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Designing a MAC FIR 
Designing a MAC FIR 
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Introduction

In this lab, you will create a MAC-based FIR filter in System Generator using the MAC engine that you created in Lab 3.  This filter is a low-pass filter designed to eliminate high-frequency noise in audio systems.  The purpose of this lab is to solidify the concepts covered thus far, by implementing a larger, more complex DSP function than the functions addressed earlier.  

Note: There are completed examples in c:\xup\workshops\dsp_flow\labs\lab8\lab8_soln.
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Objectives 

After completing this lab, you will be able to:

· Build a cyclic RAM buffer

· Use the block RAMs in System Generator to support any size of port you desire

· Understand how to use System Generator to build one of the most common DSP functions: the MAC-based FIR filter

· Use the Spectrum Scope and White Noise source to view the frequency response of a filter

· See the impact of bit growth and the blocks available to “select” the desired bits
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Design Description

You are a DSP Designer at Cyberdyne Systems. Your company is investigating using Digital Filters instead of analog for its Security Tag detectors in an attempt to improve performance and reduce cost of the overall system. This will enable the company to further penetrate the growing security market space. The specification of the single channel, single rate filter (See Figure 18-1) is specified below:

· Sampling Frequency (Fs) = 1.5 MHz 

· Fstop 1 = 270 KHz 

· Fpass 1 = 300 KHz 

· Fpass 2 = 450 Khz

· Fstop 2 = 480 KHz

· Attenuation on both sides of the passband = 54 dB

· Pass band ripple = 1

Cyberdyne has chosen to go with FPGAs due to their flexibility, time to market and performance advantages over DSP Processors. Your HDL design experience is limited and hence System Generator for DSP appears to be an excellent solution for implementing the filter in an FPGA, as you are already familiar with The MathWorks products.

Your successful work on the project (Lab 4 and Lab 5) has led your manager to request that you build a MAC based filter (see Figure 18-3) so that a System Generator library element can be built upon. This will provide easy access to the filter created for other design engineers so they can use the structure in other projects. It also can be changed and adapted easily in the System Generator for DSP design environment. The filter must still be parametric in that the coefficients can be changed for different filter specifications.
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Figure 18-1. Filter Coefficients.
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Figure 18-2. Frequency Response of the Bandpass Filter Coefficients.
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Figure 18-3. The MAC FIR Structure.
The coefficients and data need to be stored in a memory system.  There are several storage options to store: block RAM, distributed RAM, and SRL16E.  In this lab you will use a dual-port block RAM memory to store the data and coefficients, with the data being captured and read out using a cyclic-data RAM buffer.  Hence, the RAM is used in a mixed-mode configuration.  The data is written and read from port A (RAM mode) and the coefficients are read only from port B (ROM mode).  The complete memory system with cyclic RAM buffer should look like the one in Figure 18-4.
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Figure 18-4. Cyclic RAM Buffer.
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Procedure 

This lab comprises seven primary steps.  You will start with analyzing the provided coefficients in Step 1.  In Step 2 through Step 5, you will create the design.  Step 5 will also require you to simulate the design to verify that the design works with the impulse input source.  Step 6 consists of complete design testing using all provided sources and generating code using the System Generator token. Finally, in Step 7, the design is implemented using Project Navigator.  Below each general instruction for a given procedure, you will find accompanying step-by-step directions and illustrated figures providing more detail for performing the general instruction. If you feel confident about a specific instruction, feel free to skip the step-by-step directions and move on to the next general instruction in the procedure.

Note: If you are unable to complete the lab at this time, you can download the lab files for this module from the Xilinx University Program site at http://university.xilinx.com
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Analyze Coefficients
Step 1
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Open the mac_bandpass.mdl model in MATLAB from the c:/xup/workshops/dsp_flow/labs/lab8 directory, analyze the coefficients using few MATLAB commands such as max and min, view the coefficients, and understand the parameters set for the sources. 

