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A 900MHz CMOS PLL/Frequency Synthesizer
Initialization Circuit’

Zhao Hui, Ren Junyan and Zhang Qianling
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Abstract: A 900MHz CMOS PLL/frequency synthesizer using current-adjustable charge-pump circuit and on-chip
loop filter with initialization circuit is presented. T he charge-pump current is insensitive to the changes of tempera—
ture and power supply. The value of the charge-pump current can be changed by switches, which are controlled by
external signals. Thus the performance of the PLL, such as loop bandwidth. can be changed with the change of the
charge-pump current. T he loop filter initialization circuit can speed up the PLL when the power is on. A multi-mod-

ulus prescaler is used to fulfill the frequency synthesis. The circuit is designed using 0. 18um, 1. 8V, IP6M standard

digital CMOS process.
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1 Introduction

Phasedocked loops (PLLs) are widely used in

communication applications. They can recover
clock from received data signals, perform frequency
and phase modulation/demodulation, and frequency
synthesis. Nowadays, especially in wireless commu-
nication systems, frequency synthesizers mainly
take the PLL-based structure, and charge-pump
PLL'"(CPPLL) is the most popular architecture.
In this work, we present a PLL/frequency
synthesizer circuit whose charge-pump current can
be adjusted, and the output pump current is insen—

sitive to the changes of power supply and tempera—
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ture; also in the on-chip filter, an initialization cir—
cuit is added in to speed up the PLL when power is

2 Charge-pump PLL

A charge-pump PLL'"" consists of several ma—
jor blocks including a phaseHfrequency detector, a
charge-pump and a loop filter, a voltage—controlled
oscillator, and a prescaler, which is optional, in the
feedback loop.

Within a limited ranges, a PLL can be modeled
as a linear transfer function. Figure 1 shows a
generic linear model of a PLL'™".

In above model, the VCO acts as an ideal inte-

Zhao Hui male, was born in 1969, PhD candidate. His current research interests are CM OS5 analog and RF front-end integrated circuits de—

sign.

Ren Junyan male, was born in 1960, professor. His current research interests are the design of RF front-end systems and eircuits and com—

puter communication circuils.

Zhang Qianling female, was born in 1936, professor, adviser of PhD candidates. Her current research fields involve microelectronies, system—

on-chip design.

Received 2 May 2003, revised manuscript received 4 July 2003

©2003 The Chinese Institute of Electronics



A 900MHz CMOS PLL/Frequency Synthesizer Initialization *** 1245

12 1 Zhao Hui et al. :
REF
’ % e
o | + ~ OouT
K,/ls
K,d
%IN IN
Fig. I A generic linear model for PLL

grator of phase and the output phase can expressed

b(1) = w(r) + IK\-K(.{ﬁ)d.f,+ P(0),t =0(1)

where w: represents the nominal VCO frequency in
radians per second, and K. represents the VCO
gain in radians per second per volt. The phase de-
tector output is given by

Vi= Kuf (®) (2)
w here

b= ¢&- &/N (3)
which is the loop phase error, and N is the feed—
back divider ratio.

As for a charge-pump PLL, the output current
of the charge-pump can be expressed as'""

ip= Isgn(7) (4)
where I, is the reference current of the charge-
pump, Tis the time interval of UP/DOWN signals,
whose value is determined by ®, and sgn( *) is the
sign function.

Then the PFD gain Ky is proportional to the
charge-pump output current and the time interval
of the UP/DOWN signals and can be expressed as

Ku= Vi/f () = i,2(5)/f (D) (5)
where Z(s) is the load looking at the output of the
charge pump circuit. Then the control voltage of
the VCO is given by

Ve= VaH (s) = i, Z(s)H (s) = i,H '(s) (6)
where H (s) represents the transfer function of the
loop filter.

From Fig. 1, we can write the closed loop

transfer function as

(k il B v/
Hou(s) = @- KlH(G)K /s (7
' 1+ AI,KWIH(S)K\-/S

Taking the absolute value of the open loop gain

H.(s)= KwH (s)K./(Ns) with s= jw, one can find
out what the bandwidth of the system a» is when
| H.(jw)| equals to 1. The result is that the band-
width of the system is proportional to the charge
pump output current. And the settling time ap-
proximates to — Ine/w"”, where € represents the
settling accuracy. T hus, if the charge-pump current
can be changed during operation, then the perfor-

mances of the PLL can be changed also.

3 CPPLL circuit design

As mentioned in section 2, the charge-pump
current is a key factor influencing the performances
of the CPPLL such as the bandwidth, the tracking
speed, and the noise performances of the PLL.

The architecture of the designed charge-pump

PLL circuit is shown in Fig. 2.
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Fig.2 Block diagram of the designed CPPLL
3.1 Power supply generator

Because the charge-pump current is a key pa-—
rameter in the design of PLLs or frequency synthe-
sizers, it should be insensitive not only to the
changes of power supply and temperature, but also
to the power supply noise. The power supply gen-
erator is used here to generate a supply voltage

with 1.8V for analog part'®.
3.2 Charge-pump circuit

The charge-pump circuit consists of a current
reference circuit and a current output circuit'®. The
design in Ref. [ 6] is shown in Fig. 3(a). the cur-

rent generated by current reference circuit is mir—
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rored to the current output circuit and sources cur—
rent to or sinks current from the loop filter accord-
ing to the signals UP and DOWN. The current mir-
rored to the current output circuit can be adjusted
through the branches MN2, MN3, and MN4 con-
trolled by switches. The switch under MN1 is al-
ways on in order to match the other switches.

But there is a drawback in the above struc-
ture, that is whether MN2, MN3 and/or MN4 sink
current or not, the total current draw from the
power supply through MP1 is fixed with the maxi-
mum value. Thus some extra power is dissipated
when switches S2,S3, or S4 are on.

