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Abstract—In this paper, we have designed a new variable latency adder and its implementation of
decimation filter. There are multiple ways to implement a decimationfilter. This filter design combination of
CIC (cascaded-integrator-comb) filter and HB (half band) filter as the decimator filter to reduce the
frequency sample rate conversion and detail of the implementation step to realize this design in hardware.
Low power design approach for CIC filter and half band filter will be designed adder section..This adder
allows works at lower power by maintaining the same throughput as well as compare the performance
analysis of conventional adder. The VL-adder designed can be modified to overcome the effects of negative
bias temperature instability (NBTI) on circuit delay operations..The filter is designed VHDL coding and

verified using a FPGA (field programmable gate array) board and Mentor Graphics tool.

Keywords—digital design, CIC filter, half-
band filter, Carry select adder.

I. INTRODUCTION

Effective Power can reduced on both dynamic and
leakage power of a VLSI circuit. The critical
timing pathof a VLSI circuit is rarely activated or
sensitized. The VL-adder predicts the operation
latency on the fly. When a long-latency operation
occurs, the data capturing clock edge are shifted by
one more clock cycle so that the adder output can
be latched on correctly.Compared to a
conventional adder design, a VL-adder can work at
a much lower VDD such that the majority of
operations can be processed within one clock
cycle. VL-adder design for the negative bias
temperature instability (NBTI) tolerance: when a
chip is aging, the detection threshold of long-
latency operation is automatically adjusted.

In VL-Adder is implemented in the decimation
filter. Decimation filter has wide application in
both the analog and digital system for data rate
conversion as well as filtering. One of the most
popular applications of the decimation filter is
sigma-delta ADC (analog-to-digital converter) [9].
Sigma-delta ADC is widely used in audio

application for very high resolution, such as CD
(compact disc) player.

Conventionally sigma-delta modulator is sampled
at significantly higher frequency compare to the
actual frequency band where the interested signal
located in. In most of the communication device,
we will implement a decimator filter to reduce the
data rate in order to reduce the dynamic power
consumption. There are many approaches in the
decimation filter implementation. i.e cascade CIC
— FIR (finite impulse response) filter,multiple stage
HB filter and cascade CIC — HB filter [10].In this
paper, a cascade CIC — HB filter implementation is
adder section to change the performance analysis
between VVL-Adder and Conventional Adder.

I1. VL ADDER CONCEPT

There are multiple critical carry propagation
paths in CSA, each of which starts from the first
bit adder of every CSS, crosses the MUXes of the
sequential stages, and ends at the sum generation
block of the last stage. The delay of a CSA heavily
depends on the input vectors.
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Fig 1.VL-Adder Block diagram

When long-latency operation occurs only when
LONG_OP = 1. The corresponding circuit, called
carry length detection circuit (CLDC), is shown in
Fig. 2. When an LONG OP signal is pulled up
“*high,”” a gating signal is triggered to disable the

NAND1

clock (Gen CLK) switching in the following clock
cycle, as shown in Fig. 3. Here, signal TH ADJ is
fixed at “*low.”
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Fig.2. CLDC Design for VL-CSA

In our 64-bit VL-CSA design, the input bits of
are used to detect the long-latency operations. The
detection logic can be expressed as follows:

LONG_OP = (A31 @ A31)(A32
@ A32)...(A37 ® A37)

Due to the NBTI effect, the circuit delay
continuously increases with the degradation of
PMOS threshold voltage [5]. VL-adder in which
the detection threshold of long/short-latency
operations can be adaptively adjusted to account
for NBTI-degraded
delay:  operations

: Short-Latency Long-Latency

L[ 1

LONG_OP |

with an NBTI-degraded delay that is longer than
one clock cycle are automatically categorized as
long-latency operations and executed within two
clock cycles.When the circuit performance is
degraded by NBTI effect, a guard band violation
may occur as an output switch within the guard
band.When delay will be increased at that time
input of the data is captured one clock or more
clock period during matching the input and output.
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Fig.3. Timing diagram of VVL-adder operation
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II.LIMPLEMENTATION OF DECIMATION
FILTER

Implementation of decimation filter
building block as shown in fig.4

Fig.4 Building blocks of a decimator filter

In this design, a Fs = 19.2 kHz input sampling
frequency is first reduce to 1.2 kHz (F¢/16) with a
third orderCIC filter, followed by further reduction
to 300 Hz using two HB filters. This decimation
filter is designed for sigma-delta ADC in ECG
(electrocardiograph) application, which has a
signal band from 0.05 to 150 Hz.The CIC filter
supporting theory and detail digital circuit and
results are summarized in Section IV. The HB
supporting theory and detail digital circuit and
results are summarized in Section V. Conclusion is
drawn in Section VI.

A. CICFILTER

A 3" orderCIC(Cascade Integrator Comb) filter
is selected for a better attenuation. The CIC filter
will reduce the sampling frequency by a factor of
16 and differential delay used is 1. The frequency
of the input signal is 19.2 kHz and the frequency of
the output signal is 1.2 kHz. Two CIC filter design
approaches were implemented to estimate their
area and power performances.

xin)

Fig. 5 Building blocks of a CIC filter

Fig. 5 shows the block diagram of the polynomial
CIC filter. The output for each time sample is
determined by the current input, previous input,
and previous output. The structures presented here
are cascades of CIC decimation and simple
polynomial-based filter finite-impulse response

where, R and N are the decimation rate and order
of the IC filter CIC decimation filter make the
circuit to work at low frequencies as well as low
power dissipationOne benefit of running the
compensation filter at the low rate is to achieve a
more efficient hardware solution, that is, more
time sharing in the compensation FIR filter

FIR)filter[12].The CIC filter is used as an anti-
aliasing filter when the data rate is high since the
operation in the CIC filter only consists of addition
operation. The transfer function of the CIC filter
can be written in equation is.

