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1S-7: Non-Binary Cyclic ADC with

Correlated Level Shifting Technique

Low cost and PVT robust ADCs are  required.

Previous work:
Proposed a non-binary cyclic
ADC architecture which is 
robust to PVT variations.

Design challenge of this work:
Propose Correlated Level Shifting(CLS) technique for cyclic ADC

• Extend the output swing of ADC in low supply voltage.
• Achieve higher SNR with small sampling capacitors.
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Robustness of Proposed  Non-binary Cyclic ADC

Radix of ADC can be realized

by capacitor ratio.
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Simple circuit architecture:

● 1-bit ADC/DAC

● Amplifier with gain of β

𝑅𝑎𝑑𝑖𝑥 =  𝐶𝑠 + 𝐶𝑓 𝐶𝑓

𝑉𝑟𝑒𝑠 =
𝐶𝑠 + 𝐶𝑓

𝐶𝑓
𝑉𝑖𝑛 ±

𝐶𝑠
𝐶𝑓

𝑉𝑟𝑒𝑓

𝑉𝑟𝑒𝑠 = 𝛽𝑉𝑖𝑛 ± (𝛽 − 1)𝑉𝑟𝑒𝑓
The redundancy of non-binary conversion 

tolerates the op-amp and comparator offset.
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MDAC operation with CLS technique

Estimation mode Level shifting modeSampling mode

The output swing range of the MDAC can be expanded to 
achieve higher SNR with small C in low supply voltage.

𝑆𝑁𝑅[𝑑𝐵] = 10𝑙𝑜𝑔10
𝐶𝑉𝐹𝑆
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Problem

Approach

We have solved charge redistribution problem, And the output 
swing range of the MDAC is extended.
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Residue voltage is changed due to charge redistribution.

Proposed CLS technique for Cyclic ADC1S-7
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Implementation and Measurement Results
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CLS ON @VFS=1.8Vppd

・The output swing of  the ADC can 
be doubled by using CLS technique.

・Measurement results validate 
the effectiveness of  proposed   
CLS technique.
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