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This tutorial explains the major steps in Xilinx ISE design flow. It consists of three sections. The first section describes
how to enter a design through schematic capture, perform circuit simulation, assign pin locations, implement the design,
and generate FPGA configuration data. Section 2 discuss how to specify timing constraints and perform static timing
analysis. Section 3 explains how to use different design entry methods in a single design project.

1 Schematic-based FGPA Design flow

1.1 Creating a new project

Open XilinxProject Navigator either from desktop icon or from windows Start Menu. The Project Navigator Window
(PNW) is shown in Figure 1. It has four panels. The top panel inthe left is the Source Panel that list all the design
components (e.g. schematic, VHDL or Verilog code, and user constraint files) contained in the project. The middle pane
in the left is the Process Panel. From this panel, users can start different design tasks (e.g. synthesize, implement,etc.)
for selected design components. The bottom panel is the Transcript Panel for displaying ISE messages. The right panel
in the Project Navigator Window is the Workspace Panel, which serves for difference purposes during the design process.

Figure 1. Project Navigator window.

From the Project Navigation Window, clickFile menu and selectNew Project to bring up a new window as shown in
Figure 2 for specifying project name, directory, and the toplevel module type. After proper information is typed, click
Next to bring up a new window as shown in Figure 3 to select FPGA devices (on which your design is intended to be
implemented), synthesis tool, simulation tool (Modelsim), and simulation language. After this, three windows as shown
in Figure 4, 5, 6 will pop up. The first and second windows are for adding new sources and adding already existing
sources. The third window summaries the created design project. Next time when the Xilinx Project Navigator is opened,
the designer can selectOpen Project from File menu to open the created project.
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Figure 2. New project window. Figure 3. Selecting FPGA device.

Figure 4. Adding new source to the project. Figure 5. Adding existing source to the project.

Figure 6. Project summary window. Figure 7. New source window.

1.2 Creating schematic

From the Project Navigator Window, clickProject menu and selectNew Source. A window as shown in Figure 7
pops up. Selectschematic from the left panel and type circuit namemycircuit in the right panel. The directory in which
the schematic will be stored can be also changed in this window. After click Next and close the source summary window.
An ECS window as shown in Figure 8 will pop up. In the left side of the ECS window, there are two overlapped panels,
labeled byOptions andSymbols. Click the tab ofSymbolsto bring the Symbol Panel to the front. The top of the Symbol
Panel is the Category Window that lists all the available component libraries. The second window is the Symbol Window
displaying component (symbol) names. Below these two windows are two blanks for symbol displaying filter and symbol
orientation selection. The Symbol Information Button is located at the bottom of the Symbol Panel. Clicking this button
will open the corresponding symbol description file which isin PDF format.

To place a component in the schematic area of the ECS window, first select the desired component name from the
Symbol Window. Then, move the cursor (the symbol of the selected component will move with the cursor) to the desired
location in the schematic area and left click the mouse to place it. To easily find desired components from the Symbol
Window, the name of the desired component can be typed in the Symbol Name Filter blank to limit the symbol names
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Figure 8. Xilinx ECS window and example schematic.

appearing in the Symbol Window. Place the following components in the schematic area as shown in Figure 8.

• ibuf , input buffer, five ibufs are located in the left side of the schematic

• and2, two-input AND gate

• fd, D Flip-Flop

• or2, two-input OR gate

• obuf, output buffer, two obufs are located in the right side of theschematic

Click Add Wire icon (the second icon from the left in the ECS window) to change the Xilinx tool into wiring mode.
Move the mouse to connect the placed components as shown in Figure 8. Then, clickAdd IO Marker icon (the sixth
icon from the left). From the Option Panel, select the type ofIO markers before placing the markers into the schematic.
Finally, save the design and close the ECS window. Schematicfile mycircuit.sch should now be listed in the PNW Source
Panel.

