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Abstract
This article introduces the EPM240 board for low-cost digital experimentation.
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1. FPGA vs CPLD

Field-Programmable Devices (FPDs) are devices that are connector  [REIIN RN joe ¢l & pins
programmed by electronically connecting and disconnect- 7
ing internal logic elements. This differs from microcon-
troller and microprocessor which are programmed by chang-
ing the list of instructions. This enable FPDs perform tasks
much faster while consuming about 10x less power. B < . i e & 5 cro
There are several types of PLDs, those can be classified indicator s e pins
under SPLD, CPLD and FPGA. The SPLD and CPLD have the
same basic design but differ due the keyword ‘simple’ and
‘complex’. SPLD has only one logic element (LE) consisting
of an array of AND, OR and NOT logic gates. The simplest
CPLD from Altera has 240 LEs, and the next device has 570 AMS1117
LEs. That makes CPLD much more powerful than SPLD. re\;}'f:goer
FPGAs have different internal architecture and working
mechanism compared to CPLD. Whereas CPLD a relatively
small number of complex LEs, the FPGA has a huge number
of simple Configurable Logic Blocks (CLBs). This allows high
end FPGAs to contain millions of equivalent gates compared Figure 2. EPM240 board bottom view.
to just thousands for the most complex CPLD.
Despite their differences, CPLDs and FPGAs are pro-
grammed using the same design tools. For devices made by ~ a5 shown Fig. 1 and Fig. 2. For experiments, a breadboard is
Altera, the Quartus software is used for both low-end MAX connected to these pins.
CPLD, the high end Stratix FPGA, and all devices in between. Features:
Therefore, all knowledge you gain while using the MAX will
be transferable when you upgrade to more sophisticated
FPGA later.

MAXII CPLD

5V power EPM240T100C5N

jack

50MHz
oscillator

* JTAG connector

* Can be easily programmed using the USB Blaster

* 3.3 V operating voltage by using the AMS1117 3.3V
voltage regulator circuit

2. The EPM240 aka MAX Il Flexible I/0 interface supporting 3.3V, 2.5V, 1.8V, and

The EPM240 mini board is ideal for low budget digital hard- 1.5 Vlogic levels
ware experimentation. In the middle sits the Altera MAX High speed operation, up to 150 MHz
II EPM240T100C5N CPLD. The board has all the necessary InstantOn, non-volatile storage
auxiliary circuits allow the CPLD to be programmed through 240 logic elements
Quartus II. The schematics diagram of this board is available On board power regulator (works with 5V power adapt-
in open sources. ers) )
The board has 100 general purpose input/output (GPIO) * On-board 50 MHz oscillator
pins accessible through the two (2) units of 22 x 2 headers
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3. Installing the Driver Select from the dialog box that pops up.

The EPM240 board requires a USB Blaster for programming.
The computer will recognize the new hardware connected
to its USB port, but it will be unable to proceed if it does not General Diver Details Events
have the required driver already installed.

USB-Blaster(Altera) Properties x

I ?)  USB-Blaster(Altera)

Driver Provider: Unknown
Driver Date: Not available
Driver Version: Not available

Digital Signer. Mot digitally signed

Driver Details View details about the installed driver files.

Update Driver Update the driver for this device.

Ly

B et If the device fails after updating the driver, roll

back to the previously installed driver.

Disable Device Disable the device.

Uninstall Devica Uninstall the device from the system {Advanced).

OK Cancel

Figure 7. Update the driver.

Figure 3. USB blaster.

If the USB Blaster driver is not already installed, launch Specify the driver location in the following dialog box:

Device Manager.

| C:\altera\ version \quartus\

b @ Firs Replace altera with Int e IFPGA for some of the newer

Best match Quartus versions.

<= Device Manager

" Control panel

&
Figure 4. Launch Device Manager. |« B Update Drivers - Altera USB-Blaster

. Browse for drivers on your compy Browse For Folder X
In Device Manager, find the new hardware under Other

devices. | Search for drivers in this location:

Chaltera\13.0\quartus
| ¥ i Windows (C) A

Select the folder that contains drivers for your hardware.

~ &Y Other devices

M Include subfolders v altera
B4 USB-Blaster(Altera) « ] 130
. . . | ip
Figure 5. Device Manager -> Other devices. ; logs
| modelsim_ase
. . . | » Let me pick from a list of avai . nioszeds
The driver available within the Quartus II software. Select | This list will show available drivers coml quartus v
. | -ategory as the device.

Browse my computer for driver software. . categoy a8 the devies Foder: | quars
|
| oK Cancel
|
|

- Browse my computer for driver software

| Cancel
Locate and install driver software manually. L\\)

Figure 8. Specify the driver location.
Figure 6. The driver is not online.
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The driver will now be installed as indicated in Figure 9. You
can now use the EPM240 board.

x
B update Drivers - Altera USB-Blaster
Windows has successfully updated your drivers
Windows has finished installing the drivers for this device:
- Altera USB-Blaster
Close |}

Figure 9. The driver is installed.

