Duke ECE152 — Spring 2012 — Project Part 2: Memory
25 Points. Due electronically by 11:59pm on Friday, Jan 27.

In this part of the project, you will implement the instruction and data memories that you

will use in your processor. This assignment is the only exception to the rule about not using
Quartus megafunctions — memories must be implemented through megafunctions on the FPGA.
You will use Quartus’ Megafunction Wizard to create the two memories. Before proceeding,
make sure that you are using Quatus IT Web Edition 9.1 Service Pack 2, as the Megafunction
Wizard can differ substantially from release to release.

Since the architecture for your processor uses separate instruction and data memory
spaces, your microarchitecture should have separate instruction and data memory blocks.

Project Part 2a: Instruction Memory

To make the instruction memory (imem.vhd), start by going to Tools I MegaWizard
Plug-In Manager. On Page 1, select “Create” and click Next.

_ T ——
MegaWizard Plug-In Manager [page 1] Li_E-J

The Megatwfizard Plug-n M anager helps you create or modify
deszign files that contain custom wariations of megafunctions.

YWwhich action do pou want bo perform?

o Create a new cuztom megafunchion vanation
" Edit an existing custom megafunchion variation

" Copy an existing custom megafunction variation

Coppright [C] 1931-2009 Alkera Corporation
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On Page 2a, select “Cyclone II” as the device family, select “VHDL” as the output file
type, and set the output file name to “imem.vhd” in your working directory. On the left side,
select “Installed Plug-Ins” [ “Memory Compiler” I “ROM: 1-PORT”. Then click Next.

-

' oy
MegaWizard Plug-In Manager [page 23] . » - Iél
Which megafunction would you like to customize? Whicf; device Family will you be |E_l,u:||:|ne I ﬂ
Select a megafunction from the list below SRl
=1-%] Installed Plug-ns Which twpe of output file do you want to create?
-{2] Alera SOPC Builder  AHDL

G- Arithmetic

: HOL
ﬁ Communications -
- f&d DSP " %erlog HDL
ﬁ GFatez ]
ﬁ 10 What name do wou want far the outpuk file? Browse. .
- Interfaces ||sers"~|3|3"'.D|:u:uments"~# ECE 152 TAMProject 2 - Memarphimern. vhd

ﬁ JTAG-acceszsible Extenziong
=& emary Compiler

FIFU [ Beturn ta this page for another create operation

Rakd initializer Maote: To compile a project zuccezsfully in the Quartuz | zoftware,
Fak: 1-PORT your design files must be in the project directary, in the global user
Rk 2-PORT libraries specified in the Options dialag bax [Taols menu), or a user

: ) library specified in the Lzer Libranes page of the Settingz dialog
" . box [Azzignments menu).

: _ “four curment uzer library directories are:

Shift register [FRéb-bazed]

=& Storage
@ IP MegaStare
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On Page 3, set the output bus width to 32 bits, set the memory size to 4096 words, set the
memory block type to “M4K?”, set the block depth to “Auto”, and set the clocking method to

“Single clock”. Then click Next.

32 bits
f1EI‘.III>E:.'nrds

i Auto
3 MRAM

Rezource Usage

MegaWizard Plug-In Manager - ROM: 1-PORT [page 3 of 7] — e
| About ” Documentation
Currently selected device family: |C~;u:||:||'|e II w |

Haow wide should the 'q' output bus be?

How many 32-bit words of memary?

What should the memory block type be?

Set the maximum blodk: depth to

i Dual dock: use separate 'input’ and "output’ dodks

# Match project/default

{3 M512
{2y LCs

Options...

What docking method would you like to use?

32 M4k

| Cancel ” < Back || Mext = ” Einish |
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On Page 4, uncheck the register on the output port and check the clock enable. Then
click Next.

[ MegaWizard Plug-In Manager - ROM: 1-PORT [page 4 of 7] @_Iér
iz ROM: 1-PORT

| About ” Documentation

Which portz zhould be registered?
[ 'data’ input port

M ‘address' input port

nq' output port
Ereat& one cock enable signal for each :
cock signal. All registered ports are More Options ...

controlled by the enable signal(s).

32 bits
%.'nrds

A0AG

[ Create a byte enable port

What is the width of a byte for byte enable? bits
[] Create an 'adr' asynchronous dear :
for the registered ports More Options ...

