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Lab 3: Global Timing Constraints Lab

Targeting the Spartan-3E Starter Kit

Global Timing Constraints Lab

Introduction 

In this lab, you use the global timing constraints to improve the system clock frequency of an existing project. You also use the Post-Map Static Timing Report and the Post-Place & Route Static Timing Report to analyze the performance of the design.

Objectives 

After completing this lab, you will be able to:

· Use the Xilinx Constraints Editor to enter the global timing constraints

· Review the Post-Map Static Timing Report and verify that the timing constraints are realistic

· Use the Post-Place and Route Static Timing Report to determine the delay of the longest constrained path for each timing constraint

References

The following pieces of documentation may be referenced during the completion of this lab, which can be downloaded from the Xilinx web site at http://www.xilinx.com
· PicoBlaze User Guide

· Spartan-3E Data Sheet

· Digilent Spartan-3E Board Data Sheet

· Platform Flash In-System Programmable Configuration PROMs data sheet

Design Description

In this lab, you will implement an embedded processor system with several peripherals.  From a

hardware perspective, most of the system is provided for you. You are encouraged to read the 

hardware description of the system, however, so that you understand it.
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Figure 3-1. PicoBlaze System

The main task for this lab is to write software in PicoBlaze assembly to implement a loopback test.  A loopback test is a test in which a signal is sent to a device and returned back from that same device as a way to determine whether the device is working correctly.

The first loopback test will echo switch settings on LEDs.  Here, you are transmitting with your fingers, and receiving with your eyes what is looped back by the system.  The second loopback test will echo serially received data over an RS232 serial port.  Here, a desktop computer is transmitting with its serial port, and receiving with its serial port what is looped back by the system.

As shown in Figure 1, the system has a number of inputs.  There is a clock and a reset input, plus an 4-bit switch input and a serial receive input.  The serial receive input originates from the RS232 connector on the board and passes through a voltage level translator before reaching the FPGA device.

clk

clock signal, 50 MHz from oscillator

rst

reset signal

rs232_rx

serial receive input

switches[7:0]
8-bit switch input

Also shown in Figure 1 are the outputs.    There is an 8-bit LED output and a serial transmit output.  The serial transmit output originates from the FPGA and passes through a voltage level translator before reaching the RS232 connector on the board.

rs232_tx

serial transmit output

leds[7:0]

8-bit LED output

You must successfully implement the system from the provided source files, and then develop a small software program.  The software development is split into three parts.  Your final software implementation is required to transmit a short message upon reset, and then concurrently perform two loopback functions:

· Echo switch settings on LEDs

· Echo serially received data over an RS232 interface

When you successfully complete this lab, you will have gained an understanding of how to use PicoBlaze to implement a simple embedded processor system.

Timing Report Information 

The Anatomy of a Timing Report

Timing reports detail why your timing constraints failed and which paths passed or failed.

When you open a timing report, the Timing Analyzer utility generates your timing report.

The Timing Analyzer GUI contains three windows (Figure 3-2). You can use the Hierarchical Browser, on the left, to navigate through large reports easily.

The Path Detail window is in the lower-right corner. The Path Detail window contains the actual text of the timing report.

The top window displays the section of the timing report that you are currently viewing in the Path Detail window.
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Figure 3-2. The Timing Analyzer GUI

The Detailed Path Analysis (Figure 3-3) contains information about the delay path, including the following:

· Slack—the difference between the constraint and the actual length of the path (negative slack indicates that the path failed to meet the constraint)

· Path source and destination
· List of incremental delays along the path (abbreviations correspond to data sheet information)

· Fanout of each net in the delay path

· Total delay on the path
· Percentage breakdown between logic and routing—this provides you with an idea of whether your delay path was poorly placed
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UCF and NCF Syntax Example
TIMESPEC PERIOD Method (Primary Method) (Recommended)

UCF Syntax
TIMESPEC “TSidentifier”=PERIOD “INM_reference period” [units] [{HIGH ‘
LOW} [high_or_low_time [hi_lo_units]]]INPUT_JITTER value [units];

where

o identifier is a reference identifier that has a unique name

o TNM_reference is the identifier name that is attached to a clock net (or a net in the clock
path) using the TNM or TNM_NET constraint

When a TNM_NET constraint is traced into the CLKIN input of a DLL or DCM
component, new PERIOD specifications may be created at the DLL/DCM outputs. If new
PERIOD specifications are created, new TNM_NET groups to use in those specifications
are also created.

