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EGR 270 

Fundamentals of Computer Engineering 

Filename:  AldecEx2 

 

Sequential Logic Circuits Using Aldec Active-HDL  
 

This tutorial will guide you through specifying a design for a 3-bit up/down counter using Aldec Active-

HDL.  The software includes a State Diagram tool that allows you to draw a state diagram, specify paths 

and conditions, etc.  This tutorial assumes that you have a basic familiarization with Aldec Active-HDL.  

If not, you may want to review the tutorial ñCombinational Logic Circuits Using Aldec Active-HDL.ò 

 

This tutorial will guide you through: 

 Setting up a new workspace 

 Using the Block Diagram wizard to specify inputs and outputs for your design. 

 Drawing a state diagram, including the definition of states, conditional transitions, and outputs. 

 Simulating the design using stimulators (clock waveforms in this example) and verifying that the 

output waveforms are correct. 

 

Refer to the tutorial ñCombinational Logic Circuits Using Aldec Active-HDLò  for implementing a 

design into the Lattice GAL22V10 programmable logic device (PLD) 

 

1. Creating a Project with Aldec Active-HDL  
 Launch Aldec Active-HDL  

 If licensing windows appear, select Next until the Getting Started window appears as shown 

below. 

 Select Create new workspace as shown below 
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 Enter a name for the workspace (Counter3Bit was selected below), change the location of the 

workspace folder (or use the default as below), and select OK .  Note that the name for the project 

workspace, VHDL entity (to be entered later), and architecture (to be entered later) should be the 

same. 

 
 

 Select Create an Empty Design with Design Flow as shown below and select Next. 
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 The next window that appears should show information about the synthesis tool and 

implementation tool.  The synthesis tool should be Synplicity Snyplify 7.x for Lattice  and the 

implementation tool should be Lattice ispLever 4.1.  If these are not correct, check with your 

instructor.  If they are correct, select Next. 

 
 

 Enter the design name.  Note that it should match the workspace name used earlier (Ex1 for this 

example).  Enter the name and select Next.  Select Finish on the final screen shown below. 
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2. Specifying your sequential circuit design using a state diagram 
 The Design Flow Manager screen should have appeared after the last step. 

 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. 

 Double-click on Add New File under the Design Browser and the Add New File window should 

appear. 

 Note that there are several types of files that can be specified and that a new file wizard can be 

used to assist you in specifying inputs and outputs.  Select Wizards and also select State Diagram 

and then select OK . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Select Next in the screen below on the left and then enter the source file name (Counter3Bit) in 

the window shown below on the right and select Next. 
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 Before we proceed, it is a good idea to be clear on exactly what inputs and outputs are needed for 

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

a 3-bit output (ABC where A is the MSB). 

 Select New in the window below on the left to add a new port.  Name it X with direction in. 

 Also add input port CLK  as well as output ports A, B, and C as shown below and then select 

Finish. 

   
 

 Note that after selecting Finish in the screen above, a message appears (shown below):  ñYou 

have not entered any clock port.  Do you want port CLK to be a clock?ò  Select Yes. 
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 Note that now a screen appears showing 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. 

 
 

 Adding States:  States can now be added by selecting FSM (Finite State Machine) ï State or 

else by selecting the State icon at the bottom of the screen. 

Select FSM ï State or use 

the State icon at the bottom 

of the screen. 

Drag each state into 

the desired location. 
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 Continue adding all necessary states (8 states are needed for a 3-bit counter) 

  
 

 Naming States:  Double-click on each state and change the state properties. 

o Under the General tab:  Enter a name for the state (VHDL style) and a binary code. 

o Under the Actions tab:  Enter the values to be assigned to the outputs. 
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 The state diagram for the 3-bit up/down counter is shown below after naming all states and 

specifying actions for 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 select FSM ï Transition  (or use the transition tool  

on the toolbar).  Click on the initial state, click on some points along the arc that the transition line 

is to follow, and then click on the final state.  Double-click on the transition line and add the 

condition under the HDL tab  (X=ô1ô was added in this example). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Continue adding all required transitions.  Note that the condition for each transition should appear 

next to the transition line.  The conditions can be dragged to convenient locations. 

 

Transition Tool 

Click initial state, 

points on path, and 

final state. 
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 Compile your design (Select Design ï Compile or use the Compile tool     ).  Correct any 

errors that occur. 

 
 

 Note that a VHDL file has now been generated with complete entity and architecture sections.  

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 has done for you! 
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3. Simulating your state machine 
 Now we need to simulate the design to see if is correct.  We could simulate it 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. 

 First, what input waveforms should we specify?  We should clock our 3-bit counter 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 pulses.  If each clock pulse is 100ns in 

length then the analysis should last 2000ns and the clock has 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. 

 

 

 

 

 

 

 

 

 

 Select Initialize Simulation  from the Simulation menu. 

 Create a new waveform window by selecting the New Waveform tool on the main menu (shown 

below).  

 Select the Structure tab in the design browser so that the available waveforms are listed as shown 

below. 
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 Select the desired waveforms and drag them to the Waveform Viewer window. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Drag the waveforms to rearrange them in the desired order. 

 
 

 Right click on waveform CLK and pick Stimulators from the menu that appears. 

   
 

Select waveforms 

and drag to 

Waveform Viewer 

window 
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 Click on Clock, set the frequency to 10 MHz, and select Apply . 

 
 

 Similarly, right-click on waveform X, select Stimulators, select Clock, set the frequency to 

  500 kHz, and select Apply . 
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 Set the final time on the main menu to 2000ns and select the Run Until  button.  The Run Until 

window will appear as shown below.  Select OK . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 The output waveforms A, B, and C should now be correct.  Study the waveforms and note that 

initially X = 0 and the count is 0, 7, 6, 5, 4, 3, 2, 1, 0, 7, 6 and then when X = 1 the count is 6, 7, 0, 

1, 2, 3, 4, 5, 6, 7, 0 

 
 

 

Implementing the design into a GAL22V10 PLD 

See the tutorial ñCombinational Logic Circuits Using Aldec Active-HDL.ò 
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