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Type Conventions Used in This Document

Convention Meaning or Use

Bold Items in the user interface that you select or click. Text that you type
into the user interface.

<ltalic> Variables in commands, code syntax, and path names.

Ctrl+L Press the two keys at the same time.

Courier Code examples. Messages, reports, and prompts from the software.

Omitted material in a line of code.

Omitted lines in code and report examples.

[1 Optional items in syntax descriptions. In bus specifications, the
brackets are required.

) Grouped items in syntax descriptions.

{3} Repeatable items in syntax descriptions.

| A choice between items in syntax descriptions.
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Introduction

This tutorial is intended for a new user or a user who uses ispLEVER
infrequently. It shows you how to use several processes, tools, and reports
from the ispLEVER software suite to implement a simple (RTL) Verilog or
VHDL design in a LatticeEC family device. You will prepare the design for
simulation, power estimation, static timing analysis, and timing-driven
placement and routing, reviewing output reports as you make progress. You
will constrain the design’s inputs and outputs to meet the signal type and
location requirements of your system-level design. You will modify and
constrain the design to leverage the architectural resources of the LatticeEC
device to give you a high-performance implementation. The tutorial covers the
most common procedure and software options, so you will have a base of
understanding before you tackle larger or more timing-critical designs that
may require more refinement and control to meet your performance and
utilization objectives.

Learning Objectives
When you have completed this tutorial, you should be able to do the following:
¢ Use ispLEVER to create a new Verilog HDL or VHDL project, target a

device, and add a Verilog HDL or VHDL source file to the project using
Project Navigator.

¢ Generate a sysCLOCK PLL module, add it to your project, and refer to it
from your source using IPexpress and Text Editor.

¢ Lock signals to device package pins and define a period or frequency and
clock-to-out timing constraints using Design Planner.

¢ Implement the design using the mapping, placing, and routing processes
and view the resulting reports using Project Navigator.
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¢ Interpret the static timing analysis report and adjust the design to meet
your timing objectives.

¢ Modify and constrain the design to meet your performance objectives.

¢ View the device implementation and review the relative routing congestion
and programmable functional unit (PFU) utilization using Design Planner.

¢ Estimate power consumption using Power Calculator.

¢ Prepare the design for simulation.

Time to Complete This Tutorial
The time to complete this tutorial is about two and a half hours.

System Requirements

One of the following software configurations is required to complete the
tutorial:

¢ IispLEVER
¢ IispLEVER Pro
¢ IiSpLEVER Starter

Accessing Online Help

You can find online help information on any tool included in the tutorial at any
time by pressing the F1 key.

About the Tutorial Design

The tutorial design begins with a simple counter described with register-
transfer-level (RTL) Verilog or VHDL that you might find in any Verilog or
VHDL textbook. It evolves into a more sophisticated version that uses
registered outputs and a phase-locked loop to help reconcile the internal
timing of the FPGA with the external specifications. The design is modified
and constrained to account for the fy,ax switching characteristics of the
LatticeEC device (programmable function units (PFUs) as compared to
programmable interface cells (PICs)) and special features like the sysCLOCK
PLL to leverage the feedback compensation of the internal VCO to reduce
clock-to-output delay (tcp).

You can perform the tutorial with either a Verilog HDL or VHDL source file.
The complete tutorial design is composed of two Verilog or VHDL modules: a
16-bit up counter with an active-low asynchronous reset and a PLL. Figure 1
illustrates versions A through C of the tutorial design and the resulting timing
characteristics. The counter is described with register-transfer-level (RTL)
Verilog or VHDL and a structural model produced by an ispLEVER application
called IPexpress, which describes the PLL module. The counter’s 250-MHz
clock is driven externally in versions A and B of the design. In version C, it is
produced by a sysCLOCK PLL that is introduced to effectively remove from
the critical path timing equation the route delay introduced by the clock tree,
allowing easier timing analysis at the PC board.
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Figure 1: Tutorial Design
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Note

In this tutorial, where the step to be performed depends on the type of source file you
are using, the step is prefaced by “Verilog:” or “VHDL:.” Where a sequence of steps
diverge for Verilog or VHDL, they are grouped by headings that indicate their
application to Verilog or VHDL.

About the Tutorial Data Flow

A few key processes of the ispLEVER Project Navigator are used to transform
the Verilog or VHDL source code of the tutorial design into Lattice
Semiconductor databases that are used by the software system to implement
and analyze the logic. Figure 2 illustrates the tutorial data flow through the
system. You may find it helpful to refer to this diagram as you move through
the tutorial tasks.
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Figure 2: Tutorial Design Flow
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Restore the Tutorial Files
If this tutorial has been previously run on your system, use the following

procedure to restore the original tutorial files.

To restore the original tutorial files:

1. Go to the following folder:
<install_path>\examples\Tutorial\fpga_design_tutor

2. Delete the following files. They may have been modified:
¢ pinassign_pll.Ipf
¢ pinassign_pll_a.v (or pinassign_pll_a.vhd)

3. Make a copy of the pinassign_pll_a.v (or pinassign_pll_a.vhd) file and
rename the copy pinassign_pll.v (or pinassign_pll.vhd).

FPGA Design with ispLEVER Tutorial 4
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Task 1: Create a New Verilog or VHDL Project

In this task, you will create a new Verilog HDL- or VHDL-type project and
provide it with a simple title using Project Navigator. To begin a new project,
you give the project file (.syn) a name and declare the project type. The
ispLEVER software saves an initial design file with the .syn file extension in
the directory that you specify. All project files are typically created in this
directory, but you can reference source files from outside of it. The project
type specifies that all design sources will be of this type.

Create a New Project
If you want to preserve the original tutorial files, save the fpga_design_tutor

directory to another location on your computer before proceeding.
To create a new project:
1. Start Project Navigator if it is not already running.

2. In Project Navigator, choose File > New Project to open the Project
Wizard dialog box.

3. Inthe Project Wizard dialog box, shown in Figure 3, do the following:
a. Inthe Project Name box, type pinassign_PLL.
b. In the Location box, specify the following directory:
<install_path>\examples\Tutorial\fpga_design_tutor
In the Design Entry Type box, choose Verilog HDL or VHDL.
In the Synthesis Tools box, choose Synplify.
In the Simulator Tools box, choose your preferred simulator.
Click Next.

-~ o o o

Figure 3: Project Wizard Dialog Box
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Task 1: Create a New Verilog or VHDL Project

4. In the Project Wizard — Select Device dialog box, shown in Figure 4, do

the following:
a. Inthe Family box, choose LatticeEC.
b. Inthe Device box, choose LFEC1E.
c. Inthe Speed Grade box, choose -3.
d. Inthe Package Type box, choose TQFP100.
e. Inthe Operating Conditions box, choose Commercial.
f. Click Next to open the Project Wizard — Add Source dialog box.
Figure 4: Project Wizard — Select a Device Dialog Box
Project Wizard - Select Device Pz|

Selgct Device: ) Device Information:
el Dzt Status: Froduction
LatticeEC LFECIE Voltage: 12y
LatticsE CP LFECIE it TR
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Dist RAM: BK.
Speed grade: [_] Package type: -

Pl i >
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Pt e FID Fins: £7
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™ Use 1/0 Assistant Flow ™ Show Obsolete Devices

< Back | Mext » | Finizh | Cancel | Help |

5. In the Project Wizard — Add Source dialog box, click Add Source to
activate the Import File dialog box.

6. Selectpinassign_pll.v (or pinassign_pll.vhd) and click the Open button
to open the Import Source Type dialog box, shown in Figure 5.

Figure

5: Import Source Type Dialog Box

Import Source Type

File: Mame:

Mtutorialvfpga_design_tutorpinassign_pll.v

X
[ ox ]
Type of Source Cancel

Werilog Test Fisture

™ Use all remaining files as Yerlog Module

0K

Help

7. Select Verilog Module (or VHDL Module) and click OK.
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The file is added to the source file list in the Project Wizard — Add Source
dialog box, as shown in Figure 6.

Figure 6: Project Wizard — Add Source Dialog Box
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Add Source...

Source
File | Source Type
pinassign_pll.v Werilog Module
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8. Click Next.

9. Inthe Project Wizard — Project Information dialog box, shown in Figure 7,
click Finish.

Figure 7: Project Wizard — Project Information Dialog Box
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The new project will be generated with the following specifications:

Project:
Project Mame: pinassign_FLL
Project Title: pinazzign_PLL
Project Location: C:hispTO0LS exampleshTutorialipga_design_tutor'
Project Type: Yerlog HOL
Device: LFEC1E-3T100C
Synthesiz: Synplify

Sources: Yerlog Module:
c:hizptoolshexamplesitutonial\fpga_design_tutorpinassign_pll.v

< Back | | Finizh | Cancel | Help |

The new project is created, and the source file is referenced in the
Sources in Project list, as shown in Figure 8. Click on the part name to see
the contents of the Processes for Current Source window.
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Figure 8: Project Navigator Window Showing New Project
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10. The Sources Window provides two tabs to organize the design modules

11.

and files related to the project. The Modules tab displays each unique
module and related filename used in the design hierarchy. A text entry box
and magnifying glass icon allows you to search the module list.

In the Sources Window, click the Files tab. Project comments and source
files related to the project appear. Folders such as Documents, Stimulus
Files and Input Files help organize files. Project Navigator automatically
compiles all HDL source files of the project to create the module hierarchy
and an ordered file list for simulation and synthesis tools. If syntax faults
occur or the top of design is ambiguous you may be prompted to specify
the top. File order can be adjusted in those cases where automatic
ordering does not work correctly.

In the Sources in Project window, double-click the project title,
pinassign_PLL, to open the Project Properties dialog box.

The default title for a new project is the project name that you initiated in
step 3. You can create another title for the project with as many characters
as you want. The title can contain spaces and any other keyboard
characters, except tabs and returns.

12. In the Title text box, type Pin assign and PLL sample and click OK.

Note

You can target a design to another Lattice Semiconductor device later, if you want. For

exX

ample, you might discover that you can target a smaller, less expensive device

package if your design will fit, or you might decide to migrate an existing project to a
new device family. To select a new device, choose Source > Select New Device.

FPGA Design with ispLEVER Tutorial
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View Project Source File

You “describe” a project by specifying the source files that represent the
design. You can either import an existing source or create a new one. The
source files for the project appear in hierarchical and alphabetical order within
the Sources in Project window, Modules tab, by module name. If your source
file contains more than one module, it will appear in the list as many times as
there are module instantiations, using the style:

module_name (source_filename)

To view a source file of the project:
1. Click the Modules tab in the Sources in Project window.

