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Basic Components in VHDL
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Binary logic

e Logic “variables” on which logic “functions”
work
o Variables: Binary (O or 1)

0 E.g. A can have thevalueOor1
—A =0, lamp is out
—A=1,lampis on
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Binary logic

e Logical levels
O In digital electronics:
signal level: HIGH (1) of LOW (0)
0 (e.g.) TTL- logic:
LOW: voltage between OV en 0.8V
HIGH: voltage between 2V en 5V
O On Spartan 3E: 3.3V, 2.5Vand 1.2V
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Binary logic

Logical statements

A logical statement can be true or false
The results usually depends on some independent parameters (inputs)

In the Boolean logic:

AND= “.”
OR= ”+”
NOT= ulnoru_noru \ ”
|F= “_ u
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Binary logic
Logic statements & equations

Example: We go for an outdoor swim (S) if the weather is nice (W),
the pool is open(P) and it is not crowded (C).

So: “swim” is true (S=1) if
“nice weather” is true (W =1) and
“pool open” is true (P = 1) and

“crowded” is not true (C = 0)

Logic equation:

- ’ &
S=W.PC W : -:- S
P i
Schematic: C = P o |
L~
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Logic gates

Not gate
IEC-SYMBC QL WAARHFEIDSTABEL
7 dux4 A | F(NOT)
Al LF § 1
1 [
LOGISCHE VERGELLIEING TITDSDIAGRAMMA
_ A T LT LD
F=4=/A=4"

F LI LIL
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Logic gates
And gate

IEC-SYNMNBOOL

JYesIRE

WAARHEIDSTABEL

B

A | F (AND)

Fdwxa
A,

& | F All possibilities
for 2 inputs

B |

0

LOGISCHE VERGELITEING

F=AeE=2AF
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Logic gates

Or gate

IEC-SYMBO OL

Fd w3
=1 |LF

i

LOGISCHE VERGELITKING

F=A+E
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WAARHFEIDSTABEL
B | A |F (OR)
0|0 0

0| 1 1

1|0 1

1] 1 1
TITDSDIAGRAMDMA
A LT L

B LT 1

F L L
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Logic gates

] b = | & 1
NAND gate

TE C-SYNBO 1, WAARHEIDSTAEEL

E|A| AND | F (NAND)
A_?d}[}[[l[l 0 0 0 ]

. F

1 & 0 1 0 1

1 [ ] 1

1 1 1 0
LOGISCHE VERGELITEKING TITDSDIAGRANDMNA

A LT L
F=AeE=AE

B | [ |

F | ||
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Logic gates
NOR gate

IEC-SYMBEC L

Fdwewl2
A
=N

gla_F

LOGISCHE VERGELITEING

F=A+E
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=1 | I S

WAARHFEIDSTAREL
BE|A| OR F (NOR)
0| 0 0 1
0|1 1 0
1|0 1 0
1] 1 1 0

TIIDSDIAGRANMMA

A LT LITL

B T ]

F I I
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Logic gates T &
EXOR gate

IEC-SYMBO O,

WAARHFEIDSTABEL
5 Thodh B|A|F(EXOR)
— 4 |F ol o 0
. o | 1 i
1] 0 1
1|1 0
LOGISCHE VERGELITKING TITDSDIAGRAMMA
F=ABR+ AR A LI LIL
F=AFDE = I L
F_I 1
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Logic gates

JYesIRE

EXNOR gate L

IEC-SYMBOOL

Fdxxa10

iy

= nF

LOGISCHE VERGELIJKING

F=AB+ AR

F=ADE

VHDL - introduction
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WAARHFIDSTABEL
B | A | F(EXNOR)
0|0 1
o1 0
1| o 0
1|1 1

TITDSDIAGRAMMA

A LILIML

B LT

F _ L
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Logic gates

American symbols

JYesIRE

AMERIKAANSE SYMBOLIEK

AND-POOET OF-POCET NOT-FOORET
NAND-POOET NOE-POORT
EXOE-POORT EXNOE-POOET

S e

e
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Logic gates

 schematic
e |ogic equation
e truth table
e timing diagram

VHDL - introduction
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=> they are all connected
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Logic gates

A
= E:
e From schematic C.
)
k. L =
B 11k & L 1LF
C
E=E
L=KsC
e To truth table F=A+L
C B A K L F
0 0 0 1 0 0
0 0 1 1 0 1
—— 0 1 0 0 0 0
All possiblities for 0 1 1 0 0 1
3 inputs 1 0 0 1 1 1
1 0 1 1 1 1
VHDL - introduction 1 1 0 0 0 0
] ] ] 0 0 1
14/10/2015 [empus



- JesIRE
Logic gates

e From schematic

A

L
B . 1 k p 21 L
C .
e To logic equation
A. 3 F=A+L
s e 2 I s F=A+(KeC)
C .

F=A+(BeC)

VHDL - introduction
14/10/2015
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Logic gates

e From schematic B . 1 % =1L F

e Totiming diagram

m rr Fx 0 m F

Bl Tempus




Logic gates

e From truth table

e To logic equation

VHDL - introduction
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C E A F

0 0 0 0

0 0 1 1

0 1 0 0

0 1 1 1

1 0 0 1

1 0 1 1

1 1 0 0

1 1 1 1
s E A F |productterm
0 0 0 0
0 0 1 1 AeBsC
0 1 0 0
0 1 1 1 LeBeC
1 0 0 1 LeBeC
1 0 1 1 LeBeC
1 1 0 0
1 1 1 1 AeBeC

F=ABC+ARC + ABC + ABC + ABRC
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Exercise 1

oA
E |
o |
] 1 K
I::I_-_
0.

#1

- F1

e Truth table
e Logic equation

e Timing diagram
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Exercise 1 b« |8 A A
0 0 0 0 1
0 0 0 1 1
b E
*] F 0 0 1 0 1
2] G 1 H | =1 F1 0 0 ! . !
- 0 1 0 0

0 1 0 1 1
e Truth table 0 1 1 0 1
Flis1if 0 1 1 - 1
His'l' =>if Gis ‘O | A L R
| 1 0 1 0 1

:> 1 b
If|B and C both ‘0’ or 1 0 1 1 1
Fis‘'l’=>Bis‘1'|orEis‘l’=> |4 1 0 0 1
If|A and C both ‘1 1 1 0 1 1
1 1 1 0 1
1 1 1 1 1

Npus




Exercise 1

& E
*1 F
oLl i
2] G 1 H eS| Y
I::I_-_ —
0.

eLogic equation:

e F1 =F+H+D
=E+B+G'+D
=(A.C+B)+(B+C) +D

Bl Tempus



Logic ICs
Single gates

DL - i ]
59 VH introduction
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DIL : dual In line

DIP: dual in line package
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Logic ICs

Single gates

JYesIRE

Legende

Aantal poorten per |C

I nummer (TTL)

IC nummer [CIOS)

mot | ano [ or | wanp | mnor | Exor | ExmoOR
]
Tinput | 74xx04
4049
4 4 4 4 4 4
2 inputs, Fdux08 | FAxx32 | T4wx00 | 74ux02 | 7dxx86 | 74xx810
4081 4071 4011 4001 4070 4077
3 3 3 3
3inputs EETEAN FhuxlD | Tdwld7
407 3 4075 4023 4025
2 2 2 2
4 inputs, Fdux21 Fdwx20 | 74wl5
4082 407 2 4012 4002
2
5 inputs T4 260
1 1
8 inputs, Fdxx30
4065 4075
1
12 inputs Tdux134
1
13 inputs FAux133

14/10/2015
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Logic ICs

Single gates
L1 0]

° i i
Pln numberlng W M K XK XK
::' wxxx WALENES xxxxxxxx

Voo 1
e Datasheet I I gl
1 1 i:
TPLT g
a -
| | El_ &
N 1 _8
£ £ 10—
B 124 &
i '-vj = B
13—
1 [ | OND = pin 7
SHD Yoo =pin 14
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Logic ICs
Single gates

e Impossible to use for complex logic equations!

Voo

1— &
- o I
j' = e
— & £ — &
a -
I 29— k&
| | | _E
3 3 10—
] 124 &
— 11
o R
1 [ | OND = pin 7
SHD Yoo =pin 14
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Logic ICs
FPGAS

VHDL - introduction
26
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Logic ICs Des

FPGAS Interconnection

-ogic Block Resources L

SgNpEpN| SpEgngH 1/0 Cell

Nl sl alle
hdbhdihdid
FiarEarEnar-.
hdbhdihdikd
Fararar-.
hdkhedkdkd
FArEaAEar-
hdbhdihdid
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Logic ICs

FPGAS
 Configurable Logic Blocks

4-mnput
Look-Up
Table

E
=
A=

JYesIRE

VHDL - introduction
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Logic ICs

FPGAS
 Logic = hardware truth table = Look-Up Table

Xilinx cells are based on the use of
SRAM as a look-up table. The truth
table for a K-input logic function is
stored in a 2x 1 SRAM.

F(A, B, C
The address lines of the (6:8:.5)

SRAM function as inputs and the C

SIS 2S5 =

output (data) line of the SRAM |
provides the value of the logic
function.

