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Inspired on course 6.111 from MIT * Some support material taken from 6.111 (thank you)



Estrutura

Trabalhos: .
Ex1: Ola Mundo OSC”OSCOpe
Ex2: Crondmetro

Ex3: Maquinas Estados
Ex4: Mira Técnica

Ex5: Microprocessor
T1: Osciloscopio “Manager” TimeBase

T2: a escolha / negociado

Vertical input

Avaliacao

Exercicios avaliados em trinario (0,1,2); valem 25%
Trabalho 1: Avaliagcéo 0-20; vale 25%

Trabalho2: Avaliacao 0-20; vale 50%

Nota= (Ex1+Ex2+Ex3+Ex4+Ex5)/5*10 *0.25+T1 *0.25+ T2 * 0.5
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Logica Digital de . Programag@ao
Tudo funciona ou por magia ou com gnomos...

Programacao de

microprocessadores
(assembly, c++, etc.)

Programacao de
Logica Digital
(FPGAs+HDL)

Dar ao “gnomo” uma lista
(consecutiva) de operacgoes a
realizar

Dar ao gnomo uma lista de
“objectos” para construir

Rk b i Varlas Maquinas executam varias
1 Maquina executa varias tarefas (8.4 e tarefas em paralelo

consecutivas

Em linguagens de alto nivel por vezes confundem-se

2+27?
Resultado x 27?

/

/A=2+2 A=4 N A=2+2 Somador: A=4 A
Cout << A 41 Output A “a0 mesmo tempo”
A=A*2 A=8 tempo A=A*2 Multiplicador: A=A*2
Cout << A ! Output A Saida ??? (glitches?)

D & /




Uma FPGA a funcionar...



g

L Ao Undu

Primeiro exercicios ..



Hardware OLRAAUAdO




Hardware OLRAAUAdO




I

eta DEZ Board Pin Table

Hardware
DE2_Pin Table.pdf
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HEAX3[D] FIN_UZZ Seven segment DIgI $[9]
HEX3[6] PIN_W24 Seven Segment Digit 3[6]
HEX4[0] PIN_U9 Seven Segment Digit 4[0]
HEX4[1] PIN_UA Seven Segment Digit 4[1]
HEX4[2] PIN_U2 Seven Segment Digit 4[2]
HEX4[3] PIN_T4 Seven Segment Digit 4[3]
HEX4[4] PIN_R7 Seven Segment Digit 4[4]
HEX4[5] PIN_R6 Seven Segment Digit 4[5]
HEX4([6] PIN_T3 Seven Segment Digit 4[6]
HEX5[0] PIN_T2 Seven Segment Digit 5[0]
HEX5[1] PIN_P6 Seven Segment Digit 5[1]
HEX5[2] PIN_P7 Seven Segment Digit 5[2]
HEX5[3] PIN_T9 Seven Segment Digit 5[3]
HEX5[4] PIN_R5 Seven Segment Digit 5[4]
HEX5[5] PIN_R4 Seven Segment Digit 5[5]
HEX5[6] PIN_R3 Seven Segment Digit 5[6]
HEX6[0] PIN_R2 Seven Segment Digit 6[0]
HEX6[1] PIN_P4 Seven Segment Digit 6[1]
HEX6[2] PIN_P3 Seven Segment Digit 6[2]
HEX6([3] PIN_M2 Seven Segment Digit 6[3]
HEX6[4] PIN_M3 Seven Segment Digit 6[4]
HEXB6([5] PIN_M5 Seven Segment Digit 6[5]
HEX6[6] PIN_M4 Seven Segment Digit 6[6]
HEX7[0] PIN_L3 Seven Segment Digit 7[0]
HEX7[1] PIN_L2 Seven Segment Digit 7[1]
HEX7[2] PIN_L9 Seven Segment Digit 7[2]
HEX7[3] PIN_L6 Seven Segment Digit 7[3]
HEX7[4] PIN_L7 Seven Segment Digit 7[4]
HEX7[5] PIN_P9 Seven Segment Digit 7[5]
HEX7[6] PIN_N9 Seven Segment Digit 7[6]