Rezource Usage
32 M4K

| Cancel ” < Back || Mext = ” Einish |
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On Page 5, you select the Memory Initialization File (.mif) to load initial values into the

A Memory Initialization File is available for you to download at

memory with.
http://people.ee.duke.edu/~sorin/ecel52/project/testGiveMeN.imem.mif. Download, browse to,

and select this file on your computer, then click Next.

[ MegaWizard Plug-In Manager - ROM: 1-PORT [page 5 of 7] —njm_t
iz ROM: 1-PORT
| About ” Documentation

a2
4006

Resource Usage
32 M4K

Parameter
Settings
Mem Init
i Do you want to specfy the initial content of the memory?
mem 3 Mo, | it blank
address[11..0] q[31..0 R
o [ Initiglize memory content data to XX..X on power-up in simulation
25
SnF
1

@YES; use this file for the memory content data
(fou can use a Hexadedmal (Intel-format) File [.hex] or a Memory

Initialization File [.mif])

File name: StestGiveMeN, imem.mif

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

[] Allow In-System Memory Content Editor to capture and update content
independently of the system dodk

The 'Instance ID' of this ROM is: MOMNE

| Cancel || < Back ” Mext = || Finish |
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http://people.ee.duke.edu/~sorin/ece152/project/testGiveMeN.imem.mif

On Page 6, click Next.

[ MegaWizard Plug-In Manager - ROM: 1-PORT [page 6 of 7] -- EDA |. = ot S ]
"z ROM: 1-PORT

| About || Documentation

EDA

Simulation Libraries

imem To properly simulate the generated design files, the following simulation model
file(s) are needed

File | Description
altera_mf  Alkera megafunction simulation library

>?'rts-
A09E W ords

az

ook type: M4K

Timing and resource estimation

Generates a netlist for timing and resource estimation for this megafunction. If
you are synthesizing your design with a third-party synthesis tool, using a
timing and resource estimation netist can allow for better design optimization.

Mot all third-party synthesis tools support this feature - chedk with the tool
vendor for complete support information.

Mote: Metlist generation can be a time-intensive process. The size of the
design and the speed of your system affect the time it takes for netlist
generation to complete,

[ Generate netlist
Re=zource Uzage

32 N4K
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On Page 7, uncheck everything but the “imem.vhd” file, then click Finish.

MegaWizard Plug-In Manager - ROM: 1-PORT [page 7 of 7] -- Summary |. = e e

s ROM: 1-PORT

E| Summary

imem

address[11..0

az

it
A09E W ords

clock

Re=zource Uzage
32 N4K

g[31..0

| About || Documentation

Turn on the files you wish to generate. A gray checkmark indicates a file that is
automatically generated, and a red checkmark indicates an optional file, Click
Finish to generate the selected files. The state of each chedkbox is maintained in
subzequent Megaizard Plug-In Manager sessions.

The Megawizard Plug-In Manager creates the selected files in the following
directory:

C:\sersljsiz\Documents\# ECE 152 TA\Project 4 - Memory'

File | D ezcription

[A" imerm. vhd Y ariation file

[ imem.inc AHDL Include file

[ imem.cmp WHOL component declaration file

O imem.bsf Guartuz 1 gymbol file

O imem_inzt. vhd Inztantiation template file

O imem_waveforms. html Sample wavetorms in surmmarny
L IMEM_wave® pg S ample wavetormn file(z)

‘ Cancel ” < Back ‘ Mext =

—

Your instruction memory is now created. Click Yes to automatically add the memory to
your project, or click No to manually add just the .vhd file to your project later.
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Project Part 2b: Data Memory

To make the data memory (dmem.vhd), start by going to Tools  MegaWizard Plug-In
Manager. On Page 1, select “Create” and click Next.

MegaWizard Plug-In Manager [page li i ﬁ

The Megatwizard Plug-n M anager helpz you create or modify
dezign files that contain custom vanations of megafunctions.

“Which action do you want to perfarm?