»
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Each new TNM_NET group is named the same as the corresponding DLL/DCM output
net (outputnetname). The new PERIOD specification becomes "TS_outputnetnanme=PERIOD
outputnetname value units."

The new TNM_NET groups are then traced forward from the DLL/DCM output net to tag
all synchronous elements controlled by that clock signal. The new groups and
specifications are shown in the timing analysis reports.

Rules
The following rules apply:

o period is the required clock period.

e units is an optional field to indicate the units for a clock period. The default is
L) st tha timi N e fall EEN o4,

o 5

1
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OFFSET Syntax E
Global Method

UCF Syntax Example

OFFSET = {IN|OUT} “offset_time” [units] [VALID <datavalid time>]
{BEFORE | AFTER} “clk_name” [TIMEGRP “group_name”] {HIGH | LOW};

PCF Syntax Example

OFFSET = {IN|OUT} “offset_time” [units] [VALID <datavalid time>]
{BEFORE |AFTER} COMP “clk_iob name” [TIMEGRP “group_name”]{HIGH | LOW};
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where

o offset_time is the external differential between the initial clock edge and data
transition. For FPGA architectures the initial clock edge is defined by the period
constraint keyword HIGH/LOW or the HIGH/LOW keyword on the OFFSET
constraint.

¢ HIGH/LOW or the HIGH/LOW keyword on the OFFSET constraint.

o units is an optional field that indicates the units for the offset time. The default units
are nanoseconds, but the timing number can be followed by ps, ns, us, ms to show the
intended units.

«  The UCF syntax variable clk_nanie is the fully hierarchical net name of the clock net
between its pad and its input buffer.

o The PCF syntax variable clk_iob_name is the block name of the clock IOB.

e The optional TIMEGRP group_name defines the group of registers to be analyzed. By
default, all registers clocked by clk_nane are analyzed.

o IN | OUT specifies that the offset is computed with respect to an input IOB or an
output TOB. For a bidirectional OB, the IN | OUT syntax lets you specify the flow of

) an tha TOR ]

dabs Linmut ax
4 d[azeo | b bl | © ©





Figure 3-3. Detailed Path Analysis

Procedure 

In this lab, you will create a simple embedded system and enter the location and global timing constraints. 

This lab comprises three primary steps: you will open the project, enter the global timing constraints, and, finally, implement the design and analyze the timing. Below each general instruction for a given procedure, you will find accompanying step-by-step directions and illustrated figures that provide more detail for performing the general instruction. If you feel confident about a specific instruction, feel free to skip the step-by-step directions and move on to the next general instruction in the procedure.

Note: If you are unable to complete the lab at this time, you can download the lab files for this module from the Xilinx University Program site at http://www.xilinx.com/univ
Assemble a Program Template 
Step 1
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Launch the ISE Project Navigator and open the time_const project.  Compile the assembly program template, program.psm, to generate the program.v file containing the instruction ROM.

· Select Start (  Programs ( Xilinx ISE 8.2i ( Project Navigator
· Select File ( Open Project in the Project Navigator 

· Browse to one of the following directories:

· VHDL users:  c:\xup\fpgaflow\labs\VHDL\lab3
· Verilog users:  c:\xup\fpgaflow\labs\Verilog\lab3
· Select time_const.ise, click Open and review the top-level design 
· Open a command prompt by going to Start ( Programs ( Accessories ( Command Prompt
· CD to the Assembler sub-directory (located in project directory), which contains a program template (program.psm) and a batch file to assemble it

> cd c:\xup\fpgaflow\labs\verilogl\lab3\assembler (Verilog users)

> cd c:\xup\fpgaflow\labs\vhdl\lab3\assembler (VHDL users)

· Enter the following command at the prompt to assemble the program template to generate the program ROM:

> kcpsm3 program

Note: This template is syntactically correct but functionally useless – you will return to 

complete a meaningful program later.

· In ISE, add the generated ROM HDL file to the project.

· Perform a syntax check by highlighting the top-level design file and double-clicking on Check Syntax under the Synthesis process

· Switch to Behavioral Simulation mode and perform a simulation using the testbench.v/vhd

After zooming in, you should see results similar to the following figure.  Later on, you will enter code to echo the switch settings to the LEDs.