2. Double-click the pinassign_PLL module to open the source file in Text
Editor, as shown in Figure 9.

Figure 9: Source File in Text Editor

£ Text Editor - [pinassign_plLv] g|
=l 4

File Edit WYiew Templates Tools Options Window Help - &

[CI= e [ e [ e [ ) () () ) [S) [ 2]

module pinassign_PLL (FESET_L. CLE. CHT):

input EESET_L:
input CLE:
output [15:0] CHT % synthe=sis syn useioff=1 =

reg [15:0] CHT:
wire RESET:
a==ign RESET = |RESET_L:
##Inzert PLL instantiation here
always @{pozedge CLE or posedge RESET)
begin
if (RESET)
CHT <= 16'b0:
el=se
CHT <= CHT + 1:
end

endnodule

< ¥
Ln1 Call 25 Wh Fec Off |Mo'wrap |[DOS [INS MUK Document: 1 of 1

3. Choose File > Exit to exit Text Editor.

Adjust Tool and Environment Options

Timing checkpoints occur after both the mapping and the placement and
routing stages of the process flow to flag excessive delay conditions. In this
tutorial, you will set checkpoints that will report when a check fails but will not
block forward progress.

To adjust tool and environment options:

1. Choose Tools > Timing Checkpoint Options to bring up the Timing
Checkpoint Options dialog box, shown in Figure 10.

2. In this dialog box, select the following:

a. Inthe Before Route section, select Run Checkpoint.

FPGA Design with ispLEVER Tutorial 9
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b. Inthe After Route section, select Run Checkpoint and select
Continue for the “If Checkpoint fails” option.

c. Click OK.

Figure 10: Timing Checkpoint Options Dialog Box

Timing Checkpoint Options

rBefore Route

rAfter Route
Checkpoint Options

Run Checkpoint | |f Checkpoint fails: ® Continue
) Stap

(o] (o)

3. Choose Options > Environment to open the Environment Options dialog
box, shown in Figure 11. In this dialog box, do the following:

a. Click the Log tab and turn off Using Web Browser.

b. Click the Revision Control tab and select Close Window when
Revision Control is Disabled.

c. Click OK.

Figure 11: Environment Options

Environment Options Pz|
General ] Process ] Log ]
Directaries Revision Cantral l Advanced ]

I Enable Revision Control as Default

¥ Close Window when Revision Cantrol is Disabled

™ Popup Property Dialog when New Revision is Created

QK | Cancel | Help |

4. If the Revision Control window is open in Project Navigator, right-click
inside it and choose Turn Off from the pop-up menu.

The revision control window closes. This tutorial will not use project
revision control.

FPGA Design with ispLEVER Tutorial 10
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To re-open the Revision Control window, click on the Revision Control

icon 2 in the Project Navigator toolbar.

Task 2: Assign Location and Timing Preferences

In this task, you lock signals to device package pins and define period or
frequency and clock-to-out timing constraints. You use Design Planner, a
graphical interface to the logical preference file (<project_name>.Ipf), to
create timing and location constraints for iSpLEVER. The logical preference
file is interpreted by the design mapper (Map Design process) to produce a
physical preference file (<project_name>.prf) for the place-and-route system.
Now that the logic design has been captured, you can create constraints that
will guide the placement and routing process to locate signals at specific
package pin locations and implement the logic and routing to meet your
design’s performance objectives.

Assign Pin Location Preferences

To assign location preferences to the pins with the Design Planner:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Inthe Processes for Current Source window, double-click the Design
Planner (Pre-Map) tool to activate Design Planner.

The Build Database process synthesizes the Verilog HDL or VHDL source
and translates the synthesis output in EDIF to an NGD Logical Design
database.

3. Click OK to close the ispLEVER Process warning message box that
appears.

Information and warning messages appear in the Automake Log tab of the
output panel of Project Navigator. You can ignore these warnings in this
tutorial.

After a few moments, the Design Planner Control opens.

4. In the Design Planner Control window, choose View > Default Window
Layout.

Spreadsheet View and Package View now appear.

5. Ifitis not already selected, select the Port Attributes tab in the
Spreadsheet View.

The Spreadsheet View displays the Port Attributes tab for assignments
related to location and buffer configuration. Preferences such as pin
location, I/O type, and slew rate appear as columns in the sheet. It is
common to use the Logic Signal Connections section of the device data
sheet as a reference to type in pin locations.

FPGA Design with ispLEVER Tutorial 11



FPGA Design with ispLEVER Tutorial Task 2: Assign Location and Timing Preferences

6.

10.

Click anywhere on Spreadsheet View and verify that the View > Show
Default Value option is selected.

Note

The menu items of the Spreadsheet View are context-sensitive and enable
functions only if they apply to the window or pane that is selected. If a menu item is
unexpectedly unavailable, click on the pane to which the function applies.

Package View window provides a graphical representation of the 100-pin
TQFP device package.

In the next steps, you will drag and drop external signals to pin locations in
Package View.

Double-click the title bar of the Package View to maximize the view.

Click anywhere in the right pane of the Package View window and choose
View > Top View.

The Package View window adjusts to display the device package as
viewed from above.

Click on the + next to Device and next to Design Signals to expand the
lists, and then expand the list of System pins and User pins.

a. Under User pins, expand the PIO list.
b. Find pin 99 in the expanded tree.

c. Highlight pin 99 and right-click.

d. Select Locate Device Pin.

The Package View expands the view and highlights pin 99.

Note

You can display the name of each pad by holding the mouse pointer over the pad.

Expand the CNT[15:0] bus from the Design Signals list, as shown in
Figure 12.

FPGA Design with ispLEVER Tutorial 12
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Task 2: Assign Location and Timing Preferences

Figure 12: List of Signals in Bus
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Site 55:PR9A; Positive differential pair to negative pin 54:PRIE; Bank 3: 0 assigned & total

11.

12.

Drag and drop the CNT[15:0] bus onto device pin 99.

Note

Make sure that you place the arrow connected to the bus squarely onto
the device pin before releasing the mouse button.

Design Planner fills the top left I/O bank (Bank 0) and a portion of the top
right bank (Bank 1). The colored outlines of the pads represent banks.
You can inspect specific assignments by holding the mouse pointer over a
pad. A pop-up display provides details about the PIO the signal assigned
to it.

Drag and drop the following input signals onto the pins specified:
¢ RESET_L, pin 3 (global reset)

¢ CLK, pin 19 (one of two reference clock pins for the LFEC1, 100-pin
TQFP sysCLOCK PLL, which will be added later in the tutorial)

As you assign pins, the Package View pin location is colored yellow to
indicate output type ports, and the pin number appears next to the user
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signal in the left pane of the Package View pane. The blue color
represents inputs.

Spreadsheet View is also updated with the assignments that you have
made. The Pin column of the Port Attributes tab displays the pin numbers
assigned to each user signal.

13. Click on Spreadsheet View and choose Tools > PIOS DRC.

14. Click OK in the Design Planner - Information pop-up message box that
contains the following line:

P10 DRC checks: No errors detected.

The results of the PIO design rule check appear in the Design Planner
Control window. They help to ensure that the assignments that you have
made are legal before you submit the design to the mapping, placement,
and routing tools later.

15. In Spreadsheet View, choose File > Save to update pinassign_pll.Ipf.

Figure 13 shows the pin assignments in the Spreadsheet View.

Figure 13: Pin Assignments in the Spreadsheet View

SpreadSheet View (pinassign_plL Ipf)

File Edit Wiew Preference Tools Help
H & & ¥ B o s 7 mﬁlock O F PeriodFrequency ‘%;j. Iri0ut Clock f)l_f.MulticyclemdaxDelay = Vet | £ $50 é A 2
= pinassign_pll . Type Mame Group by Pin Bank sref | I0_TYPE
€ Input Ports 1 | AIPORTS A i, i, i, LVCMOS25
M Output Ports 2 Clocknput | CLK MiA 19 6 MiA LVEMOS25
|-|I[|: E?I:;ss 3 Input Port RESET_L TAA, 3 7 [NE LWCMOE25
4 Output Port CNT_D TAA, 99 0 [NE LWCMOE25
5 Output Port CNT_1 TAA, 98 0 [NE LWCMOE25
6  Output Port CNT_10 TAA, g8 0 [NE LWCMOE25
7 Output Port CNT_11 TAA, 76 1 [NE LWCMOE25
8  Output Port CNT_12 TAA, 77 1 [NE LWCMOE25
Group Name | Type | Members 9 | Cutput Port CHT_13 TAA, 78 1 TAA, LWCMOB25
10 | Output Port CNT_14 TAA, 79 1 [NE LWCMOE25
11 | Output Port CNT_15 TAA, g0 1 [NE LWCMOE25
12 | Output Port CNT_2 TAA, 97 0 [NE LWCMOE25
13  Output Port CNT_3 TAA, 96 0 [NE LWCMOE25
14 | Output Port CNT_4 TAA, 95 0 [NE LWCMOE25
15 | Output Port CNT_5& TAA, 94 0 [NE LWCMOE25
16  Output Port CNT_B TAA, 93 0 [NE LWCMOE25
17 | Output Port CNT_7 TAA, 92 0 [NE LWCMOE25
18  Output Port CNT_8 TAA, 91 0 [NE LWCMOE25
19 | Output Port CNT_9 TAA, a0 0 [NE LWCMOE25
< ] >
Port Aftrioutes | Clock Attributes I Net Attributes
Logic Group | Define Bus | Yref Location | Cell Attributes | Global | Block || PeriodFragquency [ niout Claek || MultiCycleMaxDelay | Dersting |
Mode: Pre-Map,  Architecture: epSg00, Device: LFEC1E, Package: TQFP100 |
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Assign Timing Preferences

Timing constraints are typically set with specialized dialog boxes that are
accessed from Design Planner. In the following steps, you will set the
objectives for the operating frequency and the clock-to-out delay of the
counter.

This task provides a preview of the many logical and physical preferences
available for constraining FPGA mapping, placement, and routing. The FPGA
Preference Language is explained in detail in the online help.

To assign timing preferences with the Design Planner:

1. Maximize the Spreadsheet View by double-clicking on the title bar, and
choose Preference > Period/Frequency to open the PERIOD/
FREQUENCY Preference dialog box, shown in Figure 14.

a. Inthe Type field of the dialog box, select FREQUENCY.

b. Inthe Second Type field, select Clock Port.

A list of clock ports appears in the Available Clock Ports list.
In the Frequency box, type 250.

Select CLK in the Available Clock Ports box.

Click Add.

-~ o o o

Click OK to close the dialog box.

Figure 14: PERIOD/FREQUENCY Preference Dialog Box

i PERIOD/FREQUENCY Preference

FREQUENCY i= a logical and physical preference. | idertifies the minimum operating frequency for all
sequential output to sequential input pins clocked by the specified net. If no net name is given, the preference
applies to all clock nets in the design that do not have a specific clock frequency preference.
Type Available Clock Ports:
) FERIOD
(3) FREGLENCY
Second Type
O Mone
O Clock Met
Fitter | CLK o)
(&) Clock Port
Freguency: 230 hHz h
Hold Margin: ns i
PAR_AD;
Existing Preference:
Type | ObjectType |  mMetPot | TimeFreq | HodMergn | Par_sps |
FREQUENCY _P...|CLKPORT ok 250 MHz | | |
Add [ ok ][ cancet ][ Hel |
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The new preference appears in the Period/Frequency tab of the
Spreadsheet View, as shown in Figure 15.

