LG0623
Lab Guide
RTG4 FPGA Fabric

& Microsemi

a A%\ MicrocHIP company




& Microsemi

a A%\ MicrocHI® company

Microsemi Headquarters

One Enterprise, Aliso Viejo,

CA 92656 USA

Within the USA: +1 (800) 713-4113
Outside the USA: +1 (949) 380-6100
Sales: +1 (949) 380-6136

Fax: +1 (949) 215-4996

Email: sales.support@microsemi.com
Www.microsemi.com

©2021 Microsemi, a wholly owned
subsidiary of Microchip Technology Inc. All
rights reserved. Microsemi and the
Microsemi logo are registered trademarks of
Microsemi Corporation. All other trademarks
and service marks are the property of their
respective owners.

Microsemi makes no warranty, representation, or guarantee regarding the information contained herein or the suitability of
its products and services for any particular purpose, nor does Microsemi assume any liability whatsoever arising out of the
application or use of any product or circuit. The products sold hereunder and any other products sold by Microsemi have
been subject to limited testing and should not be used in conjunction with mission-critical equipment or applications. Any
performance specifications are believed to be reliable but are not verified, and Buyer must conduct and complete all
performance and other testing of the products, alone and together with, or installed in, any end-products. Buyer shall not
rely on any data and performance specifications or parameters provided by Microsemi. It is the Buyer’s responsibility to
independently determine suitability of any products and to test and verify the same. The information provided by Microsemi
hereunder is provided “as is, where is” and with all faults, and the entire risk associated with such information is entirely
with the Buyer. Microsemi does not grant, explicitly or implicitly, to any party any patent rights, licenses, or any other IP
rights, whether with regard to such information itself or anything described by such information. Information provided in this
document is proprietary to Microsemi, and Microsemi reserves the right to make any changes to the information in this
document or to any products and services at any time without notice.

About Microsemi

Microsemi, a wholly owned subsidiary of Microchip Technology Inc. (Nasdaq: MCHP), offers a comprehensive portfolio of
semiconductor and system solutions for aerospace & defense, communications, data center and industrial markets.
Products include high-performance and radiation-hardened analog mixed-signal integrated circuits, FPGAs, SoCs and
ASICs; power management products; timing and synchronization devices and precise time solutions, setting the world's
standard for time; voice processing devices; RF solutions; discrete components; enterprise storage and communication
solutions, security technologies and scalable anti-tamper products; Ethernet solutions; Power-over-Ethernet ICs and
midspans; as well as custom design capabilities and services. Learn more at www.microsemi.com.

50200623. 8.0 9/21


mailto:sales.support@microsemi.com
http://www.microsemi.com

Contents

& Microsemi

a A%\ MicrocHIP company

1 Revision History . . ... .. 1
1.1 ReVISION 8.0 . . . o 1

1.2 ReVISION 7.0 . ..o e e 1

1.3 ReVISION 6.0 . ..o e 1

14 ReVISION 5.0 . ..o e 1

15 ReVISION 4.0 . .. 1

1.6 ReVISION 3.0 . . .o 1

1.7 ReVISION 2.0 . . . o 1

1.8 ReVISION 1.0 . . .o 1

2 RTG4FPGAFabric . ... ... e e 2
2.1 RTG4 Device ComPONENtS . . ...ttt e e e e e e e e 2

2.2 Design Requirements . ... ... . e 2

2.3 PrereqUISItES . . ... e 3

2.4 DEemO DeSigN . . .o 3

25 Extracting the Source Files . ... ... . 3

2.6 Step 1: Creating the Design . . . .. ... 4
261 Launching Libero SoC Software ... ...... ... 4

27 Step 2: Simulating the Design . .. ... .. 13

2.8 Step 3: Synthesize the Design . .. ... ... 18

29 Step 4: Pin ASSigNmMeNnts . . ... .. 19
210 Step 5: Entering Timing Constraints . ... ... . . 21
2.1 Step 6: Layout and Timing Verification ... ........ ... . . . . 24
2111 Layout Verification . . ... ... .. e 24

211.2 Timing Verification . .. ... ... . . e e 26

212 Step 7: Setting Up the Demo Design . . ... ... . 27
213 Step 8: Programming the Device . . ... ... .. . e 28
2.14 Step 9: Running the Application . . . ... ... 28

3 Appendix 1: Programming the Device Using FlashPro Express ............... 29
4 Appendix 2: Runningthe TCL Script .. ... ... .. .. . .. . . . . . . . . .. 32

Microsemi Proprietary LG0623 Revision 8.0 iii



Figures

& Microsemi

a A%\ MicrocHIP company

Figure 1

Figure 2

Figure 3

Figure 4

Figure 5

Figure 6

Figure 7

Figure 8

Figure 9

Figure 10
Figure 11
Figure 12
Figure 13
Figure 14
Figure 15
Figure 16
Figure 17
Figure 18
Figure 19
Figure 20
Figure 21
Figure 22
Figure 23
Figure 24
Figure 25
Figure 26
Figure 27
Figure 28
Figure 29
Figure 30
Figure 31
Figure 32
Figure 33
Figure 34
Figure 35
Figure 36
Figure 37
Figure 38
Figure 39
Figure 40
Figure 41
Figure 42
Figure 43
Figure 44
Figure 45
Figure 46
Figure 47
Figure 48
Figure 49

Demo Design Files Top-Level Structure . . ... ... .. . . . 3
Libero SoC Project Manager . ... ... ... . 4
Project Details . . .. ... o 5
Device Selection Settings . .. . ... .. 5
Device I/0 Settings . .. . ..o e 6
Imported HDL Source Files . ... .. ... e e 6
Use Enhanced Constraint FIow . . ... ... 7
Design Hierarchy Tab with Imported Files (VHDL shown) . .......... ... ... ... ... ........ 7
Opening the SmartDesign Canvas .. ... ...t e 8
Entering SmartDesign Name . ... ... 8
Clock & Management Category of the Libero SoCIPCatalog . ................ ... ... ...... 8
Configuring the RTG4 Fabric CCC . .. ... ... . e e 9
Macro Library Category of the Libero SoCIP Catalog ............... ... . ... 10
IP Catalog Search Field . . ... .. . e 10
SmartDesign Canvas After Adding Components ............... . .. 10
Renaming the Top-Level Port PAD . .. ... .. 11
Modifying Top Level Port Names . . ... .. .. . e e 12
SmartDesign Canvas After Connectingthe Ports .. ......... ... .. ... . . ... . . .. 12
Setting Fabric_Top as the RootLevel .......... ... . .. . . . . . . . . . . i 13
Importing the Testbench . . ... .. .. 13
Importing the Testbench . . ... ... 14
Testbenches in the RTG4_Fabric Project (VHDL shown) . ..... ... ... ... .. ... .. ... ...... 14
Selecting user_testbench for Simulation . ...... ... .. ... . 15
Importing the Simulation Files . .. ... ... . 15
Testbench and Simulation Files (VHDL shown) . ........ ... ... ... .. . . . .. 16
Location of the Libero SoC Project ... ... .. 16
Libero SoC Project Settings Dialog BOX . . ... ..o 16
Simulation Options . .. ... .. e 17
Launching Pre-Synthesis Simulation . ....... ... ... ... . . . .. 17
ModelSim Waveform Window (VHDL results shown) .. ........... ... .. ... ... ... .. ...... 18
Design Flow - Synthesize . ... ... ... 18
Opening the /O Editor . . ... .. .. 19
Constraint Manager Window . . .. ... ... e 19
O EdItOr . . o 20
I/0O Editor with Pin Assignments . . ... ... ... 21
Edit Timing Constraint . . ... ... . . . e 21
Constraint Editor . . . ... . 22
Create Clock Constraint Dialog BOX . .. ... ... e 22
Clock Constraint Window . . ... ... . e e 23
Entering the Clock Constraint . ... ... ... . . . e 23
Constraints Editor with Clock Constraint . .......... .. .. . . i 24
Running Layout and Verifying Timing . . .. ... ... . e 24
Design Flow Tab after Layout and Timing Report Generation . ............. ... ... ... ..... 25
TiMING RePOMS . . . 26
RTG4 Development Kit Board .. ... ... e e e 27
FlashPro Express Job Project . .. ... .. . . 29
New Job Project from FlashPro Express Job . . ... ... . . . i 30
Programming the Device . ......... . .. . 30
FlashPro Express—RUN PASSED .. .. ... .. e 31

Microsemi Proprietary LG0623 Revision 8.0 iv



Tables

& Microsemi

a A%\ MicrocHIP company

Table 1
Table 2
Table 3
Table 4
Table 5

State of SW7, SW2, and SW1 Switches . . ... . . . . . 2
Design ReqUIremMeNnts . ... ... . 2
SmartDesign Port Connections .. ... ... . e 11
Pin ASSigNments . . . ... 20
Jumper Settings . . ... e 28

Microsemi Proprietary LG0623 Revision 8.0 v



Revision History @ Microsemi

a A%\ MicrocHIP company

1 Revision History

The revision history describes the changes that were implemented in the document. The changes are
listed by revision, starting with the current publication.

