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Abstract 
 

This paper presents an efficient architecture for FIR filter using multi 
hierarchy pipelining. By choosing inner clock frequency several times more 
than the input sampling frequency multiply and accumulate components can 
be shared and hence the area and delay are optimized. An N tap FIR filter can 
be divided into N/M groups and two hierarchies of pipelining stages are 
inserted between N/M groups, within N/M groups and another five within a 
pipelined multiply and accumulate component (MAC). The design is 
implemented on vertex v50efg256-7 FPGA and the results presented, show 
that the proposed filter is optimized in area and delay. 
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Introduction 
Finite duration impulse response (FIR) filters are very much useful in many 
applications such as digital communications, digital signal processing. They are 
always stable and can achieve linear phase response.  
 The output of an FIR filter can be described by the following equation 

     
 
 Where N is the number of taps of the filter, x is the input data stream, hk is the kth 
tap coefficient and y is the output data stream. The input data is multiplied by the 
coefficients. The sum of all these multiplications gives the filter output. 
 The critical problem in designing FIR filter is large number of multipliers which 
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leads to excessive area and power consumption. Methods such as simplifying FIR 
architecture, improving multiplier and reordering coefficient are used to optimize the 
area and power.[1] 
 There are two popular structures to implement FIR filters, direct and transposed 
shown in figure 1. In the direct form, delay units are placed between multipliers. At a 
time, the present input x(n) and previous samples of the input are fed to each 
multiplier input and the output y(n) is sum of product of every multiplier. 
 In the transposed form, delay units are placed between adders so that input can be 
fed to multipliers simultaneously. However in both the forms the total number of 
multipliers required is equal to the number of taps which increase the cost, area and 
power consumption. 
 In the proposed architecture the number of multipliers and adders are potentially 
decreased and a novel pipelined multiply and accumulate (MAC) is used. 
 The paper is organised as follows; section 2 focuses on proposed multi hierarchy 
scheme. The design of 32 tap FIR filter and FPGA synthesis results are presented in 
section 3 and conclusion in section 4. 

 

 
(a) 

 

 
(b) 

 
Figure 1.1: FIR filter architecture. (a)Direct (b) Transposed. 
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FIR Filter Design  
Single pipeline architecture 
In the single pipeline implementation of FIR filter, one pipeline stage is inserted 
between the multipliers and the adder tree as shown in figure 2.1. In this form the 
critical path delay is reduced. The number of required multipliers is still equal to the 
number of taps of the filter. 

 

 
 

Figure 2.1: Single Pipeline Architecture. 
 
 
Two hierarchy pipeline architecture 
In this design, by adapting two different clock frequencies, one sampling frequency 
for delay units and another higher clock frequency for multiplying and adding 
computations, multipliers and adders can be shared. In two hierarchy pipeline 
architecture the N tap FIR filter is separated in to N/M groups by adding (N/M)-1 
delayed unit every M taps. Each group share one multiply and accumulating 
component (MAC)[2].In each group, the multiplications and additions can be 
computed by faster clock i.e., multiplying and adding operations in one group can be 
completed in M cycles of higher clock frequency or one cycle of sampling frequency. 
Within a group only a single multiply and accumulate component (MAC) can be used. 
The number of groups determines the number of multiply and accumulates 
components (MAC). [2] 
 The two hierarchy pipeline architecture is shown in figure 2.2.The first hierarchy 
of pipelining is between groups with N/M stages as shown in figure 2.3. The second 
hierarchy pipeline stages are within each group between multiplexers and multiply 
and accumulate components.  
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Figure 2.2: Two Level Pipeline Architecture. 
 

 
 

Figure 2.3: First Hierarchy of FIR Filter. 
 
 
Multi hierarchy pipeline architecture 
We propose a multi hierarchy pipeline architecture in which a pipelined MAC is used 
in the place of earlier MAC.A high speed and high throughput Multiplier-
Accumulator is (MAC) essential to achieve a high performance digital signal 
processing system.[3] 
 A conventional MAC unit consists of multiplier and an accumulator that contains 
the sum of the previous consecutive products. The function of the MAC unit is given 
by the equation  
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Figure 2.4: MAC Architecture. 
 