Figure 15: Frequency Preference Set in Spreadsheet View

preadSheet View [pinassign_plL Ipf)

File Edit Wiew Preference Tools Help

n @ & CX: E K ‘? Block l?)x}'Periot:l.l'Fnequenc:y ot InAout Clock Q)lf MulticycleMaxDelay ‘33 Vraf
=tr —

= g pinassign_pll Prf Type Ohject Type MetPort Time/Fregu... | Hold Margin PAR_ADU
® [#/Input Parts Freguency | CLKPORT  CLK 250.000000 ..
@ 4 Output Ports | e Erereren| rie MR, MR, MR, MR,
® HE Mets coTT T

®= [@ Cells

Group Mame hembers

Cell Attributes Global Block PetiodiFraguency InAout Clock MuUltiCycleMaxDelay Derating
Lagic Group | D=fine Bus | Yref Location [ Part &ttributes T Clack Aftributes T Met Attributes

Open PERICD and FREGEMCY preference editor dialog box. |

The FREQUENCY preference identifies the minimum operating frequency
for all sequential-output-to-sequential-input pins clocked by the specified
net.

2. Choose Preference > Input_setup/Clock_to_out to open the
INPUT_SETUP / CLOCK_TO_OUT Preference dialog box, shown in
Figure 16.

a. Inthe Type field of the dialog box, select CLOCK_TO_OUT.
A list of signal names appears as the Clock Out Ports list.
In the Second Type field, choose All Ports.

In the Time box, enter 4.0 ns.

In the Clock Ports/Nets box, select CLK.

Click Add.

® 2 o T
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f. Click OK to close the dialog box.

Figure 16: INPUT_SETUP/CLOCK_TO_OUT Preference Dialog Box

INPUT_SETUP/CLOCK_TO_OUT Preference

CLOCK_TO_OUT iz a logical preference. | specifies a maximum allovwable output delay relstive to a clock.
~Type r ~Clock PortsiMets: —————————————————
O INPUT_SETUP
() CLOCK_TO_OUT
rSecond Type
(&) &Il Ports
Fitter | CLK =
O Individual Ports
O Group Clock Cut Ports:
4 CNT_D ~
< CNT_1
[ output Detay 4 CHT_2
< CNT_3 B
[CIPLL Phase Back | = =
I CNT S
I CNT_E
Titne: | 40 | |n3 V| = ot
Filt
hdity Tirre: | | |n3 hd | e | | @
Fraom Cell: =Emnpty=
Existing Preference:
Type | Object Type| Object Ma..| ook | Time | Holdin T...| Phase Back| iniout Detay| cClock out | From cal
CLOCK_T... |ALLPORTS | |cLkeorT ... [40ns | | ot output...|
g Delete Maify Undo Madity [ ok J[ cancat ][ Hew ]

The new preference appears in the In/Out Clock tab of the Spreadsheet
View, as shown in Figure 17.

Figure 17: Clock-to-Out Preference Set in In/Out Clock Tab of Spreadsheet View

SpreadSheet View (pinassign_plL Ipf)

File Edit Wiew Preference Tools Help
H & [& 3 B vy ou 7 mﬁlock o £ PericdiFrequency ‘%;j. InfOut Clock f)l_f.MulticyclemdaxDelay ")g Vref £ é A 2
= & pinassign_pl | PrfType | Otject Type | Otjectmame |  Ciock | Time | HoldMin Time | PLL Phase
# Input Ports 1 |CLOCK_TO.. ALLPORTS | M/A CLKPORT C... 4.000000 ns
M Output Parts 2t |add Prefere... | 1A /A /A /A /A /A
H; Mets

The CLOCK_TO_OUT preference specifies a maximum allowable output
delay relative to a clock. For example, the delay from CLK to the
CNT[15:0] counter output bus must be 4.0 ns or less.

3. Choose Preference > Block Preference to open the Block Preference
dialog box, shown in Figure 18 on page 18.

a. Inthe Type field of the dialog box, select Block Nets.

A list of signal names appears in the Available Nets list.
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b. In the Filter box, type R*, and click Go.
Those nets that begin with “R” appear in the Available Nets list.
c. Select RESET L c.
d. Click Add.
e. Click OK to close the dialog box.

Figure 18: Block Preference Dialog Box

lock Preference

BLOCK is a logical and physical preference. This preference blocks timing analysis on nets, paths, buses,
or component pins that are irrelevant to the timing of the design. If a net is specified, the net and all paths
through the specified net are blocked. If & bus iz specified, the bus, all nets in the bus, and all paths through
the nets defined by the bus are blocked.

Type
() Block Mets () Block Path for Groups
~svailable Nets: _
=
Fiter | RESET_L_c | Bd] | | Fiter | o

Existing BLOCHK Preference:

Type | Met/Source | Destination
BLOCK_MET RESET_L ¢ |

Aeld Delete Moify Undotiocity [ ok J[ cancel ][ Help ]

The new preference appears in the Block tab of the Spreadsheet View, as
shown in Figure 19.

Figure 19: Block Preference Set in Block Tab of Spreadsheet View

SpreadSheet View (pinassign_plL Ipf)

File Edit Wiew Preference Tools Help

n @ @ CX: E [ ‘? mﬁlock & fPeriod.fFrequency ‘%;j.lnxom Clack af MutticycledaxDelay ‘33 Vref

= & pinassign_pll Ohject Type | Net/Source Destination
# Input Ports 1 |BLOCK_NET |RESET_L_c

# Output Ports Add Prefere... | N~ PiA
Hj Nets

[ Cells

=]

=]

2l

The BLOCK preference blocks timing analysis on nets, paths, buses, or
component pins that are irrelevant to the timing of the design. In this
example, RESET_L_c drives the global set/reset (GSR) line that serves
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as the counter’s asynchronous reset. You can safely ignore it during
timing analysis.

Note

For more information on setting preferences, select the Setting Preferences topic
in the online help.

Note

Notice the <port_name>_c net names created by the Synplify synthesis process
for the clock tree and GSR nets. These internal signals are driven through buffers
inferred by logic synthesis. In some cases, timing and location preferences refer to
these internal names instead of the external port name associated with an 1/O
buffer pad. You may need to inspect the Map report or the output EDIF netlist of
the Build Database process to understand what nets your synthesis tool produced.

4. Choose File > Save to update pinassign_pll.Ipf.

Choose File > Exit in the Design Planner Control window to exit the
Design Planner.

Task 3: Design Synthesis and Mapping

In this task, you will review the report created by the mapping process, which
converts a logical design represented as a network of device-independent
components (for example, gates and flip-flops) produced by logic synthesis
and the Build Database process into a network of device-specific components
(for example, PFU/PFF, IOLOGIC, or EBR) that will be eventually
implemented by the placement and routing process.

After mapping is complete, you can perform static timing analysis to confirm
that the current implementation, accounting only for logic element delays, will
meet the timing constraints that you specified earlier.

View the Mapping Results

To view the mapping results:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Map Report (pinassign_pll.mrp).

3. After a few moments, an ispLEVER Process warning message box might
appear. If it does, click OK to close it.

The pinassign_pll.mrp tab appears in the output panel.

Note

Click on a tab to view it. If you do not see a tab, drag the vertical splitter bar to the
right.

4. Review the major sections of the report:

FPGA Design with ispLEVER Tutorial 19



FPGA Design with ispLEVER Tutorial Task 4: Place, Route, and Post-Route Timing

*

Design Information: Command line, device, and software version

*

Design Summary: Number of physical elements mapped

*

10 (PIO) Attributes: Detail about the configuration of I/Os

Note

To view the results of logic synthesis and the translation process from EDIF 2 0 0
to the pre-map NGD database, see the Automake Log tab of the output panel.

View the Static Timing Analysis Report

To view the post-map static timing analysis report:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Map TRACE Report.

After a few moments, the pinassign_pll.twl tab appears in the output
panel.

3. Review the major sections of the report:
¢ Report Information: Command line, device, and preference file
¢ Preference header: Preference type, value, and score and error count

¢ Logical Details: Detail of one or more signal paths in terms of the
logical components used in the input design

¢ Physical Path Details: Detail of one or more signal paths in terms of
the physical (mapped) components

¢ Report Summary: An index of preference values and actual results
based on the analysis

¢ Timing Summary: Number of errors, score, and coverage
The report indicates that the FREQUENCY preference passes, but the

CLOCK_TO_OUT of 4.0 ns failed. You will attempt to improve these delays
later in the tutorial.

Task 4: Place, Route, and Post-Route Timing

In this task, you will implement the design translated from the mapping phase
in a completely placed and routed design. On the basis of the location and
timing preferences that you assigned earlier, the place and route program
(PAR) will attempt to satisfy the constraints that you declared in earlier tasks.

After placement and routing is complete, you can perform static timing
analysis to confirm that the current implementation, accounting for both logic
element and routing delays, will meet the timing constraints that you specified
earlier.
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Place and Route the Design

To place and route the design:

1.

In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

In the Processes for Current Source window, right-click the Place &
Route Design process and choose Properties to open the Properties
dialog box.

Note

You can place a design without routing it by using a command on the command
line. In the online Help, see Design Flow User Guide > Running FPGA Tools from
the Command Line > Command Line Tool Usage > Running PAR from the
Command Line for details.

Select the Placement Effort Level row and press F1 to bring up the
online Help topic for that property.

PAR properties like Placement Effort and Routing Passes can influence
the run time, resource utilization, and operating performance of your
design. These options, along with the location and timing constraints that
you place on your design, are the major factors that influence results.

Note

For methods and advice to help meet your performance objectives, open the
online Help and see Design Flow User Guide > Design implementation > Applying
Design Constraints > Achieving Timing Closure.

Close the online Help.

In the Properties dialog box, shown in Figure 20, specify the following
values by selecting the property and then entering the value in the box
next to the X or using the pull-down menu next to the X:

¢ Placement Effort Level: 3

¢ Routing Passes: 3

Click Close.

Double-click Place & Route Design.

If an ispLEVER Process warning message box appears, click OK to close
it.

The Automake Log tab of the output panel displays the run results.
Double-click Report Summary - HTML.

A summary of several reports appears in your Web browser as
pinassign_pll.html, as shown in Figure 21. The table of contents allows
you to quickly traverse the major sections.

¢ The Map Report includes the results of the design mapping. You
examined the ASCII version of this report in “Task 3: Design Synthesis
and Mapping” on page 19.
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Figure 20: Properties Dialog Box

% Properties- (Mormal : Design)

Properties

BTG -
Flacement Effort Lewel [1-5] List 3 ~

Routing Passzes [1-1000] Mum |3

Routing method Ligt  |Default DefaLlts
Remove previous design directony T/F |True

Dizable Timing Driven T/F |Falze

Create Delay Statistic File T/F |Falze

lgrore Preference Erars T True ~ Help

Dauble-click the zelected item to cycle through possible choices, or uze the
combo bow in the edit region for a list of choices

Online Help iz available if you highlight the option and press F1.

*

The Place & Route Report provides the details of the implementation,
including the number of routed and unrouted connections, number of
device resources utilized, and which iteration of PAR produced the
best results.

The PAD Specification File gives details about the configuration of the
device /0.

The Place & Route TRACE Report shows static timing analysis results
based on the routed design and the timing constraints that you
specified.

