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Abstract

In this paper a programmable clock multiplier based on Delay Locked Loop (DLL) is proposed. It does not require any L-C tank
circuit or ring oscillator. Although it requires a clean reference signal it has several advantages over conventional Phase Locked
Loop (PLL) based clock multiplication in terms of stability, power consumption, jitter performance and ease to design. The
operating frequency range of DLL is 170 MHz to 252 MHz. The proposed clock multiplier is programmable with multiplication
factor of 1X, 2X, 4X and hence can generate clock of frequency range 170 MHz to 1 GHz with 50 % duty cycle. The proposed
circuit is simulated in SPICE at 180 nm technology node and 1.8 VV power supply with a reference signal of 200 MHz and output
signal is shown with various multiplication factor. The power consumption in each case is less than 10 mw.
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LINTRODUCTION

With the advancement of nanometer scale processin
CMOS technology, the demand for high performance VLSI
system continues to grow exponentially. These advances
have led to the increase in clock frequencies in
synchronous circuits as well as in the local oscillators of
communication system. At these high frequencies the
clock signals need to be very stable in-order to satisfy the
timing requirements in synchronous circuits and also to
reduce the close-in phase noise in local oscillators. Due to
interconnection problem it is difficult to launch a high
frequency signal to the chip, thus making a requirement for
an on chip clock multiplier in microprocessors and in high
speed serial I/O link. DLL based clock multipliers offer
several advantages over conventional PLL based clock
multipliers. A DLL is a 1" order system and hence
inherently stable, unlike PLL which is a higher order
system requiring complex loop filter. This also makes DLL
easy to design and integrate on chip. DLL does not have
the problem of jitter accumulation over many clock cycles,
which is present in PLL and, thus results in low phase
noise and stable output signal[1]. Recently, several DLL-
based clock multipliers for high speed circuits and local
oscillator have been proposed to overcome the difficulty of
frequency multiplication with DLLs and utilize the several
inherent advantage of DLLs over PLLs [2-6]. Other
application of DLL includes clock skew reduction in
distribution networks [7], digital testing of timing sensitive
parameters [8] and data recovery in high speed 1/0
interfaces [9]. In this paper a programmable clock
multiplier is presented at 180 nm technology with
multiplication factor of 1X, 2X and 4X depending on the
external digital signals. The proposed clock multiplier can
generate frequencies as high as 1 GHz and hence can be
usedinvarious applications.

ILARCHITECTURE
A. Conventional Architecture

Fig.(1) shows the block diagram of DLL. It consists of
a phase detector (PD), a charge pump (CP), a loop filter
(LP),Voltage Controlled Delay Line (VCDL). The VCDL
consists of several stages of delay cell, as shown. The PD
unitgenerates UP or DN pulse depending on
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Fig. 1. Block diagram of Conventional DLL based
frequency multiplier

the phase error between Fref and Fout. CP unit utilizes
these pulses in order to pump in or pump out charge (and
hence voltage) from the loop filter capacitor, thereby
generating a control voltage Vctrl for VCDL. When DLL is
locked Vctrl is constant (with small ripples) and Fref and
Fout are exactly in phase. In locked state the outputs of
delay cells of VCDL generate a family of waveforms whose
rising edges are equally phased within one reference
period of reference signal. The edge combiner utilizes
these equally phased high frequency transition to
generate a high frequency signal Xout. The maximum
output frequency is given by. Xout=N/2. Fref



2 International Journal on Electronic Systems, Vol.4, No.1, January 2010

where N, number of delay stages in VCDL, is even. The
disadvantage of the conventional DLL based frequency
multiplier is that the multiplication factor is fixed.

B. Locking range of DLL

The DLL may suffer from harmonic locking or false
locking over wide operating range. Fig.(2) shows
multiphase output waveform of an eight stage VCDL with
correctand falsely
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Fig. 2. (a).correctly locked (b) falsely locked
C. Proposed Architecture

Fig. (3) shows the architecture of proposed DLL
based programmable clock multiplier. The frequency
multiplier part consists of additional phase selector and
glitch generator locked DLL. In order to overcome
incorrect locking problem, the maximum delay time and
the minimum delay time , of VCDL have got an upper and
alowerboundary given by the following relations [10]:

05 Tref < TVCDLM/N < Tref (1)
Tref < TVCDLMAX < 1 5 Tref (2)
where T, is the period of input reference signal. From the

above relations, the range of stuck free clock period should
satisfy following relation.

