EGR 2D
Fundamentals of Computer Engineering
Filename: AldecEx2

SequentialLoqic Circuits Using Aldec Active-HDL

This tutorial will guide you through specifying a design forlitup/down counter using Aldec Active

HDL. Thesoftwareincludes &tateDiagramtool that allows you to draw a state diagram, specify paths
and conditions, etc. This tutorial assumes that you have a basic familiarization with AldeeHative

If not, you may want to review the tutorillCo mbi nat i onal LogecéctveHDLc uot s

This tutorial will guide you through:
e Setting up a new workspace
e Using the Block Diagram wizard to specify inputs and outputs for your design.
¢ Drawing a state diagram, including the definition of states, conditional transitions, antsoutpu
e Simulating the design using stimulators (clock waveforms in this example) and verifying that the
output waveforms are correct.

Refer to the tutoriah Co mbi nat i onal Logi c CHDLOu i ripeemddtingang Al
design into the Lattice GAL2/10 programmable logic device (PLD)

1. Creating a Projectwith Aldec Active-HDL
e LaunchAldec Active-HDL
e If licensing windows appear, selédext until the Getting Started window appears as shown
below.
e SelectCreate new workspaces shown below
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e Entera name for thevorkspacgCounter3Bit was selected below), change the location of the
workspace folder (or use the default as below), and gelectNote that the name for the project
workspace, VHDL entityto be entered laterand architecturéo be etered latershould be the
same.

New Workspace

Specify basic information about the new workspace.

Type the workspace name:
|E0unte¢38it

Select the location of the work space folder:;

Browsze...

|c:\my_designs\

[v Add Mew Design to ‘Warkspace

e SelectCreate an Empty Design with Design Flovas shown below and selédgxt.

New Design Wizard

Haoww would you like to create Dezign Aezources?

™ Create an Empty Design
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Flow b anager. vou can select a wendor of pour spnthesis o
implementation tool, technology, libraries, and specify the
default HOL language of pour new design entry sources.

| Mest » | Cancel




e The next window that appears should show information about the synthesis tool and
implementation tool The synthesis tool should Bgnplicity Snyplify 7.x for Lattice and the
implementation tool should heattice ispLever 4.1 If these are not correct, check with your

instructor. If they are correct, sel@dext.

New Design Wizard

Specify additional information about the new design.

3

C-Spnthesis toal:

<hone:

Syntheziz tool;
Synplicity Synplify 7.1 far Lattice

FPhusical Syntheziz tool:
<hohes

Implementation took
Lattice izpLEWVER 4.1

Default Family:  Lattice GAL

Flow 5 ettings

Block Diagram Configuration: RIS (9 g1 B BEre 1Tl

Default HOL Language:

]

< Back | Mest » |

Cancel |

e Enter the design name. Note that it should match the workspaceusathearlier (Ex1 for this
example). Enter the name and seNekt. SelectFinish on the final screen shown below.

New Design Wizard

Specify basic information about the new design.

E| New Design Wizard

Type the design name:

X]

The new design will have the following specifications:

|E0unterBB it

Select the location of the design folder:

|c:\My_D ezigngyCounterJEit

The name of the default warking library of the design:

Browse. ..

Counter3Bit

The name specified here will be used as the file hame for the
library files and as the logical name of the library. Y'ou can

change the logical name later on.

Design directony:

¢ Back | MNext > |

Cancel |

Design name: Counter3Bit

c\My_DesignsiCounter3Bit
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2. Specifying yoursequential circuit designusing a state diagram

e The Design Flow Manager screen shduwde apeaed after the lasstep

e The Design Browser should appear on the left of the screen. If it does not appear, it can be
toggled on and off using Alt + 1.

e Doubleclick onAdd New File under the Design Browser and the Add New File window should
appear.

¢ Note that there are senal types of files that can be specifeatt that a new file wizard can be
used to assist you in specifying inputs and outpSsleclWizards and also sele§tate Diagram
and then seleddK.
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e SelectNextin the screen below ahe left and thenrder thesource file name(Counter3Bit) in
the window shown below on the right and selekt.

New Source File Wizard [X] | New Source File Wizard - Name X

This wizard will create a source file with initial VHDL Type the name of the gource file to create;
code uging the design specifications you will enter in CourteraBit
the following wizard dialogs. |

Browse

The generated source file will contain the entity e e e Eeses i o spesll e 2

declaration, port declarations and empty architecture

bady. Type the name aof the entity [optional]:
v iAdd the generated file to the desigri By default, the entity name iz the same as the file name.
Clear this check box if you do not want to add the file Type the name of the architecture body [optional):

generated by the wizard ta the curent design, |

By default, the architecture name iz the entity name with
suffis "*_arch'.
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o Before we proceed, it is a good idea to be clear on exactly what inputs and outputs are needed for

a 3bit up/down counter. The counteill require a clock input, a count direction control (x), and

a 3bit output (ABC where A is the MSB).
e SelectNew in the window below on the left to add a new port. Namxewitith directionin.

Also addinput portCLK as well @& output pos A, B, and Cas shown below and then select

Finish.

New Source File Wizard - Ports

Counter3Bit

To add a new port, click Mew.

Toedit a port, zelect it on the list. Then pou can change
itz name, direction and type. To quickly change the index
constraint of a part of a one-dimenzsional aray bype, use

the Arrap Indexes bos. — = A the Array Indexes bos.
Toremove a port, select it on the list, and then click To remove a port, select it on the list, and then click
Delete. elete
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New Source File Wizard - Ports

X]

To add a new port, click Mew.

