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Abstract— In this paper, the temperature
characteristics of full CMOS FLL(frequency locked
loop) are analyzed. The FLL circuit is used to generate
an output signal that tracks an input reference signal.
The locking time of FLL is short compared to
PLL(phase locked loop) circuit because the output
signal of FLL is synchronized only in frequency. Also
the FLL is designed to allow the circuit to be fully
integrated. The FLL circuit is composed two FVCs,
two buffers, a VCO and two frequency dividers. The
temperature variation of frequency divider, FVC and
buffer cancelled because the circuit structure is the
same and the temperature effect is cancelled by the
comparator. Simulation results are shown to illustrate
the performance of the designed FLL circuit with
temperature.

Index Terms— frequency locked loop, frequency-
to-voltage converter, temperature stable characteristics,
voltage controlled oscillator,.

I. INTRODUCTION

A PLL circuit is an important electronic block
widely used in many integrated circuits. It is used in
systems involving automatic control of frequency or
phase, such as communication systems, frequency
synthesis circuit and telemetry systems[1]. APLL is a
feedback loop comprised of a phase detector, low pass
filter and VCO(voltage controlled oscillator)[2]. The
output voltage of the phase detector is the phase
difference between the input signal and the VCO
output signal. The high frequency components are
removed by the low pass filter. And then the output of
the low pass filter is amplified and applied as the
control voltage of the VCO. However the PLL can’t be
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fully integrated because the low pass filter has to be
implemented externally with discrete components.

A FLL is similar to a PLL in the way that it
generates an output signal which tracks an input
reference signal. But the FLL circuit has a simple
structure compared to PLL which contains a
FVC(frequency-to-voltage converter), VCO and an
opamp(operational amplifier). The operation of FLL
circuit is based on frequency comparison by the two
FVC circuit blocks. It generates an output signal
which tracks an input reference frequency. The
designed FLL circuit is based on frequency
comparison by the FVC which does not required the
charge pump and the low pass filter[3,4]. Therefore
the designed FLL can be integrated on the one chip.
The architecture of FVC circuit is built on the charge
redistribution  principle based on  switching
capacitor|5].

This work describes temperature characteristics of
the proposed FLL circuit. In Section II the output
characteristics of FLL circuit are described. In Section
III the simulation results of FVC, buffer and
comparator will be shown with temperature. Finally,
the conclusions show in Section IV.

II. FLL CIRCUIT IMPLEMENTETION

Fig. 1 shows the block diagram of the FLL circuit.
The FLL circuit is composed of two FVCs, two
buffers, a VCO, and two frequency dividers. First, the
frequency of the input signal is divided by 2" and
converted to a voltage by the FVCI1[3]. The converted
voltage, Vg pvci, is linearly dependent on the
frequency of the input signal. The output of the VCO
is divided by 2™ in the same way. And the frequency
information is converted to the voltage signal, Vo ryca,
by the FVC2. The buffer is used for driving which is
implemented an opamp. The voltage difference
between Vyy; and V), is then amplified by the opamp
and the output voltage of the opamp, Viy yco, is
employed to control the output frequency of the VCO.
The voltage Vyp will increase or decrease until the
frequency of Vo rvc: becomes equal to the frequency
VREF-
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Fig. 1 Block diagram of the FLL circuit

The performance of the designed FLL circuit is
shown in Fig. 2 at the room temperature[3]. From
simulation results, the time required for the FLL to
adjust the output frequency to a change in the input
frequency from about 40MHz to 60MHz is about 10
input pulses. Fig. 2 shows the ratio output
frequency and input frequency when the input
frequency is varied from 40MHz to 60MHz. From
the simulation results when the input frequency is
varied in range from 41.7MHz to 58MHz the error
can be neglected.
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Fig. 2 Four/Fin with input frequency

L TEMPERATURE CHARACTERISTICS
OF FLL CIRCUIT

Fig. 3 shows the output frequency of the designed
FLL circuit with temperature. The output frequency
decreases with increase of temperature. Because the
electrical characteristics of CMOS are degrade with
increase of temperature such as threshold voltage and
saturation drain current. Fig. 4 shows the error of the
output frequency with temperature and the error is
calculated as follows:

Freq.(temp.) — Freq.(25°C)
Freq.(25°C)

Error =

x100%) (1

When the temperature is varied from 5°C to 65°C,
the variation of output frequency is about from 5.7%
to -7.7%. Flg S(a) shows Voi}:vc1 and VO_FVCZ, the

output voltages of FVC, with temperature and Fig.
5(b) shows the variation rate of Vg pver and Vg pyer
with temperature. The variation rate is calculated as
follows:

V()iFVC (temp.) - VoiFVC (25°C)

v, .= x100(%) (2)
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Fig. 4 Error of output frequency with temperature

When the temperature is varied from 5°C to 65°C,
the variation rate of Vo pyc) is about from 1.86% to -
2.26%. And the variation rate of Vg pycy is about
from 1.36% to -2.78%.

Fig. 6(a) shows the variations of Vy; and Vs,
the output voltages of buffer, with the temperature
and Fig. 6(b) shows the variation rate range from
5°C to 65°C.
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3 Fig. 8 shows the calculation results from eq. (4), eq.
5 (5) and eq. (6). The variation rate of comparator, F2-
. . Ve F1, is nearly zero with temperature.
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Fig. 6 Output voltages of bufferl and buffer2 with
temperature (a) output voltage (b) variation rate
of output voltage

temperature range from 5°C to 65°C. Because the
VCO circuit input voltage, Viy vco, is obtained by
subtracting Vy; from Vy,. From these results, to
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obtain temperature stable characteristics of FLL
circuit the VCO has the temperature stable
characteristics. Because the output voltage change
of FVC and buffer can be cancelled with
temperature.
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Fig.8 Variation rate of buffer output voltage
difference with temperature

Fig. 9 shows the proposed VCO circuit[3]. The
output frequency of the VCO is calculated as
follows:

VIN;VCO /RS 1

CIX(Vagrs = Vagrs)  RSCIXAV

Jo

Vrer1 and Viggr; are the oscillation peak voltage
of the VCO. If the multiplication of 1/R5, C1, the
difference of Vrgr; and Vygr is constant in eq. (7)

with  temperature the temperature stable
characteristic can be obtained.
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Fig. 9 VCO circuit

For obtaining constant RCAY with temperature
the reference voltage difference, AV, have to be
controlled[5].

IV. CONCLUSIONS

The temperature characteristics of the proposed
FLL circuit are analyzed. The circuit was designed
by 0.35um CMOS process and simulation carried
out with HSPICE. The temperature variation of FVC
and buffer was cancelled because the circuit structure
is the same. Also the temperature effect is cancelled
by the comparator. Therefore the temperature stable
FLL can be obtained if the VCO will be designed the
temperature independent characteristics.
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