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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 current publication.

1.1 Revision 8.0

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

»  Updated for Libero SoC v2021.2.

*  Updated Design Requirements, page 3.

* Added DDR Interface, page 6 in Demo Design, page 4.

»  Updated Clocking Structure, page 8 and Reset Structure, page 8.

* Updated Enabling FPGA Hardware Breakpoint (FHB), page 9.

*  Updated Programming the Device, page 9.

»  Added information about applying eye mask on plotted eye diagram, see Eye Monitor, page 29.
+ Added Register Access, page 31 and Start Record Actions, page 32.

* Added Debug DDR IO Margin, page 36.

1.2 Revision 7.0

Added Appendix 3: Running the TCL Script, page 42.

1.3 Revision 6.0

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

*  Updated the document for Libero SoC v12.2.
* Removed the references to Libero version numbers.

14 Revision 5.0

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

*  Updated the document for Libero® SoC v12.0
*  The new FHB feature of SmartDebug was added, see Using FHB, page 17.
+  Updated the supported Eye Scan Modes in Eye Monitor, page 29.

1.5 Revision 4.0

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

»  Converted this document from a tutorial (TU0804) to an application note (AC479).
*  Updated the document for both Evaluation and SPLASH kits.

* Included the information from UG0743: PolarFire FPGA Debug User Guide.

*  Updated the document for Libero® SoC PolarFire v2.3.

1.6 Revision 3.0

The document was updated for Libero SoC PolarFire v2.2.

1.7 Revision 2.0

The document was updated for Libero SoC PolarFire v2.1.

1.8 Revision 1.0

The first publication of this document.
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2 Debugging PolarFire FPGA Designs Using
SmartDebug

Design debug is a critical phase of the FPGA design flow. SmartDebug enables the debugging of
designs by providing verification and troubleshooting features at the hardware level. It provides access to
probe points, Non-Volatile Memory (NVM), fabric and fabric RAM blocks, transceivers, and the DDR
controller. These features enable designers to check the state of inputs and outputs in real-time, without
any design modification. For more information about SmartDebug features, see PolarFire SmartDebug
User Guide.

This application note provides a demo design to demonstrate how SmartDebug is used for debugging
Transceiver, DDR Memory, and Dual-Port SRAM (DPSRAM) in a PolarFire FPGA design.

Microsemi Proprietary AC479 Revision 8.0 2
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2.1 Design Requirements

The following table lists the hardware and software requirements for this demo design.

Table 1« Design Requirements

Requirement Description

Operating system 64-bit Windows 7 or 10

Hardware

PolarFire Evaluation Kit (MPF300T-1FCG11521) Rev D or later

2 SMA-to-SMA cables with 5 Gbps support Only for Evaluation Kit

Software

Libero® SoC Note: Refer to the readme.txt file provided in the

design files for the software versions used
with this reference design.

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.

2.2 Prerequisites

Before you begin:

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

2. Demo design files download link:

*  http://soc.microsemi.com/download/rsc/?f=mpf_ac479 eval_df

Microsemi Proprietary AC479 Revision 8.0 3
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2.3 Demo Design
This section describes the fabric, DDR interface, and XCVR design blocks implemented in Libero SoC.

Figure 1+ SmartDebug Top-Level Blocks
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Note: The FHB feature is not enabled in the demo design. To enable FHB debugging, provide the
"FHB_ENABLE" argument with the given tcl script. This creates the design without the DDR controller
block because FHB debugging is currently not supported for designs that include DDR controller. For
more information about enabling FHB debugging using the tcl script, see Appendix 3: Running the TCL
Script, page 42.

The top level block contains the following blocks:

PF_CCC, page 4
PF_INIT_MON, page 4
reset_des_sync, page 4
XCVR_Debug, page 5
Fabric_Debug, page 5

. DDR Interface, page 6

231 PF_CCC
The PF_CCC block generates 125 MHz clock. Fabric_Debug logic works on this clock.

232  PF_INIT_MON

The PF_INIT_MON block checks the status of device initialization. When the initialization of SRAM and
MPROM is completed, the IP asserts DEVICE_INIT_DONE signal.

233 reset_des_sync

The reset_des_sync_0 block is an instantiation of CoreRESET_PF IP. It synchronizes the de-assertion of
asynchronous reset.

ook wh=
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Figure 2 »

2.3.5

Figure 3 »
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Figure 2 shows the IP blocks inside the XCVR_Debug block. The XCVR_Debug block demonstrates
SmartDebug's real-time Signal Integrity (SI) testing and debugging capabilities to test and debug the
PolarFire transceiver. The XCVR_Debug block contains CoreSmartBERT, TX_PLL, and

XCVR_REF_CLK IP cores. CoreSmartBERT implements the PolarFire transceiver in the PMA mode.

REF_CLK_PAD_P [
REF_CLK_PAD_N >

SYS_RESET_N

XCVR_REF_CLK 0 0

REF_CLK_PAD_P
i REF_CLK]
REF_CLK_PAD_N y

XCVR_REF_CLK_O

XCVR_Debug Overall Design Blocks
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F

Note:
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LANED_TXD_Np-
LANEQ_TXD_PW

LANED_TXD_N
LANEO_TXD_P

LANEO_CDR_REF_CLK 0

SMARTBERT_XCVR_CHK

SmartBERT includes the PolarFire Transceiver, which interfaces to the SmartDEBUG tool through a user

control GUI to run the hardened PRBS generator and checkers. It also has fabric pattern generators and
checks with more features like error injection.

Fabric_Debug

Figure 3 shows the IP blocks inside the Fabric_Debug block.

DPSRAM_0

Fabric_Debug Overall Design Blocks
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—

wen_out
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Micro_ROM

The Fabric_Debug block demonstrates the following FPGA fabric debug features of SmartDebug.

»  FPGA array debugging capabilities using a counter that loads a counting pattern into the DPSRAM
instance. The data value of the DPSRAM block is the same as the address value of the block. On
the read side of the DPSRAM, a count checker (count_chk) ensures that the count progresses as
expected. If there is an error, the output (error) is driven high.

*  pPROM debugging feature of SmartDebug using a yPROM instance.

* Live probes to monitor an internal user-selected point on the device in real time, and how to set
active probes for dynamic asynchronous read and write to a flip-flop or probe point. These features
help to quickly observe the output of the logic internally or quickly experiment to determine how the
logic is affected by writes to a probe point.

+  Capabilities to read and modify fabric SRAM content in real-time.

MPROM: This is the embedded non-volatile PROM arranged in a single row at the bottom of the fabric
and is read only through the fabric interface. uPROM is programmed with the FPGA bitstream during
fabric programming. yPROM is used to store the initialization data for DPSRAM and pSRAM and other
user data. yPROM is initiated with the uprom.men file.

MSRAM: This is the fabric RAM block that is accessed using the PF_SRAM_AHBL_AXI IP. Generally,
MSRAM is initialized with a user application executable at device power-up. In the example design,
MSRAM is initialized with the sram.hex file.
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2.3.6 DDR Interface

The DDR_Interface block demonstrates Debug DDR 10 Margin feature in SmartDebug, select the
Debug DDR Memory option in the main SmartDebug window. Debug DDR Memory is available only for
DDR3/DDR4/LPDDR3 memory configurations on PolarFire and PolarFire SoC devices. This option is not
visible when DDR memory is not used in the design.

Note: For detailed information on DDR Debug, see PolarFire SmartDebug User Guide.
Figure 4+ DDR Interface Overall Blocks
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2.3.6.1 Simulation Using Micron DDR4 SDRAM Model
Follow these steps to simulate the DDR4 Model:

1. The PolarFire Evaluation Kit features the DDR4 SDRAM from Micron with the part number
MT40A1G8WEO83E. The DDR4 simulation model files are available at the design files path \<Libero
project directory>\stimulus.