View the Static Timing Analysis Report

To view the post-place-and-route static timing analysis report:

1. Inthe Table of Contents panel of the HTML Place and Route Report, click
Place & Route TRACE Report.

The Lattice TRACE Report appears in the right panel and the Table of
Contents expands.

2. Click Setup to expand the Table of Contents further.

3. Click Report Summary and review the operating frequency reported in
the Actual column of the FREQUENCY PORT “CLK” 250.000000 MHz
preference. See Figure 22.
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Figure 21: HTML Place and

Route Report

| pinassign_plL html - Microsoft Internet
© File Edit ‘View Favorites Tools  Help

@ Back - ) EIRE w2 search

Explorer,

: Address @ CilispTOOLSexamples) Tutorial\fpga_design_tutoripinassign_pll. html

7 Favaorites 42 = B3

CEX
w il Go #

Table of Contents

* Project Summary
» Zynthesis and Ngdbuild Repor

» Build Datsbase Feport
» Map Report

» Map Trace Report

# Place & Route Report

e PAD Specification File

# Place & Foute TRACE Report

Project Summary

Project File: pinassign pll.syn

Location: e:fisptools/examples/tutorial/fpga design tutor
Family: LatticeEC

Design Entry Type: Pure Werilog HDL

SGynthesis Tool: 3ynplify

Device: LFECLE

SGpeed grade: -3

Package type: TQFFP100

Operating conditions: Commercial

Part neawe: LFECIE-3T100C

Project source: pinassign PLL.h pinassign pll.w
Logical Preference File: pinassign pll.lpf
Preference File: pinassign pll.prf

Generated from the file 'C:%ispTOOLSY examples)Tutoriallfpga design tutorhpinassign pl

@I] Done

'_é My Computer

Figure 22: Report Summary
Report Summary

The report indicates that after placement and routing, the actual operating
results are far below the objectives. Next, you will inspect the device

implementation to understand why.

Note

The actual values of your report may vary.

Preference | Constraint] Actual |Levels
| | |

FREQUENCY PORT "'CLK' 250.000000 MHz ; ] 250.000 MHz] 170.242 MHz] 6 *
| | |

CLOCK_TO_OUT ALLPORTS 4.000000 ns | | |

CLKPORT “CLK" ; | 4.000 ns| 8.377 ns|] 2 *
| I |
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4. Close the HTML Place & Route Report.

Note

If you want to exit the tutorial at this point and resume it later, choose File > Save in
Project Navigator to save the pinassign_pll.syn file. To resume the tutorial, re-load this
file by choosing File > Open Project.

Task 5: Viewing the Device Implementation

In this task, you will view the placed and routed design in Design Planner,
which provides a graphical view of the implementation. Design Planner, along
with location and timing constraints, is used as part of a design floorplanning
strategy to meet your performance objectives or accommodate design reuse.
The tool is flexible enough to enable you to view pre-routed or partially routed
designs.

Note

As you view the device implementation, it is helpful to refer to the Map Report section
of the HTML Place & Route Report and the LatticeECP/EC Family Data Sheet for
details on the physical elements of your design.

View the Device Implementation After
Placement and Routing

To view the device implementation after placement and routing:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Design Planner (Post-PAR).
3. Inthe Design Planner Control, choose View > Floorplan View.

4. Maximize the view by double-clicking the Floorplan View title bar, and
then choose View > Zoom to Fit.

5. Choose Layer > Ratsnests.

The LatticeEC PIC, PFU, PFF, and EBR elements are shown as small boxes
in the display, similar to the simplified block diagram of the data sheet. Routed
connections appear as cyan “flywires.” You will recognize the relative signal
placement along the top edge of the chip die that was based on the pin
assignments that you made in the Spreadsheet View earlier.

In the next procedure, you will examine the critical path of the counter design.
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Figure 23: Ratsnest

a FloorPlan View (pinassign_plL Lpf)
File Edit View Layer Modes Tools Help

G| e e o | @] @ i el e

== =

——
= =

Find the Critical Path

To trace signal paths related to timing constraints:

1.

In Floorplan View, choose Tools > Path Tracer.

During the next steps, it is helpful to tile the Path Tracer window next to
the Floorplan View.

Click Query to open the Timing Query dialog box.

In the Preference list, select FREQUENCY PORT “CLK” 250.000000
MHz;, and click Query.

All paths related to the CLK timing constraint are displayed in the query
result pane, as shown in Figure 24 on page 26. Each row represents a
path between the source pin and the destination pin reported in terms of a
PFU/PFF location (RnCn, where n is a row or column number). The delay
in nanoseconds is shown for each path in the Delay column. The
highlighting enables you to control how connections and related slices
appear in the Floorplan View.
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Figure 24: Paths Related to CLK Constraint in Path Tracer Window

Path Tracer - FREQUENCY PORT “CLK'* 250.000000 MHz =3
Query... Locate Display Grouping Elock Path Help

Highlight = Source Destinati... Delay BPatﬂ .
R3CED:C... [R3C11D:... [5.78 A Timing Path
R3CED:C...IOL_T14... [5.735

R3CE0C.. WOL_T17... 5723
R3CEE:C... R3C11D0:... |5.692
R2CA0:C... R3C11D:... |5.651
R3CE0:C... R3C11C. |5.651
R3CE0:C... OL_T14... |5.645
R3CEEC... IOL_T14... |5.647
R3CEE:C... /OL_T17... |5.635
R3CE0C.. OL_T12.. 5614
R2CA0:C.. OL_T14... |5.606
R2CA0:C.. OL_T17... |5.594
R3CEE:C... R3C11D0:... [5.585
R3CE0:C... |R3C11D:... [5.575
R3CEE:C... R3C11C: ... |5.5963
R3CEEC... IOL_T14... |5.56

R3CEE:C... IOL_T14... |5.54

R3CE0:C.. OL_T13... |5.539
R3CE0:C.. IOL_T14... |5.53

R3CEEC... IOL_T17... |5.525
R3CEE:C... IOL_T12... |5.526
R2CA0:C... R3C11C: .. [5.522
R2CA0:C.. OL_T14... 5518
R3CE0C.. OL_T17... 5518
R2CA0:C.. OL_T12... |5.485
R3CEE:C... R3C11C:... [5.456
R3CEEC... IOL_T14... 5453
R3CEEC... IOL_T13... |5.451
R3CE0:C... R3CT1C ... [5.446 v

Fanin FanOut

4. Click on the Delay column header to sort the delays from the longest to
the shortest.

5. Locate the longest delay, select the row, and click Display.

A schematic of the timing path appears with slice, 1/O logic, and routing
elements annotated with the component delays of the entire path, as
shown in Figure 25 on page 27. The first and last components in the
schematic represent the first and last registers of the critical path, and all
components between represent combinatorial logic. This path is also
reported in the static timing analysis results of the Place & Route TRACE
Report that you examined earlier. See the pinassign_pll.twr tab in the
output panel of Project Navigator to review it.

6. Click Locate.

The display in the Floorplan View is updated to show the logical
interconnect related to the path, as shown in Figure 26.

The schematic helps explain why the 250-MHz preference is failing.
Notice the first and last components of the path:
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Figure 25: Schematic of Timing Path in Path Tracer Window

Path Tracer - FREQUENCY PORT "CLK* 250.000000 MHz
Query... Locate Display Grouping Help

IHighIigHt Source Destinati... Delay =  BPath

Source Pin: R3CED:CLK
Destination Pin: R3C11D:M1
Delay: 5.78

Setup Time: 0.162

C.IOL_T14...
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R3CEEC...|OL_T14... [5.647
R3CEEC...)OL_T17... [5635
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R3CED:C...lOL_T13... [5.539
R3CED:C...IOL_T14... 553
R3CEEC...)OL_T17... [5.528
R3CEEC...)OL_T12... [5.526
R2COD:C...[R3CI1C... [5.522
R2COD:C...lOL_T14... [5519
R3CED:C...)OL_T17... [5518
R2COD:C.. lOL_T12... [5.485
R3CEEC... [R3CI1C... [5.456
R3CEEC...IOL_T14... [5.453
R3CEEC...)OL_T13... [5.451
R3CED:C... [RIC11C... [5.446

Fanin FanOut

0.508 0.694 0.129 0.]
1.354 0.000 0.000
CLK 1 B1 FCO FCI FCO

ol
Lt

CNT ¢ 3 CNT cry 3 CNT cry &

|

R3CBD R3C9B R3C9C R3

Figure 26: Logical Interconnect Related to Critical Path

¢ The first component is a slice programmed into a mode featuring logic
and a flip-flop.

¢ The last componentis a PIO programmed into a mode also featuring a
registered output block.

The block diagram shown in Figure 27 clarifies the path trace results.

According to the data sheet, the clock-to-Q delay of PFU/PFF elements is
about half that of the clock-to-output of PIO/IOLOGIC elements. In a later
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Figure 27: Path Trace Results

CLK

7.

Zlice T, 10 agic
o1 I Combinatarisl
Logic &

Routes

Shice o]
locabon lacatian

task, you will adjust the design to exclusively use the faster PFU/PFF
register elements for the counter.

Note

The slice locations of your floorplan and path tracer may vary from the figures
shown.

Close Path Tracer, and minimize Floorplan View.

Examine Programming of Design Planner
Elements

To examine the programming of Design Planner elements:

1.
2.

In Design Planner Control, choose View > Post-Mapped View.

In the right pane of Post-Mapped View, expand the Instance list and the
net list.

From Post-Mapped View, you can see how specific registers of the
counter were implemented by the placement and routing. Notice the
physical elements related to CNT[0] of the counter. Look for
CNT_O(PIO)@ and CNT_0_MGIOL(IOLOGIC)@. A PIO is equivalent to a
syslO buffer of the LatticeEC Programmable 1/O Cell (PIC), and an
IOLOGIC represents the register element of the PIC. This is another hint
to indicate why the frequency preference failed. PIC registers do not
provide fast carry chain routing resources, so additional logic and routing
is required to emulate the counter behavior.

Go to Floorplan View and choose Tools > Customization. In the
Customization dialog box, select Activates window when component is
located and click OK.

In Post-Mapped View, select CNT_0_MGIOL (IOLOGIC)@IOL _scl,
where:

¢ s =[T|BIL|R] indicates the side of the chip die
¢ cis the column number
¢ | =[A|B] indicates a specific pad of an LVDS pair

Click the right mouse button, and choose Locate > Floorplan View.
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The Floorplan View highlights the IOLOGIC block and changes the zoom
level, as shown in Figure 28.

Figure 28: Highlighted IOLOGIC Block
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6. Right-click on the highlighted block, and choose Detailed View.

A detailed schematic view of the IOLOGIC block configuration appears, as
shown in Figure 29 on page 30.

Details like the logic mode, GSR setting, reset, and configuration of the
register elements appear as blue highlighted boxes, and the data path
through the block is annotated in green.

7. Close the Detail Logic View.
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Figure 29: Detailed Schematic View of IOLOGIC Block
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Examine the Counter Implementation in Slices

To examine the counter implementation in slices:

1. In Post-Mapped View, select SLICE_O(FSLICE)@rcs, where:
& 1 is the row number.
& C is the column number.
¢ s =[A|B|C|D] to indicate a specific slice of a PFU.

