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Abstract: A new method of synthesizing 1GHz based on a 0. 5um CMOS DLL is proposed. which can synthesize

frequency with simple logic and amplifiers. The designed frequency synthesizer consists of a DLL ( DelayLocked

Loop) and a building block of synthesizing logic. The reference frequency input into this frequency synthesizer is

25M Hz and the synthesized frequency is 1GHz.
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1 Introduction

One of the key building blocks associated with
a receiver or transmitter is a frequency generating
or synthesizing device that can create a Local
( LO)

(downconvert) a received carrier signal spectrum

Oscillator signal to shift down
to a lower frequency, or in a transmitter, to shift
the signal spectrum up to a higher frequency band.
The LO is traditionally implemented by using a
Phased-L.ocked Loop ( PLL) synthesizer, with a
(VCO) as the

frequency generating device. In a fully integrated

Voltage Controlled Oscillator

synthesizer, the VCO is a limiting factor due to the
over phase noise performance. In this paper, a
synthesizer based on DLL is considered as an
alternative, in which, the frequency-generating
device is replaced by a Voltage Controlled Delay-
Line (VCDL) having inherent lower phase noise.

The phase noise of the VCDL-based synthesizer is

limited by a crystal oscillator, which is of much
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better inherent phase noise performance than the
veo''.

The DLL-based frequency multiplier consists
of a DLL and a synthesizing logic, illustrated in
Fig. 1, with an 80-delay-stage as an example.
Accepting the low-requency erystal oscillator
input, the DLL generates the multiple delayed
edges. In case the loop is in a locked condition, ref
and sla are still inphase. Evenly spaced within one
period of the crystal frequency. the DLL output
edges can form the higherHrequency transitions.
The synthesizing logic takes each edge from the
DLL, and then an output frequency 40f . is
generated.

A VCDL can produce multiple delayed phases
of a high Q crystal input signal (25MHz in this
design ). In this synthesizer, many edges are
attempted to be combined into a single output
waveform. The edge combining circuitryv. namely
synthesizing logic, is the most critical component in
this design. The design has a tradeoff between the

power consumption and phase noise. One edge
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FIG. 1  Diagram of the Frequency Synthesizer
Based on DLL
combining circuitry with a 900MHz output

frequency described in Reference| 2] is shown in
Fig. 2, where the differential input ports produced
by using the VCDL in a DLL, 1PIN, 2P2N, 3P3N,
-, 9P9N, are triggered in turn by the evenly
spaced edges, whose differential outputs, loaded by
respective LC~tanks, are all connected to OUT +
OUT - . This

differential inverter units in Fig. 2, complementing

and topology, however, to the
the function of wire-or, finally creates a multiplied
signal. A high jitter performance is offered at the
expense of a large DC current consumption by the
differential units. A new approach to the evenly
spaced edges combination by using VCDL in a DLL
and making full use of the merits of a DLL is
described below, with less power dissipation and

excellent jitter performance obtained.
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FIG. 2

Circuit Schematics for Edge Combiner

DL L-based

frequency synthesizer works. In a stable state, the

Now let’s describe how this

delay of the VCDL in the DLL is just one period of
the input signal, Tex. In this design, given a factor

of 40, the VCDL is evenly divided so that 80

identical delaying units are obtained, each of which

is an inverter, whose delay is controlled by the
voltage. Thus, the waves of the inverters” outputs
are obtained and shown in Fig. 3 (for the sake of
convenience, only 8 points are offered). It can be
Ta/80 and
inverted, the next wave is produced. Combining ( 1)
AND(2).(3)AND(4), (5 AND(6),(7)AND(8),

we can synthesize the frequency. The wave at point

seen that after being delayed by

of out is the output we want.
Tue/80

FIG.3 Waves of the Delay Units (8 Points)