1.1 Revision 8.0

The following is a summary of the changes made in this revision.

*  Updated the document for Libero SoC v2021.2.

* Updated section Demo Design, page 3 and Extracting the Source Files, page 3.

* Replaced Figure 11, page 8, Figure 12, page 9, Figure 15, page 10, Figure 18, page 12, Figure 39,
page 23, and Figure 41, page 24.

* Updated Table 3, page 11.

1.2 Revision 7.0

The following is a summary of the changes made in this revision.

* Added Step 8: Programming the Device, page 28.

* Added Appendix 1: Programming the Device Using FlashPro Express, page 29.
*  Added Appendix 2: Running the TCL Script, page 32.

* Removed the references to Libero version numbers.

1.3 Revision 6.0

Updated the document for Libero v11.9 SP1 software release.

1.4 Revision 5.0

Updated the document for Libero v11.8 SP2 software release.

1.5 Revision 4.0

Updated the document for Libero v11.8 software release.

1.6 Revision 3.0

Revision 3.0 was updated for Libero SoC 11.7 SP1 software release change in the document
(SAR 82451).

1.7 Revision 2.0

Revision 2.0 was updated for Libero SoC 11.7 software release change in the document.

1.8 Revision 1.0

Revision 1.0 was the first release of this document.

Microsemi Proprietary LG0623 Revision 8.0 1
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2 RTG4 FPGA Fabric

This lab guide demonstrates how to implement a basic RTG4™ Field Programmable Gate Array (FPGA)
fabric design using SmartDesign. The design drives LEDs on the RTG4 Development Kit board with
different patterns based on the state of SW7, SW2, and SW1 switches (refer to the following table).

Table 1 ¢ State of SW7, SW2, and SW1 Switches

Reset Switch (SW7) User Switch (SW2) User Switch (SW1) LED [8:1] Behavior

Pressed Do not care Do not care Off

Released Released Released Toggle LED [6:5] and LED [4:3]
Red and Green LEDs

Released Released Pressed Shift left

Released Pressed Released Shift right

Released Pressed Pressed Toggle LED[8:7] and LED[2:1]

Orange and Yellow LEDs

After completing this lab guide, you will be familiar with the following:

+  Creating a Libero® System-on-Chip (SoC) project

* Implementing an RTG4 fabric design with SmartDesign

»  Simulating the design

*  Making pin assignments, running layout, and programming the RTG4 silicon

2.1 RTG4 Device Components

This lab guide uses the RTG4 FPGA fabric and fabric clock conditioning circuit (CCC).
2.2 Design Requirements

The following table lists the hardware and software design requirements to run the design.

Table 2 - Design Requirements

Requirement Version
Hardware
RTG4 FPGA Development Kit: RT4G150-CB1657PROTO FPGA

*+ USB 2.0 cable
* 12V, 5AAC power adapter and cords

Host PC or laptop 64-bit Windows 7 and 10

Software

Libero SoC Note: Refer to the readme. txt file provided in the design
FlashPro Express ZI:;ézr the software versions used with this reference

Note: Libero SmartDesign and configuration screen shots shown in this guide are for illustration purpose only.
Open the Libero design to see the latest updates.

Microsemi Proprietary LG0623 Revision 8.0 2
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Prerequisites

Download and install Libero SoC (as indicated in the website for this design) on the host PC from the
following location: https://www.microsemi.com/product-directory/design-resources/1750-libero-soc

Demo Design

The demo design files are available for download at:
http://soc.microsemi.com/download/rsc/?f=rtg4 190623 df
The demo design files include:

*  Source_files

* Libero_Project

*  Programming_Job

 TCL_Scripts

*  readme.txt

The following figure shows the top-level structure of the design files. For more information, refer to the
readme . txt file.

Demo Design Files Top-Level Structure

rtg4_lg0623_df
—— Libero_Project
—— Programming_Job

top.job
—— TCL_Scripts

—— readme.txt

Extracting the Source Files

1. Download the design files from
http://soc.microsemi.com/download/rsc/?f=rtg4_Ig0623_df
2. Extract rtg4 190623 df.zip to extract the required lab files to the
<C:, D:, or E:>\Microsemiprj folder on the HDD of the PC.
3. Ensure thatthe rtg4 190623 df folder contains a Source files sub-folder, which is extracted.

Microsemi Proprietary LG0623 Revision 8.0 3
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2.6 Step 1: Creating the Design

The following steps describe how to create the fabric design using SmartDesign by using the source files
provided in the Programming_Job folder.

2.6.1 Launching Libero SoC Software

Follow the instructions to launch the Libero SoC software:

1. Go to Start > Programs > Microsemi > Libero SoC v(xx.x) or double-click the shortcut on the
desktop to open the Libero SoC Project Manager.

2. Create a new project using one of the following options:
+  Click New on the Start Page tab, as shown in the following figure.
*  Go to Project > New Project from the Libero SoC menu.

Figure 2+ Libero SoC Project Manager

@ Libero - X
Project File Edit View Design Tools Help
1SH 90l
StartPage | S
a
New... - . I|\
Open.. Libero
Systemonchip
Recent Projects

Welcome to Microsemi's Libero® SoC v11.9

Microsemi Libero® System-on-Chip (SoC) design suite offers high productivity with ts comprehensive, easy to lear, easy to adopt development tools for designing with Microsemi's power efficient flash EPGAS. SoC FPGAS,
__| and Rad-Tolerant FPGAS. The suite integrates industry standard Synopsys Synplify Pro® syrthesis and Mentor Graphics ModelSim® simuation with best-n-class constraints management, debug capabilfties, and secure
production programming support

= What’s New in Libero SoC v11.9

Welcome to Libero SoC 4| e Product Change Notifications (PCN)
— o RTG4 Dual-Port Large SRAM Read-Before Wiite Option Removed (PCN18011.1

Libero SoC Quickstart o RTG4 PLL inInternal Feedback Mode (TMR Mode) (PCN18009.7) .
) o RTG4 LSRAM ECC Erors (PCN18009.1
Libero SoC Interface o RTG4 Timing Changes (PCN180096
Description o RTG4 CCC Simulation False Failures (CN18009.8)
, o Synopsys Synplfy Safe FSM Sefing Change (CAN18009.5)
Libero SoC Release Notes « SmartFusion2,IGLOO2 and RTG4 QoR improvement
on the Web « RT4G150 CQFP 352 package supports -1 speed grade
X —{ « RTG4additional VDDPLL Power-up Sequence support
Libero Tutorials « RTG4 Globals Net Report warning for SET mitigation on routed inpus into CC.C
roduct Tutorials « RTG4 check comnections of RCOSC_S0MHZ, SpacelWire, CCC, CCCDYN and CCCAPB
Product Tutorials +| '+ SmaFusion2 and1GLOO2 check for CCC Spread Speciium Moduation frequency |
. - « SmartFusion? and 1G] 007 MNNR and FINR exteris fREC/min fn 755 cvcies

