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1 Revision History

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

1.1 Revision 4.0

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

*  Updated the document for Libero SoC v2021.2.

* Updated Figure 3 on page 5, Figure 10 on page 9, Figure 11 on page 10, Figure 14 on page 11,
Figure 16 on page 13, and Figure 26 on page 16.

* Replaced Table 2 on page 12.

+ Updated Table 4 on page 18 and Table 5 on page 21.

1.2 Revision 3.0

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

* Renamed section Generating the Programming File and Programming the Board to Setting Up the
Demo Design, page 17.

*  Added section Programming the Device, page 18.

* Added Appendix 1: Programming the Device Using FlashPro Express, page 22.

*  Added Appendix 2: Running the TCL Script, page 25.

* Removed the references to Libero version numbers.

1.3 Revision 2.0

Updated the document for Libero SoC v11.9 SP1.

1.4 Revision 1.0

The first publication of this document.

Microsemi Proprietary TU0565 Revision 4.0 1
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Low Power RTG4 FPGA

2.1

RTG4™ FPGAs are designed to meet the need of low power. RTG4 devices exhibit lower power
consumption in static and dynamic modes. The static mode is achieved by powering-down the fabric
CCC. This tutorial describes how to:

*  Measure the total dynamic power using Microsemi Power Estimator and SmartPower.
*  Measure the total dynamic power on the board.

* Measure the total static power using Power Estimator and SmartPower.

*  Measure the total static power on the board.

The following functionalities are described in the subsequent sections:

+  Creating a New Project Using Libero® System-on-Chip (SoC)
*  Creating the SmartDesign

« Importing and Deriving Constraint Files

*  Generating Power Report using Smart Power Tool

»  Obtaining Resource Utilization Report

*  Generating the Programming File and Programming the Board
*  Measuring On-Board Power

*  Measuring the Low Power Using Power Estimator Tool

Design Requirements

The following table lists the design requirements to run the low power RTG4 FPGAs tutorial.

Table 1+ Design Requirements

Requirement Version
Hardware
RTG4 FPGA Development Kit: Rev B or later

e 12V adapter
« USB A to mini-B cable

Host PC or laptop 64-bit Windows 7 and 10

Multimeter/DVM Any

Software

Libero SoC Note: Refer to the readme. txt file provided in the design files for

FlashPro Express

the software versions used with this reference design.

Note:

2.2

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

Prerequisites

1. 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
2. Download and extract the design files from the following link:
http://soc.microsemi.com/download/rsc/?f=rtg4_tu0565_df
The design file consists of Libero SoC project, VHDL files, RTG4 power estimator, and programming
files (*.job). Refer to the Readme. txt file included in the design file for the directory structure and
description.

Microsemi Proprietary TU0565 Revision 4.0 2
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2.3 Demo Design

The low power design file consists of a 50 MHz oscillator, a fabric CCC (FCCC), and a fabric logic block.
The FCCC is configured to provide an 90 MHz clock to the fabric logic. The 50 MHz oscillator is the
reference clock source for FCCC. The lock signal is used as the reset signal to the fabric logic. The fabric
logic has 4464 stages of 8-bit loadable up-counters, 252 stages of 16-bit shift registers, 55 LSRAM
blocks, 56 pSRAM blocks, and 42 math blocks. It also has an LED driver block, which is connected to a
set of LEDs to monitor the state of the fabric while entering and exiting low power mode.

The following figure illustrates the block diagram of the design.

Figure 1+ Design Block Diagram

Fabric Logic
16-bit _» Stage 1 > Stage 4464
Data Input 2&3'&:? 8-bit up counter ' 16-bit
Load Data —Jp» Data Output
Stage 1
- B Stage 252
Fabric PLL 16r;$'t _______ > B
s.' t register
register

PLL Lock ——J Fabric Reset 56-USRAM

. Reference
Oscillator 2= Clock 55-LSRAM
42-Matl LED Driver
Gensrated |, ) | »| LEDs
90 MHz Fabric Clock Block Block

Clock

PLL Power Down and
PLL Reset

i

DIP
Switch
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2.31 Introduction
The demo design includes:

* Libero_Project

*  Programming_Job

*  Source files

*+ Readme file

*  TCL_Scripts

The following figure illustrates the top-level structure of the design files. For further details, refer to the
Readme. txt file.