2. For running simulation, select Simulate from Design Flow > Verify Pre-Synthesized Design as
shown in the following figure.

Figure 5+ Simulating Pre-Synthesized Design
Top Module{root): top =] o W @

Active Synthess Implementation: synthesis

| Tout 1=

= b Create Design
B3 Create SmartDesign
[B] create HOL
aii Create SmastDesign Testbench
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5 » sify Pre_Synthesized Design
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= Chean
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=2l Generate Sim
B simulate Organize Input Files  +
+C) Configure Regiite  mpot Files
v B Place and Route
Edit Past Layout [ =
E1 b Vorify Post Laym et
+2) Generate Bacl
Cinalaty Edit Profile
v . Veily Timing
&, OpensmanTi  Help
B vesify Power

©2 Open 55N Analyzer

The AXI_IF block initiates 1K reads and writes to DDR4 memory via the CMD_Decoder block. The
following figures show the simulation waveforms.
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Figure 6 = AXI Master signal write operation
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Figure 7+ DDR4 signals
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Figure 8 «+ AXI Master signals read operation
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24 Clocking Structure

The reference design has two clock domains. As shown in the following illustration, clock domain 1, used
for transceiver debug, runs at 156.25 MHz, and clock domain 2, used for fabric debug, runs at 125 MHz.

Figure 9+ Clocking Structure
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2.5 Reset Structure
Figure 10 shows the reset structure used in the design.
Figure 10 + Reset Structure
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Enabling FPGA Hardware Breakpoint (FHB)

Using tcl script, a Libero SoC project with FHB enabled can be created. A tcl script is provided in the
design files folder under the TCL_Scripts directory for creating a Libero SoC Project with FHB enabled.

Follow these steps to create the Libero project with FHB enabled:

Launch Libero SoC.

Select Project > Execute Script....

Select Browse and then select script. tcl from the downloaded TCL_Scripts directory.
In the Argument tab, provide the FHB_ENABLE argument.

Click Run.

After successful execution of the TCL script, Libero SoC project is created within TCL_Scripts directory.
This can be confirmed by going to Project > Project Settings as shown in Figure 11.

aorowh =

* Enabling FHB
@ Project settings = | B |t
Device selection
B HDL source files language options. .
Libero SoC supports mixed-HDL language designs; you can import Verilog and VHDL in the same Discard
For Veriog fi you tan enble U System Veriog o opbon \fvuur Verlog files contain System Verlog constructs.
Dg NE For VHDL files, you may choose between VHDL-2008 and VHDL-93.
Wavefwms
mmmmmmmmm ds veriog
T ime:
& Smumm ‘,m,m " System Veriog (& Veriog 2001
PolarFire
VHDL
¥ VHDL-2008 " VHDL-83
HDL generaf ted files language options
HDL files generated by Libero SoC such as configured cores, SmartDesign components and postlayout gate level netists use the preferred language option.
 verilog " yHDL
Block flow
I Enable block creation
Root SmartDebug_Top
[V Enable synthesis
I [V Enable FPGA Hardware Breakpoint Auto Instantiation I

Reports
Maximum number of hih fanout nets to be displayed: |10
[V Abort fiow if errors are found in Physical Design Constraints (PDC)
IV Abort fiow if errors are found in Timing Constraints (SOC)

2.7

Programming the Device

The following steps describe how to program the device on a PolarFire Evaluation Kit.

1. Ensure that the following jumper settings are followed.

Note: Power-down the board before making the jumper connections.

Table 2 Jumper Settings For Evaluation Kit

Jumper Description

J46 Short pin 1 and 2 for setting the Reference Clock to 125 MHz on-board
oscillator

J18, J19, J20, J21, and J22  Short pin 2 and 3 for programming the PolarFire FPGA through FTDI

J28 Short pin 1 and 2 for programming through the on-board FlashPro5

J4 Short pin 1 and 2 for manual power switching using SW3

J17 Short pin 1 and 2

J12 Short pin 3and 4 for2.5V

2. Connect the power supply cable to the J9 connector on the board.
3. Connect the USB cable from the Host PC to the J5 (FTDI port) on the board.
4. Power on the board using the SW3 slide switch.
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5. Switch OFF the DIP1 switch.
6. Connect TXN to RXN and TXP to RXP using 2 SMA to SMA cables as shown in Figure 12. The
following figure shows the board setup.

Figure 12 » Board Setup (Evaluation kit)

7. In the Design Flow window, select Run PROGRAM Action, as shown in the following figure. This
programs the design into the device.

Figure 13 + Programming the Device

¥5 Run PROGRAM Action
Generate 5P| Flash Image
@ Run PROGRAM_SPI_IMAGE Action
» Debug Design
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2.8 Debugging Using SmartDebug

To debug the device using SmartDebug, follow these steps:

*  Launch SmartDebug from Libero, page 11
*  View Device Status, page 12

«  Debug FPGA Array, page 12

* Using FHB, page 17

*  Debug yPROM, page 23

*  sNVM Debug, page 23

»  Debug TRANSCEIVER, page 25

+ Debug DDR IO Margin, page 36

2.8.1 Launch SmartDebug from Libero
On the Design Flow window:

1. Select Generate SmartDebug FPGA Array Data to generate data for SmartDebug Design.
Once the data is generated, a green tick mark is seen on the left side of the option indicating that the
data generation is successful.

2. Open SmartDebug Design.

Figure 14 + Launching SmartDebug Design

v © Run PROGRAM Action
= P Program 5P| Flash Image
© Generate 5P| Flash Image
& Run PROGRAM_SPI_IMAGE Action
= b Debug Design
v +' | Generate SmartDebug FPGA Array Data

® SmartDebug Design

2, Identify Debug Design

The SmartDebug window is displayed, as shown in Figure 15.
Figure 15+ SmartDebug Window Debug Options

&) SmartDebug = | B [
File View Help

Device: [MPF300T (MPF300T) | Programmer: |[E200 IRUXSY (E200 IRUX6Y) |

1D code read from device: 5F8131CF

View Device Status... | Debug FPGA Array... |

Debug UPROM. .. | Debug SMVM... |

Debug TRANSCEIVER... |

Log ® X

E]Messages QErrors ¥, Warnings 0Inf0
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2.8.2

Figure 16

2.8.3

2.8.31
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View Device Status

The View Device Status option provides the device status report. It summarizes the device information,
programmer information, design information, factory serial number, and security information, if any are
set. To view the device status report, click View Device Status in the SmartDebug window. The
following figure shows a sample of the device status information.

Device Status Report Sample

60 Device Status Report (Gl X" ]
Device: MPF300T (MPF300T) Programmer: E2001RUXGY {E200 1IRUXGY) & Print
Device Status: d
IDCade (rezd from the device) (HEX): SFE131CF

Dievice Cartificate
Certificate is valid .

