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Design of Low Area Decimation Filters Using CIC Filters

Sunhee Kim', Jaeil Oh™* and Dae-ki Hong"'

" Department of System Semiconductor Engineering, Sangmyung University,
“Department of Electronic Information System Engineering, Sangmyung University

ABSTRACT

Digital decimation filters are used in various digital signal processing systems using ADCs, including digital
communication systems and sensor network systems. When the sampling rate of digital data is reduced, aliasing
occurs. So, an anti-aliasing filter is necessary to suppress aliasing before down-sampling the data. Since the anti-
aliasing filter has to have a sharp transition band between the passband and the stopband, the order of the filter is very
high. However, as the order of the filter increases, the complexity and area of the filter increase, and more power is
consumed. Therefore, in this paper, we propose two types of decimation filters, focusing on reducing the area of the
hardware. In both cases, the complexity of the circuit is reduced by applying the required down-sampling rate in two
times instead of at once. In addition, CIC decimation filters without a multiplier are used as the decimation filter of
the first stage. The second stage is implemented using a CIC filter and a down sampler with an anti-aliasing filter,
respectively. It is designed with Verilog-HDL and its function and implementation are validated using ModelSim and
Quartus, respectively.
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Fig. 1. Block diagram of a CIC decimation filter with N=3
and M=1.
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Fig. 2. Frequency magnitude response of a CIC filter with
N=3 and R=10.
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Fig. 3. Frequency magnitude response of (a) a CIC filter, (b)
a compensation filter and (c) a cascaded filter.
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Table 1. Specification of a decimation filter

Sampling rate of input data 500 ksps
Sampling rate of output data 5 ksps
Data bandwidth 2.5kHz
Stopband 3 kHz
Stopband attenuation -50 dB
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Fig. 4. Block diagram of the first proposed decimation filter.
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Table 2. Comparison of hardware design results

18t 2nd 18t 2nd
decimator | decimator | proposed | proposed
in[1] in[1] | decimator | decimator
Down
sampling 1/32 1/32 1/100 1/100
rate
Filter order 223 57, 130 101 81
number of
- - - 1 3
multipliers
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