MAX| ( TVCDLMIN’ 23 x TVCDLMAX) < Tref<
MIN(T coumme 2X T yeorm) (3)

If DLL does not satisfy these relations, it will fail to lock or
falsely lock to two or more period.

Alock detector circuit [3] can also be used to detect and
correctany false locking.
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Fig. 4. Different cases for frequency multiplication

as compared to conventional architecture shown in
Fig. (1). The VCDL consists of eight delay stages. There
are two external digital signals, known as phase select
signals (p1,p0), which are given to the phase selector.
Depending on the values of these signals the phase
selector selects and sends appropriate phases to the glitch
generator and thereby enabling frequency multiplication of
the reference signal with multiplication factor of 1X, 2X
and 4X. Following are the output frequencies for different
values of phase select signals (p1,p0)

When (p1,p0)=(0,0) Xout=Fref (multiply by one)
When (p1,p0)=(0,1) Xout=Frefx2 (multiply by two)
When (p1,p0)=(1,0) Xout=Fref x4 (multiply by four)

When (p1, p0) = (0, 0) the phase selector sends the
phases ®1and ®5 on two of its output lines (CLK(1...8)) to
the glitch generator, the rest output lines remain grounded.
The glitch generator generates corresponding glitches G1
and G5 on two of its output lines (CLKG(1...8)), with rest
output lines remain grounded. The glitch G1 is used to
generate arising edge of the output signal and glitch G5 is
used to generate the falling edge. Thus the output will have
same frequency as that of the input.
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When (p1, p0) = (0, 1) the phase selector sends the
phases @1, ®3, ®5 and @7 to the glitch generator. The
glitches G1and G5 are used to generate a rising edge of
the output signal and glitches G3 and G7 are used to
generate the falling edge. Thus the output will have twice
frequency as that of the input.

When (p1, p0) = (1, 0) the phase selector sends all the
phases (®1... D8) to the glitch generator. The glitches G1,
G3, G5 and G7 are used to generate a rising edge of the
output signal and glitches G2, G4, G6 and G8 are used to
generate the falling edge. Thus the output will have four
times the frequency as that of the input. Fig.(4) describes
the above cases.

l.CIRCUIT DESCRIPTION
A.  Phase Detector (PD)

Fig.(5) shows the phase detector incorporated in the
proposed DLL based clock multiplier. It is a tri-state type
PD and works on the principle of previous widely used PD
with TSPC type D flip flop [11]. It removed the reset
circuitry of PD in [11] but retained the advantage of better
linearity range (from -217 to +21T) and almost negligible
dead zone. It consists of minimum number of transistors
and consumes less power.

Fig. 5. PD in proposed DLL based clock multiplier

The characteristic of converting phase difference into
loop filter current (80 uA) by incorporated PD is plotted with
the help of simulation results obtained and is shown
Fig.(6). We can see that characteristic is linear in region -5
ns to +5 ns, which corresponds to a phase difference of
=217 to +211 for 200 MHz reference signal. The linearity
range is seen to be slightly less than -21T to +21T, due to
finite reset pulse width [12] as mentioned before. We see
that even for a extremely small phase difference (order of
ps) between the two inputs, there is net current flowing.
Thus, dead zone of the PD is almost eliminated.
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B. Charge Pump(CP)

The CP unit is responsible for generating necessary
control voltage for the VCDL unit. The basic circuit for
charge pump, consisting of two switched current sources
is shown in Fig.(7). This circuit, if implemented, shows
many non ideal effects like charge sharing, clock feed
through and channel charge injection. These effects tend
to produce ripples on the control voltage, resulting in
phase noise and spurious tones at the output. Other
design consideration for CP design is the UP/DN current
mismatch and timing mismatch which should be kept
minimum to reduce ripples on control voltage and
minimize static phase error between Fref and Fout in
locked state.
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Fig. 7. Basic Charge Pump
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Fig. 8. (a) Block Diagram of CP (b) Pump up
circuitChang and Kuo's model [13] provides the best
solution for CP design. It eliminates the non-ideal effects
completely by isolating the output node from the switching
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transistors. At 180 nm technology node, this model shows
significant difference in pump up and pump down currents
due to Channel Length Modulation (CLM) effect. The CP of
the proposed DLL, removes this current mismatch and is
shownin

s
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Fig. 8 (a). The pump up and pump down circuit are
symmetric.