1.3 Simulating the created design

After drawing the schematic, the next task is to verify the function of the design through logic simulation. The current
ISE tool in the ECE Department is configured to use ModelSim for logic simulation. To easily start the simulation process,
a testbench can be created as follows.

From the Project Navigator window, clickProject menu and selectNew Source. Configure the new source window as
shown in Figure 9. In the next window, selectmycircuit as shown in Figure 10. After these steps, a testbench summary
window is displayed. Closing the testbench summary window,a timing initialization window as shown in Figure 11 will
appear for specifying setup time, maximum delay as well as clock period and duty cycle (by specifying clock high time
and low time). Thereafter, a waveform window as shown in Figure 12 will be displayed. Use the mouse to toggle input
signal values. Finally, right click the mouse to bring up a pop-up menu and selectSet end of testbench. This will set the
time that the simulation will stop. In the waveform window, it is represented by a vertical blue time. The position of the
blue vertical line (also the simulation stop time) can be change with using the mouse. After save the testbench waveform,
testbench filetestcir.tbw should be listed in the PNW Source Panel.
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Figure 9. New source window for testbench file. Figure 10. Selecting circuit to be tested.

Figure 11. Timing initialization window. Figure 12. Waveform editing window.

In the PNW Source Panel, highlight testbench filetestcir.tbw. In the Process Panel, double clickView Behavioral Test
Fixture (or VHDL testbench if VHDL is selected in the project) to see the corresponding HDL code of the created test-
bench. Double click the ”+” sign in front ofModelSim Simulator to display more options(if they are not displayed yet).
Double clickSimulate Behavioral Model to invoke ModeSim. The ModelSim HDL simulation will be automatically
executed according to the testbench file and the simulation result will be displayed in a waveform window as shown in
Figure 13

Figure 13. ModelSim simulation result.

1.4 Specifying pin locations

There are multiple places in Xilinx ISE design flow that allowusers to specify pin locations. In the circuit schematic,
the designer can move cursor to select a input (or output) buffer and right click the mouse to bring up a pop-up menu.
SelectObject Properties. The Object Property Window pops up as shown in Figure 14. Click New to bring up the New
Property Window as shown in Figure 15. Enter loc for theAttribute Name and A5 for theAttribute Value .

Another method to assign pin locations is through user constraint file. In the PNW Source Panel, highlight schematic
file mycircuit.sch. In the Process Panel, click the ”+” sign in front ofUser Constraints to see more options. Double click
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Figure 14. Object property window. Figure 15. Adding location property.

Assign Package Pins. It brings up a window as shown in Figure 16. ClickYes. Xilinx PACE window will pop up as
shown in Figure 17. The PACE window consists of Design Browser Panel, Design Object List Panel, Device Architecture
Panel, and Pin Type Panel. From the Design Object List Panel,select a pin, drag it to the Device Architecture Panel, and
place it to the desired device pin location. The corresponding pin location will be displayed in the Design Object Panel.
Repeat the above process for all the pins. Save the setup and close the PACE window. User constraint filemycircuit.ucf
should now be listed in the PNW Source Panel.

Figure 16. Creating user constraint file.

Figure 17. Xilinx PACE window.

In the PACE window, users can also specify area constraints.Please refer to Xilinx User manuals for more detail
information. In the PNW Process Panel, double clickingEdit Constraints (Text) will open a text window to display user
constraints in text format. For large designs, it is more convenient to specify users constraints (pin assignments, area, and
timing) through editing this text user constraint file.
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Figure 18. Circuit placement result. Figure 19. Circuit routing result.

1.5 Design synthesis

In the PNW Source Panel, highlight schematic filemycircuit.sch. In the Process Panel, double clickSynthesize-XSTto
perform design synthesis. After the synthesis process, green marks appear to indicate the success of the synthesis process.
Yellow marks indicate the existence of warning messages. Red marks indicate the occurrence of errors. Both warning and
error messages will be displayed in the PNW Transcript Panel. Click the ”+” sign in front ofSynthesize-XSTto see more
options. Double clickingView Synthesis Reportwill bring up a text window that summarizes the synthesis result, which
includes device usage and timing information. Note that thetiming information reported here does not consider effectsof
placement and routing parasitics. In addition to synthesisreport, the synthesized schematic can also be viewed by double
clicking View RTL Schematic. This is a useful feature when performing static timing analysis as described later.

