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* COE: memory coefficient file

* Two parameter:

- memory_initialization_radix
* Radix of the values in the memory_initialization_vector
* Ex: 2,10, or 16

- memory_initialization_vector:
* Memory content
* Memory words are separated by whitespace
* You can use comma (,) to help identify the boundary

* Vector (entire memory) ended by semicolon

Hsi-Pin Ma
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; 8-bitwide by 8-deep RAM
memory_initialization_radix=2;

memory_aitialization_vector=
00000000, )€ Whitespace

00010000 ,
00111000 |,
01111100 ,
00111000 ,
00010000 |,
00000000 |,
00000000 ;

COE Example

You can use ASCII art generator
to generate the pictures or use
drawing tool to export the figures
for you.
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Use RAM

e You can use RAM for changeable LCD display of
your project
e Similar as ROM
— The same in IP generator, except choose ‘Single Port RAM’

— Now have write
e Timing
— Write control, address, data should be at the same clock
cycle

— Data read out from RAM is one clock cycle late than the
address control

Hsi-Pin Ma
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Generate RAM (1/6)

e New Source

View: (5 {8 Implementation O [38 Stmulation
Hierarchy
8 # xchskxl6-3cs2324

B New Source...

T [5| Add Source...
usiigv @] Add Copy of Source...

using

(>

dd files to the project
roject menu, and by

Manual Compile Order

aas ' IJ]‘LPIEJ]‘LEJH Tllp Module

File/Path Display o |

the project.

Expand A1l

ing file to the project
Collapse ALl

04y Eind... Cl4F

Design Properties...
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Generate RAM (2/6)

e Choose the source type: IP (CORE Generator &

Architecture Wizard) and key in the filename
=4 New Source Wizard m

Select Source Type
Select sonrce type, file name and 11s location.

r.\

_IP (CORE Generator & Architecture Wizard}>
[@) Schemafic
[2) User Document
[ Verilog Module
M Verilog Test Fixture

4 VHDL Module

® VHDL Library

() VHDL Package File name:

) VHDL Test Bench

® Embedded Processor
Location:
CALDLNed_ram\ipcore_dir [;]
Add to project

Hsi-Pin Ma [ Next > ][ Cancel ]




NTHU EE

Laboratory for
| Reliable
' Computing

Generate RAM (3/6)

e Select:
— Memories & Storage Elements -> RAMs/ROMs -> Block

Memory Generator

5 New Source Wizard

Select IP
Create Coregen or Architecture Wizard IP Core.

 View by Fanction | View by Name |

“ Version  Status License

Production
Production

e e 4 e

|

| £

Search IP Catalog:

[ce |

[] ALIP versions

[] Only IP compatible with chosen part

/7~ N\

z New Source Wizard

Summary
Project Navigator will create a new skeleton source with the following specifications.

444 to Project: Yes
Source Directory: D:\generate_ROM\ipcore_dir
Source Type: IP (CORE Generator & Architectore Wizard)

Source Name: Rom xco
Core Type: Block Memory Generator; Version: 4.2

More Info

Cancel ]
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Generate RAM (4/6)

e Wait for a while

e Select Memory Type:
Single Port RAM

{ Block Memory Generator
Documents View

1P Symbol

ADDRA[3:0] DOUTA15:0)
DINA[15:0)

WEA[0:0)

CLKA

Hsi-Pin Ma

Block Memory

iC P
= Generator

Component Name RAM

Memory Typ@le Port RAM j)

Clocking Options

Common Clock

ECC Options
ECC Type No ECC
Use Error Injection Pin: Single Bit Error Injection
Write Enable
[] Use Byte Write Enable
Byte Size 9 - bits

Algorithm
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Generate RAM (5/6)
e Data width: 64 bits, address depth: 64 (1 frame)

. Block Memory Generator
Documents View
IP Symbol & X
. e Block Memory
logiC P!
Generator

Port A Options

Memory Size

Wiite Width(64 ~ Range: 1.1152  Read Width: 64
Write Depth(64  Range: 2.9011200  Read Depth: 64

ADDRA5:0) DOUTAE30]
DINAJB3.0) Operating Mode Enable
(5) Write First () Always Enabled
() Read First () Use ENA Pin
() No Change
26x 64 RAM

Hsi-Pin Ma 10
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Generate RAM (6/6)

e Check “Load Init File”

e Select “Browse” ol
and load your
COE ﬁle Port A

Block Memory
Generator 4:

Optional Output Registers h

[ ] Register Port A Output of Memory Primitives
[ Register Port A Output of Memory Core
Register Port A Input of SoftECC logic

Use REGCEA Pin (separate enable pin for Port A output registers)

Pipeline Stages within Mux 0 Mux Size: 1225704x1
Latency added by output register(s):

