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Introduction  

Core Overview 
The finite impulse response (FIR) filter is one of the most essential building blocks in DSP systems. Many 

systems use digital filters to remove unwanted noise, improve signal quality, or shape signal spectrum. 

CoreFIR provides configurable high performance multiplier-accumulator (MAC)-based FIR filter. The core is 

available as an RTL code of the filter, both in Verilog and VHDL languages. 

The core implements a range of filter types: 

 Single rate 

 Fully enumerated (parallel) 

 Folded (semi-parallel) 

 Multi-rate 

 Polyphase interpolation 

 Polyphase decimation 

The N-tap single rate FIR filter computes its sum-of-products output y(k) defined by the Equation 1: 

 

 

Equation 1 

A series of coefficients c(0), c(1), c(2), é, c(N-1) are the filter impulse response. The coefficient values 

define whether the filter is a low-pass, band-pass or high-pass one. The Fully Enumerated filter type has as 

many physical MACôs as filter taps. Such architecture provides the fastest input sample rate. The Folded 

filter utilizes less physical MACôs taking advantage of a ratio between high clock rate and a slower input 

sample rate. It reuses the MACôs over vacant clock intervals to process the input samples. 

Figure 1 depicts the single rate filter functional block diagram. The figure presents only a general notion of a 

digital filter computational component. An actual realization can be quite different. The handbook contains 

chapters dedicated to every filter type. Refer to the specific chapter for the information on each particular 

type. 
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Figure 1 Single Rate FIR Filter Functional Block Diagram 

CoreFIR supports three filter coefficient modes: 

 Constant Coefficient 

 Multiple Constant Coefficient sets 

 Reloadable Coefficient 

In the Constant Coefficient mode, you can program a single set of coefficients into FPGA. In the Multiple 

Constant Coefficient mode, you can program multiple constant coefficient sets, and the FPGA stores all of 

them. You can switch between the pre-loaded sets at any moment during runtime thus changing the filter 

impulse response. In the Reloadable Coefficient mode, the coefficients can be reloaded at the runtime. 
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Internal filter processing takes place at full precision to reduce truncation/rounding noise and to avoid a risk 

of overflow. The filtered results are presented in full precision as well. 

Figure 2 shows an example of using constant coefficient FIR filter. Digital samples to be filtered are coming 

to the filter input, while filtered samples appear at the filter output. 

CoreFIRData to Be Filtered Filtered Data

 

Figure 2 CoreFIR Example Application 

Key Features 
CoreFIR supports various filter types: Fully Enumerated, Folded, and Polyphase Interpolator. The key 

features for every type are reflected in Table 1. 

Table 1 Key Feature Support 

Supported Families 
The core supports the following parts of the RTAX family: 

 RTAX2000D 

 RTAX4000D 

Core Version 
This handbook applies to CoreFIR v7.0. 

Feature Fully Enumerated Folded Interpolation 

Number of filter coefficients 2 to 2N, where N is a number 

of physically available MACôs 

4 to 

1024 

2 ï 1024 

Input data bit width 2 ï 18 2 ï 18 2 ï 18 

Coefficient bit width 2 ï 18 2 ï 18 2 ï 18 

Signed and unsigned data coefficients Yes Yes Yes 

Full precision output Yes Yes Yes 

Coefficient symmetry optimization Yes No No 

Constant coefficients and constant 

coefficient sets 

Yes Yes Yes 

Run-time reloadable coefficients Yes Yes Yes 

RAM-based coefficient storage No Yes Yes 

RAM-based data storage No Yes Yes 
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Utilization and Performance 
CoreFIR has been implemented in RTAX2000D/4000D devices using standard speed grades. A summary of 

the implementation data is listed below. 

Fully Enumerated Filter 

Table 2 Fully Enumerated CoreFIR RTAX2000D Device Utilization and Performance 
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16 No Transposed 1 18 18 16 78 109 187 0.6 124 

16 No Transposed 2 18 18 16 91 172 263 0.9 124 

16 No Transposed 3 18 18 16 408 166 574 1.9 124 

16 No Systolic 1 18 18 16 622 180 802 2.7 124 

16 No Systolic 2 18 18 16 635 247 882 3.0 124 

32 Yes - 1 18 17 16 646 497 1143 3.9 98 

32 Yes - 2 18 17 16 658 567 1225 4.1 93 

32 Yes - 3 18 17 16 975 561 1536 5.2 103 

64 No Transposed 1 18 18 64 715 601 1316 4.5 90 

64 No Transposed 2 18 18 64 792 868 1660 5.6 83 

64 No Transposed 3 18 18 64 2036 911 2947 10.0 83 

128 Yes - 1 18 17 64 3143 2208 5351 18.1 74 

128 Yes - 2 18 17 64 3265 2343 5608 19.0 69 

128 Yes - 3 18 17 64 4416 2489 6905 23.4 71 

Notes:   
1. Data in this table were achieved using typical synthesis settings. Synplify® frequency (MHz) was set to be 50. CoreFIR configurations 

used are shown in Table 4 on pg 8. 

2. Layout settings were set as follows: 

Designer block creation enabled 
Layout effort level = 5 
Use multiple passes with number of passes = 5 

3. The data rate shown equals maximum clock rate. For example the data rate of 100 Msamples per second corresponds to the max clock 

rate of 100 MHz. 
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Table 3 Fully Enumerated CoreFIR RTAX4000D Device Utilization and Performance 
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24 No Transposed 1 18 18 24 248 201 449 0.8 109 

24 No Transposed 1 18 14 24 234 198 432 0.8 115 

24 No Systolic 1 18 18 24 1092 305 1397 2.5 110 

24 No Transposed 2 18 18 24 245 785 1030 1.9 116 

24 No Transposed 3 18 18 24 725 263 988 1.8 108 

24 No Transposed 3 18 17 24 722 263 985 1.8 110 

48 Yes - 1 18 17 24 1108 791 1899 3.4 94 

48 Yes - 2 18 17 24 1105 1384 2489 4.5 96 

48 Yes - 3 18 17 24 1585 868 2443 4.4 88 

48 No Transposed 1 18 18 48 572 509 1081 1.9 94 

48 No Transposed 2 18 18 48 636 1678 2314 4.2 90 

48 No Transposed 3 18 18 48 1552 681 2233 4.0 84 

96 Yes - 1 18 17 48 2385 1723 4108 7.4 83 

96 Yes - 2 18 17 48 2417 2871 5288 9.5 72 

96 Yes - 3 18 17 48 3333 1859 5192 9.4 82 

120 No Transposed 1 18 18 120 1603 898 2501 4.5 61 

120 No Transposed 2 18 18 120 1761 1147 2908 5.2 52 

120 No Transposed 3 18 18 120 4085 1238 5323 9.6 58 

Notes:   
1. Data in this table were achieved using typical synthesis settings. Synplify® Frequency (MHz) was set to be 150. CoreFIR 

configurations used are shown on Table 4. 

2. Layout settings were set as follows: 

Designer block creation enabled 
Layout effort level = 5 
Use multiple passes with number of passes = 5 

3. The maximum data rate shown also reflects the maximum clock rate. For example the rate of 100 Msamples per second corresponds to 

the maximum clock rate of 100 MHz. 

Table 4 Fully Enumerated CoreFIR Test Configuration 

Parameter Configuration 

1 2 3 

Unsigned coefficient No 

Unsigned data No 

Coefficient type Constant Constant Reloadable 

Coefficient sets 1 4 - 

Fill-in latency flag On 

Negative synchronous reset RSTN Disabled (tight to Vcc) 
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Folded Filter 

Device utilization and performance data for the Folded filter are summarized in 0. For every line of the table 

the maximum input sample frequency (MHz) equals maximum clock, MHz divided by Clock to Sample 

Frequency Ratio. 

Table 5 Folded CoreFIR RTAX2000D Device Utilization and Performance 
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Bit width 

MAC 

Blocks 

RAM 

Blocks 

Cells 

Max 

clock, 

MHz Coef Data Sequential Combinatorial Total % 

49 4 1 18 18 13 2 1578 1170 2748 9.3 120 

49 4 1 16 16 13 2 1365 1040 2405 8.1 121 

49 4 1 12 12 13 2 1078 853 1931 6.5 123 

49 4 2 18 18 13 2 1644 1465 3109 10.5 124 

49 4 2 16 16 13 2 1432 1333 2765 9.4 124 

49 4 2 12 12 13 2 1130 1071 2201 7.4 124 

49 4 3 18 18 13 2 1616 1068 2684 9.1 119 

49 4 3 16 16 13 2 1401 947 2348 7.9 124 

49 4 3 12 12 13 2 1106 788 1894 6.4 124 

120 10 1 18 18 12 2 1526 1295 2821 9.5 103 

120 10 1 16 16 12 2 1318 1139 2457 8.3 121 

120 10 1 12 12 12 2 1043 951 1994 6.7 124 

120 10 2 18 18 12 2 1605 1802 3407 11.5 99 

120 10 2 16 16 12 2 1393 1578 2971 10.0 120 

120 10 2 12 12 12 2 1132 1402 2534 8.6 124 

120 10 3 18 18 12 2 1540 1056 2596 8.8 104 

120 10 3 16 16 12 2 1328 912 2240 7.6 124 

120 10 3 12 12 12 2 1053 772 1825 6.2 124 

899 33 1 18 18 28 10 3713 3831 7544 25.5 94 

899 33 1 16 16 28 8 3282 3436 6718 22.7 91 

899 33 1 12 12 28 6 2489 2681 5170 17.5 101 

899 33 2 18 18 28 14 4379 7993 12372 41.8 81 

899 33 2 16 16 28 12 3879 7104 10983 37.1 97 

899 33 2 12 12 28 9 2923 5460 8383 28.4 100 

899 33 3 18 18 28 14 3580 2517 6097 20.6 84 

899 33 3 16 16 28 12 3140 2180 5320 18.0 88 

899 33 3 12 12 28 9 2379 1754 4133 14.0 104 

Notes:   

1. Data in this table was achieved using typical synthesis settings. SynplifyPro® frequency (MHz) was set to 150. CoreFIR configurations 

used are shown on Table 6 on pg 10. 
2. Layout settings were set as follows: 

Designer block creation enabled 
Layout effort level = 5 
Use multiple passes with number of passes = 5 
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Table 6 Folded CoreFIR Test Configuration 

Parameter Configuration 

1 2 3 

Unsigned coefficient No 

Unsigned data No 

Coefficient type Constant Constant Reloadable 

Coefficient sets 1 4 - 

Sample ID Disabled 

Coefficient and Data memory implementation Use RAM blocks 

Negative synchronous reset RSTN Disabled (tight to Vcc) 

Polyphase Interpolation Filter 

Device utilization and performance data for the Interpolation filter are summarized in Table 7. For every row 

of the table, the maximum input sample frequency (MHz) equals maximum clock (MHz) divided by 

interpolation factor. 