1.6 Design Implementation

The Xilinx ISE implementation process consists of three major steps:Translate, Map, andPlacement and Routing
(P&R). According to Xilinx user manual, the difference between Translate and Map is described as follows. ”Translate
consists of a number of various programs that are used to import the design netlist and prepare it for layout. Mapping is
the process of assigning design logic elements to the specific physical elements that actually implement logic functions in
a device.” The mapped physical elements are placed and routed in the final P&R phase. In the ISE tool, users can simply
double clickImplement Designto let the tool automatically complete the above three steps. However, advanced features
can be used in the implementation process to have more control over the final outcome.

After the implementation process is complete, double clicking View/Edit Placed Designor View/Edit Routed Design
(UnderPlace & Routegroup in the PNW Process Panel) will open new windows to display the placement and routing
results as shown in Figure 18 and 19, respectively. Also, thedesigner can double clickGenerate Post-Place & Route
Simulation mode to create HDL netlist for post-layout simulation. After thenetlist is generated, highlight testbench file
testcir.tbw in the PNW Source Panel. Double clickSimulate Post-Place & Route Verilog Modelin the Process Panel to
start simulation. Signals delayed will be observed in the simulation result because interconnect parasitics are considered
in simulation.

1.7 Generating configuration file

In the PNW Process Panel, double clickGenerate Programming File. After this process is complete, FPGA bit file
mycircuit.bit will be stored in the project directory.

2 Working with Timing Constraints

2.1 Specifying timing constraints

Timing constraints are used to guide how designs are implemented (including translate, map, place & route) in order
to meet desired performance. Timing constraints that are often used in Xilinx design flow include:clock period, pad
to setup time (offset in), clock to pad delay (offset out), andpad to pad delay. To specify timing constraints for the
example designmycircuit, double clickCreate Timing Constraints (underUser Constraints in the Process Panel). The
timing constraint window pops up as shown in Figure 20. Type 100 atperiod andPad to Padblanks. Type 20 atPad
to SetupandClock to Pad blanks. After saving timing constraints, the design needs to be re-implemented according to
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the specified timing constraints. If there are constraints that cannot be satisfied, error messages will be displayed in the
PNW Transcript Panel and the implementation process cannotbe completed. In such cases, the designer has to modify
your design or re-consider if the timing constraints are feasible.

Figure 20. Specifying timing constraints.

2.2 Performing static timing analysis

After mapping or placement and routing process is complete,static timing analysis can be performed. The analysis
result indicates what is the maximum frequency that the circuit can operate. It also reveals how the circuit can be mod-
ified for further performance improvement. In the PNW Process Panel, double clickAnalyze Post-Map Static Timing
(Timing Analyzer) in theMap group (orAnalyze Post-Place & Route Static Timing (Timing Analyzer)in thePlace
& Route group). The Timing Analyzer window appears as shown in Figure 21. Moving cursor around icons, their
corresponding icon names will appear.

Figure 21. Timing Analyzer window.

Click Analyze against timing constraintsicon to generate a static timing report. Figure 22 shows a portion of the
static timing report. The first text line states the timing constraint that is verified in the following portion of the report. The
second line summarizes how many paths are examined and how many errors are detected. The lines started withSource
andDestination indicate the starting and ending points (DFFs in this case, they can also be pads) of the currently reported
path. To find the corresponding path in the synthesized schematic, open the synthesized RTL schematic (double click
View RTL Schematic in theSynthesizegroup). The symbol of the synthesized circuit will first appear in the window.
Double click it to descend to the low-level schematic. In theleft Instance Content Panel, click the ”+” sign in front of
Instanceand selectXLXI 4. The corresponding component will be highlighted in the schematic window. Similarly, the
source elementXLXI 2 of the example path can be found.

