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Abstract: In this paper, an Application Specific Integrated Circuit (ASIC) for FIR band-pass filter used in Satellite
communication is implemented. Basically, two filter structures, Direct Form and Direct Form Symmetric are taken into
consideration. ASIC implementation is carried out using 90nm complementary metal-oxide semiconductor (CMOS) Technology.
Here, the main focus of the work is to select filter structure utilizing less area and providing higher speed. This band-pass FIR
filter is used in between modulator and up-convertor of C band uplink model for satellite. The hardware result shows that the
proposed FIR band pass filter with Direct—-Form Symmetric FIR structure uses 0.5% less chip area & 3% less time delay as
compared to filter with Direct-Form structure.

Keywords: Application Specific Integrated Circuit (ASIC), FIR, Band- pass filter, Direct Form Symmetric, Kaiser Window.

I. INTRODUCTION

Due to enhancement in digital signal processing (DSP) based applications like latest communication systems, mobile
communication, and multimedia which demands efficient hardware and very low power operations. Digital filters are widely used
for band selection, signal analysis, signal estimation, signal preconditioning.[1]. They are of two types, one is Finite Impulse
Response Filter (FIR filter) and another is Infinite Impulse Response Filter (1IR filter)[2].FIR filter exhibits linear phase behaviour
and bounded-input-bounded-output stability[3]. A band-pass filter allows a range of frequencies to pass through it [4]. FIR filters
can be extensively used in communication systems to perform various functions like pulse shaping, channelization, matched
filtering etc [5]. The reconfigurable filters based on digital signal processor cores or field programmable gate arrays provide
advantage of flexibility and high sampling rates but they are not suitable for mobile devices which require small area, low power
consumption and high throughputs. Since in such applications the reconfigurability of multiplier is not necessary therefore
application specific integrated circuit (ASIC) can be used to satisfy the constraints of area, performance and energy utilization [6].
Integrated circuits are main components in digital signal processing, embedded systems, communication systems and electronic
devices etc. [7]. The integrated circuits are constructed by using complementary metal-oxide semiconductor (CMOS) Technology.
This technology is also known as complementary —symmetry metal-oxide semiconductor as it uses complementary and symmetrical
pairs of both p and n type semiconductor field effect transistor. The CMOS technology allows large number of logic functions on a
chip, which makes this technology suitable for implementing VLSI chip. The high noise immunity and low static power
consumption are two main characteristics of CMOS devices [8]. There are two components of power consumption: dynamic power
and leakage or static power. When the circuit performs function and signal changes, the dynamic power is consumed. Leakage
power is consumed all the times, even when the circuit is idle[9].The cost of the circuit fabrication is directly proportional to the
circuit area, so one of the main aim of the designer is to minimize the circuit area to reduce the chip cost[10]. For selection of best
suited structure for proposed filter ASIC is designed and simulated for Direct-form FIR and Direct—-Form Symmetric FIR structures.
In this work, ASIC for both the structures are compared for area, time delay and power dissipation. On the basis of this comparison
best suited structure is selected. The rest of the paper is organized as follows: satellite uplink model is presented in section I, the
MATLAB based filter design using Kaiser Window and its various responses are illustrated in section 11, section 1V describes the
RTL Design & performance evaluation. Finally the conclusion is presented in section V.

Il. SATELLITE UPLINK MODEL
Due to low cost, small in size, low power consumption and less development time, the small satellites become very popular. They
play very important role in various fields such as remote sensing, surveillance, earth observation, navigation, education, military
application, disaster recovery, Television transmission in various tropical region. Among many band services, used in satellite
communication, the C band services have some attractive features for developing countries like supporting elements are inexpensive,
the signal covers large area and suffers less propagation problem. For Standard C band the uplink frequency range is 5.925 GHz to
6.425 GHz and the downlink frequency range is 3.7 GHz to 4.2 GHz. The main blocks of C band small satellite uplink model are
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encoder, modulator, band-pass filter, up-convertor, high power amplifier and antenna as shown in fig.1 [11]. The input baseband
signal is applied to encoder system and passes through modulator trail. The output of modulator is the input for band-pass filter.
This is the proposed band-pass filter. The output of this stage is entered in up-convertor. After up conversion the signal is amplified
by high power amplifier and the antenna transmits the signal in space towards satellite.

