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All parts should go together without forcing.

You must remember that the parts you are reassembling

were disassembled by you. Therefore, if you can't get them together again,

there must be a reason. By all means, do not use a hammer.

(IBM maintenance manual, 1925)
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U'YI'L-11

~ = <l' == v ~ v v ~
b'U1'lfl'U 'UlIl\9l,,:::\9I8\1b'lfField-Programmable Gate Arrays (FPGAs) 'lJl\1b'U FPGA

1.I,:::n8U~lrJ RAM, functional units, bb,,:::1Il1rJ1Yl011'U1'Umn b,111l1m,nll.1,bbm:l-J1Vi

1Il1rJ1Yl~ 8 b~ 8Wl'U 1~ 8cil\1~ b,1~8\1nl, l\91ml.l bbUUm,~ 8 b~ 8:l-J'lJ8\11Il1rJ1Yl,,:::nnrl1-~ ~

'VIW?1~lrJ configuration bits ~8ci1'U RAM iim\9l,,:::~8\1'111 lab 'YIntrl.l(9il'11 ~nl,1Il8lJ
~ q

1.I5lJ'111'Un"l\1m'flnl,i'im"1 bb~:::~8\1'111project 1 ~'U nl,'I11Iab ,,:::~,l.IbblJlJ~\ld~

Verilog HDL ------i.~I Compiler I------i~~Configuration bits

j
~------IDebugging I~.---FPGAboard

m,'fl8:l-Jlvnt ~~n, bb,,:::bbnHl(9i 1 'flf\l ,,:::Hib1"1 5-10 mYi (~'U8cinlJ'fl1l:l-J~

i'lJoJi8 'U'lJ8\1 Verilog bb~:::l..1,:::m'YIITm'V'l'lJ8\1b'fl~8\1'fl8:l-JY11b\918 ~~Hi) ihm,'fl 8:l-J1'V'l~ I

,8lJHibl~1 10 mYi 1'Um''I111ab 3 'If:l-J.iim\9l,,:::~18nllll'fl8:l-Jl'V'l~bb~ 18 'flf\lb'yh~'U ~\I

~'U,,:::1iliitrmblJum,b~rJ'Ull.1,bbm:l-JlJ'U PC l:lJl~ b"li'Ub~rJ'U'Jll.1ri8'U 'fl8:l-Jl'V'l~ bbi'h

~8rJmbbn error Yim1\1 bii8\1"lnm,'fl8:l-Jl'V'l~ Verilog HDL bb~,,:::'flf\l Hibl"l'Ul'U

m n iim\9l'fl1,,,:::~ 'fl1l:l-Jbb:lJm:h1'Um,b ~ rJ'UVerilog HDL bb,,:::~'fl1l:l-J"iil'U1'l! 1'Um, Hi
14 I A'.<=l X ..,J , 6'[ v""'''''' 6'[ v 0 II] vcJ Ji 1 d'

FPGA board 'fl:l-Jm,,:l-J'Ub'lJrJ'U'lJ'Ub'V'l8'lf1m'VI'UlIl\9lb'VI'YI1Iabb(9i(9i'lJ'U(9irJ,llJ,1:l-Jb'U8'V11~

\111\1'J~iim\9l~ 8\1~bV'i 8~ ,,:::'l"h lab 1Vi1~mrJ 1'Ub1,,1 011n\91 'U8n"llnd i(\I,lm1:l-JoJJ8 N(9i~
do..-"", ;}{ I QQ I 14 o<:::l. IV r 0 :t

'V'l,,1 \91'YI:l-Jn,,::: bmil 'lJ'UlJ 8 rJ 'J 'UlIl\9l'fl1,81'U'fl:l-J mb,,::: b\9l,rJ:l-J\9I1n 8 'U:l-J1 'YI1lab 'YIn'fl, \I
~ q



A language that doesn't affect the way you

think about programming is not worth knowing.
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Verilog HDL

lUmdYlllab bdl"'::b~rJU Verilog HDL bblJlJ~lrJ ')hi'JilJ.JfeJU b~dl::~eJ~fleJ~1~~
, ,

~I 6' 6'"", o<vq~1 I lv~v
blJUEndmb ld"'d~ ') fllm~'YlblJU high-level ~ln ') b"1lU for-loop "':: "1l bm" ~l::lJU sim-

ulator b'Yh«u t"''Yl~'YlniieJlu lab mlmdnYll1~~wmdb~rJU finite-state machine <ill,
l'V1qJ') <illeJcll~~eJ~mdb~rJU FSM ~fleJ~1~~ btJml1~mbl'fl~

always @(posedge clock)

begin

if (reset 0)

begin

II initialize state and some registers

end

else

begin

case (state [1:0])

2'bOO : begin

II do something
II set current state to next state

end

end

2'bOl

endcase

end

begin

II do something

II set current state to next state

end



~ ,"nmJl~module

module ram(cs, oe, wr, addr, data);

input CS, oe, wri

input [16:0J addr;

inout [7:0] data;

II do something

endmodule

wire a, b, Ci

wire [15:0] addr;

reg p, q, r;

reg [7:0) data;

assign addr[15:0] = l6'bOOOO_0001_0010_00ll;

