EE 2000

Logic Circuit Design (Fall 2018)

Tutorial 3
RAM Initiation and Utilization

Instructor: Dr. Ray C.C. Cheung



\ Objectives y

e Learn how to initialize a Block-RAM (BRAM) and
a distributed RAM

e Learn how to use the RAM IP

e Using Vivado simulator to observe how RAM
works



\ Memory types ¥

Single port
MEMORY MEMORY <

ROM

Distributed(MLUT-based)
MEMORY
Block RAM-based(BRAM-
based)

MEMORY < Manually
Usmg core 3

Dual port

generator



\ Block RAM(BRAM) vs Distributed RAM Y

e Block RAM: dedicated memory block

e Distributed RAM: configure LUT in CLB as RAM,
1LUT=16*1 RAM
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KBlock RAM(BRAM) vs Distributed RAM (cont’d)J

« BRAM: Many blocks, most efficient, not fast as
distributed RAM.

o Distributed RAM: fast, but large consumption of
LUT will limit the resources to implement your
logic design



. PART1: Block RAM (BRAM)

e The diagram of a single port block RAM is as
follows.

Functionality

addral[3:0] input address [3:0]: the address
s N bitwidth is 4, i.e.
||| = BRAM_PORTA depth of RAM is 16
Y alidra[?’ﬂ] clka input clock 1 bit
— b clka
— » dina[7:0] dina[7:0] input Write data [7:0]: Data bitwidth
= 4 douta[7.0] L
— » ena douta[7:0] output Read data [7:0]: Data bitwidth
— » weal0:0] is 8
B 7 ena input RAM enable 1 bit
wea input Write enable 1 bit, wea=1, write;
wea=0, read;



Block RAM (BRAM)

01
02

Untitled 2

a clka
> W weal0:0]

» B dina[7:0]

a ena

a clka
- B wea[0:0]

o ena
- & douta[7:0]

125 000 ns

wea=1, write process




\ Step by step ¥

Initialize new BRAM IP

Instantiate a BRAM
Simulate BRAM IP

Synthesis and Implementation




. Create project and sources

« Create your own project

e In the project manager panel,
click add sources and create a blank design
source as previous tutorial



Initialize a BRAM IP

e In the project
manager panel,
click IP catalog

e In the workspace,
search ram:

- choose Block
Memory Generator
to generate BRAM

- Choose Distributed
Memory Generator
to generate
distributed RAM

Project Summary » | tutod.vhd * » IP Catalog 0

Cores | Interfaces

I s % G

Mame

=} q O~ ram|

T QDRI+ SRAM (MIG)
T QDRIV SRAM (MIG)
T RLDRAM3 (MIG)
W RAMs & ROMs
% Distributed Memory Generator
e RAMs & ROMs & BRAM
4 Block Memory Generator
b SDAccel DSA Infrastructure
F SDAccel OpenCL Programmable Region
W YWideo & Image Processing

¥ Video Frame Buffer Read

Details
Mame: Block Memory Generator
Yersion: 8.4 (Rev. 1)

Interfaces: Axld

Description:  The Xilink LogiCORE P Block Memary Generator
LogiCOREs, but is not a direct drop-in replaceme
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Initialize a BRAM IP(cont’d

e Click Port A
options
panel,
modify write
width to 8
bits.

-
¢ Customize IP -— — -

Block Memory Generator (8.4)

[ 0 Documentation IP Location (' Switch to Defaults

IP Symbol  Power Estimation Component Name | blk_mem_gen_0
Show disabled ports Basic | PortA Options  Other Options | Summary
Memory Size
Write Width & Range: 1to 4508 (bits)
Read Width & w

\Write Depth Range: 2 to 1048576
Read Depth

Operating Mode | Write First Enable Port Type | Use EMAPin R
Port A Optional Output Registers
V| Primitives Output Register Caore Output Register

REGCEAPIN

| + BRam_PORTA
Port A Output Reset Options

RSTAPIn (setreset pin) OQutput Reset Value (Hex) 0

READ Address Change A

Reset Priority | CE (Latch or Register Enable)

oK

| Cancel




\Initialize a BRAM IP (cont’d)

e In other options
panel,

- Choose Load Init
File, and use a coe
file to specify the
initial value of the
BRAM.

- And/or choose Fill
remaining memory
locations and set the |
default initial value.