· Open the MATLAB command window by double-clicking on the MATLAB icon on your desktop, or go to Start Menu ( Programs ( MATLAB 6.5 ( MATLAB 6.5 

· Change directory to c:/xup/dsp_flow/labs/lab8/:  Type cd c:/xup/dsp_flow/labs/lab8/ in the command window

· Open the mac_bandpass.mdl model 
Note:  The coefficients required for the filter will be loaded into the workspace variable coef on opening the file, along with the sampling period variable Ts
· Type coef at the MATLAB command line to view the coefficients 

· Type max(coef) to view the maximum coefficient value

· Type min(coef) to view the minimum coefficient value 
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1.  The specification requires 12-bit data for the coefficients.  What is the optimum format for the 12-bit coefficients to be in? 

· Take note of the array of input sources already created for you

· Double-click the switches to select between sources
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Add the Control Logic and Parameterize it
Step 2
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Add the control logic that you created in Lab7 to your design, parameterize it with variables coef.  Set Sample Period to Ts as we are interested in simulating only the control logic. Simulate the logic to verify that it still works as expected. 

· Change directory to c:/xup/dsp_flow/labs/lab7 and open counter_enabled.mdl from the MATLAB command window
· Select everything except the System Generator and Resource Estimator tokens, copy them, and paste them in the mac_bandpass.mdl design sheet

· Close the counter_enabled.mdl window

· Change directory back to c:/xup/dsp_flow/labs/lab8 in the MATLAB command window

· Create a subsystem of the control logic you just pasted in

Note:  You can select the control logic (do not select Gateway Out and scope) and press Ctrl-G to create the subsystem

· Change name of the page connectors to appropriate names (for example; coef_addr, data_addr, we)

· Parameterize the control logic consisting of both counters and constant (set Sample Period to Ts for now as we are interested in simulating only the control logic).  The control logic will be connected to a dual-port memory.  Note that each port width is determined by its respective input width, and the ports can only be different if the widths are 2, 4, 8, 16, or 32 times larger in respect to each other.
Hint:  
The following MATLAB functions can be used in the block parameters to make your design flexible

length(X) – returns length of the array X

log2(Y) – returns log of integer Y to the base of 2

ceil(N) – returns the smallest integer greater than or equal to the real number N
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2.  Write down the expressions for the data_counter block that you would enter for: 

Number of Bits: 



Count to Value: 
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3.  Write down the expressions for the coef_counter block that you would enter for: 

Number of Bits: 



Initial Value: 



Count to Value: 



Sample Period:
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4.  Write down the expressions for the constant block that you would enter for: 

Constant Value: 



Number of Bits: 



· Add the scope to the Gateway Outs 

· Set Stop Time to 200 in Simulation Parameter
· Set Ts to 1 in workspace and simulate to verify that the control logic still works correctly

The simulation output should look like that shown in Figure 18-5
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Figure 18-5. Simulation of Control Logic. 
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Add the Dual-Port RAM
Step 3
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Next, add the dual-port RAM to your system and wire it with the control logic block and necessary additional logic to have it functional in mixed-mode as explained in the design description section.  Add constant (value = 0) to port B data input. Simulate the partial design to see if you get the expected output from both ports. 

· Add dual-port RAM element from Memory block of the System Generator Blockset
· Add Boolean constant with value 0 to we input of port B
· Add signed constant of value 0 (Number of bits = 12 bits and binary point position = 12) to data input of port B 

· Connect all other input ports of the RAM to the control subsystem output 

· Setup the Initial Value Vector to contain the desired contents of the RAM in the dual-port RAM block parameters

Hint:
The following useful MATLAB functions examples may be helpful to perform the task

Zeros(1,N) – returns an N element array of zeros

[x y] – returns an array that is x- concatenated to y

x’ – returns the array x in a transposed form

>> x = [1 2 3 4]

 x = 1 2 3 4

>> x = x’

 x = 


1


2


3


4
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5.  Write down the expressions for the dual-port RAM that you would enter for: 

Depth: 