8

data[7:0)

data[7:0]

data[7:0]

data[7:0]

-data[7:0J;

data [7:0) + l'bl ;

{data[6:0], data[7J};

II not
II increment

II rotate left

d .:::l <u= ~""I 1v,," d'
'YIl--1 fl OJ::; b"lJ rJ'Ufl 'U~~fl'fl eJ bidirectional port 'VIb"lJ rJ 'Ubb1J1J'U

module module_name( .. , .. , .., data_bus);
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inout [7:0] data_bus;

reg ena;

reg [7:0J data_reg;

assign data_bus[7:0] = \

(ena == 0 ? data_reg[7:0]

II do something

endmodule

8'bzzzz_zzzz);

i'hb1J'j,\~\lVIl::~bdl"'l::~l'j,\o)ff)l-Ji'lb,zhml'j,\module illVi ena = I illb1J'j,\~\lVIl::~

~bdl"'l::dJ,mo)ff)l-Ji'lf)f)nl1.1'j,\f)nmodule il1Vi ena = 0 ~l~"'l::b'iirmf)f)nl1.1~f)\lf)~1'j,\~ ~

data_reg[7 :0)
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A debugged program is one for which

you have not yet found the conditions that make it fail.

(Jerry Ogdin)
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Power supply

~ 0 ~"Iv ~d'
b'Unld'Yll lab b'Vlb'llDC power supply ~1'U,

HEWLETT E3611A
PACKARD DC POWER SUPPLY

VOLTS AMPS

VOLTAGE CURRENT

o 0
LINE

DON
OFF

RANGE

D 0.85 A
1.5 A

CCSET
D

FPGA board

+ o

Device board

J. fI€l~ FPGA board bb~~devices board €l€ln~lm~~€l\l~lrJ1~

2. b1J~b~~€l\l~lrJ1~

3. 1J1u RANGE 1'l1b1JUJ.5A

4. n~CCSET ~1\111
5. 'fU.JU1J1UVOLTAGE bb~~CURRENT 1'l1b1JU7.0V bb~~ 1.5A ~l:l-li!h~u,
6. 1J~b~~€l\l~lrJ1~

7. ~€l FPGA board bb~~devices board ~l:l-lb~:l-I

••



Those parts of the system that you can hit with a hammer (not advised) are called

hardware; those program instructions that you can only curse at are called software.

(Levitating Trains and Kamikaze Genes: Technological Literacy for the 1990's)
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FPGA board

bbNUN\'I'lJEJ\'I FPGA board

o T""" C\J C'?uuuu
0000

clock

reset

3v 3v
10 10 19 ,10

, CS, De, we CS, De, we

~
0 ~a:

FPGA I-- a.. <t:
w a:
w

15 addr,
8 data,

4.1 FPGA

FPGA ~HibllU'lJEJ\'I Xilinx ':Iu SPARTAN, S20VQJOO, speed grade = -3 (<?1, ~

http://www.xilinx.com) bliU FPGA 'lJm<?1b~n bb<?iilHirl1 8-bit microprocess bb'lJ'lJ RISC
,

<:::I'<::/' 0 V VJv
'Yl~"lU1U instructions umJ '] b<?1

4.2 RESET

4.3 CLOCK

Oscillator (5\'1~bVl~tJ~~bh) lVi~ll~~ 8 MHz <?iEJEJcln'lJ'lJln 27 'lJEJ\'I FPGA,~

socket lYumnmbi1h lVin<?1 oscillator 6'l\'lhl'lJU socket lVibbuU EJcll'YWlm~~\'I oscil1a-

tor EJEJn~l"ln socket

http://www.xilinx.com
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4.4 DCO, DCI, DC2, DC3

<'<f d I I <V ~ <;:t; .dl

DCO - DC3 biJU bidirectional port 'YI\9188<.Jn1JFPGA, port Wl~biJU input Vi18
'IJ

...,;...,v :Ii I <V

output fl b\91 'lJU8<.Jfl1Jfll1b'1l\91jumper
'IJ

LED

~O STB

o ACK STB+DATA

o DATAO OUTI IN

o DATA1 0(00) - JUMPERo DATA2
o DATA3

ACKo DATA4
OUTI INo DATA5

o DATA6 (00)0o DATA?

lu I port "l~:rJ"n<.J1l'l1Ob~U;{8 STB, ACK, bbGl~DATAO- DATA7 "l~:rJjumper

~ ,~ lv'" '"2 \911\9181 port, jumper \9I1bb1fl"l~~11J~~ STB bbGl~DATA miJu input Vi18 out-,
put, jumper ~1~fl8~"l~m1J~~ ACK lVibtJu input Vi18 output lwil18ci1~btJUfll1b'1l\91,

lv '" '" l' '" ~jumper ViSTB+DATA biJU input bbGl~ACK biJUoutput mb\9lGl~port "l~~ LEDs 10 \911

bvi 8 bbfl\9l~~l~8~1JU port ~1 0 "l~Yl1lViLEDs fll1~ bbGl~~lI "l~Yl1lViLEDs ~1J .'lJ81Vi

b'1l\91jumper ~1<.J~11m~iJ\9I1d'~ \9I11"lfl81J1VibbUl"lll b11HibtJU input port Vi18 output
<VI.d <V QJ~ ~

port, POlt 'YIfl\9l1\9lm']f8~fl1J'lJ1'lJ8~FPGA \9I~U(D7 biJUMSB),

DCO DCI DC2 DC3
STB 21 79 99 2
ACK 71 78 98 3
DATAO 70 80 90 4
DATAl 69 81 91 5
DATA2 68 82 92 6
DATA3 67 83 93 7
DATA4 66 84 94 8
DATA5 65 85 95 9
DATA6 62 86 96 10
DATA7 61 87 97 13
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4.5 EEPROM

