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| eitura e Escrita em Memoria
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Descricao de Memoria em VHDL

library IEEE; H
use IEEE.std_logic_1164.all; MOdel descrlpthn

library BITLIB;
use BITLIB.bit_pack.all;

entity RAM6116 is

port(Cs_b, We_b: in bit;

Address: in bit_vector(7 downto 0);

10: inout std_logic_vector(7 downto 0));
end RAM6116;

architecture simple_ram of RAM6116 is

type RAMtype is array(0 to 255) of std_logic_vector(7 downto 0);
sighal RAM1: RAMtype:=(others=> (others=>'0"); -- Initialize all bits to ‘0’

Begin

process
begin

if Cs_b="1"then IO <="72727277777"; -- chip not selected
else

if We_b'event and We_b ="1" then -- rising-edge of We_b
RAM1(vec2int(Address'delayed)) <= 10; -- write

wait for O ns; -- wait for RAM update

end if;

if We_b="1"then

10 <= RAM1(vec2int(Address)); -- read

else |0 <="7272777777"; -- drive high-Z

end if;

end if;

wait on We_b, Cs_b, Address;

end process;

end simple_ram;



Usando BRAMs como Memorias

 Todo o FPGA customizado
por celulas de memoria
SRAM possui blocos de
memoria embarcada (BRAM)
para implementar memoria na
matriz.
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Usando BRAM como Memorias
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=] DIN[N:0]
— 1 we DOUT[1:0] [
N RFD —
— siNiT RDY —— VIRTEX™.I/SPARTANT™.3
— nND Optional Inpt Registers BLOCK MEMORY
—PDCLK e — :
ADDR[M:0] dp———>D Q |———3| ADDR[M:0] |
X8179 Ly |EN ! i
15 | [
i > CLK } :
1
I 1 i
1 | [
DIN[N:0] 4p =D  QpF=——3{DIN[N:0] i
¢ [ >|EN i |
> CLK ; |
1 | [
1 | |
| ! - | Note: For some
WE . !} D Q : » WE i mamory configurations,
ﬁ——:—.‘l- EN i [ a nmlﬁ;iif{oiis_raquimd
&> CLK i ! : : Optional Additional
S —— : | | Output Register
I | I | |
EN DOUTIN:0] | : >|D Q——4 DOUT[N:0]
i i | '
G E > SINIT) i | | |
- : _____ — |
g o S = Note: DOUT Is | !
1 a registered output | I
EN§p—=e i » EN |
|
SINIT ¢ . | SINIT !
| |
CLK ¢ . ® > CLK ||
! i
e — —
e ml
| —& RDY |
INDp—>» Optional Handshaking Signals :
. ——@ RFD i

CMP238 — Projeto e Teste de Sistemas VLSI



Sinais da BRAM

Clock - CLK

Block Memory is fully synchronous with the clock input.

Enable - EN

Write Enable - WE

The enable pin affects the read, write, and SINIT functionality of the port.

When the Block Memory has an inactive enable pin, the output pins are
held in the previous state and writing to the memory is disabled.

By default the enable pin is active high. Users, however, have the option
to configure the enable pin active high or active low. Configuring the
enable pin active low will not use extra resources.

ADDR[m:0]
DIN[N:0]

WE DOUT[N:0] e
EN RFD
SINIT RDY ——

ND
> CLK

Activating the write enable pin enables writing to the memory locations

When active, the contents of the DIN bus is written to memory at the
address pointed to by the ADDR bus.

The output latches are loaded or not loaded according to the write
configuration (Write First, Read First, No Change). Xo17s

When WE is inactive, a read operation occurs, and the contents of the
memory addressed by the ADDR bus

are driven on the DOUT bus.

In the Read Only port configuration (ROM configuration), the WE pin is
not available.

By default the write enable pin is active high. Users, however, have the
option to configure the write enable pin active high or active low.

Configuring the write enable pin active low will not use extra resources.

CMP238 — Projeto e Teste de Sistemas VLSI



Sinais da BRAM

Synchronous Initialization - SINIT

 When enabled, the SINIT pin forces the data output latches to synchronously load the
predefined SINIT value.

* For the Virtex implementation, the SINIT value is zero. Therefore, asserting the
SINIT pin causes the output latches to reset.

» For the Virtex-1l implementation, the SINIT value is defined by the user.