Table 7 Interpolation CoreFIR RTAX2000D Device Utilization and Performance 
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128 16 1 12 12 8 9 963 412 1375 5 114.63 

128 16 2 12 12 8 9 963 412 1375 5 114.63 

128 16 3 12 12 8 9 1067 446 1513 6 114.2 

16 4 1 18 18 4 5 519 149 666 3 124.22 

16 4 2 18 18 4 5 519 149 666 3 124.22 

16 4 3 18 18 4 5 520 151 671 3 114.66 

160 8 1 10 10 20 21 1051 608 1659 6.5 86 

160 8 1 10 10 20 21 1051 608 1659 6.5 86 

160 8 1 10 10 20 21 1051 608 1659 6.5 83 

1024 64 1 8 8 16 17 2736 502 3238 10.9 102.11 

1024 64 2 8 8 16 17 2736 502 3238 10.9 102.11 

1024 64 3 8 8 16 17 2960 528 3488 11 99.5 

Notes:   
1. Data in this table were achieved using typical synthesis settings. SynplifyPro® frequency (MHz) was set to be 150. CoreFIR 

configurations used are shown on Table 8 on pg 11. 

2. Layout settings were set as follows: 

Designer Block creation enabled 
Layout Effort level = 5 
Use Multiple Passes with Number of passes = 5 
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Table 8 Interpolation CoreFIR Test Configuration 

Parameter Configuration 

1 2 3 

Unsigned coefficient No 

Unsigned data No 

Coefficient type Constant Constant Reloadable 

Coefficient sets 1 4 - 

Coefficient and Data Memory Implementation Use Fabric resources for coefficient memory and RAM 

blocks for Data memory 

Negative synchronous reset RSTN Disabled (tight to Vcc) 

Polyphase Decimation Filter 

Device utilization and performance data for the Polyphase decimation filter are summarized in Table 9. For 

every row of the table, the maximum input sample frequency (MHz) equals maximum clock frequency 

(MHz). 

Table 9 Decimation CoreFIR RTAX2000D Device Utilization and Performance 
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128 16 1 12 12 8 9 963 412 1375 5 114.63 

128 16 2 12 12 8 9 963 412 1375 5 114.63 

128 16 3 12 12 8 9 1067 446 1513 6 114.2 

16 4 1 18 18 4 5 519 149 666 3 124.22 

16 4 2 18 18 4 5 519 149 666 3 124.22 

16 4 3 18 18 4 5 520 151 671 3 114.66 

160 8 1 10 10 20 21 1051 608 1659 6.5 86 

160 8 1 10 10 20 21 1051 608 1659 6.5 86 

160 8 1 10 10 20 21 1051 608 1659 6.5 83 

1024 64 1 8 8 16 17 2736 502 3238 10.9 102.11 

1024 64 2 8 8 16 17 2736 502 3238 10.9 102.11 

1024 64 3 8 8 16 17 2960 528 3488 11 99.5 

Notes:   
1. Data in this table were achieved using typical synthesis settings. SynplifyPro® frequency (MHz) was set to be 150. CoreFIR 

configurations used are shown in Table 10 on pg 12. 

2. Layout settings were set as follows: 

Designer block creation enabled 
Layout effort level = 5 
Use multiple passes with number of passes = 5 
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Table 10 Interpolation CoreFIR Test Configuration 

Parameter Configuration 

1 2 3 

Unsigned coefficient No 

Unsigned data No 

Coefficient type Constant Constant Reloadable 

Coefficient sets 1 4 - 

Coefficient and Data Memory Implementation Use Fabric resources for coefficient memory and RAM 

blocks for Data memory 

Negative synchronous reset RSTN Disabled (tight to Vcc) 

Filter Types 
Depending on a user configuration, CoreFIR generates one of the supported filter types. 

Fully Enumerated Filter 

The single rate parallel FIR filter provides the highest input sampling rate processing. The performance of 

the parallel filter expressed as the maximum input sample frequency equals the maximum clock rate, i.e. the 

filter can process a sample per clock interval. Figure 1 on pg 5 presents an accurate functional model of the 

Fully Enumerated Filter. The filter utilizes as many MAC blocks as the number of coefficients also called the 

number of taps. The largest filter (in terms of number of coefficients) a particular FPGA device can carry is 

limited by the number of available MAC blocks. 

Folded Filter 

This one is a single rate semi-parallel filter. In many practical cases the filter input sample rate equals only a 

fraction of the FPGA clock rate. Then the processing power of the MAC block can be re-used to process 

more than a single filter tap. At every clock interval the semi-parallel filter computes and accumulates 

several products of the Equation 1 on page 5. In a few clocks by the time a next input sample comes in, all N 

products are accumulated. 

The number PHY_TAPS of the products the filter engine computes at every clock interval is determined 

based on required number of taps N, input sample frequency, and the FPGA clock frequency as follows: 

 

  

Equation 2 

Figure 3 on page 13 depicts the folded filter simplified functional block diagram. Input data samples come to 

a Data FIFO that collects a number of them sufficient to compute PHY_TAPS products each clock interval. 

The Coefficient ROM stores N coefficients. The MAC Engine has PHY_TAPS MACôs, a delay line comprised 

of Z
-1

 blocks, and an output multiplexer. After filling in a delay line with necessary input samples, the MAC 

Engine reads N data samples simultaneously with N coefficients to compute PHY_TAPS filtered results. 

After the computation is over the PHY_TAPS results are collected in PHY_TAPS accumulators. The 

multiplexer outputs them one by one. 



Filter Types 

CoreFIR v7.0 Handbook 13 
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Figure 3 Semi-parallel FIR Filter Functional Block Diagram 

 

Equation 3 

There is no need to indicate whether you want the single rate filter to be Fully Enumerated or Folded. You 

only need to tell CoreFIR user interface what the clock and input sample frequencies are. If the clock to 

sample rate ratio is not less than two, CoreFIR automatically generates the Folded type. If for any reason 

you want the Fully Enumerated type, enter the same value for the clock and sample frequencies. 

Polyphase Interpolation Filter 

The primary reason to interpolate is to increase the sampling rate at the output of one system so that 

another system operating at a higher sampling rate can input the signal. 

Through calculations on existing data, interpolation fills in missing information between the samples of a 

signal. Interpolation increases a sample rate by an integer factor L. 

The architecture calculates output using number of Multipliers = N coefficients/L Interpolation factor, to get 
an overall computational saving of (N - N/L) per output. Compared to the straight-forward implementation 

At every clock interval the architecture computes and accumulates several products of the below Equation 4. 

 

Equation 4 

Where, P = 0 to (L-1) and j= P, P+ (L-1), P+ 2*L ï 1, 3*L ï 1,éN 
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Figure 4 provides an example of the Polyphase Interpolation filter architecture for TAP = 16 and Interpolation 

factor = 4 
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Figure 4 RAM-based Polyphase Interpolation Filter 

Polyphase Decimation Filter 

Motivation for decimation is to reduce the cost of processing: the calculation to implement a DSP system 

generally is proportional to the sampling rate, so the use of a lower sampling rate usually results in a 

cheaper implementation. 

The decimation factor is simply the ratio of the input rate to the output rate. It is usually symbolized by "M", 

so input rate / output rate=M. 

If a signal is defined by n samples, to achieve M:1 decimation, you throw away M-1 samples after every 

sample that you keep. In an M:1 decimator, the output data rate is 1/M times the input data rate, and M is 

the decimation factor. 

The output Y is given by 

    

Equation 5 

Y (n) is discarded for n != 0, M, 2*M, 3*M etc. 
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Figure 5  RAM-based 16 TAP Polyphase Decimation Filter, M=4 

As shown in above diagram, a 4-tap filter output is obtained at the fourth polyphase filter. This output is 

added in a final accumulation block. The accumulation block is in accumulation mode for four clock cycles. 

Output is available only at every 4
th

 clock. 
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Fully Enumerated Filter  

Filter Description 
Fully enumerated CoreFIR filter implements hardware architectures described below. All architectures 

realize Equation 1. 

Transposed Architecture 

Figure 6 depicts the transposed hardware structure. The architecture is functionally equivalent to the 

structure shown in Figure 1 on page 5 but it eliminates the need for a multi-input adder of the latter. Instead, 

it uses the pipelined two-input adder chain, which makes it highly beneficial for the HW implementation. It 

also offers low latency implementation. 
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Figure 6 Transposed FIR Filter Architecture 

Systolic Architecture 

The systolic architecture adds more pipelines to the Direct Form I structure of Figure 1 on page 5. 

Depending on particular filter parameters, the systolic structure may offer better performance due to 

extensive pipelining. The structure is always used to implement FIR filters with symmetric impulse response. 

The systolic architecture is shown in Figure 7. 
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Figure 7 Systolic FIR Filter Architecture 
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Fully Enumerated Filter Symmetry 

Many FIR filters are symmetric. The fully enumerated filter exploits the filter symmetry to minimize the 

number of physical MACôs required for the implementation. Figure 8 presents the impulse response for a 9-

tap symmetric filter. In this filter c(0)=c(8), c(1)=c(7), c(2)=c(6), c(3)=c(5). Being exploited the symmetry can 

substantially reduce the number of multipliers. The symmetric FIR filter implementation first adds together 

the data samples that engage equal coefficients. Figure 9 shows the corresponding functional block 

diagram. 
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Figure 8 Symmetric FIR Filter Impulse Response 
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Figure 9 Symmetric FIR Filter 

There are a few flavors of symmetry. Figure 8 presents an example of an odd symmetry, where the number 

of taps is odd, and a central tap is unique. Even symmetry applies to a filter with an even number of taps. 

The even symmetric filter does not have a unique center tap. 