N

H(z) = (1—2—3)

1—z—1

In CIC filters, the comb section can precede, or
follow, the integrator section. It'ssensible,
however, to put the comb section on the side of
the filter operating at the lower sample rate to
reduce the storage requirements in the delay
[9].Swapping the comb filters with the rate-
change operations results in the most
commonimplementation of CIC filters. Notice the
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decimation filter's comb section now has a delay
length (differential delay) of N = D/R. That's
because an Nsample delay after decimation by R
is equivalent to a Dsample delay before
decimation by R. Likewise for the interpolation
filter; an N-sample delay before interpolation by R
is equivalent to a D-sample delay after

interpolation by R which yields two major
benefits: first, the comb section's new differential
delay is decreased to N = D/Rreducing data
storage requirements; second, the combeffects
reduce hardware power consumption[10]section
now operates at a reduced clock rate.

x(n) —"‘ Delay M Delay *——’| Delay ’—" Delay "' ---- "‘ Delay ’—'| Delay — yin)

¥ ¥

Fig. 6 Building blocks of a Half band filter

The second HB filter is a higher order filter to
improve the attenuation. In this design, the second
HB filter is a 45 tapfilter with 23 non-zero
coefficients and it reduces the sampling frequency
from 600 Hz to 300 Hz.

FIR filters offer control over filter shaping and
linear phase performance. Due to its linear phase
response, they are used in audio application, but at
the cost of the high filter order.[2] A linear phase
FIR filter requires large number of coefficients,
we have implemented half-band FIR filter to
reduce the number of coefficients.[4] In half-band
filters, the number of taps is reduced considerably
since the odd coefficients are zeros, which reduces
the hardware and also power consumption.

IV.RESULTS AND ANALYSIS

The presented method has been validated by
designing the Decimation filter stage using
VHDL. The filter has been synthesized in a 0.18
micro secondCMOS technology.Both behavioural

and timing simulations conformedthat the circuit
is functional and meets specification. This chapter
contains performance analysis of implement
conventional Adder and VL-Adder in the
decimation filter. The input to a comb filter is
19.2kHz which is the output of oversampling
converter. In this filter decimation factor 16 is
used, there output of comb filter is 1.2KHz..This
is the input frequency of 2-stage half band filters
in which each half band filter is decimates
individually by a factor of 2.All results are
obtaining using mentor graphics tools also
verified the same for low power and compactness
in are using synthesis tool in Xilinx. Also
functionality is verified modelsim through
observing the down sampling rate.

A.SIMULATION RESULT

The Fig.7 shows the simulation results of
implement the conventional adder in the
decimation filter.
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Fig.7 simulation results for decimation filter using conventional adder

The simulation results of decimation filter using

conventional adder is obtained using mentor

graphics tool shown in Fig 7 and the figure has

input and clk, The clk is used to represent the clk

signals and the input signal is the givien to filter
I I N

: i |

and output taken after sometimes because due to
operation delay.

Fig.8 simulation results for decimation filter using VVL-adder

The Fig.8 shows the simulation results of
implement the VL- adder in the decimation
filter. The simulation results of decimation filter
using VL- adder is obtained using mentor graphics
tool shown in Fig.8 and the figure has input and
clk, The clk is used to represent the clk signals
and the input signal is the givien to filter and
output taken after sometimes because due to
operation delay.

B.SYNTHESIS ANALYSIS

Decimation filter is implemented to details such as
the type of filter used, the decimationfactors, and
the number of filter coefficients for eachstage of

two standards.The performance can be inferred
from the obtained synthesized reports that by
using conventional and VL-Adder, since number
of non-zero bits gets reduced to half there by
amount of hardware(adders) required gets
reduced, which results in reduction power
dissipation but at the cost of area.From the table 1,
we can realize the decimation filter output that
using VL-CSA and CONV.CSA. The significant
amount of power,delay and area is reduced VL-
CSA implement of decimation filter using mentor
graphics tool.

DELAY AREA POWER

Filter ADDER

(ns) (gate count) (mw)
Conventional
10.447 66339 1957
Decimation CSA
Filter

VL-CSA 6.728 62535 1127

Table.1 Comparison of Decimation Filter using CONV.CSA and VL- CSA

V. CONCLUSION

In conclusion, different design approaches were
implemented to realize a low power decimator

filter. The performances in term of power
consumption, delay and gate count were also
compared with using VL-CSA and conventional
CSA. In order to achieve low power consumption,
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the operating Sample rate frequency and hardware
reduction concept were implemented using mentor
graphics tool.In audio applications, need for
efficient digital filter has been increasing at high
rate because of high speed and low power
requirements. In this paper, we discussed design
of a decimation filter used for high performance
audio applications.This decimation filter is
designed for sigma-delta ADC in ECG
(electrocardiograph) application, which has a
signal band from 0.05 to 150 Hz.
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