\ o Create a new custam megafunction wariatian
" Edit an exizting custom megafunchion wariation
" Copy an existing custom megafunction vanation

Copyright [C] 1931-2003 Altera Corparation

Caricel | |
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On Page 2a, select “Cyclone II” as the device family, select “VHDL” as the output file
type, and set the output file name to “dmem.vhd” in your working directory. On the left side,
select “Installed Plug-Ins” [l “Memory Compiler” I “RAM: 1-PORT”. Then click Next.

i ] . B .

MegaWizard Plug-In Manager [page 23] @
Which megafunction would you like to customize? Whicf; device Family will you be |E_l,u:||:|ne I ﬂ
Select a megafunction from the list below SRl

=1-%] Installed Plug-ns Which twpe of output file do you want to create?

-{2] Alera SOPC Builder  AHDL

- Anithmetic o

: HOL

ﬁ Commurications @ ]

' ﬁ OSp " erilog HOL

- Gates )

: ?
ﬁ /0 YWhat name do wou want far the outpuk file’ Browse. ..
- Interfaces |3ers"'.|3|3"~D ocumentzH ECE 152 TANProject 2 - Memorysdmern. vhd

ﬁ JTAG-acceszsible Extenziong
=& emary Compiler

FIFU [ Beturn ta this page for another create operation

] ifyifiAli Maote: To compile a project zuccezsfully in the Quartuz | zoftware,

; wour dezign files must be in the project directory, in the global uzer

: — libraries specified in the Options dialag bax [Taols menu), or a user

) library specified in the Lzer Libranes page of the Settingz dialog
Rak: 3:FORT box [Azzignments menu). '
ROM: 1-FORT
ROM: 2PORT “our current uzer library directones are:
-7 Shift register [Réakd-bazed]
- Storage
@ IP MegaStare
Cancel | < Back | Hest > | |
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On Page 3, set the output bus width to 32 bits, set the memory size to 4096 words, set the
memory block type to “M4K?”, set the block depth to “Auto”, and set the clocking method to
“Single clock”. Then click Next.

| About ” Documentation

|I| Parameter
Settings

Regs/Clken/Byte Enable fAdrs

Currently selected device family: |C~;u:||:une II w |

data[31..0 0 # Match project/default
wWren s
sddressl11.0 0 | 2.2
= H 38
Haow wide should the 'q' output bus be? bitz
clock
Block type: M4K How many 32-bit words of memory? 4096 |~ Bwords
What should the memory block type be?
2 Auto 3 M512 O
i M-RAM i LCs Options...

Set the maximum blodk: depth to ords

What docking method would you like to use?

i Dual dock: use separate 'input’ and "output’ dodks
Rezource Usage

32 M4k

L]

| Cancel ” < Back || Mext = ” Einish |
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On Page 4, uncheck the register on the output port. Then click Next.

|I| Parameter
Settings

WidthsBlk Type/Clks leqs; ! 5 Mem Init

Which parts should be registered?
dmem M 'datz’ and 'wren' input
data[31..0]
\—,—]__D' a M ‘address' input port
Wren _D_ a | B | g,
address[11..0] e i q.output pork
= H B
[] Create one dock enable signal for each -
clock dodk signal. All registered ports are
controlled by the enable signal(s).
Block type: M4k

[] Create a byte enable port

What is the width of a byte for byte enable? bits
[] Create an 'adr' asynchronous dear -
for the registered ports

Rezource Usage
32 N4K

| Cancel || < Back || Next > || Fiish |
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On Page 5, you select the Memory Initialization File (.mif) to load initial values into the
memory with. A Memory Initialization File is available for you to download at
http://people.ee.duke.edu/~sorin/ece152/project/testGiveMeN.dmem.mif. Download, browse to,
and select this file on your computer, then click Next.

Parameter

Settings .
Widths/Blk Type/Clks

——————
—Do you want to specfy the initial content of the memory? - - F

¢ Mo, leave it blank

datal31..0] g[31..0
wiren = H L [ Initislize memory content data to XX..X on power-up in simulation
adoress[1 1.0 [+ 5.2
=Ny = % @Yes, use this file for the memory content data
(fou can use a Hexadedmal (Intel-format) File [.hex] or a Memory

ok Initialization File [.mif]}

Block type: M4K

File name: |.,.’testGiveMeN.dmem.miF
O e e O P ORI

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

[] Allow In-System Memory Content Editor to capture and update content

independently of the system dock
The 'Instance ID' of this RAM is: MONE
Resource Usage
32 M4k
|| | Cancel || < Back ” Mext = || Finish |
]

Page 12 of 15


http://people.ee.duke.edu/~sorin/ece152/project/testGiveMeN.dmem.mif

On Page 6, click Next.

