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Abstract

The CMOS 4-bit 8-sample Fast Fourier Transform &#liis designed to offload fast
Fourier transform (FFT) computations from a micam@ssor in order to improve the
speed of digital signal processing applicationdd@SIS chip set (two chips) was
successfully designed and tested to perform timstion. This was done as part of an
undergraduate electrical engineering senior capstiesign project at University of
Portland during the 2007-2008 academic year. T klee prototype simple, the input
precision is limited to four bits per sample angh¢isamples. Due to the parallelism
inherent in divide-and-conquer algorithms suchhasRFT, a dedicated IC can perform
the computations more quickly than a general-plepoigroprocessor.

Circuit Description

The design of the FFT processor begins with therdlgn to be implemented. The FFT
algorithm is a “divide-and-conquer” approach whielduces the number of required
calculations from O to O(n-log n), where n is the number of samp#égure 1 shows
the flow of data for a n=8 FFT.
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In order to work around a scalability limitationtime B'Logic design tool, a schematic
capture and digital simulation tool by Beige Badgt®are, and to allow probing of
intermediate signals, the algorithm is split inkmtintegrated circuits. CHIP1
(uofp_goldeneaglel) is responsible for receivimuirand executing part of the FFT
calculations. The data produced by CHIP1 is thensfierred to CHIP2
(uofp_goldeneagle2), where the final part of th@ [ERIculations is executed and the
results obtained are buffered for output. Figush@ws the breakdown of calculations
between CHIP1 and CHIP2. Figure 3 and Figure 4 shewayouts for CHIP1 and
CHIP2, respectively. The layouts were done usirtgdit-by Tanner Research, Inc.

2-Point
Butterfly [—)
Calculation
—
—
4-Point
Butterfly
Calculation
|
—
2-Point
—— Butery —)
Calculation
Output
Input Data
Input Output "
&J\ Registers Registers Input g\ B&Po:;t 4\ ROu_lput
_— and and Registers “/ Wiy “/ RO
3 Calculation and MUX
Reordering MUX
2-Point
) Buttery —)
Calculation
=
4-Point
Butterfly
Calculation
—
2-Point
Butterfly [—)
Calculation
$ | # ! #



CHIP1 (uofp_goldeneaglel) design

The block diagram of CHIP1 is shown in Figure 5.Keep the initial design simple, the
input is limited to eight four-bit signed sampleghe 2's complement format. In order to
avoid overflow, the final output consists of eiglimplex pairs of nine-bit signed fixed-
point numbers. Each fixed-point number containesevits for its integer part and two
bits for its fractional part. The range of the autdata is greater than the range of the
input data in order to prevent overflow.

The state machine in each of the chips is a fivdibiary counter with a decoder which
controls the flip-flop storage elements. The asyocbus reset signal synchronizes the
counters in CHIP1 and CHIP2 to the initial stateribg the first eight clock cycles,
CHIP1 reads the four-bit input data and stores &n appropriate register. CHIP1 clocks
in data on the falling edge. This step serves tm#tore and reorder the data. On the
ninth clock cycle, CHIP1 performs four n=2 buttgrflculations simultaneously. An
intermediate set of registers stores the resulte Wt since the inputs must be real, the
logic gates that would be responsible for handtiogplex numbers have been omitted
wherever complex values are impossible. On thénteloick cycle, CHIP1 performs two
n=4 butterfly calculations simultaneously and stdiee output data in a set of registers to
prepare the data for output. At the rising edgethefl1th through 23rd clock cycles,
CHIP1 clocks out the data from the output buffengs multiplexer. Since CHIP1
contains the complex multiplication logic, it outpeight-bit numbers to avoid overflow.
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CHIP2 (uofp_goldeneagle2) design

The block diagram of CHIP2 is shown in Figure 6.IRHwaits for the 11th clock cycle
before it starts reading data from CHIP1. CHIPZk#oin the data on the falling edge of
each clock. On the 24th clock cycle, CHIP2 perfothesn=8 butterfly calculation to
complete the FFT algorithm. CHIP2 stores the raaudt set of nine-bit fixed-point
output registers. CHIP2 clocks out the data froendbitput registers on the rising edges
of the 25th through 33rd clock cycles. After thedB8lock cycle, the state counter wraps
back to the initial state so that CHIP1 will bedg&o receive new data on the next clock
cycle. The outputs from CHIP2 are complex numbergctangular form. There are nine
output pins for the real part and nine output panghe imaginary part.
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This timing diagram in Figure 7 summarizes theretgon between CHIP1, CHIP2, and
the enclosing system.
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Test System

The block diagram in Figure 8 shows a test systémcwincludes CHIP1 and CHIP2.
The test system features a PIC microcontroller {ipionnected to a PC, LCD, and a
secondary microcontroller (PIC2) which acts as/@neixtender.
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PIC1 can receive data over the RS-232 protocol fdPC or over théT protocol from
PIC2’s internal A/D converter. The A/D convertemgdes analog input data from an
external function generator at 10 kHz, so the maxmnirequency on the input is 5 kHz.
Next, PIC1 applies a clock signal to CHIP1 and CH#Ad sends the data to CHIP1.
PIC1 continues to clock CHIP1 and CHIP2 until thipaoit data from CHIP2 is ready.
PIC1 and PIC2 receive this result data from CHPPZ2 sends its part of the data to
PIC1 via thedC bus. PIC1 formats and displays the data on th® &ad sends the data
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to the PC. The PC is used for testing and debuggmags not necessary for normal
operation.

The test system is shown in Figure 9. The left sidkhe LCD displays the input samples
and the right side displays the magnitude of eastpuiency component. Figure 9 shows
the test system in action with input from a funietgenerator (not shown).
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Test Results

In order to test the ICs, PIC1 has a set of testtove and expected results in its ROM.
When the system powers up, PIC1 runs the test rgeatwl automatically compares the
actual outputs to the expected outputs. After RI@E all the test vectors, it reports to
the PC whether the test has passed or failed. Tz ¢hows the input samples on the left
and the amplitude of each frequency component emi¢fnt. The MOSIS chip set works
as expected.



Figure 10 shows a successful demonstration witlé &3z sine wave as the input and a
n=8 FFT as the output. The MATLAB simulation reswn the left agree with the actual
test results on the LCD.

Conclusion
The 4-bit 8-sample Fast Fourier Transform ChipiSan effective use of MOSIS to

realize the Fast Fourier Transform function. msexample of an extensive application
at the undergraduate university level. The progetiieved first silicon success. This is
the first time a design of this scale has beenessfally completed at the University of
Portland.



