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Mapping from a DWA Algorithm into Circuit
for Multi-bit Complex Bandpass AYAD Modulators
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Abstract - This paper presents circuit design to implement our proposed data-weighted averaging (DWA)
algorithm to improve the SNR. and resolution of multi-bit complex bandpass AXADCs for wireless communica-
tion systems such as cellular phone, wireless LAN and Bluetooth applications. Oversampling and noise-shaping
are used to achieve high accuracy of a AXAD modulator. However when a multi-bit internal DAC is used
inside a modulator, nonlinearities of the DAC are not noise-shaped and the SNR of the AXADC degrades. For
the conversion of complex intermediate frequency (IF) input signals, a complex bandpass AXAD modulator
can provide superior performance to a pair of real bandpass AYAD modulators of the same order. Hence we
have already proposed a new noise-shaping algorithm to reduce the effects of nonlinearities in multi-bit DACs
of complex bandpass AYAD modulators, and in this paper, we will describe its circuit design to implement a
whole multi-bit complex bandpass AXADC.
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Fig.1: A bandpass AXAD modulator and its equivalent
block diagram. X(z) (Ain) is an analog input, Y (z)
(Dout) is a digital output, E(z) is quantization noise of
an ADC, and §(z) is nonlinearity of a DAC.
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Fig.2: (a) Complex bandpass AX AD modulator block
diagram. (b) An example of a complex bandpass filter.

(c) Gain characteristics of Fig.2 (b).
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Fig.3: (a) A current-steering segmented DAC with 9-level

resolution. (b) A current-steering segmented DAC with
9-level resolution in a ring form. Here eg,e1,...e6 and er

denote current source mismatches.
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Fig.4: Explanation of the proposed algorithm. The unit-
current-cells in ON state are filled in black for a real
part (I-path) and in gray for an imaginary part (Q-path),
when the complex input data are sequentially given by
4+3j, 245j, 3+, 6+2j, ...
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Fig.5: Complex bandpass AYXAD modulator with DWA
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Fig.8: The operation state of logic circuits while output
of 2ch ADCs are 4+3j in complex mode. (a) In DWA
logicl, current cell 0, 1, 2, 3 of DAC1 are ON. (b) In

DWA logic2, current cell 0, 1, 2 of DAC2 are ON.
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Fig.9: The operation state of logic circuits while output
of 2ch ADCs are 2+5j in complex mode. (a) In DWA
logicl, current cell 4, 5, 6, 7, 0 of DAC1 are ON. (b) In
DWA logic2, current cell 2, 1 of DAC2 are ON.
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Fig.10: The operation state of logic circuits while output
of 2ch ADCs are 3+j in complex mode. (a) In DWA
logicl, current cell 0, 1, 2 of DAC1 are ON. (b) In DWA
logic2, current cell 2 of DAC2 is ON.
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Fig.11: The operation state of logic circuits while output
of 2ch ADCs are 6+2j in complex mode. (a) In DWA
logicl, current cell 3, 4 of DAC1 are ON. (b) In DWA
logic2, current cell 2, 1, 0, 7, 6, 5 of DAC2 are ON.
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