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Abstract

Digital decimation filter is inevitable in oversampled sigma-delta A/D converters for the sake of reducing the
oversampled rate to Nyquist rate. This paper presented a Verilog-HDL design and implementation of an area-efficient
digital decimation filter that provides time-to-market advantage for sigma-delta analog-to-digital converters. The digital
decimation filter consists of CIC(cascaded integrator-comb) filter and two cascaded half-band FIR filters. A CSD(canonical
signed digit) representation of filter coefficients is used to minimize area and reduce in hardware complexity of
multiplication arithmetic. Coefficient multiplications are implemented by using shifters and adders. This three-stage
decimation filter is fabricated in 0.25~ym CMOS technology and incorporates 1.36 mr of active area, shows 4.4 m¥ power
consumption at clock rate of 2.8224 M Measured results show that this digital decimation filter is suitable for digital
audio decimation filters.
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Table 1. Target specifications of digital decimation filter.
Input data rate(Fs) 28224 Mk
Output data rate(fi=2f,) 4.1 Wy
Passhand(Fss) 0-20 ki
Stopband(Fiop) > 241 W
Minimum stopband attenuation 80 dB
Passband ripple(&,/) 001 dB
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Table 4. The storage of coefficients represented by CSD
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log magnitude (d8)

h@® =h(®) = 10657310686E-04
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Table 5. Performance of implemented digitai decimation
filter.

Input data rate 2.8224 W
Output data rate 44.1 Wiz
Passband 0-20 Kk
Stopband > 241 Wk
Minimum stopband attenuation 80 dB
Phase distortion 0° (linear phase)
Area 1.36 mr
Resolution 23-bit
Technology 0.25-m CMOS
The 2™ The 1%

half-band filter half-band filter

The 5™ -order
CIC filter

Clock generator,
Etc.

<Digital Decimation Filter>

Shift register for data
transfer

CSO multiplier(ALU)

2.7%

Coefficient storage,
Decoding logic

Accumulator, Etc.
2.41%

<The 1% haif-band FIR filter>

Shift register for
data transfer

Accumulator,

CSD muttiptier

Coefficient storage,
(ALD)

Decoding logic

<The 2™ half-band FIR filter>

O3 12, C{XIE diAlojo]Md MA B4y

Fig. 12. An area analysis of digital decimation filter.
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13. The test board for digital decimation filter.
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Table 6. The comparison of specifications with different
digital decimation filters.

(11 111 This work
Nurnber of
filter stage 4 2 3
3-19-110
Filter order ~8droop 11-135 5-19-98
compensation
filter)
Stop-band
Attenuation &0 110 80
(dB)
Data transfer RAM RAM shift registers
Area 237 =10 1.3
(mf)
Clock
frequency 11.3 6.144 28224
(M)
Resolution
(bits) 16 s 2
Power 20(two
(mW) 65 channels) 44
Voltage
W) 3 33 25
Process 1-mm CMOS | 0.7-fm CMOS | 0.25-pm CMOS
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