Figure 2« Design Files Top-Level Structure

rtg4_tu0565_df

Source_files

—— Libero_Project

—— Programming_Job

—— readme.txt

—— TCL_Scripts

2.3.2 Extracting the Design Files

Extractthe rtg4 tu0565_ df.zip file to the <C:\ or D:\>Microsemi_prj folder in the local system. Verify
that all files are in the directory, as mentioned in the Readme . txt file.

Microsemi Proprietary TU0565 Revision 4.0 4
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24 Creating a New Project Using Libero SoC

This section describes how to create a new project using Libero SoC.

1. Go to Start > Programs > Microsemi > Libero SoC v(xx.x) SP1> Libero SoC v(xx.x) SP1. The
Libero SoC Project Manager window is displayed, as shown in the following figure.

Figure 3+ Libero SoC Project Manager

@ Libero — X
Project File Edit View Design Tools Help

NE N9 0 v

StartPage I L3

New...
Open... Microsemi Libero® System-on-Chip (SoC) design suite offers high productivity with its comprehensive, easy to learn, easy to adopt development tools for designing with

| Projects | - P =
] Welcome to Microsemi's Libero® SoC v2021.2 j

Microsemi’s power efficient flash FPGAs, SoC FPGAs, and Rad-Tolerant FPGAs. The suite integrates industry standard Synopsys Synplify Pro@® synthesis and Mentor Graphics

Recent Projects ModelSim® simulation with best-in-class constraints management, debug capabilities, and secure production programming support.

Ci/new rtg4/DG565 L.
C:/pwr new_task/mdl

Libero Project
ibero Project

What's New in Libero SoC v2021.2

Welcome to Libero SoC I* 1| customer Notification (CN) Support
Libero SoC Quickstart « CN19009C: Improvements to RTG4 FCCC with Enhanced PLL Calibration Core

* CAN: SmartFusion2/IGLOO2/RTG4 SERDES PCle AHBLite Issue
o * CN: PolarFire Timing Model Update

Libero SoC Interface Description

Libero SoC Release Notes on the Web

[l New nevica sunnort |

Message & x

[S]) Messoges €3 Erors 4, Wamings @) Info  [=] Manage suppressed messages

2. Create a new project using one of the following options:
*  Click New... in the Projects panel on the Start Page.
* Inthe Libero SoC menu, go to Project > New Project.

The New Project-Project Details window is displayed, as shown in Figure 4 on page 6.

3. Enter the following information in the New Project - Project Details window.
* Project name: RTG4_Standby
*  Project location: <C:\ or D:\>Microsemi_prj\RTG4_Low_Power _tutorial
*  Preferred HDL type: VHDL
« Enable block creation: Not selected

Microsemi Proprietary TU0565 Revision 4.0 5
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=G\ New project

e 3

Project details
Specify project details

Project Details I
Project name: RTG4_Standby

Project location: F:/Microsemi_prj/RTG4_Standby_tutorial

Device Selection

Description:

Browse...

Device Settings

Design Template

Preferred HOL type:

[~] Enable block creation

Add HDL Sources

Add Constraints

Libefo)

System-on-Chip

Einish Cancel

4.
5,

Click Next. The New Project - Device Selection window is displayed.
Select the following values from the drop-down lists under Part filter.
Family: RTG4

Die: RT4G150

Package: 1657 CG

Speed: STD

Core voltage: 1.2

Range: MIL

New Project - Device Selection

Crmer DR T SSS———————— . e

Device selection

[

Device settings Currently selected device is RT4G150-CG1657M
Design flow Part filter
Analysis operating conditions
o Sribiion apniis Famiy: |RTG# - Die: [RT46150 | padkage: [1857Ca -
DOfile Speed: [STD | Core voltage: [1.2 v Range: (M1 -
Waveforms
Vsim commands r——
Timescale
4 Simulation libraries
RTGA Search part:
PartNuml;Er 4LUT DFF User [/Os uSRAM 1K LSRAM 18K Math (18:x18 PLLs and CCCs  H-Chip Globalk
RT4G150-CG1657M 151824 151824 720 20 209 462 8 48

6. Select the RT4G150-CG1657M device from the list and the associated

features are listed in the respective columns.

supported details for various

Microsemi Proprietary TU0565 Revision 4.0
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7. Click Finish. The New Project Information window is displayed.
8. Click Use Enhanced Constraint Flow in the New Project Information window. The Design Flow
window is displayed.

