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NOTE:
Before creating a ROM component, make sure that Quartus includes memory initialization files when
creating the bitstream used to program your DEI0-Lite. Skipping this step will cause errors when
compiling your design:
1. Assignments > Device > Device and Pin Options as shown in Figures 1 and 2.
% Quartus Prime Lite Edition - C:/Users/legan/Desktop/Coursework/Employment/3701 Pl Werk,

File Edit View Project Processing Tools Window Help
D = El ' Settings... Crrl+Shift+E
& Assignment Editor Crr+Shift+A
Project Navigator &% pin Planner CEA+Shift+N

IP upgrade mmended Remove Assignments...

I3 Back-Annotate Assignments...

Files Import Assignments...
=] wspi_param.h Export Assignments ..
vispi_ee_config.v Assignment Groups...

Figure 1: Navigating to the Device Panel.
O Device x

Device Board

Select the family and device you want to target for compilation.
You can install additional device support with the Install Devices command on the Tools menu.

To determine the version of the Quartus Prime software in which your target device is supported. refer to the Device Support List webpage.
Device family Show in 'Available devices' list
Family: | MAX 10 (DA/DD/DF/DC/SA/SC/SL) - Package Any -
Device: | All -2 Pin count: Any -
Core speed grade: | Any -

Target device

N filter:
Auto device selected by the Fitter ame iter:

V| Show advanced devices

Specific device selected in 'Available devices' list
Cther: nfa _—
| Device and Pin Options...|
Available devices:
Figure 2: Navigating to Device and Pin Options.
2. Navigate to the Configuration tab of Device and Pin Options. Change “Configuration mode” to
“Single Uncompressed Image with Memory Initialization,” as shown in Figure 3.

G Device and Pin Options - safe *
(3

Category:

Configuration Dual Compressed Images (512Kbits UFM) I

Specify the device confi{ SIngle Compressed Image (5888Kaits UFM)

Unused Pins Single Compressed Image with Memary Initialization (512Kbits UFM)

Dual-Purpose Pins :
Capacitive Loading Connguretion scheme.  qingle Incomressed g ge (35A4KRIs LEL)

Board Trace Model
1/0 Timing
Voltage Configuration devic
Pin Placement

Error Detection CRC

CvP Settings ca Confi 3 evice

Partial P.ecgonﬁguration Use configuration device Device Options

Configuration mode

Configuration device I/ voltage

Force WCCIO to be compatible with configuration I/O voltage

Figure 3: Selecting the proper Configuration Mode.

3. Recompile project and program your design onto the board.
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Creating the ROM

For this tutorial, we will use the ROM: 1-PORT device available in the “IP Catalog.”

Dr. Eric M. Schwartz

Logan Burns
5-Apr-26

1. To open the IP Catalog (if it isn’t already!), navigate to View -> Utility Windows -> IP Catalog

as shown in Figure 4.

Ok Quartus Prime Lite Edition - C:/Users/logan/Desktop/ Coursework/Employment/3701 Pl Work/safe_3701/safe - safe

Fle Edir [I50] Project Assignments Processing Tools  Window

1

Nre =

Project Navigator S Files |[&]

=
IP upgrade recommended. Launch =

+
Files A
) wspi_param h 3

Project Navigator
Node Finder

Tcl Console
Messages

Status

Change Manager
Tasks

Alt+0
Alt+1
Alt+2
Alt+3
Alt+4
Alt+5
Alt+6

Help

-

LUT 6V @+ SEGT_LUTwv

Summary
Settings
Non-Default Global Settings

BB v/spi_ee_config.v
B vyspi controllery

shown in Figure 5.
IP Catalog

o

E= Flow Elapsed Time
BB Flow OS Summary

Figure 4: Opening the IP Catalog.
2. Within the IP Catalog, select “Installed IP | Library | Basic Function | On Chip Memory” As

|
x| =

] (%]

No

L3

b
]
L3
b
]
-

~ g Installed IP
~ Project Directory

Selection Available

~ Llbrary
~ Basic Functions

Arithmetic
Bridges and Adaptors

Clocks: PLLs and Resets

Configuration and Programming

110
Miscellaneous

Figure 5: Selecting On Chip Memory.
3. Select ROM: 1-PORT, and Figure 6 will appear. Add a filename, eg. ROM_example, to the end
of the path. Select ‘VHDL’ for the IP variation type. Now select “OK.