The pump up operation can be explained by Fig. 8(b).
When UP s high a current of magnitude Im-Is is mirrored to
node Ex and hence to the loop filter capacitor. A pull up
circuit comprising of m7 and m8 is required to charge up
the node P so that m4 and hence m1 is turned off as soon
as UP goes low. The transistors m1,m2, m3 and m4 forms
cascode configuration which increases the output
impedance and hence suppresses CLM effects that
become prominent at 180 nm technology node. On the
negative side output swings are reduced. A low voltage
wide swing current mirror is used for 1:1 current convertor.
The charge pump is designed for a peak current of 80 uA.

C. Voltage Controlled Delay Line (VCDL)

The VCDL unit generates necessary delay
depending on the control voltage applied to it. When the
DLL is locked, the output of VCDL is delayed w.r.t input by
exactly one period. The VCDL of the proposed DLL
consists of eight stages of delay cell. The delay cell is
based on current starved inverter configuration proposed
by Johnson and Hudson [14]. It does not require any level
conversion circuit as required by fully differential delay
cell. It also has the advantage of being simple, occupying
less chip area and consuming low power as the static
power dissipation is zero [4].
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Fig. 9. Delay stage along with bias stage

Fig. (9) shows the delay cell used, along with the bias
stage andis similar tothat used by Chen et al[15]. The
delay cell propagation delay depends on current source
(m3, m4) and current sink (m1, m2). The bias stage and
Vctrl controls the voltage to current sink and current source
and thus controlling the delay. The larger the Vctrl the
larger is the current and lesser is the delay provided.
Measures to avoid false lock, as explained in the
beginning, must be taken care of in the design. A buffer
circuit (consisting of two static inverters) is connected at
the output of delay cell in order to reduce rise time and fall
time. The rise time and fall time should be kept minimum
when DLL is used for application like frequency
multiplication.

D. Glitch generator

Fig.(10) shows the glitch generator used in the
programmable frequency multiplier. It generates a pulse of
very short duration at the output when the CLK input
undergoes a positive transition. Initially when clock CLK =
0, node Xis pulled up to Vdd (m1 being a PMOS transistor.
Therefore, initially (before rising edge of CLK) one of the
inputs to the NAND gate is high (X) and other is low (CLK).
This results in low output (CLKG=0). Now, when the rising
edge of CLK arrives, there is a short period of time when
both the inputs of NAND gate becomes high, causing
CLKG to go high. This in turn activates m2 ( m2 being
NMOS), pulling down X and eventually CLKG goes low.
The length of the pulse is controlled by delay of NAND gate
andinverter.
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Fig. 10. Glitch generator
E. Phase Selector

Fig.(11) shows the basic unit of a phase selector. It is an
implementation of 4 :1 (only three input considered here)
MUX using pseudo-NMOS configuration. This unit is
repeated eight times. The connections to A,B and C inputs
arein accordance to table(1).
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Fig. 11. Basic unit of phase selector F. Edge Combiner
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IV.SIMULATION RESULTS

All the units of DLL based programmable clock
multiplier are interconnected and simulated for an input
reference frequency of 200 MHz. The locking curve
DLL obtained through simulations is shown in Fig. (13)
along with waveforms of Frefand Fout. As seen, the lock
time of the DLL is less than 300 ns. Fig. (14) shows the
multiphase output waveform of all eight VCDL stages
when DLL is locked. We can see that the output waveform
of final stage (Fout) is in phase with the input reference
waveform (Fref). Fig.(15-17) gives the output waveform
Xout for different values of (p1, p0). A delay is observed
between the start of Xout and Fref. This is because rising
edge of output of first delay cell (which is delayed w.r.t
Fref) is used to generate rising edge of Xout.
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Fig. 12. Edge Combiner

