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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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Generate ROM (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...

Hsi-Pin Ma
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e Choose the source type: IP (CORE Generator &
Architecture Wizard) and key in the filename

Hsi-Pin Ma

Generate ROM (2/6)

New Source Wizard

=

Select Source Type

Select source type, file name and its location.

BMM File
€% ChipScope Definition and Connection File

{ IP (CORE Generator & Architecture Wizard)g
@ Schematic

@ User Document
Verilog Module

[¥] Verilog Test Fixture
VHDL Module

[y VvHDL Library

[¢] VHDL Package

@ VHDL Test Bench
Embedded Processor

File name:
ROM
Location:
» E:\HardwareLab\L.CD\ipcore_dir

Add to project

[ Next

=
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Generate ROM (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 ]

7

[ < Back

l

Next = ll Cancel
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Generate ROM (4/6)

e Wait for a while

e Select Memory Type:
Single Port ROM ===

1P Symbol g X

lgic :**  Block Memory Generator wo

Component Name |Rom ]

Memory Type ‘Single Port ROM v

Clocking Option

ADDRARD) DOUTA[15:0]

DINA[

— ECC Type T [NoECC |

WEA[D:0] DBITERR Use Error Injection Pins lS\ng[e Bit Error Injection ‘
RDADDRECC[

Write Enable
Use Byte \Write Enable
INJEC1.2'TFRR

DBITERR —3) DOUTB[15:0] Byte Size E] bits

Algorithm

INJ

ADDRB[3:0]

e Defines the algarithm used to concatenate the block RAM primitives. See the datasheet for

more information.
@ Minimum Area
O Low Power

O Fixed Primitives

Primitive (Write Port 4) :

Actual Primitive(s) Used : 4kx2, Bkx2

< Back PagelofS[ Next > ][generate ][ Cancel ][ Help ]

% 1P Symbol "Q Power Estimation

Hsi-Pin Ma
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e Data width: 64 bits, address depth: 1024

Hsi-Pin Ma

Generate ROM (5/6)

% Block Memory Generator

View

EEX

IP Symbol

8 x|

ADDRA[:0]

DINAB3:0]

INJECTSBITERR —3)

INJEL , ZRITERR —3|

ADDRB[2:0]
DINB[53:0]
ENB —3)
REGCEB —3
WEB([D:0]

RSTB —3

CLKB —3

> DBITERR

ROADDRECC[2:0]

DOUTR®.

% 1P Symbol ,(: Power Estimation

lgic :**  Block Memory Generator

Port A Options %

Enable
Write First @ Always Enabled
Read First O Use ENA Pin

No Change

210x 64 ROM

4.2

[ Datasheet ]

[ < Back ] Page 2 of S [ Next > ] [ Generate ] [ Cancel ] [ Help ]
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Generate ROM (6/6)

e Check “Load Init File”
e Select “Browse” and load your COE file

% Block Memory Generator E]

View

IP Symbol & x‘

lgic :¥*  Block Memory Generator

4.2

Optional Output Registers
Port A

[] Register Part 4 Output of Memary Primitives

[[] Register Port & Output of Memory Caore
ADDRA:0]
DINAB2:0]

DOUTAE3:0] Register Port & Input of SoftECC logic

. Use REGCEA Pin {separate enable pin for Port 4 output registers)

REGCEA —3) 5 SBITERR
Pipeline Stages within Musx Mux Size: 1224488x1
WEA[D:0] —> DBITERR ' 2 E]
P RDADDRECCE:0] Latency added by output register(s):
CLKA Port A: 0 Clock Cycle(s)
For Spartan-6 Latency information may not be accurate
INJECTSBITERR —3j

INJECTDBITERR

Load Init File
ADDRB[2:0]