:
|

=

%__
==
e gt ks

VHDL - introduction
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Logic ICs

FPGAS

e D-flipflop is memory element

e I|treads input on clock flank

e |Is onlyused when clock is used

e Clock should drive all flipflops at the same time

Output

{ D Flip-
Clock l()p

VHDL - introduction
14/10/2015
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Logic ICs

FPGAS
e |nterconnection

SRAM to make interconnections

SRAM
Cell _.I [ Pass Gate

SRAM Cells J‘ J;m:l/ \L

Bit 0

Bit 1 4x1 ‘

L

DL - i ]
31 VH introduction
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Logic ICs

FPGAS
e |nterconnection

Logic
Cell Cell

Logic
Vires S0 —— allbirs
Segments §~$H% 7 T W

gﬁg{s_ﬁw Q; ol

Routing
Channel

S R T
- %gj;“ ! N ————
i o 5 i il i
i %‘, % i

b

ke 23

i - Gty TrGCk
e o “ﬁ% i ;4. i
et o

S s

\2% b e gs\ e

i = ik

VHDL - introduction
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Logic ICs

S W e R
FPGAS M%}
e |/O Block e

T <+

TFF2

Input — output conditioning . 7T I
e |O standards : £
¢ Invertlng OTCLK1 —— _gi Pull-Up 3 %ESD
* Delay o o] Dai o f
® Pu”-up / -down 02> J-_gE a — Péjé&:g' gﬂhi iESD
e Slew rate & drive strength <=~
l | o Kﬁgapigh
Quiput Path

Configuration with SRAM 1 | Lvomos, T, po

a1 <~ L:lj Single-ended Standards

IDDRINT = ¢-11- D o using VReF
ICE = | | Differential Standards }J;gnfin
102 < = — J gjaacent
VHDL - introduction - = “‘E"
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Logic ICs

FPGAS
 |/O Block

Output Drive Current (mA)
4 6 8 12 16

IOSTANDARD

LVTTL

LVCMOS33
LVCMOS25
LVCMOS18
LVCMOS15
LVCMOS12

SIS S
S

SISINS

SISIN|IS|SIN]w

VHDL - introduction
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Logic ICs

FPGAS

JYesIRE

e Spartan 3E: architecture => extra hardware

[ EES

L
o

L | _I

I0Bs

o8s

D

CLBs

/i
7\

Blags Fakd Mutiplies

B Tempus



Logic ICs

FPGAS
e Spartan 3E: architecture

Tabie 1: Summary of Spartan-3E FPGA Attributes

JYesIRE

CLE Array
Device System | Equivalent (One CLE = Four Slicaes) Dlmﬂhﬂhﬁ?f HH|:EHH Dedicated — Manimum I;:r:lﬁlu“n;l
Gates | Logic Cells Rows | Columns :TEEI; 51:;::; RAM DIt /[ ey | Mullipliers User V0 | “mpairs
XCIAS100E 100K 2 160 22 16 240 G600 15K T2K 4 2 108 400
XCAS250E ZE0K £ 508 34 26 8612 2448 8K 216K 12 4 172 68
XGISL00E S00K 10,476 48 =4 1,164 4 656 T3K 260K 20 4 232 a2
XCAS1200E | 1200K 18,512 60 44 2. 168 8672 136K B04K 28 a 304 124
XCAS1600E | 1600K 33,142 FiL <] ] 3688 | 14,752 231K B4 8K 36 a a7a 158
Notes:

1. By comventlon, one KD Is equivalant to 1,024 bits.

VHDL - introduction
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Logic ICs

FPGAS
e Spartan 3E: DCM

Clock

* frequency,
e phase shift
e skew
employs a Delay Locked Loop

VHDL - introduction
14/10/2015
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|- - -
| DCM |
I I
PSINCDEC Ph
| ase |
PSEN . ~ PSDONE
PSCLK —|—"| Shifter I
| |
|
I
CLKIN — - - CKe
| o g —= CLK30
Ll LE 5 H—— clKiso
o 5 —= CLK270
LokEs LS Bl{—~ cLkax
L= & = CLK2X180
| t—= CLKDV
I I
| DEs [ CLKFX
I DLL —l—i-l CLKFX180
nsT | Status —:—SP LOCKED
| Logic T~ STATUS[7:0]

Clock
Distnbution
Delay

Tempus



Logic ICs

FPGAS
e Spartan 3E: Clock Distribution Network

Global Clock inputs
g BCLK{1 GCLKI0 GCLKD GCLKR

Left-Half Clodk Inputs
LHELKE LHCLKA LHCLKA L HCLKS

VHDL - introduction
14/10/2015

BUFRGMUX
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Q.JFGJJI\
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R
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Clock Line
in Cundrart
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o
ey
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Srells
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Logic ICs

FPGAS
e Spartan 3E: Configuration

Where does the bit-file come from?
Basys2: 2 options

e Master Serial: Platform Flash: XCF02S
e JTAG: Through USB

Master ;

Serial SPI BPI Slave Parallel Slave Serial JTAG
M[2:0] mode pin <0:0:0> <0:0:1> <0:1:0>=Up <1:1:0> <1:1:1> <1:0:1>
settings <0:1:1>=Down

VHDL - introduction
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VHDL
Spartan 3E: XC3S100E

100K gates!?

How in earth can you address them?

VHDL!!!

VHDL - introduction
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VHDL

VHDL
e HDL = Hardware Description Language

 \V = VHSIC = Very High Speed Integrated Circuit

e Language used to describe hardware (not for programming)
e Result = hardware

e |IC

e FPGA

41 VHDL - introduction
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VHDL

Structure of VHDL

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity button_led is
Port (sw:in STD _LOGIC_VECTOR (3 downto 0);
led : out STD_LOGIC_VECTOR (3 downto 0));
end button_led;
architecture Behavioral of button_led is

begin

led <= sw;

end Behavioral;

VHDL - introduction
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VHDL
Structure of VHDL

JYesIRE

ibrary IEEE; \
use I[EEE.STD_LOGIC_1164.ALL;

entity button_led is
Port (sw:in STD _LOGIC_VECTOR (3 downto 0);
led : out STD_LOGIC_VECTOR (3 downto 0));
end button_led;

architecture Behavioral of button_led is
begin

led <= sw;

end Behavioral;

VHDL - introduction
14/10/2015

library and use

| library IEEE;

use IEEE.std_logic_1164.all;

Define types and operations

Tempus




VHDL

Structure of VHDL

library IEEE;

use IEEE.STD_LOGIC_1164.ALL; /

ity button_led is
Port (sw:in STD _LOGIC_VECTOR (3 downto 0);

led : out STD_LOGIC_VECTOR (3 downto 0));
end button_led;

architecture Behavioral of button_led is
begin

led <= sw;

EDGSIQE

Entity declaration

Entity <ent_name> is
Port ();

end <ent_name>;

*Interface description of
logic component
*Port signals:
*Signal name
esignal direction
edata types
esignal width

end Behavioral;

VHDL - introduction
14/10/2015
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VHDL

Structure of VHDL

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity button_led is
Port (sw:in STD _LOGIC_VECTOR (3 downto 0;
led : out STD_LOGIC_VECTOR (3 downtg'0));

end button_led;

Chitecture Behavioral of button_led I3
begin
led <= sw;

end Behavioral;

JYesIRE

Architecture

Architecture <arch_name>
of <entity_name> is

begin

end <arch_name>;

*Implementation of the
design

Tempus




JYesIRE

VHDL

Architecture
Structure of VHDL
library IEEE; Architecture <arch_name>
use IEEE.STD_LOGIC_1164.ALL; of <entity_name> is
entity button_led is begin

Port (sw:in STD _LOGIC_VECTOR (3 downto 0); end <arch_name>;
led : out STD_LOGIC_VECTOR (3 downto 0));
end button_led;

*Declarative part:
eadditional signals
ecomponents

architecture Behavioral of button_led is

begin

led <= sw;

end Behavioral;

VHDL - introduction
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VHDL

Architecture
Structure of VHDL
library IEEE; Architecture <arch_name>
use IEEE.STD_LOGIC_1164.ALL; of <entity_name> is
begin

entity button_led is
Port (sw:in STD _LOGIC_VECTOR (3 downto 0); end <arch_name>;
led : out STD_LOGIC_VECTOR (3 downto 0));

end button_led; I
eDefinition part:

esignal assignments
eprocesses
. ecomponent
begin : P .
instantiations

Qd <=sw; > e ..

architecture Behavioral of button_led is

end Behavioral;

VHDL - introduction
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Lab: startup

DL - i ]
48 VH introduction
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Project set up

e Start ISE software: 32 bit Project Navigator

XILINX.

CISE

DESIGN SUITE

DL - i ]
49 VH introduction
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Project set up

e File => New Project

eI

& MNew Project Wizard

Create New Project

Specify project location and type.

Enter a name, locations, and comment far the project

Mame: | |

Choose meaningful Directory [CEOources =
(Name/Project_name)

Waorking Directory: |C:‘I,'I.I’I-|DL1ISour::es

o]

Description:

Select the type of topdevel source for the project

Top-evel source type:

|HDL

VHDL - introduction

14/10/2015

next | [ Cancel |




Project set up

DeSIQE

e Project Settings (information is available on

the device)

L e e -

Mew Project Wizard

VHDL - introduction
14/10/2015

Project Settings

Specify device and project properties.