Figure 10 illustrates an 8-tap anti-symmetric filter impulse response. In this filter c(0)=-c(7), c(1)=-c(6), c(2)=-

c(5), c(3)=-c(4). Similarly odd anti-symmetric filters exist. The core exploits all four symmetry flavors to 

nearly double the tap number given the same number of Mathblocks utilized. 
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Figure 10 Even Anti-Symmetric FIR Filter Impulse Response 

All symmetric/anti-symmetric filters utilize the systolic architecture in Figure 7 on page 17. 
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Reloadable Coefficient Mode  

Figure 11 shows a functional block-diagram for Reloadable Coefficient Mode. This mode uses two memory 

pages: active and auxiliary. The active page comprises storage registers connected to the multiplier 

coefficient inputs. The auxiliary page implements a multi-bit Shift Register. Once a new coefficient vector is 

loaded in the auxiliary page, it can be copied in the active page within a single clock period. Then the 

auxiliary page is ready to accept another coefficient vector. Thus the filter operation is not disturbed during 

coefficient reload. 

New loadable coefficients arrive at COEFI input to be shifted in the multi-bit Shift Register. Every new 

coefficient shifts the register contents one step to the left. The coefficients come in natural order, c(0), 

c(1),é,c(N-1). After the last coefficient arrives, the coefficients in the auxiliary page are distributed as Figure 

11 depicts. On the COEF_ON signal the recently entered coefficients are loaded into the active page. From 

this time on, they are used as the filter coefficients. 
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Figure 11 Reloadable Coefficient Mode 
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Fully Enumerated Interface Description 

Parameters/Generics 

The parallel fully enumerated CoreFIR RTL has parameters (Verilog) or generics (VHDL), described in Table 

11. All parameters and generics are positive integer types. 

Table 11 Fully Enumerated Filter Parameter/Generic Descriptions 

Parameter 

Name 

Valid 

Range 

Default Description 

TAPS 2-240 16 Number of taps 

COEF_TYPE 0-1 0  0 - constant coefficients (including multiple coefficient sets) 

 1 - reloadable coefficients 

COEF_SETS 1-16 1  1 - single coefficient set 

 2-16 - multiple coefficient sets.  

Valid when constant coefficient type is selected (COEF_TYPE==0) 

COEF_SYMM 0-2 0  0 - Not symmetric coefficients 

 1 - Symmetric coefficients 

 2 - Anti-symmetric coefficients 

COEF_SIGN 0-1 0  0 - signed coefficients 

 1 - unsigned coefficients 

COEF_WIDTH 2-18 12 Coefficient bit width. Signed coefficient width ranges from 2 to 18 

bits; unsigned from 2 to 17 bits. 

DATA_SIGN 0-1 0  0 - signed input data 

 1 - unsigned input data 

DATA_WIDTH 2-18  12 Data bit width. Signed data width ranges from 2 to 18 bits; unsigned 

from 2 to 17 bits. 

SYSTOLIC 0-1 0  0 ï Transposed architecture 

 1 ï Systolic architecture 

Valid when non-symmetric filter is being implemented 

(COEF_SYMM==1). Otherwise the Systolic architecture is enforced. 

VALID_O 0-1 1 Disable (0) or enable (1) circuitry relevant to detecting initial latency. 

INP_REG 0-1 1 Disable (0) or enable (1) input registers. Enabling the registers helps 

improving the filter speed. 

DIE_SIZE 0-1 1 Die size, RTAX2000D (0) or RTAX4000D (1). The parameter is set 

via Libero IDE Project settings dialog and automatically transfers to 

the core. If the Libero IDE device selection changes, you must 

invoke the core configuration interface and regenerate RTL by 

pushing the OK button. 
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Ports 

The parallel FIR filter symbol is shown in Figure 12. Table 12 provides the port definitions for the core. 
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Figure 12 Fully Enumerated Filter I/O Posts 

The pinout of Figure 12 is a superset of all possible ports. In every configuration only a subset of these is 

used. 

Table 12 Fully Enumerated Filter In/Out Signals 

Signal In/Out Port Width, 

Bits 

Description 

DATAI In Input data 

width, 

DATA_WIDTH 

Input data to be filtered 

DATAI_

VALID 

In 1 Input data valid. Active high. When the signal is active, the input 

data sample is loaded into the FIR Filter. 

COEFI In Coefficient bit 

width, 

COEF_WIDTH 

Coefficient input. The coefficients are to be loaded sequentially, 

one by one. The coefficients are loaded in a temporary storage. 

They replace the current coefficients all at once on COEF_ON 

signal. This port is enabled only when reloadable coefficient 

mode is selected. 

COEFI_

VALID 

In 1 Coefficient valid. Active high. When the signal is active, a 

coefficient is loaded into the MAC FIR Filter. This port is enabled 

only when reloadable coefficient mode is selected 

COEF_

ON 

In 1 Coefficients on. Active high. The signal updates the filter 

coefficients. In constant coefficient mode (COEF_TYPE == 0), 

the signal replaces the existing filter coefficients with the new set 

of coefficients pointed to by the input COEF_SEL. 

In reloadable coefficient mode (COEF_TYPE == 1) the signal 

makes the filter start using coefficients recently loaded in the 

auxiliary page. 

COEF_

SEL 

In  4 Coefficient set selector. Identifies the pre-programmed fixed 

coefficient set to be activated and used as the filter coefficients. 

This port is enabled only when multiple coefficients mode is 

selected. 

CLK In 1 Clock. Rising edge active. The core master clock. 

NGRST In 1 Asynchronous reset. Active low. Resets all internal registers. 

RSTN In 1 Synchronous reset. Active low. Resets all internal registers. 
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FIRO Out DATA_WIDTH 

+ 

COEF_WIDTH 

+ 

ceiling(log2TA

PS) 

Data output. The filtered data appear on this port. It is a full 

precision output. For example, at 12-bit data, 15-bit coefficients, 

and 150 taps, the output width = 12 + 15 + ceil(log2150) = 

12+15+8 = 35 bits. 

DATAO

_VALID 

Out 1 Output data valid. Active high. Indicates that a new output data 

sample is present at the FIRO port  

Figure 13 and Figure 14 depict examples of the core in constant and reloadable coefficient modes. Figure 

15 on page 23 shows the multiple coefficients mode. 
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Figure 13 Parallel Filter Constant Coefficient Configuration 
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Figure 14 Parallel Filter Reloadable Coefficient Configuration 
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Figure 15 Parallel Filter Multiple Coefficients Configuration 

Fully Enumerated Filter Implementation Details 

Data Path Bit Width 

The core supports signed and unsigned data and coefficients. You can configure the core accordingly. The 

output data is unsigned if both input data and coefficients are unsigned. Otherwise the output data is signed. 

Input and output data, as well as the coefficients, are integers in twoôs complement format. 

The core supports signed data and coefficient of 2 to 18 bits. For the unsigned data and coefficients, the 

width is limited to 17 bits. With symmetric filter implementation, the maximum data width is reduced to 17 

bits for signed data, and to 16 bits for unsigned data. 

Internal filter processing takes place at full precision to reduce truncation/rounding noise and avoid risk of 

overflow. The filter output data are presented in full precision as well. If the data and coefficient bit widths 

are DATA_WIDTH and COEF_WIDTH, and the number of filter taps = TAPS, then the full precision output 

bit width is given by the following equation: 

Output Bit Width = DATA_WIDTH + COEF_WIDTH + ceiling (log2TAPS) 

Maximum Number of Taps 

As the fully enumerated filter utilizes as many MAC as the number of taps, the max number of taps depends 

on the number of available Mathblocks, N, and filter symmetry, as well as coefficient and data bitwidth. 

Table 13 shows the max number of taps supported. 

Table 13 Max Number of Taps 

Symmetry Bit Width Does Not Exceed Maximum Number of Taps 

Coefficient Data 

Signed Unsigned Signed Unsigned RTAX2000D RTAX4000D 

Non-symmetric 18 17 18 17 64 120 

Symmetric 18 17 17 16 128* 240* 

Note:  * - In the odd-symmetry filters, the max number of taps is one less. 
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Multiple Coefficients Mode 

In this mode the filter can switch between k pre-configured coefficient sets. Figure 16 shows a single filter 

tap in this mode. Other taps are organized and behave similarly. The COEF_SEL input controls a 

multiplexor that selects one of the coefficient sets, but the coefficients are not propagated to the filter yet. 

This only takes place when the COEF_ON signal is issued, which loads the newly selected coefficients in 

the pipeline registers. 

To improve switching characteristics, issue the COEF_ON signal at least four clock cycles later after 

changing the COEF_SEL signal. 

z
-1
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c(i)_set_3

c(i)_set_2

c(i)_set_1
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Tap i

COEF_ON
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Figure 16 A Parallel Filter Tap in Multiple Coefficients Mode 

Input Registers 

The core inputs that present extensive load for the input signal sources are optionally registered so that the 

user circuitry does not face extensive fanout. When the parameter INP_REG is set as 1, the core infers a 

pair of registers on the following inputs: DATAI, DATAI_VALID, COEFI, COEFI_VALID, COEF_SEL, and 

COEF_ON. Figure 17 depicts an example of the input register inference. The pairs of registers are used to 

enable synthesis tool (Synplify) to infer replicated register instances and to contain the user input fanout 

within the optimal limit. To achieve the best timing results, use global syn_replicate attribute of Synplify. 

User Input To CoreFIR Input

 

Figure 17 Optional Input Registers 

Inter-Column Pipelines 

CoreFIR implements a few HW architectures depending on the user configuration. All of them utilize the 

transposed architecture depicted in Figure 6 on page 17. 

The hard MACôs on a chip are organized into physical columns. Within a column, the adder chain runs on a 

dedicated resource thus providing excellent performance characteristics. When a filter utilizes more than 

one hard MAC physical column, the long data path between the columns introduces an extended 

propagation delay. To eliminate this critical path, CoreFIR automatically infers optimal number of fabric 

pipeline registers in the inter-column sections of the adder chain. Simultaneously, it infers fabric registers in 

other data paths, which is necessary to preserve the correct functionality of the filter. 

Figure 18 presents an example of the two fabric inter-column registers in the adder chain balanced by a pair 

of the data bus registers. The added registers are shaded in Figure 18 on page 25. 
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Figure 18 Transposed Architecture with Inter-Column Fabric Registers 

Fully Enumerated Filter Latencies 

The filter imposes two latency types: 

 Pipeline latency 

 Transition latency, which is proportionate to the number of filter taps 

The overall latency is a sum of the two - Pipeline latency and Transition latency. 

Pipeline Latency 

This latency accounts for a time period between a valid input and a valid output samples. Figure 19 shows 

the latency when the input registers are disabled. If these are enabled, the pipeline latency adds up 2 clock 

cycles. The DATAO_VALID flag marks the valid output samples. 

