SignalTap Il with Verilog Designs

This tutorial explains how to use the SignalTap Il featur¢himi Altera’s Quartus® Il software. The Signal-
Tap Il Embedded Logic Analyzer is a system-level debuggotd that captures and displays signals in circuits
designed for implementation in Altera’s FPGAs.
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Quartu@ Il software includes a system level debugging tool callegn&iTap Il that can be used to capture
and display signals in real time in any FPGA design.

Doing this tutorial, the reader will learn about:
¢ Probing signals using the SignalTap software

e Setting up triggers to determine when data is to be captured

This tutorial is aimed at the reader who wishes to probe $sgnaircuits defined using the Verilog hardware
description language. An equivalent tutorial is availdblethe user who prefers the VHDL language.

PREREQUISITES
The reader is expected to have access to a computer that hasiQl software installed. The detailed examples
in the tutorial were obtained using the Quartus Il versidn But other versions of the software can also be used.

1 Example Circuit

As an example, we will use the switch circuit implemented @riMdg in Figure 1. This circuit simply connects
the first 8 switches on the DE2 board to the first 8 red LEDs orbtieed. It does so at the positive edge of the
clock (CLOCK_50) by loading the values of the switches integister whose output is connected directly to the
red LEDs.

/] Top-level module

module switches (SW, CLOCK_50, LEDRY);
input [7:0] SW;
input CLOCK_50;
output reg [7:0] LEDR;

always @(posedge CLOCK_50)
LEDR [7:0] = SW [7:0];
endmodule

Figure 1. The switch circuit implemented in Verilog code

Implement this circuit as follows:
e Create a projecwitches

e Include a fileswitches.ywhich corresponds to Figure 1, in the project. For convaseethis file is provided
in the directoryDE2_tutorials,design_fileswhich can be found on Altera’s DE2 web pages.

e Choose the Cyclone Il EP2C35F672C6 device, which is the FEiGg\on Altera’s DE2 board.



e Importthe csv file calle®E2_pin_assignments.cBy clicking Assignments->Import Assignments. The
node names used in the sample circuit correspond to the nasadsn this file.

e Compile the design.

2 Usingthe SignalTap Il software

In the first part of the tutorial, we are going to set up the 8ifap Logic Analyzer to probe the values of the 8
LED switches. We will also set up the circuit to trigger whée first switch (LED[O]) is high.

1. Open the SignalTap Il window by selectiRde > New, which gives the window shown in Figure 2. Click
on theOther Files tab to reach the window displayed in Figure 3. ChoSgmalTap Il Logic Analyzer

File and clickOK.
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Figure 2. Need to prepare a new file.
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Figure 3. Choose to prepare a SignalTap Il File.

2. The SignalTap Il window with th8etup tab selected is depicted in Figure 4. Save the file under ttreena
switches.stplf the dialog box in Figure 5 appears, cli€K. In the dialog box that follows (Figure 6), also
click OK. For the dialog "Do you want to enable SignalTap Il file swéslstp for the current project,” click
Yes (Figure 7). The fileswitches.stjis now the SignalTap file associated with the project.

Note: If you want to disable this file from the project, or tealhle SignalTap from the project, goAs-
signments > Settings. In the category list, sele&ignalTap Il Logic Analyzer, bringing up the window

in Figure 8. To turn off the analyzer, uncheck Enable. Alsis possible to have multiple SignalTap files
for a given project, but only one of them can be enabled at a.tiflaving multiple SignalTap files might
be useful if the project is very large and different sectiohthe project need to be probed. To create a new
SignalTap file for a project, simply follow Steps 1 and 2 agamnd give the new file a different name. To
change the SignalTap file associated with the project, irSigaalTap File Name box browse for the file
wanted and clickOpen, then clickOK. For this tutorial we want to leave SignalTap enabled and aBtw
the SignalTap Il File name to mvitches.stpMake sure this is the case and clioK to leave the settings
window.
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Figure 4. The SignalTap Il window.
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Figure 5. ClickOK to this dialog.
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Figure 6. ClickOK to this dialog.
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Figure 8. The SignalTap Il Settings window.

