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Ultra Low Power Sensor Networks
• Nodes are intelligent, autonomous, and ubiquitous

Short bursts of activity between long idle periods

• ADC specifications
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Scalable, Low-Power SAR ADC 
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Low Voltage Challenges
1) Noise limitations

2) Biasing, settling time:

3) Distortion (in SAR):

Active circuits 
don’t require large 

linear range
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Sample Rate Scaling

Noise                      .

(αIB/2)(2ROUTCOUT) = (αIB)(ROUTCOUT)(αIB)(ROUTCOUT)Power-Delay (gmτ)

Bias TrimmingPower-Gate

Clock-gate to 
scale digital 

power. Power-
gate to scale 
analog power
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Sampling rate is 1/2 maximum



Self-Timed Bit-Cycling

tPAMP is longer by tCK/2 + tCK-Q - tLOGIC - tLATCH

If latch doesn’t 
resolve in time, bit 
decision is forced

Adopted from [G. Promitzer, ESSCIRC, 2000]
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Common Mode Independent Sampling

Set common mode by 
resetting capacitors and only 
sampling differential signal 
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Preamplifier Common-Mode Rejection

Auto-zero preamplifiers 
to voltage of critical SAR 

decisions
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Preamplifier Optimization

v2
no,tot    1/CL + 1/CAZ,tot

1/K = τbit-cycle/τAZ = ROUTCL/ROUTCAZ,tot = CL/CAZ,totFor K auto-zero cycles:

∑ GMτi = KGMROUTCAZ,tot + 12GMROUTCL
i=1

K+12
Power-Delay:

CAZ,tot = CAZ+CL

~1.5 clock cycles 
is optimal
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Reduce the auto-zeroing noise at the cost of 
increased settling time



Offset Compensating Latch

Regenerative
loads

Input devices

Biasing sources
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Close SCSCD, SDIFFMD, 
SFB

• VSRC1=VSRC2
• Bias M3,M4, 
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Offset Compensating Latch
(Auto-Zero Phase I)

Purpose:
Bias M3, M4 so 

VSRC1=VSRC2



Open SCSCD, SDIFFMD
• VHG1, VHG2 are high 

impedance
• Branch currents 

change due to 
offsets

• Feedback loops
restore currents
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Offset Compensating Latch
(Auto-Zero Phase II)

Purpose:
Bias M3, M4 so 

VSRC1=VSRC2



Offset Compensating Latch
(Auto-Zero Phase)

Feedback block

Reduces offset, VOS1,2, at VSRC1,2 by ≈ 1/gmro

RSRC ≈ ro3,4 ; RCSCD ≈ gm1,2ro3,4ro1,2

vsrc1,2 ≈
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Loads are held stable 
for given branch 

currents

•Input voltages appear 
at source nodes
•Branch currents are 
set only by M3 and M4

Offset Compensating Latch
(Reset-Resolve Phase I)
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Offset Compensating Latch
(Reset-Resolve Phase II)
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•Opening SR and SAUX
makes loads metastable
•Closing SDIFFMD perturbs 
the branch currents 
depending on the inputs

Input is applied to 
regenerative loads by 
shorting source nodes



Prototype ADC
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Measured DNL/INL

+0.58LSB
-0.66LSB

+0.68LSB
-0.56LSB



Measured FFT

FS=100kS/s, FIN=48kHz
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Measured Power

25µW23.8µWTotal

5.3µW5.9µWRef. Supply

5.2µW3.9µWLatch

5.8µW4.9µWPre-Amplifiers

0.38µW0.39µWCharge Pumps

8.4µW8.7µWSAR, Switch Matrices

Measured PowerSimulated PowerBlock(s)

12b mode, 100kS/s



Performance Summary

71dB (Fin=50Hz)63.2dB (Fin=100Hz)SFDR 
(at Nyquist)

10.55 Bits (Fin=50Hz)7.96 Bits (Fin=100Hz)ENOB 
(at Nyquist)

65.3dB (Fin=50Hz)49.7dB (Fin=100Hz)SNDR 
(at Nyquist)

25µW @ 100kS/s19µW @ 100kS/sPower Consumption
100kS/s200kS/sMaximum Sampling Rate
12 Bits8 BitsResolution
2MHz4MHzClock Frequency

1VVoltage Supply
900µm X 700µmArea

0.18µm CMOS, National SemiconductorProcess
12 Bit Mode8 Bit Mode



Figure-of-Merit
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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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