FPGA board nnmJflbbUUm Hiloiinu ROM 'lJU1~ 216 x 8 U'Vl bb'iibdl1oiiEEPROM~

'lJU1~ 215 X 8 U'Vl fll1 VI address bus 'lJB~ EEPROM nu RAM Y1uoJiBunuhiOlU'Vl (bb'ii

databus !Y~1oii1ll-lnU)EEPROM 'iiBb~Bl-InU FPGA ~~if

EEPROM FPGA
cs ]6
oe ]4
we 59
aO 39
a] 40
a2 4]
a3 42
a4 43
as 44
a6 45
a7 46
a8 47
a9 53

aJO 55
aJ] 56
a]2 57
aJ3 58
a]4 60
dO 28
d] 29
d2 30
d3 3]
d4 32
d5 33
d6 34
d7 35

~ data sheet 'lJB~EEPROM 1~~http://J6J.200.93.3]ru37cap/lab/eeprom.pdf~
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4.6 RAM

EEPROM flU RAM Hidata bus -:flJ..lflU~~Jurh"l~HiEEPROM n~€l~ disable
v 9v ~v I d QJ QJd'

RAM m"l~\'1f RAM n\9l€l~ disable EEPROM, RAM \9l€lb'1f€lJ..lnu FPGA \9l~U

RAM FPGA
cs 17
oe 14
we 15.. ~

aO- al3 b'VIJ..l€lunu EEPROM
al4 59.. ~

dO-d7 b'VIJ..l€lunu EEPROM

\9l data sheet 'JJ€l~ RAM 1~~http://l61.200.93.3Iru37cap/lab/ram.pdf
'II
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A successful [software] tool is one

that was used to do something undreamed of by .its author.

(S. C. Johnson)
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Compiler

,"' 1v "I ~ 4Compiler 'Ylb11 '1lbbu<lMll1e1'1Verilog bU'Uconfiguration bits 'PI e Foundation Series

Software v2.l i 1Vibll~ h.l1bbn1:l-1Project Manager .yh~lmr'U\ile'U~e1tJd

""1. b<len Create a new project

2. J(~ie project, project "I:::~mnul'.I~c:/fndtn/active/projects/projecLname/
3. b~en HDL (hil'li Schematic), 1il11~ new project

4.1'U Design Entry n\91HDL Editor, b~en Create Empty

5. b~1J'UVerilog, bbi1, Save as type: bU'UVerilog Files (1yJ~~iJ'Ul:l-11iln<l .v),
6. save <l~1tJ~ c:/fndtn/active/projects/projecLname/

7.1'Ub:l-1'Ub~en Project! Add Source File(s)~

8. bvi:l-11yJ~~b~1J'U1mr'U~ 5 <l~1tJ1'Uproject

9. rl1V1'U\9I'lJ1input/output 'lJe~ design nU'lJ1'lJe~ FPGA b'li'U 1'U design iJ'lJ1 input ie

reset b11~e~n111Vi'lJ1 reset bU'U'lJ1~ 20 (~eeclnutJ:l-1 reset) 1Vibvi:l-1m1'l1\91~e1tJd<l~~ ,
1'U c:/fndtn/acti ve/projects/projecuJame/projecLname. ucf

NET reset LOC=P20;

1 dd~ 1v", .;r
'Un111l'YlbU'Uarray VIb'lJ1J'UbbUU'U

NET data<O> LOC=P28;
V IV I •

10. U'UVI'U1"1e n\91Synthesis (e1J'lJ1~<l1~DeSIgn Entry)~

] 1. b~en module ~"I:::bU'U Top level (1'U ] project el"1"1:::iJmnnll I module)

]2. b~en Target device bU'UFamily=SPARTAN, Device=S20VQ] 00, Speed=-3, n\91Run
V IV I .

] 3. U'UVI'U1"1e n\91Imp]ementation (e1J'lJl~<ll~ SyntheSIS), n\91Run~
v IV t • 4

]4. U'UVI'Ul"1e n\91Programming (e1J'lJl~<ll~ SyntheSIS) b<len Hardware Debugger~

]5. \il11"l1il11J download (X-checker) 11~enu FPGA board Vl1ehi

]6. n\9ltJ:l-1reset (~bVl~e~) U'U FPGA board,
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J7.1m~'U b~,JnDownload / Download Design~

Compiler "I~,l!:J\ll'U~11~~~\li1l~~'\1"1,iJ\I't11\ll'U1~nn~el\l elcll\lhnO/]l~ '\1"1,~' ')~ , ~