Select the device and design flow for the project

Property Mame

Ewvaluation Development Board
Product Category

Family

Device

Package

Speed

Top-Level Source Type
Synthesis Tool

iValue

| »

Mone Specified

All

Spartan3E

XC35100E

Cp132

-4

m

HDL

K5T (WVHDLVerilog)

Default: HOL} -

Simulator ISim (VHDL Verilog) -
Preferred Language VHDL -
Property Specification in Project File Store non-default values only -
Manual Compile Order

VHDL Source Analysis Standard \VHDL-93 (=]l
Comabl- kA Cils [ i

Nect | [ cancel |
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Project set up

e Project Settings (information is available on

the device)

o0 Family Spartan3E
0 Device XC3S100E
0 Package CP132

0 Speed -4

0 Synthesis Tool XST

o Simulator 1ISim

55 VHDL - introduction
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Project set up

JYesIRE

e Right click on project => new source => VHDL

Module & give meaningful name

Select Source Type

Select source type, file name and its location.

BRM File
&% ChipScope Definition and Connection File

E Implementation Constraints File
J IP (CORE Generator & Architecture Wizard)

Scheratic

User Document
Yerilog Meodule

4] Verilog Test Fixture
g VHDL Module

I VHDL Library

[F] VHDL Package

] VHDL Test Bench

) Embedded Processor

|

File name:
button_led
Location:

C:\WHDL\Sources'button_led

Add to project

Mext

|| cancel
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Project set up

e Define inputs/outputs, individual ports or
busses, input, output or both

VHDL - introduction
14/10/2015

G e

Define Module

Specify ports for module,
Entity name |buttcr|_|ed

Architecture name |Behavioral

Port Mame Direction

W

led

L BN EN EN EN BN ERIERIER EN ER E
OoooooooobD - EE e
I

Bl Tempus



DesIRE
Project set up

e Write code in editor

> EEIE
BET AR PP

9 -- Target Devices: -~
10 —— Tool wverszions:
11 -- Description:
12 ——
13 —— Dependencies:
14 —
15 -—- Revision:
16 -- ERevision 0.01 - File Created W
17 -—- Additional Comments:
18 —-
15
20
21
22
23 -- Uncomment the following library declaration if using
24 —- arithmetic functions with Signed or Unsigned wvalues
25 --use IEEE.NUMERIC STD.ALL;
26
27 —— Uncomment the following library declaration if instantiating
28 -—- any Xilinx primitives in this code.
29 -—-library UNISIM:
30 ——use UNISIM.VComponents.all; =
31
32 enticy button led is
33 Port ( sw : in 5TD LOGIC VECTOR (3 downto 0):
34 led : out STID LOGIC VECTOR (3 downto 0)):
35 end button_led;
36
37 architecture Behavioral of button_led i=
38
39 begin
40
41 led <= sw:
42
43 end Behavioral;
44
45 -
4 I 3

button_led.vhd* ﬂJ




EDGSIDE

Project set up

e Write code in editor

o This will describe the internal behavior of the logic
component:
—what does it do?
—what is the interface?

Bl Tempus
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Project set up

e Simulate the design with a testbench
e Click on simulation in the left upper panel:

View: () E:E:._I:E Implementation @ FE Simulation
Behavioral E

Hierarchy

, oef5 B
= £ xc3s100e-dcpl32
=8 [ 0ef5_6_th - behavior (C\Users\dvm\Docum
g uut - 0ef5_6 - Behavioral (C\Users\ dvm’

e Write a testbench to

o simulate the clock

VHDL - introduction
9 U s

00ssible input combinations B TR
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Project set up

e Add user constraints, a UCF-file.

— To which FPGA pins are the ports from the entity
connected?

— How are the ports connected to the outside world?
—What is the | / O standerd?
—How is the | / O block configured?

DL - i ]
cg VH introduction

14/10/2015 il Tempus



Project set up

e Add user constraints, a UCF-file.
o push “1/0 Pin Planning”

#J Mo Processes Running

H |88 |25 8| v
4

Processes: button_led - Behavioral

Design Utilities

User Constraints
Create Timing Constraints
I/Q Pin Planning (PlanAhead] - F'rE-S],fnthesis

View RTL Schematic

View Technology Schematic
E] Check Syntax

P2 Generate Post-Synthesis Simulation Model

......

m

= #2  Implement Design
P2 Translate
9 Map .

E’[ﬁ Design

|E Files

E Libraries

JYesIRE
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Project set up

0 Push “Edit Constraints” on the processes panel,
left.

0 Copy all suitable pin locations from the UCF-file

60 VHDL - introduction
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Project set up

e An example is seen below:

VHDL - introduction
14/10/2015

NET "sw<7>" LOC = "N3"; # Bank =2, Signal name = SW7
NET "sw<6>" LOC = "E2"; # Bank =3, Signal name = SW6
NET "sw<5>" LOC = "F3"; # Bank = 3, Signal name = SW5
NET "sw<4>" LOC ="G3"; # Bank = 3, Signal name = SW4
NET "sw<3>" LOC = "B4"; # Bank = 3, Signal name = SW3
NET "sw<2>" LOC = "K3"; # Bank = 3, Signal name = SW2
NET "sw<1>" LOC ="L3"; # Bank = 3, Signal name = SW1
NET "sw<0>" LOC ="P11"; # Bank = 2, Signal name = SWO0
NET "btn" LOC = "G12"; # Bank = 0, Signal name = BTNO
NET "Led<3>" LOC ="P6" ; # Bank = 2, Signal name = LD3
NET "Led<2>" LOC = "P7" ; # Bank = 3, Signal name = LD2
NET "Led<1>" LOC = "M11" ; # Bank = 2, Signal name = LD1
NET "Led<0>" LOC = "M5" ; # Bank = 2, Signal name = LDO

JYesIRE
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Project set up

JYesIRE

e Generate Programming File runs through:
synthesize => implement design

VHDL - introduction
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Project set up

e To implement the design, open Digilent’s
Adept software

e Browse bit-file and then push program

ﬁﬂ Digilent Adept ﬂ! Y

Connect; [ SSSSSS ']
BASYS E Product: EBasysz - 100

Config |Test |Register I/O | File If0 [ I/0 Ex | Settings |
1 <
XE?TS?QDE [dl'bit '] 'BFDWSE...I| Program I
g

[ - ] Browse. .. Program

evice 1t -
Device 21 XCFOZ5

. . Preparing to program C35100E, ..

P ing. .. e
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63 Programming Successful, | &

il Tempus




ISE softw re

EZ Xilinx - ISE - C:
File Edit Wiew Py

Help

DesIRE

C0h s |

DPEHS LidBRX o

RiPPLPHHPR AN:iBE D] ,N
‘BFE S HALN (0O

I FPGA Design Summary ] elevatof Project €™
1 . TOOI ba r Sources for: | Implementation - Design Dverview 2 .
. Project elewator.ise Curre
. d Hierarchy ST - [2] Summary File:
2 . SO urces window -- ﬁ' elevator D |0B Properties 3 Module top
. - £ wchvle30-36324 J - [0 Module Level Utilization Mame:
3 . P rocesses win d ow = ,}};tap [top.v] 1 -~ [ Timing Canshiaints Target w Bl 30- 3324 =
: @ Contral_Module - contraller [contral... - [ Pinout Report Device:
4 . WO rks p a Ce @ Main_Car - elevator_car [elevator_... D Clock Report Product ISE 10.1E& -
@ Express Car - express car [expres... | IR Errors and YW armings Version: Foundation
. . e — T Sunthesiz M Simulator
5. Transcript window | l > i — -
. ) " " 1 - [0 Translation Messages Design Balanced E
B Sources | |E Files e Snapshots E LIII-EIIIES D Map Messages Goal:
- - Design wilires Default
Froject Properties o~ Strategy: [unlocked)
Proceszses for; elevator Enable Enhanced Design Surar
™ Add Existing Source - [ Enable Message Filtering —
D Create Hew Sauice - O Display Incremental Messages = elevator Partition Summav | S
? Design Utiities Enhanced Design Surmmary Contents Mo partition information was
Shiow Partition Data || found.
- O Shaw Ermors
. ] 3 - O Show Warnings >0 | Netailled Rennr ™
& < i | £ 1if | >
P
E:c [IEESIEs % Design Summary j
y
Grarted : "Launching Desigh Summary™.

VHDL - introduction

<
] Conzole

|
ﬂErrurS u I warnings ” ETCISheII " {4 Find in Files

14/10/2015

= 0=




ISE software

e Language templates

0 Useful tool to find coding
examples

VHDL - introduction

14/10/2015

JYesIRE

roject Nawvi 2013
Iiﬂl View Project 5Source Process

) Undo Ctrl+Z
(d Redo Ctrl+Y
d4n Cut Ctrl+X
{3 Copy Ctrl+C
3 Paste Ctrl+V
2 Delete Del
dy Find... Ctrl+F
Find Next F3
Find Previous Shift+F3
Find & Replace... Ctrl+H
(a4 Find in Files Ctrl+Shift+F
Il Show Mext Result Ctrl+F8

I Show Previous Result

Ctrl+Shift+F8

® Language Templates..

Select All
Message Filters...