Initial Value Vector: 



· Set the write mode for Port A and Port B in the dual-port RAM block parameters to Read After Write
· Add Gateway Out to the Port A and Port B of the RAM

· Add signed constant of value 0 (Number of bits = 12 bits and binary point position = 12) to data input of port A for testing purpose

Note: You should have the design wired at this point as shown in Figure 18-6.
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Figure 18-6. Control Logic Connected to the Dual-Port RAM.
· Set the stop time to 100 in Simulation Parameters and simulate the design

The simulation result should look like the one shown in Figure 18-7

[image: image7.png]-} etrl_datal BEEX
EIREE





Figure 18-7. Simulation of the Dual-Port RAM and Control Logic.
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Add Padding and Unpadding to the Data Ports
Step 4
Note:  Each output port width is determined by its respective input width, and the ports can only be different if the widths are 2, 4, 8, 16, or 32 times larger in respect to each other.  As our desired widths do not agree with this rule, they will have to be the same.  Hence the data must be manipulated before and after the RAM.  On the input, padding the 8-bit input data to 12-bits will match up the port widths.  The output can be readjusted to the original 8-bits using unpadding.  This concept is illustrated in Figure 18-8.


[image: image8.wmf]DIN A

A

B

FIX_12_12

FIX_12_12

DIN B

FIX_12_12

FIX_8_6

FIX_12_12

FIX_8_6

0

N-1

N

2N-1

ROM


 Figure 18-8. Using Different RAM Port Widths.
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Create padding logic to format the data input of FIX_8_6 to FIX_12_11 as a stand alone using Simulink Constant source and Display sink objects, and necessary Xilinx Blockset.  Verify that the logic works: using 0.2656 as the input constant value produces 0.008301 as an output.  Once verified, remove the source,  sink and unnecessary objects, create a sub-system of the rest of the padding logic, call it Pad, and bring it into the input path of Port A of the dual-port RAM.

· Add Constant source object from Simulink library to the design 
· Add Display sink object from Simulink library to the design
· Add Gateway In and Gateway Out to the design, and set Gateway In to output FIX_8_6 with rounding
· Add necessary Xilinx blocks between the just added Gateway In and Gateway Out to perform the padding function
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6.  Which blocks will be necessary to convert FIX_8_6 to UFIX_8_0, then to UFIX_12_0, and finally to FIX_12_12? 

Block(s) needed to convert to UFIX_8_0: 



Block(s) needed to convert to UFIX_12_0: 




Block(s) needed to convert to FIX_12_12: 




· Assign the constant input value to 0.2656
· Run the simulation 

· The display should indicate the converted value to be 0.008301 

· Once satisfied, create a sub-system of padding logic and name the block as Pad 

Note:  There is a solution in the Answers section if you can not get it working (Figure 18-19)

· Remove the constant input of Port A of the dual port RAM

· Connect the output of the delay block to the input of the Pad sub-system and output of the Pad sub-system to the input of the Port A of the dual-port RAM 
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Design an un-padding logic to format the data input of FIX_12_11 to FIX_8_6 as a stand alone using Simulink Constant source and Display sink objects, and necessary Xilinx blockset.  Verify that the logic works by using 0.008301 as the input constant value to produce 0.2656 as an output.  Once verified, remove the source and sink objects and unnecessary objects, create a sub-system of the rest of the un-padding logic, call it UnPad, and bring it into the output path of Port A of the dual-port RAM

· Add Constant source object from Simulink library to the design (if necessary)
· Add Display sink object from Simulink library to the design (if necessary)
· Add Gateway In and Gateway Out to the design (if necessary).  Make sure that gateway in has Quantization set to Rounding and of data type FIX_12_11
· Add necessary Xilinx blocks between the just added Gateway In and Gateway Out to perform the desired un-padding function


7.  Which blocks will be necessary to convert FIX_12_12 to UFIX_8_0 and then to FIX_8_6? 

Block(s) needed to convert to UFIX_8_0: 