2. Right-click and choose Locate > Floorplan View.

Floorplan View highlights the SLICE block and changes the zoom level,
as shown in Figure 30.

Figure 30: Highlighted SLICE Block
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3. Right-click the highlighted block, and choose Detailed View.
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A detailed schematic view of the SLICE diagram appears, as shown in
Figure 31.

Figure 31: Detailed Schematic View of SLICE Block

1. Detail Logic View: SLICE_0: R3C9A

The SLICE_O0 LUTs are configured as up counters (CNTUP), with ripple
mode (RIPPLE), and fast carry out (FCO). SLICE_0O through SLICE_7 are
configured in the same manner.

4. Close the Detail Logic View.

In Post-Mapped View, select SLICE_8(FSLICE)@rcs.
6. Right-click and choose Locate > Floorplan View.

Floorplan View highlights the SLICE diagram and changes the zoom level.
7. Right-mouse click on the highlighted block and choose Detailed View.

A detailed schematic view of the SLICE block configuration appears.

SLICE_8 LUTs are configured as logic and flip-flops (REGMODE=FF).
SLICE_8 through SLICE_15 are configured in the same manner.

8. Close the Detail Logic View.
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9. From the Design Planner Control window, choose File > Exit.

Note

You can often gather what logic is associated with what slice from the slice details of
the Post-Mapped View.

Figure 32 illustrates the implementation as a block diagram of the logical
implementation and the approximate timing results.

Figure 32: Logic Implemented as Block Diagram
A
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In the next task, you will direct the system to implement the counter registers
in PFU/PFF-based elements to take advantage of fast carry chain resources.

Task 6: Improving PAR Results — Part 1

This task demonstrates how synthesis can dramatically influence the
operating frequency of the design. In the previous task, you discovered that
the counter speed was constrained because of the use of PIC registers
instead of PFU/PFF slices. In this task, you will adjust a compiler directive to
target the counter logic to PFU/PFF slices exclusively.

Timing closure is a large subject and is covered in more detail by the Lattice
Semiconductor technical documentation cited at the end of the tutorial.

If you are using a Verilog HDL source file, see “Improving PAR Results for

Verilog” on page 34. If you are using a VHDL source file, see “Improving PAR
Results for VHDL” on page 34.

Note

For more information on RTL code style for best results, see the “Strategies for Timing
Closure” chapter in the FPGA Design Guide.
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Improving PAR Results for Verilog

To edit the Verilog source and add a directive to control placement:

1.

3.
4.

In Project Navigator, double-click the pinassign_PLL (pinassign_pll.v)
module to open the Verilog file in Text Editor.

Note

There is a completed source file in the following project subdirectory:

<install_path>\examples\tutorial\fpga_design_tutor\pinassign_PLL_b.v

Modify the output declaration at line 5 from:

output [15:0] CNT /* synthesis syn_useioff=1 */;
to:

output [15:0] CNT /* synthesis syn_useioff=0 */;

Note

Verilog is case-sensitive, so you must enter the code exactly as just given.

In the Text Editor, choose File > Save.

In the Text Editor, choose File > EXxit.

For more information on Synplify Synthesis Directives, see the Synplify for
Lattice Reference Manual in the online Help.

Continue with the tutorial by going to “Viewing the TRACE Reports” on
page 35.

Improving PAR Results for VHDL

To edit the VHDL source and add a directive to control placement:

1.

In the Project Manager, double-click the pinassign_PLL
(pinassign_pll.vhd) module to open the VHDL file in the Text Editor.

Note

There is a completed source file in the following project subdirectory:

<install_path>\examples\tutorial\fpga_design_tutor\pinassign_PLL_b.vhd

Modify the output declaration at line 12 from:

attribute syn_useioff of CNT : signal is true;
to:

attribute syn_useioff of CNT : signal is false;
Modify the output declaration at line 21 from:

attribute OUTFF of CNT : signal is true;
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to:

attribute OUTFF of CNT : signal is false;
4. Choose File > Save.

Choose File > Exit.

For more information on Synplify Synthesis Directives, see the Synplify for
Lattice Reference Manual in the online Help.

Viewing the TRACE Reports

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Place & Route TRACE Report.

After a few moments, the pinassign_pll.twr tab appears in the output
panel.

Note

If you do not see this tab, drag the vertical splitter bar to the right.

3. Inthe Report Summary of the pinassign_pll.twr TRACE report, review the
operating frequency reported in the Actual column of the FREQUENCY
PORT “CLK” 250 MHz preference, shown in Figure 33.

The 250-MHz obijective for operating frequency has been met, but the clock-
to-output delay (tco) has worsened now that the clock-to-output path must
traverse a PFU and a PIC to the external pad.

Figure 33: Report Summary of pinassign_pll.twr TRACE Report
Report Summary

FREQUENCY PORT "'CLK' 250.000000 MHz ; 250.000 MHz] 295.421 MHz] 8

|

I

| I I
CLOCK_TO_OUT ALLPORTS 4.000000 ns I
CLKPORT "CLK" ; I
I

| |
4.000 ns| 9.761 ns|] 2 *

The TRACE reports shown in Figure 34 on page 36 illustrate the worst-case
path as scored by the static timing analyzer before and after the design
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changes of this task. Notice the Delay summary of each preference and the
utilization ratio of logic versus route resources.

Note

The actual values of your report may vary. To see how the device implementation has
changed, use the procedure in “Task 5: Viewing the Device Implementation” on

page 24 to examine how the counter registers are now implemented in PFU/PFF
SLICE elements instead of IOLOGIC.

Figure 34: TRACE Reports Showing Worst-Case Path
Before

Preference: FREQUENCY NET "CLK " 250.000000 MHz ;
272 items scored, 262 timing errors detected.

Error: The following path exceeds requirements by 2.144ns

Logical Details: Cell type Pin type Cell/ASIC name (clock net +/-)

Source: FF Q CNT7_6_F2 (from CLK c +)

Destination: FF Unknown CNT15_14 F2_repio (to CLK_c +)

Delay: 6.248ns (44.8% logic, 55.2% route), 6 logic levels.
After

Preference: FREQUENCY PORT "CLK"™ 250.000000 MHz ;
72 items scored, O timing errors detected.

Passed: The following path meets requirements by 0.615ns

Logical Details: Cell type Pin type Cell/ASIC name (clock net +/-)
Source: FF Q CNT_O (from CLK c +)
Destination: FF Unknown CNT_15 (to CLK c +)

FF CNT_14
Delay: 2.776ns (75.0% logic, 25.0% route), 8 logic levels.

Figure 35 illustrates the implementation as a block diagram of the logical
implementation and the approximate timing results.

Figure 35: Logic Implemented as Block Diagram

<] CNT15:0]
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tCO=~12ns
fMAX = ~290 MHz
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In the next task, you will adjust the source design to use a form of pipelining to
reduce clock-to-output delay (tco) and add a sysCLOCK PLL to effectively
remove from the critical path timing equation the route delay introduced by the
clock tree.

Task 7: Generate a Module Using IPexpress

In this task, you will configure and generate the source files for a sysCLOCK
PLL module using IPexpress, then you will reference the new module from
the top-level design. Using IPexpress, you can select a module from the
module tree and specify parameters within the dialog box. When you click
Generate, the software uses the parameters that you specified and produces
the required output files. After you have declared the module and copied the
boundary description to your HDL source file, the software automatically
includes it in your design. In this module, you will create a sysCLOCK phase-
locked loop (PLL), which is a device that provides the ability to multiply, divide,
or phase shift clocks.

The purpose of the tutorial PLL is to effectively remove from the critical path
timing equation the route delay introduced by the clock tree by feeding the
global clock signal back into the PLL. The LatticeEC clock tree provides a
dedicated routing path for this sort of application, which ensures that the delay
related to the feedback compensation result is the same from design to
design.

Generate a sysCLOCK PLL Module

To generate a sysCLOCK PLL module:

1. From Project Navigator, choose Tools > IPexpress, or click the button on
the Project Navigator toolbar.

The IPexpress window appears.
2. In the left pane, expand the Module folder.
3. Expand the Architecture_Modules folder and select PLL.
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4. In the right pane, type ec_pll in the File Name box.

The IPexpress window should now resemble that shown in Figure 36. For

VHDL designs, the Design Entry field will display “VHDL.”

Figure 36: IPexpress Window

& IPexpress

File Tools Help
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Mame Wersion
B4 Module ] To generate the module or IP, enter the information in the
Architecture_Modules enahled fields (such as Project Path, File Name, etc ) and click
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customization of the selected module or IP.

Macro Type: | Module Yersion: | 5.2 |
ﬁ System_Bus X

“fat Tag Memory 20

(] Arithmetic_Modules Madule Mame: | PLL |

] DSP_Modules

-] Memory_Modules

E- P Project Path; | chigptoals8_2\examplesttutoriafpga_design_tutar | E]

File Mame: | ec_pll |
Dresign Entry: | Yerlog HOL v |
Device Family | LatticeEC |
Part Name | LFECTESTI00C |

Cugtomize

Local | ﬁ IP Server % Configuration @ About

5. Click Customize.

6. Inthe Lattice FPGA Module -- PLL dialog box, click the Configuration
tab.
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7. Select or type the following parameters in the Configuration tab to
configure the PLL to produce a 250-MHz clock:

a. Select Frequency Mode.
b. Inthe CLKI Frequency box, type 250.
c. Inthe CLKOP Desired Frequency box, type 250.

The Configuration tab should look like the illustration shown in Figure 37.

Figure 37: IPexpress Configuration Tab
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Frequency
2 =] 0 =]
Calculate
I Irmport LPC to ispLEVER project | Close | Help |

8. Click Calculate.

9. Click Generate.

Note

For more information on how to determine appropriate divider values to meet your
frequency requirements, see Technical Note TN1049, “LatticeECP/EC sysCLOCK
PLL Design and Usage Guide” at www.latticesemi.com.

A message appears in the Generate Log tab, confirming that the module
has been generated successfully. IPexpress creates the following files in
the project folder:

¢ ec_pll.lpc — Parameter file, where the file extension corresponds to the
type of module generated. This file is loaded into IPexpress so that
modifications can be made to the module.

¢ ec_pll.srp — Report file
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¢ ec_pll.v or .vhd — HDL file for both synthesis and simulation
¢ ec_pll_generate.log — IPexpress log file

¢ ec_pll_tmpl.v or .vhd — Component or instantiation template for HDL
netlist

¢ msg_file.log — Log message file
10. Click Close to close the Generate Log tab.

11. Choose File > Exit to close IPexpress.

Add a PLL Instance

In this procedure, you refer to the PLL module from your source, using Text
Editor. When IPexpress builds the Verilog HDL or VHDL module, it produces
output files for generating your design’s database and places them inside the
project directory. Before you generate the database for your Verilog HDL or
VHDL design, you must add one or more module instances to your source
code and connect the interface to your top-level design signals.

The PLL module instance is wired into the design so that it uses the external
CLK signal to produce a new clock, PPCLK, to drive the counter design.
Feedback is taken from PPCLK, which effectively removes the clock-tree
delay from the critical-path timing equation, given the natural matching
behavior of the PLL.