Design Information
Design Name: SmartDebug_Top
Dresign checksem (HEX): FE4D
Design Version: 0
Digest Information
Fabric Digest (HEX): Jcadeb55boa2f 2482842326 3007533
61460h2f351ede5 26460726007 9428c

SNWM Digest (HEX): =7325757155%e534f21255318d4e2b28
72e59f8c257 357515 JobealE Tabad

Device Security Settings

Microsemi factony test access is allowed.
Programming Information

Cycle count: 85

* lgorithm Version: 1
* Programmen: FlzshPro 5

* Software Version: FlzshPro version not availzble
* Programming Software: FlashPro Express

* Programming Interface Protocol: JTAG

* Programming File Type: STARL

NOTE: * - The above Information is onby relevant if the device was programmed through JTAG or SPI Slave mode,

-

Help Close

Debug FPGA Array

The Debug FPGA Array provides an interface to probe the user logic implemented in the logic elements
(LEs) of the FPGA using active and live probes, read-write access to the fabric flip-flops, and read-write
access to the memories implemented using DPSRAMs/URAMs. Probe insertion allows the assignment
of the internal signals to the assigned or unassigned pins. These signals can be monitored using the
oscilloscope in real-time. The Debug FPGA Array supports the following four features:

. Live Probes, page 12

»  Active Probes, page 13
*  Memory Blocks, page 15
*  Probe Insertion, page 17

Live Probes

Live Probes enables the monitoring of two internal signals at a time in the design without having to repeat
the place and route. PolarFire devices have two dedicated live probe channels (for example, pin H6 and
G6 of PolarFire MPF300TS device). For more information about Live Probes, see PolarFire SmartDebug
User Guide.
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Figure 17 « Deb
@

Live,/Active Probes Selection

Hierarchical View | Netist view |
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following steps explain the procedure of adding probe point to a list:

Select the Live Probes tab in the right pane. The probe signals are displayed in the left pane.
Select the probe points that you want to add from the Hierarchical View or Netlist View in the left
pane.

Right-click on the selected points and click Add to add them to the Live Probes. You can also add
the selected probe points by clicking Add in the top-right corner of the left pane. The probes signals
can be filtered with the Filter option.

Select any of the added probes and assign it to either Channel A or Channel B (by clicking on
'Assign to Channel A’ or 'Assign to Channel B') as shown in Figure 17.

When the assignment is complete, the probe name appears to the right of the button for that
channel, and SmartDebug configures the Channel A and Channel B I/Os to monitor the desired
probe points.

Once the probe points are assigned, the probes can be monitored by connecting the probe points

(for example, pin H6 and G6) to the oscilloscope.
ug FPGA Array—Live Probes
Debug FPGA Array Detg PG Ay - KN

=l FPGA Array debug data

Live Probes | Active Probes

£l
J Assn to Charmel A | -

Assan to ChamelB | -

2.8.3.2 Active Probes

Active Probes enable reading or changing the values of probe points in a design through JTAG. Active
Probes dynamically and asynchronously read or write to any logic element register bit. Active probes are
useful for quick observation of an internal signal. For more information about Active Probes, see
PolarFire SmartDebug User Guide. To add probe points to a list, perform the following steps:

1.
2.

3.

Select the Active Probes tab in the right pane. The probe signals are displayed in the left pane.
Select the probe points that you want to add from the Hierarchical View or Netlist View in the left
pane.

Right-click the selected points and click Add to add them to the Active Probes. You can also add
the selected probe points by clicking Add in the top-right corner of the left pane. The probes signals
can be filtered with the Filter option.

Click Read Active Probes to read the content of the registers added to the window.
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Figure 18 » Debug FPGA Array—Active Probes
@ Debug FPGA Array

Live/Active Probes Selection [

Hierarchical View | Netlist View |

Filter: l— Search ﬂ j ﬂ ﬂ

FPGA Array debug data

& Microsemi
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Live Probes  Active Probes | Memory Blocks | Probe Insertion |

Save... ‘ Load... | Delete | Deleta All ‘

N
Instance(s): Add S h

= Fabric_Debug_0 -

i+ Fabric_Debug_0/count_chk_0fmatch_ont[7:0] DFF Unread a'h

e Read Value [Write Value
0 |

+ % URAM_D
+- 1 count_0
= T gount_chk_0
= T Primitives
» awen_reg
¥ awen_regd
= error
+ B match_cnt
#- 3 mem_out
+ 3 raddr
-3 waddr i
¥ wen_out

+ % match_data 0 |

Read Active Probes | Save Active Probes' Data... | Write Active Probes

Help

Close

5. To use pseudo static signal polling, on the Active Probes tab, right-click any probe point and select

Poll, as shown in the following figure.

Static signal polling is used to check whether the logical bit value is changed to expected polled value.

Figure 19 » Pseudo-static Signal Polling

€ Debug FPGA Amay

- o
Live/Active Probes Selection ex | oA amay .
Hierarchical View | Netlist View Live Probes  Active Probes | Memory Blocks | Probe Insertion |
Filter: Search +| =] +] 4] Save... | load.. |  Delete ‘ Delete Al I
Instance(s): Add -

= % Fabric_Debug 0
+ ® URAM_O
8 count_0
= ¥ count_chk 0

+ Fabric_Debuq_0/count_chk_0/matc
" Delete

= ® Primitives Create Group.

= ® waddr
» wen_out
+ ® match_data_0 |

Read Active Probes | Save Active Probes’ Data... | Write Active Probes

€ Pseudo-static signal polling H X

Signal _error_c:Fabric_Debug_0/count_chk_0/error:Q
Folling Setup

© rotford € polors I

ﬁ

Note: The selected signal Is polled once per sacand, Tt should be used for pseudo-static signals that do not changs frequenty.
For mare information about pseudo-static signal polling, clck the Help button.
Time Elapsed in second 2

o=
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Memory Blocks

SmartDebug provides the Memory Blocks tab to dynamically and asynchronously read from and write to
a selected FPGA fabric SRAM block. For more information about the Memory Blocks tab, see PolarFire
SmartDebug User Guide.Using the Memory Blocks tab, user can select the required memory block for
performing the following:

*+ Reading
+  Capturing a snapshot of the memory
*  Modifying memory values, and then write the values back to that block

To read and write memory blocks, follow these steps:

Select the Memory Blocks tab in the right pane of the SmartDebug window.

View the memory blocks in the left pane in the Hierarchical View.

Select the memory block in the left pane and click select in the top-right corner of the pane.
Right-click the selected memory block and click Add.

PON~

The following figure shows the Memory Blocks tab in Debug FPGA Array window.
Debug FPGA Array—Memory Blocks

@
Memory Blocks Selecton B X oG amay dabug deta
Liv o ocbes  MemoryBlocks | Probe Insertion |
Fiter: ,7 sarh | ive Probes | Active Pr
e st | User Design Memory Blod:  Fabric_Debug_0VDPSRAM_0VDPSRAM_OVDPSRAM_DPSRAM_0_PF_DPSRAM_ROCD/INST_RAMIX20_IP

Depth X Width: 2048 X 10

Instance Tree ol 1] 2]3sfafls[e]z]8]s|afeflc]o]ce]cr]

=B Primitives
B INST_RAMIK20
® B URAM_O\

Read Block |

5. Click Read Block. The specified memory block is read as shown in the following figure.
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Figure 21+ Memory Blocks—Read Block

Memory Blocks Selection LR FPGA A2y debug data
Fier: [ Search Live Probes | Active Probes  Memory Blodks | Probe Insertion
MSriory Biccin: Sedect User Design Memory Blodc  Fabric_Debug_ 0/ DPSRAM_0/ DPSRAM_0/DPSRAM_DPSRAM_0_PF_DPSRAM_ROCO/INST_RAM1K20_IP
z Depth X Width: 2046 X 10
kbt 0| 1 ] 2 | 3 [ 4 ] 5 [ 6 ] 7| 8 [ 9 | A [ 8|l c|o| e | F |~
- % Fabric_Debug 0 1 | ! | ! 1 1
- W DPSRAM_0 0000 | 00D | 001 | DO2 | 003 | 004 | 005 | D06 | 007 | 0OB | 009  0OA | 00B  O0OC 00D OOE OOF
= % DPSRAM_0 0010 | 040 | 011 | 012 | 013 | 014 | 015 | 016 | 017 | 018 | 019 O1A  01B  O0IC  0ID OIE  OfF
- ® DPSRAM_DPS...
= W Primitives 0020 020 021 022 023 024 025 026 07 028 o9 02A w8 0 (i3] 02E 02F
* INST_RA... 0030 | 030 031 | 032 | 033 | 034 | 035 | 0365 | 037 038 | 039 | O3A | 038 03C 03D O3 OF
“ % URAM_0
= URAM_O D40 | 040 | 041 | 042 | 043 | 044 | 045 (46 | 047 | 048 | (49  04A (48 04C (4D O4E  O4F
- % URAM_URAM._... D0SO | 0S0 | 051 | 052 | 053 | 054 | 0S5 | 056 | 057 0S8 | 059 | OSA | 058 O0SC  0SD OSE = OSF
- 006D | 060 | 061 | 062 | 063 | 064 | 065 | D66 | 067 | 068 | 069 | O6A | 068 | 06C | 06D O6E  O6F
»INST . 0070 | 070 | 071 | 072 | O73 | O74 | 075 | 076 | 077 O78 | 079 | O7A | O7B  O7C 07D OZE OF w
+ W URAM_URAM_..
= URAM_URAM_... Read Block | Save Block Data...| Wiite Block
4 % URAM_URAM_... ¥/
Help Close