Block(s) needed to convert to FIX_8_6: 




· Assign the constant input value to 0. 008301 

· Run the simulation 

· The display should indicate the converted value to be 0. 00415
· Once satisfied, create a sub-system of un-padding logic and name the block as UnPad 

Note:  There is a solution in the Answers section if you can not get it working (Figure 18-20)

· Place the Unpad sub-subsystem into the output path of  Port A of the dual-port RAM 


Remove unnecessary blocks from the design sheet.  Select Step source and set the simulation run time to 100.  Run the simulation and verify that the output is similar to the one shown in Figure 18-9

· Connect Gateway Out and scope to the output (if necessary)
· Connect the data output from the delay element to the input of the padding logic (if necessary)
· Double-click Switch1 to select Step source

· Set Stop Time to 100 in Simulation Parameters
· Run the simulation and view the output

Note:  The simulation result should look like as shown in Figure 18-9.
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Figure 18-9. Output of the Dual-Port RAM When Step Source is Fed.
Complete the Design
Step 5

Add up-sample element between the input and the padding logic.  Set the up-sample’s rate to length(coef).  Simulate the design and verify that it works up to this point.  

· Add the Up Sample element between the data input and the padding logic
Note: Although the FIR is a single-rate system (sample rate out = sample rate in), the internal rate is much faster due to the serial nature of a MAC FIR; in fact N (number of coefficients) times faster.  Be aware that each input to a System Generator block must have the same sampling period; thus an “up sampling” must occur on the data input to the MAC FIR

· Double-click the block and set up Sampling Rate to length(coef)
· Add Gateway Out at the output and add scope (if necessary)
· Set the simulation Stop time to 3 in simulation parameter 
· Double-click Switch1 to select Impulse input source

· Change the sampling period of the coef_counter of the control subsystem to match the sampling rate of the up-sampled data input at the port A

Note:  If you don’t have the matching sampling rate for both ports A and B then the System Generator will report error such as:
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Figure 18-10. System Generator Error Message for Mismatched Sample Rates.

8.  What should be expression for the sample period? 

· Run the simulation and verify that the impulse cycle through the data buffer and all the coefficients are coming out as shown in Figure 18-12

Note: As the sample period has changed, the system clock period must be set to 1/92 instead of 1.  The System Clock Period form, shown below, will appear indicating that it needs to be updated.  Click Update
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Figure 18-11.  System Clock Period Update.
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Figure 18-12. Impulse Output and Coefficients Output From the Dual-Port RAM.
· Remove the Gateway Out and the scope

Add the multiplier and accumulator (from lab3) at the output of the unpadding logic.  Set the block parameters of the multiplier and accumulator to match the design specification.  Simulate the design and verify that it works up to this point.

· Open mac_fir_test.mdl from lab3 
· Copy the necessary logic and add it to the output ports of the dual-port RAM after the unpadding logic
· Make sure that the accumulator has its Provide Reset Port and Reinitialize with Input ‘b’ on Reset options checked in its block parameters
· Add the capture register at the output of the accumulator and have Provide Enable Port option checked
· Make sure that the multiplier block has the Use Embedded Multipliers unchecked
· Set latency of the multiplier to 3
· Add the necessary logic to connect the reset input of the accumulator and the CE input of the capture register

9.  Which signal from the control logic block should be connected up to the reset of the accumulator and the CE of the capture register? 


10.  Why?  Is any extra logic required? 

· Create a sub-system of the multiplier, accumulator, and capture register blocks, and name it as MAC

Add the down-sample block at the output of the capture register followed by the delay element for high performance design. Simulate the design and verify that it works for the impulse source.  Save the output to the workspace and make sure that all coefficients are captured.

