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AF Lab 2 — Lab Overview
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m Lab Overview - Integrate the video display controller
developed in Lab 1 with the audio codec on the Nexys
Video board to build a basic 2-channel oscilloscope.

e—row = 220
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Lab 2 — Connections

Audio Audio
HDMI Out Input Output
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Lab 2 — Architecture
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Ar  Lab 2 - ADAU1761 SigmaDSP
AIR FORCE Audio Codec

ACADEMY

m Analog Devices ADAU1761 SigmaDSP Audio Codec.

m 1. Loop back L bus out and R _bus out and listen on
the HP_OUT Jack

proce.ss (clk) Gote cl d 3 .?
begin 27
if (rising_edge(clk)) then
if reset_n ='0'then
L_bus_in <= (others =>"'0");
R_bus_in <= (others =>'0");
elsif(ready = '1") then
L _bus in<=L_bus_out;
R_bus _in<=R_bus_out;
end if;
end if;
-~ endprocess, 1)
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Ar  Lab 2 - ADAU1761 SigmaDSP
wirorce  Not Casting ! Audio Codec

ACADEMY

m2 L_bus ou?gljécal IS to send it, in an unsigned
format, to be stored in the block ram (BRAM).

SGSM ' (1. '84’.‘ 4 (Av\ ‘ﬁy\&.‘l
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Lab 2 — Datap ath™

AIR FORCE
ACADEMY |

entity lab2_datapath|is

Port( clk:in STD_LOGIC;

reset n:in STD_LOGIC;
ac_mclk : out STD_LOGIC;
ac_adc_sdata : in STD_LOGIC,;
ac_dac_sdata : out STD_LOGIC;
ac_bclk : out STD_LOGIC;
ac_lrclk : out STD_LOGIC;
scl : inout STD_LOGIC;
sda : inout STD_LOGIC;
tmds : out STD_LOGIC_VECTOR (3 downto 0);
tmdsb : out STD_LOGIC_VECTOR (3 downto 0);
sw: out std_logic_vector(2 downto 0);
cw: in std_logic_vector (2 downto 0);
btn: in STD_LOGIC_VECTOR(4 downto 0);
exWrAddr: in std_logic_vector(9 downto 0);
exWen, exSel: in std_logic;
Lbus_out, Rbus_out: out std_logic_vector(15 downto 0);
exLbus, exRbus: in std_logic_vector(15 downto 0);
flagQ: out std_logic_vector(7 downto 0);
flagClear: in std_logic_vector(7 downto 0));

end lab2_datapath;
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AF Lab 2 — Flag Register
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reset_n clk set clear Q+
0 X X X 0

1 0,1,falling X X Q

1 rising 0 0 Q

1 rising 1 0 1

1 rising 0 1 0

1 rising 1 1 X

entity flagRegister is y or N=\is o|<.:«3

Generic (N: integer :

Port( clk:in STD LOGIC;
reset n:.in STD LOGIC;
set, clear: in std_logic_vector(N-1 downto 0);
Q: out std_logic_vector(N-1 downto 0));

end flagRegister;
3
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AF VHDL Package file
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m Packages — Package for Lab 2
m Include this at the top of your file:
use work.lab2Parts.all; -- all my components are declared here

donl declae
+wice!

10 February 2021 Integrity - Service - Excellence 14








































































AF /DO Y\O)v neeé -oonv‘wk.,u\vxsx'dv\ul_{'L_\,L\él
VHDL Code

AIR FORCE AT T vhdl  osandbey _4+b. vhal

ACADEMY * Stunplot_dest conpact, ff?
m Overall Lab 2 File:
m Lab 2 Datapath:
m Audio Codec Wrapper:

P e v ‘ﬂ\ost

® You need to add a clocking wizard for the Audio Codec and
set the output frequencies to what is required (see comments
In the Audio Codec Wrapper file).

m Constraint file:

10 February 2021 Integrity - Service - Excellence 15


http://ece.ninja/383/lab/lab2/code/lab2.vhd
http://ece.ninja/383/lab/lab2/code/Lab2_datapath_tb.vhd
http://ece.ninja/383/lab/lab2/code/Audio_Codec_Wrapper.vhd
http://ece.ninja/383/lab/lab2/code/i2s_ctl.vhd
http://ece.ninja/383/lab/lab2/code/audio_init.v
http://ece.ninja/383/lab/lab2/code/TWICtl.vhd
http://ece.ninja/383/lab/lab2/code/Lab2.xdc
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AF Lab 2 — Generating Audio
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m Since you need to use a 3.5mm jack to input signalsto 2
the Nexys Video board, your phone's audio output works®
guite well. However, make sure you get an app where
you can control both the left and right audio channels
Individually (i.e. the green and yellow signals in the
figure above). The

(available on Google Play) works well for
Android Phones, and is easy to use once you get the

hang of it. O nse Inphps AWX port

-_—10
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AF Lab 2 — Requirements
AIR FORCE Gate Check 1

ACADEMY

m Gate Checks for Required Functionality

m There are 3 gate checks associated with this lab, each
worth 5 points - see the rubric.

m Gate Check 1

m By GOB [lapsfLesson 13, you mus(mave started a Lab 2
Vivado project and downloaded the(template files\and
drop in your Video, VGA, Scopeface, dvid, and tdms files

" from Lab 1 into your Lab 2 project in order to test your Lab
N\
«~" o 1 Scopeface works when you implement your BRAM using
2() S|nal examples in

0&-3;5;::*" m This does not require the audio or your control unit is
& working yet. Your Scopeface/Video should
continuously be reading the left and right BRAM
signals displaying them on the monitor.

7
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AF Lab 2 — Requirements
AIR FORCE Gate Check 1
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m Gate Check 1

® You must implement Video entity (from Lab 1) to take the
channel output from the left and right BRAMs and send it
to the Channel 1 and 2 inputs to be displayed when the
readL and readR values equal the row value. ioff,c-u

m You will also have to re-implement the Lab 1 Clocking
Wizard in you Lab 2 project.

m Additionally your Scopeface and Button inputs from Lab 1
should be functional as well. And Switches Fron. lobl

[ O] | ewwre 1]

¢\ kowt) AL MY, (IR A V\“—;sg
\Z-
ko Mi
Aot L 125 Mk ) & —
\ QC) ‘J\\.\—L \‘bo (,\Vm\\'q _g_g—— M“E —- 8
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Gate Check 1
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S\VH"‘L‘) | (switch(®) Switth(9) Sw it ( l)
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ok Wrapper 1043FF 104" write_cntr reset_n reset_n
Ik ¢ clk btn btn
n resect; reset_n sw clk clk Process LIS b _time
— btn btn
a ac_adc_sdata(ln) - ready L eh.| | chlewd tmds 5
a ac_dac_sdata(out) Sim_live e exLBus ~ 10 4 BRAM SDP ) =l chLenb
Ik ac_belk ready [—  sw Sel Iyl WRADDR  — ch1 (swsbeh) —] ch1 tmdsb
Ik ac_lrelk L_bus_in [¢<= L_bus_in e—denSlK.. clk 17 ch2 (semmeh) —| ch2
cl scl R_bus_in 47L:R_bus_in o E.z" rENS
& 4+
la sda L_bus_out 72'% L_bus_out =D -2 § H—> Din coliumn b Ao et
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Clock_Wiz_1 i — tiset)
ac_m + offset
clk clk_out 10> liriggerVoltt aftsei2 | sout et —
eset_n clk clk_out2 ft— 2 exWen 1 10 10 row
resetn Compare g L WrENB
D cw 0 set
K = Compare E chl
ready clk Register —> sw /l/ 1
Q ) e 0
Q ( flag register  set
Compare =bik
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\_ I | t 1 | I J
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Because we don't see the full cycle of
the sinewave, it is hard to know if
they got the DC bias exact