(W Save IP Variation

IF variation file name:

x

0K

JEmploymentf3701 Pl Work/safe 3701/ROM example

IP variation file type

® VHDL

Verilog

Cancel

Figure 6: Selecting the IP Variation Type.

tents 1|3
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4. A MegaWizard will appear (Figure 7). Select the size of the output bus (width of the memory)

and the number of addresses (number of words of memory). A 1k x 8 ROM will have the values
8 and 1024. Then select Next.

1 MegaWizard Plug-In Manager [page 1 of 5]

"Zj ROM: 1-PORT

Currently selected device famiy: [y =]
ROM_example v MAX 10
3| gl7.. ¥ Match project/default
How wide should the 'q' output bus be? s =] bits
Haow many 8-bit words of memory? I 1024 | words

Note: You could enter arbitrary values for width and depth

Block type: AUT:
Jack type: AUTO What should the memory black type be?

® Auto C MLaB  maK

C Mia% C Lcs Options...

Set the maximum block depth to | Auto w| words

—What doddng method would you like to use?
® Single dock

" Dual dock: use separate input and 'output docks

SIS i
Liws | Cancel || <Back J| Mext> || Finish T/

Figure 7: Setting the ROM size.

5. Un-check anything that is checked on the page 2 of 5 of the MegaWizard (see Figure 4) that asks
“Which ports should be registered?”” Then select “Next >.”

') ROM: 1-PORT

ROM_example

~Which ports should be registered?

address(S. 0 o
™ ‘data input port

IV ‘address’ input part

uncheck this

Create one dock enable signal for each dodk signal,
I Mote: Al regstered ports are controlled by the I\'lurertims.ul
enable sgnal(s)

I Create byte enable for port A

What is the width of a byte for byte enables? |8 vI bits

Create an "adr” asynchranous clear for .
r the registered ports Mare Options...

™ Create a 'rden’ read enable signal

Resource Usage J
1 MBK 1
=4

[Lconcel || <gack ][ mext> || gnisn |

Figure 8: Disabling Port Registering.
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6. On page 3 of 5 of the MegaWizard, select “Yes, use this file for the memory content data”
should be checked. Browse to the file name of the ROM memory initialization file (mif). An
example mif file is described later in this document and shown in Figure.
a. You can also create a mif file with all values set to 0 by going to File > New > Memory
Initialization File in the main Quartus window. Note that you will need to change the
“Files of type:” dropdown in the file picker window to allow mif files to be used.
Once you have created and selected your mif file, select “Open.” Then select “Next >.”
Then select “Next > again when Simulation Libraries are discussed.

s MegaWizard Plug-In Manager [page 3 of 5] x

Do you want to spedify the initial content of the memory?

"Z) ROM: 1-PORT

ROM_example

address(o. 0]

€ No, leave it blank

Initialize memory conten
power-up in smudation

X..X on

@ Yes, use this file for the memory content data
lock

(ou can use a Hexadecmal (Intel-format) Fle [.hex] or a Memory
Initaiization File [.mif])

Note: The configuration scheme of your device is Internal Configuration. In
order to use memory initialization, you must select a single image
configuration mode with memary initizlization, for example the Single
Compressed Image with Memory Initialization option. You can set the

configuration mode on the Configuration page of the Device and Pin Options
dialog box.

Fie name: [../../../..}../[Downloads/contents.mif

The initial content file should conform to which port's
dimensions?

— Allow In-System Memory Content Edtor to capture and
update content independently of the system dock

The 'Instance ID' of this ROM is:

NONE

Resource Usage

1 MOK

[ cancel |[ <Basck |[ mext> ][ Emisn |

Figure 9: Selecting the mif file.

7. On the summary page (Figure 11), make sure the .cmp file (VHD component declaration file) is
checked and also check the .bsf (Quartus II symbol file), as shown. Then select “Finish.”

% MegaWizard Plug-In Manager [page 5 of 5] %

) ROM: 1-PORT
[3]5ummary
Trn on the fles you wish to generate. A gray checkmark indicates a flle that is
ROM_example automatically generated, and a green checkmark indicates an optional file. Click Finish to
sddress(o 0] generate the selected files. The state of each checkbox is maintained in subsequent
MegaWizard Plug-In Manager sessions.
The Megaltiizard Plug-In Manager reates the selected files in the following directory:
C:\UsersYogan\Desktop\Coursewark Employment\370 1 P Work\safe_3701\
ock File Description
ROM_example.vhd | Variation file
[] rOM_e l AHDL Indude file
ROM_example.cmp  |VHDL companent dedaration file
ROM_example.bsf Quartus Prime symbol file
ROM_gxample_inst. .. | Instantiation template file
119K [ cancel ][ <Baex | [ Enish |