Ctrl+A

Preferences...
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ISE software

B T
& (1 UCF
553 VHDL --The following logical operators are used in conditional
5 £3 Common Constructs -—such as an if statement in order to specify the conditic
-- 13 Architecture, Component & Entity
®- (3 Comments NOT ---- Not True
--CI Conversion Functions AND ———— BC_)th Inputs True
- (3 Library Declarations/Use OR --—— Either Input True
© 3 Operators =  --—-— Inputs Equal
B Arithmetic /= --—— Inputs Not Egual
Y Bitwi < —-——— Less-than
~[B Bitwise :
b <= ---- Less-than or Egual
3 Concatenate > ---— Greater-than

8 B Logical

- (11 Rotate Left

#- (1 Rotate Right

= 3 Shift Left Arithmetic
e

E

E

W
Il

———— Greater-than or Egual

+ (13 Shift Left Logical

o (13 Shift Right Arithmetic
o (21 Shift Right Logical

#- (7 Ports

& [J Predefined Attributes

- [T] Predefined Types

& [1 User Defined Functions & Procedures
®- [3 Device Macro Instantiation
w3 Device Primitive Instantiation
#- [ Simulation Constructs

- [ Synthesis Constructs
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j}eSIDE

Solutions

There are three design methods in VHDL
1. Dataflow design

2. Behavoural design
3. Structural design

DL - i ]
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Solutions

Dataflow design

C<=A xor B;

Defines direct relation (single to couple of gates) between output and input

Sequence not important (parallelism)

Asynchronous

Difficult for complex functions

Difficult to understand

VHDL - introduction
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Lab O

Make a component which connects all switches to

all LEDs

69 VHDL - introduction
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Lab O - solution

library IEEE;
use IEEE.STD_LOGIC_1164.ALL;

entity button_led is
Port (sw:in STD LOGIC_VECTOR (3 downto 0);
led : out STD_LOGIC_VECTOR (3 downto 0));
end button_led;
architecture Behavioral of button_led is

Begin

led <= sw;

end Behavioral;

VHDL - introduction
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Lab 1

Make a logic components to test all the gates

e Led7=SW1andSW2and SW3
e Led5=SW1orSW2orSW3

e Led5=SW1andSW2

e Led4=SW1nandSW2

e Led3=SW1orSW2

e Led2=SW1norSW2

e Led1=SW1xorSW2

e Led0=SW1xnor SW2

21 VHDL - introduction

14/10/2015 Bl Tempus



Lab 1 - solution

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity gates is
port(

swl:in STD_LOGIC;
sw2 :in STD_LOGIC;
sw3:in STD_LOGIC;

led : out STD_LOGIC_VECTOR(7 downto 0)

end gates;

architecture behavior of gates is

begin
led(7) <= sw1 and sw2 and sw3;
led(6) <= sw1 or sw or sw32;
led(5) <= sw1 and sw2;
led(4) <= sw1 nand sw2;
led(3) <=sw1 or sw2;
led(2) <= sw1 nor sw2;
led(1) <= sw1 xor sw2;
led(0) <= sw1 xnor sw2;

end gates2;

Parallellism:

EDGSIQE

Statements run concurrent to each other

Tempus
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Lab 2

Make logic components to implement these

schematics

SV

wi—— )
a4
oW

EDD

S —]

LEDD

Y

k!
|
=)
=

VHDL - introduction

73

14/10/2015 il Tempus



DesIRE

Lab 2 - solutions

entity lab2_1is
Port ( sw0 :in STD_LOGIC;
swl:in STD_LOGIC;
sw2 :in STD_LOGIC;
sw3:in STD_LOGIC;
ledO : out STD _LOGIC);
end lab2_1;

architecture Behavioral of lab2_1 is

begin
led0 <= (sw0 and sw1) xor (sw2 or sw3);

21 | |

end Behavioral;

1] EDD

VHDL - introduction
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Lab 2 - solutions

entity lab2_1is
Port ( sw0 :in STD_LOGIC;
swl:in STD_LOGIC;
sw2 :in STD_LOGIC;
sw3:in STD_LOGIC;
ledO : out STD _LOGIC);
end oefl_8§;

architecture Behavioral of lab2_1 is

begin
led0 <= (sw0 and sw1) xor (swO or sw2);

SN
S8 A

end Behavioral;

| E:}- LEDI

VHDL - introduction
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Combinatorial Logic

Multiplexer - principle

Al A0
AllAD| 2 w
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il oDz
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Lab 3

4 to 1 MUX

e DO when A1AO is “00”
e D1 when A1AOis “01”
e D2 when A1AOis “10”
e D3 whenA1AOis “11”

DL - i ]
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Lab 3 - solutions
4 to 1 MUX — with gates => increasingly complicated

entity mux41 is

port(
d:in STD_LOGIC_VECTOR(3 downto 0);
a:in STD_LOGIC_VECTOR(1 downto 0);
z : out STD_LOGIC
);
end mux41;

architecture behavior of mux41 is

begin

z <= (not a(1) and not a(0) and d(0))
or (not a(1) and a(0) and d(1))
or ( a(1) and not a(0) and d(2))
or ( a(l)and a(0)and d(3));

end behavior;

Bl Tempus



Solutions

Behavioural design

Processes

process(sensitivity list: signal-names)
begin
-- sequential code:
e.g.: if (condition) then
actionl;
else
action2;
end if;
end process;

DL - i ]
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Solutions

Behavioural design

Processes

e If (condition) then ... elsif (condition) then ... else ... end if;
e Case (signal_name) is
when condition 1 => ...;
when condition 2 => ...;
end case;
* Forsignal name in start_value to stop_value loop

XYY

end loop;

20 VHDL - introduction
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Solutions

Behavioural design

Sequence important

Asynchronous

Divides complex functions in manageable parts

Easier to understand

For combinatorial: all input signals in the sensitivity list

DL - i ]
31 VH introduction

14/10/2015 il Tempus



DesIRE

Lab 3 - solutions
4 to 1 MUX — with case statement

architecture behavior of mux41 is

begin
pl: process(d, a) begin
case ais
when "00" => z <= d(0);
when "01" => z <= d(1);
when "10" => z <= d(2);
when "11" => z <= d(3);
when others =>z <= d(0);
end case;
end process;
end behavior;

VHDL - introduction
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Lab 4

1 to 4 DEMUX
e YisZ0 when A1AO0 is “00”
e YisZl whenA1AOis “01”
e YisZ2 when A1AOis “10”
e YisZ3 whenAl1AOis “11”

= Difficulty: what about the other outputs?
—> Do not leave them un-assigned: otherwise latching (=
unintended memory synthesis)

Use concatenate: ‘&’ => binds different signals together
e.g.2<=0'&’'0'&'0 &Y,

24 VHDL - introduction
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Lab 4 - solutions
1 to 4 DEMUX

entity demux14 is
port(
y : in STD_LOGIC;
a:in STD_LOGIC_VECTOR(1 downto 0);
z : out STD _LOGIC_VECTOR(3 downto 0)

);

end demux14;

VHDL - introduction
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Lab 4 - solutions
1 to 4 DEMUX

architecture behavior of demux14 is

begin
pl: process(y, a) begin
case ais
when "00" => z <= ‘0'&’'0'&’0’' &y;
when "01" => z <= ‘0’&’0’&y&’0’;
when "10" => z <= ‘0'&y&’0’&’0’;
when "11" => z <= y&'0’&’'0’&’0’;
when others =>z <= ‘0’&’0’'&’0’&’0’;
end case;
end process;

end behavior;

VHDL - introduction
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Solutions

Behavioural design

* Inter-process communication is done with signals
 Signals are declared between “architecture” and “begin”

e Design can be structured with different processes, connected with signals

DL - i ]
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Make logic components to implement these
schematics with the use of processes and signals

SV

g =
SWd
oW

S —]

EDD

LEDD

Y

DL - i ]
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Lab 5 - solutions

entity lab5_1is

Port ( swO0 :in STD_LOGIC;
swl:in STD_LOGIC;
sw2 :in STD_LOGIC; W0
sw3 :in STD_LOGIC; B s

led : out STD_LOGIC);

1] EDD

end lab5_1;

architecture Behavioral of lab5_1 is
signal and_sig: std_logic;
signal or_sig: std_logic;

begin

_gt: process (sw0, swl) begi
and_sig <=sw0 and sw1;
nd process;

or_gt: process (SwWZ, Ssw3) begin
or_sig <=sw2 or sw3;
end process;
xor_gt: process (or_sig, and_sig) begin
led <= or_sig xor and_sig;
end process;
end Behavioral;

VHDL - introduction
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Lab 5 - solutions

entity lab5_1is

Port ( swO0 :in STD_LOGIC;
swl:in STD_LOGIC;
sw2 :in STD_LOGIC; W0
sw3 :in STD_LOGIC; B s

led : out STD_LOGIC); "'-]]

EDD

end lab5_1;

architecture Behavioral of lab5_1 is
signal and_sig: std_logic;
signal or_sig: std_logic;

S

begin
and_gt: process (sw0, sw1) begin
and_sig <=sw0 and sw1;
end process;
or_gt: process (sw2, sw3) begin
or_sig <=sw2 or sw3;

process;

xor_gt: process (or_sig, and_sig) begin
led <= or_sig xor and_sig;
end process;
end Behavioral;