Figure 6 «+ New Project Information

New Project Information

This release will be the final release in which the Classic Constraint Flow is supported. Subsequent rel will only t the Enhanced =
Constraint Flow. It is highly recommended to create any new projects using Enhanced Constraint Flow. R |

The Enhanced Constraint Flow is aimed at simplifying the management of all constraints for your design:

Note that this release of the enhanced constraint flow has the following limitations:

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

Design Flow & x Reports & X | ConstantManager & X =
% = o m ? { T/0 Attrbutes "\f Timing \/ Floor Planner \/ Netist Attrbutes | -
[] Remember my choice and do not show me again. Use Classic Constraint Flow] [Use Enhanced Constraint Flow

PP

* 1/0, 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.

m

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

© SERDES-EPCS, MSS/HPMS and internal oscillator clock sources

o Fabric CCCs generated clocks

o Fabric CCCs clock sources

o CoreResetP false paths

o CoreConfigP false paths, min and max delay constraints

* Design separation methodology is not enabled

2.5

Creating the SmartDesign
This section describes how to create SmartDesign and generate the SmartDesign component.

1. Inthe Design Flow window, expand Create Design, as shown in the following figure.
2. Right-click Create SmartDesign and click Run. The Create New SmartDesign dialog box is
displayed.

Figure 7« Creating SmartDesign

Tool

4 b Create Design

bench
: Hel
Create |
4 » Verify Pre-Synthesized Design
. Simulate

Microsemi Proprietary TU0565 Revision 4.0 7
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3. Enter the Name as RTG4_Standby and click OK. A new SmartDesign canvas is displayed.
Figure 8+ Creating New SmartDesign

8| Create New SmartDesign Iil&]

MName:

RTG4 Standby

o] Conel

Now you can add different macros and IP cores to the SmartDesign canvas as required for your design.

4. Click Catalog tab and expand Clock & Management to add an RTG4FCCCECALIB to the canvas,
as shown in the following figure.

e

Figure 9+ Clock and Management

Catalog 5
IP Catalog
|ccd i ™ [ Simulation Mode -f"_ L
Name Version

—|- Clock & Management

RTG4 CCC APB Interface 1.1.109
RTG4 Clock Conditioning Circuit (CCC) 2.0.201
| RIG4 FCCC with Enhanced PLL Calibration 2.2.005 |

5. Drag and drop the RTG4FCCCECALIB to the SmartDesign canvas.

Microsemi Proprietary TU0565 Revision 4.0 8
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6. Double-click the RTG4FCCCECALIB component in the SmartDesign canvas. The
RTG4FCCCECALIB Configurator window is displayed, as shown in the following figure.

Figure 10 « Configuring Fabric CCC

B | RTG4 FCCC with Enhanced PLL Calibration Configurator ? X
A
CCC location CCC_NW  ~
CCC selection CCC_0
Reset type Synchronous with CLK_BOMHZ ~ ~
D Enable Dynamic configuration
CCC.0 CTC_1
Basic  Advanced PLL Options
Basic-Options
&
Reference Clock
50.0000 |MHz sl Lo xact Value Frequency Actual
50 MHz Oscillator ~ | MHz 90.0000 |MHz
GLI
| I
[ aLe
100 bz [
[aLs
[100 Mz [ uhe
LOCK
v
< >
Help - Cancel

Note: This design uses an FCCC to generate a 90 MHz internal clock for the fabric. The FCCC reference clock
is the 50 MHz oscillator.

Microsemi Proprietary TU0565 Revision 4.0
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7. Click PLL Options tab, select the Expose PLL_ARST_N and PLL_POWERDOWN_N signals
check box, as shown in the following figure.

Figure 11 « Configuring PLL Power-Down Signals

Current Configuration
Reference Clock Frequency
Source

Feedback Source

External Feedback GL Source

Programmable Delay

Lock Control

50.0000 MHz

50 MHz Oscillator
CCC Internal
GLO

0.000ns

Lock window: Phase error window for LOCK assertion as a fraction of the post divided

reference clock period.

Lock delay: Number of Reference clock cycles to wait before asserting the LOCK signal.
While waiting, the PLL is in a locked state.

Cutput Resynchronization After Lock

6000 pprm - O

1024 cycles @

(®) Held output in reset (output low) after power-up. Released and resynchronized with the PLL reference clock after the PL

() Outputs operate after power-up. Resynchronized with the PLL reference clock after the PLL locked.

() Outputs operate after power-up. No automatic resynchronization.

Miscellaneous

Enable Auto-Reset of PLL on Loss of Lock

[ ] Expose PLL_BYPASS_N signal. When asserted, the PLL core is off and the PLL Qutputs will track the reference clock.

D Expose GLX]_VX]_EN and GLEX]_Y[X]_ARST_N signals.