6. Enter a hexadecimal value in the memory block locations and click Write Block to write content into
memory.
Note: The counter logic writes to SRAM constantly. Before you write to SRAM using SmartDebug, ensure that
the A_WEN signal (DIP1 of SW11) is low. This prevents SRAM being overwritten by the counter logic.

7. Switch On DIP1, enter a hexadecimal value in the memory block location(s) and click Write Block to
write the modified value to the SRAM, as shown in Figure 22.

Figure 22 + Memory Blocks—Write Block

Memory Blocks Selection & x FPGA Array debug data
Finer: [ Search Live Probes | Active Probes  Memory Blocks | Probe Insertion
s Select User Design Memory Blode  Fabric_Debug_0/DPSRAM_0/ DPSRAM_0/DPSRAM_DPSRAM_0_PF_DPSRAM_ROCU/INST_RAM1K20_IP
g Depth X Width: 2048 X 10
Instance T - r T T T
SEEL l— 0 1];]3[4]5[578]9 A[H]LUI Fo|el
- W Fabric_Debug_0 L 1 L ! L
= W DPSRAM_0 0000| 000 | 001 | 002 | 003 | 004 & 005 & 006 008 | 009 | OOA | 00B | 0OC | 00D OOE OOF
|
| = W DPSRAM_0 0010 | 010 | 011 | 012 | 013 | 014 | 015 016 | 017 018 | 019  O1A 018  01C  OI0 O1E  OFF
- % DPSRAM_DPS...
5 Primitives D020 | 020 | 021 | 022 | 023 | 024 | 025 026 | 027 028 | 029  02A | 02B  02C 02D O2F OF
® INST_RA... 0030 | 030 | 031 | 032 033 | 034 035 036 | 037 038 | 039  03A | 038  03C 030 O3E OF
X
& :‘m; B D040 | 040 | 041 | 042 | D43 | D44 | D45 | 046 | 047 048 | D49  O4A | 048 | D4C | 04D O4E  D4F
- W URAM_URAM DOSO | 050 | 051 | 052 | 053 | 054 055 056 | 057 058 | 059  OSA | 0S8 | 05C  0S0 OSE = OSF
s ‘:‘mrll_.. 006D | 060 | 061 | 062 | 063 | D64 065 | D66 | 067 068 | D69  06A | 068 | D6C 06D O6E  O6F
» INST_.. 0070 | 070 | 071 | 072 | 073 | 074 | 075 07 | 077 078 | 079 O7A | O7B  0IC  O7D O OF
+ W URAM_URAM_
| & = URAM_URAM_... Read Block | Save Block Data...|  Write Block
| + % URAM_URAM_... ¥| . 8

Help | Close

8. The error LED(F22) light turns on, indicating an error in the counting pattern.

9. Go to Active Probes tab, read the value of error signal, it should show '1'. To use static signal
polling, right-click error_c:Fabric_Debug_0/count_chk_0/error:Q and select Poll (Poll for 0), as
shown in Figure 19.
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10. Move DIP1 to off state to resume the write operation from the counter to the SRAM. This overwrites
the error that was injected into the SRAM. Check the status of LED, it must turn off. Hit the Poll for
0, User value match message should appear on the polling window. Close the Pseudo-static
signal polling window.

11. The content of the SRAM can be rechecked by clicking Read Block in the Memory Blocks tab.

2.8.3.4 Probe Insertion
Probe insertion is a post-layout debug process that enables internal nets in the FPGA design to be
routed to unused or used I/Os. Nets are selected and assigned to probes using the Probe Insertion tab
in SmartDebug. The rerouted design is reprogrammed automatically by Libero into the FPGA, where an
external logic analyzer or oscilloscope can be used to view the activity of the probed signal. Figure 23
shows the Probe Insertion tab in the Debug FPGA Array window.
Figure 23 + Debug FPGA Array—Probe Insertion
Probe Insestion Data Selection [ FPGA Array debug data
Hierarchical View | Neth 4| » | Live Probes | Active Probes | Memory Blocks  Probe Insertion
Filter Search Delete Delete All
Net | Driver [ Pin Port Name -
inctance(c): Add Fabric_Debug Fabric_Debug_0/DPSRAM_0/DPSRAM_0/DPSRAM_DH[XTIN * | Probe_inserto
Instance Tree - Fabric_Debug mb-»(_l)eam.;_J_"LJW(AH_\J.’DP‘:RAH_IJ'UMAH_ULILJr-r-t--:;r« *| Probe_Insert1
= Primitives Fabric_Debus Fabric_Debug_0f DPSRAM_0/DPSRAM_0/DPSRAM_( ll{l Inassigne = | Probe_lnsent2
= A_WEN_ibuf Fabric_Debu Fabric_Debug_ J_-'I]Pﬁl(-‘\M_\].llJD‘-}ULM_IJ-I}MAM_Ill-ll Inassigne =| Probe_Insest
* Fabric_Debug 0 . = _ =
+ W DPSRAM. 0 Fabric_Debu Fabric_Debug_0/DPSRAM_0/DPSRAM_0/DPSRAM_I )l-lllr-:‘-m:;rr =| Probe_Insert4
= % Micro_ROM_0 Fabric_Debtuw Fabric_Debug_0f DPSRAM_0/DPSRAM_0/DPSRAM_[ lblllrn‘\'\h;re— * | Probe_InsenS
: , ; U'LT_'I:' JU Fabric_Debus Fabric_Debug_ I-'I)P‘«R.ﬂﬂ_\l.'lMRAM_IJ'HMAM_III{I Inassigne = Probe_lnsett
— (,;_.,.t chi 0 Fabric_Debug Fabric_Debug_ |_-'|Mknn_uu:v*.rmn_u-nwm_n-lu Inassigne *| Probe_Insest7
+ @ match_data_0 J Fabeic_Debux Fabric_Debug_0fDPSRAM_0/DPSRAM_0/DPSRAM_[ lqilr..-.-,.:;n.'- Probe_[nsedts
# ® uprom_chk 0 Erbein Puakis Enbion Prakiin AIRACH AL AIRACTHALE AIACR A P ] Ponin Fomastit o
® PF_CCC_ OO
PF_INIT_MON_O - Insert probe(s) and program the device Rur
Help Close
284 Using FHB

When FHB is enabled, an FHB instance is created on each clock domain of the design. Each FHB
instance gates its associated clock domain. You can add a trigger signal (countB[0]) to a live probe and
halt the design on the positive edge of the trigger.

