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(in Quartus Prime Lite 22.1)

Problem: You have an ASM or CPU that you would like to control/test from a ROM (EEPROM or Flash).
How can you simulate the ROM under Quartus and flash it to your DE10-Lite?

Solution:
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.

e Go to Assignments > Device > Device and Pin Options > Configuration

e Change “Configuration mode” to “Single Compressed Image with Memory Initialization”

e Recompile project, and program your design onto the board

For this tutorial, we will use the ROM: 1-PORT device available in P catelea

the “IP Catalog” (see Figure 1), found on the right side of the =il

. - 2
Quartus screen. Under IP Catalog, select “Installed IP | Library | ‘ 'J;“St_a:f:_ -
. . . © Proj irectory
Basic Function | On Chip Memory.” 4 Library
4 Basic Functions
When you select ROM: 1-PORT, Figure 2 will appear. Add a ' *"‘”:’“’Eﬁcd ]
» Bridges and Adaptors
filename, eg. ROM_example, to the end of the path. Select ‘VHDL’  Glocke: PLLs and Resets
for the IP Variation type NOW Select “OK.” + Configuration and Programming
. . F 10
&4 Save IP Variation g_'s__"h . Miscellaneous
- 4 (On Chip Memory
variauon nke name:
— III@!II Y
ems-filesfeel /370 1/docs/Quartus /ROM_creationR.OM_Example |_| - \
1P variation file type \L&ll \
@ WVHDL S
Verilog \
4, RAM initializer
L %, RAM: 1-PORT
Figure 2: IP Variation filename. %, RAM: 2-PORT
%, ROM: 1-PORT
%, ROM: 2PORT
\ Shift register (RAM-based)
> Simulation; Debug and Verification

Figure 1: ROM: 1-PORT in IP
Catalog.
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A MegaWizard will appear (as shown in Figure

3). Select the size of the output bus (width of the < ROM: 1-PORT

[1] Parameter

memory) and the number of addresses (number
of words of memory). For example, a 1k x 8
ROM will have the values 8 and 1024, as shown
in Figure 3. Then select “Next >.”

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 >.”

Jclken/acks > Memnit >

Currently selected device family:
ROM_example
q7..0}

address(9..0]

/| Match projectydefault

How wide should the 'q' output bus be? 8 ~ | bits

lock How many 8-bit words of memory? 1024  ~ | words

Block fype: AUTO

Note: You could enter arbitrary values for width and depth
What should the memory block type be?

® Auto MIK.

Set the maximum block depth to  Auto ~ | words

What clocking method would you like to use?

@ single clock

Dual clock: use separate ‘input” and 'output’ clocks

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), e.g., e —

contents.mif. An example MIF file is
described later in this document and shown in
Figure 8. You can also create a MIF file

Figure 3: 1-Port ROM MegaWizard.

with all values set to 0 by going to File >  MegaWizard Plug-In Manager [page 2.0f 5 ==
New > Memory Initialization File in the - £} ROM: 1-PORT

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.

> MemInt >

ROM_Example
address[9..0

put port

[ 'q' output port

— - Create one dock enable signal for each dock signal.
Elock type: AUTO [7] Note: All registered ports are controlled by the

Figure 4: Which ports should be registered?

More Options...
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On the summary page (Figure 5), 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 3] B |

'Z) ROM: 1-PORT

[3] summary

Turn on the files you wish to generate. A aray checkmark indicates a file that is
automatically generated, and a green checkmark indicates an optional file. Click Finish
to generate the selected files, The state of each checkbox is maintained in subsequent
MegaWizard Plug-In Manager sessions.

ROM_Example
 address[3..0]

g[7..0L

The MegaWizard Plug-In Manager creates the selected files in the following directory:
Vil ufl. edu'ems-files'\eel\370 1\docs\Quar tus\ROM_creation

ROM_Example.cmp
ROM_Example.bsf

[[|rOM_Example_inst, ...

File Description
ROM_Example.vhd Variation file
[|ROM_Example.inc AHDL Indude file

VHOL component dedaration file
Quartus IT symbaol file
Instantiation template file

Resource Uzage
1 M10K

Figure 5: MegaWizard summary.

i
3.
2y

Select “Yes” on the next screen titled “Quartus II IP Files. (Do not select “Automatically add ...”)

Create a new bdf file, just as you have been doing all
semester. Add a new component, just as you have been doing

ROM_Example

all semester, i.e., double-click in the bdf window. In the address[9. 0] T!: g[7..0]
Libraries window select the arrow next to “Project” and then =z
select your ROM, e.g., ROM_Example. Now select “OK.” B

Figure 6 shows what will now appear in your bdf file. Now
add address inputs, a clock, and data outputs.

Figure 6: Example ROM.




University of Florida EEL 3701 Dr. Eric M. Schwartz
Department of Electrical & Computer Engineering Revision 0 1 -Apr—24
Page 4/4 Quartus ROM Creation Instructions

(in Quartus Prime Lite 22.1)

Add a bus to the address inputs, address[9..0], and a
bus to the data outputs, q[7..0], as shown in Figure 7.
Also add a clock signal. In Figure 7, I have used
A[9..0], D[7..0], and CLK as the example names. ROM_Example
They must be in the form of “Name[msb..0]” where sl _|address(s. 0] _ ar o Y,
msb is the most significant bit’s position, starting

from zero on the right. You can now use these signals

anywhere else in your circuit or as inputs & outputs. ik
Save the file and then do a functional compilation of W mmweao
this design as you normally do.

Figure 7: ROM circuit.

Now create a vwt simulation file that includes the addresses of your mif file. Add all of the signals and
change the address and data bus signals to hexadecimal (right click on each signal and select radix). Create
addresses in your mif file to verify the data inside your ROM. Figure 8 shows a sample mif file.

DEPTH = 1024; $ Memory depth and width are required %
WIDTH = 8; % Enter decimal numbers for each %
ADDRESS RADIX = HEX; % Address and value radixes are optional %
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[11l] = 5C %

12 : 99;

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

14 : B2;

15 : C3;

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

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

Figure 8: Example MIF file.

Note: When you open a mif file to edit it in Quartus, above “File Name” look for “Open as: Auto.” Change
“Auto” to “Text”. Try opening it with “Auto” to see the

difference, but do not make any changes! ot TFE @
T T T Q
Note that the memory clock SHOULD BE FASTER than M
. . emCLK >
the state machine clock so that memory reads will be w—— T[]
completed by the next state. A memory clock that is twice 5 CLRN

as fast as the state clock is generally sufficient. Figure 10 Einst O

shows how a T-FF can be used to create the state machine Fi 10: Relation of lock (MemCLK

clock (CLK) from the memory clock (MemCLK). Note igure 10:Relation of memory clock (MemCLK) to
. . state machine clock (CLK).

that the CLK in the previous figures should therefore

use MemCLK and the state machine should use CLK.
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