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Abstract: By jitter performance comparison between PLL (Phase Locked Loop) and DLL (Delay Locked Loop), a

helpful equation is derived for the structure choice between DLL and PLL-based synthesizers fabricated in CM OS

processes to get an optimum jitter performance and power consumption. For a frequency synthesizer, a large multi-

ple factor prefers PLL-based configuration which consumes less power, while a small one needs DLL-based topolo—

gy which produces a better jitter performance.
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1 Introduction

Growth in demand of wireless communications
has driven recent efforts to dramatically increase
integration levels in RF transceivers. One approach
is to implement all the RF functions in a single
chip with CMOS technology'", which is developing
rapidly and makes monolithic RF CMOS transceiv-
er reasonable.

Oscillators made by PLL ( Phase Locked
Loop) synthesizers are important to shift down a
received carrier signal spectrum to a lower frequen—
cy in a transceiver as Local Oscillators (LO), or
shift a signal spectrum up to a higher frequency
band in the case of a transmitter. A lot of difficul-
ties in the tradeoff in the design of PLLs make it
verv hard to fabricate a RF CMOS oscillator with
good jitter performance; A close relative of PLL
synthesizer is DLL ( Delay Locked Loop)-based

synthesizer, in which a Voltage Controlled Delay

Article ID: 0253-4177(2001) 10-1246-04

Line( VCDL) is used to replace of a Voltage Con-
troved Oscillator (VCO) in a PLL"™". The VCDL
usually consists of a cascade of k identical gain
stages with variable delay. So this kind of DLL
provides precisely spaced timing edges even in the
presence of temperature and process variations.
This character can be used to synthesize multiple
of the input frequency, which is performed by the
edge combining. In this case, the jitter accumulated
by the end of the delay chain does not contribute to
the starting point of the next ecycle since the delay
chain is not configured as an oscillator. T he refer—
ence determines the next transition point instead.
T his kind of system has superior jitter performance
than that of a PLL system.

In most clock synthesis applications,a VCO is
locked to a low jitter reference, often in the form of
a crystal. Most of the output iitter results from
noise sources in the phase detector, loop filter, and
VCO. With a careful PLL design, the jitter in the

VCO is usually the dominant contributor'™. The
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ring-oscillator VCO is a popular choice in many ap-
plications. The jitter cycle of oscillation is deter—
mined by the sum of the timing error contributions
of each inverter stage in the 1‘ing|5'. With each cycle
of oscillation the jitter variance, relative to a refer—
ence transition in the past continues to grow, un—
less the oscillator is configured in a PLL.In a ring-
oscillator PLL oscillator, however, the total timing
jitter is made up of the errors in the most recent
cycles of oscillation, yet to be corrected by the
PLL, and therefore improves for higher loop band-
width.

This paper tries to compare the timing jitter
performances of DLL and PLL-based RF oscilla-
tors. Section 2 is the jitter performance comparison
between DLL and PLL-based oscillators; Section 3
gets the conclusions from the analysis and compari-

son in sections above.

2 Jitter Comparison

Timing jitter in a ring-oscillator PLL depends
on the interaction of noise in the oscillator with the
dynamics of the phase-ocked loop. It has shown in
Reference[ 5] that the timing jitter variance at the
end of a chain of inverters is given by the sum of
the contributions of each stage. If each stage con-
tributes a timing error with variance At:, then the
total jitter at the end of N stages is N Ati. The
subscript 1”7 indicates ‘oise”. In a ring-oscilla—
tor, this timing error determines the starting point
of the next cycle and therefore creates a permanent
phase shift in the output signal. However, if the
ring-oscillator is configured in a phasedocked loop,
the phase difference between the reference clock
and the oscillator output is detected and compen-—
sated for by the dynamics of the loop. The phase
detector will sense the shift and create an error sig—
nal to change the frequency of the ring-oscillator
VCO in a way that moves the phase of output in
the right direction.

Since the amount of phase adjustment is usu—

ally small, the phase error is not corrected in one

clock cycle, but it is reduced gradually over the
course of several cycles. Depending on the band-
width of the loop filter in the PLL, the phase error
may remain for up to several hundreds of cycles.
Analysis of the accumulated phase jitter and its re—
lation to the loop bandwidth is important for PLL
synthesizers. In most PLL clock synthesizer de-
signs, the reference clock comes from a very low
jitter source such as crystal oscillator. Therefore,
the jitter in the ring-oscillator is the main source of
the phase error in the synthesized signal. In this
case the bandwidth of the loop filter determines
how large the accumulated timing jitter gets. In

Reference[ 4], the rms phase jitters is given by Eq

(1):
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where AT is rms of the total delay of the delay

chain, Ti is the peroid of the input, and = 1/
12K 4K waT'u is defined as the accumulation factor.
Here, K4 and K« are the gains of the phase detector
and the VCO, and a equals to the R in value in the
filter of the charge pump. From the result, the rms
timing jitter in a PLL is seen to be o« times larger
than the intrinsic jitter in the delay chain. The ac-
cumulation factor & is inversely proportional to the
square root of KaKwaTi. When stability require-
ments are met, the jitter accumulation factor can be
lowered by increasing the bandwidth of the loop

filter, = KK wa.