Log &%

(ElMessages @ Errors & Warnings @ Info

Log [ Message
Fam: |Part:

3. Enter the following information in the Project Details page of the New Project dialog box as shown
in the following figure:
* Project Name: RTG4_Fabric
*  Project Location: <C:, D:, or E:>\Microsemiprj)\RTG4_Fabric_tutorial (depending on where you
extracted the source files)
+  Preferred HDL Type: Verilog or VHDL
+ Enable Block Creation: Leave Unchecked (default)

Microsemi Proprietary LG0623 Revision 8.0 4
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4. Click Next.
Figure 3 Project Details

@ Newrod Ty =T

Project Details
Specify Project Details

Project Details _
Project Name: RTG4_Fabric
- - Project Location: E: Microsemiprj/RTG4_Fabric_tutorial
- Device Selection
Description:

- Device Settings

. Design Template Preferred HOL Type:

[~] Enable Block Creation
. Add HDL Sources

. Add Constraints

o 2l
Libefo

System-on-Chip

5. Enter the following information in the Device Selection page of the New Project dialog box and
click Next:
*  Family: RTG4
+ Die: RT4G150
+ Package: 1657 CG
*+ Speed: STD
+ Core Voltage: 1.2
* Range: MIL

Figure 4+ Device Selection Settings

r .
(@ New project ol
- . e S — S
Device selection
Select a part for your project from the part number list Selected part: RT4G150-C61657M
= o Part filter
. Project Details
Famiy: [RTG4 B Die: [RT46150 v]  Package: [1857c6 -]
Speed: [5TD ~ | core voltage: [1,2 -] Range: [MIL ]
Device Selection
Search part:
[ ]pevice settings -
Part Mumber | aur DFF User 1/0s USRAM 1K LSRAM 18K Math (18x18) PLLs and
RT4G150-CG1657M 151824 151824 720 pali) 209 462 8
| |Add ot sources
. Add Constraints
Libefo)
System-onChip k < | i ] v
Help <Back | [ etz | [ Esh ][ Cancd
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6. Enter the following information in the Device Settings page of the New Project dialog box and click
Next:
*  Default /0O Technology: LVCMOS 2.5 V (default)
* Reserve Pins for Probes: Check (default)
* Reserve Pins for SPI: Leave Unchecked (default)

Figure 5+ Device I/O Settings
@ Mew project = O x

" Device settings

Choose device settings for your project Selected part: RT46150-CG1657M

Project Details 0 setimas
Default /O technology: LVCMDS FE ﬂ ﬁ Please use the IfO Editor to change individual I/O attributes.
¥ Reserve pins for probas

Device Selection

[ Enable Single Event Transient mitigation
Device Settings

Add HDL Sources

Add Constraints

Libefo"

Systemon-Chip

Help < Back | Next > Einish Cancel

The following figure shows the Add HDL Source Files page.
Figure 6 = Imported HDL Source Files
(® New project - m} X

© Add HOL source files

Speify HOL files to import/link to your project. Selected part: RT4G150-C61657M

Project Details Import file Link file | Delete
File type File name File location
Device Selection Imported LED_ctrl.vhd D:/Demo Designs/RTG4_11p9/LG06...
Imported reset_synchronizerv D:/Demo Designs/RTG4_11p9/LG06...
Device Settings
Add HDL Sources
Add Constraints
Libefo)
System-onChip k

Help < Back | Next > ‘ Finish | Cancel |

7. Click Import File to import the provided VHDL and Verilog source file into the project.

8. Enter the following information in the Import Files dialog box and click Open:
*  Files Type: HDL Source Files (*.vhd *.v *.h)
*  File Name: LED ctrl.vhd (for VHDL projects) or LED ctrl.v (for Verilog projects)
*  File Location: <C:, D:, or E>\Microsemiprj\rtg4_lg0623_df\Source_files

9. Click Finish.

Microsemi Proprietary LG0623 Revision 8.0 6
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10. Click Use Enhanced Constraint Flow as shown in the following figure.
Figure 7« Use Enhanced Constraint Flow

MNew Project Information

This release will be the final release in which the Classic Constraint Flow is supported. Subsequent releases will only

support the Enhanced Constraint Flow. It is highly recommended to create any new projects using Enhanced Constraint
Flow.

The Enhanced Constraint Flow is aimed at simplifying the management of all constraints for your design:
* [/O, timing, floor planning and netlist optimization constraints can be created, imported, edited, checked and organized in a single view.

* Timing constraints can be entered using the industry standard SDC format and can be automatically applied to Synplify Synthesis, Timing
Driven Layout and Timing Verification.

* A new SDC clock group constraint is also introduced and can be used to ease the specification of related and unrelated docks.
* Timing constraints for known hardware blocks and IPs can be derived automatically; examples of such constraints are:

o SERDES-EPCS, MSS/HPMS and internal osdillator clock sources

0 Fabric CCCs generated clocks

o Fabric CCCs clock sources

o CoreResetP false paths

o CoreConfigP false paths, min and max delay constraints

Note that this release of the enhanced constraint flow has the following limitations:
* Design separation methodology is not enabled

The following screen shot shows the constraint management view and how to access it from the Design Flow window

Ension Fow o Reosrts & X Constrant Marager @ X

=
“® 203 [0 Arwrnites \Timna \/ Fioor Fanner \ et Atvbutes |

oo

Use Classic Constraint Flow | Use Enhanced Constraint Flow

[~ Remember my choice and do not show me again.

The LED ctrl (LED_ctrl.vhd) fileis displayed on the Libero Design Hierarchy tab as shown in
the following figure.

Figure 8« Design Hierarchy Tab with Imported Files (VHDL shown)

Dasign Hierarchy

Show: |Components x| EI

- diiwork

[ reset synchronizer (reset synchromizerv)
| LED_ctrl (LED_ctrl.vhd)

Microsemi Proprietary LG0623 Revision 8.0
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11. Open the SmartDesign canvas by selecting File > New > SmartDesign or by double-clicking
Create SmartDesign under Create Design in the Design Flow tab.

Figure 9« Opening the SmartDesign Canvas

Design Flow g X

LED_ctrl A Q g

Tool

4 b Create Design 1
T Crote S :
[El Create HDL

A Create SmartDesign Testbench
Create HDL Testbench
+L1 Generate Memory Map
4 » Verify Pre-Synthesized Design
. Simulate
4 b Constraints

'i) Manage Constraints
4 b Implement Design

S Synthesize -

Design Flow | Design Hierarchy I Stimulus Hierarchy | Catalog | Files |

12. Enter Fabric_Top in the Create New SmartDesign dialog box then click OK. For Verilog designs,
the name is case sensitive.

Figure 10 + Entering SmartDesign Name

| Create New SmartDesign Iil&]

MName:

Fabric_Top

(o) (ot ]

13. Drag-and-drop the LED ctrl component from the Design Hierarchy tab in the SmartDesign
canvas. This design uses a Fabric CCC to generate the 500 kHz internal clock. The CCC reference
clock is the 50 MHz crystal oscillator on the RTG4 Development Kit. In the following steps, configure
the CCC to output a 500 kHz clock.

14. Expand Clock & Management in the IP catalog.

Figure 11 » Clock & Management Category of the Libero SoC IP Catalog

Catalog
1P Catalog
[ Q - [ Simulation Mode
Name Version
+- Arithmetic

+- Bus Interfaces
- Clock & Management

RTG4 CCC APB Interface 1.1.109
RTG4 Clock Conditioning Circuit (CCC) 2.0.201
| RTG4 FCCC with Enhanced PLL Calibration 22005 |

15. Drag-and-drop an instance of the RTG4FCCCECALIB component in the SmartDesign canvas.
16. Double-click the RTGFCCCECALIB_CO0 component in the SmartDesign canvas to open the
RTG4FCCCECALIB Configurator.