-— - (e
nnnnnnnnnnnnnnnnn (8.4) '
o entat n C' Swil
mbol  PowerEstimation . ComponentName blk_mem_gen_0
oooooooooooooooo Othel
0
Load Init File
+ Fill Remaining Memory Locations
eeeeeeeeeeeeeeeeeeeeeeeeeeeeee
Model
gs and
llision
0
lll# BRAMPORTA | | Goicion wamings [
Beha lod:
Disable Collision Warnings Disable Out of Range Warnings




\Initialize a BRAM IP (cont’d)

 Example of a coe file initiate a memory of
depth=16, and width=8 using hexadecimal

memory_initialization_radix=16;
memory_initialization_vector=
ff,

ab,

0,

11,

11,

00,

01,

aa,
bb,
cc,
dd,
ef,
ee,
ff,
00,

13



\Initialize a BRAM IP (cont’d)

° CliCk OK and Generate BN Gis Ourpat P o
P Synthesis Opt.ion: The following output products will be generated. '
- out of contest per IP: the proven
IP SyntheSiS iS run in OUt Of ?#D:blk_m:m_gen_[].xcinjOOCperIF'j: -~
context mode during IP B ormscmarmti
generation itself. You will S .
find SyntheSiS DCP in IP Synthesis Options
location. L) Eluﬂttjlcnntex‘[perlF'
- Global: IP synthesis will not | s seunss
be run during IP generation. Number of jobs: | & v
The IP will be synthesized ®
during top level synthesis I .

along with other RTL files



 Initialize a RAM IP (cont’d)

Sources ? 006 X

e |In sources panel, Qo= = 4 | .
you Can find the W Design Sources (2]

@:. tuto3({Behavioral) (tuto3 vhd)

new generated » TFE blk_mem_gen_0 (blk_mem_gen_0.xci)

> Coefficient Files (1)

block RAM as \ & Constains

W Simulation Sources (2)

circled. - emie

e blk_mem_gen_0 is L
the reference name
of the BRAM we

generate before
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Instantiate a BRAM IP

e Go back to the design source file, use the
circled statements to declare a block ram as a
component and instantiate a block ram.

entity tuto3 is

port (

clka : IN STD LOGIC;

ena : IN STD LOGIC;

wea @ IN STD_LOGIC_VECTOR(D DOWNTO 0) ;
addra : IN STD_LOGIC_VECTOR(S DOWNTO 0) 5
dina : IN STD_LOGIC_VECTOR(? DOWNTO 0);
douta : OUT STD_LOGIC_VECTOR(? DOWNTO 0)) ;

end entity tuto3;

architecture simple ram of tuteo3 is

component blk mem gen 0

DORT {
clka : IN STD LOGIC;
enz : IN STD LOGIC;
wea @ IN STD LOGIC VECTOR (0 DOWNTO 0);
addra : IN STD LOGIC VECTOR(3 DOWNTO 0);
dina : IN STD LOGIC VECTOR (7 DOWNTO 0);
douta : OUT STD LOGIC VECTOR(7 DOWNTC 0)

)i

end component;

begin 1 6

Ul: blk mem gen 0 port map (clka,ena,wea,addra,dina,douta);

end simple ram;



\ Simulate BRAM IP y

e |In project manager panel, click add sources -> choose
add or create simulation sources -> next -> choose

create file -> specify file name as “tuto3_tb” -> click
ok and finish

e In sources panel, expand sim_1, double click tuto3_tb

Sources ?_0O0 X
Q = £ + : o
w Design Sources (2]

> @5 tuto3({simple_ram) (tuto3.vhd) (1)

> Coefficient Files (1)
> Constraints
w Simulation Sources (3)

W sim_1(2)

> @5 tuto3(simple_ram) (tuto3.vhd) (1)
@ tuto3_tb(Behavioral) (tuto3_tb.vhd)

» Coefficient Files (1)

Hierarchy |IF Sources Libraries Cond » =
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. VHDL Module Hierarchy

ﬁstbench - Tutorial 3 \




 Simulate BRAM IP (cont’d)

e |In tuto3_tb, edit your

testbench as folllows

library IEEE;

use IEEE.STD LOGIC 1164.ALL;

|use ieee.std logic unsigned.azall;
entity tuto3 tb is

end tuto3 th;