When FHB is enabled the following options are enabled on the Live Probes tab:

+ Event Counter—counts the transition of signals that are assigned to Channel A or Channel B
through the Live Probe feature. This feature tracks events from the board. When the Event Counter
is activated, and a signal is assigned to Channel A, the counter starts counting the rising edge
transitions. The counter must be stopped to get the final signal transition count. During the count,
you cannot assign another signal to Channel A/Channel B or go to any other tab on the window.

*  Frequency Monitor—calculates the frequency of any signal in the design that can be assigned to
Live Probe Channel A or Channel B. You can enter the duration of monitoring the signal. The
accuracy of results increases as the monitor time increases. The unit of measurement is displayed in
MegaHertz (MHz). During the run, progress is displayed.

» User Clock Frequencies—shows the clock frequencies from the CCC block.

This section describes the following procedures:
*  Use Event Counter, page 18
*  Use Frequency Monitor, page 18

* Use User Clock Frequency, page 19
»  Select FHB, page 19
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2.8.4.1 Use Event Counter

This section describes the procedure to add a trigger signal (coutA[7]) to Live Probe, activate the event
counter to count the rising edge transitions of that signal.

Follow these steps:

1.
2.

oo

Go to the Live Probes tab, and enter *coutA* in the filter box, then click Search.
Select coutA [7] to Cout[0] and click Add, as shown in Figure 24.
coutA [7] is used as the hardware break point trigger.

Select coutA [7]: Q, then click Assign to Channel A.

Click Activate Event Counter.

The count is updated every second, and is displayed as Total Events.
Click Stop button to stop counting as shown in Figure 24.

Note: When Event Counter is running, only the Stop button is enabled.

Figure 24 » Event Counter

€ Debug FPGA Array - u] x

Live/Active Probes Selection B X | FpeA Amay debug data

Live Probes | Active Probes | MemoryBlods | Probe Inserton |

Herarchical View | Netist iew |

Filter: | *couta™ Search
Instance(s): Add
» tA[2] -
B coutafs] B
» A4
B coutafs)
» ItA 6]
B ~
| |
‘ sop |
o
Signal ; Fabric_Debug_0\/count_0_coutA[7]:Fabric_T
ount_0_couta7:Fabric_Debug_0\cou
itor | _User Clock Frequencies
Help Close

28.4.2 Use Frequency Monitor

To use Frequency Monitor, perform the following steps:

1.
2.
3.

Click Live Probe tab and assign a signal to Channel A, and then click Frequency Monitor tab.
Set 0.1 as Monitor Time(s) and select the Activate Frequency Monitor check box.

The Frequency Monitor stops when the specified monitor time is over. The result is displayed as
Frequency (MHz). The window and the tabs on the control panel are enabled. The Reset button is
also enabled to reset the Frequency to 0 to start over the next iteration. The progress bar is hidden
when the Frequency Monitor stops.
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2843

Figure 26 «

Note: The design includes one clock frequencies from PF_CCC component.

2.8.4.4

Frequency Monitor
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€ Debug FPGA Array

Live/Active Probes Selection

Herarchical View | Netist View |

Fiter: [*couta® Search

Instance(s): Add
» tA s
- B
B coutAlq]
B coutA[5]
B coutals]
B coua?] =
a

FPGA Array debug data

\ Active Probes | MemoryBlocks | Probe Insertion |

Delete Delete All

Monitor time (s): 0.1 -

Teqency (WHZ) 085t ]

Signal : Fabric_Debug_0V/count_0_coutA[7]:Fabric_Debug_0\count_¢

Event Counter_|_Frequency Monitor | [ User Clock Frequencees

Help

Assign to Channel 8 | >

Name [ Type |
Fobr D0 D Veount 0 _coutA T abre_Debug SV DVEstAlTE Cid ]
Fabic_Debug_0\count__coutafsl:rabric_Debug_0Vcount_0VeoutAle]:Q oFF
Fabric_Debug_0\/count__coutas]:rabric_Debug_0\count 0VeoutAlS]:Q oFF
Fabric_Debug_0\count__couta[:rabric_Debug_0\count_0VeoutAL1:Q oFF
Fabric_Debug_0\count__couta[3:rabric_Debug_0\count 0VeoutALZ1:Q oFF
Fabic_Debug_0\/count__coutaTz:rabric_Debug_0\count_0VeoutALZ:Q oFF
Fabric_Debug_0\count__couta[]:rabric_Debug_0\count_0VeoutAL1:Q oFF
Fabic_Debug_0\/count__coutaol:rabric_Debug_0\count 0VeoutAIo]:Q oFF

[ i 0 Chamel A -> Fabric_ Debug_0Vcount_0_couta[7:abric_Debug_OVeoun _ Unassion
Unsssan

Close

Use User Clock Frequency

All of the CCC clock frequencies are calculated by selecting the User Clock Frequencies tab as shown in
Figure 26. Live probes are temporarily unavailable till all the user clock frequencies are calculated and

displayed.

User Clock Frequencies

€ Debug FPGA Array

Live/Active Probes Selection

Hierarchical View | netist view |

Fiter: Search
Add

Instance(s)

= EF Fabric_Debug 0|
& reset_des_sync_0\

User Clocks Frequency (MHz) ‘

j PF_CCC_0.0VP..

~1268

@

assign to Channel A >

Assign to Channel B | ->

Event Counter | _Frequency Monitor I User Clock Frequencies I

F;GA Amay .;enug data
Live Probes | Active Probes | Memory Blocks | Probe Insertion |
Delete Delete All
Name Type

Unassign

Help

Close

Select FHB

To select an FHB, perform the following steps:

1.  Go to the Live Probes tab and enter *coutB* in the filter box, then click Search.
2. Select coutB [0] and click Add as shown in Figure 27.
coutB [0] is used as the hardware break point trigger.

3. Select coutB [0]: Q, and click Assign to Channel A as shown in Figure 27.
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€ Debug FPGA Array

1=

Live/Active Probes Selection

Herarchical View | Netist View |

o T — ]
:

|- FRGA Array debug

Active Probes | Memory Blocks | Probe Inserton |

Delete Delete All

Instance(s):
= T Fabric_Debug_0\ E
& & count 0\
& I Primitives
(5 couBT]
T cousl1]
D coutszl ~|

\jcount_0V/coutB[0]:Q

Fabric_Debug_0\/count_0_couts[0]:Fab

I Actuate Event Counter

Reset

Edge Selected:
Time elapsed (5)

Total Events:

Rising

o —

0

Stop

4.
5.

6.

Signal : Not Connected

Event Counter | Frequency Monitor_|_User Clock Frequencies

Help

Assign to Channel A | ->|

Assign to Channel 8 | >

Close

Select the Active Probes tab, and search for *coutB*.
Select coutB [0] to coutB [7] by holding the Shift key and click Add as shown in Figure 28.

Figure 28 + Adding FHB Trigger to Active Probes

@ Operate on Al Clock Domains (~ Operate on Selected Clock Domair

Select Clock Domain : [FF_CCC_0_0/PF_CCC_0_0felkint 0

Trigger Setp
Trigger Signal :
Edge Selected: Rising

Delay Cydes Before Halt : [0

Arm Trgger |

e

Help

@ Debug FPGA Array - [u] X
If=1
Live /Active Probes Selection & X | Fpea array debug
Herarcica View | netistview | Live Probes | Memory Blodks | Probe Insertion |
- seacn | *| =] 2|+ Save... | Lozd | Delets | Delete Al |
Name ~ Iype Read Value iite Value
Instance(s) Add Fabric_Debug_0\...nt_0_coutB[7:0] DFF Unread 8h
E E
) coutB[0] =l
) couts1]
) coutsl2]
) couts3]
) couts]
ot |
FPGA Hardware BreakPoint.

Read Active Probes Save Active Probes’ Data. Write Active Probes

Close

Select Operate on All Clock Domains as shown in the following figure.
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Figure 29 » Selecting Clock Domains

Note:

7.