Microsemi Proprietary LG0623 Revision 8.0 8
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17. Select the Basic tab in the FAB CCC configurator. Enter the following:
»  Enter Reference Clock as 50 MHz
»  Select FPGA Fabric Input 0 from the drop-down menu
+  Select the GLO check box
+  Enter Frequency as 0.5 MHz

Figure 12 « Configuring the RTG4 Fabric CCC

B | RTG4 FCCC with Enhanced PLL Calibration Configurator ? X
~
CCC location CCC_ME =
CCC selection CCC_0 -
Fesettype Synchronous with CLK_S0MHZ =
[ Enable Dynamic configuration
CCCo CCC1
Basic Advanced PLL Options
Basic-Options
&
Reference Clock
CCC
B0 ImHz Exact Value Frequency Actual
FPGA FabricInput 0 ~ M) &l
E 05 JmHe (05000 ki
[ 6Lt
100 MHe [ MHe
[JaLe
Ol
100 MH: | ke
LOCK
q
~
< >
Help = Cancel

18. Click OK to save the changes.
19. Expand Macro Library in the Libero SoC IP catalog.

Microsemi Proprietary LG0623 Revision 8.0 9
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Figure 13 » Macro Library Category of the Libero SoC IP Catalog
Catalog 5 X
[@& ~ [ simulation Mode + B
MName = Version o
4 Macro Library
AND2 1.0
AND3 1.0
AND4 1.0
BIBUF 1.0
BIBUF_DIFF 10 2
BUFD 1.0
BUFF 1.0
CLKEIBUF 1.0
CLKBUF 1.0
CLKBUF_DIFF 1.0
CLEINT 1.0
CLKINT_PRESERVE 1.0
DDR_IN 1.0
DDR_OUT 1.0
DFML 1.0
DEN1CO 1.0
DFM1EL 1.0
DENIELCO 1.0
DFM1ELPO 1.0
DEN1PO 1.0
FCEND_BUFF 1.0
FCINIT_BUFF 1.0 -
| Design Flow I Design Hierarchy I Stimulus Hierarchy | Catalog | Files |
20. Drag-and-drop an instance of INBUF, and SYSRESET in the SmartDesign Canvas.
Note: Type part of the macro name followed by * in the IP Catalog search field to find macros from the list.
When finished, change the field to * to display the entire catalog.
Figure 14 « IP Catalog Search Field
Zakalog
SYS* a -
21. After adding the components, the SmartDesign is displayed, as shown in the following figure. Drag
the components to improve the appearance of the canvas, if required. —
Note: Expand the canvas area by selecting View > Maximize Work Area or click & icon on the tool bar.
Figure 15 « SmartDesign Canvas After Adding Components
CLK_50 =~ PAD - X

INBUF

LED ctrl 0

RCOSC 50MHZ 0

CLKOUT|

RCOSC 50MHZ

SYSRESET 0
_ RTG4FCCCECALIB C0_0O
DEVRST_N = [DEVRST_N POWER_ON_RESET_N

SYSRESET frcorusomony o]
L RST CCEjiGLU
READY_VDDPLL
CLK_SOMHZ

RTG4FCCC 0 0 RTG4FCCCECALIB _CO
RCOSC_S0MHZ GLO|
RTG4FCCC 0
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2.6.1.1 Making Connections in the Canvas

Connect the components in the SmartDesign canvas to complete the design. SmartDesign in the Libero
SoC software has a connection mode that supports click, drag, and release to make connections.

1.

2.

SelecESmartDesign > Connection Mode from the Libero SoC software or click Connection Mode

icon = .

Connect the GLO port of RTG4FCCCECALIB_CO0 component to the CLK port of the LED_ctrl_0 as

follows:

»  Click and drag-and-drop the GLO port of the RTG4FCCCECALIB_CO0 component in the CLK
port of the LED_ctrl_0 component.

Repeat step 2 to connect the ports as shown in the following table.

Table 3 « SmartDesign Port Connections

From To
Component Port Component Port
RTG4FCCCECALIB_CO0 LOCK LED ctrl_0 RESETn
SYSRESET_0 POWER_ON_RESET_N RTG4FCCCECALIB_C PLL_RST_N and
0 CCC_0_PLL_POWERDOWN_N
INBUF-0 Y RTGFCCCECALIB_C0O CCC_0_CLKO
RTG4FCCC_0 GLO RTGFCCCECALIB_CO0 CLK_50MHz
4. Select SmartDesign > Connection Mode from the Libero SoC menu to exit the connection mode.
5. Promote the following ports to the top-level. Right-click on the port and select Promote to Top
Level:
+ LED_ctrl_0: PB_SW1
« LED_ctrl_0: PB_SW2
e LED_ctrl: LED[7:0]
6. Rename the top-level PAD CLK_50 port by right-clicking the port and selecting Rename Top Level
Pin.
7. Enter CLK_50 as name in the Rename Top Level Port dialog box as shown in the following figure.

Figure 16 » Renaming the Top-Level Port PAD

A  Connect

== [Disconnect

-

DEVRST_N
lﬂ QuickConnect... Ctrl+K

@ Lock Position for Aute Arrange

Hide Met
Rename Met...

Modify Port

Rename Top Level Pin

Add Pins to Group
DL Leat=)

Microsemi Proprietary LG0623 Revision 8.0 11



RTG4 FPGA Fabric @ Microsemi

a A%\ MicrocHIP company

Figure 17 « Modifying Top Level Port Names
riﬂ Rename Top Level Port | _l_J@ s e ]

MName:

CLK_50|

Help [ 0K ] | Cancel |

Click OK to save the top level port name.

9. After making the connections, the SmartDesign canvas is displayed as shown in the following figure.
You can drag-and-drop the components or use the SmartDesign Auto Arrange feature to improve
the appearance of the canvas.

®

Figure 18 « SmartDesign Canvas After Connecting the Ports

INBUF_O

LK S0 FAD Y
INBUF
SYSRESET_0
y [ RTG4FCCCECALIB_CO_0
DEVRST_N [ DEVRST_N  POWER_ON_RESET_H| p
L ccc_o_ciko
SYSRESET CC_O_PUL_POWERDOWNN o ]
RCOSC_50MHZ_0 RTG4FCCC_0_0 N Cec_0_6Lo
HlREADY_VDDPLL LED ctrl 0
akouT LK _S0MHZ = =
RCOSC_50MHZ RTG4FCCC_0 RTG4FCCCECALIB_CO DIEK:TH

LED[7:0] LED[7:0]

PB_SW1 PB_SW1

PB_SW2 PB_SW2

LED_ctrl

10. Save the design (File > Save Fabric_Top).

11. Generate the design by clicking SmartDesign > Generate Component or by clicking the Generate
Component on the SmartDesign toolbar.

12. Restore the work area from View > Restore Work Area if you have expanded the work area earlier.

13. Ensure that 'Fabric_Top' was generated successfully. The message appears in the Libero
Message window.

14. Close the design from File > Close Fabric_Top.

Microsemi Proprietary LG0623 Revision 8.0 12
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2.7 Step 2: Simulating the Design

A testbench, ModelSim macro, and wave format files are provided as part of the source files. The
LED_ctrl module/entity contains a 19-bit counter. To accelerate the simulation of the design, some of the
counter bits are forced high in the ModelSim macro file.

