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All-Digital Calibration Technology for Time-Interleaved ADCs to Achieve Balance
between High Speed and Downsizing
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There is a strong requirement to increase the speed of operation of analog-to-digital converters (ADCs) in large-scale integrations (LSIs) for wireless
communication systems to respond to the improvements achieved in system transmission speeds and data rates. A time-interleaved ADC (TI-ADC) using
multiple sub-ADCs that operate in parallel has been attracting attention as a solution for the realization of faster conversion. However, the higher
manufacturing cost of conventional TI-ADCs, due to the need for large-scale digital calibration circuits to rectify differences in the performance of
individual sub-ADCs that occur as a result of the manufacturing process, is a serious issue.

Toshiba has developed a compact all-digital calibration technology to drastically reduce the area occupied by conventional calibration circuits
while maintaining the calibration accuracy of TI-ADCs, by subtracting harmonic signals caused by differences in the performance of sub-ADCs from
the digital output signals. We have conducted simulation experiments using a model of a 10-bit TI-ADC with four sub-ADCs for next-generation wireless

communication systems, and verified that this technology reduces the amount of digital calibration circuits required by about 80%.
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Block diagram of TI-ADC with two sub-ADCs
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Timing diagram of TI-ADC with two sub-ADCs
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Spectrum of digital output signal of TI-ADC with two sub-ADCs having per-
formance mismatch
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Area-efficient digital calibration circuit
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Pseudo harmonic signal generator
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Transient waveform of pseudo harmonic signal generated by digital cali-
bration circuit
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Spectrum of digital and calibrated output signals of TI-ADC with four sub-ADCs
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Comparison of amount of hardware of conventional and newly developed
digital calibration circuits for TI-ADC with four sub-ADCs
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