Fig.(12) shows the edge combinerincorporated inthe
proposed programmable frequency multiplier. It consist of
four S-R latches, followed by a four input OR gate. The
outputlines of glitch generator CLKG(1...8) are connected
to the latches as shown. Consider the case when (p1, p0) =
(1, 0). The Alinput of all the eight units of phase selector
gets activated and therefore CLK(1...8) = ®(1...8). These
are passed to the glitch generator, which generates
CLKG(1...8). These glitches are then passed to edge
combiner. Thus the final output Xout is 4 times the input
reference frequency and 50 % duty cycle. Other cases can
be explained similarly
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Fig. 14. Multiphase output when DLL is in locked state
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Fig.(15) Simulated output for (p1,p0)=(1, 0), Xout = 800
MHz @4X multiplication factor

Fig. 16. Simulated output for (p1, p0) = (0, 1), Xout =
400 MHz @2X multiplication factor

Fig. 17. Simulated output for (p1, p0) = (0, 0), Xout =
200 MHz @1X multiplication factor

Table 1. A,B,C input for various cases

Table 2. Summary of proposed DLL based
programmable clock multiplier

Technology 180 nm technology node

Power Supply 1.8V

DLL Operating |170 MHz - 252 MHz
Frequency Range

Charge Pump | 780 uA
Current

% Current Mismatch | 0.74

Lock Time @ 200 | <300 ns
MHz

Static Phase Error | 72ps
@ 200MHz

170 MHz - 252 MHz (multiply by 1)
Frequency Multiplier | 340 MHz — 504 MHz (multiply by 2)
Frequency Range 680 MHz -1 GHz  (multiply by 4)

7.99 mw @ 200 MHz (Fref =200 MHz , 1X)
Average Power | 8.91 mw @ 400 MHz (Fref =200 MHz, 2X)
consumption 9.65 mw @ 800 MHz (Fref =200 MHz, 4X)

Table 3. Performance comparison with prior designs

CLK1 CLK2 CLK3 CLK4 CLK5 CLK6 CLK7 CLK8
p1 | p0 | (CLKG1) | (CLKG2) | (CLKG3) | (CLKG4) | (CLKGS) | (CLKG6) | (CLKG7) | (CLKGS)

A1 |0 |®1 02 o3 o4 o5 6 o7 8

(G1) (G2) (G3) (G4) (G5) (G6) (G7) (G8)
B0 [1 |o1 o3 o5 o7

(61) (G3) (G5) (G7) Gnd Gnd Gnd Gnd
Cl0 [0 |o1 5

(G1) (G5 Gnd Gnd Gnd Gnd Gnd Gnd

CLK (1...8) - output lines of phase selector
CLKG(1...8)—Outputlines of glitch generator
P —Outputs of eight delay cells

G -

1...8)
(1...8)—Glitches of eight delay cells

Power Max. Vdd | Process Programmable

Consumption Freq.
[2] | 130 mw 900 MHz | 3.3 | 0.35um CMOS | NO

\
[3] | NA 1.6 GHz |3.3V ]| 0.5umCMOS | NO
[4] |43 mw 1.1GHz | 3.3V | 0.35um CMOS | YES
[5] | 232mw 1.2GHz | 2.5V | 0.25um CMOS | YES
[6] | 86.6 mw 1.8GHz | 3.3V | 0.35um CMOS | YES
This | 9.65 mw 1GHz 1.8 | 0.18um CMOS | YES
work | @ 800 MHz V
V.CONCLUSION

The proposed DLL based programmable clock
multiplier gives satisfactory results. The DLL can operate
for an input frequency range of 170 MHz to 252 MHz
without harmonic or false locking and can generate output
frequency with multiplication factor of 1X, 2X or 4X
depending on the external digital control signals. The
output multiplied signal has a duty cycle of exact 50 %. The
average power consumption in all the cases is less than 10
mw. The proposed circuit is suitable for various
applications in high speed systems due to advantages of
low power, fast locking and low static phase error. The idea
can be extended to higher multiplication factor by
increasing the number of delay cells in VCDL
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