S Coe File [no_coe_ﬁle_loaded

} | Browse

Fill Remamning Memory Locations

Remaining Memory Locations (Hex) [D

. . 3 - s Datasheet < Back Page 3 of S Next > Generate Cancel Help
HS‘ _Pln MG % 1P Symbol [ %] Power Estimation ] [ [ ‘\] [ ]l‘ ] [

N’
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e You can find the port names through the
functional model

NTHU EE

Design «08 X 4 35 // reference the XilinxCoreLib Verilog simu. »
D View: @) {G:i}lmplementation ® Simuhﬁon > 36 // instructions, please refer to the "CORE |
. — 37
(5] | Hierarchy 38 ‘timescale 1ns/1ps
G| € labog_1 “ 39
— | B £ xcbslx16-3csg324 40[>>module ROM(
|45 & [W)dh top08_1 (08_1_top.v) a1 clka, i
é : LCD - LCD_display (08_1_LCD_display.v) . 42 addra,
= =] ccl - ctr_ROM (08_1_ctrl_ROM.v) - 43 douta) ; =
BN ‘¢ R1- ROM (ROM .xco) A 44
e CLK_GEN - clock_generator_LCD (clk_... % 45 ) N
< - [ 08_Lucf % 46 input clka;
v 47 input [9 : 0] addra;
48 output [63 : 0] douta;
» | ¥) No Processes Running g 49
?{: Processes:R1:=ROM gg // synthesis translate off
4N E}'y CORE Generator 52 BLK_MEM GEN V4 2 #(
% % Manage Cores 53 .C_ADDRA WIDTH(10),
el % Regenerate Core 54 .C_ADDRB_WIDTH(10),
m [2] View HDL Functional Model 55 .C_ALGORITHM(1),
| ~[2]  View HDLInstantiation Template 56 .C_BYTE SIZE(9),
| 57 .C_COMMON CLK(O),
58 .C_DEFAULT DATA("O"), -
<« || »
b4 Strt | ®3 Design |7 Fies | [) Libroies | | L Design Swmmary (Synthesized) || [£] RoMv (3 | [Z] 08_1ctd RON < [b]

Please note you should wait for one clock after your issue an address

and then you can get your correct data.
Hsi-Pin Ma
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LCD Display

e LCD128x64

Hsi-Pin Ma

128 pixels in row (Y) and 64 pixels in column (X)

Two interlace frames cs[0] and cs[1] (similar as 145D
control)

1 frame has 8 pages, and 1 page has 64 x 8 bits (64 bytes)
Use instructions to control the internal state

* Set ‘Display Start Line’

* Set “Address’ (Y)

* Set ‘Page’ (X)

* Write display data

e Display ON/OFF
Check the details in EVS61di F Fif (P27,P28)

12
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X Address

Hsi-Pin Ma

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

Page 1

Page 7

cs[0] cs[1]

13
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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
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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

15
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LCD Display

en (Icd en)

addr rom < data request
10 AN
< <
ROM rom_ ctrl address
> data_ack
64
rom_out 8~ data
" T —
Hsi-Pin Ma

Icd _en

led rst

2 led cs

led_ctrl

led_di

led rw

8 Jcd data

YYVYVYY

LCD Display

16
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led_ctrl

counter_page==4'd8&&
counter_y==7'd65

Set DSL after erasing the LCD
idle_counter >=14'd10000 data ack == "DISABLED
idle_counter<14'd10000

REQUEST

counter y == 7'd64 data_ack == "Enabled
&&counter_page=8 after rom_ctrl has
e finished rom reading
after filling one frame
counter_y < 7'd64
Hsi-Pin Ma