» Consequently, asserting the SINIT pin causes the output latches to contain the user-
defined SINIT value.

« This operation does not affect memory locations and does not disturb write
operations.

* Like the read and write operation, the SINIT function is active only when the enable
pin of the port is active.

By default, the SINIT pin is active high.

» Users, however, have the option to configure the SINIT pin active high or active low.
» Configuring the write enable pin active low will not use extra resources.

Address Bus - ADDR[m:0]

 The address bus selects the memory location for read or write access.

Data-In Bus - DIN[n:0]

 The DIN bus provides the data value to be written into the memory.

« Data input and output signals are always buses; that is, in a 1-bit width configuration,
the data input signal is DIN[O] and the data output signal is DOUT]IO].

* In the Read Only port configuration (ROM configuration), the DIN bus is not available.
Data-Out Bus - DOUT[n:0]

« The DOUT bus reflects the contents of memory locations referenced by the address
bus during a read operation.
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Funcionamento BRAM

« Read/Write Operation

| Escrita 1 Escrita2
I I I I
| | ! |
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Write First Mode Waveform
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Funcionamento BRAM

 Read/Write Operation

Escrita 1 E§crita 2
[
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Funcionamento BRAM

 Read/Write Operation

. Escrita 1 Escrita 2 |
| | |
| | |
CLK —f‘r \-_r‘,’ NS \_/‘r_\_
| | |
WE i / | N\ 1
| | |
DN | xxxx X | 11 2222 | XXX
| | |
soDR X , ag.. X , bb cc ] dd..
| .-'i | | ."I
DOUT — 0000 | Y MEMaa) | K MEM(gd)
T /V ]
N _/ | |
! ' wRITE WRITE | READ
, | MET[BEE I]Ti_ﬂlEm_P. coj=2222 |

A saida nao mu

desde a ultima leitura
No Change on Write Mode Waveform
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Usando BRAM como meméria

Uso da ferramenta CoreGenerator

& Xitinx -:::-:-I .. I

v

Generator - No Project _ o I[Z
| File Tools Help
N2 A Show| Latest Versions M & L2
Function ‘Yersion License Statuz vy

CMP238 - Proj

LogiC*.

r  Xilinx CORE Generator
Getting Started

Please select fro following options:

Create new project
Browise to previous project

Open previous project:

Cohxdlinghbin\nt\coregentttcoregenttt. cop
CA¥iling\bintnthcoregen fercoregen fer.cap
CAsilinahbintnthcoregentcoregen.cop
LAl bintntsmemorishmemoria.cop

Copynght [c] 1995-2005 =iling, Inc. Al ights reserved.

Cf c\thnx\hu{\nt\co rege n_-fe r éi.cnrege n_.l-‘.er-E .cgp:

ke

1 1
Yiew by Function | View by Mame | Generated P |

[ welcame to Xilink CORE Generatar,
A file with name c:\Xilinshbin\ntscoregen already exists.
Created directory c:“ilinsibin\nt\coregen_fer2.

T 1
Conenle | @ Erors :: A\ Wamnings |

Ready

Part |Generati0n || Advanced |

Seled} the Part for the Project:

Family Spartarﬂ |:}
Device | #c3s200 [_‘:I
Package FE258 &I
Speed Grade 5 v
oK ] ’ Cancel

set  Design Entry: Unsek )



Usando BRAM como memaoria

Uso

g Xilinx CORE Generator - ¢:\Xilinx\bin\nt\coregen_fer2\coregen_fer2.cgp g@
File Project IP Tools Help
S 2 B Show Latest Versions v 0h | [ & LN

Furction Version License Statug

e r——— !ﬂgﬂ:";;ﬂ Single Port Block Memory 6.2

+-[77] Communication & Metworking
+- {77 Digital Signal Processing
+- [ FPGA Features and Design

+- [T Math Functions The Single-Part Block Memary LogiCORE module uzes on-chip FPGA block memory resources to implement