· Add down-sample element at the output of the capture register
· Set the down sampling rate to length(coef) (length of coefficients)
· Add a delay element to make the output clocked, thus providing high performance design
· Set simulation Stop time to 100 in Simulation Parameter 
· Run the simulation and verify that the impulse cycles through the data buffer and all the coefficients are coming out as shown in Figure 18-13
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Figure 18-13. Impulse Output From the Design.
· Add To Workspace element to the output of the design

· Change the Save format property of the To Workspace element to Array 

· Simulate the design again

· Go to the workspace in the MATLAB command window, double-click the simout variable, and scroll through all output making sure all coefficients are captured

Note:  You may see few zeros at the beginning of the array and at the end of the array.  However, in between those zeros all coefficients should be present.  

Testing the Design with Various Sources
Step 6

Add spectrum scope and MUX, and connect the input source to one channel of MUX and the design output to the other input of MUX.  Select White Noise source and simulate the design after setting Ts in MATLAB workspace and simulation stop time with appropriate value.  Verify that the design works for the White Noise input source.  See output samples at the end of the solution section to verify the expected output.

· Add Spectrum Scope from the DSP Blockset ( DSP Sinks
· Add MUX from Simulink ( Signal Routing blockset

· Wire input to top channel of MUX and the design output to the bottom channel of the MUX

· Double-click the Spectrum Scope element and set the following properties

Scope properties

· Buffer input: checked
· Buffer size: 256

· Buffer overlap: 64
· Specify FFT length: 256
· Number of spectral averages: 5

Display properties

· Show grid: checked
· Frame number: checked
· Channel legend: checked
· Open scope at start of simulation: checked
Axis properties

· Frequency units: Hertz
· Frequency range: [0…Fs/2]
· Inherit sample increment from input: unchecked
· Amplitude scaling: dB
· Minimum Y-limit: -84
· Maximum Y-limit: 25
· Y-axis title: Magnitude, dB

Line properties

· Line colors: [1 0 0]

· Double-click input Switch to select White Noise source

· Set Ts to 1/1500000 in MATLAB workspace 

· Set Stop time to 500 * Ts in Simulation Parameters

· Double-click the System Generator block

· Set Simulink System Period (sec) to Ts/length(coef)

· Run the simulation and verify the output with the one shown in Figure 18-21 and Figure 18-22


Select Impulse source and simulate the design.  Verify that the design works for the Impulse input source.  See output samples at the end of the solution section to verify the expected output.

· Double-click input Switch to select Switch1 input

· Double-click Switch1 to select Impulse input

· Run the simulation and verify the output with the one shown in Figure 18-23 and Figure 18-24


Select Step source and simulate the design.  Verify that the design works for the Step input source.  See output samples at the end of the solution section to verify the expected output.

· Double-click Switch1 to select Step input

· Run the simulation and verify the output with the one shown in Figure 18-25 and Figure 18-26

Implement the Design
Step 7

Select the multiplier block to use LUTs, generate the VHDL code for the design using the System Generator block with following hardware information, and implement the design.

· Compilation: HDL Netlist 

· Part: Spartan3 xc3s200-4ft256

· Synthesis Tool: XST
· Create Testbench: Unchecked

· Simulink System Period: Ts/length(coef)
· FPGA System Clock Period (ns): 20
· Double-click the multiplier block and uncheck the Use Embedded Multipliers
· Double-click the System Generator icon

· Browse to the current directory (c:/xup/dsp_flow/labs/lab8/ise) as the Target Directory

· Set the device related fields as:

· Compilation: HDL Netlist

· Part: Spartan3 xc3s200-ft256

· Synthesis Tool: XST
· Uncheck the Create Testbench box

· Enter 20 for FPGA System Clock Period (ns)   

· Enter Ts/length(coef) for Simulink System Period (ns) and click Apply  

· Click Generate
· Open mac_bandpass_clk_wrapper.npl from the current directory (c:/xup/dsp_flow/labs/lab8/ise) and implement the design


11.  Using the place and route report, note the resource utilization below 

Number of Slices:




Number of block RAM:




12. Using the Post-Place and Route Timing report, note the maximum clock frequency below 

· Close the Project Navigator window


Select the multiplier block to use the Embedded Multiplier, re-generate the VHDL code for the design using the System Generator and re-Implement the design 

