TERREZHEZLZE LA R ZRRARSE
—MA 2 E T HSAEE
A New Charge-Pumped Phase-Locked Loop
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This proposal presents a new charge pump PLL
which modulates the charge pump current mag-
nitude and constrains constant voltage jump in
voltage-controlled oscillator (VCO) input. Hence
the new PLL can reduce the pull-in and lock-in time
as well as avoid frequency jittering enlargement and
VCO overload. One realization is included. Simu-
lations are conducted to verify the usefulness of the
new PLL.
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Charge pump PLLs are widely used for syn-

chronization in communication receivers [1]. The
block diagram shown in Fig. 1 is a charge pump

PLL which consists of four function blocks: a three-
state phase detector, a charge pump, a R-C loop fil-
ter, and a VCO. The outputs, V,,, Vy, of the three-
state phase detector allow only three different s-
tates, (V, = 1,V = 0),(V, = 0,V; = 1), and
(Vy =0,V = 0), which are used to control switch-
es, 51,959, in the charge pump. The duration of
each state is proportional to the phase difference
between the input signal, V;, and the VCO output,
V,. The loop filter may be charged, discharged, or
neutral, corresponding to the three states, respec-
tively. Then, the loop filter output, V}, controls
VCO output to track the oscillating input signal.
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1: Block diagram of the charge pump PLL

To increase the response speed, existing

approaches[3, 4] modulates the magnitude I, of



charge pump current proportional to the phase d-
ifference. While the increasing current magnitude
reduces the pull-in and lock-in time, the voltage
jump, I R, in VCO input also increases, resulting
in larger frequency jittering which is not allowed in
some applications [1]. Further, large voltage jump
also may overload the VCO [2]. In this proposal,
we propose a new charge pump PLL which not only
modulates the charge pump current but also con-
strains constant voltage across the resistor. Hence,
the new PLL can both reduce the pull-in time and
avoid the large voltage jump in the VCO input. We
also present a realization and simulation results to
verify the usefulness of the new PLL.
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1 Stability and VCO Overload

Since the charge pump PLL is a closed-loop system,
it may be unstable. Such a system is nonlinear and
its exact response can be computed by iteratively
solving nonlinear equations [2]. General stability
analysis of such system is difficult; however, the
linearization approach is often taken to derive the
condition for PLL to be stable [1, 2]:
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I,RK,T <

where K, is the VCO gain and T is the period of
input V;.

Practical VCO has limited range of its oscillating
frequencies; thus VCO input voltage is constrained.
To avoid VCO overload, the constraint is derived
in [2],

LR < ﬁ )
It is also known [1] that the voltage jump, IR,
results in frequency excursion. Hence, increasing
charge pump current yields increasing voltage jump
in the VCO input, resulting in increasing frequency
jittering.

Define

T |K,I,
2 C

R
¢ = FYELC (4)

where fy is called the normalized frequency and
¢ the damping factor. Then the stability condi-
tion (1) and VCO overload constraint (2) can be
expressed in terms of fy and &,

Stability condition: fn < 7\/14;52_‘5
VCO overload constraint: fy < #{

The above two constraints are shown in Fig. 2. The
intersected area below the curves is the allowable
operating region under the stability and VCO over-
load constraints. It is observed that two curves are
crossed at &€ = 1/(2v/2) ~ 0.35. Hence, as shown in
the figure the VCO overload constraint dominates
when ¢ > 0.35. Since most practical PLL choos-
es £ > 0.4 to avoid large overshoot, VCO over-
load constraint is the dominant factor in designing
a PLL.

o
°
T

VCO overload

Normalized frequency YN
o o o
[
T

o
N

Stability condition

o
o
T

)

L L L L L L L L
0.2 0.4 0.6 0.8 2 1.4 16 18 2

o

1 1
Damping factor §

2: Stability condition and VCO overload con-
straint in terms of £ and fy

2 New Charge Pump PLL

The proposed PLL satisfies the following two rela-
tions:

LR =V (6)
[ Iin + (Imaz — Imin)sgnT  during T(7)
p 0 otherwise

Where V is a constant chosen not to overload the
VCO and 7 is the time interval proportional to the
phase difference. The sign of 7 is positive (nega-
tive) when the input signal leads (lags) the VCO
output. Note that while the current modulation



is identical to that in [4], the first constraint (6)
further increases the pull-in speed and avoids VCO
overload and frequency jittering enlargement.

The PLL can be realized in several ways. One
straightforward realization is to adjust the charge
pump current magnitude and the resistor value in
the loop filter according to (6,7). Since IR is a
constant, the voltage drop of resistor can be V, -V,
or 0 when the charge pump is charging, discharging,
or neutral. Hence, the resistor can be replaced by
constant voltage supplies and switches controlled
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3: One realization of presented charge pump
PLL

The I4; and I, can be designed as follows:
Substituting (6) into (4) and rearranging yield

V |K,C

525 I, (8)

Since V, K,, and C are constants, one positive I,
uniquely gives one £. Hence, the PLL design can
be thought of adjusting the damping factor in an
interval [€min, Emaz], for example [0.4, 1], according
to the phase difference. The values of I,,,,; and
I,in are obtained by solving (8) for the damping
factors &5 and &peqe, respectively.

The analysis technique proposed in [2] is extend-
ed to analyze the new PLL. Simulation results are
shown in Fig. 4 which demonstrates the transien-
t behaviour for the phase step and frequency step
inputs for &, = 0.4, &pae = 0.707 and Fy = 0.1.
It is observed that the new charge pump PLL has
faster transient response, as expected.
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4: Simulation Results for (i) New PLL: Fiy =
0.1, &min = 0.4, &nae = 0.7; (il) Conventional PLL:
Fy = O-lagmin = gmaw = 0.7.
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In this proposal, we
present a new charge pump PLL which not only
modulates the charge pump current but also con-
strains the constant voltage drop across the resistor
in the loop filter. The modulated current increases
the pull-in speed; further the constant voltage jump
in VCO input avoids VCO overload and frequency
jittering enlargement. One realization is given and
simulations are also done to verify the usefulness of
the new PLL.
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