Note: Simulation takes a long time with the slow clock rate such as 500 kHz.
Follow the instructions to simulate the design:

1. Ensure that Fabric_Top is in bold font in the Libero Design Hierarchy window. If it does not, select
Fabric_Top, right-click and select Set As Root.
Figure 19 » Setting Fabric_Top as the Root Level

Design Hierarchy x

=
s El

4 @ work |
4 [ Fabric Top, :
Fél_ LED ct Set As Root
» [?=§|_ Fabric_| Open Component

% Generate Component

Open HOL File
Check HDL File

Create /O Constraint from Module

Create ViewDraw Symbol

Create Testbench 3
Design Flow Design Hig J

2. Expand Verify Pre-Synthesized Design in the Design Flow window. Right-click Simulate and
select Import Files...

Figure 20 » Importing the Testbench

Design Flow 5 X
Fabric_Top E o @'
Tool -

4 p Create Design
B3 Create SmartDesign
Create HDL
i3 Create SmartDesign Testbench
Create HDL Testbench
+L| Generate Memory Map

m

4 p Constraint Eun
il Manag Clean and Run All
4 b Implemen Open Interactively
G Synthe TEn
4 F Verify
E sin Organize Input Files ¥
213 Place 2
4 b Verify
] Gel Edit Profile...
c. :S:m Help =

Design Flow | Design Hierarchy I Stimulus Hierarchy Catalog | Files |
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3. Enter the following in the Import Files dialog box and click Open:
* Look in: <C:, D:, or E:>\Microsemiprj\rtg4_Ig0623_df\Source_files
*  Files of type: HDL Stimulus Files (*.vhd *.v)
* File name: user testbench.vhd (for VHDL projects) or user testbench.v (for Verilog
projects)

Figure 21 » Importing the Testbench

 Import Files X
™ « LG0623_Fabric > RTG4_Fabric_tutorial * Source_files v O 2
Organize > New folder - m @
screen_shots e Name Date modified Type Size
screen_shots L" LED_ctrl
& OneDrive I LED cul H
& reset_synchronizer
= Thi ;
This PC & user_testbench 2
m Desktap A user_testbench
= Documents
& Downloads
& Music
= Pictures
B Videos
& 0SDisk (C)
= Local Disk (D)
v >
File pame: |user_testbench ~'| HDL Stimulus Files(*.vhd] *wvhd * ~

Cancel

4. Select the Stimulus Hierarchy tab. The testbench .hdl file is displayed.
Note: If user_testbench.v or user_testbench.vhd is not visible in the Stimulus Hierarchy tab, the file is not
imported as an HDL stimulus file. Re-import the file as described in step 3 and step 4.

Figure 22 + Testbenches in the RTG4_Fabric Project (VHDL shown)

Stimulus Hierarchy 0 X
Shaw: [] show Root Testhenches
4 il work

» E:f[ testbench (user_testbench.vhd)

4| 1 +

| Design Flow I Design Hierarchy Stimulus Hierarchy Catalog I Files |
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5. Right-click user testbench.voruser testbench.vhd and select Set as active stimulus to
use the testbench you imported for simulation. A waveform symbol will be displayed next to the
testbench name to indicate it is the active stimulus.

Figure 23 » Selecting user_testbench for Simulation

Stimulus Hierarchy B X
Show: [] show Root Testhenches
4 il work
y ﬁ testhench fuser tecthench whdl
Open HDL File

Check HDL File

B  Set as active stimulus
Simulate Pre-5Synth Design 3

Delete from Project
Delete from Disk and Project

4 k

Properties

| Design Flow | Design Hierarchy | Stimulus Hierarchy | Catalog | Files |

6. Import the ModelSim macro and Wave format files by right-clicking Simulate under Verify
Pre-Synthesized Design in the Design Flow window and selecting Import Files.
7. Enter the following in the Import Files dialog box and click Open:
* Look in: <C: or D: or E:>\Microsemiprj\rtg4_1g0623_df\Source_files
*  Files of type: Simulation Files (*.mem *.bfm *.dat *.txt *.do)
»  File name: Hold the shift key and select vhdl run.do and vhdl wave.do (VHDL projects)
orvliog run.doand vlog wave.do (Verilog projects)

Figure 24 « Importing the Simulation Files

(-‘ Import Files ™
b « LGO623 Fabric » RTG4_Fabric_tutorial * Source_files v O search Source files y-]
Organize = New folder - m @
screen_shots . Name Size
screen_shots &‘ e
@ OneDrive &/ vindi_wave 2KB
™ viog_run 3
= This PC 4 .
& vieg_wave 2KB
m Desktop
< Documents
& Downloads
& Music
= Pictures
8 Videos
& 0sDisk (C)

=~ Local Disk (D2

File name: | "vhdl_wave™ "vidl_un" v || Simulation Files(*mem “bfm %

Open Cancel
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The testbench and simulation files are visible on the Libero SoC Files tab under Stimulus and
Simulation, respectively.

Figure 25 + Testbench and Simulation Files (VHDL shown)

Files g X

> [] component
» [ constraint
> [ designer
> [] hdl
4 [ simulation
B modelsim.ini
% modelsim.ini.sav
B vhdl_run.do
% vhdl_wave.do
[ smartgen
4 [ stimulus
By user testbench.vhd
[ synthesis
> [ tooldata

| Design Flow | Design Hierarchy I Stimulus Hierarchy I Catalog | Files |

Open the ModelSim macro file (vhdl run.do or vlog run.do)in the Libero SoC editor by
double-clicking the filename on the Files tab.

Locate the variable PROJECT_DIR atline 11 of vhdl run.do or vlog run.do and confirm that it
matches the location of the Libero SoC fabric tutorial. The location is displayed at the top of the
Libero SoC GUI (do not include RTG4_Fabric.prjx). Edit the path if required.

Figure 26 » Location of the Libero SoC Project

10.

1.
12.

13.
14.

(® Libero { E\Microsemiprj\RTG4_Fabric_tutorial\RTG4_Fabric}RTG4_Fabric.prix

|Eroject File Edit View Design Tools Help

Locate the variable INSTALL_DIR at line 12 of vhdl_run.do or vlog_run.do and confirm that it
matches the location of the Libero SoC RTG4_Launch installation. Edit the path if required.

Save the file after making the changes (File > Save vhdl_run.do or File > Save viog_run.do).
The vhdl run.do/vlog run.do file contains the force-freeze command to force the counter bits
in LED_ctrl to high, This command helps to speed up the simulation.

Close the editor from File > Close vhdl_run.do or File > Close vliog_run.do.

Open the Libero SoC project settings from Project > Project Settings.

Figure 27 » Libero SoC Project Settings Dialog Box

(® Project settings

[ o ]

Device selection
Device settings
Design flow

4 Simulation options
DO file
Waveforms
Vsim commands
Timescale

4 Simulation libraries
RTG4

Analysis operating conditions

Currently selected device is RT4G 150-CG1657M
Part filter

Speed: [l ~ | core voltage: [al ~|  Range: [m B
Reset filters
Search part:
Part Number [ 4wt DFF User/0s uSRAM 1K LSRAM 18K Math (188)  Pllsand CCCs  H-Chip Globsl
RT4G150-1CG1657M | 151824 151824 720 210 209 162 8 43
RTAGI50-CGI65TM 151824 151624 720 210 209 [ 3 [
RT4G150_ES-CGL65.., | 151824 151824 720 210 209 [3] 8 8

15.

Select Do File under Simulation Options in the Project Settings Dialog box.
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16. Uncheck Use automatic DO file check box.
17. Click browse next to User defined DO file, enter the following information and click Open:
* Lookin: <C: or D: or E:>\Microsemiprj\rtg4_Ig0623_df/Libero_Project/Simulation
*  Files of type:*.do
*  File name: vhdl run.do (VHDL projects) or viog run.do (Verilog projects)
The ModelSim macro file (vhdl run.do or vlog run.do) calls the Wave format file (vhdl wave.do
or vlog wave.do), and hence do not require any separate settings for the Wave Format file.

Figure 28 « Simulation Options

) Project settings =E [
e =lectin [ Use automatic DO fle ==
Device settings
Desigy fhaw ’ sl Restore Defaults
Analysis operating conditions

4 Simulation options
DO file
Waveforms
Vsim commands
Timescale
4 Simulation libraries Select Verilog language syntax
RTG4
Select VHDL language syntax
User defined DO file: : Microsemiprj/RTG4_Fabric_tutorial/RTG4 Fabric/simulation/vhd)_run.do )
DO command parameters:
Help Close

18. Click Save and Close to close the Project Settings dialog box by saving the project settings.
19. Expand Verify Pre-Synthesized Design in the Design Flow window. Right-click Simulate and select
Open Interactively to launch ModelSim in GUI mode.