Next, we check out the software and hardware installation
whether they are working properly. To do this, we will cre-
ate a project, enter a short Verilog code, compile it, then
download the code to the CPLD.
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4. Project Settings

Run Quartus-1I Web Edition and select the File = New Project
Wizard menu.

Page 1

This page sets the location of your project and the name
of your project. It is highly recommended to change the
directory outside the Quartus software directory. This will
cause less problems later if you have to reinstall Quartus.
For example, you can create a folder in your home directory
called Documents/QuartusProjects. Inside this folder, create
your project folder for example Documents/QuartusProject-
s/blinker.

Directory, Name, Top-Level Entity [page 1 of 5]

What is the working directory for this project?

[c:\quartusprojects\blinker |-

What is the name of this project?
[blinker |

What is the name of the top-level design entity for this project? This name is case sensitive and must exactly match the entity
name in the design file.

[blinker |-

Use Existing Froject Settings...

< Back Finish Cancel Help

After setting the directory, project name and top-level
entity, click m.

Page 2
This page lets you add files from another project.

& New Project Wizard X

Add Files [page 2 of 5]

Select the design files you want to include in the project. Click Add Al to add all design files in the project directory to the project.

Note: you can always add design files to the project later.

File name: Add

File Name Type Library Design Entry/Synthesis Tool ~ HDL Version Add Al
Remove
up

Down

Properties

Spedify the path names of any non-default ibraries. |User Libraries...

<Back Finish Cancel Help

Since this is your first project, there is nothing to add.

Just click .
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Page 3 Page 5
This page selects the device we are using. This page summarizes all settings.

€& New Project Wizard *
€4 New Project Wizard X

Summary [page 5 of 5]
Family & Device Settings [page 3 of 5]
When you dlick Finish, the project will be created with the following settings:
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. Project directory: C:\quartusprojects\blinker
Project name blinker
Device family Shaw in 'Available devices' list
Top-level design entity: blinker
Family: | MAX I M Package: Any = Number of files added: 0
Devices: |All = Fincoumt |E = Number of user libraries added: 0
Device assignments:
Speed grade: |An -
Target device peed g Y Family name: MAX TT
() Auto device selected by the Fitter Name filter: Pz EPM240T100C5
@ Specific device selected in 'Available devices' list Show advanced devices HardCopy compatible only & EDA tools:
Other: nfa Design entry/synthesis: <None> (<None>)
Simulation: ModelSim-Altera (Verilog HDL)
Available devices:
Timing analysis: 0
Name Core Voltage LEs UFM blocks @ a
Operating conditions:
EPM240T10015 3.3v 240 1 WEET TeiEg =y
EPM240ZMGSCH L3V 240 1 v Junction temperature range: 0-85 °C

Companion device (3
HardCopy

Limit DSP & RAM to HardCopy device resources

ol o o

< Back Finish Cancel Help

Verify the device assignment, then click -Flnlsh .
¢ For device family, select MAXII.

* To narrow down the device list, select Pin count 100.
This will shorten the list so that you can find the exact
device faster. Or you can simply scroll through the
long list.

¢ In the device list, select EPM240T100C5.

When you have selected the correct device, click .

Optionally, you can click to go to Page 4.

Page 4 (optional)
This page sets the EDA Settings.

€4 New Project Wizard X

EDA Tool Settings [page 4 of 5]

Specify the other EDA tools used with the Quartus I software to develop your project.

EDA tools
Tool Type Tool Name Format(s) Run Tool Automatically
Design Entry/Synt... | <None> ~ | <None RN this tool automatically to synthesize the current desigr
Simulation ModelSim-Altera v D Run gate-level simulation automatically after compilation
Formal Verification | <Hlone=
Verilog HDL x

Board-Level Timing

Symbol <None> -

Signal Integrity <Hone> -

Boundary Scan <Hone> -

<ok | [ come veb

Simply make sure the check box is OFF then click .
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5. Blinker Source Code

From the top menu, choose File = New. In the pop-up
dialog box, select Verilog HDL File:

New Quartus II Project ~
~ Design Files
AHDL File
Block Diagram/Schematic File
EDIF File
Qsys System File
State Machine File
SystemVerilog HDL File
Tdl Seript File
Verilog HOL File
VHDL File I}‘
~ Memory Files
Hexadecimal (Intel-Format) File
Memory Initialization File
Vv Verification/Debugging Files
In-System Sources and Probes File
Logic Analyzer Interface File
SignalTap II Logic Analyzer File
University Program VWF
Vv Other Files
AHDL Indude File
Block Symbol File
Chain Description File
Synopsys Design Constraints File
Text File Ao

Gancel He

Then key in this code as is (case sensitive):

= blinker.v* B 9
H oaMNT ¢ o e/ 08 8 Haw | 2L
1 module blinker( input clkin, output led );
2 reg[25:0] count;
3 always @(posedge clkin) count <= count + 1;
4 assign led = count[25];
5 Iendmodule

Save it as blinker.v then at the Project Navigator set the code
as Top level entity.