8. Click OK.

9. Click IP Catalog tab and expand Macro Library and select the RCOSC_50MHZ macro, which is the
50 MHz oscillator macro.

10. Drag and drop the RCOSC_50MHZ component to the SmartDesign canvas.

11. Right-click Create HDL under Create Design in the Design Flow tab and click Import File... to
import the source files for the user fabric logic, as shown in the following figure.

Figure 12

Importing HDL Source Files

Tool

4 b Create Design
E Create SmartDesign

Bl Creat =
4 Creat imy p
Creal Import Files... II
4 b Verif jn
B Help

4 b Constraints

B Manage Constraints

Microsemi Proprietary TU0565 Revision 4.0

10



Low Power RTG4 FPGA

& Microsemi

a A%\ MicrocHIP company

12. Browse to <Download folder > \rtg4 tu0565 df\Source files\VHDL and select all the
VHDL files available in the folder, and click Open. The files are listed in the Design Hierarchy tab,
as shown in the following figure.

Figure 13 » Listing the Imported Files in the Design Hierarchy Tab

Design Hierarchy 5 X
s B
< O o

4 [ RTG4 Standby
> E=j_ Fabric_Legic (Fabric_Logic.vhd)
> B RTG4_Standby RTG4FCCC_0_RTG4FCCC (RTG4_Standb
E=j_ reset_synchronizer (reset_synchronizerv)
B CCCDYM (ccc_comps.wvhd)
B CCCAPE (ccc_comps.vhd)
B BUFD_DELAY (ccc_comps.vhd)
> B AutoReset_PLL (AutoReset_PLLwv)

13. Drag and drop the Fabric_Logic and the reset_synchronizer_0 component from Design Hierarchy
into the SmartDesign canvas, as shown in the following figure.

Figure 14 » Adding Components into SmartDesign Canvas

SYSRESET_O N RTG4FCCCECALIB_CO_0 Fabric_Logic_0
DEVRST_N POWER_ON_REEI’_N]—- L 5 0C_0_PLL_POWERDOWN_N
ANDZ PLL_RFT_N
SYSRESET RTG4FCCC_0_0 READY VDDBLL ec 0l
RCOSC_50MHZ_0
cLKouT] RTG4FCCC 0

i Fabric_Loagic
RCOSC_50MHZ

Microsemi Proprietary TU0565 Revision 4.0 11
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2.51 Connecting Components and Generating SmartDesign

The SmartDesign tool in Libero SoC has a connection mode that allows components to be connected
using a drag and drop mechanism.

To connect the components:

1. Switch to connection mode in SmartDesign by clicking Connection Mode option in toolbar, as
shown in the following figure.

Figure 15« SmartDesign Canvas Connection Mode

Reports & X | StartPage & X i B rTG4e Standhy® & X |

@53 Mo, QOO E ANDO

2. To connect ports in the SmartDesign canvas, drag and drop the CLKOUT of the RCOSC_50MHZ_0
component to the RCOSC_50MHZ port of the RTG4FCCC_0 component. You can also connect the
ports by selecting the ports while holding down the Ctrl key on your keyboard, right-clicking any of
the selected ports, and click Connect.

3. Connect other components in the SmartDesign canvas as listed in the following table.

Table 2 « Connections in Canvas

From To

SYSRESET_0: POWER_ON_RESET N |AND2 _0: B

AND2_0:Y RTG4FCCCECALIB_CO: PLL_POWERDOWN_N;
RTG4FCCCECALIB_CO: PLL_ARST_N

RTG4FCCC_0 0: GL_0 RTG4FCCCECALIB_CO0: CLK_50MHz

RCOSC_50MHz_0: CLKOUT RTG4FCCCECALIB_C0: CCC_0_RCOSC_50MHz

RTG4FCCCECALIB_CO: GLO Fabric_Logic_0: CLK

RTG4FCCCECALIB_CO0: LOCK Fabric_Logic_0: RST

4. To exit from Connection Mode, disable the Release Connection mode by clicking the button in
SmartDesign canvas.

Microsemi Proprietary TU0565 Revision 4.0 12
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5. Right-click any of the following ports and click Promote to Top Level to promote the ports:
+ AND2_0: ASYSRESET_0: DEVRST_N
* Fabric_Logic_0: LD
»  Fabric_Logic_0: DIN[15:0]
+  Fabric_Logic_0: DOUT[15:0]
+  Fabric_Logic_0: LED_1
« Fabric_Logic_0: LED_2
+ Fabric_Logic_0: LED_3
+ Fabric_Logic_0: LED_4
The SmartDesign canvas appears as shown in Figure 16 on page 13.

