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Introduction
*FPGAs
eLaboratory
*\Verilog
ecombinatorial logic
*Sequential Logic
Refs: *State Machines
Cyclone Il device Handbook, Altera corp. «Advanced verilog (video, etc.)
Quartus Il Handbook , Altera corp.
DE2 documentation
Verilog HDL, S. Palnitkar, Prentice Hall

Programming Digital Logic...
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Inspired on course 6.111 from MIT * Some support material taken from 6.111 (thank you)



Estrutura

Assignments: .
Ex1: Ola Mundo OSC”OSCOpe

Ex2: StopWatch
Ex3: State Machine

Ex4: Test Image ~ =

Ex5: Microprocessor

W: Oscilocsope “Manager” TimeBase GUI
Pr: To be negociated

~

Vertical input

Evaluation

Exercises evaulated in trinary (0,1,2); worth 25%
Work: Evaluation 0-20; worth 25%

Project: Evaluation 0-20; worth 50%

Nota= (Ex1+Ex2+Ex3+Ex4+Ex5)/5"10 *0.25+W * 0.25 + Pr * 0.5
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Programming

microprocessors @
(assembly, c++, etc.) @

Give the “gnome” a list (consecutive
of operations to perform

1 Machine executes several
consecutive tasks

Logica Digital de Programagao
Everything works either by magic or by gnomes...

Programming
Digital Logic
(FPGAs+HDL)

Give the gnome a list of
objects/machines to build

Several machines execute several
| tasks in parallel

In high level languages there is some confusion

2427
Result x 27
-

/A=2+2 A=4 O A=2+2 Adder: A=4 A
Cout << A 41 : Output A “at the same time”
A=A*2 A=8 time A=A*2 Multiplier: A=A*2
Cout << A 8| Output A Out ??? (glitches?)

) & J




An FPGA working...
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HEXS[5] FIN_UZZ seven segment DIgI $5]
HEX3[6] PIN_W24 Seven Segment Digit 3[6]
HEX4[0] PIN_U9 Seven Segment Digit 4[0]
HEX4[1] PIN_U1 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]
HEX86[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_LS 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

10



On the “compiler” / “programmer”

= Quartus Il - C:/Documents and Settings/LIP/Deskiop/DE2_Sound/DE2_Sound/DEZ_Default - DE2_Default - [Pin Planner]

File Edit ‘iew Processing Tools ‘Window

Top Yiew - Wire Bond
Cyclone || - EP2C35FE72CE

HOOGOQO 000004

n @@o :
ge@aﬁaVo-
?ﬁaaa-

5408

1

-» onooo
100000 0000

* Named: [§ - | a Edit | S | Filter: | Pins: all |

Mode Mame Direction Loation 1J0 Bank. YREF Group 10 Standard Reserved

B3_M1 3.3V LYTTL
B3_M1 3,3V LYTTL
B3_M1 3,3V LYTTL
E3_M1 3.3V LYTTL
B3_M1 3.3V LYTTL
B3_M1 3,3V LYTTL
E3_M0 3,3 LYTTL (default)
B2_M1 3.3 LYTTL (default)
E1_M1 3.3 LYTTL (default)
E1_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)
B1_M0 3,3 LYTTL (default)

(4]

nput
uEpuE
UEpuE
ubpuk
ukpuk PIN_C8
UEpLE FIM_
nput RIN_ [
nput PIN_[42
ukpuk PIN_YG
ukpUk BI o1
uEpuE FIB
ukbpuk RIN 4
ukpuUk PId L5
DRAM_AD ukpuk PIB_LJ7
DIRLAT ) UEpLE

ERS IR i Rl

GEa

L o e N U I R U N

e pa e el e e

PR A0 ol utpuk

BB B BRI B BRI B BEIR L

For Help, press F1

Friendly Name Physical Names.
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Tasks

Flow: | Full Design
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] Start Project
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Software - schematic

ts and Settings/LIP/Desktop/iltera/DE2_demonstrations/DEZ_i2sound/DEZ_iZsound - DE2_iZsound - [DEZ_iZso...
dssignments  Processing  Tools  Window  Help
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NTERA Software - verilog

nts and Settings/LIP/Desktop/DE2_Sound/DE2_Sound/DEZ_Default - DEZ_Default - [Reset_Delay.v]