3. For this project, we wish to turn off the incremental colaon feature of the Quartus Il software. To do
this, in the SignalTap Il window uncheck the Incremental @dation box. Then, select the Setup tab to
reach the window shown in Figure 9.
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Figure 9. The Setup tab of the SignalTap Il window with Inceznial Compilation turned off.

4. We now need to add the nodes in the project that we wish toeprin the Setup tab of the SignalTap I
window, double-click in the window that say3ouble-click to add nodes, bringing up the Node Finder
window in Figure 10. ClickList. This will now display all the nodes that can be probed in thgqet.
Highlight SW[0] to SW[7], and then click the > button to add tiétshes to be probed. Then cli¢bK.
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Figure 10. Add nodes in the Node Finder window.

5. Before the SignalTap analyzer can work, we need to set @ elthck is going to run the SignalTap module
that will be instantiated within our design. To do this, irt@lock box of the Signal Configuration pane



of the SignalTap window, click ..., which will again bring tipe Node Finder window. Selettst to add
all the nodes that can be added as the clock, and then dolitkezt OCK_50, which results in the image
shown in Figure 11. CliclOK.
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Figure 11. Set CLOCK_50 as the clock for this SignalTap imsta

6. With theSetup tab of the SignalTap window selected, select the checkbalanrigger Levels column.
In the dropdown menu at the top of this column, seRasic. Right-click on the Trigger Level cell corre-
sponding to the node SW[0] and selétigh. Now, the trigger for running the Logic Analyzer will be when
the first switch on the DE2 board is set to high, as shown inreid@2. Note that you can right click on the
Trigger Levels cell of any of the nodes being probed and setrigger condition to a number of choices.
The actual trigger condition will be true when the logical BIf all these conditions is satisfied. For now,
just keep the trigger condition as SW[0] set to high and therstBet to their default valuBon't Care.
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Figure 12. Setting the trigger conditions.



7. For SignalTap Il to work, we need to properly set up the waré. First, make sure the DE2 board is
plugged in and turned on. In the Hardware section of the $igpdl window, click Setup, bringing up the
window in Figure 13. Double click USB-Blaster in the AvailatHardware Items menu, then cli€kose.

Hardware Setup g|

Hardware Settings l JTAG Settings ]

Select a prograrmming hardware setup to use when programming devices. Thiz programming
hardware setup applies anly to the current programmer window.

Currently zelected hardware: | |J5E-Blaster [USEB-0] ﬂ

Awailable hardware ikems:
Hardware | Server | Port | Add Hardware. .. |
I1SB-Blaster Local 1SE-0 |

Cloge

Figure 13. Setting up hardware.

8. The last step in instantiating SignalTap in your desigo isompile the design. Seletocessing > Start
Compilation and indicate that you want to save the changes to the file bkintj OK. After compilation,

go toTools > Programmer and load the project onto the DE2 board.

3 Probingthe Design Using SignalTap ||

Now that the project with SignalTap Il instantiated has bkeedled onto the DE2 board, we can now probe the
nodes as we would with an external logic analyzer.

1. Onthe DE2 board, first set all of the switches (0-7) to love Wil try to probe the values of these switches
once switch 0 becomes high.

2. SelectProcessing > Run Analysis or click the "q icon in the SignalTap window. Then, click on the
Data tab of the SignalTap Il Window. You should get a screaerilar to Figure 14. Note that the status
column of the SignalTap Il Instance window says "Waitingtfaggger.” This is because the trigger condition
(Switch 0 being high) has not yet been met. (This is of codrSevitch 0 is actually low as instructed in the

previous step. If it is not, set it to low and then click Run Arsés again).
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Figure 14. SignalTap Il window after Run Analysis has bedérkel.

3. Now, to observe the trigger feature of the Logic Analyset,Switch 0 on the DE2 board to high. The data
window of the SignalTap Il window should display the imagerigure 15. Note that this window shows
the data levels of the 8 nodes being tapped before the triggetition was met and also after. To see this,
flip on any of the switches from 0-7 and then clieRkin Analysis again. When switch 0 is set to high again,
you will see the values of the switches displayed on the $igipal Logic Analyzer.
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Figure 15. Graphical display of values after trigger candiis met.