Figure 10: MegaWizard summary.
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8. Select “Yes” on the next screen titled “Quartus II IP Files as shown in Figure 12.
X

G Quartus Prime IP Files

When you create an Intel IP variation, a Quartus Prime IP File is generated
Quartus Prime IP Files are used to represent the Intel [P in your design. Do you
want to add the Quartus Prime IP File to the project?

v| C:\sersilogan\DesktoplCourseworiEmploymenti3701 Pl

leave unchecked
Automatically add Quartus Prime IP Files to all projects

(Note: Tuming on this option permanently suppresses this dialog box. You

can change this setting in the Options dialog box)

Figure 11: Creating the Symbol.

9. Create a new bdf file, just as you have been doing all semester. Add a new component. In the
Libraries window select the arrow next to “Project” and then select your ROM, e.g.,
ROM_Example. Now select “OK.”

) symbol X

Libraries

~ & Project

L
» E3 VGADATA
b B cfaltera lite/25 1ste/quartus/iibr,

ROM_example

address(8..0] g[7.0]

chock.
nst Biook type: AUTO

Name:
ROM example

Repeatinsert mode

Insert symbol as block

0K Cancel

Figure 12: Adding the Symbol to Your bdf

10. All buses should be of the form “Name[msb..0]”. Your bdf should resemble Figure 14.

a. Add a bus to the address inputs, address[9..0]

b. Add a bus to the data outputs, q[7..0]

c. Add a clock signal.

d. Add a T-flipflop for clock division to prevent race conditions.

e To avoid Race conditions, the memory clock SHOULD BE FASTER than the state

machine clock so that memory reads will be completed by the next state. A memory
clock that is twice as fast as the state clock is sufficient.

Fil tempbef [ | & Compilation Report - safe & contents mif
= SN D - 2 ~
ARQWAD =-O"I"TANNNTDON B A<A
CBAIESS[8T0] T P AT pdresd(a 01 g ROM_example
o addressa._01 |address[9..0] q7..01| g7 0lse
“MEMCLK INEUT * *
OUTPUT a7
Ve
o TFF
B s MEMCIK |
L L inst BIOCK ty pe; AUTO
MEMCI K
CLRN
instL J
sevee |

Figure 13: Basic Functional ROM Circuit.

You can now use these signals anywhere else in your circuit or as inputs & outputs.
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Simulating with ROM
1. Create a vwf simulation file that includes the addresses of your mif file. Add all of the signals and
change their radix to hexadecimal (right click on each signal group and select radix).

Ok Simulation Waveform Editor - C:/Users/logan/Desktop/Coursework/Employment/3701 Pl Work/safe_3701/safe - safe -..  — O X
File Edit View Simulation Help Search Q
@ 5o A EEE W OE T T E e 2 [FH] 5

Master Time Bar: |0 ps L] b | Pointer: |1.75ns Interval: |1.75 ns Start: |0 ps End: |0 ps

Name Value at IDps 16qnns 32q0n5 48qnns E4q0ns aoqnns QGQPns

0ps 0 ps

fu,_ MEMCLE. BO
& » address | HOOD 000 )
&g H XX XK )

Figure 14: Creating the VWF simulation.
2. Open the mif file as shown in Figure 15.

Open File
« v 4 This PC » Downloads
Organize = New folder
Name Date modified Type
# Quick access
Today (1)
- . contents.mif 1/2/2026 6:51 PM MIF File
B Output p Yesterday (1)
W™ - 2l
Text

File name: | contents.mif

Figure 15: Opening the mif file.

3. Create addresses in your mif file to verify the data inside your ROM. A test set is provided in
Figure 16.

DEPTH = 1024; % Memory depth and width are required %
WIDTH 8; % Enter decimal numbers for each

o

ADDRESS RADIX = HEX; % Address and value radixes are optional

o°

DATA RADIX = HEX; % Enter BIN, DEC, HEX, or OCT; unless %
% otherwise specified, radixes = HEX %

-- Specify values for addresses, which can be single address or range

CONTENT

BEGIN

[0..F] : 0; % First 16 values are zero %
10 : 33; % Single address data %

11 : 5C; % Addr[l1l] = 5C %

12 : 99;

13 : Al; % Addr[13] = Al %

14 : B2;

15 : C3;

16 : D4; % Addr[l6] = D4 %

[17..3FF] : FF; % remaining locations are FF %
END ; % You must have END statement! %

Figure 16: Test Address Set.
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