To Antenna

Encod Modu Band- Up- High
Baseband
. er »] lator —»] Pass »] conve »] Power
Signal Filter rtor Amp.

Fig.1 Block diagram of a satellite uplink model [11]

1IILMAT LAB BASED FILTER DESIGN
In digital signal processing the finite impulse response (FIR) filter is a kind of filter whose impulse response is of finite length [12].
The main components of FIR filter are large number of adders, delay elements and multipliers [13]. An FIR filter is described by
following difference equation [14]:

(L-1)
y(m) = ) k() xln— 1)
=0 @
Where y(n) is the current output sample of the filter, h(k), k=0,1,2.................. L-1, are the impulse response coefficients of

the FIR filter, x(n-Kk) is the input sample sequence of k-th times. L = Filter length, L-1= filter order. The filter length indicates the
number of filter coefficients. The output sample y(n) is a weighted sum of the present input x(n) and L-1previous samples of the

inputs. The transfer function of FIR filter is given by[15]
(L—1)

H(z) = h(k)z"*
:Z‘:. @)

The Direct-Form FIR structure of FIR Filter: Sometime also known with the name transversal or tapped delay structure. The direct-
form realization follows the non-recursive difference equation given by (1). The structure is given in fig.2 [16]. In the figure given
below the symbol z™ represents a delay of one sample. This structure requires L-1 memory location for storing L-1 previous inputs.
structure has complexity of L multiplications and L-1 additions per output point.

x(n) ——>| z! I——vl z! I——b—l z! I———— ——>E_

¥ h{0) Y h 4 h2) h(3) ¥ h(L-2) + h(L-1)

Fig.2 Direct-Form FIR structure [16]

The Direct-Form FIR Symmetric structure of FIR Filter: It is also called linear phase structure. The structure is given in fig.3 [15] If
the unit sample response of an FIR filter satisfies the following condition then the filter has linear phase:
R = +h(L—1-n) 0< n< L— 1,0dd symmetry
(n) = {—h(L —1—n) 0< n< L-—1,Even symmetry 3)
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This structure takes the advantage of symmetry to reduce the computational complexity of filter implementation. Here there is
reduction in both the number of multiplications as well as additions. By taking account of this symmetry the filter equation can be
re-written as follows:

When L is Odd
[L=3)72
"II: = ||..|: Wz ™ & —-(L-L-Ti) + ||_,|‘I-_1' — =Ly
Hiz) = A E z ] 1| —— _]z
n=0 4
When L is even
(L—2)/2
H(z) = Z h(n][z_" + z_':]‘_l_":']
n=0 (5)
x(n} 2t ! Fa I ! =t

h{o) jl\ h{1) j\ h(2) h{{L-3)/2} h{{L-1)/2}
yin)

: ot 5 o

Fig.3 Direct-Form FIR Symmetric structure [16]

The frequency response hg(n) of an ideal filter is an infinite and non causal sequence but in practical filter it must be finite. In
practical applications, to make the sequence finite, the finite length window function {w (n)} is used. The frequency response, h(n)
of an practical filter is given by[17]

h(n) = w(n)hy(n) ©)

The various techniques for FIR filter designing are windowing algorithm, least square, equiripple algorithm and so on[18]. Out of
these Windows technique is used here. The popular window functions are Rectangular, Hanning, Hamming, Blackman and Kaiser
Windows etc [19]. The window functions described above except Kaiser Window have fixed characteristics such as transition width
(AF) and stop band attenuation (A)[20]. The Kaiser window provides variable transition width by using a ripple control parameter
(B). Hence, the Kaiser window is used for designing. The Kaiser Window function is expressed as [21]:

| {/3 17( 2n ﬂ
wn]= Rl Rt (R O ()
<n<
1,(B) 2 2
0 else (7 Where 1y (X)

is zero-order modified Bessel function of the first kind.
The value of  can be obtained from the following empirical relations [19]

0.1102(A-8.7) A>50
B =10.5842(A—21)** +0.07886(A—21) 21< A <50
0 A<21

()
Where A ( stop band attenuation)= - 20 logo (o)
o =min(as, 0 ) , where Os= Stop band ripple and o, = pass band ripple. The filter length or number of filter coefficient is given by [19]

N > A-7.95
14.36AF (6)
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Where AF = normalized transition width.