DATAI_VALID

Clock

DATAO_VALID

Pipeline 

Latency 
 

Figure 19 Pipeline Latency 

The flag is not of a particular use though if the valid data to be filtered are coming at every clock period 

(Figure 20). It quickly becomes permanently active. 

Clock

Pipeline 

Latency 

DATAI_VALID

DATAO_VALID

 

Figure 20 Pipeline Latency with No Breaks in the Input Data 
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Transition Latency 

The FIR filter starts producing valid output samples after its delay line gets filled with input data samples. 

Until then, there is not enough data to be entered in the Equation 1 on page 5. In other words, after reset, 

when the filter delay line is empty, the first valid output will be available only when the filter receives N data 

samples. After that, every subsequent input sample will cause the filter to generate a fresh output sample. 

The reset is not the only event causing the transitional delay. Same applies to the filter coefficient 

modification/update that takes place on the COEF_ON signal. 

Figure 21 depicts an example of a 20-tap transposed filter. The one has got to collect 20 input samples to 

satisfy the Equation 1 on page 5. The transition latency depends on the number of taps (TAPS), filter 

architecture, and symmetry. 

Event

clock

DATAI_VALID

1 2Valid input count 3 4 5 6 7 8 19 2016 17 18...

Transition latency

 

Figure 21 Transition Latency of a 20-tap Filter 

You can configure CoreFIR to generate the DATAO_VALID flag that accounts for the pipeline and transition 

latencies. To do so, set the configuration parameter VALID_O. 

In many cases there is no need for the filtered sample recipient to know precisely when the valid filtered data 

starts. It might be sufficient to know that after some initial ówarm-upô time the filter generates the valid data. 

Table 14 reflects the maximum transition latency values expressed in number of valid input samples 

required to fill-in the filter delay line. 

Table 14 Maximum Transition Latency Values 

Transposed Systolic Symmetric 

TAPS + 12 2*TAPS + 12 ceiling(1.5*TAPS) + 12 

If the precise transition latency is not of concern, you should let the filter run for the time indicated in the 

Table 14 plus the pipeline latency. Then, every DATAO_VALID flag will mark the valid filtered data sample 

even if the VALID_O option is disabled. 
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Folded Filter  

Folded Filter Description 
The folded (semi-parallel) single rate CoreFIR type realizes the general FIR filter Equation 1 on page 5. The 

folded filter utilizes a minimal number of the MAC blocks that are sufficient to keep up with an average input 

sample rate. CoreFIR automatically generates the semi-parallel filter type if the FPGA clock frequency is at 

least two times bigger than the input sample frequency. Figure 3 on page 13 shows the simplified block 

diagram of the folded filter. 

In the extreme case when the clock to sample rate ratio equals or more than the number N of filter 

coefficients, the folded filter utilizes a single MAC block. 

Folded Filter Interface 

Parameters/Generics 

Folded CoreFIR RTL has parameters (Verilog) or generics (VHDL), described in Table 15. All parameters 

and generics are positive integer types. 

Table 15 Semi-Parallel CoreFIR Parameter/Generic Descriptions 

Parameter 

Name 

Valid Range Default Description 

TAPS 4-1024 16 Number of taps 

PHY_TAPS 1-number of 

physically 

available 

MAC blocks 

4 Number of physical MAC blocks utilized. The core automatically calculates 

the parameter based on the FPGA clock to sample rate ratio. Number of 

physically available MAC blocks is limited by 64 for RTAX2000D, or 120 for 

RTAX4000D 

Note:  The core GUI calculates and supplies the parameter/generic 
PHY_TAPS value based on user parameters described in Table 16 

COEF_TYPE 0-1 0  0 - constant coefficients (including multiple coefficient sets) 

 1 - reloadable coefficients 

COEF_SETS 1-16 1  1 - single coefficient set 

 2-16 - multiple coefficient sets.  

Valid when constant coefficient type is selected (COEF_TYPE==0) 

COEF_UNSIGN 0-1 0  0 - signed coefficients 

 1 - unsigned coefficients 

COEF_WIDTH 2-18 12 Coefficient bit width. Signed coefficient width ranges from 2 to 18 bits; 

unsigned from 2 to 17 bits. 

DATA_UNSIGN 0-1 0  0 - signed input data 

 1 - unsigned input data 

DATA_WIDTH 2-18  12 Data bit width. Signed data width ranges from 2 to 18 bits; unsigned from 2 

to 17 bits. 

COEF_RAM 0-1 1  0 ï Build Coefficient ROM out of fabric resources 

 1 ï Build Coefficient ROM using RAM blocks available on a chip 

DATA_RAM 0-1 1  0 ï Build Data FIFO out of fabric resources 

 1 ï Build Data FIFO using RAM blocks available on a chip 



Folded Filter 

28 CoreFIR v7.0 Handbook 

SAMPLEID 0-1 0 Disable (0) or enable (1) optional support for attaching numerical ID to 

input and output samples 

ID_WIDTH 1-10 5 Numerical ID bit width. Valid when the ID support is enabled (SAMPLEID = 

1) 

Other User Parameters 

You need to supply two more parameters (Table 16) for the core to configure properly. They are not limited 

to integer numbers, as they are not used by the RTL directly. User interface converts two user parameters, 

Input Sample Frequency and Clock Frequency to the single RTL parameter PHY_TAPS. 

Table 16 Other CoreFIR User Parameters 

Parameter Name Valid Range Default Description 

Input Sample Frequency 0.001-75.0 1.0 Input data sample rate, Msamples/sec. A real number 

Clock Frequency 0.01-150.0 10.0 Clock rate, MHz. A real number 

Ports 

The semi-parallel FIR filter symbol is shown on Figure 22. Table 17 provides the port definitions for the core. 
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Figure 22 CoreFIR I/O Ports 

The pinout of Figure 22 is a superset of all possible folded filter ports. In every configuration only a subset of 

these is used. 
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Table 17 Folded CoreFIR Filter In/Out Signals 

Signal In/ 

Out 

Port width, bits Description 

DATAI In Input data width, 

DATA_WIDTH 

Input data to be filtered 

DATAI_VALID In 1 Input data valid. Active high. When the signal is active, the input data 

sample is loaded into the FIR Filter. DATAI_VALID should not be active if 

READY signal is inactive. Input data samples coming while the READY 

signal is inactive are ignored. 

COEFI In Coefficient bit width, 

COEF_WIDTH 

Coefficient input. The coefficients are to be loaded sequentially, one by 

one. The coefficients are loaded on an auxiliary memory page. They 

replace the current coefficients all at once on COEF_ON signal. This port 

is enabled only when reloadable coefficient mode is selected. 

COEFI_VALID In 1 Coefficient valid. Active high. When the signal is active, a coefficient is 

loaded into the FIR Filter. This port is enabled only when reloadable 

coefficient mode is selected. 

COEF_ON In 1 Coefficients on. Active high. The signal swaps active and auxiliary pages 

of the coefficient memory. 

In the Multiple constant set mode (COEF_TYPE==0, COEF_SETS>1), 

the signal replaces the current coefficient set with the one loaded in the 

auxiliary page. 

In the Reloadable coefficient mode (COEF_TYPE == 1) the signal makes 

the filter start using coefficients recently loaded in the auxiliary page. 

The port is enabled in the Multiple set and Reloadable modes. In the 

Constant coefficient mode (COEF_TYPE==0, COEF_SETS==0) CoreFIR 

starts using the coefficients shortly after FPGA is powered. 

COEF_REF In  1 Refresh coefficients. Active high. When asserted must last at least one 

clock interval. 

In the Constant coefficient mode, the signal initiates refreshing the 

coefficient set stored on the active coefficient memory page. 

In the Reloadable coefficient mode, the signal initiates reloading 

coefficients into auxiliary page of the coefficient storage. 

In the Multiple constant set mode, the signal starts loading into the 

auxiliary page another set of coefficients pointed to by the input 

COEF_SEL. 

COEF_REF_ 

DONE 

Out  1 Done refreshing coefficients. Active high. 

This optional signal notifies a user that refreshing the constant coefficient 

set on the active memory page, or reloading coefficients or loading 

another Multiple set into the auxiliary page is completed. Now the auxiliary 

page is ready to become the active one. 

COEF_SEL In  4 Coefficient set selector. Identifies the pre-programmed fixed coefficient 

set to be loaded on the auxiliary page. This port is enabled only when 

multiple coefficients mode is selected. 

CLK In 1 Clock. Rising edge active. The core master clock. 

NGRST In 1 Asynchronous reset. Active low. Resets all internal fabric registers. 

RSTN In 1 Optional synchronous reset. Active low. Being asserted along with CLK 

signal, resets all internal fabric registers. 

FIRO Out DATA_WIDTH + 

COEF_WIDTH + 

ceiling(log2TAPS) 

Data output. The filtered data appear on this port. It is a full precision 

output. For example, at 12-bit data, 15-bit coefficients, and 150 taps, the 

output width = 12 + 15 + ceil(log2150) = 12+15+8 = 35 bits. 

DATAO_VALID Out 1 Output data valid. Active high. Indicates that a new output data sample is 

present at the FIRO port. 
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READY Out 1 Active high. The core is ready to accept a fresh input data sample. 

SAMPLE_ID In Numerical ID width 

ID_WIDTH 

Optional numerical ID input. A user supplies the optional ID 

synchronously with the DATAI and DATAI_VALID signals.  

The port is enabled when support for the ID is enabled (SAMPLEID=1)  

FIRO_ID Out Numerical ID width 

ID_WIDTH 

Optional numerical ID output. CoreFIR accompanies an output sample 

with the optional numerical ID that matches the corresponding input 

sample ID. The output is valid when support for the ID is enabled 

(SAMPLEID=1) and DATAO_VALID signal is asserted. 

COEF_ON_ 

SLOT 

Out 1 Optimized time slot for issuing COEF_ON signal. Active high. The core 

generates this optional signal at the times when asserting the COEF_ON 

signal does not cause any data/result loss. Once user circuitry is ready to 

issue COEF_ON signal, it should wait for the next COEF_ON_SLOT 

pulse and loop it back to the core as the COEF_ON. 

Figure 23 and Figure 24 depict examples of the semi-parallel filter active ports in the Constant and 

Reloadable coefficient modes. Figure 25 on page 31 shows the multiple coefficient set mode. 
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Figure 23 Folded Constant Coefficient Configuration 
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Figure 24 Folded Reloadable Coefficient Configuration 
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Figure 25 Folded Multiple Coefficient Set Configuration 
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Folded Filter Implementation Details 

Data Path Bit Width 

The core supports signed and unsigned data and coefficients. You can configure the core accordingly. The 

output data is unsigned if both input data and coefficients are unsigned. Otherwise the output data is signed. 

