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Abstract: An improved charge-averaging charge pump and the corresponding circuit implementation are presented. The

charge-averaging charge pump proposed by Koo is analyzed and a new scheme is proposed. This new scheme decreases

power by 1/3 and eliminates the practical defects in the original. Spectre Verilog behavioral simulation results show that

the proposed scheme can strongly reduce the energy of spurs. Circuit implementation of this new charge pump for a fre-

quency synthesizer with a fractional division ratio of 1/3 is then presented and multi-level simulation is performed to vali-

date its feasibility at the circuit level. The simulation results show this new scheme outputs a flat voltage curve in a locked

state and can thus effectively suppress fraction spurs.
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1 Introduction

A fractional frequency synthesizer can achieve
both high frequency resolution and fast settling by de-
coupling the frequency resolution from the reference
frequency. One major disadvantage of fractional-N
PLL is the generation of fractional spurs located at
multiples of the channel spacing. There are a variety
of techniques reported in the literature to solve this
problem. Such techniques can be divided into two cat-
egories: the classical technique and delta-sigma modu-
lation techniques. The classical technique employs
dithering and phase interpolation to reduce the spurs,
but the main performance limitation is the lack of
precise analog components. The delta-sigma modula-
tion approach is used to randomize the division ratio,
such that the quantization noise of the fractional divi-
der is transferred to higher frequencies. The problem
with this architecture is that the quantization noise
leads to the degradation of spectral purity. Further-
more,it poses a very stringent requirement on the lin-
earity of the phase/frequency detector and charge
pump.

A charge-averaging charge pump was proposed
by Koo'''. This technique offers a new perspective for
the suppression of fractional spurs. Novel in nature,
the original scheme still suffers from defects, as will
be shown in section 2. A new charge-averaging charge
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pump is proposed in section 3. System simulation with
Spectre Verilog validates its role in fractional spur
suppression for a fractional-N frequency synthesizer.
The circuit implementation of the proposed improved
charge pump is given in section 4. Multi-level simula-
tion verifies the feasibility of this new scheme.

2 Koo’s original scheme

The conventional charge-averaging charge pump
proposed by Koo is shown in Fig. 1. It consists of four
current sources with current of 1/3 the total current
and four charge-collecting capacitors. This scheme ap-
plies to frequency synthesizers with a fractional divi-
sion ratio of 1/3.To realize such a frequency synthe-
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Fig.1 Conventional charge-averaging charge pump
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Fig.2 Charge-averaging operation

sizer,the prescaler division factor is M +1 in one cy-
cle and M in the other two cycles in every successive
three cycles. This produces periodic voltage ripples in
the control signal of the VCO and, therefore,a frac-
tional spur occurs. However, the sum of phase errors
during any three successive clock cycles is zero in the
locked state. By realizing this, three of the four capac-
itors are used to collect charges when the left capaci-
tor is dumping the charges it collected in the previous
three cycles, as shown in Fig. 2. Because of the zero
phase error of three cycles,the voltage at Vctrl is held
constant and no voltage ripple is produced. With a
few modifications, this scheme applies to any frac-
tional frequency synthesizers.

However, there are still defects in this scheme.
The first arises from the four current sources, which
are difficult to match in practice. The paths from the
PFD output to these four current sources make it dif-
ficult to equalize the delays. These non-idealities lead
to spurs at the output spectrum. Another drawback is
the increased power consumption. Since four current
sources with an output current of I./3 are used, the
total current consumption is 41./3.

3 Proposed charge-averaging scheme

The proposed charge-averaging scheme is shown
in Fig. 3. The basic theory is the same as the conven-
tional theory,except that the current is now provided
by only one current source with an output current of
I..which leads to a current saving of I./3. Charges
are first collected by capacitor C1 and then distribu-
ted to three identical switching capacitors. Compared
to the conventional scheme,only one charge pump is
needed,so the circuit design is greatly simplified and
there is no current mismatch problem. The PFD out-
put signals are now fed to only one current source,so
the delay difference is eliminated. An additional ca-
pacitor C,q4 provides an alternate path for charges
from the charge pump and helps to eliminate the po-

Fig.3 Improved charge-averaging charge pump

tential risk of saturating current sources.

To verify the scheme’s effect on the spectral pu-
rity,a simple PLL based frequency synthesizer emplo-
ying the proposed charge-averaging charge pump is
described with Verilog/VerilogA. The system topolo-
gy is illustrated in Fig. 4. The reference frequency is
0. 9MHz and the charge pump current is 0. 8mA. The
VCO has a 1. 77~1. 83GHz frequency tuning range. A
third-order low pass filter is employed as the loop fil-
ter. To speed the settling, one branch in the charge
averaging scheme is connected directly to the loop fil-
ter ,while the other three branches are left open in the
acquisition mode.

The simulated spectral purity of the scheme
with/without charge-averaging is shown in Fig. 5. For
the charge pump without charge-averaging, the spur
level is about — 80dBc. However, the fractional spur
in Fig. 5 (b) is suppressed to nearly — 100dBc. This
indicates the effects of the charge-averaging scheme
on spur suppression.

4  Circuit implementation of the pro-

posed charge pump

A high performance charge pump with perfect
current matching characteristics is designed to vali-
date the proposed scheme at the circuit level. The
charge pump is implemented with TSMC 0.18;m
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Fig.4 PLL system used in simulation



%5 1 Zhang Jian et al . .

An Improved Charge-Averaging Charge Pump for a Fractional-N Frequency Synthesizer

(@)
90

WWW ﬁ

L/dBc

0’ 10¢ 10°
fHz

-110

L/dBc

-130

-150

-170= L !
10° 104 10°
fHz

Fig.5 Spectral purity of the loop without (a) and with (b)
charge-averaging

1P6M CMOS technology. The topology is shown in
Fig. 6. Operational amplifier OP1 is holds the voltage
of node A equal to node B. M4 and M7 are dummy
transistors. The size ratio of M4 to M5 and M7 to M8
are the same as M2 to M3 and M10 to M11. Figure 7
shows the static characteristic of the up and down
current source with output voltage ranges from 0 to
1. 8V. Figure 7 shows that with this configuration,the
two current sources can be perfectly matched from
0.2 to 1. 6V output range. Operational amplifier OP2
addresses the charge sharing issue associated with the
gate-switching type charge pump'*'. A 10pF capacitor
serves as the additional capacitor C,y. which should
be accounted for when designing the loop filter.
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Fig.6 Charge pump topology
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Fig.7 Up and down current of charge pump
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Fig.8 Control voltage in locked state without (a) and with (b)
charge-averaging

Multi-level simulations with and without the im-
proved charge-averaging charge pump scheme are
then performed by replacing the charge pump behav-
ioral model in the previous simulation with this circuit
implementation. The improved charge-averaging
charge pump works well during the entire acquisition
and holding processes, and no saturation occurs. The
simulated control voltage in the locked state with and
without charge-averaging is shown in Fig. 8. The rip-
ple without charge-averaging is much more significant
than that with charge averaging, which demonstrates
the role of this improved charge-averaging charge
pump on spur suppression.

5 Conclusion

A new charge-averaging charge pump scheme is
proposed based on the work of Koo. This new scheme

is more robust and more power-efficient. Both

behavioral and circuit level simulations validate its
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feasibility for spur reduction in a fractional frequen- with charge-averaging charge pump and dual-path loop filter for
PCS- and Celluar-CDMA wireless systems. IEEE J Solid-State Cir-
cuits,2002,37:536

[ 2] Rhee W. Design of high performance CMOS charge pumps for

cy synthesizer.
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