The improved structure is shown in Fig. 3(b) .
When switches S2, S3, and S4 are off, there is no
more extra current drawn from power supply, and

then no more power is dissipated.
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Fig. 3 Charge pump circuit structure (a) Charge

pump circuit structure in Refl. [6]: (b) Improved

charge pump circuit structure
3.3 Loop filter with initialization circuit

When the power is off, the output control

voltage of the loop filter is zero. If a down signal of
PFD is first generated after the power on, the out—
put control voltage of the loop filter should de-
crease, but the voltage value cannot go down below
zero. So an initialization circuit is added to the loop
filter (see Fig. 4). A Schmitt flipflop with two
threshold voltages of 0.5V and 0.95V is used to
sense the control voltage on the loop filter. When
the power on, a pulse signal RESET is generated,
INIT signal is active, loop filter is initialized by
MNI1, MN2, and MP1. When the control voltage
reaches 0. 95V (about half of the power supply),
Schmitt  flipflop of

Schmitt flipflop disables the initialization opera-

togegles, then the output

tion even though RESET is high. This configura-

tion can speed up the PLL system.
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Fig. 4 Loop filter with initialization circuit

3.4 Multi-modulus prescaler

To achieve high-speed and low power design,

it is desirable to minimize the amount of circuitry
operating at high frequency. Based on traditional

[7- 9]
prescaler , a

dual-modulus multi-modulus
prescaler is designed as shown in Fig. 5(a), which
consists of a synchronous divide-by-2/3 counter as
divide-hy-32

counter as the second stage, and a controlled logic

the first stage, an asynchronous
stage.

The operation of the controlled logic is ex—
plained as follow. When D3~ Do are zeros and then
MC is one, the first stage does divide-by=2 only,
and the total division ratio is 64. The signal Yi is
determined by the outputs of F3, F4, F5, and F6

(the timing diagram is shown in Fig. 5(b)). The
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Fig. 5 Multi-modulus prescaler (a) Multi-modu-
lus prescaler block diagram: (b) Timing diagram of

the prescaler

signal Yi generates a signal pulse with 2'~clock cy—
cle in 16 clock cycles of X2, which is the output of
the first division stage, and is non-overlapped each
other. Zo is the combined cycle of n clocks accord—
ing to Di, where n= D3 X2+ D2X2+ D1 X2+ Do.

Combined with the signal Zi, which is one-fourth
of 32-clock cycle of X2, MC generates a zero signal
pulse of n clocks in this 32-clock cycle and a single
clock period of IN is swallowed. This makes the
first stage as a divide-by-3 divider (see X2 in Fig.

5(b) ). thus the prescaler functions as a divide-hy-
(64+ n) divider. Afterward the divide-by-2 action

is resumed. T herefore, the prescaler’s division ratio

is given by
N= 64+ D3 X2+ D2 X2+ D X2'+ Do X2°
(8)

3.5 Other circuits of the CPPLL

The VCO is a ring oscillator, which is made up
of a four-stage cross—coupled differential delay
cells, buffers, and D2S (differential to single) cir-
cuit. The PFD used in this work takes the form de—

scribed in Ref. [ 10].

4 Experimental results

The whole chargepump PLL circuit was de-
signed using SMIC 0. 18um 1.8V standard digital
CMOS process. The circuit was simulated using
typical, fast, and slow models. The simulation tool
is Hspice.

The power supply generator was simulated
with the temperature swept from 0°C to 100°C, and
the power supply voltage swept from 1.44V to
2.16V (20% changes in VDD) during simulation.
The output voltage is about 1. 8V and changes lit—
tle'®.

The current of the charge-pump reference cir—
cuit was simulated swept from 0C to 100°C with
switches on or off, the output current can be
changed from 7.5uA to 82uA, and the temperature
coefficient of the output current at 25°C is about
+ 0.02% change/C or + 200ppm/C.

The VCO can be tuned from 800MHz to
980M Hz, the control voltage is from 0.75V to
1. 45V,

Then, the whole PLL is simulated. The output
control voltage of the loop filter is shown in Fig. 6.
There are two results for charge pump current
with the value of 82uA, one is for 827M Hz output
frequency and the other is for 961M Hz output fre-
quency of the VCO. Also shown in the figure is an—
other analysis with the charge pump current value
of 47uA.The FFT analysis is shown in Fig. 7.

According to the analysis in section 2, the

bandwidth of the PLL system is one of the most
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Fig. 6 Transient analysis of the control voltage for

VCO of PLL
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Fig. 7 FFT analysis of the PLL

important performance and its value is proportional
to the charge-pump current, and the transient char-
acteristics of the PLL such as settling time is a
function of the bandwidth, that is with the larger
bandwidth, the settling time is shorter. From the
simulation result, it can be seen that the design
verifies the analysis in section 2, and the design
idea using the current-adjustable charge-pump cir-
cuit to change the performance of the PLL is appli-
cable.

Figure 8 shows the chip photo of the designed
PLL.

S Conclusion

In this work, a 900MHz charge-pump PLL
with adjustable pump current and on—chip loop fil-
ter is presented. The output reference pump cur—

rent is designed to be insensitive to the changes of

EEEEE

Fig. 8 Chip photo of the designed PLL

the temperature. A power supply generator is used
to generate the supply voltage for the analog cir-
cuits: this generated voltage is insensitive to the
chaneges of the temperature and power sunnlv. And
thus the output pump current of the charge-pump
circuit is also insensitive to the changes of power
supply. An initialization circuit is added to the on-
chip loop filter to speed up the PLL when power is
on. The whole circuit was designed using 0. 18um
1. 8V standard digital CMOS process, and the sim-
ulation results show that the performance of the

circuit is satisfied.
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