A 7-bit VCO-based ADC
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Introduction

A Voltage-Controlled Oscillator (VCO) based Analog-to-Digital Converter (ADC) 1s a novel architecture that utilizes the linear relationship
between the VCO's input voltage and its output frequency for signal conversion.This project presents the design of a 7-bit VCO-based ADC. The
architecture employs a highly linear VCO to linearly convert an analog voltage signal into a frequency signal. Subsequently, a counter-based
Frequency-to-Digital Converter (FDC) 1s used to linearly transform the frequency signal into a digital code.

Architecture and Operation
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Figure. (1) presents the overall architecture of this design. It |
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Figure. (2) illustrates the circuit diagram of a linear VCO
designed to achieve linearity through the superposition of MOS Figure. (1) Overall block diagram of the VCO_based ADC
capacitors. When the control voltages Vcontn and Vcontp are

increased simultaneously, the gate-to-source voltage of the NMOS
decreases, while that of the PMOS increases. Consequently, the ‘[>c Vout {>c {>c
capacitance contributed by the N-type I-MOS varactor decreases,

whereas the capacitance from the P-type I-MOS varactor increases. Mt ;J—-r %ET[ M“E'JJ‘T 1J—-FMpz M‘nﬂJ—-L‘ ’j—-ﬂlps
By superimposing the C-V curves generated by both varactors, the T — | a '

non-linear regions of the individual I-MOS varactors effectively — ) )

cancel each other out, resulting 1n a significantly more linear overall = Veo

C-V characteristic. Figure. (2) Schematic of the VCO

Experimental Results Conclusion

This project, based on T18 process, implemented and taped-out a
7-bit VCO-based ADC. The core design achieved linearization by

0145 M superimposing the C-V curves of N-type and P-type I-MOS varactors.
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speed failed to meet the specifications.

‘ | A key trade-off was identified in the counter-based FDC
0 " ey o architecture: increasing the ADC speed requires a wider VCO
Figure. (3) The Layout Figure. (4) Post-sim FFT spectrum frequency range (fmax—fmin), which in turn sacrifices the VCO's
linearity. This limitation resulted in a low ADC speed (< 1MHz)
Power Supply(V) | 1.8 g 3 despite a high-frequency VCO (300-400MHz), leading to significant
Power(mW) NA 10.65 9.18 power 1nefficiency.
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specification Spec. Pre-zim(tt) Post-sim(tt)

Speed (MHz) 1 0.5 03 The chip 1s currently awaiting measurement. Future work should
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focus on improving the FDC design to better capitalize on the high

Chip s1 n2 NA 0.996*0. 8267 . . . . .
psizemm’2) sampling rate potential inherent in VCO-based architectures.

Figure. (5) Spec and overall performance
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