1ax =
| Files . @ &

Open
Remove File from Project

Project Navigator

= Set as Top-Level Entity S Ctrl+Shift+1

Click on the Processing = Start Compilation menu. If you
found errors, correct the mistake and recompile. You can
ignore warnings.

Processing Tools Window Help 5]
Stop Processing Ctrl+Shift+C
#  Start Compilation % Ctrl+L
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6. Pin Assignment

From the top menu, choose Assignments = Pin Planner
menu:

Assignments | Processing  Tools Window Help %
% Device...
s+ Settings.. Crrl+ShiftsE
TimeQuest Timing Analyzer Wizard...

Crrl+shiftA
Crrl+shiftsn

@ assignment Edior
& PinPlanner Iy

In the dialog box, assign 1ed to Pin 74 and c1kin to Pin
64.

Ele Edit View Processing Tools Window Help =

Search altera.com @

o [Report 18x B ) -
Report not availabl éooooooa?ooooooooooooavooo
= 20
N
5 8 Top Vi
N 0 lew
8 s P
o . 8 Wire Bond
I If@ -
= =
2 N o
- < > « 0 eez
Q) O
Gro... Rep... & Z“
w0 -
S — Fax "5 MAX 11 o-
» RunAna A s B
3| v & eayer =0 EPM240T100C5 o
® I Early ;’8 8;
. # Run 1-8 81
= = s
T expo O00C0OAVYOOOO0C0OCO0O®AVOOOO
i v [ Change ¥ Pe- e EER2-R- 0Pt ) P-pri-p
< >
g % Named:| = || edn: | [PRLT4 | Filter: pins: all M
“ 1 Node Name Direction Location /O Bank Fitter Location /O Standard Reserver ™
2 clkin Input FIN_64 2 PIN_64 3.3V L..efault)
o | £z e Output FIN_74 %2 PIN_74 3.3V L..efault) v
v =« >
0%  00:00:00

After setting the pins, you must recompile to generate the
FPGA programming file. The design is ready to be down-
loaded into the CPLD.
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7. Wiring 8. Programming

Connect pin 74 on EPM240 board to a resistor. Use aresistor ~ From the top menu, select Tools = Programmer.
with a value anywhere from 100 Q to 470 Q. Connect the
resistor to the positive terminal of an LED. Connect ground
pin to the ground of the LED board.

Tools  Window Help 5
Run Simulation Tool »
Launch Simulation Library Compiler

n
"8 Launch Design Space Explorer

TimeQuest Timing Analyzer

=)

Advisors 3

Chip Planner

W&

Design Partition Planner

Netlist Viewers »

SignalTap II Logic Analyzer
In-System Memory Content Editor
Logic Analyzer Interface Editor
In-System Sources and Probes Editor

EMmJE

SignalProbe Pins...

€

Programmer s

Hardware Setup
Do this step once to setup USB Blaster for programming.

Select (Hardware Setup...j.

4 Hardware Setup... No Hardware

Connect USB Blaster to PC and EPM240 board. Connect
power.

In the dialog box that follows, select USB Blaster.

& Hardware Setup X

b

Hardware Settings JTAG Settings

Select a programming hardware setup to use when programming devices. This programming
hardware setup applies only to the current programmer window.

Currently selected hardware: | USB-Blaster [USB-0] -
Available hardware items

Hardware Server Fort Add Hardware... |

Local USB-0

Remove Hardware

Close

Proceed to Programming

Click[Add File..

[ Add File... [y

Navigate to output_files directory under your project. Se-
lect the POF file.

Ib Select Programming File X
Look in: C:\Users\mun3im\Documents\Quartus knight\output_flles -0 00 E E
Wy wy computer | | L] knight.pof

a mun3im %

File name:  [kmight.pof [ [open ]

Files of type: | Programming Files (*.sof *.pof = jam = jbc =.ekp =jic) - Cancel
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i Auto Detect UFM m|
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Tuw JAGIERTY
& pomn — ﬁ [3] Introduction to the Quartus® II Software. Version 10.
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. ) [4] Intel FPGA USB Download Cable User Guide. Intel. Oct.
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[5] My First FPGA Design Tutorial. Altera. July 2008. URL:
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If everything goes well, the LED should blink once about

every second. . .
us/en/pdfs/literature/tt/tt_my_first_fpga.pdf.
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