[image: image2]
Figure 3-4. Switch settings do not echo back to LEDs

Enter the Global Timing Constraints
Step 2

[image: image33.png]ilinx - Project Navigator
File Edt Vew Projct Source Process Simuation Window Hel > -

o
x

D|@|ci|@| & #|E] @@ [m L0 58] o] HlFn_pe )
5= » |»2|50000 ~ljns !
2l
Sources n Pofect < tana
[ tive_constise .
= € xR how
=[] loopback floopback.v] 40900 ns ans 8180 16360 ns 24540 3272005 40301
[2) loopback_testbench_v_tf [CXUP e T
Q) loopback uct | Btedsiro) a5 0 )1 55 -
Kepsm3 (CAXUP\Matkels\PLDStWe Mrs222 o [ 1
program (CXUPMakels PLDS e
a1t (CAXUPMarkels\PLDSWor ek 1 7
<l | [ st o |
" St Mode.. [ g Snapshot...| [0 Library View B switches[7:0 85 [ i 85
2l
= W loopback_testbench v loopback_testench_
ETI— sl > >

Tesberchy B lopback t.

B Process View | BB 5im Hierarchy - bopback t X Design Sum.

2 [Tusing 'zun -all’ on the command line

<] Finished circuit initialization process
Resst is deasserted
BASS: LEDs equal switches
PASS: LEDs equal switches

Sinulation is over, check the waveforns
Stopped at time - 40,900 us : File "C:/KUP/Markets/PLDs Workshops/vark Verilog/labi/testbench.v” Line 11
Stopped at line=114 file name=C:/XUP/Markets PLDs Vorkshops work Verilog/labd.testbench.v

15

BT Coreo | Wi FrdinFies | € Evos ] ¥ Warks) i sin Corsoe

Ready




In this step, you will use the manual approach by entering constraints via the UCF (User Constraints File)
· In the Sources in Project window, select the top-level design file loopback.vhd/.v
· In the Processes for Source window, expand User Constraints and double-click Edit  Constraints (Text) (Figure 3-4)
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TNM_NET Syntax Examples

Following are syntax examples using the constraint with particular tools or methods. If a
tool or method is not listed, the constraint may not be used with it.

Schematic Syntax Example

Attach to a net
Attribute Name: TNM_NET
Attribute Values: identifier

For a discussion of identifier, see “UCF and NCF Syntax Example” in this chapter.

UCF and NCF Syntax Example

NET “net_name” TNM NET=[predefined_group:]identifier;

where

predefined_group can be:
All of the members of a predefined group using the keywords FFS, RAMS, PADS,

MULTS, HSIOS, CPUS, DSPS, BRAMS_PORTA, BRAMS_PORTB or LATCHES as

follows:

.

EFS refers to all CLB and IOB flip-flops. Flip-flops built from function generators
are not included.

RAMS refers to all RAMs for architectures with RAMS. This includes LUT RAMS
and BLOCK RAMS.

PADS refers to all I/O pads.

MULTS group the Spartan-3, Spartan-3A, and Spartan-3E and Virtex-1I registered
multiplier.

CPUS group the Virtex-1I Pro or Virtex-II Pro X processor.
DSPS is used to group DSP elements like the Virtex-4 DSP48.
HSIOS group the Virtex-1I Pro or Virtex-II Pro X gigabit transceiver.

LATCHES refers to all CLB or IOB latches. Latches built from function generators
are not included.

Constraints Guide
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[image: image3]
Figure 3-5. Processes for Source Window

The project does not currently have a UCF file associated with it. The Project Navigator will offer to create one automatically.

· Click Yes to create a new UCF file called loopback.ucf and add it to the project
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Referring to the Software Manuals, use the recommended approach to enter a PERIOD constraint of 20 ns for clk.
· Go to Start ( Programs ( Xilinx ISE 8.2i ( Documentation ( Software Manuals

· Click on Constraints Guide
· Under section 5 Xilinx Constraints, browse to the section on the PERIOD constraint and review the available methods for specifying a clock period constraint
· Use the recommended method consisting of TNM_NET (name identifier  “clk”) and TIMESPEC PERIOD constraints to assign a period of 20 ns to the clock signal called “clk”.  See below for hints, where the red circles indicate relevant parameters for this constraint.

[image: image4]
Figure 3-6. TNM_NET constraint with relevant parameters highlighted


[image: image5]
Figure 3-7. TIMESPEC constraint with relevant parameters highlighted
Enter an OFFSET IN constraint of 7 ns and an OFFSET OUT constraint of 7.5 ns for clk. Then save the constraints and exit the Constraints Editor.