Assignments  Processing  Toals  Window  Help
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H- 5, WEA_Audio PLL 5
...... abd Heset_[)ehy;,gl = 3 alwavsh [posedoe 1CLE)
7 Ebegin
...... R : s mEn.
[]....3!:--: |2E_.-"—\\-"_CanlgiL! o ﬁ g begin
£ 2 bk 10 Cont <= Cont+l:
TN 11 CEESET <= 1'h0:
e RISy
Tedls ax @ 13 Flse
Flow: | Full Design =l 2T b 1: i gl
Task[ » | = 15
[Z Start Project = 17 endmadule
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Programming
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Input

__Output

Logic

13



Structuring... Modules

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

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

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

wire selbar,eaqal. _ag2;

not nl(selbar, sel);
and al(ql, a, selbar); Selbar, g1, g2 are names

and a b, sel); given to wires

or ol(q, ql,

not n2(gbar, q)
endmodule

not, and, or are modules!
n1, al, a2, o1, n2 are
names of instances

15



Another way...

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

b: &

assign q = sel? a :
aseign gbar = ~ q;

endmodule

T

Same as
If (sel) then a else b

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...
module mux(input a,b,sel, output rg/q, gbar);

always @ (a,b,sel) begifh™
if (sel)
else qg=b;

end

assign gbar = ~ (;

T

=a, “Whenever a,b or sel changes”

Can be replaced by
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=0catl, 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



Wire ab;

Wire ab,cd;
wire [31:0] ef;
{ab,cd}

ef[15]

ef[7:0]

ow many bits?

A 1 bit wire called ab

Two 1 bit wires called ab and cd
A 32 bits wire bus called ef;
Concatenation of ab and cd;

Bit #15 (the sixteenth) of ef

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



+ ~(4b0101) = {~0,~1,~0,~1} = 4b1010
- 4'b0101 & 4'b0011 = {0&0, 140, 0&1, 1&1} = 40001

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

la

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
[injequality

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 MUNDO?” just play directly with bits

2) Make a module that has:
Inputs: 4 bits code binary number
Ouputs: the 7 lines of one 7-segment display
kernel: activate display segmentsto show decimal number

Helps...