An alternative to importing HDL source files generated by IPexpress into the
project is to import the module's .Ipc file. After the file is imported, you can
double-click the .Ipc file to cause IPexpress to automatically open and load
the module's configuration.

To edit the HDL source to “pipeline” the counter results with I/O registers and
add a PLL instance:

1. In Project Navigator, double-click the pinassign_PLL (pinassign_pll.v)
module to open the HDL file in Text Editor.

2. Modify the source code as shown in Figure 38 (Verilog) or Figure 39
(VHDL).

Note

There are completed source files at:
<install_path>\examples\tutorial\fpga_design_tutor\pinassign_pll_c.v

<install_path>\examples\tutorial\fpga_design_tutor\pinassign_pll_c.vhd
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Figure 38: Verilog Source Code
module pinassign_PLL (RESET_L, CLK, CNT);

input RESET_L;
input CLK;
output [15:0] CNT; /* synthesis syn_useioff=1 */

reg [15:0] q_i;
reg [15:0] CNT;

wire RESET;
wire PPCLK;

assign RESET = 'RESET_L;

//1Insert PLL instantiation here
ec_pll ec_pll_inst(

.CLK(CLK),

-RESET(RESET),

-CLKOP(PPCLK),

-LOCKQ);

always @(posedge PPCLK or posedge RESET)
begin
if (RESET)
q_i <= 16"b0;
else
q_i <= q_i + 1;
end

always @(posedge PPCLK or posedge RESET)
begin
if (RESET)
CNT <= 167"b0;
else
CNT <= q_i;
end

endmodule

Figure 39: VHDL Source Code

library ieee;
use ieee.std_logic_1164._all;
use ieee.numeric_std.all;

entity pinassign_PLL is
port(
CNT : out std_logic_vector(15 downto 0);
CLK : in std_logic;
RESET_L : in std_logic
)
attribute syn_useioff : boolean;
attribute syn_useioff of CNT : signal is true;

end pinassign_PLL;
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Figure 39: VHDL Source Code (Continued)

architecture rtl of pinassign_PLL is
signal RESET: std_logic;
signal PPCLK: std_logic;

signal qg_i: unsigned(15 downto 0);

attribute OUTFF : boolean;
attribute OUTFF of CNT : signal is true;

-- parameterized module component declaration
component ec_pll
port (

CLK: in std_logic;

RESET: in std_logic;

CLKOP: out std_logic;

LOCK: out std_logic);
end component;

begin
RESET <= not(RESET_L);

--Insert PLL instantiation here
ec_pll_inst: ec_pll
port map(
CLK=>CLK,
RESET=>RESET,
CLKOP=>PPCLK,
LOCK=>0pen);

process (PPCLK, RESET)
begin
ifT RESET = "1" THEN
g_i <= (others=>"07");
elsif (PPCLK"event and PPCLK="1") then
q_i <= q_i + 1;
end if;
end process;

process (PPCLK, RESET, q_i)
begin
ifT RESET = "1" THEN
CNT <= (others=>"0%);
elsif (PPCLK"event and PPCLK="1") then
CNT <= std_logic_vector(g_i);
end if;
end process;

END rtl;
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Choose File > Save.
4. Choose File > Exit.

In Project Navigator, choose Source > Import to open the Import File
dialog box.

6. In the dialog box, do the following:
a. Select ec_pll.v (or ec_pll.vhd), which is added to the File Name box.
b. Click Open.
The Import Source Type dialog box appears.

7. Inthe Import Source Type dialog box, select Verilog Module (or VHDL
Module) and click OK.

The file is added to the source file list.

The new module appears in the Sources in Project window as ec_pll
(ec_pll.v) (or as ec_pll (ec_pll.vhd)), as shown in Figure 40. The project
is now complete.

Figure 40: New PLL Module in Project Navigator

LFECIE-3T100C
= [pinassign_PLL {pinassign_pll.¥)]
ec_pll {ec_pll.w)
Werilog Variables
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Examine Timing Results with sysCLOCK PLL

In this procedure, you examine the timing changes resulting from the addition
of the sysCLOCK PLL module.

To examine the timing results:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Place & Route TRACE Report.

After a few moments, the updated pinassign_pll.twr appears in the output
panel.

3. Review the operating frequency reported in the Actual column of the
FREQUENCY NET “PPCLK” 250 MHz preference of the pinassign_pll.twr
TRACE report, shown in Figure 41.

The 250-MHz objective for operating frequency has been met, and the
clock-to-output delay (tcp) has improved but still does not meet the

objective of 4.0 ns.

Note

The actual values of your report may vary.

Figure 41: Report Summary of pinassign_pll.twr TRACE Report
Report Summary

FREQUENCY NET "'PPCLK™ 250.000000 MHz ; 250.000 MHz] 295.421 MHz] 8

FREQUENCY NET "CLK_c'" 250.000000 MHz ; -1 -1 0
FREQUENCY PORT "CLK'" 250.000000 MHz ; -1 -1 0

| |
CLOCK_TO_OUT ALLPORTS 4.000000 ns | |
CLKPORT "CLK"™ ; 4.000 ns| 5.028 ns| 2>

In the next task, you will modify the design again to compensate for the clock-
to-output delay (tco) delay.
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Task 8: Improving PAR Results — Part 2

This task demonstrates how to use the ispLEVER software controls and
constraints that may improve the maximum operating frequency of your
design. Timing closure is a broad subject and is covered in more detail by the
Lattice Semiconductor technical documentation resources cited in
“Recommended Reference Materials” on page 64. In this task, you will
attempt to improve placement and routing (PAR) performance results by using
the delay compensation feature of the sysCLOCK PLL and effort level and
number of iterations taken by the PAR program.

Review the Constraint Details section of the Place and Route TRACE Report
in the pinassign_pll.twr tab of the output panel. It is shown in Figure 42. It
provides information on how to improve the clock-to-output path delay. The
clock path delay can be influenced by the delay adjustment feature of the PLL
to offset the 0.250 ns by which the path exceeds the constraint. The
sysCLOCK PLL delay adjustment feature enables you to adjust the phase of
the clock in increments of 250 ps. Therefore, your adjustment will be -5 to
account for the 1.028 ns by which the path exceeds the requirement (-5 x
0.250 ns = —1.250 ns).

Figure 42: Preferences Failing Timing Constraints in Place and Route TRACE Report

Preference: CLOCK_TO_OUT ALLPORTS 4.000000 ns CLKPORT "'CLK" ;
16 items scored, 16 timing errors detected.

Error: The following path exceeds requirements by 1.028ns

Logical Details: Cell type Pin type Cell/ASIC name (clock net +/-)
Source: FF Q CNT_O__Qio (from PPCLK +)
Destination: Port Pad CNT_O
Data Path Delay: 4.250ns (100.0% logic, 0.0% route), 2 logic levels.
Clock Path Delay: 3.289ns (23.7% logic, 76.3% route), 2 logic levels.

Constraint Details:

3.289ns delay CLK to CNT_O_MGIOL less

2.511ns feedback compensation

4.250ns delay CNT_O_MGIOL to CNT_O (totaling 5.028ns) exceeds
4.000ns offset CLK to CNT_O by 1.028n
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Add a Delay Adjustment Factor

To add a delay adjustment factor to the sysCLOCK PLL:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click the Design Planner (Pre-Map) tool.

The Spreadsheet View, Package View, and Design Planner Control
windows appeatr.

3. In Spreadsheet View, select the PLL Attributes tab.

A single row appears with the sysCLOCK PLL ec_pll_inst added to your
design earlier.

4. Double-click the FDEL cell and select -5 from the list.
Choose File > Save to update pinassign_pll.Ipf.

6. Choose File > Exit in the Design Planner Control window to exit the
Spreadsheet View.

7. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

8. Double-click Place & Route TRACE Report.

After a few moments, the updated pinassign_pll.twr appears in the output
panel.

Now both preferences pass the timing constraints, as shown in Figure 43.

Figure 43: Preferences Passing Timing Constraints in Place and Route TRACE Report

Preference: CLOCK _TO_OUT ALLPORTS 4.000000 ns CLKPORT "'CLK"™ ;
16 items scored, O timing errors detected.

Passed: The following path meets requirements by 0.222ns
Logical Details: Cell type Pin type Cell/ASIC name (clock net +/-)

Source: FF Q CNT_O__Qio (from PPCLK +)
Destination: Port Pad CNT_O

Data Path Delay: 4.250ns (100.0% logic, 0.0% route), 2 logic levels.
Clock Path Delay: 2.039ns (-23.1% logic, 123.1% route), 2 logic levels.
Constraint Details:
2.039ns delay CLK to CNT_O_MGIOL less
2.511ns feedback compensation

4.250ns delay CNT_O_MGIOL to CNT_O (totaling 3.778ns) meets
4._.000ns offset CLK to CNT_O by 0.222ns
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Figure 44 illustrates the implementation as a block diagram of the logical
implementation and the approximate timing results.

Figure 44: Logic Implemented as Block Diagram
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Often the first and easiest approach to improving results is to raise the
placement effort and the number of routing passes performed by PAR.

Perform Placement and Routing

To place and route the design:

1.

Make note of the operating frequency reported in the Report Summary of
the pinassign_pll.twr TRACE report so you can compare the results of this
task to it. Look at the Actual column of the FREQUENCY NET “PPCLK”
250 MHz preference.

In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

Select the Place & Route Design process.

Click the right mouse button, and choose Properties to open the
Properties dialog box.

Click Defaults.

Placement effort and routing passes are updated to the default values:
¢ Placement Effort Level: 5

¢ Routing Passes: 6

Click Close.

In Project Navigator, select the Place & Route Design process.

Click the right mouse button, and choose Force One Level.

Force One Level executes only this particular stage of the process flow. It
is a convenience as you experiment with different process property
settings or user constraints. If Project Navigator requires input files to be
updated, other processes may be executed as well. The Automake Log
tab of the output panel displays the run results.

In Project Navigator, double-click Place & Route TRACE Report.

After a moment, the updated pinassign_pll.twr appears in the output
panel.

FPGA Design with ispLEVER Tutorial 47



FPGA Design with ispLEVER Tutorial Task 8: Improving PAR Results — Part 2

10. Review the operating frequency reported in the Actual column of the
FREQUENCY NET “PPCLK” 250 MHz preference in the Report Summary
of the pinassign_pll.twr TRACE report.

Guide Component Placement

Guiding placement of components is part of a floorplanning strategy that may
improve (or in some cases degrade) the results of your design. Location
constraints guide the placement phase of the placement and routing and,
depending on the organization of your logic, can reduce the delay of critical
paths. Location constraints can be declared within HDL source files or as part
of an ASCII preference file, <project>.Ipf, produced by Design Planner or the
EPIC Device Editor. In this experiment, all PFU/PFF slices of your design are
associated with a physical group (or PGroup), which PAR will attempt to place
in proximity with each other. This sort of packing may shorten the overall
routing distances and improve maximum frequency.

To guide component placement of the pinassign_PLL module:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Design Planner (Post-PAR) to open Design Planner.

3. Maximize the Post-Mapped View window by double-clicking on the
window pane title bar (if you do not see the Post-Mapped View, choose
View > Post-Mapped View in the Design Planner Control window).

