparator and a delay calibration buffer. Depending on the
thermometer code from the EISC processor, the frequency
multiplier selects and merges short pulses that are generated
with the calibrated multiphase clocks. The design was
fabricated at 180nm at 1.8V and has an output range of 5-
120 MHz which is less than [2].
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Fig. 4: Multiphase clock generator [6]
In the above design depending on the phase
difference between the reference clock and the output of the
delay line, the phase detector generates an up/down signal
for a 5-bit counter. The output of the counter controls the
load at the output of the delay elements in the delay line.
The loop sampling frequency is 1/4 of the reference
frequency to ensure the settlement of the loop before the
next comparison. The counter continues to alter the total
delay in the delay line until the delay is aligned with the
reference clock period. Once the DLL is locked, dithering at
the output of the counter sends a closed-to-open-loop
request to the LCU. At this point, the feedback loop is
opened by LCU and the counter is disabled. In order to keep
a fixed load for the delay elements after opening the loop,
the output of the counter is transferred to a register. While
the DLL is operating in the open-loop mode, a phase-error
compensation (PEC) block is responsible for keeping track
of potential phase errors. The design was fabricated at 90nm
with supply voltage of 1V and has a frequency of up to

2GHz. The design has a jitter of 1.6ps RMS which is less
than [3] and it consumes 7mW at 2GHz.
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Fig. 5: DET-PD based DLL [1]

Dual edge triggered phase detector (DET-PD)
based DLL proposed by S Kyung [1]. The design proposed
by Kyong Ho Ryu uses startup circuit to prevent
malfunctions due to harmonic lock and has a high PD gain
and wide lock range. Interpolators and edge combiner
circuts proposed in this paper helps this design to achieve
better performance in at 180nm process node and supply of
1.8v. The result of comparison of different parameters of
DLLs discussed is shown in table.1.

Property Ref [1] Ref[2] Ref[3] Ref[6]
Process 180nm 180nm 180nm 90nm
technology
Supply 1.8V 1.8V 1.8V v
Output 150MHz | 100MHz- 5- 2GHz
freq. range -2GHz 1.2GHz 120MHz
Jitter 9.7ps@ | 1.6ps@
(RMS) i i 120MHz | 2GHz
Multipli-
cation 1x-8x 1x-8x 0.5x-8x -
factor
Power 20mW 23.87mW | 15.56mA | 7Mw
consumptio @2GHz @800MH | @120MH | @2GH
n z z z
Estimated i 0.14mm2 | 0.27mm2 0.0327
area mm

Table.1. Comparison of different DLLs studied

IV. APPLICATIONS

The DLLs discussed above can be used as local oscillator
for mobile communication ASICs, DDR memory interface
[1], clock data recovery [2], embedded processors to
generate clean system clock [3] to generate multiple phase
or frequency clocks.

V. CONCLUSION

Different clock generation applications of DLL have been
studied with different performance parameters. It has been
concluded that more work needs to be done on designs with
low RMS jitter and wide locking range.
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