Port A: 0 Clock Cycle(s)
For Spartan-6 Latency information may not be accurate

Memory Initialization
Lo

1 Init £
Coe File_C:\LDL' lcd_ram'RAM_blank.coe [Browse” Show ]

Fill Remaining Memory Locations

Remaining Memory Locations (Hex) 0 w

" [t

Hsi-Pin Ma
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How to Use RAM Module

e You can find the port names through the functional model

Edit View Project Source Process Tools Window Layout Help

: &b W3

AR2PRARA:IRE Do

R

pTL:Q

“DOXI 'E

49 // core to be instantiated. Change the

View: (@) {8} Implementation () 58 Simulation

2 S0 // (in

own signal

:naﬁﬁv}algm@#@}‘&@

=

Hierarchy
® led_ram

ay (led_display.v)

= [Vas led_disp
[ U_LCDetrl - led_ctr] (led_ctrl.w)

= [ U _rometrl - rom_ctrl (rom_ctrl.v)
@RI-ROM(

£ AL o atl & 1 £ »

€2 No Processes Running

Processes: RAM

=% CORE Generator
% Manage Cores

% Regenerate Core 66
<& View HDL Functional Model —> 67
= View fation Template Ll

1
5

EF e

a

60 //

62 //
63 //
64 //
65 //

RAM YourInstanceName

Begin Cut here for I

.clka{clka),

.wea(wea), // Bus [0 : 0]
.addra{addra), // Bus [5 : 0]
.dina{dina), // Bus [62 : 0]
.douta(douta)):; // Bus [63 :

INST TAG_END -===-- End INSTANTIATIC
You must compile the wrapper file R2
the core, RAM. When compiling the wr
reference the XilinxCoreLib Verilog
instructions, please refer to the "C

|

Start | ®8 Design | L) Files | {) Libranes

= Design Summary

] P

rom_ctrl.v

Hsi-Pin Ma

12



 Laboratory for

i ‘ Reliable
- Computing

NTHU EE

How to Use RAM Module

Read Write

.douta(out_64)

wire clk; | | |
wire wen; : : : :
wire [63:0] data_in;
. clk
wire [63:0] out_64; | | |
wire [5:0] addr; wen : : :
| | | |
RAM R1( ddr D(Al)Q X a2 X
.clka(clk), : | | |
.wea(wen), I |
addra(addr), douta | XQ1X |
. . |
.dina(data_in), dina : ,
|
|

Hsi-Pin Ma



NTHU EE

e s Laboratory for
| Reliable
Computing

X Address
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LCD Display (128x64)
< Y Address R
o ... 63
|DzO
by Page 0

Page 1

Page 7

cs[0] cs[1]
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Concept of a ROM Controller

e Fetch a page one time

e Data rearrangement (words to bytes)
— 8x64-bit (8 words) to 64x8-bit (64 bytes)

LCD Display
%A 64-bit word 0
= : , Page 0
2 One Page
v Eo Page 1
ROM 2 '
Page 7

Hsi-Pin Ma [cthuang]

15
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Concept of a ROM Controller

64-bit word

64-bit word

64-bit word

64-bit word

64-bit word

64-bit word

64-bit word

<« 8word ——

64-bit word

ROM

Hsi-Pin Ma

One page

LCD Display

page 0

page 1

page 7
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LCD Display with Keypad

Keypad
Keypad Y
Controller
RAM LCD
RAM Display D.LCIID
Controller Controller ISpiay
[cthuang]
Hsi-Pin Ma
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RAM Controller

After the
transaction of
64x64-bit image to
LCD is over

After the
transaction of
8x64-bit page to
LCD

[cthuang]

Hsi-Pin Ma

Key changed

Write the

No key pattern of

changed .
Completion

of writing

Read one 64-bit word

GETDATA data from RAM

After read 8 64-bit word (one
page) from RAM

When the enable of

TRANSDATA transaction is high,
move data byte by

byte to LCD

key into RAM

18
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(addr = 6’'b0 &&
counter_word ==
6'd63 &&

en)

GETDATA

6'd63 &&
en)

(counter_wor

[cthuang]

Hsi-Pin Ma

RAM Controller

addr 1=6'd63

addr == 6’d63

flag 1=1'b1

flag==1'b1

l(addr = 6’b0 &&

TRANSDATA counter_word == 6’d63

&& en) &&
l(counter_word == 6’d63
&& en)
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LCD Display Controller

Setup the start

Writing an line of the
empty 8-bit data display
to the LCD

After 64x64-bit
image is erased

Initialize the
X value per

page

Initialize the
Y value

[cthuang]
Hsi-Pin Ma

Turn on the LCD

Display

The start line of the LCD
display can be configured
in the data register to
indicate the X-Y position
of the image on the
screen.

After the transaction of a
64x64-bit image is over.

Turning on the enable of
transaction and getting 8-bit data
byte by byte from the RAM
controller