/

Include this package to make
std_logic_vector support add
operation

architecture Behavioral of tuto3 tb is

component tuto3 is

PORT

clka : IN STD LOGIC;

ena : IN STD LOGIC;

wea : IN STD LOGIC VECTOR (0 DOWNTO 0);
addra : IN STD LOGIC VECTOR (3 DOWNTOC 0);
dina : IN STD LOGIC VECTOR(7 DOWNTO 0);
douta : OUT STD LOGIC VECTOR(7 DOWNTOC 0)

|

end compohnent;

signal clka : std logic := '0';

signal dina : std logic vector(7 downto 0)
signal addra : std logic vector(3 downto 0)
signal wea : STD_LOGIC_?ECTGR[D DOWNTO 0)
signal ena : std logic := '0';

signal douta : std logic vector(7 downto 0)

/

Declare our design
module tuto3 as a
component

Declare all the signal
that drive the input
ports of tuto3 and the
signal connect to the
output port of tuto3

—
(others => '0");
(others => '0");
(others => '0"');

(others => '0"');




Simulate BRAM IP (cont’d)

e (cont’d)

_~ | Instantiate tuto3
uut : tuteld port map (clka,ena,wea,addra,dina,douta); design module

clkPro : process --100MhZ
begin
clka <= "0"»
wait for Sna; / Clock generate process

clka <= "1":
walt for Sns:
end process;

Hame Value

X

L
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Simulate BRAM IP (cont’d)

. pPrOCe33

dina<={others => "0");
addra<={cthers => '0");
wea<=({others =» "0");
wait for 20ns;

ena«="1":

- =Rl Mol oo

wait until rising edge (clka
wea<=(others => '0"); --r
addra<={octhers => "0"');--r

—_——
LD

I in 1 to 15 loo

ki K ==
=
—

ks Bl

wailt until rising edge(clka):

gddra <= addra +
end loop:

Hame

o clka

12 ena

» M wea[0:0]
» B addra[3:0]

Ill;__'

- e

Stimuli generate process,
Assign proper value to all
the drive signal in different
time point
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Simulate BRAM IP (cont’d)

- . -

wait until rising edge(clka):
dina<=(0=>"1", others => "0');--data 1nput "0000000C 1
addra<=(others => "0');--vrite to address ([
wea<=({others => "1");--¥ricC
for I in 1 to 15 loop

wait until rising edge(clka);

wea <= (others => "1");

addra <= addra + "1";--¥rite Lo other address,1,2,3..

dina <= dina + "1'";--assign different inpul data,2,3,4...

end loopr

Hame Value

a8 ena
» g weal0:0]

> W addra[3:0]
> W dina[7:0]
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Simulate BRAM IP (cont’d)

e In project manager panel, click Run Simulation
-> choose Run Behavial Simulation

o After simulation completed, in the waveform
window, zoom the waveform to appropriate

level.

» B oweal0:0]
» B addra[3:0]
> B dina[7:0]
> & douta[7:0]
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Simulate BRAM IP (cont’d)

Waveform (cont’d)

wea=1, write process

& ena
B weal0:0]

% addral3.0]
B dina[7:0]
' douta[7:0]

a end

> M weal0:0]
» W addra[3:0]
» B dina[7:0]
» & doutal7:0]




\ Run synthesis

e |[n project manager
panel, click run
synthesis.

o After the process
completed, choose
open synthesized
design.

Synthesis Completed

23]

Next
Eun Implementation
@ Open Synthesized Design

YView Reports

Dont show this dialog again

o Synthesis successfully completed.

Cancel
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Run synth

esis(cont’d

e In the workspace,
we can find the
schematic.

addra_|BUF[0] inst
0

> douta[7:0]

addra[3:0] [—p-"
IBUF
addra_IBUF[1]_inst
1 o]
IBUF
addra_|BUF[2] inst
2 o]
IBUF
addra_|BUF[3] inst
3 o]
IBUF
dina, 1BUF(O]_inst
dina[7:0] [—p2
IBUF
dina_IBUF[1] inst
1 [a]
IBUF douta_OBUF[0]_inst
dina_IBUF[2] inst o ! a o
o OBUF
IBUF douta_OBUF[1)_inst
dina_IBUF[3] inst 1 ! a 1
o OBUF
IBUF douta OBUF(2] inst
cka_IBUF_inst 2 | a 2
dka [ -0 OBUF
IBUF douta_OBUF[3]_inst
dinaIBUF4] inst 3l o
s OBUF
IBUF douta OBUF[4]_inst
dina, IBUF(S]_inst 4 o 4
|
= OBUF
IBUF douta_OBUF[S)_inst
dina,IBUF[6]_inst 5 | o
|
- > oBUF
IBUF t | douta OBUF[E]_inst
dina_IBUF[7] inst B s s
b-—|? ! e o addra[3:0] OBUF
IBUF __cka douta OBUF[7)_inst
ena_IBUF _inst dnarra) doualTOl | L7 1~ 9 :
| [ a ana
ena [_» OBUF
L :
IBUF el
wea, IBUF[O] inst Hil_mem_gen_0
weal0:0) > =