1t1"1~'t11\ll'U1~~~11~~mnnll J MHz 'lJ'UFPGAil~0/]e:n"l"l~Hi~11~~J MHz ~1'l'l-¥'lJ

'l'Jn'),\1"1" 1'Uttl,bbm~ ~ features ~l\l ')~lnm!:J il~o/]"I~Hi'l'l~elhJ1oJifl1~'1H.J 1VI't11lab,
,

9 v v 9 "" "", v , "" 9 v 0.1 ~ ~ v v
b'I'I'Yl'Utll!:JbUb1<l1'Yl~ °nn~ ~~ elnl, b''If'11el,,0/]bb" b'I'I~'U'I'Il"llnhttp://tooJbox.xilinx.com/~

docsan/3_J i/data/fndtn/fsu/fsu.htm

http://tooJbox.xilinx.com/
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All laws are simulations of reality.

(John C. Lilly)
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Devices board

1u devices board ,~iiEJ1Jmrn\9l1\1'J1VIl~mm.mJ b'Jiu 7-segments, keyboard,,
microphone, speaker bba~,EJ LCD itm"l$lEJ\lill71\1~nmnrn,ln FPGA b~ EJ'fIl1J'rn-J1V(~~ ,
mJ mrn\9l 1\I 'J 'i11\llU1~nn$lEJ\I ~liln1,b~m.j\9lEJ FPGA board !l1J devices board, ~ ~

,

DCD DC2 J7

FPGA board Devices board

DC1 DC3 J8

==~==

Top view

Side view

, ,
Port 17 btJU data bus 'JJm~ 81J'YI.yjd'im.j,~'Ydl\1 FPGA board !l1J devices board,
v v I J"' I ,~ ltV

FPGA m)\I read/write 'JJEJ~aN1U port U bb"ln1,'fIl1J'fI~ port DC2 'JJumJn1Jn1,b'lf"l~ , ~

jLlmper ~':I'J:'Ub,l'~bbil1'JJ FPGA board b~nilmJ ~~lJolh\l~l\l

Port DCa Jumpers (Port DC2)

0 WR STB+DATA
0 RD

OUTI IN00
[J00

00
00 ACK
00 OUT I IN00 000
00
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~ <V~v ~ .::;;
'lJl\'1,~mn.:l'lJiJ~ jumper blh-b'lJlground \'I~UUrn"l~b'1f\'ljumper blJU output port fl

, ,
V I "'" l.:::l

\'IiJ~l'l~ 0 m'YI'lJl OUT bb~~l'l~] m'YI'lJl IN 'lJiJ~ jumper, WR = ~RD bl'l:I-JiJ,port DC3

loV1b'1f\'ljumper b1JUoutput POit bl'l:I-JiJbyj,l~ port 17 fD~runnllihly;j1Dy;j:I-JiJ1.lmrnDu
QJ OJ 'I 'I

devices board rJflblulu assignment 8.5 'Ill ACK 'lJiJ~ port DC3 ~iJ~b1JU input bbr-lU~~
, ,

iJrJ1~y;j,11 ']'lJeN devices board

Port J7

00
01
02
03
04
05
06
07
Port J8 Seven

Segments
Keyboard Microphone Speaker LCO

AOCINT-
AO
A1
A2
A3 Decoder

WR
RO

AOCCLK-

~ lv 0;:<: ~ V I I

l'lb!Jb!JllliRD, WR "I~y;j1D~:I-J'VIport 17 blJU input 'VI,iJ output m"l~iJ1Um"llfl de-

lv v .:::l I lvvices board 'VIRD = 0 bb~~WR = 1, m"l~b'lJ rJUy;jl~~ devices board 'VIRD = 1 bb~~WR
,

I .:!l V <V "'01 01 6' I= 0, AO - A3 "I~r-I1U Decoder byjiJl'l,l~l'lrurullli read/write buWlDy;j:I-JiJufl,lli\'ll\1 ']
<>I QJ 'l 'I

Hi decoder 2 0/(, o/(l'VI~~l'l~l~~rurulllibv;iJ read devices Bflo/(ll'l~l\1~rurulllibv;iJ write
QJQJ ••••. QJ

,
1 1 d I .:!l..::::t VJv.::::t <v.:::t

devices \'I,1.l U'lJlli~ \'I'lJlli~'VIU~"I~iJ1U'VI,m'lJrJu devices b\'lbyjrJ~\'I1b\'lrJ1
""
Generating write signals Generating read signals

AO DACWR AO
ADCWR ADCRD

A1 LCDWRO A1 LCDRD
LCDWR1

A2A2 KEYWR KEYRD
A3 DIOWR A3 DIORD

7SEGWRO
WR 7SEGWR1 RD
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clqjqjllli input ~H decode ~:;Hbbfl 3 il, ;{eJ A2, A1, AO b'liU ~ decoder iI'bb1n
,

ill {A2, AJ, AO} b'Yhnu 000 bb~l DACWR ~:;b'Yhnu 0 bb<l:;clqjqjllli output 'IIliiu~ (I