4 Advanced Trigger Options

Sometimes in a design you may want to have a more complicatggeting condition than SignalTap’s basic
triggering controls allow. The following section descslgow to have multiple trigger levels as well as how to
create advanced triggering options.

4.1 MultipleTrigger Levels

In this section, we will set up the analyzer to trigger whegr¢his a positive edge from switch 0, switch 1, switch
2, and then switch 3, in that order.

1. Click theSetup tab of the SignalTap Il window.

2. In the Signal Configuration window, select 4 from Triggewvkls menu as in Figure 16. This modifies the
node list window by creating three new Trigger Levels colsmn
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Figure 16. Set trigger levels to 4.

3. Right click the Trigger Level 1 cell for SW[0], and selé&iing Edge. Do the same for the Trigger Level
2 cell for SW[1], and then for Trigger Level 3 for SW[2] and Triggig-evel 4 for SW[3]. You should end up
with a window that looks like Figure 17.
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Figure 17. Multiple trigger levels set.

4. Now, recompile the design and load it onto the DE2 boarihaga

5. Go back to the SignalTap Il window, click on the Data talg #men clickRun Analysis. Note that the
window will say "Waiting for trigger" until the appropriateigger condition is met. Then, in sequence, flip
to 1 switches 0, 1, 2, and then 3. Each time you flip each switehstatus column of the Instance Manager
of the SignalTap window will say a trigger condition has beest. Figure 18 shows what this window looks
like after the first two switches have been flipped to 1.
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After this has been done, you will see the values of all theches displayed as in Figure 19. Experiment
by following the procedure outlined in this section to sebtiper trigger conditions and use the DE2 board
to test these trigger conditions.

If you want to continuously probe the analyzer, instead wkahtg "Run Analysis," click "Autorun Analy-
sis" which is the icon right next to the "Run Analysis" icofiybu do this, every time the trigger condition
is met the value in the display will be updated. You do not havee-select "Run Analysis." To stop the

"Autorun Analysis" function, click the ® icon.

Instance Manager: | | Acquizition in progress @ x
Instance Status | Increment... | LEs: 481 | Memary: 10, | ME12/AUTRAM: 0] MAKMIK. | M-RAMMI44K: 0
Ii‘ auta_signaltap_0 Trigger level 2 met ~ 4871 cells 1024 bits 0 blocks 1 blocks 0 blocks

Figure 18. Instance manager window after first two switctea®tbeen switched to 1.
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Figure 19. Logic Analyzer display when all four trigger caahs have been met.

4.2 Advanced Trigger Levels

In this section we will learn how to create advanced triggerditions. Our trigger condition will be whenever any
one of the first 3 LED displays have a positive or negative edigs means that the Logic Analyzer will update
its display everytime one of these inputs change. Note tleatauld have any logical function of the nodes being
probed to trigger the analyzer. This is just an example.rAfter implement this in the next few steps, experiment
with your own advanced triggers.

1. Have theswitcheroject opened and compiled from the previous exampledsrtutorial.

2. Open the SignalTap window select the Setup tab. In theaGi@anfiguration window make sure that the
number of Trigger Levels is set to 1.

3. Inthe Trigger Levels column of the node list, make surebitreis checked and sele&tlvanced from the
dropdown menu as in Figure 20. This will immediately bringthp window in Figure 21. This window
allows you to create a logic circuit using the various noties you are probing with SignalTap.
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Figure 20. Select Advanced from the Trigger Level dropdovemm
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Figure 21. The Advanced Trigger editing window.

4. In the node list section of this window, highlight the 3 BeEW][0] to SWI[2], and click and drag them into
the white space of the Advanced trigger window, resultinfigure 22. Note that you can also drag and
drop each node individually.
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Figure 22. The three input nodes of interest dragged inté\thenced Trigger Editing Window.

5. We now need to add the necessary logical operators to rmutitciWwe will need an OR gate as well as three
edge level detectors. To access the OR gate, click on thesfgamext toLogical Operators and select
Logical Or, as in Figure 23. Then drag and drop the operator into thengditindow.