VHDL - introduction
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Lab 5 - solutions

entity lab5_1is
Port ( swO0 :in STD_LOGIC;
swl:in STD_LOGIC;

sw2 :in STD_LOGIC; 1) 1
sw3 :in STD_LOGIC; B —

led : out STD_LOGIC); 5
end lab5_1; ) o
SW3
architecture Behavioral of lab5_1 is
. . . avid
signal and_sig: std_logic;
signal or_sig: std_logic;
begin
and_gt: process (sw0, sw1) begin
and_sig <=sw0 and sw1;
end process;
or_gt: process (sw2, sw3) begin
or_sig <=sw2 or sw3;
end process;
or_gt: process (or_sig, and_sig) begi
led <= or_sig xor and_sig;
end Behavioral;
VHDL - introduction
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Lab 5 - solutions

entity lab5_1is

Port ( swO0 :in STD_LOGIC;
swl:in STD_LOGIC;
sw2 :in STD_LOGIC; W0
sw3 :in STD_LOGIC; B s

led : out STD_LOGIC);

1] EDD

end lab5_1;

architecture Behavioral of lab5 1 is

< signal and_sig: std_logic;
signal or_sig: std_logic;

S

begin
and_gt: process (sw0, sw1) begin
and_sig <=sw0 and sw1;
end process;
or_gt: process (sw2, sw3) begin
or_sig <=sw2 or sw3;
end process;
xor_gt: process (or_sig, and_sig) begin
led <= or_sig xor and_sig;
end process;
end Behavioral;

VHDL - introduction
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Lab 5 - solutions

entity lab5_1is

Port ( swO0 :in STD_LOGIC;
swl:in STD_LOGIC;
sw2 :in STD_LOGIC; W0
sw3 :in STD_LOGIC; B s

led : out STD_LOGIC); "'-]]

EDD

end lab5_1;

architecture Behavioral of lab5_1 is
Si _sig: std_logi
signal or_sig: std_logic;

begin
and_gt: process (sw0, sw1) begin
and_sig <=sw0 and sw1;
end process;
or_gt: process (sw2, sw3) begin
or_sig <=sw2 or sw3;
end process;
xor_gt: process (or_sig, and_sig) begin
led <= or_sig xor and_sig;
end process;
end Behavioral;

VHDL - introduction
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Solutions

Structural design

e Design can be done with the use of components
e Different components are connected with signals

 Both components and signals are declared in the declarative part between
“architecture” and “begin”

 In the definition part the actual component is used, instantiated

e Divide problems into sub-problems
e Reuse —one component can be used several times

= the difference in actual component used is made in instance name and
connected signals — naming of ports remain the same

VHDL - introduction
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Solutions

Structural design

--component declarations
component <entity-name>

port (

<signal-names : mode signal-type>
)
end component;

--signals to connect blocks
signal-names : mode signal-type;
begin
<component-name> : <entity-name>
port map (
<signal-mapping>
);

JYesIRE
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Solutions

Structural design

e Entity declaration of the component used and the component declaration in the
top-component are very similar

—> The entity declaration of the sub-module can be used for the component
declaration in the top-module

— The component declaration of the top-module can be used for the entity
declaration of the sub-module

* Copy — paste

e Change “component” to “entity” and visa versa

VHDL - introduction
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Lab 6

Use a top-module to connect a MUX and a DEMUX

e Declare components

e Declare signals
e Instantiate — use components

VHDL - introduction
14/10/2015
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Lab 6 - solution

entity muxdemux is
port(
d:in STD _LOGIC_VECTOR(3 downto 0);
a:in STD_LOGIC_VECTOR(1 downto 0);
z : out STD _LOGIC_VECTOR(3 downto 0)

);

end muxdemux;

VHDL - introduction
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Lab 6 - solution

architecture behavior of muxdemux is

JYesIRE

Copy — paste
Entity => component

@mponent mux41 is \
port(
d:in STD _LOGIC_VECTOR(3 downto 0);
a:in STD_LOGIC_VECTOR(1 downto 0);
z:out STD_LOGIC
);
\end component mux41; -/
/ﬁ)mponent demux14 is
port(
y :in STD_LOGIC;
a:in STD_LOGIC_VECTOR(1 downto 0);
z : out STD _LOGIC_VECTOR(3 downto O]
);
>gnd componentdemux14; /

h

signal y : in STD_LOGIC; J

\.

Signal name can be
the same as the port
name, but is not
obliged

-Tempus
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Lab 6 - solution

Begin
Mux1: mux41lis > ¢ Instantiate — use
port map(d=>d,a=>a,z=>y); component
e |tis possible to use a
Demuxl: demux14 is second Mux2 if desired

port map(y =>vy, a =>a, z =>z);

* Connect ports, left, to

end behavior; signals, right

e Signals can be signals
declared in the entity
declaration or signals
declared in the
architecture

e Ports and signals can
have the same name

VHDL - introduction

14/10/2015 Tempus



EDGSIQE

Simulation

Testbench

How do you test a design?

Answer: implement the hardware on an FPGA-board and test all
input options.

This process can be automated in a testbench

Why?

Synthesis (= the process of translating VHDL to the proper hardware)
consumes a lot of time, up to hours.
Solution: simulate first, synthesize later

VHDL - introduction
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Simulation

Testbench
e Atestbench is a VHDL module with one component, the component we want
to test.

e It has not interface with the outside world: empty entity
The component is declared
The input and output signals are declared
The component is instantiated
The input and output signals are connected to the instantiated
component
5. Intwo processes all input signals are asserted at a certain moment of
time
e One process for the clock
* One process for the other inputs
6. The outputis analyzed in a waveform or in a output txt-file.
e |tis possible to look at internal signals

BN e

VHDL - introduction
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Simulation

Testbench

Test bench

VHDL - introduction
103
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o New Source Wizard

Lab 7

Simulate Lab0-1-2-3-4

e QOpen the project

e Click on simulation in the left upper panel
e Add new source to the project

e Write a testbench to

e simulate the clock |
e simulate all possible input combinations

Select Source Type

Select source type, file name and its location.

€2 ChipScope Definition and Connectio
F4l Implementation Constraints File

%] IP (CORE Generator & Architecture V
MEM File

[#] Schematic

[£] User Document

Verilog Module

[¥] Verilog Test Fixture

VHDL Module

Ty VHDL Library

[¥] VHDL Package

[% VHDL Test Bench
Embedded Processor
< | I} b

F

m

|

View: () @Implemenmﬁnn @ @ simulation

Behavioral

H

Hierarchy

oef5 6
= £ xc3s100e-4cpl32
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o g uut - 0ef5_6 - Behavioral (C:\Users dvm’
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Lab 7 — solution Lab O Des

ENTITY button_led TBIS | N _
END button_led_TB; ) Empty entity

ARCHITECTURE behavior OF button_led TB IS

-- Component Declaration for the Unit Under Test (UUT)

4 )

COMPONENT button_led 2 | Component declaration
PORT( Look at entity button_led

sw : IN std_logic_vector(3 downto 0);
led : OUT std_logic_vector(3 downto 0)

);
\_ END COMPONENT: -/

(-Inputs N

signal sw : std_logic_vector(3 downto 0) := (others =>'0');

—>| Signals declaration
Same name as ports

--Outputs
\Slgnal led : std_logic_vector(3 downto 0); Y,

Tempus
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Lab 7 — solution Lab O Des

BEGIN

-- Instantiate the Unit Under Test (UUT)

(uut: button_led PORT MAP ( :
SW => SW 2| Instantiate component

led => led uut= name
) connect signals to ports

\_ J

VHDL - introduction
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Lab 7 — solution Lab O Des

BEGIN
-- Stimulus process

stim_proc: process

begin
wait for 100 ns;
sw <= “0000”;
wait for 100 ns;
sw <= “0001";
wait for 100 ns;
sw <= “0010”;
wait for 100 ns;
sw <= “0011";
wait for 100 ns;
sw <= “0100”;
wait for 100 ns;
sw <= “0101";
wait for 100 ns;
sw <= “0110";
wait;

end process;

Tempus
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Lab 7 — solution Lab O - betterDeS

BEGIN

-- Instantiate the Unit Under Test (UUT)
uut: oefl 1 PORT MAP (
SW => SW,
led => led
)5
-- Stimulus process
stim_proc: process

begin

wait for 100 ns; ~

foriinOto 29 loop > broblem:
wait for 40 ns; .

+ - operant is not declared

SW<=sw+ 1; . . .

end loob: in the libraries

- P; ) => extra libraries needed

wait;
end process;

VHDL - introduction
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Lab 7 — solution Lab O - better

library IEEE;

use IEEE.std logic_1164.all;
use IEEE.numeric_std.all;

use IEEE.std_logic_unsigned.all;

Edit => Language Templates...

VHDL => Common Constructs => Library Decalrations/Use => Commonly Used

- Tl
- [ UCF
~E3 VHDL
=3 Common Constructs
@ [ Architecture, Component & Entity
-- 3 Comments
& (1 Conversion Functions
= &3 Library Declarations/Use
Commonly Used

-- 3 IEEE

----- User Defined
- [ Operators

=1

library IEEE;

use IEEE.std logic 11é4.all;

use IEEE.numeric std.all;

use IEEE.std logic unsigned.all;

Tempus
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Lab 7 — solution Lab 0 — Les

variants

ARCHITECTURE behavior OF button_led TB IS
--Inputs
signal sw : std_logic_vector(3 downto 0) := (others =>"'0");

signal sw : std_logic_vector(3 downto 0);

BEGIN

What happens in simulation?