The FIR band pass filter is designed in MATLAB environment with filter specifications having pass band frequency 70MHz to 140
MHz, sampling frequency 450MHz, pass band ripple is 1dB, transition frequency 10MHz, stop band attenuation is 60dB. Thus the
filter has two stop bands 0-60MHz, the lower stop band and another stop band is 150-210 MHz, the upper stop band. The order of

the filter is 164.
TABLE I. FILTER SPECIFICATIONS [11]

Parameter Name Value

Pass Band Frequency 70Mz-140 MHz
Pass Band Ripple 1dB

Stop Band Attenuation 60 db

Transition Width 10 MHz

Lower Stop band 0-60 MHz
Frequency

Upper Stop band 150MHz-210MHz
Frequency

Sampling Frequency 450 MHz

Magnitude Response: The graph plotted between magnitude in dB and frequency in MHz of the desired filter shows that it is flat
within pass band i.e. from 70MHz to 140 MHz. In the stop band it provides 60dB attenuation.

Magnitude Response (dB)

T T T

Magnitude (dB)

il
Freqaggcy (M Hz}50
Fig.4. Magnitude Response of band-pass filter

Phase response: The graph plotted between phase in radian and frequency in MHz shows that it is linear within pass band. Thus the
desired filter has linear phase response.

Phase Response

Phase (radians)

1
100 15 200
Frequency (MHz)

Fig.5. Phase Response of band-pass filter
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IV. RTL DESIGN
The Verilog hardware description language is used for design coding. The hardware realization of the proposed band —pass FIR
filter in ASIC is achieved by using 90nm standard-cell technology by CAD Tools. Standard cell-based technology is widely used as
a quick and efficient method to overcome the integrated circuit design complexity. In standard cell design style, the height of the
cells is fixed to an integer multiple of a unit row height, but cell width can be variable [13]. The Adder Module and zoomed image
of a portion of this module of Direct Form (DF) Symmetric structure is given in figure 6 and 7 respectively. The Multiplier Module
and zoomed image of a portion of this module of Direct Form Symmetric structure is given in figure 8 and 9 respectively. The
layout of FIR BPF filter with Direct Form (DF) Symmetric structure and zoomed image from a portion this layout is given in fig 10
and 11 respectively. The simulated Input /output waveform of FIR band pass filter with Symmetric structure is shown in fig.12

1 0 1 e o _
Fig.8 Multiplier Module of FIR BPF with DF Symmetric structure Fig.9 Zoomed image from a portion of Multiplier Module

Layout of FIR band-pass filter with Direct Form Symmetric structure and Zoomed image from a portion of Layout of FIR BPF with
Direct Form Symmetric structure is shown below:
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Fig.10 Layout of FIR BPF with DF Symmetric structure Fig.11 Zoomed image from a portion of Layout
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is shown below:

Fig.12 Input and output waveform of FIR BPF with Direct Form Symmetric structure

Table Il shows the comparison between band pass filter designed on ASIC with Direct-Form FIR structure and Direct-Form
Symmetric FIR structure for area, delay time and power dissipation.

TABLE Il. COMPARISON BETWEEN: DIRECT- FORM & DIRECT-FORM SYMMETRIC FOR RESOURCE UTILISATION

Parameter Direct- Form Direct-Form Symmetric
Area 169227.239 pm? 168344.114 pm?
Delay Time 13330ps 12887ps
Total Power 1766020.140nW 2916924.584nW
Dissipation

The table Il shows that the ASIC implementation of Band-pass FIR filter with Direct-Form FIR Symmetric structure used less chip
area as well as faster in speed as compared to Band-pass FIR with Direct-Form structure. The power consumption is greater in
Direct-Form FIR symmetric because there is always a trade-off between constraints like power and speed.

V. CONCLUSIONS
In this paper ASIC of band pass FIR filter for satellite communication with two structures Direct-Form FIR and Direct-Form
Symmetric FIR is implemented. Comparison of results for resource utilization show that filter synthesized with Direct-Form
Symmetric FIR structure uses 0.5% less chip area and 3% less delay time as compared to ASIC with Direct Form structure.
Hence Direct-Form Symmetric FIR structure is speed and area efficient as compared to Direct-Form structure due to less number of
multipliers and adders.
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