Signal Name FPGA Pin No. Description

Physical Pins of FPGA
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On the “compliler” / “programmer”

% Quartus Il - C:/Documents and Settings/L IP/Desktop/DE2_Sound/DE2_Sound/DEZ_Default - DEZ_Default - [Pin Planner]

File Edit View Processing Toals

Window
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@] E
= o =
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Top View - Wire Bond
Cyclone || - EP2C3SFET2CE

‘='F-=1'-§:n"vr-l.
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* Named: [§ - | gl Edit ¢ |

Mode Mame

Direckion

Location

Filker:

Pims: all

I/ Bank, VREF Group

I/ Standard

Reserved

AUD_ADCDAT
AUD_ADCLRCE
AUD_BCLE
AUD_DACDAT
AUD_DACLRCE
ALD_¥CK,
CLOCK_27
CLOCK_S0
DRAM_ADDR[11]
DRAM_ADDR[10]
DRAM_ADDR[S]
DRAM_ADDR[E]
DRAM_ADDR[7]
DRAM_ADDR[E]
DRAM_ADDR[S]
DRAM_ADDR[4]
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frput

Cutpuk

Cutpuk

Dutpuk

Dukbpuk

Dukbpuk

nput

nput

Dukpuk

Dubpuk

Dukpuk

Dukpuk

Dukpuk

Dukpuk

Dubpuk

Dukpuk

For Help, press F1

Friendly Name

PIN_ES
PIN_CS
PIN_B4
PIN_fd
PIN_CE
PIN_AS
PIN_D13
PIN_MZ
PIN_YS
PIN_¥1
PIN_W3
PIM_ w4
PIN_LIS
PIN_U7
PIN_UE
PIM_ W1

B3_M1

334 LVTTL

B3_M1

3.3-V LVTTL

B3_M1

3.3V LVTTL

B3_M1

3.3V LVTTL

B3_M1

3.3 M LVTTL

B3_M1

334 LVTTL

B3_N0

3,3 LYTTL (default)

B2_M1

3,3 LYTTL (default)

B1_M1

3.3 LYTTL (default)

B1_M1

3.3% LYTTL (default)

B1_M1

3,3 LYTTL (default)

B1_M1

3,3 LYTTL (default)

B1_M1

3,3 LYTTL (default)

E1_M1

3.3V LVTTL (default)

B1_M1

3.3% LYTTL (default)

e e e e e S R R R SRS ]

B1_MO

Physical Names.

3,3 LYTTL (default)
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Software - esguematico

issignments  Processing  Tools  Window  Help B |:|'|
|DEZ_i2sound | BB L I L S R 7
5 DE -t eourm=tr !

QUARTUS"II_

G2 DE2 sowd &g | @ e I

[:e A CLOCE_A00
|0
CLOCK  CLOCK S0 ——————————————— CLOCK
11 —— END DATALZS ] |r—— 120 _DATALRS. 0]
= — RESET Go 1 P R —— G
i CLOCK 2 - RESET
<] B I+ IS —Nwr
SIEIE] o #|
Tasks - x
Flow: | Full Design Elwen
Task & Al
H [ Start Project D©
F [ Advisors STy
= ﬁ Create Desigh — e — - N T = 1
] Create New| counter(s. 0]t k- e
-] Open Existin e SR e ———
-] Add/Remove BISLLLaeREesLEsEsne SRSEESESSESRESRESREDREREY ASRREES
‘{Mega\-\-"izard I Y R A Y AR
------- +20 SOPC Buide ™ A A RS AR
S ][ * |
X Twype |Hessage
;%. SyslemA Processing }\ Extra Info )\Infn }'\ W arning }'\ I‘fticalWarning }\Error}'\ Suppreszed }'\Flalf /
éMessage: | J
For Help, press F1 [T 0] Idle

/ / /

Logica Output

Input

Programacao
esquematico
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http://www.altera.com/