: RéM and ROM functions. The core is fully synchronous and supports three wite mode options:
=M & 5t Elemerit e PR P
LI S 2 Read-Afterwiite, Read-Beforewrite, and Mo-Read-On-wiite. Mare. .
+- [ CiMs
+-[IFIFDs Customize
=[] RAMs & ROMs Vie
¥ Distributed Memory 7.1 "Wiew Yersion Information
? Distributed Memory .. 1.1 Wiew Solution Records
! Dual Port Block Me... B.2 -
& Single Part Block Mer 6.2 || Families supported:
#- (77 Standard Bus Interfaces Wirtex, VirtesE, OPro Vitex Fad-Hard, QPro¥irtex Hi-Rel, OPro VitexE Military, SpartanZ, SpartanZE,
¥ [ Storage, NAS and GAN Wirtes2, QPro Vites2 Flad Tolerant, OPro Wirtex2 Military, Vitex2P, Spartan3, SpartandE, Yirtexd

Copyright [2] 1995-2008 Xilire, [ne. &l rights reserved,

Wigw by Function | Wiew by Name | Generated [P Infarmation

‘welcome to xilins CORE Generator,

A file with name c:\ilingsbintnt\coregen already exists.

Created directany o\Hilinghbinhnthooregen fer?,

Whote project file c:hilindsbinnthooregen_fer?hocoregenferd. cop.

[E] Console ©Emos | 1\ Wamings

Patt: xc3s200-5FE256  Design Enkry: YHOL )
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"Single Port Block Memory

*{ Parameters | <7 core Overview| J contact| <7 Web Links |

logiC - .RE

Single Port Block Memory

Component Name

— Port Configuratian

memaotia

{* Read And Write

" Read Only

— flem i
m E

Depth 256
N

Yalid Range 1..256
Yalid Range: 2524288

— Write M

% Read After Write

" Read Before Write

" Mo Read On Write

—

Fage 1 of 4

s s N\
[( Generate D[ Dismiss ] [( Data Sheet... )] [ Yarsion [nfo... ]
AN AN 4
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?:ngte Port Block Memory

&

] Parameters | ‘] Core 01ren_riew|| q Cuntact” q iweh Link5|

logiC RE

Single Port Block Memoty

— Primitive Selection

& Optimize For Area

" Select Primitive

1Bl

— Design Options

Optional Pins: [ Enahble Pin
Register Options: [ Register Inputs

Dutput Reagister Options

™ Handshaking Pins

Additional Output Pipe Stages |0 v

[~ SIMIT pin (syne. reset of output registers)

ity alue (Hexy |0

| <Back || new |

Page 2 of 4

[ Genarate J [ Dismiss ] [ Data Sheet... ] [ Wersion Infa... J
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Banco de Registradores

'gi'ngle Pn}'t'-ﬁ’ln?:k'”emnry

* Parameters ‘ ] Core O\f.e,r\riew" q Cnntactﬂ ] Wieh Link5|

WC@RE Single Port Block Memory

— Implementation Options

[ Lirnit Data Pitch

— Pin Polarity

Active Clock Edge & Rising Edge Triggered ¢ Falling Edge Triggered

Enakle Fin & pitive High " pctive Low
Wtite Enable & petive High € ctive Low
Initialization Fin & fActive High C potive Loy
[ =Back H Mext= ] Page 3of4
[ Generate J [ Dismiss J [ Crata Sheet... ] [ “ersion Info... ]
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Single Port Block Memory

*J Parameters | ] Core Overview | ] Contact| %] web Links|

lagiC FE

Single Port Block Memory

— Simulation Model Options

Warnings v Disahle Warning Messages Ler arq u |VO COG
— Initial Contents o e

Global Init Walue:

Ver modelo
o )
— no prox. slide
¥ Load Init File
Load File... Show Coefficients...

IC:I}{ilimﬂbinmncnregen_fenmema.cne
— Information Panel

Address Width g

Blocks Llzed 1

Read Pipeline Latency: 1

Mext= Page 4 of 4

[ Generate J [ Dizsmiss J

[ Data Sheet... J [ Yersiaon Info.. J
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Exemplo de arquivo .coe

Arquivo de Inicializacdo da memoria

« MEMORY _INITIALIZATION_RADIX=10;

« MEMORY_INITIALIZATION VECTOR 1,2,3,4,5, 6,
10, 11, 12,16, 76, .. oeeeeeeiieieean, ,

Importante: colocar tudo na mesma
linha.
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f.T Memory Values m

Invalid initialization values are shown in red

Uma vez lido .coe | ==

=

L R

=
S

Single Port Block Memory

“{ Parameters | ] Core Overdew| ] Contact| “J Weh Links|

11
12
16
76
a4
99
10
102

WCQ,‘RE Single Port Block Memory

— Simulation Model Options

Warnings ¥ Disahle Warning Messages

m O O m 1= o o -~ M O & L k= O

— Initial Contents

(=T
[o B
~1
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{0
¥ Load Init File
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|C:l}{ilin}ﬂbinlnﬂcoregen_fenmema.cue

]
]
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4 L b
Ly B W
L O

t_n
2
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5
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o

— Information Fanel

o
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[ R
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Ly

Read Pipeline Latancy: 1
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o
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o m o m
by = O

b
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~1
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oo
==

10
102
45

[
=1

ok
v
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Descricao em VHDL de Banco de
Reg.

