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Before we begin

e Qutline
— Low resolution ADC architectures

— The pipelined ADC architecture
— The open-loop amplifier
— Simulation results

e Assumptions
— Simulation is a good indicator of actual performance
— The power dissipation in an ADC should be dominated by thermal noise

« Main message of this talk
— Reducing parasitic capacitance is the key to high efficiency low resolution

ADCs.
— A pipelined ADC with switched open-loop amplifiers is an efficient
architecture for low resolution ADCs

e Our contribution
— Turning open-loop amplifiers off during sampling reduces power by 23%
— Using 65nm CMOS technology reduces parasitic capacitance, and allows

small sampling capacitors © NTNU
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Low resolution ADC architectures
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Pipelined Architecture
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Highlights:

- 65 nm LP CMOS Technology

- Switched capacitor implementation
- 50fF sampling capacitors

- Six 1.5 bit stages + 1.5 bit Flash

- Four phase clock generator

- Switched open-loop amplifiers

- Transmission gates as switches

- Digital error correction in MATLAB

Not Included:
- Reference buffers

- Stage 1 | Stage 2
- Input buffers and antialias filter Multiply
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Open-loop amplifier
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This work Pipelined w/OL 65 ~6.3 200 ~ 1.6 fJ/step

Chen06 [1] Asynch. SAR . 5.3 600 5.7 fJ/step

Shen07 [2] Pipelined w/OL 5.35 800 59 fJ/step
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Conclusion

« Reducing parasitic capacitance is the key to high efficiency low
resolution ADCs. Use technologies with low parasitic
capacitance, like 65 nm CMQOS technologies

« A pipelined ADC with switched open-loop amplifiers is an
efficient architecture for low resolution ADCs

Turning open-loop amplifiers off during sampling reduces power
dissipation
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ADC Figure of Merit
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Thermal noise power

« Thermal noise power in switched-capacitor circuits is given by

kT

2 _
V;fhermal = a X C

« Sampling capacitor needed to achieve thermal noise power of
one fourth of the quantization noise power is given by

B 48kT22bits

C =5

max

Thermal noise limited: Double the accuracy — Four times the power
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Parasitic Capacitance

Parasitic Capacitance: Any capacitance not required by the
operation of the circuit.

Parasitic capacitance in current nanoscale technology can
exceed 10fF per node

Required input capacitance for thermal noise power at one
fourth the quantization noise power at 6-bit level

0°C 80°C
Vmax = 0.4V 4 6fF o6fF

Difficult to get input capacitance down minimum required at 6-bit level
Use technologies with low parasitic capacitance like 65nm CMOS
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