· Double-click the multiplier block and check the Use Dedicated Virtex-II Multipliers
· Click the Generate button

· Open mac_bandpass_clk_wrapper.npl from the current directory (c:\xup\dsp_flow\labs\lab8\) and implement the design


13.  Using the place and route report, note the resource utilization below 

Number of Slices:




Number of block RAM:




Number of MULT18x18:





14. Using the Post-Place and Route Timing report, note the maximum clock frequency below 

· Close the Project Navigator 

Performing Hardware-in-the-Loop Verification


Using the System Generator token, generate the hardware and verify that the 

design works through the hardware board.  Simulate the design through Simulink.
· Save the model as mac_bandpass_hw.mdl
· Verify that the Use Dedicated Virtex-II Multiplier is not selected in the MAC unit.

· Double-click the System Generator token and set the following parameters

· Compilation: Spartan3_demoboard
· Synthesis Tool: XST

· Target Directory: c:/xup/dsp_flow/labs/lab8/sp3

· Create Testbench: Unchecked

· Simulink System Period (sec): Ts/length(coef)

Note:  Make sure the System Generator block’s window shows Spartan3 xc3s200-4ft256 as the device.

· Click the Generate button and a command window opens showing the compilation process progress as shown in Figure 18-14
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Figure 18–14. Compilation Progressing In Command Window.
· When the generation is successfully completed, a new Simulink library window will open up and a compiled block with appropriate number of inputs and outputs will be displayed.
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Figure 18–15. Compiled Block Opened in a New Simulink Window.
· Copy the compiled block into the design and connect it as shown in Figure 18-16
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Figure 18–16. Complete Design Ready for the Hardware in the Loop Simulation.



Connect the hardware board and power it ON. Select the White Noise source and run the simulation.  Observe the output and verify that they look similar to Figures 18-17 and 18-18.

· Connect the hardware board and power it ON

· Select the White Noise source

· Run the simulation

Note:  The simulation results should look like the one shown in Figures 18-17 and 18-18.  Observe the similar results of the hardware output compared with the system generator blocks. 
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Figure 18-17. Sysgen and Hardware Output on Spectrum Scope.
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Figure 18-18. Sysgen and Hardware Output On Scope.

· Save the model and close MATLAB

Conclusion 

In this lab, you learned how to design, construct, and verify the specified MAC-based bandpass filter using System Generator’s basic blocks.  After completing this lab, you know how to build a cyclical RAM buffer, use the block RAMs in System Generator to support any size of port you desire, and how to use the System Generator to build one of the most common DSP functions: the MAC-based FIR filter.  You also learned how to use the Spectrum Scope and White Noise source to view the frequency response of a filter.  Additionally you see the impact of bit growth and use blocks available to select the desired bits.  


Answers

1.  The specification requires 12-bit data for the coefficients.  What is the optimum format for the 12-bit coefficients to be in? 


FIX_12_12



2.  Write down the expressions for the data_counter block that you would enter for: 

Number of Bits: 

ceil(log2(2*length(coef)))


Count to Value: 

length(coef)-1



3.  Write down the expressions for the coef_counter block that you would enter for: 

Number of Bits: 

ceil(log2(2*length(coef)))


Initial Value: 

length(coef)



Count to Value: 

2*length(coef)-1



Sample Period:

Ts



4.  Write down the expressions for the constant block that you would enter for: 

Constant Value: 

2*length(coef)-1



Number of Bits: 

ceil(log2(2*length(coef)))


5.  Write down the expressions for the dual-port RAM that you would enter for: 

Depth: 

2*length(coef)



Initial Value Vector: 

[zeros(1,length(coef)) coef’]





6.  Which blocks will be necessary to convert FIX_8_6 to UFIX_8_0, then to UFIX_12_0, and finally to FIX_12_12? 

Block(s) needed to convert to UFIX_8_0: 

Reinterpret



Block(s) needed to convert to UFIX_12_0: 

Constant and Concat


Block(s) needed to convert to FIX_12_12: 

Reinterpret
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Figure 18-19. Padding Design.