Input and output data, as well as the coefficients, are integers in twoôs complement format. 

The core supports signed data and coefficient of 2 to 18 bits. For the unsigned data and coefficients, the 

width is limited to 17 bits. 

Internal filter processing takes place at full precision to reduce truncation/rounding noise and avoid risk of 

overflow. The filter output data are presented at full precision as well. If the data and coefficient bit widths 

are DATA_WIDTH and COEF_WIDTH, and the number of filter taps = TAPS, then the full precision output 

bit width is given by the following equation: 

Output Bit Width = DATA_WIDTH + COEF_WIDTH + ceiling(log2TAPS) 

Coefficient Modes 

Constant Coefficient Mode 

In the single set Constant coefficient mode, the coefficients entered at the configuration time are copied onto 

the coefficient ROM. Usually it happens once on asynchronous reset signal NGRST that normally gets 

asserted upon powering-on the FPGA device. A mechanism built in the core runs the process automatically. 

No user action is required.  

If for any reason you want to refresh the contents of the ROM, this can be done by asserting and de-

asserting the COEF_REF signal. Then the core launches the copying sequence again. The core generates 

the optional pulse CORE_REF_DONE once the initial or secondary copying is completed. The copying 

takes approximately 4*TAPS clock intervals. The core keeps the signal DATAO_VALID de-asserted while 

running the copying sequence. 

Multiple Constant Coefficient Sets 

In this mode the filter can switch between k pre-configured coefficient sets. Figure 26 on page 33 shows the 

Coefficient ROM in this mode. The core maintains two ñcacheò-style pages where it is convenient to store 

the current set and the one you expect the filter to use next. Then the switch from a current set to the next 

one takes a single clock interval. After the switch, the page that used to store the former current set gets 

vacant. You can use it to fill in with yet next coefficient set. 

CoreFIR automatically configures a Coefficient ROM to use dual-page memory in the Multiple set or 

Reloadable mode. The COEF_SEL input controls a multiplexor that selects one of the constant coefficient 

sets. On asserting and de-asserting the COEF_REF signal, the core starts copying the selected set on the 

auxiliary page of the ROM. In the meantime, the filter engine keeps using current coefficient set stored on 

the Active Page. Once the copying is completed, the core issues the optional signal COEF_REF_DONE but 

the coefficients are not propagated to the filter engine yet. This only takes place when the COEF_ON signal 

is issued, which swaps Active and Auxiliary pages. 

After initial power-up the Active Page does not contain any coefficient set. Therefore the core does not 

produce a meaningful result until the Auxiliary Page gets filled with a valid set and becomes the Active Page 

after the COEF_ON signal comes in. 

When the signal COEF_ON swaps the Active and Auxiliary pages, generally the PHY_TAPS filtered results 

immediately following the COEF_ON are incorrect and need to be discarded. If this is of concern, loop back 

the COEF_ON_SLOT signal as the COEF_ON. 
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Figure 26 Two-page Coefficient Storage in Multiple Set Mode 

Reloadable Coefficients 

Similarly to the Multiple constant set mode, the Coefficient ROM contains two pages, Active and Auxiliary. 

While the filter engine keeps using coefficients stored in the Active Page, user circuitry can download a new 

reloadable set of coefficients on the Auxiliary Page. To do so, assert and de-assert COEF_REF signal and 

supply the new reloadable coefficients and validity bits to the ports COEFI and COEFI_VALID respectively. 

The coefficients must be supplied in the reversed order: the coefficient c(N-1) first, followed by c(N-2) and so 

on until the last coefficient c(0) is supplied. Once TAPS number of coefficients is loaded, the core issues the 

optional signal COEF_REF_DONE. In order for the filter MAC Engine to switch to the just loaded 

coefficients, assert COEF_ON signal that swaps the pages. 

After initial power-up, the Active Page does not contain any meaningful coefficients. Therefore the core does 

not produce a valid result until the Auxiliary Page gets filled with a valid set of reloadable coefficients and 

becomes the Active Page after the COEF_ON signal comes in. 

When the signal COEF_ON swaps the Active and Auxiliary pages, generally the PHY_TAPS filtered results 

immediately following the COEF_ON are incorrect and need to be discarded. If this is of concern, loop back 

the COEF_ON_SLOT signal as COEF_ON. 

Data Control and Timing 

Input Rate Limitations 

Semi-parallel architecture expects the filter input sample rate to be a fraction of the clock rate (Equation 2). 

Once the number of physical MACôs PHY_TAPS is defined, the filter can handle the input data rates up to 

the Maximum sample frequency of the Equation 3. This does not mean that every sample interval needs to 

satisfy the Equation 3. The core accepts non-periodic input samples coming with instantaneous frequency 

up to the clock frequency.  

To relax requirements for the input sample periodicity, the core features the Data FIFO and the READY 

signal. A data source can supply data at any frequency as long as the average rate does not exceed the 

Maximum sample frequency. The FIFO collects PHY_TAPS new input samples, which is sufficient to 
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compute PHY_TAPS filtered results
1
. Then it de-asserts the READY signal and waits for the MAC engine to 

start processing the collected data. Depending on the actual input rate the waiting period may vary from a 

fraction of the input sample interval to several intervals. For example, if the actual input rate never exceeds 

the Sample frequency, the waiting period is less than the input sample period. In this case the READY signal 

will always be active by the time a fresh input sample comes in. In case the data source attempts to supply 

data, say, at Clock frequency, the READY signal will be de-asserted for significant interval. The data source 

should only assert DATAI_VALID when the READY signal is asserted.  

Consider a 12-tap FIR filter with the clock to sample frequency ratio of 4. According to Equation 2 on page 

12, the semi-parallel filter has PHY_TAPS = 12/4 = 3 physical MACôs. Figure 27 depicts a case, where the 

input samples are periodic at the fixed timing interval of 4 clocks that satisfies the Equation 3 on page 13. 

Note, the READY signal is always active by the time a fresh input sample comes in and thus, can be 

neglected in such a case. 
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Figure 27 Fixed Timing Interval Between Input Samples 

For the same filter Figure 28 shows the input samples coming at instantaneous frequency equal the Clock 

frequency. The data are coming in bursts of PHY_TAPS=3 samples each. The data source supplies the 

samples only at the times when the READY signal is active. 
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Figure 28 Bursts of the Input Samples 

Input and Output Time Domains 

The core accepts inputs tight to the core CLK signal. The average data input rate must satisfy the Equation 

3 on page 13. The filtered results are coming out of the FIRO port in bursts of PHY_TAPS samples each, 

one output sample per clock interval. The signal DATAO_VALID accompanies the valid output samples. 

Figure 29 on page 35 shows the filter output bursts for the filter example described in the section ñInput Rate 

Limitationsò on page 33. 

                                                           

 

1
 This does not refer to initial ñwarm-upò time, which takes more input samples to compute PHY results. See 

Warm-up Time section for details.  
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Figure 29 Filtered Results 

Filter Latency 

Once the FIFO collected PHY_TAPS new input samples and the MAC engine is ready for processing, the 

FIFO bursts out all the samples necessary to compute PHY_TAPS filtered results. It takes the MAC engine 

N+7 clock intervals of processing time for the filter to start generating PHY_TAPS results, one per clock 

interval. Refer to the section ñInput Rate Limitationsò on page 33 as an example when the input rate is fixed. 

Rising edge of the COEF_ON_SLOT output signal marks the beginning of the processing time (Figure 30), 

and falling edge of the READY signal marks the moment when FIFO finishes collecting PHY_TAPS fresh 

data samples. It is seen that the MAC engine is ready to process fresh PHY_TAPS input samples as soon 

as the Data FIFO finishes collecting them. The overall latency from the moment when FIFO started 

collecting the fresh PHY_TAPS data samples to the first result of the output burst equals 
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DATAI_VALID

DATAO_VALID

FIRO

READY FIFO finishes collecting PHY new input 

samples  

FIFO starts collecting PHY new input samples 

Processing Delay = N+7 clock intervals

COEF_ON_SLOT

MAC Engine starts processing new samples  

 

Figure 30 Filter Latency Example at Fixed Input Rate 

Latency calculation for the case when momentary input rate may exceed Max sample frequency of Equation 

3 on page 13 is more complicated as by the time the FIFO is filled with new samples, the MAC Engine can 

still be busy processing previous burst (Figure 31). Therefore the processing starts on the rising edge of a 

COEF_ON_SLOT pulse following a FIFO collecting period. 
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Figure 31 Filter Latency Example at High Momentary Input Rate 

Optional Numeric ID 

If you need to know which filtered sample corresponds to certain portion of the input data, the core provides 

a mechanism for attaching numerical IDôs to the input and output samples. From Equation 1 on page 5, it is 

seen that every filtered output y(k) is a result of convolution between the filter coefficients c(0) to c(N-1) and 

a range of data samples from x(k-N+1) to x(k). The ID lets you to associate output index with the input data 

samples from k-N+1 to k. The output ID carries the input ID attached to the first input sample of the range, 

namely k-N+1. (In order to have output indices match the formula of the Equation 1 on page 5 you need to 

add N-1 to the actual output index). The user supplies the ID to the port SAMPLE_ID simultaneously with 

the DATAI_VALID and DATAI signals (Figure 32).  

CLK

DATAI_VALID

DATAI

SAMPLE_ID

 

Figure 32 SAMPLE_ID Timing Diagram 

The ID must be generated by a regular incremental binary counter. Bitwidth of the ID is configurable. With 

the 5-bit ID, letôs consider an example of section Input Rate Limitations on page 33. Figure 33 depicts the 

SAMPLE_ID attached to the input data and the output FIRO_ID the core generates along with the output 

FIRO and DATAO_VALID. The IDôs are shown in decimal format for convenience. The output sample with 

the ID 16 is the filtered result produced by the input samples from 16 to 27, the output ID 17 is the filtered 

input sequence from 17 to 28, etc. Due to the limited bit width, the ID rolls over to 0 when the ID counter 

overflows. Say on the Figure 33, FIRO_ID 22 marks the filtered output of the input samples 22-31 and 0-1. 
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Figure 33 Numeric ID Use Example 

Warm Up Time 

In addition to initial coefficient copying time described in the section ñCoefficient Modesò on page 32, the 

filter takes certain warm-up time. Theoretically a FIR filter starts producing valid output samples after it 

collects enough data to be entered in the Equation 1, N data samples. After initial reset when the filter delay 

line is empty, the first valid output can possibly be available only after the filter receives N data samples. 

