Quartus Il Simulation with Verilog Designs

This tutorial introduces the basic features of the Quartus® 11 Simulator. It shows how the Simulator can be
used to assess the correctness and performance of a designed circuit.
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QuartusR 11 software includes a simulator which can be used to simul ate the behavior and performanceof circuits
designed for implementation in Altera’s programmable logic devices. The simulator allows the user to apply test
vectors asinputsto the designed circuit and to observe the outputs generated in response. In addition to being able
to observe the simulated values on the 1/O pins of the circuit, it is also possible to probe the internal nodesin the
circuit. The simulator makes use of the Waveform Editor, which makes it easy to represent the desired signals as
waveforms.

Doing thistutorial, the reader will learn about:
Test vectors needed to test the designed circuit
Using the Quartus I Waveform Editor to draw the test vectors
Functional smulation, which is used to verify the functional correctness of a synthesized circuit

Timing simulation, which takes into account propagation delays due to logic elements and interconnecting
wiring

This tutorial is aimed at the reader who wishes to simulate circuits de ned by using the Verilog hardware
description language. An equivalent tutorial is available for the user who prefersthe VHDL language.

PREREQUISITES
Thereader is expected to have access to a computer that has Quartus 11 software installed. The detailed examples
in the tutorial were obtained using the Quartus |1 version 5.0, but other versions of the software can a so be used.

1 Example Circuit

As an example, we will use the adder/subtractor circuit shown in Figure 1. The circuit can add, subtract, and
accumulate n-bhit numbers using the 2's complement number representation. The two primary inputs are numbers
A=a, 1a8n 2 @andB =bn 1byh 2 Dbo, andthe primary outputisZ =z, 1zn 2  Zo. Another input
is the AddSub control signal which causesZ = A + B to be performed when AddSub=0andZ = A B when
AddSub = 1. A second control input, Sel, is used to select the accumulator mode of operation. If Sel = 0, the
operationZ = A B isperformed, but if Sl = 1, then B is added to or subtracted from the current value of Z.
If the addition or subtraction operationsresult in arithmetic over ow, an output signal, Over ow , is asserted.
To make it easier to deal with asynchronousinput signals, they are loaded into ip- ops on a positive edge of

the clock. Thus, inputs A and B will be loaded into registers Areg and Breg, while Sel and AddSub will be loaded
into ip- ops SelRand AddSUbR, respectively. The adder/subtractor circuit places the result into register Zreg.
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Figure 1. The adder/subtractor circuit.

The required circuit is described by the Verilog code in Figure 2. For our example, we use a 16-bit circuit as

speci ed by n = 16. Implement this circuit asfollows:

Create a project addersubtractor.

Include a le addersubtractor.v, which correspondsto Figure 2, in the project. For convenience, this leis
provided in the directory qdesigns.

Choose the Cyclone |1 EP2C35F672C6 device, which isthe FPGA chip on Altera’s DE2 board.

Compilethedesig

n.



// Top-level module

module addersubtractor (A, B, Clock, Reset, Sel, AddSub, Z, Over o w);
parameter n = 16;
input [n 1:0] A, B;
input Clock, Reset, Sel, AddSub;
output [n 1.0] Z;
output Over ow;
reg SelR, AddSubR, Over ow;
reg [n 1:0] Areg, Breg, Zreg;
wire [n 1.0]G,H, M, Z;
wire carryout, over_ow;

/I De ne combinational logic circuit

assign H=Breg” fnfAddSubRgg;

mux2tol multiplexer (Areg, Z, SelR, G);
defparam multiplexer.k = n;

adderk nbit_adder (AddSubR, G, H, M, carryout);
defparam nbit_adder.k = n;

assign over_ow =carryout ~ G[n 1] " H[n 1]~ M[n 1];

assign Z =Zreg;

// De ne ip- opsand registers
always @(posedge Reset or posedge Clock)
if (Reset==1)
begin
Areg <=0; Breg <=0; Zreg <=0;
SelR <= 0; AddSubR <= 0; Over ow <=0;
end
ese
begin
Areg <= A; Breg <=B; Zreg <= M;
SelR <= Sel; AddSubR <= AddSub; Over ow <= over_ow;
end
endmodule

Il k-bit 2-to-1 multiplexer
module mux2tol (V, W, Selm, F);
parameter k = 8;
input [k 1:.0] V, W,
input Selm;
output [k 1:.0] F;
reg [k 1L.0|F;

always @(V or W or Selm)
if (Selim==0) F=V,

ese F=W;
endmodule

... continued in Part b

Figure 2. Verilog code for the circuit in Figure 1 (Part a).



11 k-bit adder
module adderk (carryin, X, Y, S, carryout);
parameter k = 8;
input [k 1:0] X,Y;
input carryin;
output [k 1.0] S;
output carryout;
reg [k 1:0]S;
reg carryout;

always @(X or Y or carryin)
fcarryout, Sg =X + Y + carryin;
endmodule

Figure 2. Verilog code for the circuit in Figure 1 (Part b).