6. Drag and drop the components to the required location or right-click the Auto Arrange icon on the
toolbar to improve the appearance of the canvas.

Figure 16 » SmartDesign Canvas

PLL_POWERDOWN_N

RTGAFCCCECALIB_CO_0

0_PLL_POWERDOWN_N

[ rsrn

Macro SYSRESET fE

RCOSC_50MHZ_0

Fabric_Logic_0

CLKOUT]| = LED: LED_1

RCOSC_50MHZ e LED_2| LED 2

LED 3 LED 3

1] - LEn 4 LED_4
DIN[15:0] DIN[25:0] DOUT]15:0] DOUT[15:0]

Fabric_Logic

7. Goto File > Save RTG4_Standby to save the design.

8. Generate the design by selecting SmartDesign > Generate Component. A message appears in
the Libero log window, confirming the successful generation of the low power RTG4 FPGAs design.

9. Go to File > Close RTG4_Standby to close the design.

2.6 Importing and Deriving Constraint Files

This section describes how to import a physical design constraint (PDC) file to assign 1/O attributes and
pins for the layout and how to derive timing constraints to meet the timing requirements.

1. Inthe Design Flow tab, expand Constraints and click Manage Constraints, as shown in the
following figure. The Constraint Manager window is displayed.

Figure 17 « Manage Constraints

Tool
4 b Create Design
B8 Create SmartDesign
Create HDL
A Create SmartDesign Testbench
Create HDL Testbench
+L| Generate Memory Map
4 b Verify Pre-Synthesized Design
. Simulate

4 b Constraints

iy Manage Constraints ||
mplement Design
S Synthesize
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2. In the Constraint Manager window, click the 1/0 Attributes tab and click Import to import the
*.PDC file, as shown in the following figure.

Figure 18 « Import Constraints

| Reports & X |513rtPage A X | Constraint Manager & X |

'I Import I[ Link

| [Editwith o Editor| [ chede | [ Help

Place and Route

3. Select the Place and Route checkbox to use the imported PDC file during place and route.

Figure 19 « Selecting the Place and Route Check Box

1/0 Attributes /" Timing \/” Floor Planner \/” Netlist Attributes \

[ vew [«][ mport |[ wnk || Edt || ched ][ hebp

Place and Route
constraint\io\user.pdc [ Target ]

4. Browse to the location <Download folder>RTG4_Low_Power_tutorial\Source_files in your local
system, select the user.pdc file, and click Open. The PDC file is imported for this design.
5. Click Timing tab and click Derive Constrains, as shown in the following figure.

Figure 20 » Derive Constraints

| Reports & X I StartPage & X | Constraint Manager & X |

[ New ] [ Import ] [ Link ] [Editwiih Constraint Editor V] [ Check V] Ijeri\re Constrainﬂ [Constraint Coverage '] [ Help

1/0 Attributes Floor Planner '}/ Netiist Attributes '\

Synthesis Place and Route  Timing Verification

6. Press Yes, when asked to associate the derived constraints (*.SDC) files to Synthesis; place and
route; timing; and verification tools. The timing constrains are derived for the design.

7. Run Synthesis from Libero Design Flow.

8. Run Place and Route from Libero Design flow.

2.7 Generating Resource Utilization Report

This section describes how to generate the resource utilization report for the design. Resource utilization
report shows the used resources out of total resources available in this design.

1. Click Design from the menu bar and click Reports, as shown in the following figure. The Project
Reports window is displayed.

Figure 21 + Opening Reports

Project  File Edit View || Design Tools Help
Iiw H f\f"\o Place and Route F8

esian Flow =] Reporis | & X
RTG4_Standby ‘ Design Summary... =] o @v
Tool = |
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Figure 23

Figure 24 »
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2. Click RTG4_Standby_compile_netlist_resources.xml under Synthesize, as shown in the

following figure.

Resource Utilization Report

X StartPage @ = Constraint Manager

X

4 RTG4_Standby reports

4 RTG4_Standby
RTG4_Standby RTG4FCCC_0_configuration.xml
RTG4_Standby_manifest.tdt
4 Synthesize
synplify.log
4. RTG4_Standby.srr

tigns i
ETG4 Standbg comEiIe netlist resources.xml I

RTG4_Standby_compile_netlist_hier_resources.csv
0 RTG4_Standby_compile_netlist.log

The Resource Usage report shows the strategies of Type, Used, Total, and Percentage.