CoreFIR requires PHY_TAPS more input samples to start generating valid results. It also discards the first 

result as it is not accurate. The core de-asserts the DATAO_VALID signal while initial inaccurate results get 

generated. 

After the warm-up, every subsequent PHY_TAPS input samples will cause the filter to generate PHY_TAPS 

valid output samples. 
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Polyphase Interpolation Filter  

Description 
Polyphase Interpolation is done by inserting L-1 zero-valued samples between each pair of input i.e. stuffed 

zeros. Each stuffed zero gets multiplied by a coefficient and summed with the others. However, this adding-

and-summing processing has no effect when the data sample is zero which we know in advance will be the 

case for L-1 out of each L input samples of a FIR interpolation filter. So these taps are not calculated.  

Interface 

Parameters/Generics 

Interpolation CoreFIR RTL has parameters (Verilog) or generics (VHDL), as described in Table 18. All 

parameters and generics are positive integer types. 

Table 18 Semi-Parallel CoreFIR Parameter/Generic Descriptions 

Parameter 

Name 

Valid Range Default Description 

TAPS 4-1024 16 Number of taps 

INTERPOLATIO

N_FACTOR (L) 

2-512 2 Input Data Up sampling rate 

Number of multipliers (MAC) utilized = number of TAPs/L 

Number of multipliers should be >= 2 

COEF_TYPE 0-1 0  0 - constant coefficients (including multiple coefficient sets) 

 1 - reloadable coefficients 

COEF_SETS 1-16 1  1 - single coefficient set 

 2-16 - multiple coefficient sets.  

Valid when constant coefficient type is selected (COEF_TYPE==0) 

COEF_UNSIGN 0-1 0  0 - signed coefficients 

 1 - unsigned coefficients 

COEF_WIDTH 2-18 12 Coefficient bit width. Signed coefficient width ranges from 2 to 18 bits; 

unsigned from 2 to 17 bits. 

DATA_UNSIGN 0-1 0  0 - signed input data 

 1 - unsigned input data 

DATA_WIDTH 2-18  12 Data bit width. Signed data width ranges from 2 to 18 bits; unsigned from 

2 to 17 bits. 

DATA_RAM 0-1 1  0 ï Build Data FIFO out of fabric resources 

 1 ï Build Data FIFO using RAM blocks available on a chip 

COEF_RAM 0-1 1  0 ï Build Coefficient ROM out of fabric resources 

 1 ï Build Coefficient ROM using RAM blocks available on a chip 
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Ports 

The interpolation FIR filter symbol is shown on Figure 34. Table 19 provides the port definitions for the core. 
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Figure 34 CoreFIR I/O Ports 

The pinout of Figure 34 is a superset of all possible ports. In every configuration only a subset of these is 

used. 
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Table 19 CoreFIR In/Out Signals 

Signal In/ 

Out 

Port width, bits Description 

DATAI In Input data width, 

DATA_WIDTH 

Input data to be filtered 

DATAI_VALID In 1 Input data valid. Active high. When the signal is active, the input data 

sample is loaded into the FIR Filter. DATAI_VALID should not be active if 

READY signal is inactive. Input data samples coming while the READY 

signal is inactive are ignored. 

COEFI In Coefficient bit 

width, 

COEF_WIDTH 

Coefficient input. The coefficients are to be loaded sequentially, one by 

one. This port is enabled only when reloadable coefficient mode is 

selected. 

COEFI_VALID In 1 Coefficient valid. Active high. When the signal is active, a coefficient is 

loaded into the FIR Filter. This port is enabled only when reloadable 

coefficient mode is selected. 

COEF_REF In  1 Refresh coefficients. Active high.  

In the Reloadable coefficient mode, the signal initiates reloading 

coefficients into auxiliary page of the coefficient storage.  

In the Multiple constant set mode, the signal starts loading into the auxiliary 

page another set of coefficients pointed to by the input COEF_SEL. 

COEF_REF_ 

DONE 

Out  1 Done refreshing coefficients. Active high.  

This optional signal notifies a user that reloading coefficients or loading 

another Multiple set into the auxiliary page is completed. Now the auxiliary 

page is ready to become the active one. 

COEF_SEL In  4 Coefficient set selector. Identifies the pre-programmed fixed coefficient set 

to be loaded on the auxiliary page. This port is enabled only when multiple 

coefficients mode is selected. 

CLK In 1 Clock. Rising edge active. The core master clock. 

NGRST In 1 Asynchronous reset. Active low. Resets all internal fabric registers. 

RSTN In 1 Optional synchronous reset. Active low. Being asserted along with CLK 

signal, resets all internal fabric registers. 

DATAO Out DATA_WIDTH + 

COEF_WIDTH + 

ceiling(log2PHY_T

APS) 

Data output. The filtered data appear on this port. It is a full precision 

output. For example, at 12-bit data, 15-bit coefficients, and 150 taps,L=10 

the output width = 12 + 15 + ceil(log215) = 12+15+4 = 31 bits. 

DATAO_VALID Out 1 Output data valid. Active high. Indicates that a new output data sample is 

present at the DATAO port. 

READY Out 1 Active high. The core is ready to accept a fresh input data sample. 
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Figure 35 and Figure 36 depict examples of the core pinout in the Constant and Reloadable coefficient 

modes and Figure 37 depicts the Multiple coefficient set mode. 
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Figure 35 Constant Coefficient Configuration 
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Figure 36 Reloadable Coefficient Configuration 
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Figure 37 Multiple Coefficient Set Configuration 

Data Path Bit Width 
The core supports signed and unsigned data and coefficients. You can configure the core accordingly. The 

output data is unsigned if both input data and coefficients are unsigned. Otherwise the output data is signed. 

Input and output data, as well as the coefficients, are integers in twoôs complement format. 

The core supports signed data and coefficient of 2 to 18 bits. For the unsigned data and coefficients, the 

width is limited to 17 bits. With symmetric filter implementation, the maximum data width is reduced to 17 

bits for signed data, and to 16 bits for unsigned data. 

Internal filter processing takes place at full precision to reduce truncation/rounding noise and avoid risk of 

overflow. The filter output data are presented in full precision as well. If the data and coefficient bit widths 

are DATA_WIDTH and COEF_WIDTH, and the number of filter taps = TAPS, then the full precision output 

bit width is given by the following equation: 

Output Bit Width = DATA_WIDTH + COEF_WIDTH + ceiling(log2PHY_TAPS/L) 

Coefficient Modes 

Constant Coefficient Mode 

In the single set Constant coefficient mode, the coefficients entered at the configuration time are copied onto 

the coefficient ROM. Usually it happens once, on asynchronous reset signal NGRST that normally gets 

asserted upon powering-on the FPGA device. A mechanism built in the core runs the process automatically. 

No action is required from you. 

If for any reason you want to refresh the contents of the ROM, you can do this by asserting the COEF_REF 

signal. Then the core runs the copying sequence again. The core generates the optional pulse 

CORE_REF_DONE once the initial or secondary copying is completed. The copying takes approximately 

4*TAPS clock intervals. The core keeps the signal DATAO_VALID de-asserted until copying is completed. 
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Multiple Constant Coefficient Sets 

In this mode the filter can switch between k pre-configured coefficient sets. Figure 38 shows the Coefficient 

ROM in this mode.  

The COEF_SEL input controls a multiplexor that selects one of the constant coefficient sets. On the 

COEF_REF signal, the core starts copying the selected set on the of the ROM. The core issues the optional 

signal COEF_REF_DONE once all the coefficients are loaded and filter is ready to start using the new 

coefficients. 

Coefficient ROM

...

c(i)_set_2

c(i)_set_1

c(i)_set_0

c(i)_set_k

COEF_SEL

Active Page MAC Engine

COEF_REF COEF_REF_DONE
 

Figure 38 Coefficient Storage in Multiple Set Mode 

Reloadable Coefficients 

In the Reloadable coefficient mode, the user circuitry can download a new reloadable set of coefficients on 

the coefficient page. To do so, assert COEF_REF signal and supply the new reloadable coefficients and 

validity bits to the ports COEFI and COEFI_VALID respectively. Once sufficient number of the reloadable 

coefficients is supplied, TAPS is loaded the core issues the optional signal COEF_REF_DONE. After initial 

power-up the Coefficient Page does not contain any meaningful coefficients. Therefore the core does not 

produce a valid result until valid set of reloadable coefficients are loaded. 

Data Control and Timing 

Input Rate Limitations 

Semi-parallel architecture expects the filter input sample rate to be a fraction of the clock rate (Equation 6). 

Once the number of physical MACôs PHY is defined, the filter can handle the input data rates up to 

 

Equation 6 

To relax requirements for the input sample periodicity, the core features the Data FIFO and the READY 

signal. A data source can supply data at any frequency as long as the average rate does not exceed the 

Max sample frequency. The FIFO collects PHY new input samples, which is sufficient to compute PHY 

filtered results. Then it de-asserts the READY signal and waits for the MAC engine to start processing the 

collected data. Depending on the actual input rate the waiting period may vary from a fraction of the input 

sample interval to several intervals. For example, if the actual input rate never exceeds the Sample 

frequency, the waiting period is less than the input sample period. In this case the READY signal will always 

be active by the time a fresh input sample comes in. In case the data source attempts to supply data, say, at 

Clock frequency, the READY signal will be de-asserted for significant interval. The data source should only 

assert DATAI_VALID when the READY signal is asserted. 

Consider a 12-tap FIR filter with Sample frequency to the Clock frequency ratio of 1/4. According to Equation 

6, the semi-parallel filter has PHY = 12/4 = 3 physical MACôs. Figure 39 depicts a case, where the input 

samples are coming at a fixed timing interval of 4 clocks that satisfies the Equation 3 on page 13. 

