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Frequency-to-voltage converter (FVC)

1. Introduction

The reference clock generator is a crucial component of digital circuits. The quartz crystal oscillator is the most common
clock reference; it provides stability when there are variations in the process, temperature, and supply voltage. However,
the oscillator increases the area and cost of the clock generator system. Therefore, investigations of on-chip crystal-less
clock generator references are useful, especially for minimizing the area and cost of the devices in which they are used.
The types of oscillators include inductor-capacitor (LC), resistor-capacitor (RC), and ring oscillators. Among them, LC oscil-
lators consume the most power and provide a frequency accuracy on the order of parts per million. RC relaxation oscillators
provide frequency stability; however, they typically require external resistors, which leads to an increased chip area. A com-
plementary metal-oxide semiconductor (CMOS) ring oscillator can achieve low frequency variation without any external
components. Moreover, CMOS ring oscillators are more effective for realizing a moderate-accuracy frequency reference [1].

As shown in Fig. 1, the performances of oscillator and buffer circuits will be affected by variations in process and tem-
perature. To achieve stable oscillator output frequency in the presence of process and temperature variations, the immu-
nity against process and temperature variations has become a key point of consideration in the design of oscillators. Over
the past few decades, miscellaneous methods such as those involving switched-capacitor circuits, cascaded time-to-voltage
conversion, integration and holding, successive approximation, and counter-based circuits have been presented for imple-
menting frequency-to-voltage converters (FVCs) [2,3]. The design of a frequency-locked loop (FLL) is similar to that of a
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Fig. 1. Oscillator with the immunity of process and temperature variations.
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Fig. 2. The architecture of the proposed crystal-less clock generator.

Vl)l)

M, M, M; My
Tu i Ju Tu | o
VCTRLO_l 050 0.5u |_><-| 0.50 05u Verre

OUTB o o OUT
Ms M

M, Mg
32 °_| 23u 23u |_° 320
05 IN 0.5u 0.5u INB

0.5u

=

Fig. 3. The circuit architecture of delay cell.
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