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Abstract—Digital filter used for remove quantization noise, 

Casacaded Integrator Comb (CIC) architecture is a special 

class of filter to achieve required resolution of ADC with 

removing quantization error. Decimation filter is a combination 

of coder, integrator and digital differentiator with clock divider 

circuit. In this paper presents the power efficient CIC based 

decimation filter design and simulate using Cadence Virtuoso at 

90nm technology.  
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I.  INTRODUCTION  

Actually signals are analog signal in real world, but analog 

to digital converter (ADC) helps to convert analog signal 

into digital domain for easier to evaluate and process. 

Digital to analog converter (DAC) also used for converted 

back digital signal into analog. There are many kinds of 

ADC that being widely used in the industry such as flash, 

successive approximation (SAR), pipeline, sigma-delta 

converter and others. Recently sigma-delta modulator has 

been widely usedinto the industry. Mainstays of Sigma-

delta ADC are sigma-delta modulator and decimation filter. 

The reduction in the effective sampling frequency is 

termed decimation. Thus decimation filter is used to reduce 

number of sample in discrete time signal produce from 

ADCs. 

fs,new=2B= fs/2 (1) 

y[Ki * Ts] =                            (2) 

Basic block diagram of decimation filter is shown in 

Fig. 1, where input word passing through a digital filter and 

then down-sampling the result [1].  

 

Fig. 1. Block diagram of Decimation filter 

II. PREVIOUS WORK 

The architecture of CIC decimation filter has an 

important effect on chip with respect to power and area. 

CIC filterchooses as the anti-aliasing filter to avoid 

quantization noise in PCM codes [2].The power dissipation 

of multistage decimation filter reduced when clock rate is 

same as the input sampling rate and also simplifies the 

clock generation [3]. Digital Finite Impulse Response (FIR) 

filter architecture based decimation filter realized using an 

effective multiplier-less structure which is minimize delay 

and area [4].  

Decimation ratio between the two stages has significant 

influence on the stop-band attenuation for given 

oversampling ratio achieves maximum resolution, high 

resolution decreases the noise shaping and noise power [5]. 

There are many approaches to reduce power consumption 

of CIC decimation filter such as non-recursive architecture 

and poly phase implementation which eliminates the 

unnecessary computation [6].The operating frequency of 

comb filter is reduced by using polyphase decomposition in 

all stages, thus power consumption of digital filter also 

minimized with reducing operating frequency [7].CIC 

based decimation filter improves the gain response by using 

compensator and rejection of alias at pass-band interest [8]. 

Ternary FIR filter based decimation filter consist ternary 

full adder and ternary D-flip flop which is improving the 

filter performance and reduce the power dissipation [9]. 

Cosine filters has multiplier-less structure which is 

cascaded with CIC filter to achieve polyphase 

decomposition. Anti-alias rejection to be improves by using 

cosine filter [10].  

 

Fig. 2. Second stage CIC filter 

III. CIC DECIMATION FILTER 

CIC decimation filter is most frugal filter and also 

improve filter characteristic. CIC filter consist digital 
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integrator and digital differentiator, which performs digital 

low pass filtering and decimation at same time. Blok 

diagram of CIC decimation filter depicts in Fig. 3.     

 

Fig. 3. 2
nd

 order CIC decimation filter 

A. Coder Circuit 

Coder circuit is an important part in the design, used to 

increase the resolution of ADC or convert the single bit 

input signal into multi bit input signal. 

 

(a) 

 

(b) 

Fig. 4. Schematic of (a) coder 1 (b) coder 2 circuit 

Schematic of coder 1 and coder 2 circuit shown in Fig. 4, 

coder 1 circuit takes output of ADC as an input and 

converted into 7-bit input signal, coder 2 circuit takes MSB 

of 1
st
 stage integrator as an input and converted into 

multibit input signals. 

B. Digital Integrator 

      There are two 8-bit digital integrator is used in design, 

8-bit integrator implement simply using 1-bit digital 

integrator with ripple carry adder. 1-bit digital integrator is 

combination of 1-bit full adder and delay circuit block 

diagram of 1-bit digital integrator is shown in Fig. 5. 