 
 A pipelined MAC employs high speed and throughput compared to the non-
pipelined structures.[5] The proposed pipelined MAC is shown in fig 2.5. The 
multiplier used here is an array multiplier consisting of carry save adder with three 
levels of pipeline stages. The adder is also of carry save type and the accumulator 
register is carry propagate adder. Another two pipeline registers are placed between 
multiplier and adder and also between adder and accumulator. The proposed pipelined 
MAC is thus consisting of five levels of pipelining.  
 The multi hierarchy pipelined structure of 32 tap FIR filter is shown in fig 2.6. It 
consists of four groups and in each group, two multiplexer’s data mux and coefficient 
mux are present and they multiplex the input data stream and coefficient h under the 
control of inner clock. The initial value of sum and carry from MAC is zero and after 
N/M stages final sum and carry will be computed. A carry propagate adder will give 
the filter output y.  

 

 
 

Figure 2.5: Pipelined MAC. 
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Figure 2.6: Multi Hierarchy pipelined FIR filter. 
 
 
 The reduction of MAC components from N to N/M reduces the area and also use 
of pipelined MAC reduces the delay.  
 
 
Simulation and synthesis results 
32 tap FIR filter with multi hierarchy pipeline structure is designed and implemented 
on vertex v50efg256-7 FPGA and the results are compared with that of hierarchy 
pipelined FIR filter. Table 1 gives the specifications of 32 tap FIR low pass filter. 
 The inner clock frequency chosen for controlling MAC components fi=120MHz. 
M=inner clock frequency / sampling frequency =fi/fs=120MHz/15MHz=8.The total 
number of groups=N/M = 32/8 = 4. Hence 3 delay units (N/M)-1 are added between 
four groups. 

 
Table 1: Specifications of 32 tap FIR filter. 

 
Filter Low pass 
Normalized cut off frequency 0.5 
Window used Hamming
Sampling frequency 15 MHz 
Cut-off frequency 3.2MHz 

 
 
 Table II gives the macro statics, device utilization of multi hierarchy pipeline FIR 
filter. 
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Table II (a): Macro Statistics. 
 

# Registers 55
# 3-bit Register 4 
# 4-bit Register 47
# 9-bit Register 4 
# Multiplexers 8 
# 4-bit 8 to 1 Multiplexer 8 
# Adders/ Substractors 4 
# 9-bit adder 4 
# Xors 4 

 
 

Table II (b): Device Utilization Summary. 
 

Number of slices 135 out of 768 (17%) 
Number of slice flip flops 175 out of 1536 (11%)
Number of 4 input LUTs 136 out of 1536 (8%) 
Number of bonded IOBs 108 out of 180 (60%) 
Number of GCLKs 2 out of 4 (50%) 

 
 
 Table III shows the FPGA synthesis results for two and multi hierarchy pipelined 
FIR filters. 
 
 

Table III: Synthesis Results for two hierarchy and multi hierarchy FIR filter. 
 

 Multi hierarchy Two hierarchy 
Number of slices 135 out of 768 (17%) 181 out of 768 (23%) 
Number of slice 
flip flops 

175 out of 1536 (11%) 226 out of 1536 (14%) 

Number of 4 input 
LUTs 

136 out of 1536 (8%) 187 out of 1536(12%) 

Number of bonded 
IOBs 

108 out of 180 (60%) 141 out of 180(78%) 

Number of GCLKs 2 out of 4 (50%) 2 out of 4 (50%) 
Minimum period 5.003ns (maximum frequency 

199.80Mhz) 
6.741ns (maximum frequency 
148.346Mhz) 

 
 
 Figure 4 shows the RTL schematic and floor plan of FIR filter. 
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Figure 4(a): RTL Schematic of FIR filter. 
 

 
 

Figure 4(b): Floor Plan of FIR filter. 
 
. 

 The results show that multi hierarchy pipelined FIR filter occupies smaller area 
and reduces the delay. 
 
 
Conclusion 
We proposed a multi hierarchy pipelined FIR filter. It is implemented on vertex 
v50efg256-7 FPGA and the synthesis report is presented. The results show that the 
proposed design occupies less area and minimizes delay and is flexible for FPGA 
implementation.  
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