@
c
S




\ Run implementation y

il = = - o
Implementation Completed u

° In proj eCt manager o Implementation successfully completed.
panel, click run
-im plementation . (%) Open Implemented Design

Generate Bitstream

o After it completes,
Choose Open Don't show this dialog again
implementation

design. — —

® C h Oose yeS to C lose o Do you want to close "Synthesized Design® before opening Implemented Design® ?
th e p rev.i O u S O pe n ed Always do this action and don't show this dialog again
synthesis design. [ e ] [ ]
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Run implementation (cont’d)

e [n the device
window, we can
find a blue spot

28



. Run implementation (cont’d)

e Zoom in on the
blue spot, and
click it. We can
find Cell
properties
panel on the
left side of the
schematic.

e We can find

that we use
half a BRAM

IMPLEMENTED DESIGN - xc7z020clg484-1 (active)

Sources  Netlist
= 4
A inst_blk_mem_gen (blk_mem_gen_0_b
> Mets (23)

W gnbram.gnativebmag.native_blk_mem_gen

> Mets (23)

W valid.cstr (blk_mem_agen_0_blk_mem,

» Nets (23)

k4 ramloop[0]ram.r (blk_mem_gen_I

> Mets (23]

Ik_me

Cell Properties

Mame:
Parent:

Reference name -

Type:
BEL:
Site:
Tile:
Clock region:

Mumber of cell pins:

Mumher of nets

U1/U0iinst_blk_mem_ge

nignbram.agr

U1/UDMnst_blk_mem_gen/gnbrar

RAMB18E1

Block Memaory

1 RAMB18E1 Fixe

RAMB1S_X0Y4

| [}l BRAM_L_X6Y10 |

116

d
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. Run implementation (cont’d

IMPLEMENTED DESIGN - xc7z020clg484-1 (active)

¢ In the Workspace, Siurces o Project Summary =« Device  x  tutodwhd

= 4 o Status: « Complete
C h Oose P roj ect V m ;r;us;:t;;ktmem_;h Messages: 189 warnings
> Mets (22) Active run: synth_1
° ~ [I] gnbram.gna Part: xc7z020clg484-1
S u m m a ry O p t] O n > Mets (22 Strategy: Wivado Synthesis Defaults
~ [T valid.cst Report Strategy; Vivado Synthesis Default Reports

pane -> roll down
and Choose Table < — DRC Violations

Summary: 2 critical warnings
o )
° l d Cell Pro ? 00O X T
aS C] rC e » Implemented DRC Report
I h ° l [ ° Mame: LU0
e In the utilization Toi
re Ort We Can Reference name: RAMBA1 Utilization Post-Synthesis | Post-iImplementation
p ) Type: Block W Graph |

BEL:

f] nd We use O * 5 Site- I@ Resource Utilization Available Utilization ...
[@er

BRAM 0.50 140 0.36

BRAM and no LUT. o mo | © 5w

Mumber of cell pins: 116

Mumher of nets AR ~

General Properies < bk =




\ Reference y

e Design a Block RAM Memory in IP Integrator in
Vivado

- https://www.youtube.com/watch?v=gfpE81yMBwQ

e Block Memory Generator, Xilinx

- https://www.xilinx.com/products/intellectual -
property/block_memory_ generator.html#documenta
tion
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https://www.youtube.com/watch?v=gfpE81yMBwQ
https://www.xilinx.com/products/intellectual-property/block_memory_generator.html#documentation

\ Tutorial - Remarks y

e Please raise your hand if you have questions!
- 9 course tutors + course Instructors

- If you finish the tutorial quickly, please try different
settings in the Vivado tool.

e You can also refer to the course Canvas
homepage.

e Get familiar with the Design tool.
e Explore the options in the waveform window.
e Explore how Dual-port RAM works.