 

Fig. 5. 1-bit digital integrator 

D- flip flop used as a delay circuit and 14-transistor full 

adder used which makes circuit more faster. Oversampling 

frequency used as a clock signal to activate the integrator 

circuit and produce the output. Schematic of 7-bit digital 

integrator interconnection of 1-bit digital integrator depicts 

in Fig. 6. 

 

Fig. 6. 7-bit digital integrator 

C. Digital Differentiator 

Second order CIC filter consist two14-bit differentiator 

circuits in this design. 14-bit digital differentiator circuit 
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design interconnection of 1-bit digital differentiator, 

differentiator circuit activate by oversampling sampling 

frequency which is down-sampled by using clock divider 

circuit by 1/K and produce output. Schematic of 1-bit 

digital differentiator is shown in Fig. 7.   

 

Fig. 7. 1-bit differentiator circuit 

1-bit differentiator circuit is  combination of full adder, 

inverter, clock divider circuit anb delay circuit, where tspc 

D-flip flop used as a delay circuit. Diifferentitator circuit is 

used for reducing power consumption and delay. 14-bit 

digital differentiator is shown in Fig. 8. 

 

Fig. 8. 14-bit differentiator circuit 

D. Clock   Divider Circuit   

Clock divider circuit used to down sampled 

oversampling frequency by 1/K, where K=64. Clock 

divider circuit design by using T- flip flop. Oversampling 

clock signal pass through a T-flip flop will be down 

sampled by factor 2 at every stage. Scematic of T-flip flop 

and clock divider circuit as shown in Fig. 9 and Fig. 10.  

 

Fig. 9. Schematic of T-flip flop 

 

Fig. 10. Schematic of Clock divider circuit 

E. Design of CIC Decimation  Filter  

Complete design of CIC filter is combination of coder, 

differentiator, integrator and clock divider circuit.  

 

Fig. 11. 2
nd

 order CIC Decimation filter 

Coder circuit convert the single bit input signal into 

multibit input signal and passes to the digital integrator 

circuit which is work for change the phase response of the 

circuit. Output of an integrator circuit takes as an input 

signal for two stage digital differentitator circuit which is 

work on the concept of 2’s complement method, 
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differentiator circuit is a summation of two inputs where 

second input is complement of first input and ouput 

produce after delay by K*Ts. Finally CIC decimation filter 

is design as a low pass filter and decimates at a same time. 

Schematic of CIC filter is shown in Fig. 11. 

IV. SIMULATION AND RESULT 

All design is to be simulated using cadence spectre at 

90nm technology with power supply 1.2V.  Fig. 12 shows 

the simulation result of 1-bit digital integrator. 

 

Fig. 12. Waveform of 1-bit digital integrator 

Fig. 12 shows the waveform of clock divider circuit 

where Fs= 1GHz divided by K=64, thus Fs/K=15.625 MHz 

is used for activate differentiator circuit.  

 

Fig. 13. Waveform of clock divider circuit K=64 

When differentiator circuit activate, summing the input 

signal and 2’s complement of input signal and produce 

output with delay. Basically it’s a difference between two 

input signals. Waveform of 1-bit digital differentiator is 

shown in Fig. 14.   

 

Fig. 14. Waveform of 1-bit digital differentiator 

Finally decimation filter operate by oversampling 

frequency at 1GHz and filtered the input signal, produce the 

14-bit output signal. Simulation result of decimation filter 

as shown in Fig. 15 and Fig. 16. 

 

Fig. 15. Waveform of CIC decimation filter 

Fig. 16. Now the CIC decimation filter reduce the quantization error of 

oversampling frequency and improve the anti alias rejection also reduce 

the power dissipation 80% as compare to previous design. TABLE I. 
shows the parameter of CIC decimation filter.  
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Fig. 17. DFT of CIC decimation filter 

TABLE I.  SUMMARY OF CIC DECIMATION FILTER 

Design Specification Parameter Value 

Input badwidth 15MHz 

Sampling frequency (fs) 1GHz 

SNDR 36.82dB 

Power Dissipation 1.51mW 

Comparison of CIC decimation filter with previous work is 

shown in TABLE II in which power dissipation 

reduces80% and also improved SNDR. Fig. 12 shows the 

layout of CIC decimation filter. 

