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Objectives

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

a distributed RAM

• Learn how to use the RAM IP

• Using Vivado simulator to observe how RAM 

works



Memory types

MEMORY
RAM

ROM
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Block RAM(BRAM) vs Distributed RAM

• Block RAM: dedicated memory block

• Distributed RAM: configure LUT in CLB as RAM, 

1LUT=16*1 RAM
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Block RAM(BRAM) vs Distributed RAM (cont’d)

• BRAM: Many blocks, most efficient, not fast as 

distributed RAM.

• Distributed RAM: fast, but large consumption of 

LUT will limit the resources to implement your 

logic design
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PART1: Block RAM (BRAM)

• The diagram of a single port block RAM is as 

follows.
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Signal name Direction Functionality Remark

addra[3:0] input address [3:0]: the address 

bitwidth is 4, i.e. 

depth of RAM is 16

clka input clock 1 bit

dina[7:0] input Write data [7:0]: Data bitwidth

is 8

douta[7:0] output Read data [7:0]: Data bitwidth

is 8

ena input RAM enable 1 bit

wea input Write enable 1 bit, wea=1, write; 

wea=0, read;



Block RAM (BRAM)

Address Content

0 01

1 02
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wea=0, read process

wea=1, write process



Step by step

Initialize new BRAM IP

Instantiate a BRAM 

Simulate BRAM IP

Synthesis and Implementation
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Create project and sources

• Create your own project

• In the project manager panel, 

click add sources and create a blank design 

source as previous tutorial
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Initialize a BRAM IP

• In the project 

manager panel, 

click IP catalog

• In the workspace, 

search ram:

– choose Block 

Memory Generator

to generate BRAM

– Choose Distributed 

Memory Generator

to generate 

distributed RAM 10



Initialize a BRAM IP(cont’d)

• Click Port A 

options

panel, 

modify write 

width to 8 

bits.
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Initialize a BRAM IP (cont’d)

• 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.
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Initialize a BRAM IP (cont’d)

• Example of a coe file initiate a memory of 

depth=16, and width=8 using hexadecimal
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Initialize a BRAM IP (cont’d)

• Click OK and Generate

• Synthesis option:

– out of contest per IP: the 

IP synthesis is run in out of 

context mode during IP 

generation itself. You will 

find synthesis DCP in IP 

location.

– Global: IP synthesis will not 

be run during IP generation. 

The IP will be synthesized 

during top level synthesis 

along with other RTL files
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Initialize a RAM IP (cont’d)

• In sources panel, 

you can find the 

new generated 

block RAM as 

circled.

• blk_mem_gen_0 is 

the reference name 

of the BRAM we 

generate before
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Instantiate a BRAM IP

• Go back to the design source file, use the 

circled statements to declare a block ram as a 

component and instantiate a block ram.
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Simulate BRAM IP

• 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

• In sources panel, expand sim_1, double click tuto3_tb
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VHDL Module Hierarchy 
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Testbench – Tutorial 3

Tutorial 3 VHDL Module

Generated Block RAM IP



• In tuto3_tb, edit your testbench as folllows 

Simulate BRAM IP (cont’d)
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Include this package to make 

std_logic_vector support add 

operation

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



Simulate BRAM IP (cont’d)

• (cont’d)
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Instantiate tuto3 

design module

Clock generate process



Simulate BRAM IP (cont’d)
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Stimuli generate process,

Assign proper value to all 

the drive signal in different 

time point



Simulate BRAM IP (cont’d)
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Simulate BRAM IP (cont’d)

• In project manager panel, click Run Simulation 

-> choose Run Behavial Simulation

• After simulation completed, in the waveform 

window, zoom the waveform to appropriate 

level.
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wea=0, read process



Simulate BRAM IP (cont’d)

• Waveform (cont’d)
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wea=1, write process

wea=0, read process



Run synthesis

• In project manager 

panel, click run 

synthesis. 

• After the process 

completed, choose 

open synthesized 

design.
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Run synthesis(cont’d)

• In the workspace, 

we can find the 

schematic.
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Run implementation

• In project manager 

panel, click run 

implementation. 

• After it completes, 

choose open 

implementation 

design.

• Choose yes to close 

the previous opened 

synthesis design.
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Run implementation (cont’d)

• In the device 

window, we can 

find a blue spot
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Run implementation (cont’d)

• Zoom in on the 

blue spot, and 

click it. We can 

find Cell 

properties

panel on the 

left side of the 

schematic.

• We can find 

that we use 

half a BRAM
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Run implementation (cont’d)

• In the workspace, 

choose Project 

Summary option 

pane -> roll down 

and choose Table 

as circled

• In the utilization 

report, we can 

find we use 0.5 

BRAM and no LUT.
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Reference

• Design a Block RAM Memory in IP Integrator in 

Vivado

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

• 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

• 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.

• You can also refer to the course Canvas 
homepage.

• Get familiar with the Design tool.

• Explore the options in the waveform window.

• Explore how Dual-port RAM works.