Resource Usage

Resource Usage

Type Used  Total |Percentage
4LUT 85957 | 151824 | 56.62
DFF 81031 151824 53.37
I/O Register 0 2160 | 0.00
User IO 38 720 5.28

- Single-ended /O 38 720 5.28

- Differential /O Pairs | 0 360 0.00
RAME4x18 56 210 26.67
RAM1K18 55 209 26.32
MACC 42 462 9.09
H-Chip Globals 4 48 8.33
Cccc 1 8 12.50
RCOSC_50MHZ 1 1 100.00
SERDESIF Blocks 0 6 0.00
FDDR 0 2 0.00
GRESET 1 1 100.00

I/0 Resource Usage

I/O Function

Type w/o register | w/ register w/ DDR register
Input /O 18 0 0
Output /O 20 0 0
Bidirectional /O 0 0 0
Differential Input VO Pairs | 0 0 0
Differential Output IO Pairs | 0 0 0

Note: These values must be entered in the Power Estimator Excel sheet to measure the total power.

Microsemi Proprietary TU0565 Revision 4.0
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This section describes how to generate the power report for the design. Power report includes total

power, static power, dynamic power, and power breakdown by rail, by clock, and by type.

+  On the Design Flow tab, expand Implement Design, right-click Verify Power and select Run, as
shown in the following figure. It runs Synthesize and Place and Route.

Figure 25 « Power Report

4

4 P

)

b Verify Post Layout Implementation
+[| Generate Back Annotated Files

. Simulate

(2 Verify Timing

Program and Uebug|
+*] Generate FPGA Ar Clean and Run All
B Update uPROM N‘I Open Interactively
» Configure Hardw
i Programmingg
& Configure Proi Help

Clean

The following figure shows a sample generated power report.

Figure 26 « Generated Power Report

top_glb_net_reportxml
top_mindelay_repair_report.rpt
top_iteration_summary.rpt

top_pinrpt_name.rpt
top_pinrpt_number.rpt
top_bankrptrpt
top_ioffxml
@ top_layout loglog

=I- Verify Timing
v top_max_timing_multi_cor..

v top_min_timing_slow_1.14..

=|- Verify Power
Op_power_report.xm
=|- Generate FPGA Array Data

top_init_configxml

top_layout_combinational_loop...
top_place_and_route_constraint...

v top_max_timing_violations...
v top_min_timing_violations_...
v top_max_timing_violations...
v top_min_timing_violations_...
top_timing_constraints_coverag...
top_timing_combinational_loop...

=zl Power Summary

Power (mW) | Percentage
Total Power 2747.295 100.0%
Static Power 200.220 7.3%
Dynamic Power | 2547.075 92.7%

v top_min_timing_multi_corn...
v top_max_timing_violations...
v top_min_timing_violations_...
v top_max_timing_slow_1.14..
v top_min_timing_fast_1.26V... .
v top_max_timing_fast_1.26V..

| Breakdown by Rail

Rail VDD 2684.301 1.200 2236.918
Rail VDDI 2.5 | 33.294 2.500 13.317
Rail VDDPLL | 26.400 3.300 8.000
Rail VPP 3.300 3.300 1.000

i Power (mW) | Voltage (V)  Current (mA)

Mi
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Setting Up the Demo Design

This demo design uses the RTG4 Development Kit board. Figure 27 shows the RTG4 Development Kit
board. The following steps describe how to set up the demo design:

1. Connect the power supply cable to the J9 connector on the board.
2. Connect the USB A to mini B cable to J47 connector on the board.
3. Connect the jumpers to the RTG4 Development Kit board, as listed in the following table.

Table 3 + Jumper Settings

Jumper Settings
J16 2-3 installed
J17 1-2 installed
J19 1-2 installed
J21 1-2 installed
J23 1-2 installed
J26 1-2 installed
J27 1-2 installed
J28 1-2 installed
J32 1-2 installed
J33 1-2 installed

3-4 installed

Figure 27 » RTG4 Development Kit Board

VDD Regulator 3.3 V Regulator HPC2-FMC Breadboard RVI 5V Regulator 12V Power
Circuit Circuit Connector Connector Header Circuit Supply Source
Debug SPI1 Reset
LEDs Flash Switch

Power
Measurement ON-OFF
Circuit Switch
 §T4G SEVELOPNENT_KIT REV : : JTAG
Debug J oV 102-000418-001 i Programming
Switches Header
10/100/1000
Ethernet RJ45
Connector
HPC1-FMC
Connector
FT4232
Header
USB-UART
Terminal
DIP

Switch SERDES_PCle5 SMA

Reference Clock

Marvell PHY x4 PCle Edge  FDDR1-DDR3 RTG4™ SERDES_PCle5 SMA  ETM Trace FDDRO-DDR3
Connector Memory Device Tx/Rx Pairs Debug Header Memory
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210 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 22.