- 7) ~:;btlU ] 'I'I:l-I<?1clqjqjllli WR, RD, A3 ~eJbojhnU'lll enable 'IIeJ\Idecoder 1.ln~ A3 ~:;

btiU 0 b;;1:l-1eJ'I'I~eJillb1lmJ1n1Vi output 'Yln'll1'11eJ\Idecoder btiU J 'I'I:l-I<?1fnVi A3 = 1,

6.] 7-segments

l1 7-segments .;(\I'I'I:l-I<?14 il, '?1l:l-1l\l~1~eJeJmbuu1l7-segments .;(\14 iI'~:;bb;;1<?1\1

fllb'l'l:WeJUnU bb~b1lb~eJn1~11~:;1Vi7-segments eJu1'1'1U~<?1'1'1~eJ<KulTIbb;;1<?1\1b<l'llJ, 2,
, "£':I. q Q...> .<:::l <VQ

3,4 eJeJn'Yll\17-scgments fI eJ bb;;1<?1\11 '1'17-segments eJUbb1n, bb;;1<?1\12 '1'17-segments eJU'Yl
.d fU d d QJ .del 0 ~ l J"'

;;1eJ\I,bb;;1<?1\13 '1'17-segments eJU'Yl;;1l:l-1,bb;;1<?1\14'1'1 7-segments eJU'Yl;;1bb<l:;'YlllW1flb'lfUU

11.lb~mJ~~lrJflll:l-1~'V'leJ1.l1:;mlli ~:;'l111Vi<mflUb~Ull 7-segments bW'?1\1f1l J, 2, 3,4

eJeJnm'V'l1eJ:l-InU :l-IU'jjGhJ;;1lm1~:l-IeJ\lb~Uflll:l-1~~mnnll 50 Hz b'liU ill1'I'Jn:;'V'l1U,
b1'dnll 50 Hz b1l~:;b~Ull~U~<?1eJ~'?1<leJ<?1bl<l1 <K\lJUb1l~eJ\I'l1l1Vi7-segments bb~<l:;~

eJU~<?1eJ~btlml<ll ;0 x ~ = 260 lU1Yi (~eJ\I~lli ]/4 bdeJ\I~lnl1 7-segments 4 il,) ~

bbNU~\I'IIeJ\I 7-segments

7SEGWRO
DO
D1
D2
D3
D4
D5
D6
D7

7SEGWR1
DO
D1
D2
D3
D4
D5
D6
D7

"-"-,
o

= = = =DO DO DO DO= = = =DO 00 00 DO=0 =0 =0 =D

D-FF ~:; memory fll DO - D71lbdeJ 7SEGWRO bb<l:;7SEGWR1 b1.l~rJU~ln 0
v' ," 1 ~ , '" 1"I' '"bUU 1 (positive edge) Ufl1\1bb1m1l~:; write fll 'Yl~:;bb;;1<?1\1UU7-segment eJeJn uneJU'Yl

D-FF iI'bb1n b'liU b<l'll2 ~eJ\l1Vi {DO - D7} = 11011010 1Un11 wIlte flf\l~;;1eJ\I (D-FF

illfll\1) b1lb~eJnll~:;1Vi~<?1~ 7-segments ill1'1'1u 1<?1rJb'll'?1f1lD3 ~ DO <m:l-l'?1l1l\1-d'
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7-segments no. m D2 01 DO
I J 0 0 0
2 0 I 0 0
3 0 0 I 0
4 0 0 0 I

6.2 Keyboard

KEYWR
00
01
02
03
04
05
06
07

KEYR
00
01
02
03
04
05
06
07

LL
LL
Io

a:w
LL
LL
:::J
[]]

4

3

[1]0[2]
G[!J~
[2]~~
CJ~0

rn'l<il'll"'l~mrhl'J~ l<?1'lJ'l-lkeyboard nnn<?l ~,N<il'll"'l~€J'lJri~::;bbm b~~"llmbf:ll, ~

bb'lfllV( write {m, D2, 01, DO} = 1110 (b'lJ~rJmh KEYWR "'llfl 0 blJ'l-ll b~€Jb1JrJ'l-lfil

~~ D-FF) ~€J1'lJlV(~l'l-lfil {D2, 01, DO} (1V(KEYRD blJ'l-l0) i!h1~ 111 bb~<?I~ll1:J.J~

1J~l<?11'l-lbbm«'l-lnflfl<?l~1 {D2, 01, DO} = 110 '1'11€I 101 '1'11€J01 J bb~<?I~ll1J~1 '1'11€J2, ~ ,
'1'11€J3 nflfl<?l<il1mhK'lJ~€J1'lJn<il'll"'l~€J'lJ1V(~'l'lJ'YImbm1<?1rJwrite {D3, 02, 01, DO}=~ ,, ,

~ ..:0:1 D<>J

] 101, 1011,01 J] b'V'l€J<il'll"'l~€J'lJbbm'YI2,3, 4 <ill~~l<?1'lJ

6.3 Microphone

iJ'qj'l'l1"lJ€J~rn'l~l'l-lfil (b~rJ~) "'llfl microphone Iii €I ~€J~bb'lJ~~iqjqjlm analog blJ'l-l

digitall V(U~<ili'in'l"lrn'l'l11~1'l-l"lJ€J~A2D converter (ADC) "'llfl beJfl~l'l http://161.200.93.31/
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-u37cap/lab/a2d.pdf, ADC rh~l'U(ih!J clock ~~1f'UU~~(il8~iJ,m clock 1Vin'lJ IC ~ld~