Banco de registradores € um arranjo de registradores que podem ser
enderecados de maneira mais direta e rapida, como por exemplo em banco
de registadores em um microprocessador.

Em microprocessadores, um banco de registrador € composto
normalmente por celulas de memoria SRAM, barramento de dados de
entrada, saida e endereco e mecanismos parecidos com memoria para
leitura e escrita.

Em FPGASs, ndo usamos barramento, logo o arranjo de multiplexadores é
organizado de tal forma a usar codificadores e decodificadores no endereco
e saida a fim de selecionar o registrador. O barramento dos dados de
entrada (data_in) € o mesmo para todos os registradores. De acordo com o
sinal de enable (Enx) apenas um registrador por vez armazena o valor do
data_in.
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Banco de Registradores

\ 4

\ 4

\ 4

EnO
| RO

Enl
n R1

En?
n R2

WR

H N

Enx
L RXx

address

Data_in

clk
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”braMEEE;Banco de Reaistradores em VHDL

use IEEE.STD_LOGIC_1164.ALL; o o -
use IEEE STD_LOGIC_ARITHALL; Exemplo para arranjo de 4 registradores de 8bits cada

use IEEE.STD_LOGIC_UNSIGNED.ALL;
process(reset, clk)

entity banco_registradores is begin
Port (data_in : in STD_LOGIC_VECTOR (7 downto 0); if reset="1' then
clk:in STD_LOGIC; reg2 <= "00000000";
reset:in STD_LOGIC; elsif (clk'event and clk="1") then
wr :in STD_LOGIC; if en2="1" then
address :in STD_LOGIC_VECTOR (1 downto 0); reg2 <= data_in;
data_out : out STD_LOGIC_VECTOR (7 downto 0)); else
end banco_registradores; reg2 <=reg2;
end if;
architecture Behavioral of banco_registradores is end if;

end process;
signal en0, enl, en2, en3 : std_logic;

signal reg0, regl, reg2, reg3 : std_logic_vector(7 downto 0); process(reset, clk)
begin begin
if reset="1' then
--- registradores reg3 <= "00000000";
process(reset, clk) elsif (clk'event and clk="1") then
begin if en3="1" then
if reset="1' then reg3 <= data_in;
reg0 <= "00000000"; else
elsif (clk'event and clk="1") then reg3 <= reg3;
if en0="1" then end if;
reg0 <= data_in; end if;
else end process;
reg0 <= reg0;
end if; ---- decodificador de enderecos e do data_out
end if; process(address, wr)
end process; begin
CASE address IS
process(reset, clk) WHEN "00" => data_out <= reg0;
begin en0 <= WR; enl <='0"; en2 <="'0"; en3 <='0";
if reset="1' then WHEN "01" => data_out <= reg1,;
regl <= "00000000"; en0 <="'0"; enl <=WR; en2 <="0"; en3 <='0";
elsif (clk'event and clk="1") then WHEN "10" => data_out <= reg2;
if en1="1" then en0 <='0"; enl <='0"; en2 <= WR; en3 <='0";
regl <= data_in; WHEN others => data_out <= reg3;
else en0 <="'0"; enl <='0"; en2 <='0"; en3 <=WR;
regl <=regl; END CASE;
end if; . . end process;
CMR£38 — Projeto e Teste de Sistemas VLSI end Behavioral:

end process;



Sintese no ISE
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Exercicios em VHLD

« Simular o Banco de Registradores

« Gravar 4 valores diferentes em cada um dos registradores e ler os
valores depois. Veja a simulacéo a sequir.

write read
End Time:
10000 ns 100 ns 700 ns 1300 ns 1900 ns 2400 ng 3100 ns RT00 ns 4300 ns
N 1 T T I I A T R O I R R R

i clk 0

Al reset 0 T 1

Il wer 0 | |
paddressii] 0 0 €S €1 4D 3 6 0
® i data_in[:0] 66 0 HETED ¢ 4T L BE
i data_out7:0] | 34 AU iy 0 DA 34
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Exercicios em VHLD

« Simular com atraso o Banco de Registradores

« Gravar 4 valores diferentes em cada um dos registradores e ler os
valores depois. Veja a simulacéo a sequir.