Figure 29 » Launching Pre-Synthesis Simulation

Design Flow B X
Fabric_Top = o g
Tool -

4 b} Create Design
B3 Create SmartDesign
Create HDL
A Create SmartDesign Testbench
Create HDL Testbench
+L| Generate Memory Map
4 » Verify Pre-Synthesized Design

m

Run

a b Constrﬁ
il Mar Clean and Run All
4 b Implem Open Interactively
S Syn Clean
4 » Ver n
B Organize Input Files  »
943 Plag Import Files...
4 b Veri
-] Edit Profile...
B
d’-l' Help

. Nnen SenarTim

Design Flow Design Hierarchy Stimulus Hierarchy Catalog Files
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20. The simulation runs for 2.5 ms. When finished, the waveform window is displayed, as shown in the
following figure.

Figure 30 » ModelSim Waveform Window (VHDL results shown)
_

Window Help

970 BE || SnE RN wltes B wodunnne | 9ne|

B LEELEER

4 fresthench/Fabric_Top_0/DEVRST N
% jrestoenchFabrc Top D/CLK50 _ S—
2 restbench/Fabric Top_0/F8_SW1 I I3 i i 1 i
Oy e
8-+ ftestbench/Fabric Top_DLED
S ()

& ftesthench/Fabric Top O/RTG4FCCE_DAOCK
.+ ftestbench/Fabric Top O/RTG4FCCC_DfGLO

05 to 2625 us

21. Scroll in the window. The LED port represents the LED driver (1 = LED off; 0 = LED on). The
PB_SW1 and PB_SW2 ports represent the switch inputs (0 = switch pressed; 1 = switch released).
The DEVRST_N input represents the Reset (SW7 input).

22. Ensure that the LED output (LED) matches the description in Table 1, page 2.

23. Close the ModelSim simulator by File > Quit. Click Yes when asked if you want to quit.

2.8 Step 3: Synthesize the Design

In the Design Flow window, expand the Implement Design and right-click Synthesize and select Run,
as shown in the following figure.

Figure 31 « Design Flow - Synthesize

Design Flow

Fabric_Top

Tool
# Create Design
4 b Constraints
i" Manage Constraints
4 b Implement Design
e Netlist Viewer

4 b Verify

E sin Clean and Run All

m

h"': Place a Open Interactively
4 b Verify Clean m
+] Ger

E sim Organize Input Files  »
G—l Ver Import Files...

&, op
lb. Ver Configure Options...
4 » Program a Edit Profile...
] Genera

@‘ Update Help
4 |} Configure Hardware

8. n
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Step 4: Pin Assignments

Follow the instructions to assign the pins in the software:

1. Inthe Design Flow window, expand Constraints. Right-click Manage Constraints and select Open
Manage Constraints View.

Figure 32 + Opening the 1/0 Editor

2.

Design Flow

Fabric_Top

Tool

4 b Create Design
B Create SmartDesign
Create HDL
H Create SmartDesign Testbench
Create HDL Testbench
+L] Generate Memory Map
4} Verify Pre-Synthesized Design
. Simulate
4 b Constraints
) Fam
4 b Imple
v S Sy
4 b Vermyrosesy
B Simulate
9,3 Place and Route
4 p Verify Post Layout Implementation
+L] Generate Back Annotated Files
. Simulate
&4 Verify Timing
Gﬁ Open SmartTime
(s} Verify Power

4 b Prooram and Dehun Desion

m

Open Manage Constraints view

Help

Design Flow | Design Hierarc... I Stimulus Hierarchy I Catalog I Files ‘

In the Constraint Manager window, select the I/0 Attributes tab and click Edit with I/O Editor as

shown in the following figure.

Figure 33 » Constraint Manager Window

Project File Edit Wiew Design Tools Help

T Ar=F=k"] el

rasign Flow & x

Fabric_Top

[rom I

= ¥ Create Design
E3 Create SmartDesign
B _create HDL
2 Create SmartDesign Testbench
B create HDL Testbench
+C] Generate Memory Map
S > Verify Pre-Synthesized Design
W simulate
Constraints
5 Manage Constraints
Implement Design
2 Netlist Viewer
o Synthesize
= B Verify Post-Synthesis Implementation
-2 Generate Simulation File
W simulate
fii Place and Route
& b Verify Post Layout Implementation
-7 Generate Back Annotated Files
B simulate
@, Verify Timing
&, Open SmartTime
B Verify Power
S » 10 Analyzer
&% SSN Analyzer
Program and Debug Design
+C] Generate FPGA Aray Data
&% Update UPROM Memory Content
= » Configure Hardware
BI Programming Connectivity and Interface
& Configure Programmer
i Device 1/O States During Programming - JTAG M..
+ Configure Programming Options
& b Program Design
% Generate Bitstream
& Run PROGRAM Action
= » Debug Design
#24 1dentify Debug Design
© SmartDebug Design
» Handoff Design for Production
#3 Export Bitstream
#3 Export FlashPro Express Job
+CJ Export Pin Report
+CJ Export BSDL
+C] Export 1B1S Model
£ » Handoff Design for Debugging
© Export SmartDebug Data

Design Flow | Design Hierarchy | Stmulus Fisrarchy | Catsiog

[ Fies

Reports ® % | Storteage @ x Constramtmaneger @ |
Vo Atributss \/ Firming \/ " Fioor Planner \/ el ARBWES

wew 7| mmport i

T/ 0 Sctings

" Reserve Pins for Device Migration
Select the devices you are targetting for migration. Pins not bonded on thesa devices will e reserved in tha device selected for this project.
Selected Device: RTAGL50 - 1657 CG

O RT4G150_ES

Target Devices:

General

¥ Reserve Pins for Probes
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The following figure shows the I/O Editor page.
Figure 34 « 1/0 Editor

+= /0 Editor - Fabric_Top [E=mpE )
File Edit View Tools Help

WO RS

Parts | Padagefins | Pacage viener |
Port Name | T Direction | ¥ 1/0 Standard | ¥ Pin Number | ¥* Locked | ¥ Macro Cell | ¥ Bank Mame | ¥ Resistor Pull | ¥ Schmitt Trigger | ¥ Qdt_Static | ¥
! 1 CLEK_50 Input LVCMOS25 Unassigned 1 ADLUB:INBUF - None Off

2 DEVRST_N Input - 533 ADLIB:SYSRESET_IP

3 LED[0] Qutput LVCMOS25 Unassigned 0 ADLIB:OUTBUF - None

4 LED[1] Qutput LVCMOS25 Unassigned = ADLIB:OUTBUF - MNone

5 LED([2] Qutput LVCMOS25 Unassigned ] ADLIB:OUTBUF - MNone

[ LED([3] Qutput LVCMOS25 Unassigned 0 ADLIB:OUTBUF - None

7 LED[4] Qutput LVCMOS25 Unassigned = ADLIB:OUTBUF - MNone

8 LED(5] Qutput LVCMOS25 Unassigned ] ADLIB:OUTBUF - MNone

4] LED[6] Qutput LYCMOS25 Unassigned ] ADLIB:OUTBUF - None

10 LED[7] Qutput LVCMOS25 Unassigned ] ADLIB:OUTBUF - MNone

1 PB_SW1 Input LVCMOS25 Unassigned ] ADLIB:INBUF - MNone Off

12 PB_SW2 Input LVCMQS25 Unassigned | ADLIB:INBUF - Neone Off

< m »
Ready Fam:RTG4 |Die: RT4G150 |Pka: 1657 CG

3. Make the pin assignments as listed in the following table. In I/O Editor, go to the Pin Number
column and click Unassigned in the Pin Number column to see the available 1/O pins. Accept the
default settings for all other options.