'lI1 ADCCLK 1ViHi ADCCLK = I MHz, ADC "'l::b~mb1l~N~b!!b!!lrn analog b1J'Udigital

bd8b'n1Vi negative pulse 111 I t'!n~"lJl ADCWR bdm11~1'Ub~1"'l ADC "'l::~\I~blmJ1rn
'U ~ ~

interupt (negative edge) m~'lI1 ADCINT 8~1~:J..Ib'1l~ jumper ~ FPGA board 1Vi AD-

CINT b1J'Uinput' (timing diagram ll.hrNn'lJ 1'1,1datasheet b~8~"'lln~l1Jl1Jlrn'lJ'U board~~
~ ,
~8~Nl'U inverter)

ADCWR

ADCINT

r 1 12 u II I
bus, I _J ~ s I

-GND

-GND

start finish
t t 50 us/div

5 volts/div

"lJ81ViHi pulse nll~1I1::mrn 12 J.LS bvi 8m::(iI'U1Vi ADC 'I11~1'U U~~(il8~ Hi neg-
9

ative edge "lJ8~ ADCINT b1J'Uinterupt bvi8b~8'U1Vi1"h ADC 'I11~1'Ub~1"'lbb~l bd8bn~
'U

interupt 1Vi"lJlADCRD = 0 bvi8 enable ~l"'lln ADC t'!~m~ data bus (DO- 07) ~1~1(i1
, ,

~ 1.<::1. l.<::l t "I Q """" V v
"'l::biJ'1,1unsigned 8-bit integer, MSB 8!J'YlD7 bbt'!::LSB 8!J'YlDO ~!JlJn~ 'U~~~8~b81"lJ8'U 'U

:J..It'!111bfl'lJ111 '1,1RAM, i1 flll:J..1(i11'U'Yl1'U1I1'lJ~11(i1i 8 VR2 1J~'lJ'U board Hi~l'VI1'lJ1I1'lJ'U 'U

6.4 Speaker

u~~(il1J~ Hi digital-to-analog converter (DAC) bvi 8b1l~ !J'U~b!!b!!lrn digital b1J'U

analog lIT write oli1J:J..It'!t'!~111'lJ'UDAC flb'VIi'J8'U ICs rfl ~111~8 b81oli8:J..1t'!11111'lJ'Udata'U 'U

bus bbt'!::'I111ViDACWR b1J'Upositive edge, i1f1l1:J..1(i11'U'Yl1'U1I1'lJ~11(i1i8 VR3 8~'lJ'U

board Hi~1'V11'lJ1I1'lJflll:J..1~~"lJ1J\lb~ !J~1J8n ~ datasheet "lJ8~ DAC ~ http://I61.200.93.31/
'U

- u37cap/lab/d2a.pdf



Elegance and truth are inversely related.

(Becker's Razor)
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m1\9l1l"lGltlUm1iJ1~1U'lJtl~ FPGA board bbOl~devices board

lum1iJ1 lab ~ rhum Ua\9l:lYm~€h~'".h.;('btl~ b~tJU Verilog \Imb~h bb";board
'II

b~rJ iJ11Vi1w;NOI.r'l'lITi:)\9l"llnm1\9l1l"lt'ltlU'I'Iu'".hil FPGA board bbOl~devices board ~
,

<:::l 0 r v "",.<::I. .::!!l d. Q,..' 4

bt'lrJ"ll'Ul'Umn ('lftll--lbbOll)lli'YI\9lt'ltlU'fltlb"IW'U benchmark (Verilog) m 8 \9ll b'l'ltl'YI\9l

t'ltlunU FPGA board bbOl~devices board i'h1W;NG'l.r'l'lITtlcl1~~'fl1\9l1lnbbt'l\9l~ll board 'fl~

1.J b~rJ Ua\9l~tl~ bll'Ur':i\9l1l"lt'ltlUbtl~ benchmark ~~'Vil--l\9l1Viml t 'ViG'l\9l"l1n
'II

http://J 61 .200.93.3 I I -u37cap/labl (1'I'l~ J.bit - 8.bit)

tlcl1~hn\9l1l--l :lYm~il'iitli:)\9l'l'lG'll\9l~bn\9l"llnUa\9lbtl~€lll1 b"Ji'Upower supply ~lrJ1'1'l1.J
, ,

4 QJ.o:::!I ..:::1.\0111 "" l.o:::!l I

'I'Itl, Oscillator 'Vi1tl ICs \9lltl'U')bt'lrJU bl--lbb'U'U,b'lf\9ljumper N\9l,m1\9lm"1ltll--l1~'Vil1~

FPGA board nu devices board i:)\9l'Vi1tl1.Jbbu'U,l~"l1iJ1~1'U~'fll1l--l~t'l~bn'Uhl, rh'Vi'U\9l
'II

"]J1"]Jtl~FPGA i:)\9l'101'1i'hua\9l1.Jbbuhl1 board b~rJ'Vi1tl1.J1Vi\9l1lt'Vi0l\9lbenchmark m
v ,~ .. ,

