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Project Description

e The ideal goal was to create an audio looper and recorder
e Utilized switches, memory interface, clocks, counters, mux, combinatorial
and sequential circuits, FSM, audio I/0

e Memory access PoeO

Why choose this project?

e Wanted to better understand ADC S . BT “ -
e This project has real world applications '

Figure 1. Nexys4 DDR board features.



Project Specifics

e Half leds lit up = recording
e Full leds = playback

e Switches 12-15 used to select which track to record to
o No track selected = no recording

e Switch O displays track on hex7seg display

e Switch 1 records the track

e Switch 2 plays back the selected track

o If no tracks selected or contains no data = no output



Project Specifics

e Atoggle switch used to start and stop recording. If selected track contains
previous recording data, it's overwritten.

e Another toggle switch will be used to cancel active recording. If selected
track contains data from a previous recording, it's kept.

e Audio output jack used for audio playback



Project Plan

e Develop a project outline

e Block diagram top file

e Split VHDL into distinct modules
o Memory
o Ul

o Audioln
o Audio Out

e Flowchart the Ul and memory modules
e Implementin VHDL and debug



VHDL: Top File

100MHz Clock
reset

XADC PMOD  ——>»

Audio Input Module

Start/Stop Record Pushbutton  ———m

Record Track Select(15:8) ———»

Ul Module

Play Track Select{7:0)

audio_in(12:0)——— 3

——audio_out(12:0)—»

Audio Output Madule

———— > Audo Output Connector

rec_active_flag

recording_track(3:0)




Transitions: process (resetn, clk)

VHDL: Ul Module .

e Looked at tracks to W b

elsif (clock'event and clock = '1°) then

be reco rded e i\_:'hen S1 =» if (isvalid = 1" and pressrec = '1') then y <= 52; else y <= 51; end if;

when S2 =» if (Vt <= 99999999) then y <= 53; else y <= 52; end if;

e If record button was SRt

end if;

pressed and if only

k Outputs: process (y, rec)
i
One trac Was aifise <= 'B"; Fr‘ackout <= "Pe@"; encount <= '@°;
selected, then it sent e
d- t- a?tive <= '1";
d recording active rackoee < ri1 whan oo,
. . "118" when "@leéegeas”,

flag for sampling time
"180" when "@G0010008",
"@11" when “@0g@le08",

and 3 bits SpeCifying "@1e" when "@@600100",

"B81" when "GoBBEE1A",
"@ee" when "Go0GBEG1",
the track "@ee" when others;
encount <= '1°;
when 53 =» active <= "@°;
end case;

end process;
end Behavioral;
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VHDL: Memory Module

Wait for rising edge of Determine Memaory Read each frack at buffer
sampling clock Buffer Position position

Write new audio sample
Output mixed audio track#———— Mix read tracks together ——  at buffer position if
recording is active




VHDL: Memory Module: Buffer

e Nexys 4 has 128 MiB DDR2 memory (224, 64-bit addresses, 16-bit accessible per address)

e 8 tracks of 16-bit audio samples, 2,097,152 samples max per track

e 128 kbps sampling rate, 8kHz decimation clock, ~4.3 minutes of audio max per track

e Total memory had to be split up into 8 tracks, 480,000 samples/track was chosen (60 seconds)

e Buffer index incremented on each 8kHz decimation clock then summed with track index multiplied

by buffer size
o Example: Writing to track3, at buffer index 5824, address = 0x160FCO = 5824 + 480000 x 3



VHDL: Memory Module: RAM Timing

ram_cen —_‘\ ’ ram_cen —_\ ’

ram_oen \ ’ Farm_oen

ram_wen ram_wen \ ]'r

ram_a j Address Valid | ram_a 'K Address Valid |

ram. da i j Data Valid | ram_dq_o | Datavaia [
ram_ubiram_b [ T [ ram_ubram o [ [ [
T > - >-

trz = Read cycle time twe = Write cycle time



VHDL: Audio Input Module

Analog |

PFDM
e
ok L FoM Signal

Figure 26. Simple delta-sigma modulator circuit.

Convert from PDM (pulse density modulation) to PCM (pulse code
modulation)

PCM = series of stair steps

PDM = logic high is up, logic low is down (relative description)
Wanted to use algorithm to convert

Send the PCM signal to memory

Send out that PCM signal to audio out and then convert to PDM
while sending the signal out to sound generation (headphones or
speaker)

Sine Wave ’//_\_____._/—F’f
Integral  Flip-Flop

010110111111113132111011010100100000000000001000L0

Figure 25. PDM representation of a sine wave.



VHDL: Audio Output Module

e Audio output was the inverse of the audio input
e Wanted to to convert from PDM signal to PCM signal
e Then insert sound generation device to audio output jack

(speakers/headphones)



VHDL: Audio Input Module

CLK

DATA1

DATAZ

A

MH

F::h?.ﬂ ns—--nl\_-iu-c 20 ns

Pulse

.-l'P e

Pulse

‘Pulses

Figure 27. PDM Timing Diogram.

Pulse—
CLK +—— J5 CLK: Clock Input to Microphone
DATA —» H5 DATA: Data Output Signal
Micraphione | (R SE|. #—— F5 L/R SEL: Left/Right Channel Select
ADMP421 Artix 7

Figure 24. Microphone block diagram.
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Timing Diagram ¢
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Timing Diagram 4
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Resetn = ‘0’

ASM i
sw(2) !
0 S2a
1
O sw(1)
S3a
Rt=1. C
0 1
= S2
N Play <=1
1 Cancount <=1
S3 !
1 Record <= 1 Led <= 111...
St=449999 Cancount <= 1
Led <=101... .
St=449999



Problems Faced

e Onboard vs external mic

e Onboard mic implementation

e Audio input/output and memory clock synchronization
and resulting noise

e Mixing multiple tracks

e Thought PCM <& PDM was easy

e Generating testbench for VHDL relying on physical HW



What we would have done with more time

e Reduce noise resulting from high mic sample
frequency versus available memory

e Decide on external vs internal mic sooner in design
process

e Research how to layer more effectively