2.1 Power Measurement
2111 On-Board Power Measurement

For applications that require current measurement, a high-precision operational amplifier circuitry (U5
with gain 5) is provided on the board to measure the output voltage at test point TP16.

The following steps describe how to measure the core power:

1. Measure the output voltage (V) at TP16.

2. Measure the core voltage (V) at TP14.
Therefore, the consumed core power is calculated using the following formula:
P=V (TP14) x V (TP16) x 4
Multimeter or DVM is used to measure the output voltage and core voltage.

3. Connect the positive terminal of a standard digital voltmeter (DVM)/multimeter to TP16 and the
negative terminal to TP8. Note the digital voltmeter/multimeter reading.

4. Connect the positive terminal of a standard digital voltmeter (DVM)/multimeter to TP14 and the
negative terminal to TP8. Note the digital voltmeter/multimeter reading.

5. Calculate the power values using the equations.

21111 Total Core Power (Dynamic and Static)

To calculate total power:
1. Reset the board by pressing and releasing the Reset button (that is, SW7 DEVRST).
2. Observe the pattern of LEDs 1, 2, 3, and 4 after resetting the board.

3. If LEDs blink, measure the power else change the position of DIP slide switch (PIN: SW5-1, DIP
switch) and measure the power.

211.1.2 Static Power

To calculate static power:
1. Observe the pattern of LEDs 1, 2, 3, and 4.

2. If LEDs blink, change the position of DIP slide switch (PIN: SW5-1, DIP switch).
3. Measure the power.

The following table lists the power measurements on the board:

Table 4 « Power Measurements

Measurement V (TP16) (mV) V (TP14) (mV) Power (mW) =V(TP16) x V (TP14) x 4
Total Power 598 1201 2872
Static Power 70 1206 337

211.2 Measuring Power Using Power Estimator Tool

The following steps describe how to use power estimator to calculate total power, dynamic power, and
static power.

1. Download the Power Estimator spreadsheet and user guide from:
*  RTG4 Power Estimator
*  RTG4 Power Estimator User Guide
2. Or open the power estimator spreadsheet from <Download folder>
\Source file\RTG4 power calculator.xls and go to the Summary worksheet that
provides the device settings and power summary.
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Reset the RTG4_power_calculator by pressing Reset to Defaults, as shown in the following figure.

Reset to Defaults

- Microsemi Power Estimator (MPE) - vba '
| Microsemi i

Initialize Power Estimator | Reset to Defaults |

Settings

Farmily

Device
Package
Range
Core Voltage
Process

Data State

General

4.

- Power Summary Modes and Scenarios

Active Mode: Summary Low Power Mode Scenario
Total Power (m\W)
Thermal Power (mW)

Junction Temperature Tj  °C )

Power in Mode  Powerin scenario
(mW)

Mode % Time in Mode

Active

Static.

Effective Theta JA ( °CW )

Maximum Ta (*C ) Scenario Power

Maximum Power (mW) [J23

Thermial Margin

Change the device settings by selecting from the respective drop-down lists, as shown in the
following figure:

+ Device: RT4G150

+ Package: 1657 CG

* Range: Military

Figure 29 » Settings Section in the Device Settings and Summary Worksheet

- Settings

General
Family

Device

Package

Range

Core Voltage

Process

Data State

Refer to Generating Resource Utilization Report, page 14 for getting resource utilization for punching
values to power estimator.

5.

Click Clock worksheet and enter the following information in the sheet.

+ Name: System

*  Clock Frequency (MHz): 90

*  Fanout: Number of DFF in the resource utilization report

*  Global Enable Rate:100

Click Logic worksheet and enter the following information in the sheet.

*  Name: System

* Clock Frequency (MHz): 90

*  Number of Registers: Number of DFF in the resource utilization report
*  Number of LUTs: Number of LUTs in the resource utilization report

+ Fanout: 3

+ Toggle Rate: 12.5

Click LSRAM worksheet and enter the following information in the sheet.

* Name: System

*  Number of LSRAM Blocks: Number of LSRAM blocks in the resource utilization report
PORT Aand B

* Clock Frequency (MHz): 90

+  Write Rate: 12.5%

+ Enable Rate: 12.5%
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Click uSRAM worksheet and enter the following information in the sheet.