€ Debug FPGA Array - a x
Live Active Probes Selection ] —
Hierarchical View | Netist view | Live Probes | Active Probes | Memory Blocks | Probe Insertion |
_—— e SEEE = | = oven [ | ownn |
Name fType Read Value write Value
EET=ar ] | iFabric Debug 0\t 0 couth[7:0] OFF 8hz h
= Fabric_Debug_0\ = | |Fabric_Debug_0}..nt_0_couts7:0] oFF shs7 sh
Ly S LN error_ciFabric_D._t_chk_0\error:Q OFF 1 ~]
s Fabric Debug 010 mem_out[15:0] OFF 16haA00 16h
8 |
(& Operate on Al Clock Domaing]  Operate on Selected Clock Domair
Select ClockDomain : |PF_CCC_0_0/PF_00C_0 0/t 0 |
Tigger Setup
Trigger Signal :
Edge Selected: Risng
Delay Cydes Before Halt: [0
FHB Con
e ||
Export Waveform
Play/Res
B o n.|
wefort Read Active Probes Save Active Probes' Data...
Help close

Click Arm Trigger as shown in Figure 29. The counter halts on the next positive edge that occurs on
the signal connected to Channel A (coutB [0]) in Live Probes.

If you require a certain number of clock cycles before halting the clock domain after triggering, a value
between 0 and 255 must be entered in Delay Cycles Before Halt before you click Arm Trigger. This
sets the FHBs to trigger after the specified delay from the rising edge trigger.

The FHB controls are highlighted in Figure 29, the following actions can be performed using them:

1.
2.

3.

Provide custom delay cycles before the halt.

Force a selected clock domain or all clock domains to halt without waiting for a trigger from a live
probe signal, by clicking the Halt button.

When the clock domain is in the halted state (live probe halt or force halt), resume the clock domain
by clicking the Play/Resume button.

When the clock domain is in the halted state (live probe halt or force halt), advance the clock domain
by one clock cycle and hold the state of the clock domain by clicking the Step button.

Save the waveform view of the selected active probes by specifying the number of clock cycles to
capture in Export Waveform text box, and then clicking the Capture Waveform button. The waveform
is saved as a vcd file.

View the saved waveforms by importing the vcd file. The waveform file can be viewed in a waveform
viewer that supports the vcd format.

Click Close to close the Debug FPGA Array window. Click No when prompted for saving the active
probes to a file.
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2.84.5 Opening VCD File in ModelSim

To view the signals which are exported by SmartDebug in the vcd file use the Modelsim Waveform
window:

1.  Open ModelSim.
2. Go to the Transcript window and convert VCD to WLF format using the following the vcd2wl £
<filel.ved> <file2.wlf> command as shown in Figure 30.

Figure 30+ VCD to WLF Conversion

™ ModelSim Microsemi 10.7c - Custom Microsemi Versian - o X
Flle Edit View Compile Simulaste Add Teanscript Tools Layout Bookmarks Window Help
|B-2u28 w02 o M 5| SPERE| t4 1 o 2] e = || oty pracoramms A4 a-2@-9
i Library Hd
*[Name [vpe  [path [

4l foaticib Lbrary  SMODEL_TECH].. /foatfuib

(24l sv_std Lbrary  $MODEL_TECH/../sv_std

[#14i vitai2000 Library SMODEL_TECH/.. juital 2000

) e Lbrary  SODEL_TECH..ece

(244} modelsim_ie Lbrary  $MODEL_TECH/../modelsim_lib

4l st Lbrary  SMODEL_TECH]..(std

] std_developersist  Lbrary  SMODEL_TECH/../std_developersidt

[++4} synepsys Lbrary  $MODEL_TECH/../synopsys

(4 veriog Library SMODEL_TECH.. jverilog

e 1 CE
# Reading C:/Microseni/Libers_Sof_vl2.0/Model5in/tel/vain/pref. tol

Modelsim> ved2wls C:/Users/dkawatha/Desktop/SD1.ved C:/Users/dkawatha/Desktop/SDL.HLE

[Modelsim |

<No Design Loaded> <No Context>

Note: Conversion failures are mostly caused by non-existing instance path. Ensure that the specified instance
paths are correct.

3. Open the WLF file created using File menu -> Open -> file2.wif.
4. Select window with wif file name and add signals to the Waveform window as shown in Figure 31.

Figure 31+ Adding Signals

iew Dedlaration

View Instantiation
M »
UPF »
Add Wave Chrl+w
‘Add Wave To »

5. Open the Wave window. Observe that the error signal is not asserted indicating data written and
date read from DPSRAM is same as shown in Figure 32.

Figure 32+ Wave Window

™ ModelSim Microsemi 10.7c - Custom Microsemi Version

File Edit View Compile Simulate Add Wave Tools Layout Bookmarks Window Help

|2-3028 imRO: 0-REN|| ST HRA|| ptws & wiRnBHs gpe| tat b e
|2-3-2a- 3] CEs||X o4 uzib][LE e &5 395w EEETIER

#m| Wave -Default

Note: The Fabric_Debug block includes the match_out signal, which must always be high indicating that the
data expected from DPSRAM, and the data read from DPSRAM matches. But the provided design has a
bug due to which the match_out signal always toggles. Debug the match_data.v logic using the FHB
feature and find the route cause. Add match_out and mem_out of count_chk_0 block to Active probe and
export the signals. Observe when the match_out signal is asserted to 1'b0.
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Debug yPROM

SmartDebug enables debugging yPROM and reading its yPROM contents. The clients added in the
design can be debugged using the SmartDebug Debug yPROM feature.

1. Click Debug yPROM in the SmartDebug window. The yPROM Debug window is shown in the
Figure 33.

2. Select MicroPROM_0 in the User Design View tab and then click Read from Device to read the
MPROM content. Check whether the content provided in uprom.mem file (part of design stimulus
files) matches with the data read from uyPROM. You can check the highlighted locations 100 and 116
in Figure 33 to verify the content.

Figure 33+ PPROM Debug

&

UPROM Debug
[ User Design View /" Direct Address View \

| Client List | Start Address Number of words

’T MicroPROM_0 0x0 23

Read from Device

o [ 1|2 ]3| as|ef7[s|o]afa]c|ofel]er]
oooo [ 100 | 101 | 102 | 103 | 104 | 105 | 106 | 107 | 108 | 109 | 10A | 10B | 10C | 10D | 10E | 10F
Mo | M1 | M2 | M3 | M4 | M5 | 16 | NR | NR | NR | NR | NR | NR | NR | NR | NR

Help Close

Note: PolarFire devices have a single user programmable read only memory (WPROM) row located at the

2.8.6

bottom of the fabric, providing up to 459 Kb of non-volatile, read-only memory. The address bus is 16 bits
wide, and the read data bus is 9-bit wide. yPROM is used to store the configuration data, which is used
by Fabric logic to process.

sNVM Debug

sNVM Debug feature enables reading from the sNVM during debug. Debug Pass Key is required to carry
out SNVM_DEBUG instruction. This feature supports debugging of non-authenticated plain text,
authenticated plain text, and clients cipher authenticated.

1. Click Debug SNVM in the SmartDebug window.

2. Click Client View tab. The client view details are listed—Client Names, Start Page, Number of
Bytes, Write Cycles, Page Type, Used as ROM, and USK Status.