With a VCO, the problem of vibrating is
unavoidable in a PLL. Further more, since one pole
is offered by the VCO and the other by the charge
pump, a PLL is at least a 2nd order system. It is
difficult to solve a problem involving a 2nd PLL.
For example, if you want to reduce the time needed
to lock the PLL, a relatively small capacitor in the
charge pump is necessary. However, this capacitor
in the Charge Pump can not be too small for fear
that there be a large jitter in the PLL. On the other
hand, if you want to get a small jitter, a big
capacitor must be used in the charge pump, as,
however, makes the system take a long time to
reach the stable state. Fortunately, no such a
problem is involved in a DLL, because owing to the
replacement of the VCO in PLL by a VCDL in
DLL, which does not offer a pole to the system, the
DLL belongs to a lst order system. T heoretically,
Ist system is stable and it is easier to make a
tradeoff in a DLL than that in a PLL. T he capacitor
in the charge pump of a DLL can be as small as
possible and the jitter in a DLL do not vary as

much as that in a PLL.
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2 Synthesizing Logic

Figure 4 is the diagram of the block of the
synthesizing logic. The points 1—=80 in this figure
are the counterparts in the VCDL. As described
above, the narrow pulse of the al—a40 at the
outputs of the AND gates are of the same period
but not the same phase, and the difference in phase
between one and its next is the same. Should all the
narrow pulses be overlaid, we can get the
multiplied frequency. But it is difficult to add all
the narrow pulses by logic only because we can not
make an OR gate having 40 inputs. A lot of
methods have been tried for the added output but
fail to work well. The amplitudes we get are not
high enough, and the symmetry has also been
destroyed. An improved approach is shown in
Figure 4. The NMOS M 1—M 40, as well as the Ri,
can sum up 40 narrow pulses, which are known as
wire-or. Because the pulses are too narrow ( 7T.a/80
is equal to 500ps) ., the summed signal is too small
in amplitude, and its operating point is not V./2 at
point b, either. With the capacitor C, we insulate
the DC and a resistor( R2) biased inverter to get the
operating point Ve/2. The inverter used here can
also offer some voltage gains, behind which, there
are other two inverters to be used to buffer the
output. The input frequency used in this design is

25MHz; the 1GHz; the

synthesizing factor is 40.

output frequency is

Vo B ouT
Ry
BTC vl im2imd

@
(& --- (&)

W% I M
S
(&
AN A AN

0 0@ ®@
FIG.4 Synthesizing Logic

In Fig. 4, Riand Rz introduce DC currents. T he

voltage of the point b fluctuates around the certain

DC voltage, owing to its failure to fully charge or
discharge quickly enough the charges stored in the
capacitance related to the point b; Rz biases invl in
Fig. 4 to V«/2, as makes the DC current through
invl. It is reasonable to trade off carefully in the
choices of Ri and R:2 to get the as small power

dissipation as possible.

3 Simulation Results by HSPICE

T he simulation conditions:

Power Supply v

T emperature 25°C

Process DPDM 0. 5um CMOS
M odel BSIM 2

Foundry TSMC

HSPICE
Figure 5 shows the simulation results. CLK is
the input(25M Hz), out is the final output( 1GHz),

which is previously 40 times as much as the input

Software

frequency. The Ve in this figure is the controlling
voltage of the VCDL. From the Ven, we find that
the transient time is less than 2us. Because it has
no difficulty in tradeoffs, it is easy to reduce the
transient time or further enhance the stability. T he
Ven is an exponential, which is one of the

characteristics of lst order system.

FIG.5 Simulation Results of the Design

4 Conclusions

DLL-based frequency multipliers have a
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fundamentally different phase noise signature

compared with PLL-based ones. In a PLL, the
output timing uncertainty accumulates many
oscillation cycles, which is limited by the time
As for a DLL-based

multiplier, each edge

response of the PLLY.

frequency output only
contains the timing uncertainty accumulated in the
previous delay stages within the same ecrystal
period. Therefore, the limited jitter accumulation
translates into a flat phase noise profile with less
offset frequencies than the reference. As a result,
long-term error accumulation, or the close-in phase
noise, is much lower than that in a typical VCO.

It is very difficult to realize a frequency
synthesizer with a DLL, especially when the
synthesized frequencies are at RF bands. The
method described in this paper has proved
reasonable to synthesize the frequency by simple
logic and amplifiers. By taking the advantage of the
characteristics of DLLs, many high quality RF
frequency synthesizers can be obtained, so it is a
new approach to implement all the RF functions in
a single chip with CMOS technology only'®. It is

also an alternative to implement a DDFS to

synthesize the frequencies without ROM'".
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