NIERA Software - verilog

__ Programacao
Assignments  Processing  Toals Windo Help - - : - : = : _ x eS q u em ét I C O
. DEZ_Default Rl e Lo e Ry e & B 0 e

_x £ DEZ-Betuuliv } $ Pazet Daoloy |
QUARTUS "I~
@ 1
; 2
[ zbe DEZ_Default
" = e.?u E'Elil dh 47 3
[ b sld signaltap:aut a reg [19:0] Cont:
B4, WGA_Audia PLL 5
.. o3 Heset_DeIay:rDl is & & alwa_lys@ (posedge iCLE) In Q ut
st s pubrsid_bub,— 7 [Rhegin
! : 4 % = if (Cont!=20' hFFFFF)
B 3t |2E_AV_D:-nf|g:L! ?‘ ﬁ g begin
£l > 10 Cont <= Cont+l:
_ ] lm E 11 oRESET <= 1'b0O;
O 12 eud - Output
Tasks ax @ 13 elae
Flowe |Full Desi - 14 oRE3ZET <= 1'bil;
[Ful Design ] = Pema
Task[& # | —+ 15
[Z7 Start Project — - 17 endmodule , .
F ] Advisors = = N Loglca
=] E Create Design —
------ LT Create Mew |
il ] Open Esistirn
- Add/Remove
3, Megawizard
f b SOPC Builde ™
58| W) > < ¥
X | Type |Hessage |
;E.: Syslemf(' Processing ‘}\ Extra Info ‘}\Infn ;’\ YWarning .)\ Critical ‘W arning ;’\' Error .)\ Suppreszed ;’\'Flag f
g Meszage: | J
For Help, press F1 Lnz, Coll Hhw@ Idle
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Structuring... Modules

Modules are the building blocks in Verilog!
There is at least one module: The top one that has the name of the project!

Kernel

e.g. AND gate

Module

Ports in the top level module link directly to the pins

14



Now, the text you need to write that the compiler will
Interpret with the configuration for the FPGA to do
what you want.

a.k.a. code

modulle mux(input a,b,sel, output q, gbar);
wire selbar,eql_ _q2:
not nl(selbar, sel);
and al(ql, a, selbar);
and a b, sel);
or ol(q, qi,
not n2(gbar, q)
endmodule

Selbar, g1, g2 are names
given to wires

not, and, or are modules!
nl, al, a2, ol, n2 are
names of instances

15



Another way...

module mux(input a,b,sel, output q, qgbar);

b; *

assign q = sel? a :
aseign gbar = ~ q; Same as
If (sel) then a else b

endmodule

Assign means that
Left Hand Side (LHS)
of ‘=' takes ‘immediately’ the value that results from
Right Hand Side (RHS)

16




Yet another way...

Notice the reg keyword...
modulle mux(input a,b,sel, output ré, gbar);

always @ (a,b,sel) begiﬁ‘

1t (sel) g=a; “Whenever a,b or sel changes”
else qg=b;
end Can be replaced by
assign gbar = ~ q; always @ (*)
“Whenever anything changes”
endmodule

If and cases can be used

Beware of c-like syntax... You are NOT programming a microprocessor



Verilog data values

0
1

Zor?

Logic zero, “Low”
Logic one, “High”
High Impedance (tri-state)

Unknow (simulation)

Numeric constants

Full format: <Width>'<Radix>value
Width: number
Radix: d=decimal, h=hex, o=ocatl, b=binary

123

‘d123
‘h7B

‘0173
‘b111_101
16’b11111
16’d5

Default: decimal radix

‘d=decimal radix

‘h=hexadecimal radix

‘o=0catl radix

‘b=binary radix

A binary with 16 bits

A 16 bit decimal = ‘b0000_0000_0000_0101

18



How many bits?