Text Box
Because we don't see the full cycle of the sinewave, it is hard to know if they got the DC bias exact 










































































































































































































































































































































ECE 383 2022 Here is a hack to test if you removed the DC bias (offset) correctly:
Our 16-bit values range in hex from 0000 to FFFF, so 8000 is the middle which should correspond to row 220.
x8000 = 1000 0000 0000 0000 (16-bit, unsigned)

= 1000000000 (10-bit = 512)

or 100000000 ( 9-bit = 256)

or 10000000 ( 8-bit = 128)

So, to test the bias offset, for one of the channels, disconnect the BRAM, and instead change your CSA comparitor to
something like: —

ch1 <= "1"when ("1000000000" +/- offset = row) else '0"; -- if 10-bit

21 dfq\ps Q s+rni)‘\l‘ line

ch1 <="1"when ("100000000" +/- offset = row) else '0"; -- if 9-bit

or

ch1 <="1"when ("10000000" +/- offset = row) else '0" -- if 8-bit

* The syntax might need some work [stdlogicvectors vs unsigned]

This should draw a yellow or green line along row 220 if you get the offset correct

Ovr | Sce SAnJBox,"‘L, vhd l






Text Box
Here is a hack to test if you removed the DC bias (offset) correctly: Our 16-bit values range in hex from 0000 to FFFF, so 8000 is the middle which should correspond to row 220.
x8000 = 1000 0000 0000 0000 (16-bit, unsigned)
      = 10 0000 0000 (10-bit in 10-bit number, since "row" is 10-bits)
     or 01 0000 0000 (divided by 2, 9-bit in a 10-bit number)
     or 00 1000 0000 (divided by 2, 8-bit in a 10-bit number)
    
So, to test the bias offset, for one of the channels, disconnect the BRAM, and instead change your CSA comparitor to something like:
     ch1 <= '1' when ("1000000000" +/- offset = row) else '0';  -- if 10-bit
     or
     ch1 <= '1' when ("0100000000" +/- offset = row) else '0'; -- if 9-bit
     or
     ch1 <= '1' when ("0010000000" +/- offset = row) else '0'; -- if 8-bit
     * The syntax might need some work [std_logic_vectors vs unsigned]
    This should draw a yellow or green line along row 220 if you get the offset correct













































































































































































AF Lab 2 — Requirements

AIR FORGE Gate Check 2
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m Gate Check 2 Tops
m NOTE: THIS IS THE HARDEST PART! By L esson

15, you must have implemented and connected the BRAM
Address Counter to left and right BRAMSs, instantiated the
Audio Codec Wrapper in Simulation mode (sim_live ='0"),
and your control unit, such that your control unit writes the
simulated audio data to the left and right BRAM and you
can see the waveforms plotted on the monitor.

m Since there is no trigger, the waveform will be scrolling

across the display & wunless gour GLAM wiite Stays Ingyne

m convert the signed audio data from the *™ i 5245

Audio_Codec_Wrapper into unsigned data = “-
m implement another Clocking Wizard for the Audio Codec
.{ want to 'ft(f?.‘ +he —;t.n\liu w i howkY &*"‘J“',
haie Your FsMm dn') weite one Fﬂm of’ 1024 San'lcs o BgA'AJ

then ste Pe Swgc*m wil\ Hen covr\inll) P\.& his Samve ot Ovte-and -over.
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Gate Check 2
Simulated Audio

hi““wf
Co\ZT0"
s im.live WrAddr exW | chi.enb ch.enb
(1ab2 hhcd \ TELCT T S0 sah(® cwtahlD