'YI\9lt'ltlU'YIn'fl1~'Yl'Yl11ab,

7. I Benchmark I: LEDs

iJ11ViLEDs ~ DCO nu DCI ~\9lI'i1ubbOl~LEDs ~ DC2 nu DC3 'i11J1~\9lt'l.run'U

'YIn') I lmY1 i'hn\9llll--lreset ~1~11l~"l1"l~'VirJ\9liJ1~1'U
9 , ,

7.2 Benchmark 2: EEPROM

b~tln\9l reset l~"l1"l~lmh'Uy;h1'U EEPROM ~~bb"; address bb1n 1i~address ~\9l

oVl1rJ'llln.ru11Jn.rum (assume ll'iitll--l0l1'UEEPROM \!itl Ox55 Oxaa ... Ox55 Oxaa) i'h
'II

Y;]1~~1'U1~1.J\ln~tl~ 811'Y1~1~"]Jtl~DC2 "l~bll'UOJOIOJOI (1Jn~"l~bll'UOOOOOOOO)bbG'l~
'II

EEPROM il 215 address l~"l1iJ1~1'U~'fll1l--l~ I MHz 'i1~~'U1'UI lmY1 n~l'U

EEPROM 11J'Vi0l1mtllJbb~h 1vl1mrn'fl1 i'h 811'Yl~1~"]Jtl~DC21.Jbll'U 01010101 Mitl
'II



.,

28
, 0

lTN ~ ,'Yll \I1 'Ubifl
'U

7.3 Benchmark 3: RAM

~fh~')flUfll,'Yl<?loHJU EEPROM bb~llb,1~'J\lb-1i~'U~hl:N1'lJ1'U RAM b'J\I nm,l

~ ~:;,h'Umi'U:ln'?ldl~~'JUll '?ld\lflU~h~ mb-1i~'U1'lJ'lII1'J1~ 1i1fl<?lreset bbi1ld'J~fl~'i
'U

7.4 Benchmark 4: DCOl

~'J port DCO flU DC2 bbOl:;~'Jport DCl flU DC3 b'1l'?ljumper I'll DCO, DCl bU'U

input bbOl:;DC2, DC3 bU'U output fl'?l reset bv:im~:J..Ifll,'I1l\ll'U ~ll\l~,'I1l\ll'Ublfl~'J\I
'U

LEDs b~:J..I~<?l~lfl<?ll\loJil\l~l\l~'U 1'lJoJh\lu'U ('?ll\l~~<?l'Jci b~:J..I~:;~U) bbOl:;mi'U:ln b~:J..IoJil\l
'U

7.5 Benchmark 5: DC23

~i1l~flU DCOl bbflb'1l'?ljumper I'll DCO, DCl bU'Uoutput bbOl:;DC2, DC3 bU'Uinput

7.6 Benchmark 6: 7-segments

, ,
I .::!I. I Q...o' 6] V d V r d

'?l'J~lmOJl€l:J..I,:;'lIIll\l FPGA board flU devices board 6'l11b,rJU,€lrJ (€ll'UU'Yl'Yl6 De-
,

, '" ,vices board fl€l'U) 6:J..1'Jfl<?lreset, 7-segments ~:;66~<?l\l~1 "1234"

7.7 Benchmark 7: keyboard

, ,
'" , '"b3--1'Jfl'?l reset, 7-segments ~:;bb~'?l\l~l'Yln<?lU'U keyboard

7.8 Benchmark 8: microphone/speaker

, ,
Cl. I """'" d "'" d d QJ d did63--1'J fl'?l1J:J..Ireset, 'U~'?l3--1blOll 4 l'Ul'Yl'Yl~:;U'U'Ylm~ ~\I~<?lm'U microphone b~ ~\I~:;

, 'U

b1fl'lJ'U'Yln1u RAM bv:imb:lnb~umi'u~.hmht~\l t<?lm~wJY1'Ylfl') 41mYi'U ,

•
•



For every complex problem,

there is a solution that is simple, neat, and wrong.

(R. L. Mencken)
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1J'YI'YI8

Assignments and Term Project

8.1
,~ '-d

Counter and dice (mJ~l'l'1'Y11, 5 fl~bb'U'U)

,
V d ~ V

(1) ~d1~1~'d'l'lldfl11l-1n ,1n 8 MHz bU'U1 Hz (2) ~d1~1~'d binary counter

'lJm~ 4 iJ'YI~U1JYii'l~1 lmYi bbi'l~bb~~~~Ji100nm~LEDs (0 LViLEDs ~1J, lLVi LEDs

~~) r11'l'1'U~1Vijjl-l reset bU'Un1dbfl~~1counter (3) ~1J1~1~"Idi'lm(ih b~on~jjl-l reset, ~,,
6Jv I I d

,~b 'l'Ifl1 random d~'l'I11~ 1 - 6 OOnl-l1'Y1LEDs

,~ '-d
8.2 EEPROM and RAM (~'I.i~1'l'1'Y12, 5 fl~bb'U'U)