Object Libran:

+

+

+

»

E J
E J
E J

Input Objects A
Comparizon Operators

Bitwize Operators

Logical Operators

# Logical Mot

#* Logical And

= B ogical Or
* Logical #or

+- # Reduction Operators bl

Figure 23. Select the Logical Or operator from the Objectaip window and drag this into the editing window.

6. In the object library clickedge and Level Detector and drag this into the editing window. Do this three
times and then arrange the circuit as in Figure 24. The tmet$ should each be connected to the input
of an edge and level detector and the output of each of thésetdes should be connected to the OR gate.
The output of the OR gate should be connected to the outpatigady in the editing window.
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Figure 24. Arrange the elements to create a circuit thatddigk this.

7. We now need to set each edge and level detector to senseaftiling edge or a rising edge. Double click
one of the edge and level detectors, bringing up the winddwigare 25. Type E in the setting box and then
click OK. This will mean that the detector will output 1 whenever thisr either a falling edge or a rising
edge of its input. Repeat this step for the two remaining eohgelevel detectors.

& Ob ject Properties

General FParameters l

Pararneter =
I arne: Edge & Level Detector Pattern ﬁ

Reset Al
Setting: j
v

Dezcription: |5 pecifies the pattern uzed to compare with inputs.
Create patterns ugsing the following legal characters:
1=High. O=Low, H=High, L=Low, R=Rising Edge,
F=Falling Edge. E=Either Edge. ¥=Don't Care.

Exizting parameter settings:

M arme: | Seting: | Configurable at runtime:
Edge & Level Detector Fattern E Always
Fipelife 1 Mewer

k. | Cancel

Figure 25. Type E in the setting box so that the function &iggon both rising and falling edges.
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8. To test this Advanced trigger condition, compile the geed circuit again and load it onto the DE2 board.
Then run Signal Tap as described in the previous section.skould note that the Analyzer should sense
every time you change one of the first three switches on thedboa

5 Sample Depth and Buffer Acquisition M odes

In this section, we will learn how to set the Sample Depth af analyzer and about the two buffer acquisition
modes. To do this, we will use the previous project and usmeated buffering. Segmented buffering allows us
to divide the buffer into a number of separate, evenly sizgrents. We will create a sample depth of 128 bits
and divide this into four 32-sample segments. This willwlles to capture 4 distinct events that occur around the
time of our trigger.

1. Change the trigger condition back to Basic and have ordytiagger level. Make the trigger condition to be
at either edge of SW[0].

2. In the Signal Configuration pane of the SignalTap Il windimihe Sample depth section of the pane select
256 from the dropdown menu. This option allows you to spekdw many samples will be taken around
the triggers in your design. If you require many samples taudeyour design, select a larger sample depth.
Note, however, that if the sample depth selected is too Jaéngee might not be enough room on the board
to hold your design and the design will not compile. If thippans, try reducing the sample depth. At a
sample depth of 256 you should have no problems in compilimgegample design.

3. Inthe Signal Configuration pane of the SignalTap Il windimnhe Buffer Acquisition Mode section of the
pane select Segmented. The default option for Buffer AdtimisMode is circular, and this is the mode that
would have been selected in the previous parts of this altom the dropdown menu beside Segmented,
select 8 32 sample segments. This will result in a pane tloéslbke Figure 26.
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Figure 26. Select Segmented buffer acquisition mode with 88nple segments

4. Recompile and load the designed circuit onto the DE2 boblialv, we will be able to probe the design
using the Segmented Acquisition mode.

5. Go back to the SignalTap Il window and cliBkin Analysis. Now, flip SW[0] up and down, and in between
flips change the values of the other 7 switches. After you lifre this 8 times, the values in the buffer
will be displayed in the data window, and this will displagtralues that the 8 switches were at around each
trigger. A possible waveform is presented in Figure 27. Ta@ilted from the user flipping up one more
switch between each flip of SW[O].
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Figure 27. Possible waveforms that could result when usiagsegmented Acquisition mode.
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