TABLE II.COMPARISION OF PREVIOUS WORK WITH FDC 

VCO BASED QUANTIZER 

Ref. No. 
Input 

bandwidth 
SNDR 

Power 

Dissipation 

[2] 1.024MHz 54.40dB 2.95mW 

[7] 12.8MHz 31.2dB 16mW 

[9] 11MHz ------ 22.2mW 

This 

Work 
15MHz 36.2dB 1.51mW 

 

Fig. 18. Layout of CIC decimation filter 

V. CONCLUSION 

In this paper, decimation filter design using CIC 

architecture at 90nm technology. CIC filter implement by 

using coder circuit, differentiator, integrator and clock 

divider circuit. Polyphase implementation and multiplier 

less structure applied in CIC filter which reduces the power 

consumption 80% from previous work. Finally CIC 

decimation filter work as low pass filter and consumes less 

power. 

REFERENCES 

[1] R. Jacob Baker, “CMOS: Mixed Signal Circuit Design,” 

John Willey & Sons Publication, 2009, pp. 106-124. 

[2] Ying-tao Ding, Shun-an Zhong, Jing Chen “Design of 

Decimation Filter for Real-time SignalProcessing of Micro-

Air-Vehicles,” IEEE International Conference on Image and 

Signal Processing, 2011, pp. 2253-2256. 

[3] Chenxi Deng, “An Area-Efficient Implementation of ΔΣ 

ADC Multistage DecimationFilter,” IEEE, 2011, pp. 978-

981. 

[4] Mahdi Mottaghi-KashtibanandAli Jalali, “Efficient 

Decimation Filters for ΔΣ ADCs, Using NewFIR Filters 

Involving Shifts and Only Two Additions,” IEEE Iranian 

Conference on Electrical Engineering,May 2012, pp. 249-

254. 

[5] Nianxiong Tan and Sven Eriksson, “A Two-Stage 

Decimation FilterDesign Technique for Oversampling A-c 

A/D Converters,” IEEE International Symposium on 

Circuits and Systems, 1994, pp. 513-516. 

[6] Yonghong Gao, Lihong Jia and Hannu Tenhunen, “A 

FIFTH-ORDER COMB DECIMATION FILTER 

FORMULTI-STANDARD TRANSCEIVER 

APPLICATIONS,”IEEE International Symposium on 

Circuits and Systems , May 2000, pp.  89-92. 

 



INTERNATIONAL JOURNAL OF SCIENTIFIC PROGRESS AND RESEARCH (IJSPR)                                           ISSN: 2349-4689 

Issue 94, Volume 33, Number 03, 2017 

 

www.ijspr.com                                                                                                                                                                                IJSPR | 125 

[7] Alp Kilic, Delaram Haghighitalab, Habib Mehrez and 

Hassan Aboushady, “Low-Power Comb Decimation Filter 

for RFSigma-Delta ADCs,” IEEE International Symposium 

on Circuits and Systems, 2014,pp. 1596-1599. 

[8] Gordana Jovanovic Dolecek andSanjit K. Mitra, “ On 

Design of CIC Decimation Filter with ImprovedResponse,” 

IEEE ISCCSP, March 2008, pp. 1072-1076. 

[9] A.S. Korotkov, D.V.Morozov and Amitabha Sinha, “Delta-

Sigma ADC for Ternary Code System(Part II: Decimation 

Filter Realization),” IEEE ISSCS, 2007, pp. 654-657. 

[10] Gordana Jovanovic Dolecek and Angel Garcia Robles, 

“Using Cosine Filters to Improve Alias Rejection inComb 

Decimation Filter,” IEEE MWSCAS, 2015, pp. 102-105.  

 