17
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rom_ctrl

data_request == "ENABLED

counter_word < 4'd8
data_request == "DISABLED

counter word == 4'd8
after reading 8x64-bit

(8 words) data

' counter_byte < 6'd63

counter_byte == 6'd63

after sending 64x8-bit
(64 bytes) data

Hsi-Pin Ma
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Pin Assignment
LCD IO FPGA Pin LCD IO FPGA Pin
Assignment Assignment
LCD_RST |E3 LCD_D[7] |F3
LCD_CS[1] | E1 LCD _D[6] |D2
LCD_CSIO0] | F4 LCD_DI[5] | D1
LCD_E F5 LCD_DI[4] |H7
LCD_ RW | C2 LCD_DI[3] |G6
LCD_DI C1 LCD _D[2] |E4
LCD_D[1] |D3
LCD_DI[0] |F6

Hsi-Pin Ma
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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 20
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Indexed Vector Part Selects

e Verilog-2001 adds the capability to use variables
to select a group of bits from a vector

— The starting point of the part-select can vary

— The width of the part-select remains constant

mem_next[((counter word-1)*64) +: 64] = rom_out;

The starting point of the The width of the
part-select is variable part-select is constant

+: Indicates the part-select increases from the starting point
-: Indicates the part-select decreases from the starting point

Hsi-Pin Ma
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Indexed Vector Part Selects

mem_next[((counter word-1)*64)+:64] = rom_out;

counter word

address range

1

0-63

64-127

128-191

192-255

256-319

320-383

384-447

R (NN |ON[O1 || W D

448-511

22
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Bad Coding Style:

Inferred Latches in Combinational Circuits

e Incomplete case statement

Hsi-Pin Ma

always @*
begin
y=0;
case (alu_control)
2’d0:y =x + z;

2’dl:y=x-z;
2’d2:y=x"* z;
default: y = 0;
endcase
end

— Make sure to have default case

— Or always specify the default value in the beginning of the
always block

always @(state or in)
begin
next_state = "INIT STATE;
case (state)
S0: if (in) next_state = S1;
S1:if ...

endcase
end

23
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i
.8

Lo
oé

Device Adjustment

)
UNENENENESE

IV

Y7 a0 GO GO

o

Buzzer volume

24
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EVS6 @Fﬁ %ﬂﬂ‘ Display Control

Pin No. Symbol  |Level Description

1 Vg ov Ground

2 Voo EXY Supply voltage for logic

3 Vo {Variable) |Operating voltage for LCD

H: Data, L:Instruction

H: Read (MPU-=NModule) , L: Write (MPU—Maodule)

Enable signal
Data hit 0
Data hit 1
Data hit 2
Data bit 3
Data hit 4

Data hit 5
Data bit 6

Data bit 7

Select Column 1-- Column 64

Select Column 65— Column 128

Reset signal

5 out 10V egative Voltage
19 A — Power Supply for LED backlight (+)
20 K — Power Supply for LED backlight (-)
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Display Control Instruction

Instruction D/1 |R/W|DB7| DB6 | DBS | DB4 | DB3 | DB2 | DB1 | DB0 Function
. Controls the display on or off. Internal status and display
D FF 1 1 1 1 1 1
iiplay ON/E, . . é . & RAM data are not affected. 0:OFF, 1:ON
Set Address 0 0 0 1 Y address (0~63) Sets the Y address in the Y address counter.
Set Page (X address) [ 0 0 1 0 1 1 1 Page (0 ~7)  [Sets the X address at the X address register.
Indi he displ RAM displ h f th
Display Start Line 0 0 1 1 Display start line(0~63) slclf;zites e diaplay daie Salapiad ot e tap alle
B RE R tatus. BUSY 0:R 1:1 tion. FF
Status Read 0 ! US 0 ON/ S 0 0 0 0 ea.d status. BUS . eady, 1:In operation. ON/O
Y OFF| ET 0:Display ON, 1:Display OFF. RESET 0:Normal, 1:Reset.
Writes data (DBO:7)into display data RAM. Aft iti
Write Display Data 1 0 Display Data 4 - .a a )1n.o . i icr ——
instruction, Y address is increased by 1 automatically.
Read Display Data 1 1 Display Data Reads data (DBO0:7) from display data RAM to the data bus.
Hsi-Pin Ma 26