7.  Which blocks will be necessary to convert FIX_12_12 to UFIX_8_0 and then to FIX_8_6? 

Block(s) needed to convert to UFIX_8_0: 

Slice


Block(s) needed to convert to FIX_8_6: 

Reinterpret
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Figure 18-20. Un-padding Design.

8.  What should be expression for the sample period? 


Ts/length(coef)





9.  Which signal from the control logic block should be connected up to the reset of the accumulator and the CE of the capture register? 


WE





10.  Why?  Is any extra logic required? 

Because the multiplier has latency of 3 and the dual-port read is also synchronous, it is necessary to delay the we signal by four  clock cycles.  Use delay element and assign latency of 4
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Figure 18-21. Spectrum Scope Output for the White Noise Source.
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Figure 18-22. Scope Output for the White Noise Source.

Impulse Input Source 
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Figure 18-23. Spectrum Scope Output for the Impulse Source.
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Figure 18-24. Scope Output for the Impulse Source.
Step Input Source 
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Figure 18-25. Spectrum Scope Output for the Step Source.
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Figure 18-26. Scope Output for the Step Source.

11.  Using the place and route report, note the resource utilization below 

Number of Slices:

129


Number of block RAM:

1


12. Using the Post-Place and Route Timing report, note the maximum clock frequency below 


~118 MHz



13.  Using the place and route report, note the resource utilization below 

Number of Slices:

90


Number of block RAM:

1


Number of MULT18x18:

1


14. Using the Post-Place and Route Timing report, note the maximum clock frequency below 


~200 MHz



?





� EMBED Word.Picture.8  ���





?





� EMBED Word.Picture.8  ���





?





A





?





� EMBED Word.Picture.8  ���





?





?





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





?





� EMBED Word.Picture.8  ���





?





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





?





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





?





� EMBED Word.Picture.8  ���





?





� EMBED Word.Picture.8  ���





� EMBED Word.Picture.8  ���





?





?





� EMBED Word.Picture.8  ���





 





 





� EMBED Word.Picture.8  ���





?





Data_addr





 





0





 





N





-





1





 





N





 





2N





-





1





 





ROM





 





WE





 





DIN_A





 





A





 





B





 





Coef_addr





 





CYCLIC 





COUNTER





 





CYCLIC 





COUNTER





 





LOGIC





 





Coef_addr  





92  93  94  95 … 183  92  93 94 95   96     183  92  93 94 95 96 





 





Data_addr    0   1   2 





    3     …91   91  0   1   2     3    … 90  90





   





91   0  1   2











 





DIN    D





1





  X  X     X     …X    D





 2   





X





    





X   X     X     … X  D





 3    





X





    





X  X   X    X  





 





WE





 





WE





 





WE_B





 





DIN_B





 





0 





–





 N





-





1





 





N 





–





 2N





-





1





 





WE





 





RAM MUST BE:





 





READ AFTER WRITE





 





CE





 








For Academic Use Only

Designing a MAC FIR 
university.xilinx.com
18 -32 


For Academic Use Only



_1080985683.doc
[image: image1.png]






_1123004505.doc


















×























Sample Memory



 Cyclic RAM buffer.



 Depth = Taps.



 Width = Sample size.







Full Multiplier



 Sample-width × max Coeff-width 







Accumulator.



 Sample-width depends on no. of taps







27







27







20







12







8







Capture of final result.



 Simple register.



 Supports result size.















D Q







+







+







CE







D Q







Coefficient



Address







Sample



Address







Samplein







Coefficients



92 × 12







Samples



92 × 8
















_1074434837.doc


















FIX_8_6























FIX_12_12







FIX_12_12















DIN B











FIX_12_12























B







A







DIN A







FIX_8_6







ROM







2N-1







N







N-1







0







FIX_12_12
