Usign DEZ2 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 FEEPEPEEEEEidiidsiiidsyd Clock Input FEEPEESEEFARdiiiiiiididy
. . 175 input CLOCE_27; /¢ 27 MHz
File->Open Project->DE2_top /7 o m
— 177 input EXT CLOCK: /f  External Clock
178 on FEEPEESEEFARdiiiiiiididy
&, Quartus Il - C:/Documents and Settings/LIP/Desktopfaltera/DE2_demonstrations/DEZ_Top/DEZ_TOP - DE2_TOP - [DEZ_TOP.v] 179 input [3:0] KEY: /¢  Pushbutton[3:0]
EXHE E e Ree ek e el Tndn Bo 180 | /7F7800007000700007477  DEDT sSwifen FEPIEIIIEII I
- 5 . - 151 input [17:0] sSW: ff Toggle Switch[17:0]
Ledd & DEz_TOP RailE - e XX L i L S R R 182 FEPEETEETEEFiiiiiieiivsy T-SEG Didpaly  SASSESEI IR
o T o == 183 ocutput [6:0] HEXO; Jf  Fewven Segmwent Digit O
]_ 2 i DE2_TOP.v ] 184 output  [6:0] HEX1: /¢  Heven Segment Digit 1
Entity - 185 output [6:0] HEXZ2; //  Seven Segwent Digit 2
Cyclone |I: EP2C35FET2CE @ 42 7l V1.2 :| Johnny Chen 1] 05/11/16  «| Fixed IZP1362 INT/ 186 output [£:0] HEX3; /4 Sewven Segwent Digit 3
L % DEZTOP Jg | - 43 i 187 output [§:0]  HEXd4; /¢ Seven Segmwent Digit 4
@ 4] @ 188 output [6:0]  HEXS; // Seven Segment Digit §
43 Emd“le DEz_TOP I 159 output [6:0]  HEXE: /f Seven Segment Digit &
36 1390 output  [6:0] HEX7: /{ Heven Segment Digit 7
47 TIoCT THpar R 191 | FASEESEEEEE R LED FEEEEEEEFEIdFiEdiiiiidifis
48 CLOCE_27, £4 27 MHe 192 cutput [8:0]  LEDG: /¢ LED Green[d:0]
49 CLOCE_50, /4 50 MHz 193 cutput [17:0] LEDE: /¢ LED Red[17:0]
50 EXT_CLOCK, {/ External Cloc 194 SEEEEEETiTiiiidiridiiiiidid TART SEEEEEEEEEd i
51 FI07F00004800470074077  Push Button YRTIINY) IY NSy, 195 | oucpur UART TED: /7 UART Transmitter
< 2 08 2 f’(a’E’:{;Na’Na”NKINﬁNK % PuSh};;‘;’;??ﬁi; 3’3’!!!!!!!! e input UART_RED: A DART Receiver
N = 53 DFDT Switeh 197 FEEEEEEETIEFIFEETIFETIEEIFIT IRDL FEELEEEEEFSFdT i iddiiiiiidisy
EJ @ 54 ELP /4 Toggle Switch{i7:0] 1393 output IRDA TED; /¢ IRDL Transmitter
— o= | [ =13 FEEEEEEETE SRR T-3EG Dispaly  SSSSSSSANA A 199 input IRDA RXD: // IRDL Receiver
Flow: | Full Dosign Sk 6 HEZO, /4y |geven;Segmentbigit: 0 200 e N R L T Y
| = 57 HEX1, // Seven Segment Digit 1 201 inout  [15:0] DRAM DQ: // SDRAM Data bus 16 Bits
Task& B — o 58 HEXZ, // Seven Segment [Digit 2 202 cutvut 11:01 DRAM ADDR: // SDRAM Address bus 12 Bits
T3 Start Project = = 59 HEX3, /4 Seven Segwent |Digit 3 <
£ Advi &0 HEX4, /¢ Seven Zegment |Digit 4
ISOIE 61 HEXS, /¢ Seven Segment |Digit 5 |
Eaga‘e[’esﬂn 62 HEXE, /4 Seven Secment |Digit & !
i Create New | 53 HEZ7, 4/ Seven Segment |Digit 7 -
] Open Esistin 54 PIEFIIRIIIEIIIIFIEIIE LED T J0T /7 Turn on all display
] Add/Remove 65 LEDG, /¢ LED Green[S:0] 301 assign  HEXO = oo,
*%, Megawizard 66 LEDE, // LED Red[17:0] a0z assign HEX1 = T'hoo;
_______ ¥ SOPC Buike &7 FEEREIATEEEIIIEIFIIEIEIS UART RIS 203 assign HEXZ - 7ipoo:
- = 58 TART TXD, /4  ULRT Transmitfer K _ .
( (3 Assign EonstraTt A4 fo “TLRT RED. 77 TILRT Rereiver 304 assign HEX3 = 7' hoo;
hd 305 assign HEX4 = 7' woa;
* [ Type |HessagE 306 azsign  HEXS = 7' h0o;
307 azsign  HEXG = 7' h0o;
308 azsign  HEX7 = 7' h0o;
309 a=ssign  LEDG = S9'hi1FF;
310 a=s=sign LEDR = 18" h3FFHEF
311 a3zign LCD ON = 1'kb1:
% Sysleml,'{' Processing ;'\' Extra Info l:'\.‘Info ;'\' Warming ;'\' Critic:al W arring ;'\' Errar ;'\' Suppreszed }\‘Flag l.-'r 31z assign LCD BLOW = 1'khi:
@ ; 313
g Meszage: J J | ) )
314 J4 All dinout port turn to tri-gtate
e 4 s o {4, €l 315 assign DRAM DO =  16'hzzza:
{ 3la assign FL Do = 8'hzz;
317 assign  3RAM DO = 16'hzzz4g;
318 assign OTG DATA = 16'hzzz4g;
319 assign LoD DaTh = =l A
320 assign 3D DAT = 1'he:
321 assign  I2C 3DAT = 1'bz;
322 assign  EMET DATA = la'hzzzz;
323 assign  AUD ADCLRCE = 1'bz;
324 assign  AUD DACLRCE = 1'bz;
325 as3s5ign  AUD BCLE = 1'bz;
326 assign GPIC 0O = 3J6'hzzzzzzzzz;
327 assign GPIO 1 = 3J6'hzzzzzzzzz;
328 23