2 Using the Waveform Editor

Quartus Il software includes a simulation tool that can be used to simulate the behavior of a designed circuit.
Beforethe circuit can be smulated, it is necessary to create the desired waveforms, called test vectors, to represent
theinput signals. It isalso necessary to specify the outputs, aswell as possibleinternal pointsin the circuit, which
the designer wishesto observe. The simulator appliesthe test vectorsto the model of the implemented circuit and
determinesthe expected response. We will usethe Quartus|l Waveform Editor to draw the test vectors, asfollows:

1. Open the Waveform Editor window by selecting File > New, which gives the window shown in Figure 3.
Click on the Other Files tab to reach the window displayed in Figure 4. Choose Vector Waveform File
and click OK.
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Figure 3. Need to prepareanew le.
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Figure 4. Choose to prepare atest-vector le.

2. The Waveform Editor window is depicted in Figure 5. Save the le under the name addersubtractor.vwf;
note that this changes the name in the displayed window. In this gure, we have set the desired simulation
to run from 0 to 180 ns by selecting Edit > End Time and entering 180 ns in the dialog box that pops

up. Selecting View > Fit in Window displays the entire simulation range of 0 to 180 nsin the window, as
shown. Resize the window to its maximum size.
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Figure 5. The Waveform Editor window.

3. Next, wewant to include theinput and output nodes of the circuit to be simulated. Click Edit > Insert Node
or Bus to open thewindow in Figure 6. It is possible to type thefull hierarchical name of asignal (pin) into
the Name box, but it is easier to click on the button labeled Node Finder to open the window in Figure 7.
The Node Finder utility hasa Iter used to indicate what type nodes areto befound. Since we are interested
in input and output pins, set the Iter to Pins: all. Click the List button to nd the pin names as indicated
on the left side of the gure. Observe that the input and outpu t signals A, B, and Z can be selected either
asindividual nodes (denoted by bracketed subscripts) or as 16-bit vectors, whichisamore convenient form.
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Figure 6. The Insert Node or Bus dialogue.
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Figure 7. Selecting nodesto insert into the Waveform Editor.

Use the scroll bar inside the Nodes Found box in Figure 7 to nd the Clock signal. Click on thissignal and
then click the > sign in the middle of the window to add it to the Selected Nodes box on the right side of
the gure. Do the samefor Reset, Sel, and AddSub. Then choose vectors A, B and Z, as well as the output
Over ow, in the same way. (Severa nodes can be selected simultaneously in a standard Windows manner.)
Click OK to close the Node Finder window, and then click OK in the window of Figure 6. Thisleaves a
fully displayed Waveform Editor window, as shown in Figure 8. If you did not select the nodes in the same
order as displayed in Figure 8, it is possible to rearrange them. To move a waveform up or down in the
Waveform Editor window, click on the node name (in the Name column) and release the mouse button. The
waveform is now highlighted to show the selection. Click again on the waveform and drag it up or downin
the Waveform Editor.
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Figure 8. The nodes needed for simulation.

4. We will now specify the logic valuesto be used for the input signals during simulation. The logic values at
the outputs Z and Over ow will be generated automatically by the simulator. To make it easy to draw the
desired waveforms, the Waveform Editor displays (by default) vertical guidelines and provides a drawing
feature that snaps on these lines (which can otherwise be invoked by choosing View > Snap to Grid).
Observe also a solid vertical line, which can be moved by pointing to its top and dragging it horizontally.
This reference line is used in analyzing the timing of a circuit, as described later; move it to the time = 0

position. The waveforms can be drawn using the Selection Tool, which is activated by selecting theicon Ly

in the toolbar, or the Waveform Editing Tool, which is activated by theicon 2 . In the instructions below,
we will use the Selection Tool.

To simulate the behavior of alarge circuit, it is necessary to apply a suf cient number of input valuations
and observe the expected values of the outputs. The number of possibleinput valuations may be huge, soin
practice we choose a relatively small (but representative) sample of these input valuations. We will choose
avery small set of input test vectors, which is not suf cient to simulate the circuit properly but is adequate
for tutoria purposes. We will use eight 20-nstime intervals to apply the test vectors as shown in Figure 9.
The values of signals Reset, Sel, AddSub, A and B are applied at the input pins as indicated in the gure.

Thevalue of Z at timet; isafunction of theinputsat timet; ;. When Sal = 1, the accumulator feedback
loop is activated so that the current value of Z (rather than A) is used to compute the new value of Z.

Time Reset Sel AddSub A B 4
to 1 0 0 0 0 0
t1 0 0 0 54 1850 0
t 0 0 1 132 63 1904
t3 0 0 0 0 0 69
ts 0 0 1 750 120 0
ts 0 1 0 0 7000 630
ts 0 1 0 0 30000 7630
t; 0 1 0 0 0 37630

Figure 9. The required testing behavior.