(Latz_dp

T J

J

bt S i
71" Audio_Codec_ Video
s clk clk Process tr_volt
olk Wrapper reset_n reset_n
Ik clk btn btn
n resdt n reset n . tr_tim
: ctrl = sw clk —{lclk Process  tr_time
Irkl :tcrlmdk [ Compare ]—' \ Mux /L exsel reset_n —{[reset_n ’
: A T btn =—s{|btn _— c‘tl_fnL
a ac_adc_sdata(ln) - ready . tmds
Al ac_dac_sdata(out) Sim_live e exLBus Slol Lf BRAM SDP ) —lichZenb
Ik ac_belk ready [—  sw exse WRADDR ch1 (milmk) —] ch1 tmdsb
Ic :;_Irclk L_t;us_in 8L_t;us_in —slk. CEI.I.( VENB b ch2 (switel) —f ch2
R_bus_in R_bus_in ] ‘B
_bus_| ‘718 _bus_| g (] —l]
la sda L_bus_out 72'% L_bus_out =D ?‘, § —>! Din diumn g /10 o
R_bus_out 720 R_bus_out & S RDADDR [« column
18 o 10
Clock_Wiz_1 i —) ; ¢ offsetl
ac badls 0 \. J
clk cIk_outl-fc 20 _triggerVoIt’O“Sd‘z BT readL
st ok clk_out2 2 exWen 1 3 10 10 row
resetn Compare g — WwrENB
cw 0 set
K Compare E chl
ready )_, W /l/.|
flag register  set
\ Compare L 1-bit
SW cw L_Bus Out R_Bus_Out exLBus exRBus tr_volt tr_time Q clear
A
\ I I t 1 | I
3 3 1
s cw 16 16 16 16 ., [ ]
Lab2_cu sw¥ cw Q |
el i L_Bus_Out R_BusOut  exLBus  exRBus tryblt  tr_time clear

>

? reset_n
-

=22
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ACADEMY

m Gate Check 3

m By C&B#"Ifesson 16, redo Gate Check 2, except with the
Audio Codec Wrapper in Live mode (sim_live ="'1").

% Q m since there is no trigger, the waveform will be scrolling
across the display

m Also make connections to loopback the serial ADC input
back out to the DAC output (i.e. send the signal back into
the Codec).

m After you finish Gate Check 3, this is a good time to
Implement proper triggering on the trig_volt value.

m |f this does not work, you must create a Testbench to help
debug why it is not working.

_—13
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UNITED STATES

AIR FORCE

Gate Check 3
Live Audio

LW
ACADFMY w
\» 7
770 -
o\ 22
sim.live / exWrAddr exWen exSel el.enb chtenb
ﬂabz smitd ) ( (switchf®) suitch(0) wn‘:ﬂfo
9 3 '
/,l.abz_dp Fouritar 5 I —
- btn( Atidio. Codes \ cw cW ({unsigned) Video
= = _ clk clk Process tr_volt
olk Wrapper 10 3FF 104" write_cntr reset_n reset_n
Ik ¢ clk btn btn
n reSEct: reset_n sw clk —flclk Process I———%tr L0 tr_time
|: :::rlmclk SIS Mux exsel reset_n —*|reset_n -
) btn == |btn
a ac_adc_sdata(In) o ready L ] —q chienk tmds
Al ac_dac_sdata(out) Sim_live e exLBus 10| Lf BRAM SDP ) —l ch. Prd
Ik ac_belk ready [—  sw miG WRADDR ch1 (ewiten) —] ch1 tmdsb
Ic :Ccl_lrclk L_tl;us_in 8L_t;us_in —elk. CEI.I.( VENB bl ch2 (switeh) — ch2
R_bus_in R_bus_in T ‘B
_bus_| ‘718 _bus_i 3 @ 4+
I sda L_bus_out 72'% L_bus_out =D ?‘, § —>! Din dblumn e /10 S
R_bus_out 720 R_bus_out & S RDADDR [« column
18 o 10
Clock_Wiz_1 —)
ac gk | Ladl Toffsed ] S,
clk clk_outl -?fgo _triggerVoItt offstd pouT HE
lesst n clk  clk_out2 — y exWen 14 10 104 'row
resetn Compare g — WwrENB
cw 0 set
K Compare E chl
ready — sw /l/
) — o!
flag register  set
\ Compare L I-bet
SW cw L_Bus Out R_Bus_Out exLBus exRBus tr_volt tr_time Q clear
A
\ I I t 1 | I
3 3 ) |
swW cw 16 16 16 16 [ ] [ ]
Lab2_cu sw¥ cw Q I
sl ek L_Bus_Out R_Bus Out exLBus exRBus tr_yolt tr_time clear
? reset_n
L