VHDL - introduction

14/10/2015 il Tempus



Lab 7 — solution Lab 0 —
variants

Possibilities for std_logic (not only ‘0" and ‘1’) l '>
- (Bcffer)

type STD_ULOGIC is A v }7

*U°, --uninitialized | o

"X, --strong 0 or 1 (=unknown) \ sueh

"0, --strongO N vou

"1, --strongl Lgl/ﬁt

*Z°, -- high impedance uldoun

"W, --weak 0 or1 (= unknown) o

\ I_ \’ _ Weak O Ground

"H', --weak1l

"=, --don'tcare); ’j 5

A | c = A . C

By default first value in enumeration

VHDL - introduction

Tempus
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Combinatorial Logic

DesIRE

BIN/DEC decoder
BIN/DE( BIN / DEC BI. B
0 =0 o0 01 11 10
BO — V2
1 L3 oo | 0 1 3 2
4 L4
Bl o 2 s Los
N e o1 | 4 | 5|7 | 6
ok s s B3. B2
B3 ] TD:q:U i |12 ) 13 | 15 | 14
[l f— 11
H R )| 8 9 | 11 | 10
[ R 1
[5 e |5
0=E3E2E1ED 4 = BIE2B1ED 2=B3E2E1ED
1= B2EZE 1RO 5=FE3E2B1ED 0= B3E2RIED
2= B3EZB1ED 6=E3E2B1ED 10 = B2E2B1ED
2= BZE2E1ED 7 = BZE2R1ED 11= BE3E2E1R0

12 = B3E2E1ED
132=E3B2B IR0

14 = B3E2B1E0
15=EB3E2B1ER0

Tempus



DesIRE

Lab 8

Make a 3 to 8 Decoder in VHDL
e With gates
e With a for loop
e Simulate

VHDL - introduction
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Lab 8 — solution — gates

entity decode38 is
port(
a:in STD_LOGIC_VECTOR(2 downto 0);
y : out STD _LOGIC_VECTOR(7 downto 0)
);
end decode38;

architecture behavior of decode38 is

begin
y(0) <= not a(2) and not a(1) and not a(0);
y(1) <= not a(2) and not a(1) and a(0);
y(2) <= not a(2) and a(1) and not a(0);
y(3) <=not a(2) and a(1) and a(0);
y(4) <= a(2) and not a(1) and not a(0);
y(5) <= a(2) and not a(1) and a(0);
y(6) <= a(2) and a(1) and not a(0);
y(7) <= a(2) and a(1) and a(0);

end decode38a;

JYesIRE

Tempus
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Lab 8 — solution — for loop

architecture behavior of decode38 is
begin

process(a)

variable j: integer;

begin

j := conv_integer(a);

>

toriin Oto / loop

if(i = j) then
y(i) <="15;
else
y(i) <="0";
end if;
end loop;

end process;
end behavior;

VHDL - introduction
14/10/2015

Converts binary to integer
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Combinatorial Logic
DEC/BCD encoder

° ° . 1
without priority e
3
5 gl
=] |
T
DEC_| BcD3 | BeDZ | BeDl | Bebd | - BCOD
0 0 0 [0 10 :
1 0 0 0 1
2 0 0 1 0 W
3 0 0 1 1 3 ®1
3 0 1 0 0 - L o o
5 0 1 0 1 o1
5 0 1 1 0 |
7 0 1 1 1
B 1 0 0 0
9 1 0 0 1
1 = BCOZ
4 2l
. 3] BCO2
DEC/BCI BECDO=14+3+454+7+9
0 = 0 .
T 5 I = BCDO ECDI=2+3+6+7|
2 —]2 BCD2=4+5+6+7
—: 2 b= Bep
s 4 BeDI BCD1=8+9
6 — 6 4}~ Bep2
-
S o B =
i 8 }— BCD3 Tempus
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Combinatorial Logic
DEC/BCD encoder with priority

e HIGH PRIORITY

0 The highest number appears on the output
e LOW PRIORITY

o0 The lowest number appears on the output

VHDL - introduction
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Combinatorial Logic
DEC/BCD encoder with priority

BCD3

I
I_A
~]
Lo
t
4!
-
%!
t
1
=
T
1
.
.

e ECR el ECR PV POl PV LV LR i o

oI e B T e ol ) (o 3 el v (e O

LI el ) o ol o) (o 3 e v (e O '

T T B T s B I B T e B B e
e B I T e e B e B e e O Il ) e Y
O I I T I B e B T el e v O RV
e B T R e B e B Il ) [ )
o I I T B el el [ Rl
o I Il W ol ) (o3 ol v
ol L ) e v I o o R A
ol el [ ) ) v ) ) o (Y (R A
i R el el Rl [0 0 L ) o A
(v el Pl Bl Do i el Bl Ll R A
ol Rl el ) Rl e e L el A

ECDO = 12468 + 2462 + 568+ 72+ 0

ECD1 = 24589 + 24580 4+ 80 + 720

ECD2 = 480 4+ 580 + 630 4+ 720
ECDZ =8+9

Bl Tempus
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Lab 9

Make a 8 to 3 Encoder in VHDL
e With gates
e With a for loop
e Simulate

VHDL - introduction
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, J)esIRE
Lab 9 — solution - gates D

entity encode83 is
port(
X :in STD_LOGIC_VECTOR(7 downto 0);
y : out STD_LOGIC_VECTOR(2 downto 0);
valid: out STD_LOGIC
);

end encode83;

VHDL - introduction
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. DesIRE
Lab 9 — solution - gates Des

architecture behavior of encode83 is
begin

process(x)

variable valid_var: STD_LOGIC;

begin
v(2) <=x(7) or x(6) or x(5) or x(4);
y(1) <=x(7) or x(6) or x(3) or x(2);
y(0) <= x(7) or x(5) or x(3) or x(1);

valid_var :="07; N———> Check if there was an
foriin 7 downto O loop input
valid_var :=valid_var or x(i);
end loop;
\valid <=valid_var; )
end process; DEC | BCD3 | BCcD2 | BocD1 | BCOO

end behavior;

VHDL - introduction

= [T | & | e | Gt [P | | 3 [
o
=== =|O (OO
== |O|a|=|— O3
— [T | e [T | e [ | e | T

14/10/2015




Lab 9 — solution — for loop

library IEEE;

use IEEE.STD_LOGIC_1164.all;
use IEEE.STD _LOGIC_arith.all;

use IEEE.STD _LOGIC_unsigned.all;

entity encode83 is
port(
X :in STD_LOGIC_VECTOR(7 downto 0);
valid : out STD_LOGIC;
y : out STD _LOGIC_VECTOR(2 downto 0)

);

end encode83;

VHDL - introduction
14/10/2015
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Lab 9 — solution — for loop Des

architecture behavior of encode83 is

begin
process(x)
variable j: integer;
begin
y <="000";
valid <='0";

forjin 0to 7 loop
if x(j) ="'1' then

y <= conv_std_logic_vector(j,3); |———>{ Converts integer to binary

valid <="'TT;
end if;
end loop;
end process;
end behavior;

Priority?

VHDL - introduction
14/10/2015
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Combinatorial Logic
BCD/7-segment decoder

a a a
C o C C C If Ib
d d Yo
Ao——|A f 2 P N
- CLOCK g g
BCD to 7 Segment f-Segment
Decoder LED Display

. VHDL - introduction
14/10/2015
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Combinatorial Logic
BCD/7-segment decoder

clyfer ) ] 2 5 b0 Y

nmuuumuﬁu —
O o o o |

i Common Cathode

DesIRE
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Combinatorial Logic
BCD/7-segment decoder

7-segment decoder active low outputs > COMMON ANODE DISPLAY

DEC | BCD3 | BCD2 | BCD1 | BCDo
0 0 0 0

0 0 0
0 0

0 (
0
0
0
0
I 0 0
I 0 0

b | a
010
01

010 a
olo A

01 If Ih
g

L]0 o

1| ]

00 Ie J l“

00

e | d
010
(I
010
[0
(I
[
010
(I
010
[ |1

]
e’

WO = O [ e el [ | —

—

—
— o=l |=lo ===
o lol—lo|lo|lo|o || —|— s
olo|l—lo|lo|lo|l—|—|—|o|=-
olo|lolo|lao|lo|lo|—|o|lo|e

VHDL - introduction
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Lab 10

Make a BCD/7-segment decoder
e Connect to the 7-segment display: active low
* Anodes are also connected active low
 Simulate

VHDL - introduction
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Lab 10

VHDL - introduction
14/10/2015

Push

3_ _V buttons
stno | v Gl2
oo
BTN W= C11
[
BTN2 - M4
"0 wA— AT

FPGA

SW0 —o—w\— P11

O
[ SWig—o—wW\— 13

O
[ SW2r—o—w\— K3

Q
[ sw3r—o—w\— B4

O
| SW4 ——o—w\— G3

Q
| SWSr—o—w— F3

O
[ SWE v—o—w\— E2

N4

O
[ SW7 —~o—w— N3

Slide
switches

LD6
Spartan 3E 74 o

LEDs

M5 LDO ”l -
M11 =2t
p7 LD2 .l )

