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Decimation and Interpolation Filters

• The cascade of a lowpass filter 
and a down-sampler is called a 
decimation filter;

• Filter H(z) attenuates input 
frequency components greater 
than ωS/2M ;

• The sampling rate can then be 
reduced by the factor M.

Decimation Filter



Sampling of Analog Signals



Sampling of Analog Signals

• Output of the anti-aliasing filter  (AAF)  is oversampled by factor M:
→ transi on band of AAF can be increased;

• Accurate bandlimiting  provided by SC filter H(z) allows sampling rate 
reduction:

→ reduc on of ADC and DSP power consump on.
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FIR Decimation Filters

In the general case:
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IIR Decimation Filters



Design Example

- passband edge frequency = 2.5 MHz
- stopband edge frequency = 4.5 MHz
- passband ripple < 0.4 dB
- stopband attenuation > 25 dB
- Decimation factor M = 3
- Input sampling rate = 30 MHz
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The filter transfer function has been designed with 6 zeros and 2 poles
- low sensitivity to coefficient errors -> small capacitance spread
- small circuit complexity -> low power consumption

Before down-sampling After down-sampling

Efficient Decimation Filter Design



The filter transfer function has been designed with 6 zeros and 2 poles
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Coefficients of the polyphase components
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Block diagram of the decimation filter
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Schematic diagram of the decimation filter
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Capacitances are implemented by parallel associations of 0.1 pF, 5μmX5μm unit capacitors
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Switches are implemented with dummy transistors to reduce charge injection
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Operational transconductance amplifiers
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Chip photograph – Die area = 1.86 × 1.50 mm2
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Measured and ideal frequency responses
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