3. Select a client from the list in the Client View and click Read from Device as shown in the following
figure.
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Figure 34 + sNVM Debug

sNVM Debug
Client View Page View

Refresh Client Details
Client List Start Page End Page Mumber of Bytes Write cycles Page Type Used as ROM USK status
4 |]NlT_STAGE_1_SN'\f'M_CLIENT 202 219 Yes
Page 202 202 252 117 Plain Text | Yes N/A
Page 203 203 252 117 Plain Text | Yes N/A
Page 204 204 252 117 Plain Text | Yes N/A
Page 205 205 252 117 Plain Text | Yes N/A
Page 206 206 252 117 Plain Text | Yes N/A
Page 207 207 252 117 Plain Text | Yes N/A
Page 208 208 252 117 Plain Text | Yes N/A
Page 209 209 252 117 Plain Text | Yes N/A
Page 210 210 252 117 Plain Text | Yes N/A
Page 211 211 252 117 Plain Text | Yes N/A
Page 212 212 252 117 Plain Text | Yes N/A
Page 213 213 252 78 Plain Text | Yes N/A
Page 214 214 252 78 Plain Text | Yes N/A
Page 215 215 252 78 Plain Text | Yes N/A
Page 216 216 252 78 Plain Text | Yes N/A
Page 217 27 252 78 Plain Text | Yes N/A
Page 218 218 252 101 Plain Text | Yes N/A
Page 219 219 252 713 Plain Text | Yes N/A
4 |INIT_STAGE_2_3_SNVM_CLIENT |0 7 Yes
Page( 0 252 634 Plain Text | Yes N/A
Pagel 1 252 524 Plain Text | Yes N/A
Page 2 2 252 524 Plain Text | Yes N/A
Page 3 3 252 524 Plain Text | Yes N/A
Page 4 4 252 451 Plain Text | Yes N/A
Page 5 5 252 340 Plain Text | Yes N/A
Page b 6 252 339 Plain Text | Yes N/A
Page7 7 252 331 Plain Text | Yes N/A

Figure 35 shows the Client View window.
Figure 35+ sNVM Debug—Client View

sNVM Debug
[ Client View \/ Page view \

Refresh Client Details

Client List Start Page End Page Number of Bytes | Write cycles Page Type | Used s ROM | USK status =

Latest Content Retrieved from Device: FriFeb 15 11:16:26 2019

view All Page Status

HebI Close

4. Click View All Page Status to view the page status such as Write Cycle Count, Page Type, Use as
ROM, and Data Read Status as shown in the following figure.
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Figure 36 » Secured NVM Details

€ Secured NVM Details e x
|
;I
Secured Flash Memory Content [ SMVM Pages ]
sNVM Page #202:
Page Status:
Write Cycle Count: 320
Page Type: Plaintext
Use as ROM:; On
Data Read Status: Page read success
sNVM Page #203:
Page Status:
Write Cycle Count: 330
Page Type: Plaintext
Use as ROM: On
Data Read Status: Page read success
sNVM Page #204:
Page Status:
Write Cycle Count: 388
Page Type: Plaintext
Use as ROM: On
Data Read Status: Page read success
sNVM Page #205:
Page Status:
Write Cycle Count: 338
Page Type: Flaintext
Use as ROM: on
Data Read Status: Page read success
sNVM Page #206:
Page Status:
Write Cycle Count: 388
Page Tvpe: Plaintext j
Help Close |

5. Click Page View tab in the sNVM Debug window, Page view displays the client details of the
required pages. You can read pages from 0-220 in the page view.

6. Enter the Start page and End page in the respective boxes.

7. Click Check Page Status. The page status information is displayed as shown in Figure 37.

Figure 37 + sNVM Debug—Page View

sMVM Debug

I Client View /" Page View \

Start page: IZOZ Check Page Status |
End Page: 215 (18 Pages )
Page List | Number of Bytes | Page Type Write Cycles Used as ROM USK Status

Page 202 252 Plain Text 380 Yes MN/A
| Page 203 252 Plain Text 380 Yes MN/A
- Page 204 252 Plain Text 388 Yes MN/A
- Page 205 252 Plain Text 388 Yes MN/A
-1 Page 206 252 Plain Text 388 Ves /A
- Page 207 252 Plain Text 388 Ves MN/A
- Page 208 252 Plain Text 388 Ves /A
- Page 209 252 Plain Text 388 Yes MAA

Page 210 252 Plain Text 388 Yes MN/A
- Page 211 252 Plain Text 388 Yes MN/A
-1 Page 212 252 Plain Text 388 Yes MN/A
- Page 213 252 Plain Text 388 Yes MN/A
-~ Page 214 252 Plain Text 388 Ves /A
~{Page 215 252 Plain Text 388 Ves MN/A
- Page 216 252 Plain Text 388 Ves /A
- Page 217 252 Plain Text 388 Yes MAA

Page 218 252 Plain Text 388 Yes MN/A
| Page 219 252 Plain Text 413 Yes MN/A

2.8.7 Debug TRANSCEIVER

SmartDebug enables transceiver debugging, which includes checking lane functionality and health for
different settings of lane parameters. To access the debug transceiver feature, select Debug
TRANSCEIVER in the SmartDebug window. Debug Transceiver supports the following features:

+  Configuration Report

*  SmartBERT

*  Loopback Modes

«  Static Pattern Transmit
+  Eye Monitor
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Configuration Report

The Configuration Report feature creates a report that shows the physical location, Tx and Rx PLL lock
status, and data width of all enabled transceiver lanes. This report includes the following lane
parameters:

* Physical Location: Physical location of the transceiver lanes in the system.

+ Tx PMA Ready: Tx lane of the transceiver is powered up and ready for transactions.
* Rx PMA Ready: Rx lane is powered up and ready for transactions.

*  TXPLL: TX PLL of the transceiver is locked.

*  RXPLL: RX PLL of the transceiver is locked.

+  Data Width: Configured data width of the corresponding lanes in the transceiver.

The following figure shows Configuration Report tab.

Configuration Report

B ' Debug TRAMSCEIVER

Configuration Report Smart BERT | Loopback Modes Static Pattern Transmit Eye Monitor

Lanes XCWR_Debug_0/SMARTBERT_XCVR_CHIC inst_0(SmartBERT IP)
ILANEO

Physical Location 02_LANED

Tx PMA Ready L

Rx PMA Ready e

TX PLL L

RX PLL L

RX CDR PLL ®

Data Width 40 bit

The initial status of RX PLL and RX CDR PLL status is inactive, the status changes to active when the
data is sent. SmartBERT is configured in CDR mode so the data must be sent to get the PLL Locked. Go
to the Smart BERT tab, select the XCVR instance and start the data transmission using the default PRBS
pattern. Then, the status changes to active.

SmartBERT

SmartBERT enables you to run diagnostic tests on the transceiver lanes. SmartBERT uses the PRBS
generator and checker functionality available in each transceiver lane to determine the bit error rate
(BER) of a lane. The various PRBS patterns supported are PRBS7(SmartBERT IP), PRBS9(SmartBERT
IP), PRBS15(SmartBERT IP), PRBS23(SmartBERT IP), and PRBS31(SmartBERT IP). Near-end
loopback can be performed using one of these PRBS patterns.

To run SmartBERT in Debug TRANSCEIVER, follow these steps:

Select the SmartBERT tab in the Debug TRANSCEIVER window.

Select LANE in the left pane.

Select the Pattern from the drop-down list.

Select the EQ-NearEnd check box to enable internal loop back, (this step can be ignored if external
loop back is enabled).

5. Click Start. It enables both transmitter and the receiver for a particular lane and for a particular
PRBS pattern. The following figure shows the Debug TRANSCEIVER window and the PRBS pattern
options for SmartBERT.

