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A Second-order DWA Algorithm
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Abstract - This paper investigates a second-order data-weighted averaging (DWA) algorithm for multi-bit
lowpass AYXAD modulators. 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. To overcome this problem, several algorithms to
noise-shape the DAC nonlinearities have been proposed; many of them perform the first-order noise-shaping
but in this paper we investigate a second-order noise-shaping algorithm. Our Matlab simulation shows the

effectiveness of the algorithm, and also we show its switched capacitor circuit implementation method. We plan

to extend the second-order DWA algorithm for multi-bit complex bandpass AY. modulators.
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Fig 1: A Lowpass AXAD modulator and its equivalent
block diagram. X(z) (Ain) is an analog input, Y(z)
(Dout) is a digital output and E(z) denotes quantiza-
tion noise of an ADC, while 6(z) indicates nonlinearity
of a DAC.

Vref
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5o Vout

Fig 2: A segmented switched capacitor DAC with 9-
level resolution, where eg, e1, ..., €6, €7 indicate capacitor
mismatches. (a) Circuit topology. (b) Operation phase 1:
some capacitors are charged to V.., where the number of
the charged capacitors is equal to the DAC input value.
(c) Operation phase 2: the stored charges are transfered
to Cref~
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Fig 3: (a) A first-order lowpass DWA architecture. (b)
Its equivalent block diagram.
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Fig 4: A switched capacitor DAC with 9-level resolution
in a ring form. Here e, e1,...e6 and e7 denote capacitor
mismatches.

Fig 5: (a) A second-order DWA architecture. (b) Its
equivalent block diagram.
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Fig 6: Explanation of the second-order DWA algorithm
when the input data are sepuentially given by 3, 4, 2, 5,
6, 1, 2, 3, 3,... “47 cells correspond +1 operation, and
“4+47 cells correspond +2 (multi-clock) operation while
“7 cells correspond -1 (negative) operation.
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Fig 7: Explanation of +2 (multi-clock) operation. (a)
First charge into a capacitor C. (b) Its first transfer to
Cref. (c) Second charge into a capacitor C. (d) Its second
transfer to Creg. Vout is two times of —(C/Chref)Viey.
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Fig.9: Simulated modulator output spectrum to show the

effectiveness of the second-order DWA algorithm.
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Fig 8: Explanation of “-1” (negative) operation. (a) A
capacitor C is charged to V,..s. (b) The capacitor plates
are inversely connected. (¢) The charge is transfered to
Crep and Vs is - [~ (C/Cref)Vies]-

SNR-OSR
140 i §
—o— |deal

| —— DAC Nolinearity | - - ]
120 o 1st order DWA
100 :
o 80 E
3, :
Z 6o .
» :
401 E
20
0 i

0 2 4 6 8

OSR[2M]

Fig.10: Modulator SNR obtained by MATLAB simula-

tion.
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