e it Coumter 5 Io'l'"r,"“k“‘ will sy =

R 4

Sw €7 0 when counker €1029 else ll\;

=24
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AIR FORCE Required Functionality
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m Required Functionality

m Get a single channel of the oscilloscope to display with
reliable triggering that holds the waveform at a single point

\/r\-n"(/% .
2 on the left edge of the display. A 220Hz waveform should
hcau\,PAJ display something similar to what is shown in the

screenshot at the top of this page. Additionally, you must
have the following done:

o | " .

declarations-
m Use separate datapath and control unit.
~— e — \
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arrorce  Required Functionality Cont 1

ACADEMY

m Required Functionality (or csh)

® Your datapath must use processe§‘which are
similar to our basic building block (counter,
register, mux, etc.). | do not want to see one
massive process that attempts to do all the work in

the datapath.
- Festhench-for-the flagRegister
mTestbenchforthe control unit-
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srrorce  Required Functionality Cont 2
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m Required Functionality

57
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arrorce  Required Functionality Cont 3

ACADEMY

m Required Functionality
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m B-level Functionality (YW Can Swoap Aw-d ﬂ"‘""“"‘m))

m Meet all the requirements of required functionality
8 m Add a second channel (in green).

M::c n Integrate the button debouncing strategy in HW #7 (or
A another equivalent debouncing method) to debounce the
| | time and trigger voltage.

S
m Move the cursors on the screen.

° 'v'dvs&, ‘F/a\J ﬂj\5+€( and exSe‘ Muyes

9
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m A-level Functionality = de®ounce
m Meet all the requirements of B-level functionality.
m Use the trigger voltage marker to establish the actual
trigger voltage used to capture the waveform. As the

trigger is moved up and down, you should see the point at
which the waveform intersects the left side of the screen

hor Fsl
change. s W -
/ 245 pside downt
offset2 3 fr\b,wl l' VA @( new SamPL
' 23§ old sampls
/1 236
234
SW {s I WLD\ (‘l’rls VaH‘ +°#$(‘f2 > old Saw.fk) AND (‘h\,SMH‘ O%Z < hews Sam#ﬁ)
else O

-_—30
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AIR FORCE Turn In

ACADEMY

m Turn In Requirements

m All your work in this lab is to be submitted using Bitbucket.
The main part of the lab is your README, documenting
your design. Your README must include the following:

m Introduction - Provide a brief overview of the problem.

m Implementation - Provide block-diagram of your solution
using the signal names in your code. The block diagram
given above is somewhat incomplete, so make sure to
Include corrections to it. For each module that you built,
explain its overall purpose, inputs, outputs, and behavior.
Include all your vhdl files (code and testbench), wcfg file,
and bit files. Put these in a folder called "code".

_—1
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m Turn In Requirements

m Test/Debug - Briefly describe the methods used to verify
system functionality.

m List the major problems you encountered and how you
fixed them. This should cover all the problems you
encountered in the lab and how you fixed them. Break
each problem and solution into separate paragraphs.

_—32
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m Turn In Requirements
m Capability Continued -

S Eacl ision is split .

i :
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m Turn In Requirements
m Capability Continued -

m Conclusion - Explain what your learned from this lab and
what changes you would recommend in future years to
this lab or the lectures leading up to this lab.
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