· Enter an OFFSET IN constraint of 7 ns relative to the net name “clk” via the UCF

[image: image6]
Figure 3-8. OFFSET OUT constraint with relevant parameters highlighted

· Enter an OFFSET OUT constraint of 7.5 ns via the UCF

[image: image7]
Figure 3-9. OFFSET OUT constraint with relevant parameters highlighted

· Select File ( Save

Enter the Pin Location Constraints
Step 3


Most FPGA designs have pinout requirements before the design is complete.  In this lab, you will manually assign locations to the input/output pins (table 3-1) in the design, via the UCF file, according to the Digilent Spartan-3E Users Manual.  

	Pin Name
	Direction
	Width
	Spartan-3E Board connection

	clk
	Input
	1 bit
	50 MHz clock oscillator

	rst
	Input
	1 bit
	Use rotary push button

	switches (connect first 4 to switches; assign LVTTL to last 4 in UCF )
	Input
	8 bits
	4 Slide switches 

	rs232_rx
	Input
	1 bit
	RS-232 serial receive

	LEDs
	Output
	8 bits
	8 LEDs

	rs232_tx
	Output
	1 bit
	RS-232 serial transmit


Table 3-1. Design I/O pins

·  Open the Spartan-3E Starter Kit User Guide provided with this distribution, and assign locations for the inputs/outputs listed in table 3-1.

Note: The UCF constraint entries are provided in the documentation
· Save the UCF file when finished

Implement the Design and Analyze the Timing
Step 4

Implement the design. Look through the Post-Map Static Timing Report and the Post-Place & Route Static Timing Report to complete Chart 1 and Chart 2 in this section.

· In the Processes for Source window, expand the Implement Design process, and expand the Map process

If you do not see the Implement Design process, make sure that loopback.vhd/.v is selected in the Sources in Project window.

· Expand the Generate Post-Map Static Timing process

· Double-click on Analyze Post-Map Static Timing
Performing these steps implements the design through MAP, generates the Post-Map Static Timing Report, and opens the report in the Timing Analyzer. Use the report to verify that your timing constraints are realistic and to avoid wasting Place & Route time.

When filling in the charts, locate the PERIOD constraint that was placed on CLKFX_BUF (output of DCM).

If the timing report states that no timing constraints were found, the Project Navigator did not rerun the Translate step. Repeat Step 3, making sure that you right-click Post-Map Static Timing Report and select Rerun All.

1. Complete the row titled Post-Map in the following chart:  

	Chart 1
	PERIOD constraint
	OFFSET IN constraint
	OFFSET OUT constraint

	
	
	
	

	Constraint
	You must calculate
	7 ns
	7.5 ns

	Post-Map


	
	
	


Compare your answers with those in the Answers section of this lab.

· Exit the Timing Analyzer
· In the Processes for Source window, expand the Place & Route process and the Generate Post-Place & Route Static Timing process

· Double-click Post-Place & Route Static Timing Report
2. Complete the row titled Post-P&R in the following chart: 

	Chart 2
	PERIOD constraint


	OFFSET IN constraint
	OFFSET OUT constraint

	
	
	
	

	Constraint
	You must calculate
	7 ns
	7.5 ns

	Post-P&R


	
	
	


Compare your answers with those in the Answers section of this lab.

Create Software and Perform HDL Simulation                       Step 5

Now that the hardware meets timing, you will now develop a PicoBlaze assembly

program to satisfy the three software requirements.  The program template  

contains a number of constant definitions for your convenience and is structured so

that you can implement each of the three requirements independently.  Each

requirement is listed as a task, with task one as the easiest and task three as the

most difficult. After you have written the code to implement a given task, you 

must re-run the assembler to assemble the complete program.

;================================================================

; Actual assembly program goes here...

;================================================================

cold_start:     LOAD     s0, all_clear     ; zero out reg s0

                ; LAB TASK #2

                ; Write code to output a short (10 characters

                ; or less) message to the serial port.

loop:           LOAD     s0, all_clear     ; zero out reg s0 (nop)

                ; LAB TASK #1

                ; Write code to read the switch state and

                ; then write it to the LED control port.

rs232_echo:     LOAD     s0, all_clear     ; zero out reg s0 (nop)

                ; LAB TASK #3

                ; Write code to check if a byte has been

                ; received by the uart.  If so, write it

                ; back to the uart transmit port.  If not

                ; don't do anything and just...

                JUMP     loop              ; loop again

;================================================================

;

;================================================================


Create the code necessary to perform a loop back test for Task #1 and assemble it. Once the ROM file has been generated, you will add a testbench to the design and perform a behavioral simulation to test the switches and leds.

· Write the code for task #1 by editing program.psm in the Assembler subdirectory to read the switch state and then write it to the LED control port.

Note: Refer to the constants in the assembly template for port values and PicoBlaze documentation for instructions.