4. Expand the Instance tree, and select all slices in the netlist (right) pane of
the Post-Mapped View window by clicking on the first slice (SLICE_O) in
the list, then shift-clicking the last slice (SLICE_8).

5. Right-click anywhere on the list and choose New UGROUP to activate the
New UGROUP dialog box, as shown in Figure 45.

6. Inthe New UGROUP dialog box, do the following:
a. Type top into the UGROUP Name entry box.
b. Select BBox, and enter 6 into both the Height and the Width boxes.

c. Select Anchor so you can specify the upper left row and column of a
rectangle that will anchor the UGROUP in the device resource area.
Accept the defaults in the Row and Column boxes.

d. Click OK.
7. From the Design Planner Control window, choose File > Save.
8. Choose File > Exit.

9. To view the results of the UGROUP constraint along with all the other
constraints that you created in earlier tasks, double-click the Edit
Preferences (ASCII) process tool.

The project’s preference file, pinassign_pll.Ipf, appears in Text Editor as
UGROUP “top™

UGROUP "top' BBOX 6 6
BLKNAME q_i_cry 0_4
BLKNAME g_i_0
BLKNAME g_i_cry_0_10
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Figure 45: New PGROUP Dialog Box
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10. Choose File > EXxit.

11. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

12. Double-click the Place & Route Design process.

PAR is executed with the new PGROUP preference. The Automake Log
tab of the output panel displays the run results.

13. In Project Navigator, double-click Place & Route TRACE Report.

After a few moments, the updated pinassign_pll.twr appears in the output
panel.

14. Review the operating frequency reported in the Actual column of the
FREQUENCY NET “PPCLK” 250 MHz preference of the pinassign_pll.twr
TRACE report. Given the relative size of this design example, more
routing iterations and grouping will not improve the design beyond what
has already been accomplished through the RTL code style and use of
the internal PLL.

Note

To see how the PGroup location constraint influenced the placement and routing, open
the Post-PAR Design Floorplan and notice how the slices are now closer together.
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Task 9: Examining Device Utilization

In this task, you will view the resource utilization and critical paths of the
placed and routed design in Design Planner. Design Planner illustrates
connection and utilization density with colored graphics and allows you to
trace any signal path.

View the Device Implementation

To view the device implementation after placement and routing:

1. In Project Navigator, select the LFEC1E-3T100C device in the Sources in
Project window.

2. Double-click Design Planner (Post-PAR) to open Design Planner.

3. If Floorplan View and Post-Mapped View do not appear, choose View >
Floorplan View and Post-Mapped View from the Design Planner Control
window.

4. Click anywhere within Floorplan View and choose View > Zoom to Fit.

The device architecture fills the window, as shown in Figure 46. The
LatticeEC PIC, PFU, PFF, and EBR elements that are shown as small
boxes in the display similar to the simplified block diagram of the data
sheet.
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Figure 46: Device Architecture in Floorplan View
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View the Routing Congestion

To view the routing congestion:
1. From the Floorplan View toolbar, choose Layer > Congestion.

Horizontal and vertical colored bars appear in the display to illustrate

channel congestion of short PFU connections, as shown in Figure 47. By

default, green indicates low congestion, and red indicates high
congestion.

Figure 47: Channel Congestion of Short PFU Connections
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2. In Post-Mapped View, open the Instance tree and select

SLICE_O(FSLICE)@RnCn, where n is a row or column number from the

Instance tree in the right pane.

3. Click the right mouse button and choose Locate > Floorplan View.

The Floorplan View highlights the PFU/PFF slice and changes the zoom

level, as shown in Figure 48.
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Figure 48: PFU/PFF Slice in Floorplan View
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4. Choose File > Exit in the Design Planner Control window.

Note

If you want to exit the tutorial at this point and resume it later, choose File > Save in

Project Navigator to save the pinassign_pll.syn file. To resume the tutorial, re-load this
file by choosing File > Open.
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Task 10: Estimating Power Consumption

In this task, you will review the report created by Power Calculator, which
uses your estimates of activity factors and frequency to calculate power
consumption. The tool is flexible enough to use early estimates of device
utilization and operational behavior with pre-route or post-route design
databases.

Estimate Power for Routed Design

To use Power Calculator to estimate power consumption for a routed design:
1. In Project Navigator, choose Tools > Power Calculator.
After a few moments, the Power Calculator application appears.

2. Choose File > New to open the Power Calculator — New Project dialog
box.

3. Inthe dialog box, check that:
¢ Project Name shows pinassign_pll.

¢ Project Directory shows the correct path
(<install_path>\examples\tutorial\fpga_design_tutor).

¢ NCD File shows <install_path>\examples\tutorial\fpga_design_tutor\
pinassign_pll.ncd.

4. Click Finish.

The main Power Calculator window appears with the Power Summary tab
selected, as shown in Figure 49.

The Power Summary tab shows information about the device, its
operating environment, and summaries of the design’s current and power
requirements. The Power Calculator window offers several other tabs to
show how different parts of the device are affecting the power
requirements.

5. Choose Edit > Frequency Settings.
6. Select Use TWR.

7. Click the Browse button and select pinassign_pll.twr from the list. Click
Open.

8. Click OK.

The Power Calculator loads the preference file to obtain frequency
constraints of the design.

9. Choose Edit > Activity Factor Settings.
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Figure 49: Power Summary Tab in Power Calculator Window

& Power Calculator. c:\isptoolsiexamplesMutorial\fpga_design, |
File Edit Help

DEDE

B

Lattice Power Calculator

Software Mode: | Calculation

Powver Summary | | ogic Block || Clocks | MO || MO Term | Block RAM | PLLDQSDLL | Graph | Report

Device

Farnily: LatticeEs w | Speed Grade:

Device: LFEC1E + | Operating Condition: |Commerc:ial

Package Type: TaFpi00 + | Part hame:

Device Power Parameters

Process Type: Typical 4 | Power File Revision: | Final

Environmenit
|_3 w | Thermal Profile...
v | Ambiert Temperature:
LFECTE-3T100C v| | | Etfective Theta-Ja:
Junction Temperature:
| Maximum Safe Ambient:

Power by Block (W) | Peak Startup (A)

Dyhamic| Current by Power Supply Details Paowver by Poweer Supply Details
Paowver
W Muttiplier| | Static (41 Dynamic (4) Total (&) | | |Static (40 Dynamic (70 Total (A7) s WiEE s
Ve 1200 || 900 00082 |0.0000 00032 00111 |0.0000 00111 1o HuEs
vecape 13300 || 100 00150 |0.0000 0.0150 00435  |0.0000 0.0435 Logic (L0
e 1200 || 100 00050 |0.0000 0.0050 00060 |0.0000 0.0060 EBR Hlns
\ecpl 1200 || 100 00070 |0.0000 0.0070 00084 |0.0000 0.0054 DasDLL L 0Ly
Voo 33 |3.300 || 100 00000 |0.0000 0.0000 00000 |0.0000 0.0000 PLL L 0L
oo 25 12500 | 100 00013 |0.0000 0.0013 00033 |0.0000 0.0033 Miscellaneous _|0.0601
vecin18 1800 || 100 00000 |0.0000 0.0000 00000 |0.0000 0.0000
Vecin15 1500 || 100 00000 00000 0.0000 00000 00000 0.0000 Total Powver: ooses |
Vo2 11200 | 100 00083 |0.0000 0.0083 00100 |0.0000 0.0100
00458 [0.00no 0.0459 00883 |0.0ono .0883

Create a new Project

Froject Mame: pinassign_pll

Froject File: clisptoalsiexamplesitutarialfpga_design_tutonpinassian_pll.pep
Froject Directory: clisptools\examplesitutorialfpaa_design_tutor

<

FPGA Design with ispLEVER Tutorial

55



FPGA Design with ispLEVER Tutorial Task 10: Estimating Power Consumption

10.

11.
12.

13.

14.

15.

16.

17.

18.

In the Activity Factor Default box, type 31.25.

The activity factor (AF) percentage for the 16-bit counter is taken from the
number of signal transitions per rising clock edge. Considering each
counter bit from LSB to MSB:

AF =1 (LSB) + 1/2 + 1/4 + ... + 1/215 (MSB) = ~2
AF/Counter nodes = 2/16 = 0.125

AF (%) = 0.125 x 250 MHz = 31.25 MHz

Click OK.

Click the Logic Block tab.

The COMBINATORIAL row indicates the unclocked logic of the design, in
this case, the asynchronous reset. The PPCLK row illustrates the
synchronous logic of the design clocked by PPCLK. You can see that the
logic slice and ripple-carry logic cells reflect the utilization by the 16-bit
counter logic.

Click the Block Ram tab.

No rows are included in this section since the tutorial design does not use
embedded block RAM.

Click the 1/O tab.

The PPCLK row indicates the synchronous IOLOGIC of the counter’s
output register clocked by PPCLK. The I/O Register cells of single data
rate (sdr) indicate the single-ended I/O standard of the design’s LVCMOS
sysl/O buffers (16 outputs and 2 inputs).

Enter the following AC characteristic value in the 1/O tab:
¢ COMBINATORIAL, Frequency (MHz): 250
Click the Graph tab.

In a few moments, the graphs appear, showing how total power changes
with changing V¢, temperature, and PPCLK frequency.

Click the Report tab.
The Report tab summarizes the data in a printable form.

Choose File > Save.

You can quickly change your analysis to consider a different device by
adjusting the Family, Device, or Part Name fields.

Estimate Power for a Different Temperature

One of the critical factors in reducing power consumption is to minimize the
operating temperature of the device. Power Calculator offers different models
to estimate the temperature for a given device when it is mounted on a board.

To estimate the power consumption for a different operating temperature:

1.
2.

Click the Power Summary tab.

Click Thermal Profile in the Environment section.
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3. Inthe Thermal Profile dialog box, under Heat Sink Selection, choose
Medium Profile Heat Sink.

The Effective Theta-JA value decreases.
4. Click OK.

Values in the Power Summary tab are automatically updated to show the
effects of the reduced temperature.

Estimate Power for a Different Device

To estimate the power consumption for a different device:

1. From the Device list on the Power Summary tab, choose the 6.1K LUT,
LFECGE.

The values in the Power Summary tab increase to reflect the larger
device’s power consumption.

2. Choose File > Exit.

Task 11: Simulating the Design

In this task, you prepare for simulation by using utilities for creating a Verilog
test fixture or a VHDL test bench, and run the simulator by using the scripts
created by Project Navigator. Although this task is one of the last in the
tutorial, you can perform a functional simulation on all or a portion of the
module hierarchy at any time.

In the first portion of this task, you will create a Verilog test fixture or a VHDL
test bench to drive the unit under test (UUT), module pinassign_PLL.

See “Create a Verilog Test Fixture” on page 57 if you are using a Verilog HDL
source file, or see “Create a VHDL Test Bench” on page 60 if you are using a
VHDL source file.

Create a Verilog Test Fixture

To create a Verilog test fixture:

1. In Project Navigator, select the pinassign_PLL (pinassign_pll.v)
module.

Several Verilog source-related processes appear in the Processes for
Current Source window.

