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Fine CMOS ⇒ High Speed （Time domain resolution)
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Position of Analog Technology
in Modern Electronics

● Digital technology is great !

● Today, 

analog technology is 

for digital technology.

Cooperation between analog and digital 
is important !
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Digital Signal Feature （1）
Discrete Time（Sampling）

― analog signal

● sampled point

Ts = 2π / ωs

Take sampled points and discard the others.

time
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Digital Signal Feature（2）
Amplitude Quantization

― analog signal

― digital signal

Ts = 2π / ωs

Amplitude rounding 
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4 Regions for Circuit Design

Analog in nano CMOS era          Use all 4 regions

Region１： Good for bipolar
Region ２，３，４： Good for CMOS

Region １

Analog

Region 3

TDC, PWM

Region 2

Switched Cap. Sampler

Region ４

Digital

Continuous Time Discrete Time

Continuous
Amplitude

Discrete
Amplitude

Statement of this paper
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Frequency Estimation Sampler System

Giga Hertz order

kHz order  sampling frequencies

unknown 

fin

RC

polyphase

filter estimate 

fin
Chinese

remainder
theorem

Complex

FFT

Complex

FFT

Complex

FFT

sampler

sampler

sampler

f s1

f s2

f s3

f s1, f s2, f s3 are prime numbers.

Based on residue number system
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Time-to-Digital Converter (TDC)
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Conclusion

In nano CMOS era, 

analog/mixed signal IC design should use

all of 4 circuit design regions.

Analog & digital signal processing

Good performance, low power,

low cost, fast turn around time

can be achieved.
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