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Ultra Low Power Sensor Networks

| Short bursts of activity between long idle periods |

 ADC specifications

Resolution 12 bits 8 bits
Sampling rate 0-100kS/s | 0-200kS/s
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Scalable, Low-Power SAR ADC
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Normalized Power-Delay (J/J)
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1) Noise limitations

2) Biasing, settling time:
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3) Distortion (in SAR):
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Sample Rate Scaling
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Self-Timed Bit-Cycling
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Resistance

Switch Resistance

Input Voltage

Common Mode Independent Sampling

Set common mode by

Gate hoosted| | resetting capacitors and only

sampling differential signal
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Preamplifier Common-Mode Rejection

Input Offset VS Auto-Zeroing Voltage

Auto-zeroing Voltage (V)
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Scalable Comparator
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Regenerative amplifiers

SLEEP—l% °‘|E7 SLEEP_|E7 are more efficient than
linear stages




Preamplifier Optimization

Power-Delay VS Auto-Zero Clock Cycles
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Reduce the auto-zeroing noise at the cost of
increased settling time
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Offset Compensating Latch
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Offset Compensating Latch
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Offset Compensating Latch
(Auto-Zero Phase ll)
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Offset Compensating Latch
(Auto-Zero Phase)
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Offset Compensating Latch
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Offset Compensating Latch
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Prototype ADC
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Measured DNL/INL
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Measured SNDR

SNDR VS Input Frequency
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Measured Power

Block(s) Simulated Power | Measured Power
SAR, Switch Matrices 8.7uW 8.4uW
Charge Pumps 0.39uW 0.38uW
Pre-Amplifiers 4.9uW 5.8uW
Latch 3.9uW 5.2uW
Ref. Supply 9.9uW 9.3uW
Total 23.8uW 25uW

12b mode, 100kS/s




Performance Summary

8 Bit Mode 12 Bit Mode
Process 0.18um CMQOS, National Semiconductor
Area 900um X 700um
Voltage Supply 1V
Clock Frequency 4MHz 2MHZz
Resolution 8 Bits 12 Bits
Maximum Sampling Rate 200kS/s 100kS/s
Power Consumption 19uW @ 100kS/s 25uW @ 100kS/s
(at?\lr;ztl?ist) 49.7dB (F,,=100Hz) 65.3dB (F,,=50Hz)
(atlilr;gt?ist) 7.96 Bits (F,,.=100Hz) 10.55 Bits (F;,,=50Hz)
SFDR

(at Nyquist)

63.2dB (F,.=100Hz) 71dB (F,=50Hz)
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Conclusions

 Ultra-low power SAR ADC
(FOM: 165fJ/conv.step)

* Absence of active linear blocks and analog
switches allows low supply (1V)

» Offset compensating regenerative latch
efficiently eases linear gain requirement
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