The static timing report will list the minimum period and themaximum delays. Therefore, the maximum operating
speed of the design can be estimated. In addition, static timing analysis can be performed with stringent timing constraints
to see which path will fail first. (hence, the designer will know the critical path that need to be modified in order to further
improve circuit performance.) Double clickAnalyze Against User Specified Paths by Defining Clock and IO timing
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· · ·

Timing constraint: TSclk = PERIOD TIMEGRP ”clk” 10 nS HIGH 50.000000 %;
3 items analyzed, 0 timing errors detected. (0 setup errors,0 hold errors)
Minimum period is 2.484ns.
· · ·

Slack: 7.516ns (requirement - (data path - clock path skew + uncertainty))
Source: XLXI 2 (FF)
Destination: XLXI 4 (FF)
Requirement: 10.000ns
Data Path Delay: 2.484ns (Levels of Logic = 1)
· · ·

Figure 22. Static timing report.

icon. Configure the resulted window as shown in Figure 23 and click OK . A new timing analysis report will be generated.
It will be observed that a timing violation occurs in an output path (fromXLXI 2 to o1).

Figure 23. Specifying new constraints for timing analysis .

2.3 Performing dynamic timing verification

In addition to static timing analysis, you also need to perform dynamic timing verification. This is done by performing
post-place & route simulation (refer to Section 1.6).

3 Working with Different Design Entry Methods

Beside the schematic entry method, design components can beentered into the project by writing HDL (VHDL or
Verilog) codes and drawing state diagrams. As a general approach, the top level design is usually entered using schematic
method. Thereafter, the partitioned function blocks are designed by writing HDL codes. For finite state machines (FSMs),
sometimes it is more convenient to draw state diagrams. The following example illustrates how to use these design
approaches in a single design project. The function of the example circuit is to count how many ”101” patterns appear in
a serially transmitted data stream at a given time window. This simple circuit is partitioned into four functional blocks:
reset delay circuit, counter circuit, pattern detection circuit, and register circuit. The implementation of these sub circuits
are described as follows.
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3.1 Reset delay circuit (rstgen)

Following the method discussed early, draw the schematic ofthe reset delay circuit as shown in Figure 24. Since
the input and output signals of this circuit are internal signals, input and output buffers are not needed in the schematic.
However, IO markers are still needed as shown in the schematic. After save the schematic, in the Process Panel double
click Create Schematic Symbolto create a symbol for this circuit.

Figure 24. Reset delay circuit.

3.2 Counter Circuit

From the Project Navigator Window, clickProject menu and selectNew Source. In the New Source Window, select
Verilog Module and specify the file name ascounter. In the Verilog edit window, type the code as shown in Figure 25.
After save the code, create its schematic symbol as discussed early.

Figure 25. Verilog code of a 8-bit counter.

3.3 Pattern detection circuit

From the Project Navigator Window, clickProject Menu and selectNew Source. In the New Source Window, select
State Diagramand specify the file name aspatdect. In the openedStateCAD window, click Help and selectTutorial .
Read the tutorial to learn how to draw state diagrams. Then draw thepatdect state diagram as shown in Figure 26. (Its
function is to detect 101 pattern. Once a pattern is found, the output of the FSM becomes logic 1 for one clock cycle.) Click
Optimization andgenerate HDL icons to create Verilog code for the designed FSM. In the Project Navigator Window,
click Project and selectAdd Sourceto add the created Verilog code into the project. Finally, create the schematic symbol
for the FSM.
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Figure 26. State diagram of the pattern detection circuit.

3.4 Top level circuit

The top view of the design is shown in Figure 27. After this schematic is complete, the entire design can be synthesized
and implemented.

Figure 27. Top level schematic.
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