MegaWizard Plug-In Manager - RAM: 1-PORT [page 6 of 7] - EDA = e e

| About || Documentation

Simulation Libraries

dmem To properly simulate the generated design files, the following simulation model
file(s) are needed

..data[31.0 s
wWren <
= H .EE_ File | Description
address[11..0] 5= — —
=l o é altera_mf  Alkera megafunction simulation library
clock

ook type: M4K

Timing and resource estimation

Generates a netlist for timing and resource estimation for this megafunction. If
you are synthesizing your design with a third-party synthesis tool, using a
timing and resource estimation netist can allow for better design optimization.

Mot all third-party synthesis tools support this feature - chedk with the tool
vendor for complete support information.

Mote: Metlist generation can be a time-intensive process. The size of the
design and the speed of your system affect the time it takes for netlist
generation to complete,

[ Generate netlist
Re=zource Uzage

32 N4K

‘ Cancel ” < Back H Mext = || Finish |
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On Page 7, uncheck everything but the “dmem.vhd” file, then click Finish.

MegaWizard Plug-In Manager - RAM: 1-PORT [page 7 of 7] -- Summary |. = e e

| About || Documentation

E| Summary

Turn on the files you wish to generate. A gray checkmark indicates a file that is
dmem automatically generated, and a red checkmark indicates an optional file, Click
Finish to generate the selected files. The state of each chedkbox is maintained in

Jdata3 .0 . g[31..0 subzequent Megaizard Plug-In Manager sessions.
WIEn [H - B
address[11..0] L ==
[ ==
~g The Megawizard Plug-In Manager creates the selected files in the following
directory:

C:\sersljsiz\Documents\# ECE 152 TA\Project 4 - Memory'

File | D ezcription

[ dmem. vhd Y ariation file

[ dmer.inc AHDL Include file

[ dmerm.cmp WHOL component declaration file

O dmem.bsf Guartuz 1 gymbol file

O dmerm_inst. vhd Inztantiation template file

O dmerm_wavefarms. html Sample wavetorms in surmmarny
L dmem_wave” jpg S ample wavetormn file(z)

Re=zource Uzage
32 N4K

‘ Cancel ” < Back ‘ Mext =

Your data memory is now created. Click Yes to automatically add the memory to your
project, or click No to manually add just the .vhd file to your project later.
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Project Part 2c: Initializing the Memories

To change the Memory Initialization File for your memories, open the imem.vhd or
dmem.vhd file and go to line 89 or 94, respectively, and rename the “init_file” path to the new
file.

81
82 BEGIN
83 q <= sub wire0 (31 DOWNIC Q)
84
85 altsyncram component @ altsyncram
86 = GENERIC MRP |
87 clock enakle input a =»> "BYPRSS",
aa e s = ) — agom
89
S0 ",
o1
92 lpm type =»> "altsyncram",
93 numwords a => 4096,
54 cperation mode => "ROM",
s cutdata_aclr a =»> "NCNE",
S6 cutdata reg a =»> "UNREGISTERED",
97 ram block type => "M4K",
g widthad a => 12,
I width a => 32,
100 width byteena a => 1
101 )
102 = PORT MRP |
103 clockl => clock,
104 address_a =»> address,
105 g a =»> sub wirel
106 ):
107

After implementing your memories, you should test them thoroughly to verify that they
work correctly. One test waveform is provided for your instruction memory at
http://people.ee.duke.edu/~sorin/ece152/project/test imem.vwf and for your data memory at
http://people.ee.duke.edu/~sorin/ece152/project/test dmem.vwf. In addition, this assignment
will be graded by running additional tests that are not provided, so do not assume that you can
ignore bugs that do not manifest themselves on the one test that is provided.

Submitting This Assignment

To submit this assignment, create a Quartus Archive (Project I Archive Project) named
project2.qar of all the files needed to implement your design. Make sure that your top-level files
are named imem.vhd and dmem.vhd. Email your Quartus Archive file as an attachment along

with all group members’ names and NetIDs to duke.ece152.spring2012@gmail.com.
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