2. Double-click the Verilog Test Fixture Declarations process output file.

A Verilog test fixture declarations file is created in the project directory.
This file includes the port interface details of the pinassign_PLL module
that you will refer to later in a Verilog test fixture.

3. Choose Source > New to open the New Source dialog box.

4. Select Verilog Test Fixture and click OK.
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In the Associate Verilog Test Fixture dialog box, select the target device,
LFEC1E-3T100C, from the Associate With list, and click OK.

Text Editor opens, and the New File dialog box appears.

The associate function enables you to determine which module of your
design you want a test fixture to drive. It accommodates a bottom-up
functional verification approach as you add more and more modules to
your design. Associating the test fixture with the target device indicates
that the “top” module and those of the hierarchy below it are to be
simulated for both functional and timing simulation.

Type pinassign_PLL _tf into the File Name box of the New File dialog box
and click OK.

The new, empty test fixture file appears in Text Editor and is added to the
source list of Project Navigator as a Verilog test-fixture-type file.

In Text Editor, choose Templates > Insert to open the Insert Template
dialog box, shown in Figure 50.

A variety of Verilog HDL source code templates are provided to ease
design entry.

Select the following in the dialog box:
a. Template Files: <isptools>\ispcpld\config\verilog.tpl
b. Template Name: Test Fixture: Sample 1

Click Insert.

Figure 50: Insert Template Dialog Box
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A template of Verilog code appears in Text Editor.

. In the Insert Template dialog box, click Close.
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A simple test fixture module called “t” is provided here with commented
sample stimulus statements.

Note

A completed test fixture file is provided in the following project subdirectory. You
can copy this file into your project directory, or you can view this file for reference
while you complete this portion of the task.

<install_path>\examples\tutorial\fpga_design_tutor\pinassign_pll_lab.tf

11. Modify the timescale directive at line 4 from:
// timescale 1 ps / 1 ps
to:
“timescale 1 ns / 1 ns
12. Add the following compiler directive to line 5:
“define auto_init;
13. Modify the reference to the test fixture declaration file at line 11 from:
// " include "p2_top.tfi"
to:
“include "pinassign_PLL.tFi"
14. Modify the code for the clock stimulus at line 24 from:
//always #(clock_period / 2) clk = ~clk;
to:
always #5 CLK = ~CLK;
15. Modify the code for the reset stimulus beginning at line 33 from:

//my_reset[0:1]
//my_reset[0:1]
//my_reset[0:1]

2 "h 1; #22500;
2 "h 2; #15500;
2 "h 3; #28500;

to:

#87 RESET_L = O;
#95 RESET_L = 1;
Note

Verilog is case-sensitive, so you must enter the code exactly as just given.

16. Choose File > Save.

17. Choose File > Exit.

Continue with the tutorial by going to “Start Functional Simulation” on
page 61.
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Create a VHDL Test Bench

To create a VHDL test bench:

1.

10.
11.
12.

13.

In Project Navigator, select the pinassign_PLL (pinassign_pll.vhd)
module.

Several VHDL source-related processes appear in the Processes for
Current Source window.

Double-click the VHDL Test Bench Template process output file.

A VHDL test bench template called pinassign_PLL.vht appears in the
output panel. This file includes a design unit that instantiates the
pinassign_PLL component.

Choose Source > New to open the New Source dialog box.
Select VHDL Test Bench and click OK.

In the Associate VHDL Test Bench dialog box, select the target device,
LFEC1E-3T100C, from the Associate With list, and click OK.

Text Editor opens, and the New File dialog box appears.

The associate function enables you to determine which module of your
design you want a test bench to drive. It accommodates a bottom-up
functional verification approach as you add more and more modules to
your design. Associating the test bench with the target device indicates
that the “top” module and those of the hierarchy below it are to be
simulated for both functional and timing simulation.

Type pinassign_PLL_tb in the File Name box of the New File dialog box
and click OK.

The new file appears in the Text Editor, although it has no contents, and is
added to the source list of Project Navigator as a VHDL test-bench-type
file.

Choose File > Open.

Type pinassign_pll.vht in the File Name box, and click Open.
The test bench template appears.

Choose Edit > Select All and Edit > Copy.

Choose Window > pinassign_pll_tb.vhd.

Choose Edit > Paste.

Modify the SIGNAL declarations beginning at line 38.

SIGNAL CLK : std_logic:="1";
SIGNAL RESET_L : std_logic:="1";

Add the following code at line 48:

RESET L <= "0" after 87 ns,
"1" after 95 ns;
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CLK <= not(CLK) after 5 ns;

Note

A completed test bench file is provided in the following project subdirectory. You
can copy this file into your project directory, or you can view this file for reference
while you complete this portion of the task.

<install_path>\examples\tutorial\fpga_design_tutor\pinassign_pll_tf.vhd

14. Choose File > Save.

15. Choose File > Exit.

Start Functional Simulation
In this portion of the task, you will start the default simulator using the Project

Navigator process for functional simulation.
To start the simulator from Project Navigator:
1. Select pinassign_pll_tf.v (or pinassign_pll_tb.vhd).
Several simulation-related processes appear in the process window.
2. Double-click the Verilog (or VHDL) Functional Simulation tool process.

The default simulator is started using a script file generated by Project
Navigator.

3. Exit the simulator.

Note

For more information, see the “Design Simulation” section of the “Design Flow User
Guide” in the online help.

Start Timing Simulation
Now you will start the simulator to perform the timing simulation.

To start the default simulator from Project Navigator for timing simulation:
1. Select pinassign_pll_tf.v (or pinassign_pll_tb.vhd).

Several simulation-related processes appear in the Processes for Current
Source window.

2. Double-click the Verilog (or VHDL) Post-Route Timing Simulation tool
process.

The default simulator is started using a script file generated by Project
Navigator.

3. Exit the simulator.
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Summary

You have completed the “LatticeEC FPGA Design with ispLEVER Tutorial.” In
this tutorial, you have learned how to do the following:

¢ Use ispLEVER to create a new Schematic/Verilog HDL or VHDL project
and target a device.

Import source files into Project Navigator.
Generate a sysCLOCK PLL module from the Module/IP Manager.

Synthesize and build the .ncd physical design database.

* & o o

Map, place, and route the design and use Design Planner to view the
results.

*

Run static timing analysis and view the results.

¢ Calculate power-consumption estimates of the pre-route design by using
Power Calculator.

¢ Create a Verilog test fixture or VHDL test bench and simulate the design.

Glossary

Following are the terms and concepts that you should understand to use this
tutorial effectively.

bank. A bank is an organization of LatticeECP/EC syslO buffers arranged
around the periphery of the device.

clock tree or clock spine. A clock tree or a clock spine is a clock distribution
network in the LatticeECP/EC device architecture used for high-fanout
signals.

clock-to-out delay (tco). Clock-to-out delay (tcp) is the time it takes for a
signal to go from the primary input pin through the clock of the flip-flops or
gate of latches to the primary output pin.

critical path. The critical path is the path through a circuit that determines the
maximum speed at which the circuit can operate. The critical path is a signal
in a section of combinatorial logic that limits the speed of the logic. Storage
elements begin and end a critical path, which may include I/O pads.

embedded block RAM (EBR). An embedded block RAM (EBR) is a large
dedicated fast memory block in the LatticeECP/EC device architecture.

Fuax- Fmax is the symbol for the maximum operating frequency expressed in
hertz. Clock frequency is the number of complete clock cycles that occur per
unit of time. For example, a 50-MHz clock signal cycles 50 million times per
second. The maximum frequency is a function of the longest combinatorial
delay between registered elements.
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IOLOGIC. An IOLOGIC is a representation of PIO logic within a PIC block that
is generated by the ispLEVER Design Planner.

lookup table (LUT). A lookup table is an architectural element within a
LatticeECP/EC PFU for implementing combinational logic or memory.

Manhattan routing. Manhattan routing is a representation of the physical
routing interconnect among slices in which the routing is rectilinear.

pf file. The logical preference file (.Ipf) is a post-synthesis FPGA constraint
file that stores logical preferences that have been defined in the pre-map
stage and post-map stage. This file is automatically generated when you
create a new project in Project Navigator, and it stores logical preferences
only.

.ncd file. An .ncd file is a binary format FPGA post-map physical design
database file generated by the Map Design process of Project Navigator. The
.ncd file includes mapped and potentially placement and route information.

.ngd file. An .ngd file is a binary format FPGA pre-map logical design
database file generated by the Build Database process in Project Navigator.
The .ngd file represents the logical design information of the ASCII EDIF
netlist.

programmable function without RAM/ROM (PFF). A programmable
function without RAM/ROM (PFF) is a PFU that does not contain a RAM.

phase-locked loop (PLL). A phase-locked loop is an electronic circuit with a
voltage- or current-driven oscillator that is constantly adjusted to match in
phase, so it locks on the frequency of an input signal. In addition to stabilizing
a particular communications channel (keeping it set to a particular frequency),
a PLL can be used to generate a signal, modulate or demodulate a signal,
reconstitute a signal with less noise, or multiply or divide a frequency. PLLs
are more commonly used for digital data transmission but can also be
designed for analog information. The LatticeECP/EC device architecture
contains up to four analog PLLs per device.

programmable function unit (PFU). A programmable function unit (PFU) is
a block within the LatticeECP/EC device that implements combinational logic,
memory, and registers. The core of the architecture consists of PFU blocks
that can be programmed to perform logic, arithmetic, distributed RAM, and
distributed ROM functions.

programmable I/O cell (P10). A programmable I/O cell (P1O) is an
architectural element within an FPGA that handles actual input/output
functions. It includes the I/O registers, tristate registers, and control
multiplexers of a PIC.

programmable interface cell (PIC). A programmable interface cell (PIC) is a
cell within a LatticeECP/EC device architecture that contains a group of two
P10s. The edges of the architecture consist of PIC blocks that contain two
P10s connected to syslO buffers. PICs provide high-speed 1/O registers and
buffering to support a variety of signal interface standards.
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slice. A slice is an architectural element within an FPGA consisting of two
LUT4 lookup tables that feed two registers (programmed to be in FF or latch
mode), and some associated logic that allows the LUTs to be combined to
perform functions such as LUT5, LUT6, LUT7, and LUTS. It also includes
control logic to perform set/reset functions (programmable as synchronous/
asynchronous), clock select, chip-select, and wider RAM/ROM functions. The
registers in the slice can be configured for positive or negative and edge or
level clocks. There are four interconnected slices per PFU block. Each slice in
a PFU is capable of four modes of operation: logic, ripple, RAM, and ROM.
Each slice in the PFF is capable of all modes except RAM.

voltage-controlled oscillator (VCO). A voltage-controlled oscillator (VCO) is
an oscillator whose frequency is regulated by its input voltage.

Recommended Reference Materials

The following reference materials are recommended for this tutorial:

¢ LatticeECP & LatticeEC FPGA Handbook

¢ LatticeECP/EC Family Data Sheet

¢ TN1049, LatticeECP/EC sysCLOCK PLL Design and Usage Guide
.

TN1052, Estimating Power Using the Power Calculator for LatticeECP/EC
Devices

Lattice ispLEVER Help
FPGA Design Guide
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