Note:  The READY signal is always active by the time a fresh input sample comes in and thus, can be 

neglected. 
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Figure 39 Fixed Timing Interval Between Input Samples 

For the same filter Figure 40 shows the input samples coming at a momentary rate equal to the Clock 

frequency. The data are coming in bursts of PHY=3 samples each. The data source supplies the samples 

only when the READY signal is active. 
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Figure 40 Bursts of the Input Samples 

Input and Output Time Domains 

The core accepts inputs tight to the core CLK signal. The average data input rate must Equation 6. The 

filtered results are coming out of the DATAO port in bursts of PHY samples each, one output sample per 

clock interval. The signal DATAO_VALID accompanies the valid output samples. Figure 41 presents the 

filter output bursts for the filter example described in the section ñInput Rate Limitationsò on page 44. 
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Figure 41 Filtered Results 

Filter Latency 

Once the FIFO has collected PHY new input samples and the MAC engine is ready for processing, the FIFO 

bursts out all the samples necessary to compute PHY filtered results. It takes the MAC engine N+7 clock 

intervals of processing time for the filter to start generating PHY results, one per clock interval. For example, 

consider the section ñInput Rate Limitationsò on page 44, when the input rate is fixed. The rising edge of the 

COEF_ON_SLOT output signal marks the beginning of the processing time (Figure 42 on page 46), and the 

falling edge of the READY signal marks the moment when FIFO finishes collecting PHY fresh data samples. 

It is seen that the MAC engine is ready to process fresh PHY input samples as soon as Data FIFO finishes 

collecting them. The overall latency from the moment when FIFO started collecting the fresh PHY data 

samples to the first result of the output burst equals: 
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Figure 42 Filter Latency Example at Fixed Input Rate, N/L =1  

Latency calculation for the case when momentary input rate may exceed Max sample frequency of Equation 

6 on page 44 is more complicated as by the time the FIFO is filled with new samples, the MAC engine can 

still be busy processing the previous burst (Figure 43). Therefore the processing starts on the rising edge of 

a COEF_ON_SLOT pulse following a FIFO collecting period. 
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new input samples 

DATAO_VALID

DATAO

 

Figure 43 Filter Latency Example at High Momentary Input Rate, N/L = 1 
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Polyphase Decimation Filter  

Description 
The primary reason for using Polyphase decimation is to decrease the sampling rate at the output so that 

another system operating at a lower sampling rate can use the filtered signal. 

Interface 

Parameters/Generics 

Decimation CoreFIR RTL has parameters (Verilog) or generics (VHDL), which are described in Table 20. All 

parameters and generics are positive integer types. 

Table 20 Semi-Parallel CoreFIR Parameter/Generic Descriptions 

Parameter 

Name 

Valid Range Default Description 

TAPS 4-1024 16 Number of taps 

DECIMATION_

FACTOR (M) 

2-512 2 Input data up sampling rate 

Number of multipliers (MAC) utilized = number of TAPs/L 

Number of multipliers should be >= 2 

COEF_TYPE 0-1 0  0 - constant coefficients (including multiple coefficient sets) 

 1 - reloadable coefficients 

COEF_SETS 1-16 1  1 - single coefficient set 

 2-16 - multiple coefficient sets 

Valid when constant coefficient type is selected (COEF_TYPE==0) 

COEF_UNSIGN 0-1 0  0 - signed coefficients 

 1 - unsigned coefficients 

COEF_WIDTH 2-18 12 Coefficient bit width. Signed coefficient width ranges from 2 to 18 bits; 

unsigned from 2 to 17 bits. 

DATA_UNSIGN 0-1 0  0 - signed input data 

 1 - unsigned input data 

DATA_WIDTH 2-18  12 Data bit width. Signed data width ranges from 2 to 18 bits; unsigned from 

2 to 17 bits. 

DATA_RAM 0-1 1  0 ï Build Data FIFO out of fabric resources 

 1 ï Build Data FIFO using RAM blocks available on a chip 

COEF_RAM 0-1 1  0 ï Build Coefficient ROM out of fabric resources 

 1 ï Build Coefficient ROM using RAM blocks available on a chip 
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Ports 

The Decimation FIR filter symbol is shown in Figure 44. Table 21 on page 49 provides the port definitions for 

the core. 
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Figure 44 CoreFIR I/O Ports 

The pinout of Figure 44 is a superset of all possible ports. In every configuration only a subset of these is 

used. 
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Table 21 CoreFIR In/Out Signals 

Signal In/ 

Out 

Port width, bits Description 

DATAI In Input data width, 

DATA_WIDTH 

Input data to be filtered 

DATAI_VALID In 1 Input data valid. Active high. When the signal is active, the input data 

sample is loaded into the FIR Filter. DATAI_VALID should not be active if 

READY signal is inactive. Input data samples coming while the READY 

signal is inactive are ignored. 

COEFI In Coefficient bit 

width, 

COEF_WIDTH 

Coefficient input. The coefficients are to be loaded sequentially, one by 

one. This port is enabled only when reloadable coefficient mode is 

selected. 

COEFI_VALID In 1 Coefficient valid. Active high. When the signal is active, a coefficient is 

loaded into the FIR Filter. This port is enabled only when reloadable 

coefficient mode is selected. 

COEF_REF In  1 Refresh coefficients. Active high.  

In the Reloadable coefficient mode, the signal initiates reloading 

coefficients into auxiliary page of the coefficient storage.  

In the Multiple constant set mode, the signal starts loading into the auxiliary 

page another set of coefficients pointed to by the input COEF_SEL. 

COEF_REF_ 

DONE 

 

Out  1 Done refreshing coefficients. Active high.  

This optional signal notifies a user that reloading coefficients or loading 

another Multiple set into the auxiliary page is completed. Now the auxiliary 

page is ready to become the active one. 

COEF_SEL In  4 Coefficient set selector. Identifies the pre-programmed fixed coefficient set 

to be loaded on the auxiliary page. This port is enabled only when multiple 

coefficients mode is selected. 

CLK In 1 Clock. Rising edge active. The core master clock. 

NGRST In 1 Asynchronous reset. Active low. Resets all internal fabric registers. 

RSTN In 1 Optional synchronous reset. Active low. Being asserted along with CLK 

signal, resets all internal fabric registers. 

FIRO Out DATA_WIDTH + 

COEF_WIDTH + 

ceiling(log2TAPS) 

Data output. The filtered data appear on this port. It is a full precision 

output. For example, at 12-bit data, 15-bit coefficients, and 150 taps,M=10 

the output width = 12 + 15 + ceil(log2150) = 12+15+8 = 31 bits. 

DATAO_VALID Out 1 Output data valid. Active high. Indicates that a new output data sample is 

present at the FIRO port. 

READY Out 1 Active high. The core is ready to accept a fresh input data sample. 
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Figure 45 and Figure 46 depict examples of the core pinout in the Constant and Reloadable coefficient 

modes and Figure 47 on page 51 shows the Multiple coefficient set mode. 
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Figure 45 Constant Coefficient Configuration 
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Figure 46 Reloadable Coefficient Configuration 
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Figure 47 Multiple Coefficient Set Configuration 

Data Path Bit Width 
The core supports signed and unsigned data and coefficients. You can configure the core accordingly. The 

output data is unsigned if both input data and coefficients are unsigned. Otherwise the output data is signed. 

Input and output data, as well as the coefficients, are integers in twoôs complement format. 

The core supports signed data and coefficient of 2 to 18 bits. For the unsigned data and coefficients, the 

width is limited to 17 bits. With symmetric filter implementation, the maximum data width is reduced to 17 

bits for signed data, and to 16 bits for unsigned data. 

Internal filter processing takes place at full precision to reduce truncation/rounding noise and avoid risk of 

overflow. The filter output data are presented in full precision as well. If the data and coefficient bit widths 

are DATA_WIDTH and COEF_WIDTH, and the number of filter taps = TAPS, then the full precision output 

bit width is given by the following equation: 

Output Bit Width = DATA_WIDTH + COEF_WIDTH + ceiling (log2TAPS) 

Coefficient Modes 

Constant Coefficient Mode 

In the single set Constant coefficient mode, the coefficients entered at the configuration time are copied onto 

the coefficient ROM. Usually it happens once, on asynchronous reset signal NGRST that normally gets 

asserted upon powering-on the FPGA device. A mechanism built in the core runs the process automatically. 

No action is required from you. 

If for any reason you want to refresh the contents of the ROM, you can do so by asserting the COEF_REF 

signal. Then the core runs the copying sequence again. The core generates the optional pulse 

CORE_REF_DONE once the initial or secondary copying is completed. The copying takes approximately 

4*TAPS clock intervals. The core keeps the signal DATAO_VALID de-asserted until copying is completed. 
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Multiple Constant Coefficient Sets 

In this mode the filter can switch between k pre-configured coefficient sets. Figure 48 shows the Coefficient 

ROM in this mode. 

The COEF_SEL input controls a multiplexor that selects one of the constant coefficient sets. On the 

COEF_REF signal, the core starts copying the selected set from the ROM. The core issues the optional 

signal COEF_REF_DONE once all the coefficients are loaded and the filter is ready to start using the new 

coefficients. 
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Active Page MAC Engine

COEF_REF COEF_REF_DONE
 

Figure 48 Coefficient Storage in Multiple Set Mode 

Reloadable Coefficients 

In the Reloadable coefficient mode, user circuitry can download a new reloadable set of coefficients on the 

coefficient page. To do so, assert COEF_REF signal and supply the new reloadable coefficients and validity 

bits to the ports COEFI and COEFI_VALID respectively. Once TAPS number of coefficients is loaded, the 

core issues the optional signal COEF_REF_DONE. After initial power-up, the Coefficient page does not 

contain any meaningful coefficients. Therefore, the core does not produce a valid result until a valid set of 

reloadable coefficients are loaded. 

Data Control and Timing 

Input Rate Limitations 

The filter sample rate can be as high as max sample frequency: 

 

Equation 7 

Input and Output Time Domains 

The core accepts inputs tight to the core CLK signal. The average data input rate must satisfy Equation 7. 

Filter Latency 

Once the FIFO has N new input samples and the MAC engine is ready for processing, the FIFO bursts out 

all the samples necessary to compute PHY filtered results. It takes the MAC engine N+M clock intervals of 

processing time for the filter to start generating results, one per clock interval. Consider the section ñInput 

Rate Limitationsò on page 33, as an example for when the input rate is fixed. The rising edge of the 

COEF_ON_SLOT output signal marks the beginning of the processing time (Figure 49 on page 53), and the 

falling edge of the READY signal marks the moment when FIFO finishes collecting N fresh data samples. It 

is seen that the MAC engine is ready to process fresh N input samples as soon as Data FIFO finishes 

collecting them. Then the overall latency from the moment when FIFO started collecting the fresh N data 

samples to the first result of the output burst equals 
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CLK

DATAI_VALID

DATAO_VALID

FIRO

READY FIFO finishes collecting PHY new input 

samples  

FIFO starts collecting PHY new input samples 

 

Figure 49 Filter Latency Example at Fixed Input Rate, M = 2 
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Coefficient Specification  

The core enables you to specify the FIR filter constant coefficients and constant coefficient sets as an ASCII 

text file (* .txt). Create the coefficient file using your favorite text editor. Figure 50 and Figure 51 show the file 

formats for the multiple and single constant coefficient sets. N and m signify numbers of filter taps and 

coefficient sets, respectively. Coefficient values must be entered as integer numbers. For a symmetric or 

anti-symmetric filter, only half of the coefficients must be listed in the file (applies to the Fully Enumerated 

type only). 

coef f i c i ent _set _1

C( 1) ( 0)

C( 1) ( 1)

. . .