*  Name: System

*  Number of uSRAM Blocks: Number of uUSRAM blocks in the resource utilization report
PORT Aand B

* Read Clock Frequency (MHz): 90

+ EnableRate:12.5%

PORT C

*  Write Clock Frequency (MHz): 90

+ Enable Rate: 12.5%

Click Math Block worksheet and enter the following information in the sheet.

*  Name: System

*  Clock Frequency (MHz): 90

*  Number of Math Blocks: Number of math blocks in the resource utilization report
+ Data Toggle Rate: 12.5%

Click I/0 worksheet and enter the following information in the sheet.

+ Name: System

+ Bank Type: MSIO

+ /O Standard: LVCMOS25

» /P Pins: Refer Resource Utilization Report.

*  OJ/P Pins: Refer Resource Utilization Report.

+  Bidir Pins: Refer Resource Utilization Report.

+ ODT: No_ODT

*  Output Drive (mA): 2

*  Output Load (pF): 5

*  Clock (MHz): 90

+ Data Rate: Data

+ Toggle Rate: 12.5%

*  Output Enable: 50%

Click CCC worksheet and enter the following information in the sheet.

*  Name: system

* Reference Clock Frequency (MHz): 50

*  PLL Output Clock Frequency (MHz): 90

*  Output1 Frequency (MHz): 90

Click Summary worksheet to get the total power. The Power Summary section is populated with
the total power consumed during active mode, as shown in the following figure.

Power Summary

- Power Summary

Active Mode: Summary

Total Power (mWV)
Thermal Power (mWWV)
Junction Temperature Tj ( °C )
Effective Theta JA ( "C/W )
Maximum Ta ( °C )

Thermal Margin
Maximum Power (m\W) [RIFS
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The Modes and Scenarios section displays the total power in both active, as well as static modes as
shown in the following figure.

Figure 31 « Modes and Scenarios

-Modes and Scenarios

Low Power Mode Scenario

Power in Mode Power in scenario

Mode % Time in Mode (mw) (mW)

Active

Static

Scenario Power

13. Close the Power Estimator.

211.21 Summary of Power Measurement

Based on different methods of power measurement, the values of total power, dynamic, and static power
are shown in the following table.

Table 5+ Summary of Power Measurement

Power Measurement Total Power Dynamic Static Power
Method (mw) (mw) (mw)

Power Estimator 2535.70 2387.6 148.08

Smart Power 2747.295 2547.075 200.220

On Board 2872 2535 337

212 Conclusion

This tutorial demonstrates the low power capability of RTG4 FPGAs. PLL power-down signal can be
used for switching between normal and standby mode. The smart power tool in Libero SoC and the
power estimator tool provide initial power values of the design, and the power values are aligned with the
on-board power.
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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 32 »+ 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 tu0565 df\Programming Job

FlashPro Express job project location: Click Browse and navigate to the desired FlashPro
Express project location.
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Figure 33 » New Job Project from FlashPro Express Job

@ Create New Job Project et

“ [Import FlashPro Express job Tile

|3_PCIe_SG DMA\rtg4_dg0713_df\Programming_Job\top.joh Browse...

€ Construct automatically (developer mode) €

Connected programmers: | J Refresh

Programming interface:  JTAG

FlashPro Express job project name: |top

FlashPro Express job project location: |C:\JUNI(\RTG4 Browse...

Help oK ‘ Cancel ‘

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 34 « Programming the Device

Project Edit View Programmer Help

Refresh/Rescan Programmers ]I

@ rraciso {5

<2 TDO TDI <2

|o ¥ [s201qveT1 | IDLE ' IDLE

Programmer

| |PROGRAM ljl r
RUN

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 35 * FlashPro Express—RUN PASSED
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[E8 FlashPro Express C

Work\Projects\AC444_SpaceWire\Mav pdate\QR_12p6\test

Project Edit View Pragrammer Help

FPExpressitop\top.prc - JTAG Programming Interface®

Refresh/Rescan Programmers

O rracis0 ED3

<3 TDO TDI 2

e

Programmer

oo =l
v iPORAMERGPSED

Log 8 X
r@ Messages &3 Errors /i Warnngs i Info
PYOOYanmEY UITUVETI™ T OEVICE "RIZGISU™ T PYOOTaNmIng FPGE EXTEY. - =
programmer 'S201QVPTI' : device 'RT4G150' :
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_tu0565_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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