P6 LD3 .l
N5 2Pl
N4 LD5 ’l -

kB Ty R Dy ey

1 LD Y
3.3V




Lab 10 - solution

architecture behavior of hex7seg is

begin

process(x)
begin
case x is

when "0000"
when "0001"
when "0010"
when "0011"
when "0100"
when "0101"
when "0110"
when "0111"
when "1000"
when "1001"
when "1010"
when "1011"
when "1100"
when "1101"
when "1110"
when others

end case;
end process;
end behavior;

=>a to g
=>a to g
=>a _to_g
=>a to g
=>a _to_g
=>a to_g
=>a to_g
=>a _to_ g
=>a_to_ g
=>a to g
=>a to g
=>a to g
=>a to g
=>a to g
=>a to g
=>a to g

<=
<
<
<
<

AN N N N AN N A
L | | | I | B 1 | I | I |

<
<
<=
<=

"0000001";
"1001111"%;
"0010010";
"0000110";
"1001100";
"0100100";

="0100000";

"0001101"%;
"0000000";
"0000100";
"0001000";
"1100000";
"0110001"%;
"1000010";
"0110000";
"0111000";

DesIRE
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Combinatorial Logic

Comparator

Al B | A<B | A>B | A

0 | 0 v (0

0 | |

[0 v 1
]

B

1

—_— S =1

| 1|

0 I |

N
=)
=
2

B Tempus
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Combinatorial Logic

DesIRE

Al B|A<B | A>B | A=B (A<B) = AB
0| 0 () () 1 (A=B) = AB
0 | | 1 0 0 (A=B) = AB+AB = A®B
| () () | ()
EEEE 0 | /
‘ : '. C=AB C—>A<R
D D = AB+AB > A=B
[ E=AB C—pA>B
VHDL - introduction LE I. : I.
14/10/2015 e ' ' !




Combinatorial Logic

2-bit comparator

132

A1,B1 | Ao,Bo | A=B A<B =B
Al = Bi X | (0 0
Al <= Bi X (0 | 0
Al=B1| Ao=Bo | 0 0
Al=B1 | Ao<Bo 0 | 0
Al=B1| Ao=Bo 0 0 |
4-bit comparator
Az, B3 A2.B2  A1.B1 [ Ao.Bo|A=>B|A<B A=B
A= Ba X X X 1 0 0
Az< B3 X X X 0] | 0
Aiz=Bi|Az=B2 X X 1 0 0
Az=Bi| A2 < B2 X X 0 | 0
Ax=Bi|A2=B2 A1 > Bl X 1 0 0
Ax=Bi|A2=B2 A1 < Bl X 0 | 0
Az=Bi|A2=B2 A1=B1|Ao>Bo 1 0 0
Az=Bi|A2=B2 A1=B1|Ao< Bo 0 1 0
Arx=Bi|lAx=B2 A1=B1|Ao=Bo 0 1] |

JYesIRE
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Lab 11

Make a comparator
 Simulate

VHDL - introduction
133

14/10/2015 il Tempus



J I RE
Lab 11 - solution Des

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity comp is

generic (N:integer := 8);

port(
X :in STD_LOGIC_VECTOR(N-1 downto 0);
y :in STD_LOGIC_VECTOR(N-1 downto 0);
gt : out STD_LOGIC;
eq : out STD_LOGIC;
It : out STD_LOGIC

);

end comp;

VHDL - introduction
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Lab 11 - solution

architecture behavior of comp is
begin

process(x, y)

begin

if (x>y) then
gt<="1"
elsif (x =y) then
eq<="1;
elsif (x <y) then
It <="1"

end if;
end process;
end behavior;

VHDL - introduction
14/10/2015
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Sequential Logic

Sequential vs Combinatorial

—  Combinatorial ——  ——  Soqential —
—| Circuit h —— Circuit M.

New state determined by:

New state determined by:
A number of

independent inputs e A number of independent inputs

*The current state of the system (through
a memory element)

VHDL - introduction
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Sequential Logic

Sequential vs Combinatorial

 |n a combinatorial system: all inputs in the sensitivity
list of a process

* |n asequential system: only clock and asynchronous
inputs in the sensitivity list of a process

VHDL - introduction
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FLIPFLOP

e FLIPFLOP = one bit memory = base element of
sequential circuits

e Amount of FF’s wordt determined by amount
of states

0 One lamp on / of: one FF
0 Four bit binairy counter: 4 FFs.

VHDL - introduction
138
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J IRE
SR-FLIPFLOP with NAND Des

Active low inputs!

VHDL - introduction
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J IRE
SR-FLIPELOP with NAND  2¢°

R | Qr | QNT | /QNT

S S | R [ Qnr [ /Qt
010 [ x [ 1 1) 0| 0] 1 1 | Forbidden state
0 1 | x [ 1 0 0 1| 1 | 0o | Set
[ [0/ x ] 0 1 L0 1 0 1 Reset
[ (L0071 Memory
[ |1 /
[ [ L[ 1T [ 1] 0 o | A
Memory
Set
Reset

Forbidden state

VHDL - introduction
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SR-FLIPFLOP with NAND Des

e Exitation table

0 Which inputs is needed to go from one state to
the other?

0 For design!

Excitatietabel.

Qr Qn1T| S R
0 0 1 X
0 1 ) ]
1 (0 1 0
1 1 X I

VHDL - introduction
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JK-FLIPFLOP with DesIRE
asynchronous set and reset

VHDL - introduction
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JK-FLIPFLOP with DesIRE
asynchronous set and reset

S IR J | K |Qnr
) | 0 | x | x | 7  Verboden toestand
X | x | | Asynchrone set
) | x | x | 0  Asynchrone reset
0 | 0| Qr Geheugen
0 | 1 | O  Synchrone reset
1 | 0] 1  Synchrone set
1 | 1 |/Qr Synchrone toggle

B Tempus
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JK-FLIPFLOP Des

e Exitation table

—:-—:-H;:;
|_]

e | | |
o= [ |

B Tempus



J | RE
D-FLIPFLOP Des

p O —=ls
Lj.. = =
_DIR —Rr
CLK
o
On rising edge clock
. ! . | . | | !
CK | r1r 1 r i rri L
D 1 LI I B
I I I

B Tempus



J | RE
D-FLIPFLOP Des

1
=
i

L

| |

| 1 L | |
ClK LUr1r 1o i.o B o B e T sy I ey I e B L
D 1 LI I B
I I I

B Tempus
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D-FLIPFLOP Des

Exitation table

S | R | D |QnT huidige toest. volgende toest.

0 | 0 | x 7 Verboden toestand Qr Ont D
0 | I | x I Asynchrone set () 0 0
I | 0 | x 0 Asynchrone reset i\ | I
| I | 0| O  Synchrone reset | 0 0
| I |1 | Synchrone set | | I

D=0:=>J=0andK=1
D=1:=>J=1andK=0

il Tempus
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Lab 12

Make a edge-triggered D-flipflop
 Simulate: use clock process

-- Clock period definitions
constant clk_period : time := 20 ns;

-- Clock process definitions
clk_process :process

begin

end process;

VHDL - introduction
14/10/2015

clk <="0%

wait for clk_period/2;

clk <="1"

wait for clk_period/2;
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Lab 12 - solution

entity Dff is
port(
clk : in STD_LOGIC;
clr:in STD_LOGIC;
D :in STD_LOGIC;
g :out STD_LOGIC
);
end Dff;

architecture behavior of Dff is

begin
process(clk, clr)
begin
if(clr ='1") then
q<='05
elsif(rising_edge(clk)) then
q<=D;

end if;
end process;
end behavior;

JYesIRE

Tempus
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2-bit synchronous counter Les

PV
A 9)
5 00
Cl
0 II;LD h_i_
=1
| — o [

CIK — l— — —1
Q0 I e N
Ql I
DO I EN
DI
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2-bit synchronous counter

F5V H5V
A Q0 Fat Q1
CLK —US 10 —LU5 01
nn (] 1 (] 1
0 _1ip 0 1lip -
R i i B
D[]l- j DI 1
|
CLK 1 |‘I—| [y I | | I L

Qo0 —
QI J I
D jp I pa—

D1 I 1
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2-bit synchronous counter

5V 5V
A QO A QI
CLK IR 01 s 11
nn S I | Ol [
L 1D 1 11lip L |1
IR IR L
Do D! 0
——1 ]

ClK /L —

Qo T |

Q1 J 1

D0 1 I
———

DIl

VHDL - introduction
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Lab 13

Make a Divide-by 2 Counter
e Simulate
e Add a clock divider to slow down the clock

VHDL - introduction
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Lab 13 - solution

entity div2cnt is
port(
clk : in STD_LOGIC;
clr : in STD_LOGIC;
g0 : out STD_LOGIC
);

end div2cnt;

VHDL - introduction
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J [RE
Lab 13 - solution Des

architecture behavior of div2cnt is
signal D, g: STD_LOGIC;
begin

D <=not q;

-- D Flip-flop
process(clk, clr)
begin
if(clr ='1") then
q<='0
elsif (clk'event and clk ='1') then
q<=D;
end if;
end process;

q0 <=q;
end behavior;