Table 4 « Pin Assignments

Port Name 1/0 Standard Pin No Pin Name
CLK_50 LVCMOS25 AA39 MSIOD73PB1/GB12_23
LEDIO] LVCMOS25 W35 MSIOD62PB1
LED[1] LVCMOS25 W34 MSIOD46PB1
LED[2] LVCMOS25 V30 MSIOD47PB1
LEDI3] LVCMOS25 W33 MSIOD46NB1
LED[4] LVCMOS25 T33 MSIOD38PB1
LED[5] LVCMOS25 u3s MSIOD41NB1
LEDI6] LVCMOS25 R36 MSIOD37PB1
LED[7] LVCMOS25 T34 MSIOD38NB1
PB_SW1 LVCMOS25 AA30 MSIOD68NB1
PB_SW2 LVCMOS25 AB31 MSIOD65PB1
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The following table shows the 1/0O Attribute Editor after assigning the pins.
Figure 35 » 1/0 Editor with Pin Assignments

i “E /O Editor - Fabric_Top*
Eile Edit View Tools Help
WO &S
Ports | Packagepins | Package viewer |
Port Name Direction [¥| 1O Standard [*]  PinNumber [¥] Locked [¥|  MacroCell [¥] BankMame [¥] ResistorPull [¥]  Schmitt Trigger [*]  Odt_Static [v]
I 1 CLK 50 Input WCMOS25 2439 ADUIBINEUF Bankt None off -
2 DEVRST_N Input - =3 ADLIB:SYSRESET_IP
3 LED([0] Output LVCMOS25 w35 ADLIB:OUTBUF Bankd MNone
4 LED[1] Output LVCMOS25 w34 ADLIB:OUTBUF Bankl None
5 LED[2] Qutput LVCMOS25 V3D ADLIB:OUTBUF Bankl None
6 LED[3] Output LVCMOS25 w3z ADLIB:QUTBUF Bankl MNone
7 LED[4] Qutput VCMOS25 33 ADLIB:OUTBUF Bankl Maone
g LED(5] Output LVCMOS25 U35 ADLIB:OUTBUF Bankl Nane
] LED[6] Output LVCMOS25 R36 ADLIB:QUTBUF Bankl MNone
10 LED[7] Qutput VCMOS25 T34 ADLIB:OUTBUF Bankl Maone
1 PB_SW1 Input LVEMOS25 AR3D ADLIBINBUF Bankd Nane off
12 PB_SW2 Input LVCMOS25 AB3L ADLIBINBUF Bankl MNone off
< m | »
Ready Fam:RTG4 |Die: RT4G150 |Pka: 1657 CG

4. Select File > Commit and Check from the I/O Attribute Editor menu. Ensure that the I/O Editor
Log window has no errors.
5. Close the I/O Attribute Editor using File > Exit.

210 Step 5: Entering Timing Constraints

Follow the instructions to set timing constraints in the Libero SoC software:
1. Inthe Constraint Manager window, select the Timing tab, click Edit with Constraint Editor > Edit
Timing Verification Constraints, as shown in the following figure.
Figure 36 » Edit Timing Constraint

—
(? Libero - EAMicrosemiprj\RTG4 Fabric_tutorial\RTG4. Fabric\RTGA_Fabricprx” o | 5

Project File Edit View Design Tools Help
~ 7 ™
ﬁ = i nNoe

Design Flow 8% | mepors &% | strwage & x | Edesbriciop @ x || ConstraintMansger & % || ~
Fabric_Top {1j0 Attributes IL‘ Timing ILf Floor Planner '/ Netlist Attributes '\

Z [ New H Import ][ Link. ][Ed.twum(:nnsn-amtEdumr !v_][ Check 3‘] lDEnvECnsh’amts][Conshalntcavaraga :-][ Help ] + &

Tool
4 b Create Design Edit Synthesis Constraints Timing Verification
B Create SmartDesign Edit Place And Route Constraints
Create HDL [ it Timing Verification Constraint= |
54 Create SmartDesign Testbench
Create HDL Testbench
+£] Generate Memory Map
4 b Verify Pre-Synthesized Design
B simulate
4 b Constraints
% Manage Constraints
4 b Implement Design
v S Synthesize
b B Verify Post-Synthesis Implementation
5 Place and Route
> » Verify Post Layout Implementation
» Program and Debug Design
» Handoff Design for Production
) Export Bitstream
4 Export FlashPro Express Job
+£] Export Pin Report
+'| Fynort RSDL

n

N

Design Flow | Design Hierarc... | Stmuus Herarchy | Catalog | Fies |

Message ax

€3 Erors i, Warrings ) Info (=] Manage suppressed messages

E Design Entry
=+ SmartDesian Check b
4| | »

Log | Message |

X ¥ Fnd: Eror: Lne 117 w [ mest ][ erevous |[ mndAl ] searchim: [Reports x] [Dmathase [ match whoie word

|Fam: RTG4 [Part: RT4G150-CG1657M  |VHDL
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The following figure shows the Constraint Editor window.
Figure 37 « Constraint Editor
[ constraintsEditor = CommmiaEiton - - — [g— el e )

:—]Eile Constraints  Restore  Help
Bk Y % ¥ R MBS W

Constraints Editor

&%

4 Constraints

4 Requirements Syntax Clock Name Clock Source ‘ Period (ns)
Clock
Generated Clock
Input Delay
Qutput Delay
External Check
Clock To Out

4 Exceptions
Max Delay
Min Delay
Multicycle
False Path

4 Advanced
Disable Timing
Clock Source Latency
Clock Uncertainity
Clock Groups

Dutycycle
(%)

Frequency
(rM1Hz)

First Edge ‘ Offset (ns) ‘

1 |Click within this row to add a constraint

2. Click Constraints > Clock to add a Clock constraint. The Create Clock Constraint dialog box is
displayed as shown in the following figure and click Browse.

Figure 38 « Create Clock Constraint Dialog Box
f .| Create Clock Constraint M

Clock Mame : Clock Source : @

H—Eeriod: ns ——™M or Frequency: Mhz

Fy F 3

l#—— Offset; ——m#— Dutycyde: ——»f

||
I 0.000 ns 50,0000 %
|| Comment :

Help OK J ’ Cancel
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3. It opens the Select Source Pins for Clock Constraint window. Select the
RTG4FCCCECALIB_CO/RTGFCCCECALIB_CO0_0/CCC_INST_0/GLO pin, click Add and click OK
as shown in the following figure.

Figure 39 » Clock Constraint Window

B | Select Source Pins for Clock Constraint ? ey

Select a Type and Pattern to start selection
Filter available pins :

Type : Pattern :

|All Pins | |=6Lo= Search |

Available Pins:

LED ctrl_O/RTG4FCCCECALIB_CO0_0_CCC_0_GLO i‘
RTG4FCCCECALIB_CO_O/RTG4FCCCECALIB_CO_0/CCC_0_GLO_INST/A
RTGAFCCCECALIB_CO_O/RTG4FCCCECALIB_CO_0/CCC_0_GLO_INST/Y
RTGAFCCCECALIB_CO_0/RTG4FCCCECALIB_CO_0/CCC_INST_0/GLO
RTG4FCCCECALIB_CO_0/RTGAFCCCECALIB_CO_0/CCC_INST_O/GLO_YO_ARST_N j

ATr A, AT e AN FA AINTO A, ,AT AL N SR Afess IRIET A, A Vs Ta

Add Add all Remaove Remaove All ‘

Assigned Pins:

Help 0K Cancel

4. Enter the following information in the Create Clock Constraint dialog box and click OK:
*  Frequency: 0.5 MHz

Figure 40 « Entering the Clock Constraint

E| Create Clock Constraint M
Clock Mame : Clock Source :  IFCCC_0/CCC_INST/GLO +] D

H—Eeriod: 2000 ns ——™  or Frequency: 0.5 Mhz

F 3 &

l#—— Offset; —m#— Dutycyde: —»
0,000 ns 50,0000 %

Comment :

Help OK ‘ ’ Cancel
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The following figure shows the clock constraint in the Constraints Editor.