(1) ~11~1~"Id~ii1~1~O~1'U EEPROM address 0000 - OOOFm~l'Ulrn'l'll check-~

sum 'lJm~ 8 iJ'YIbbi'l~bb~~~Ni'l~~ITOOnm~LEDs (0 LViLEDs ~1J, 1 LViLEDs ~~)

(2) ~11~1~"Id~ii1~1~ociL'U EEPROM address 0000 - OOOF1'1.idl1J111'Umemory ~ ad-~

dress b~mn'U bbi'l~bb~~~~lL'URAM oonm~ LEDs 'YIn~fl~~lmYiml-lg11~m1n ad-,
dress 0000 - OOOF(il~~<fIO~NnHi RAM b~d1~<fIO~Hi'l'U assignment ~o 1'1.ibbi'l~1'U terrn
project)

,~ '-d
8.3 7-segments (~'I.i~1'l'1'Y13, 5 fl~bb'U'U)

LVibb~~~bi'l'lJ'l.id~-o11~lil~\PI(b'Ii'U4371804321) ~ 7-segments Yii'l~ 4 digit bbi'l~ro-
, ,

IJI.:::I "".:::tv 6Jv<v "".::I. V <::::i

tate left b'l.i'YIi1~1 digit 'Yin1 1'U1'Y1mn~ reset b'l'lni'lU'-I1bd'-l'YIdigit bbdn(m'-lo~b'l'I'U,
, = ~,~ v

11 7-segments n~~d1J,~ b'-lb~fl~bb'U'U)

,
~ '-d

8.4 Keyboard (~'I.i~1'l'1'Y14, 10 fl~bb'U'U)

~11~1~"Id~ b~on~jjl-l reset LVib~m11~1'U~~dinitialize stack, b~on~ keyboard,
(0 - 9 bbi'l~*) 1~"Id'~bn1J~1~bd1n~111'U stack b~on~ # ,~ pop 'lJ,NL'U stack,

7-segments ~1'lJ11~~ ,~bb~~~~l top-of-stack 111stack -,h~b'l.i~lLVibb~~~E U'U 7-,

,
••

•
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1v fl Q..I v ~ I .<::>. "1 I

segments (* 'VIlll'I 7-segments 6u'U<i1l A, 66gj: m:J..I€l\l6'V1'Ull 7-segments n:'I"lTlJ"'I: 6:J..1

1~'i'I:66'U'U)

,~ "d8.5 Microphone and speaker (fll.ll'll'VI'YI 5-6, 15 'i'I:6b'U'U)

, ,
V d .<:!:l QJ.<::l ~ ~ 1.1~

fl11\ll\l"'l1'Y1 6:J..1€ln<i1 reset "'I:661.1gj\lflbjJbjJllli6fl!'J\l6U'U digital 66gj:6nlJ bl 6'U RAM

rh'VI'U<i1 sampling rate = 8 kHz (661.1gj\l«bjJbjJl lli analog 61J'U digital 'Y;)n') 8,~00 l'UlYl) 6~€l

6<]!'J'U RAM ~\1 address fll'lYll!'J 1Vi6~'Ub~ !'J\ln ~lJ'YI1\l~1 t'I"l\l (6<] rJ'Uo1i€l:J..Igj11.1~ DAC 'YIn ')
q ~ q

8600 l'UlYl) 6~ m~'U"'IlJ 1Vi 6~wJilll.1 6~ €l!'J ') (~€l\l1 Vi1~ 6~ !'J\I'I"ll'ln~lJm 6'VIi')€l'Ub~:J..I6~!'J\I, ~

'I"ll'l~€l\l hi61l'VI~ €l"ihnll 6~:J..IVil:J..Ii')6~ !'J\l61h1lJnl'U)~

,~ "d8.6 Midterm Exam (fll.ll'll'VI'YI 7, 20 'i'I:66'U'U)

'VI~\I"'11n assignment fll'lYll!'J i'i~<i1~€l\lfl€llJ midterm fl€llJ6~!'Jl (1l-Jfl€llJ61J'Un~:J..I)
q q

1Viblgjl1.l1:mlli 1 "ll":J..I.o1i€lfl€lm:ll-Jmnmn (1.I1:mlli FSM ~i')ll-Jbil'U 4 states)

,
QJ (i'd 4 "-' 6' v

8.7 Term project (fll.ll'll'VI'YI 8 b1\1fll.lI'l1'VIfll'l'YI1!'J, 40 'i'I:6b'U'U)
q

o1i€l:J..Im~!'J\l6'1"lgj\l (sampling rate 8 kHz) b1ntllJeJl'lo1i€l:J..Igj66gj:601i11'l1fl€l~1'U EEP-
qj 'U 'U 'U

ROM 4 r,;ll (4 6'1"lgj\l) 1Vi€l€lnb6lJlJl\l"'l1b1€l1'l1'l1fl66gj:'i'lgjl!'Jo1i€l:J..Igj lJ€ln~€l6'1"lgj\lbln 1~ ~

6'I"lgj\ll~ 10 'i'I: 6b'U'U eJgjn eJ~.yj:J..I~Hibl €l1'l1'l1fl 66gj:'i'Igjl!'Jo1i€l:J..Igj1ViI'Ill t 'VIgjl'l"'ll n~

http://J6J .200.93.31ru37cap/lab/project.pdf
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