Tempus



4-bit shift register

JYesIRE

AN L5V FSY AN
t FF1 t FE2 t FF3 t FF4
] 5 ) 5 Data uit
Data in 1 1 1 1
1D 1D 1D 1D
| E— N
Clear l_I: R l_I: R l_l; B R
CLK
Tl . .
Clear | act. flank | Data in | Qrr1 | QFr2 | QrFF3 | Data out
() X X 0 0L 0~ 0
1 le 1 L 0~ O~ 0
1 2e 0 O~ T~ Ol *0
1 3e 0 0 o~l ] *0
1 4 1 Tl U~ 1
1 5e 1 1 I NY
1 6e 0 0 1 [ *o
1 7e 1 1 0 1
VHDL - introduction
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Lab 14

Make a 4-bit shift register with ‘clr’
 Simulate

VHDL - introduction
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Lab 14 - solution

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity ShiftReg is

port(
clk : in STD_LOGIC;
clr : in STD_LOGIC;
data_in :in STD_LOGIC;
g : out STD_LOGIC_VECTOR(3 downto 0)
);
end ShiftReg;

VHDL - introduction
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Lab 14 - solution

architecture behavior of ShiftReg is
signal gs: STD_LOGIC_VECTOR(3 downto 0);
begin
-- 4-bit shift register
process(clk, clr)
begin
if clr="1" then
gs <= "0000";
elsif clk'event and clk = '1" then
gs(3) <= data_in;
gs(2 downto 0) <= gs(3 downto 1);
end if;

end process;

gq<=ds,
end behavior;

VHDL - introduction
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Ring counter

Reset
n'l n: l];.
J 5
— G
K
Clock

VHDL - introduction
160

14/10/2015 il Tempus



JYesIRE

Ring counter

IClock 04 0, |03 |04
1 1 0 0 0
2 0 1 0 0
3 0 0 1 0
4 0 0 0 1
5 1 0 0 0

VHDL - introduction
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Lab 15

Make a ring counter
 Simulate

VHDL - introduction
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Lab 15 - solution Des

library IEEE;
use IEEE.STD_LOGIC_1164.all;

entity ring4 is
port(
clk : in STD_LOGIC;
clr : in STD_LOGIC;

g : out STD_LOGIC_VECTOR(3 downto 0)
);

end ring4;

VHDL - introduction
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Lab 15 - solution

architecture behavior of ring4 is
signal gs: STD_LOGIC_VECTOR(3 downto 0);
begin
-- 4-bit ring counter
process(clk, clr)
begin
if clr="1" then
gs <="0001";
elsif clk'event and clk = '1" then
as(3) <= gs(0);

gs(2 downto 0) <= gs(3 downto 1);
end if;

end process;

q <=Qs,
end behavior;

VHDL - introduction
14/10/2015
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4-bit register

Clock }

Parallel data in

Y ¥ Yoy

pulses

e VHDL - introduction
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N

Parallel data out

™

.-""
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Lab 16

Make a 4-bit register with ‘clr’ and ‘load’
 Simulate

VHDL - introduction
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Lab 16 - solution

entity reg4bit is

port(
load : in STD_LOGIC;
inp0 : in STD_LOGIC_VECTOR(3 downto 0);
clk : in STD_LOGIC;
clr : in STD_LOGIC;
g0 : out STD_LOGIC_VECTOR(3 downto 0)
);
end regdbit;

VHDL - introduction
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Lab 16 - solution

architecture behavior of regdbit is
begin
-- 4-bit register with load
process(clk, clr)
begin
if clr="1" then
g0 <="0000";
elsif clk'event and clk = '1" then
if load ="1" then
g0 <=inp0;
end if;
end if;

end process;
end behavior;

VHDL - introduction
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Lab 16: N-bit register e

entity reg is
generic(N:integer := 8); 3| Generic gets definitive
oo value in component
load : in STD LOGIC; declaration, when
clk - in STD L_OGIC; used as component
clr : in STD_LOGIC;
d:in STD_LOGIC_VECTOR(N-1 downto 0);
g : out STD_LOGIC_VECTOR(N-1 downto 0)
);
end reg;

VHDL - introduction
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Synchronous Counter

e Counts number of clock pulses
e The value appears on the outputs
e All outputs change on the same clock edge

VHDL - introduction
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Synchronous Counter

Synchronous BCD counter with T-FF’s: (J&K connected)

(1 Qg Qe Qo
A A i :
L
Logic  FFA FFB [ FFC L?:D FFD
-1“
J GALF_DTJ Qo | 4y Qe oy Qof
| cLK CLK CLK CLK
K L K HK HK QphH

I

-
ClockPulse
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Lab 17

Make a 10-teller with ‘en’, ‘rst’ & ‘co’ (carry out)

e Simulate
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Lab 17 - solution Des

library IEEE;

use IEEE.std logic_1164.all;
use IEEE.numeric_std.all;

use IEEE.std_logic_unsigned.all;

entity count10 is
Port (clk:in STD_LOGIC;

rst : in STD_LOGIC;

en :in STD_LOGIC;

co : out STD_LOGIC;

count : out STD_LOGIC_VECTOR (3 downto 0));
end count10;
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Lab 17 - solution Des

architecture Behavior of count10 is
signal count_int: STD_LOGIC_VECTOR (3 downto 0);
begin
process (clk, rst) begin
if (rst ='1") then
count_int <="0000";
elsif (rising_edge (clk) and en ='1') then
count_int <= count_int + 1;
if count_int ="1001" then
count_int <="0000";
end if;

end if;
end process;
count <= count_int;
co <= count_int(3) and count_int(0);
end Behavior;
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Finite State Machines

e Runs through a finite amount of states
e E.g. BCD-counter — Traffic light

e Next state is determined by the present state,
the clock and possibly the value on the inputs
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FSM: block diagram Moore

decoder

next state |——p| state
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FSM: block diagram Mealy e

next state state output

decoder register decoder

a
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FSM: block diagram e

e State register

0 A certain amount of flip-flops (D or JK), triggered by
the clock

0 Amount FFs is determined by the amount of states

ns (=

state

register

a
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FSM: block diagram e

e Next state decoder

0 Next state is determined by the current state (fed
back) and possibly an input

ns

next state
decoder
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FSM: block diagram e

e Output decoder

0 Output is determined by current state and possibly
the inputs (Mealy)

0 By involving inputs in the output decoder, the system
is not synchronous anymore (Mealy)

cs
——» output ——p
decoder
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FSM: block diagram e

0 Next state and output decoder are pure
combinatorial components

0 Synchronisation is in state register

Sw
—>
next state |——p| state p»| output ——p
decoder register decoder
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FSM: state diagram
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FSM: state diagram
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FSM: 0+ 0

S1 _+ 01 S2 -+ 10
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FSM: state diagram

e Other representation:
0 Circles with name and state
0 Coding of the state
0 Arrows give the change of state

Button not Butten pushed Sui:zz
pushed 2
1
Bulb on Button not

pushed

Eeset

3

not pushed
Bulb on

Eutton

Button not pushed

pushed
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FSM: example e

e Railway signalization

o Two sensors, one before and one behind the railway
crossing.

0 When the train arrives, the first sensor (SF) gives an
impulse to activate the red light.

0 This state remains until the train passes the next
sensor (SB) and activates the white light.
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WHITE | 00
RED1 | 11
W
R1
MOTHING 01 RED 2 10
R2
0 1 0 1
SB
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Lab 17

Make a railway crossing system
 Simulate
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Lab 17 - solution

entity Railway is
Port ( clk : in STD_LOGIC;

clr :in STD_LOGIC;
SF :in STD_LOGIC;
SB :in STD_LOGIC;
W : out STD_LOGIC;
R1: out STD_LOGIC;
R2 : out STD_LOGIC);

end Railway;
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Lab 17 — state declaration Des

architecture Behavioral of Railway is

type state_type is ( Nothing, White, Red1, Red2);l——s One type definition:
signal present_state, next_state: state_type; type <name_type> is (<all
possible states>);

present_state and next_state can have the values:
Nothing, White, Red1, Red2

Possible statements:

e present_state <= Nothing;

e present_stare <= next_state;
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Lab 17 — state register e

begin

sreg: process(clk, clr)
begin
if clr ="'1" then
present_state <= Nothing;
elsif clk'event and clk ='1" then
present_state <= next_state;
end if;
end process;
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Lab 17 — next state decoding Des

ns_dec: process (present_state, SF, SB)

begin
case present_state is
when Nothing => if SF ='0' then
next_state <= White;
else
next_state <= Redl;
end if;
when White => next_state <= Nothing;
when Red1 => next_state <= Red?2;
when Red2 => if SB="0' then
next_state <= Redl;
else
next_state <= White;
end if;
end case;

end process;
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Lab 17 — output decoding Les

out_dec: process (present_state)

begin
case present_state is
when Nothing => W <="'0";
R1<="'0";
R2<="'0";
when White => W<="1"
R1<="'0";
R2<="'0";
when Redl => W<="0";
R1<="1"
R2<="'0";
when Red2 => W<="0";
R1<="'0";
R2<="1"
end case;

end process;
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Final lab

Make a stopwatch
e Use the following components
e Debouncers for Start — Stop — Reset
SR Flipflop for Start — Stop
e Two 10 Counters for 1’s and 10’s
e Aclock divider for slowing down the clock from 50 MHz

to 1 Hz

o 2o
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Solution
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