Now: ' 1
10200 ns 1838 n? 1 | I 19|55 I I 2093 g I I 22|2|3 I I I 2348 ns
Mk 1 i | i | |
2 reset 0 ¥ ¥
&l wer 0 E i
# @ address(1:0] 0 | 0 ¥ 1 y
A @ datain0] 66 | 3 34 Vel 25 X
+ P data_out[7:0] 34| 0 |4 24 25 oy

Atraso na leitura do dado que esta sendo gravado
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Olhe que na leitura nao ha depéndencia do clk.

Now: 1
10200 ns |2953 nT I I 3:n|?n I I 3218 ns I I I 3345 I I I 3473 ns
2 clk 1 | | | |
& reset 0 |
&Ml wr 0 i
0 @ address10] 0 | 1 b z b 3 b
o @ data_in[7:0] 66 | B i
o @i data_out7:0] 34 | 25 ¥ 14 " 11

Atraso na leitura (mudou o endereco, mudou o dado lido)
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Exercicio em VHDL
Sistema Digital para inicializar memoria
e Instanciar uma BRAM de 8bits de dados e 256 posicoes

de endereco. Use o Coregenerator.
e Desenvolver um programa que muda o conteudo de
todos dados de 8bits para “10010001".

BRAM
circuito
. . : WR N
Assim iremos exercitar a escrita. Addr >
data .| 0000
Simule no ISE e verifigue o funcionamento.
FPGA
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entity memoria_teste is
Port (clk : in STD_LOGIC;
reset:in STD_LOGIC;
pronto : out STD_LOGIC,;
dado : out STD_LOGIC_VECTOR (7 downto 0));
end memoria_teste;

architecture Behavioral of memoria_teste is

component memoria IS

port (
addr: IN std_logic_VECTOR(7 downto 0);
clk: IN std_logic;

din: IN std_logic_VECTOR(7 downto 0);
dout: OUT std_logic_VECTOR(7 downto 0);
we: IN std_logic);

END component;

signal cont, dadomem_in: STD_LOGIC_VECTOR (7 downto 0);
signal leitura, escrita, leitura2, WR: std_logic;

begin
MEM_INST: memoria

port map( addr => cont,
clk => clk,

din => dadomem_in,

dout => dado,
we => WR);

process (clk, reset)
begin
if (reset = '1") then
cont <= "00000000";
leitura<='0";
escrita<="0';
leitura2<="0";
pronto <='0";
elsif (clk'event and clk="1") then
if (leitura = '0") then
WR<='0";
if (cont <"11111111") then
cont <= cont +1;
else leitura <=1’
end if;

CMP238 — Projeto e Teste de Sistemas VLSI

Exemplo

elsif (escrita = '0") then

dadomem_in <= "10010001";
cont <= "00000000";
WR<="1";

if(cont <"11111111") then

cont <= cont +1;
else

escrita <="1";
end if;
else WR<="0";
cont <= "00000000";
if (cont <"11111111") then
cont <= cont +1;
else pronto <="1";
end if;
end if;
end if;
end process;

end Behavioral;



Exercicio 2: Leltura e Escrita em Memoria

e Instanciar duas BRAM, uma de 8bits de dados e 256 posicOes de
endereco e a outra de 16 bits e 128 posicOes de endereco.
Inicializar a BRAMSs de 256 posicdes com valores quaisquer
(diferentes de zero). Use o Coregenerator e o0 arquivo .txt para isso.

 Desenvolver um sistema digital que I1é os dados de dois enderecos
consecutivos e grava o resultado na outra memoria. Assim por
diante iniciando do endereco 0 ate 255.

o BRAM
circuito
WR 10000 Cuidado:
Addr | .. reui
{ O circuito deve ter
pelo menos um
BRAM registrador aux. para
RD armazenar um dos
0000F ™ Addf dados da memoria a
000 (9212 fim de fazer a soma
FPGA

CMP238 — Projeto e Teste de Sistemas VLSI