Hint: You only have to write two lines of code (refer to the KCPSM3 user manual)
· Once the code has been written, re-assemble the program 

· Switch to Behavioral Simulation mode
· Set the stop time to 50000 ns and perform a behavioral simulation on the design

Figure 3-10. Set the Simulation Stop Time

· Analyze the wave form output and simulation console and close the window when finished.


[image: image8]
Figure 3-11. Switch settings echo back to LEDs
Note: A binary value of 10101010 (170 decimal) is applied to the switches input port of PicoBlaze, and the output is looped back to the leds output port as shown in Figure 3-9.



Figure 3-12. View messages in the Simulation Console

Generate the Platform Flash PROM File                                  Step 6

The Xilinx platform flash PROMs provide a reprogrammable method for storing large 
Xilinx FPGA configuration bitstreams.  The Digilent Spartan-3E board is equipped

with a 4 Mbit xcf04s platform flash PROM that can easily store a bitstream for an 

xc3s500e, which requires  2,270,208 configuration bits.  In this step, you will use 

iMPACT to generate an Intel formated MCS file to program the PROM.

· Double-click on Generate Programming File to re-generate the bitstream in the ISE software.

· Expand the Generate Programming File process and double-click on the Generate PROM, ACE, or JTAG option

· Select Prepare a PROM file and click next to continue

· Leave the default values (figure 3-11) with Xilinx PROM and MCS selected, optionally providing a PROM file name, and then click next to continue


[image: image9]
Figure 3-13. Preparing the PROM files

· Select the xcf04s Platform Flash PROM from the drop-down list, click the Add button, and then click <Next> to continue


[image: image10]
Figure 3-14. Specify the xcf04s PROM for the Digilent Spartan-3E board

· Click <next> and <Finish>, and then to add the loopback.bit   Click <No> when the dialog opens so you do NOT add another device.

[image: image11]
Figure 3-15. PROM file is now formatted

· Double-click on Generate File… to generate the MCS file.  You should see the following message displayed “PROM File generation succeeded”.

[image: image12]
Figure 3-16. Generate MCS File

Configure the PROM and Run the Loop Back Test                Step 7


In this step, you will switch to configuration mode and configure the platform flash 

PROM using the MCS file generated in the last step.  You will then configure the 

FPGA from the PROM and test the loopback application on the Digilent board.

· Power up and connect the Spartan-3E board

· Double-click Boundary-Scan in the Flows pane

[image: image13]
Figure 3-17. Selecting Boundary Scan in iMPACT
· Right-click on white space and select Initialize Chain

· Click <Bypass> when asked to assign a configuration file to the xc3s500e
· Add the .mcs file for the xcf04s Platform Flash device, and then bypass the CPLD.
· Right-click on the xcf04s in the iMPACT window and select Program.  
· Click <OK> if the Programming Properties dialog box opens.

Note: If programming is not successful, de-select Erase Before Programming option and 

then reprogram.
· Verify that the configuration mode jumpers are set so that the bitstream is loaded from the Platform Flash upon power up (consult with Digilent Spartan-3E user guide).  Recycle the power on the Digilent board to reconfigure the Spartan-3E via the platform flash PROM and flip the switches to turn the LEDs on/off.

Conclusion 

In this lab, you used the Xilinx Constraints Editor to enter the global timing constraints. You also reviewed the Post-Map and Post-Place & Route Timing Reports.

Timing constraints are the best way to communicate your performance expectations to the implementation tools.

You must verify that your timing constraints are realistic while the implementation tools are placing and routing your design for the first time. You can get an estimate of the timing performance from the Post-Map Static Timing Report.

After implementation is complete, timing constraints must be verified with the Post-Place & Route Static Timing Report or a custom timing report generated by the Timing Analyzer.

Answers 

Lab answers listed represent sample solutions only. Your results may differ depending on the version of the software, service pack, or operating system that you are using.

1. Complete the row titled Post-Map in the following chart: 

	Chart 1
	PERIOD constraint
	OFFSET IN constraint
	OFFSET OUT constraint

	
	
	
	

	Constraint
	~18.18 ns
	7 ns
	7.5 ns

	Post-Map 
	~8 ns
	~7 ns  
	~4 ns 


2. Complete the row titled Post-P&R in the following chart:
	Chart 2
	PERIOD constraint
	OFFSET IN constraint
	OFFSET OUT constraint

	
	
	
	

	Constraint
	~18.18 ns
	7 ns
	7.5 ns

	Post-P&R 
	~13 ns
	~7 ns
	~4 ns
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