[n a DLL, phase jitter is not passed on from
one period of the clock to the next since the output
of the delay-ine is not fed back to the input.
T herefore, we expect the jitter in a DLL to be
much smaller than that in a ring-oscillator based
PLL. In Reference[ 4], the rms output jitter is giv—
en by Eq(2):

2TMA T
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This expression is similar to the result for the

PLL, given in Eq(1). except that there is no noise
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enhancement factor o Therefore, a DLL provides
superior timing jitter performance. How much bet-
ter depends on the size of o.

Supposing that fou= Nfi, where fou is the
output of the local oscillator; fin is the reference
frequency: N is the multiple factor. We realize this
oscillator respectively by PLL and DLL-based syn—
thesizers and compare their jitter performances.

First, with a PLL-based synthesizer, the de-
rived ring-oscillator jitter result is valid if Kais re-
placed by Ki/N.Then we get rms phase jitter as
Eq(3):

IIIF[X ZTT?."GW ( 3)

where subseript N denotes the multiple factor, sub—

JE[@(nTu)] e =

script P denotes PLL. In ring-oscillators, power is
minimized by using fewest delay stages needed. As—
suming the number of the delay units in the ring—
oscillator is m(m is an integer within 3 to 5) and
the variance of jitter per stage is AT 1, total jitter

variance is mATums1. Eq(3) can be rewritten as

m 2‘”’& Trms, |
Tin ( 4)

When the oscillator is realized with a DLL-

f 5 —
JE[ @iw(nTw)]x.r= N«

based synthesizer, the conclusion of the rms jitter
of a DLL derived above in Eq(2) can be used di-
rectly. Because the multiple factor is N, as we in—
troduced above, there should be NV stages in the de—
lay line in a DLL-based synthesizer to generate the
high frequency signal. Assuming that the same de-
lay unit as that in VCO above is used in the delay
chain, namely, the variance of jitter of per stage is
also AT 1, total jitter variance of the delay line e—

quals to N AT 1. Eq(2) can be rewritten as

IEr@u(nr v = 20T =y 20T ()

where subseript N denotes the multiple factor, sub—
script D denotes DLL.
By comparing Eq.(4) to Eq.(5),we get a com—

parison factor h:
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[n practice, « is about several decades in value,
m is within 3 to 5. For example, 0= 25 and m= 35, if
the comparison factor is 1, then N = 15625, which
means, in this case, only a delay chain with 15625
units can produce the same jitter that a ring-oscil-
lator PLL-based synthesizer with «a= 25 and m= 5
does. From this analysis, how much the great per—
formance enhancement that a DLL over a PLL can
be found clearly.

When fuw= 40MHz, fou= 1GHz ( 1GHz is in
the band of mobile communications), N= 25,s0 h
= 25, the jitter can be improved 25 times by using a
DLL-based synthesizer; When fuw= 0. 2MHz, f ou=
IGHz then N = 5000, so h= 1. 8, the relatively low
h means that when the N is very large in a high
resolution synthesizer, for example, the DLL-based
synthesizer can not perform as much better as we
expected and what worse, however, the long VCDL
chain which the large N needed consumes much
more power, and this makes it not reasonable for a

high resolution synthesizer.

3 Conclusions

[n this paper, the jitter performances of DLL
and PLL-based synthesizer as well as the jitter
comparison between them were performed. From
the comparison we found that the DLL-based syn-
thesizer has good jitter performance over the PLL-
based topology, but it is not always a good choice
to fabricate a CMOS RF local oscillator by DLL-
based synthesizer. T o a high resolution oscillator in
which the channel spacing is small(200KHz) , such
as AMPS, only a little jitter character enhancement
is achieved at the cost of larger power that a long
delay chain consumes. We derived a practical equa-
tion—— Ea. (6) for the choice between PLL and
DLL-based synthesizers. The higher the h is, the
higher the jitter quality will be. This is what we

expected for a DLL-based synthesizer.
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