To edit a port, select it an the list. Then you can change
itz name, direction and type. To quickly change the index
constraint of a port of a one-dimensional aray twpe, uze

¢ Note that after selectinéinish in the screen above, a message appears (shown bé&lowp u
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e Note that now a screen appesin®wing the name of the VHDL entity and architecture, the inputs

and outputs, and the clock and clock enable (if specified). The state diagram will be drawn on this
screen.

@ Active-HDL 7.1 (Counter3Bit ,Counter3Bit) - c:\My_Designs\Counter3Bit\Counter3Bit\src\Co
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e Adding States States can now be added by seledi8iyl (Finite State Maching i Stateor
else by selecting thgtateicon at the bottom of the screen.

Counter3Bit) - c:\My_Designs\Counter3Bit\Counter3Bit\src\Counter3Bit.asf *
Sirnulation Tools  Window Help
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e Continue adding all necessary states (8 states are neededbrcainter)
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Naming States Doubleclick on each state and change the state properties.

o Under theGeneral tab: Enter a naméor the state (VHDL style) and a binary code.
0 Under theActions tab: Enter the values to be assigned to the outputs.
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e The state diagram for thel8t up/down counter is shown below after nagnall states and
specifying action$or each state. Also note that text was added to the top of the page using the
text tool on the toolbar.
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Adding Transitions: From the main menu seldeEM I Transition (or use thdransition tool
on the toolbar). Click othe initial state, click on some points along the arc that the transition line
is to follow, and then click on the final statBoubleclick onthe transition line and add the

condition under thélDL tab ( X #66 wa s

added in this example).
Transition Properties |A<='0"B<='0";,C<="0']
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Continue adding all required transitions. Note that the condition for each transition should appear
next to the transition lineThe conditions can be dragged to convenient locations.
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Compile your design (Select DesigriCompile or use the Conie tool &+ ). Correct any
errors that occur.
il libraries % design flow ;% countershit.

# Compile Entity "counteribhit®™
# Compile Architecture feountershit arch®™ of Entity "Counter3Bit™
# Compile success 0 Errors 0 Warnings Analysis time 0.1 [=]

x
>

Note that a/HDL file has now been generated with complete eratitgl architectureectiors.

Expand the folder Counter3Bit.asf in the browser (or a similar name for your design) to see the
VHDL file listed (.vhd). You might want to look at the architecture section to appreciate the work
that the Block Diagram tool hgs done for you!
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+fif Counter3Bit library ae when Countd =>
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3= elsif E='0' then
70 3reg0 <= Count7;
71 end if:
T when Countl =>
73 if ¥='0' then
74 S3reg0 <= Count0O;
= elsif X='1' then
i Jregl <= Counta:
7T end if;
K= when CountZ =>
79 if ¥='0' then
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51 elsif X='1' then
52 Jregl <= Counti;
53 end if;
= when Counti =>
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[=h elsif E='0' then
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3. Simulating your state machine

¢ Now weneed toesimulate the design to see if is correct. We could sitaut as we did with
combinational logic circuits: Use the testbench wizard and add VHDL code to specify input
waveforms. An alternate way to simulate the circuit is described below.

e First, what input waveforms should we specify? We should clock-burcdunter at least 8
times while X = 1 (count up) and at least 8 times while X = 0 (count down). Suppose that we
clock it 10 times in each direction for a total of 20 clock pulsesach clock pulse is 100ns in
length then the analysis should las@@0s and the clodkas a frequency of 1/100ns = 10 MHz.
Additionally, we could use another clock for X with a period of 2000ns (i.e., low for the first 10
counts or 1000ns and HIGH for the next 10 counts), so the clock frequency for X would be
1/2000ns 500 kHz. These waveforms are illustrated below.

100ns (f = 10 MHz)

g
CK S ruUuuyuryyuuuuyuuuruuuron
! ]
! Count Down
X : u W | Count Up :
< 1000ns > :
N 2000ns >

(f = 500 kHz)

Selectlnitialize Simulation from theSimulation menu.
¢ Create a new waveform window by selectingXteev Waveform toolon the main men(shown

below).
e Select theStructure tab in the design browseso that the available waveforms are listed as shown
below.
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Selectthe desired waveforms and drag them to the Waveform Viewer window.
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Ecounteerit (counter3bit_arch)

= {F counter3bit (counter3bit_arch)
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e

and drag to

window

Select waveforms

Waveform Viewer

Drag the waveforms to rearrange them in the desired order.
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Right click on waveform CLK rad pickStimulators from the menu that appears.
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e Click onClock, set the frequency to 10 MHz, and sekspply .

~I Stimulators

Signals l Hu:utke_l,ls] F'redefined]

Signals: Type: Zﬂiﬁiiaglmk pulze of a zpecific frequency and
M ame Type
CLK Clock ' . '
Clock i : :
! E W50 !
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o10
110
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e Similarly, rightclick on waveform X, sele@timulators, selectClock, set the frequency to
500 kHz, and sele&pply .
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e Set thefinal time on the main menu 8000nsand select thun Until button. The Run Until
window will appear as shown below. Seléx.

[o

Eilz Edit Search VYiew ‘Warkspace Design Simulation ‘Waveform Tools Window  Help
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e The output waveforms A, B, and C should now be correct. Study the waveforms and note that
initially X = 0 andthe countis 0, 7, 6, 5, 4, 3, 2,1, 0, 7, 6 and then when X =1 the countis 6, 7, O,
1,2,3,4,5,6,7,0
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Implementing the design into a GAL22V10 PLD
Seethe tutorigh Combi nati onal Logic CHbcuots Using Al de
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