Wire ab; A 1 bit wire called ab

Wire ab,cd; Two 1 bit wires called ab and cd

wire [31:0] ef; A 32 bits wire bus called ef;

{ab,cd} Concatenation of ab and cd;

ef[15] Bit #15 (the sixteenth) of ef

ef[7:0] First 8 bits of ef (the ones to the
right

What does this means?
wire [31:0] kk;

Wire [7:0] a,b,c,d,;
Assign kk={d,c,b,a}

19



+ ~(4'b0101) = {~0,~1,~0,~1} = 4b1010
. 4b0101 & 4'b0011 = {0&0, 1&0, 0&1, 1&1} = 4'b0001

Boolean operators

Bitwise operators perform bit-oriented operations on vectors

Reduction operators act on each bit of a single input vector
« &4(4b0101)=0&14&404&1=1b0

Logical operators return one-bit (true/false) results

I(4'b0101) = 1'b0

Logical

Ia

NOT

a&&b

AND

allb

OR

Bitwise Reduction
~a NOT &a AND
a&b | AND ~&a | NAND
alb OR la OR
a*b | XOR ~la NOR
a~"b | XNOR "a XOR
a’~b ~rg | XNOR

|

a==>b
al=b

[in]equality
retums ¥ when x
or Z in bits. Else

returns 0 or 1

Note distinction between ~a and la
when operating on multi-bit values

a==—=>b
al==

case

[in]lequality
retums 0 or 1
hased on bit by
hit comparison

20



Other operators

iti Arithmetic
Conditional
I a?b:c Ifathenbelsen:l negate
] add
subtract
multiply
Relational divide
modulus
a>b greater than

exponentiate
a >= b | greater than or equal P

2<b Less than logical left shift

a<=Db | Lessthan orequal logical right shit

arithmetic left shift

arithmetic right shift




And now our lab session...

Two simple exercises:
1) “OLA MUNDQ?” just play dorectly with bits

2) Make a module that has:
Inputs: 4 bits codificam numero binario
Ouputs: as 7 linhas de 1 display de 7 segmentos
kernel: activar segmentos do display para mostrar numero

Helps...

Usign DE2 you get all hardware issues “solved”
DE2_TOP project is a bare project: use it
DE2_TOP already has “friendly names”
DE2_TOP has some assigns... Play with them