Constraints Editor with Clock Constraint

}] ConstraintsEditor - [Edit Timing verification Constraints]
Y file Constraints Edit Help
AN b abis By

‘it Timing verification Constraints

= Censtraints

Syntax Clock Name Clock Source

Period

(ns)

] First |Offset .
MH) | (9 | Edge () Waveform Add | File | Commer

* Clock
Generated Cl...
Input Delay
QOutput Delay
External Check
ClockTo Out
=-Exceptions
Max Delay
Min Delay
Multicycle
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5. Close the Constraints Editor (File > Exit). Click Yes when prompted to save the changes.

Step 6: Layout and Timing Verification

Layout Verification

Expand Verify Post Layout Implementation on the Design Flow tab. Right-click Verify Timing and
select Run. Place-and-Route tool is executed and a timing report is generated.

Running Layout and Verifying Timing
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A green checkmark is displayed in the Design Flow window next to Place and Route and Verify Timing
indicating that the layout is completed without any errors and a timing report is generated.

Figure 43 « Design Flow Tab after Layout and Timing Report Generation
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211.2 Timing Verification

*  The timing reports are in the Reports tab.
+  Maximum Delay Analysis is contained in the Fabric_Top_max_timing_slow_1.14V_125C.xml report.
Minimum Delay Analysis is contained in the Fabric_Top_min_timing_fast_1.26V_-55C.xml report.
Both the reports are available in the Reports window.
Figure 44 + Timing Reports
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+  Timing violations can quickly be identified by looking at the timing violations reports such as
Fabric Top max timing violations slow 1.14V 125C.xml or
Fabric Top min timing violations fast 1.26V_-55C.xml.
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212  Step 7: Setting Up the Demo Design

The RTG4 Development Kit board is shown in the following figure.
Figure 45 « RTG4 Development Kit Board
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The following steps describe how to set up the RTG4 Development Kit to run the demo design:

1. Ensure that the board is powered OFF using SW6 switch. Also ensure that AC input connector is not
connected to JP before connecting the cable or changing the jumper connections.
2.  Plug the AC adapter to the J9 connector and plug into a 120 V AC outlet.
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3. Before programming (and powering up) the RTG4 Development Kit board, ensure that the jumpers
are positioned as show in the following table.

Table 5 « Jumper Settings

Jumper Location Purpose Settings
J16 Above SW3 Select VDD core voltage 2-3 installed
J17 Below J9 AC connector Select either SW6 input or signal 1-2 installed
ENABLE_FT4232 from FT4232H chip
J19 Below J9 AC connector 1-2 installed
J21 To the right of the dip switch bank Bank 7 supply voltage 1-2 installed
J23 To the right of the FP4 programming header 1-2 installed
J26 Below ETM Trace header Bank 2 supply voltage 1-2 installed
J28 Below the dip switch bank 1-2 installed
J32 To the left of the FMC connector (HPC1) Enable FlashPro5 for programming 1-2 installed
J33 Below FP4 programming header 1-2 installed
3-4 installed

4. Connect USB cable (mini USB to Type A USB cable) to J47 of the RTG4 Development Kit board and
another end of the cable to the USB port of the Host PC.
5. Switch ON the power supply switch, SW6.

213  Step 8: Programming the Device

To program the RTG4 Development Kit with the job file provided as part of the design files using
FlashPro Express software, refer to Appendix 1: Programming the Device Using FlashPro Express,
page 29.

214  Step 9: Running the Application

Follow the instructions to run the application:

1. Reset the board by holding the SW7 reset switch. The LEDs must be in the OFF position.

2. Release SW7 and observe the pattern of the LEDs. LEDs [6:5] and LEDs [4:3] (the Red and Green
LEDs) must be toggled.

3. Press and hold the SW1 switch and observe the pattern of the LEDs. Release the SW1 switch and
press the SW2 switch and observe the pattern of the LEDs. Press and hold SW1 and SW2 switches
together. The LED pattern must match the description in Table 1, page 2.

4. When finished, change the SW6 switch to the OFF position and power OFF the board.
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3 Appendix 1: Programming the Device Using
FlashPro Express

This section describes how to program the RTG4 device with the programming job file using FlashPro
Express.

To program the device, perform the following steps:

1.

2.

Ensure that the jumper settings on the board are the same as those listed in Table 3 of UG0617:
RTG4 Development Kit User Guide.

Optionally, jumper J32 can be set to connect pins 2-3 when using an external FlashPro4, FlashPro5,
or FlashPro6 programmer instead of the default jumper setting to use the embedded FlashPro5.

Note: The power supply switch, SW6 must be switched OFF while making the jumper connections.

3. Connect the power supply cable to the J9 connector on the board.

4. Power ON the power supply switch SW6.

5. If using the embedded FlashPro5, connect the USB cable to connector J47 and the host PC.
Alternatively, if using an external programmer, connect the ribbon cable to the JTAG header J22 and
connect the programmer to the host PC.

6. On the host PC, launch the FlashPro Express software.

7. Click New or select New Job Project from FlashPro Express Job from Project menu to create a

new job project, as shown in the following figure.

Figure 46 » FlashPro Express Job Project
[Z3 FlashPro Express
Project Edit View Programmer Help B FlashPro Express
Job PI'OjECtS Project | Edit Vew Programmer Help
New Job Project from FlashPro Express Job ~ Ctrl+N - h
New... I = Open Job Project Cri+0 s
Ogen“. X Close Job Project
ect tri+Shift+A
Recent Projects
or Set Log File
Export Log File
Preferences...
Execute Script Ctri+U
Export Script File...
Recent Projects 4
Exit Crl+Q
8. Enter the following in the New Job Project from FlashPro Express Job dialog box:

Programming job file: Click Browse, and navigate to the location where the .job file is located and
select the file. The default location is:

<download folder>\rtg4 1g0623 df\Programming Job

FlashPro Express job project location: Click Browse and navigate to the desired FlashPro
Express project location.
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Figure 47 « New Job Project from FlashPro Express Job
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9. Click OK. The required programming file is selected and ready to be programmed in the device.
10. The FlashPro Express window appears as shown in the following figure. Confirm that a programmer
number appears in the Programmer field. If it does not, confirm the board connections and click

Refresh/Rescan Programmers.
Figure 48 « Programming the Device
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11. Click RUN. When the device is programmed successfully, a RUN PASSED status is displayed as
shown in the following figure.
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Figure 49 »+ FlashPro Express—RUN PASSED
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programmer 'S2010VPTI' : device °"RT4Gl50' : EXPORT DSN([128] = 0000000000000000015cf30£000a0016
programmer 'S201QVPTI' : device 'RT4G150' :
programmer 'S201QVPTI' : device 'RT4G150' : Finished: Thu Dec 10 12:53:10 2020 (Elapsed time 00:02:30)

programmer 'S2010VPTI' : device "RT4Gl50' : Executing action |PROGRAM PASSED.
programmer 'S201QVPTI' : Chain programming PASSED.
Chain Programming Finished: Thu Dec 10 12:53:10 2020 (Elapsed time 00:02:30)

12. Close FlashPro Express or click Exit in the Project tab.
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4 Appendix 2: Running the TCL Script

TCL scripts are provided in the design files folder under directory TCL_Scripts. If required, the design
flow can be reproduced from Design Implementation till generation of job file.

To run the TCL, follow the steps below:

1. Launch the Libero software

2. Select Project > Execute Script....

3. Click Browse and select script.tcl from the downloaded TCL_Scripts directory.
4. Click Run.

After successful execution of TCL script, Libero project is created within TCL_Scripts directory.
For more information about TCL scripts, refer to rtg4_Ig0623_df/ TCL_Scripts/readme.txt.

Refer to Libero® SoC TCL Command Reference Guide for more details on TCL commands. Contact
Technical Support for any queries encountered when running the TCL script.
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