C( 1) ( N- 1)

coef f i c i ent _set _2

C( 2) ( 0)

C( 2) ( 1)

. . .

C( 2) ( N- 1)

. . .

coef f i c i ent _set _m

C( m) ( 0)

C( m) ( 1)

. . .

C( m) ( N- 1)

 

Figure 50 Multiple Coefficient Sets File Format 

coef f i c i ent _set _1

c( 0)

c( 1)

. . .

c( N- 1)

 

Figure 51 Constant Coefficient File Format 

The file format is as follows: 

1. The filter coefficients can be presented in decimal, hexadecimal, or binary formats. In decimal format 

(radix-10) negative values are accepted; for example, ï25. In hexadecimal and binary formats (radix-16, 

radix-2), present negative values in twoôs complement format; for example, 7-bit ï25 = 0 x 67 = 110 

0111. 

2. Only one coefficient value per line is permitted. 

3. Place an extra empty line after the last coefficient of the last set. 
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4. The file must match the core parameters entered via the GUI: 

 Coefficient bit width (COEF_WIDTH) 

 Number of coefficient sets (COEF_SETS) 

 Symmetry of the filter (COEF_SYMM) - applies to the Fully Enumerated type only 

 Coefficient radix: decimal, hexadecimal, or binary 

A few examples of the filter coefficient file are given in Figure 52, Figure 53, and Figure 57 on page 58. 

coef f i c i ent _set _1

5

6

10

25

63

- 1

- 11

- 32

- 63
 

Figure 52 Coefficient File Example - 9 Taps, 7 Bits, Radix-10 

Figure 52 shows a non-symmetric 9-tap 7-bit constant coefficient filter. Coefficients are entered using 

decimal (Radix-10) entries. 

coef f i c i ent _set _1

5

6

A

19

3F

7F

75

60

41

coef f i c i ent _set _1

0000101

0000110

0001010

0011001

0111111

1111111

1110101

1100000

1000001
 

Figure 53 Coefficient File Examples - 9 Taps, 7 Bits, Radix-16 and Radix-2 

Figure 53 presents the same set of constant coefficients in hexadecimal and binary formats. All coefficient 

files shown in Figure 52 and Figure 53 will produce the same filter. The filter impulse response is shown on 

Figure 54. 

If the COEF_SYMM core parameter is set to generate a symmetric or anti-symmetric filter, any of the 

coefficient files of Figure 52 and Figure 53 can identify such filters. The impulse response examples of the 

symmetric 17-tap filter and anti-symmetric 18-tap filter are depicted in Figure 55 and Figure 56 on page 57, 

respectively. This applies to the Fully Enumerated type only. 
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5 6 10

25

63

-1
-11

-32

-63
 

Figure 54 Constant Coefficient Filter Impulse Response 

5 6 10

25

63

-1
-11

-32

-63

-32

-11
-1

63

25

10 6 5

 

Figure 55 Symmetric Constant Coefficient Filter Impulse Response (applies to the Fully Enumerated type only) 

5 6 10

25

63

-1
-11

-32

-63

63

32

11
1

-63

-25

-10 -6 -5

 

Figure 56 Anti-Symmetric Constant Coefficient Filter Impulse Response (applies to the Fully Enumerated type only) 
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Figure 57 presents an example of a 2-set, 9-tap, 7-bit FIR filter coefficient file. 

The core verifies if the coefficient file is valid and issues detailed warnings if it is not. You can view the 

entered coefficient and validation warnings on the Coefficients page of the core user interface. The page 

also lets you to correct the entry. 

coef f i c i ent _set _1

5

6

10

25

63

- 1

- 11

- 32

- 63

coef f i c i ent _set _2

21

12

- 10

- 25

63

- 11

- 64

- 32

18
 

Figure 57 Coefficient File Example - 2 Sets, 9 Taps, 7 Bits, Radix-10
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Tool Flows  

License 
CoreFIR requires an RTL license to be used and instantiated. Complete source code and a testbench are 

provided for the core. 

SmartDesign 
CoreFIR is available for download to the Libero IP Catalog via the web repository. Once it is listed on the 

catalog, the core can be instantiated using SmartDesign flow. You can configure the core using the 

configuration GUI within SmartDesign as shown in Figure 58. 

 

Figure 58 Configuring CoreFIR 

For information on using SmartDesign to configure, connect and generate cores, refer to the Using 

DirectCore in Libero IDE User's Guide. 

http://www.actel.com/documents/directcore_in_libero_tutorial_ug.pdf
http://www.actel.com/documents/directcore_in_libero_tutorial_ug.pdf
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Simulation Flows 
The User Testbench for CoreFIR is included in the release. 

To run simulations, select the User Testbench flow within SmartDesign and click Save & Generate on the 

Generate pane. The User Testbench is selected through the Core Configuration GUI. 

When SmartDesign generates the Libero IDE project, it will install the user testbench files. 

To run the user testbench, set the design root to the CoreFIR instantiation in the Libero IDE design hierarchy 

pane and click the Simulation icon in the Libero
®

 Integrated Design Environment (IDE) Design Flow 

window. This will invoke ModelSim
®
 and automatically run the simulation. 

User Testbench 

CoreFIR comes with a user testbench, which can be invoked using the core user interface. Figure 59 depicts 

the testbench block diagram. The Golden Behavioral FIR Filter directly implements the Equation 1 on page 

5. Both the Golden filter and CoreFIR get configured identically and receive the same test signal. The 

testbench compares the output signals of the Golden filter and the UUT. 

CoreFIR

Golden 

Behavioral 

FIR Filter

Test Data 

Generator  

User 

Configuration 
Compare

 

Figure 59 CoreFIR User Testbench 

The testbench provides examples of how to use generated FIR filter. You may modify the testbench to suit 

your needs. 

Fully Enumerated User Testbench 

The testbench for the Fully Enumerated filter in the Reloadable coefficient mode uses the constant 

coefficient file to configure the Golden Behavioral Filter and simulate reloadable coefficients. To run the user 

testbench in the Reloadable mode, follow the steps listed below. 

1. Enter the desired core configuration. Set Constant Coefficient type. 

2. Create and load constant coefficient file matching the core configuration. 

3. Generate design. 

4. Set Reloadable Coefficient type, generate design and run simulation. 

Synthesis in Libero IDE 
Having set the design route appropriately, click the Synthesis icon in Libero IDE. The Synthesis window 

appears, displaying the Synplicity
®

 project. Set Synplicity to use the Verilog 2001 standard if Verilog is being 

used. To run Synthesis, select the Run icon. 

Place-and-Route in Libero IDE 
Having set the design route appropriately and run Synthesis, click the Layout icon in the Libero IDE to 

invoke Designer. CoreFIR requires no special place-and-route settings. 
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Product Support  

Microsemi backs its products with various support services including Customer Service, a Customer 

Technical Support Center, a web site, an FTP site, electronic mail, and worldwide sales offices. This 

appendix contains information about contacting Microsemi SoC Products Group (formerly Actel) and using 

these support services. 

Customer Service 
Contact Customer Service for non-technical product support, such as product pricing, product upgrades, 

update information, order status, and authorization. 

From Northeast and North Central U.S.A., call 650.318.4480 
From Southeast and Southwest U.S.A., call 650. 318.4480 
From South Central U.S.A., call 650.318.4434 
From Northwest U.S.A., call 650.318.4434 
From Canada, call 650.318.4480 
From Europe, call 650.318.4252 or +44 (0) 1276 401 500 
From Japan, call 650.318.4743 
From the rest of the world, call 650.318.4743 
Fax, from anywhere in the world 650. 318.8044 

Customer Technical Support Center 

Microsemi staffs its Customer Technical Support Center with highly skilled engineers who can help answer 

your hardware, software, and design questions. The Customer Technical Support Center spends a great 

deal of time creating application notes and answers to FAQs. So, before you contact us, please visit our 

online resources. It is very likely we have already answered your questions. 

Technical Support 
Visit the Customer Support website (http://www.actel.com/support/search/default.aspx) for more information 

and support. Many answers available on the searchable web resource include diagrams, illustrations, and 

links to other resources on website.  

Website 

You can browse a variety of technical and non-technical information on the SoC home page, at 

http://www.actel.com/.  

Contacting the Customer Technical Support Center 

Highly skilled engineers staff the Technical Support Center from 7:00 A.M. to 6:00 P.M., Pacific Time, Monday 

through Friday. Several ways of contacting the Center follow: 

Email 

You can communicate your technical questions to our email address and receive answers back by email, 

fax, or phone. Also, if you have design problems, you can email your design files to receive assistance. We 

constantly monitor the email account throughout the day. When sending your request to us, please be sure 

to include your full name, company name, and your contact information for efficient processing of your 

request. 

The technical support email address is soc_tech@microsemi.com. 

http://www.actel.com/support/search/default.aspx
http://www.actel.com/
mailto:soc_tech@microsemi.com
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Phone 

Our Technical Support Center answers all calls. The center retrieves information, such as your name, 

company name, phone number and your question, and then issues a case number. The Center then 

forwards the information to a queue where the first available application engineer receives the data and 

returns your call. The phone hours are from 7:00 A.M. to 6:00 P.M., Pacific Time, Monday through Friday. The 

Technical Support numbers are: 

650.318.4460 

800.262.1060 

Customers needing assistance outside the US time zones can either contact technical support via email 

(soc_tech@microsemi.com) or contact a local sales office. Sales office listings can be found at 

www.actel.com/company/contact/default.aspx. 

 

 

mailto:soc_tech@microsemi.com
http://www.actel.com/company/contact/default.aspx
http://www.actel.com/company/contact/default.aspx
http://www.actel.com/company/contact/default.aspx
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