22



174 FEEPEEEEEPEdiiiddiiiiisy Clock Input FEEFERETEErEi i iiriiiidd
. . 175 input CLOCE_27; /¢ 27 MHz
File->Open Project->DE2_top 7/ s
— 177 input EXT CLOCK: ff External Clock
173 FerT=Ereon FEEFERETEErEi i iiriiiidd
179 input [3:0] EEY: f¢ Pushbutton[3:0]
$ Fle Edt Vew Projct Assignments Processing Took Window Help 180 | SAFAPSPAFAFFFIFIFFFFG DPDT Swiden FEEFIFEFEIFiiiiiiriiiiis
- = - - . = 181 input [17:0] SW: f4 Toggle Switch[17:0]
D@ & DE2_TOF e BBG ey Py e & B A 182 FEEFITEEEETEdITiiiiiiied T-SEG Difpaly  SAASILIIEI IR
Praject Navigatar T . 183 ocutput [6:0] HEXO: f4 Seven Segwent Digit O
%Lr DE2 TOP.v | 184 | output [6:0]  HEXL: /4 Zeven Segment Digit 1
Entity 185 output [6:0] HEXZ ; //  Seven Segment Digit 2
Cyclone Il: EP2C35FE72CE @ 42 e W1.2 :| Johnny Chen 1| O5/11716 = Fixed ISP1362 INT/| 186 output  [6:0] HEX3 ; /¢ Seven Seomwent Digit 3
- DEZ_TOP ﬁE@ | e 43 ;= 157 output  [6:0] HEX4: ff Seven Zegment Digit 4
@& 47 44 188 cutput [6:0]  HEXS: // Seven Segment Digit §
45 Emc‘d“le DEz_TOP I 189 output [65:0]  HEX6: // Seven Segment Digit &
46 150 output [6:0] HEX7: // Seven Segment Digit 7
47 CTHCR ThpaT A 191 | SSRGS LED FREREEEEEIIE i ETEdaiiisd
48 CLOCE_27, £f 27 MHe 192 cutput  [8:0]  LEDG: // LED Green[S:0]
49 CLOCE_S0, /4 50 MHz 193 output [17:0] LEDR: /¢ LED Red[17:0]
s0 EXT_CLOCK, /7 External Cloc O R N PPN s e N e
51 FPATIFFFFIFIFFFF7Ff/ Push Button FEEFEFEiINiiiiiiiid 195 | output UART TXD: 7/ TUART Transmitter
- - 08 - f?;’f:’NNNNNNNN i P‘-’-Sh}j;’-;???ﬁi; ?’KKHNNN e Lnpus TART_RD. ff UART Receiver
L 53 DEDT Switch 7
B e | & o C I B O I
e or | B 55 PSR ES SRR 7-SEG Dispaly FEEEEREES ff.’h.’NNN 1ag input IRDA:RXD; //  IRDA Receiver
Fow [FlDesgn =] | 5@ HEXD, /4 Beven Seguent Digic 0 200 SOREWTMCeriace [/ PIIPIITEIEEEITE
| = =7 HEX1, /¢ Seven Segment Digit 1 z01 inout [15:0] DRAM DQ; /¢ SDRAM Datas bus 16 Bits
Task A = v 59 HEXZ, £4 Beven Seguent [Digic 2 202 outvut [11:01  DRAM ADDR: // SDRAM hddress bus 1z Bits
7 Start Project = = 58 HEX3, //  Seven Segment Digit 3
H [ Advisars &0 HEX4, /¢ Seven Segmwent |Digic 4 r
- 61 HEXS, /¢ Seven Segwent |Digit 5
B Create Desian 52 HEXS, /¢ Seven Segmwent |Digit & !
-] Create New | 63 HEX7, /¢ Seven Seoment |Digit 7 = T 11 aionl
] Open Existin 64 JEPEIEEEIIEIFEEESES LED YT IIIRIIYES VYNSRI NT. o on B IS0 8y
] Add/Remave 65 LEDG, /¢ LED Green[&:0 301 assign HEZO = ' hOoo;
3 Megawizard 66 LEDR, /¢ LED Red[17:0] 302 assign HEX1 =  7'h00;
....... H SOPC Builde :; ;;;;f;;;ﬁﬁﬁﬁﬁﬁﬁﬁ UARTN gig;.”;fﬁﬁ{’f SEEAEEEEE 303 assign HEXZ = 7' hO0;
- " . ransmitffer . _ R
(3 Assign Constraint 2 9 TTART R¥D. T¢ TART Rereiver 304 agsign HEX3 = 7'hoo;
S ) < 305 assign HEX4 =  7'h0O0;
* [ Type |1\Iessage 306 assign HEZXS = 7rhoo;
307 assign HEZG = 7rhoo;
308 assign HEZXY = 7rhoo;
309 assign LEDG = S'hi1FF;
310 assign LEDER = 15'h3FFRF;
311 assign  LCD ON = 1'b1;
“23. Sysleml.v\'\ Processing }\ Estra Info ;?\ Info ;?\ ‘W arning ;?\ Critical ‘W arning ;?\ Error .}\ Suppressed I?\Flag I.-" 312 assign  LCD_BLOM = 1'kbl;
ﬁ Message: J J | 313
= 314 FF4 All inout port turn to tri-gtate
i 4, S lp ly el 315 assign DRAM DO 16 hzzzd:
3la assign  FL_ Do S'hzz;
317 assign  SRAM Do = 16'hzzza;
315 as3sign  OTG _DATA = 16'hzzza;
319 Bosign  LLD DATA = (=8 A
320 assign  SD_DAT = 1'bz;
321 assign IZ2C_ SDAT = 1'bz;
322 a35ign  ENET DATA = l16'hzzzz;
323 as3sign  AUD ADCLRCE = 1'bz;
324 as3s5ign  AUD DACLRCE = 1'bz;
325 as3s5ign  AUD BCLE = 1'bz;
326 assign GPIC 0O = 3J6'hzzzzzzzzz;
327 assign GPIO 1 = 3J6'hzzzzzzzzz;
3zg 23
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