PoON~
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Figure 39 « Debug TRANSCEIVER—Smart BERT

W Debug TRANSCEIVER = | B e

Configuration Repart Smart BERT | Loopback Modes I Static Pattern Transmit I Eye Monitor

Transceiver Hierarchy Physical Location E Pattern EQ- MearEnd E
4 KCVR_Debug 0
- SMARTEE... KCVR_Debug_0/SMARTBERT_XCVR_CHIK inst_0(SmartBERT IP)/LANED ["] Enable
LAMED Q2 LAMED

PRES31(SmartBERT IP)
PRES7(SmartBERT IP)

PRBSS(SmartBERT IF)

“ 1 2

When a SmartBERT IP lane is added, the Error Injection column is displayed in the right pane. The
error injection feature is provided to inject an error while running a PRBS pattern. This feature is
unavailable if regular lanes are added. Also, this feature is enabled only for SmartBERT IP supported
PRBS patterns.

6. Select Reset to clear the error count under Cumulative Error Counter. Error Count is displayed
when the lane is added.

The following figure shows the Smart BERT tab and status of the TXPLL, RXPLL, Lock to Data, Data

rate, and the BER.

Figure 40 + Smart BERT—Error Counter

] Debug TRANSCEIVER

| configur

Transes
.

2.8.7.3 Loopback Modes

Loopback modes perform the following types of loopback tests:

Report | SmartoERT | Loophack odes.|_stabpatiem Tranamit | Eye Monitor

Pattern EQ-Neand TXPLL RXPLL LlocktoData CumulativeErrorCount  DataRate (Gbps) BER  ErrorCounter  Error Injection

XCVR Debug 0/SMARTBERT XCVR_CHK_inst 0(SmartBERT IP)/LANED | PRES23(SmartGERT I) b @ @ 2@ 5 13le11

LANE0 Q2 LANEQ

+ EQ-Near End Loopback: Serialized data from PMA is looped from Tx to Rx internally before the
transmit buffer. This is called near-end serial loopback. EQ-Near End loopback supports data
transmission rates of up to 10.315 Gbps.

+ EQ-Far End Loopback: Serialized data from Rx is looped back to Tx in PMA. This is called far-end
serial loopback. EQ-Far End loopback supports data transmission rates of up to 1.25 Gbps.

*  CDR-Far End Loopback: De-serialized data from PCS Rx channel is looped back to Tx.

*  No Loopback: Data is not looped internally.

To select Loopback mode, perform the following steps:

Select LANE in the left pane.

Select Loopback Mode and click on Apply to apply the loopback.

Go to SmartBERT tab, select LANE and choose any probes pattern and click Start.
Check the status of TX PLL, RX PLL, Lock to Data.

Click Stop to stop the pattern transmission for the selected lane.

abrwNh =
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Debug TRANSCEIVER—Loopback Modes

=

Debug TRANSCEIVER = =

¢ ] srarteeRT L | Stticpatiem Tarsmit | Eveverttr |

[ANED Q2 LANEO

a Serdes Debug_O/bert wier_chk 0(SmantBERT IPY/LANED (% EQ-NEAREND ( EQ-FAREND (" CORFAREND (" Noloopback a

¥ Loopback Modes Reference Image |

Serdes_Debug_0/bert_xvier_chk_0(SmartBERT IP)/LANED

Phy Reset Apply
Help Close.
2.8.7.4 Static Pattern Transmit

Static Pattern Transmit enables the selection of pattern to be transmitted on a specific transceiver (Tx)

lane. The following patterns are supported:

+  Fixed pattern

*  Max run length pattern

*  User pattern

The user pattern is defined in the value column. It must be hex numbers and not greater than the

configured data width.

TX-PLL indicates lane lock onto TX PLL when a static pattern is transmitted. RX-PLL indicates RX PLL

lock when a static pattern is transmitted. Data Width displays the data width configured for a transceiver

lane.

To view static pattern transmit, perform the following steps:

1. Select the Static Pattern Transmit tab.

2. Select the Transceiver Hierarchy in the left pane of the window. The selected lane data is displayed
in the right pane. Select a pattern from the Pattern drop-down list.

3. Click Start. The static pattern for the selected lanes is transmitted.

4. The static pattern for the selected lanes is transmitted. Status of TX PLL and RX PLL should be
green.

5. Click Stop. The static pattern transmission is stopped for the selected lanes.
Figure 42 shows the Static Pattern Transmit tab.

Figure 42 « Static Pattern Transmit

Configuration Report \ Smart BERT | Loophack Modes Static Pattern Transmil | Eye Monitor ‘

o

| Pattern |Vd\ue Mode |TXPLL |RXPLL

XCVR_Debug_0/SMARTBERT_XCVR_CHK_inst_0(SmartBERT IP)/LANEQ ‘ Flxed Pattern J ‘1:2 1010... HEX @ .
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Eye Monitor

Eye Monitor enables visualizing the eye diagram present within the receiver. This feature plots the
receive eye after the CTLE and Receiver functions. The diagram representation provides vertical and
horizontal measurements of the eye and BER performance measurements. Whenever PRBS/static
pattern transmission is in progress, click the Eye Monitor tab in the Debug TRANSCEIVER window to
see the eye monitor representation within the receiver.

In Libero SoC, the following types of Eye Scan modes are supported:

*  Normal mode—in this mode, Eye Monitor performs a single eye scan and displays the Eye Diagram
on the Eye Monitor plot.

» Infinite Persistent Mode— in this mode, the Plot Eye button changes to Start Plot Eye. Select Start
Plot Eye to start infinite persistent eye monitoring. The Start Plot Eye button changes to Stop Plot
Eye and the infinite scanning and accumulation process begins. In every iteration, the eye is
cumulated with all previous eyes to make a single cumulative eye. This cumulative eye is displayed
with a color scheme on the Eye Monitor plot. The completed iteration number and the cumulative
BER is updated and displayed after every iteration, along with the cumulative eye. To stop
cumulative eye monitoring, click the Stop Plot Eye button. The process halts after the current
iteration completes.

+ Design Initiated Eye Plots—in this mode, the Select Eye Output drop-down is enabled when an
Eye Plot log file is browsed and loaded in the Eye Monitor page. Click Browse File to load the Eye
Plot output files. If the loaded Design Initiated Eye Plot log file does not contain any eye output, it is
disabled. After selecting Eye output from the Select Eye Output drop-down, click Plot Eye to start
eye monitoring for the lane. Then the Eye diagram displays for the selected log file.

The following figure shows the recommended Sl settings for the demo design. These settings are for
short reach and less lossy cables.

Recommended Settings for Eye Monitor

Signal Tntegrity: XCVR_Debug_0Y/SMARTBERT XCVR_CHK_inst_0\(SmartBERT TP)/LANED

LANED_TXD_P/N LANEO_RXD_P/N
TX Emphasis Amplitude RX Insertion Loss
| 400my_with_-3. 5dB x| | |s.5d8 |
TX Impedance ( ohms ) The transceiver data rate is set to 5000Mbps for this part
| 100 j The current settings will configure this port in COR. mode
TX Transmit Common Mode Adjustment (% of VDDA ) | RX CTLE
|50 | | [No_peak_+2.3d8 ~|
CDR Gain
. - |
RX Termination {ohms)
|100 k|
RX P/M Board Connection
[ac_courLED_wITH_EXT_cap -]
RX Loss of Signal Detector - Low
i =l
RX Loss of Signal Detector - High
E [
Palarity (P/M reversal)
|Norma| j

For plotting the Eye Diagram, perform the following steps:

1. Go to EYE Monitor tab and Select LANEO.

2. Click Power on Eye Monitor.

3. Go to SmartBERT tab, select LANEO and choose any probes pattern and click Start.
4. Go back to Eye Monitor tab and click Plot Eye to plot the eye.

The Eye Plot of the Signal in LANEO is plotted.
Figure 44 shows the Eye Monitor tab.
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Figure 44 + Debug TRANSCEIVER—Eye Monitor

|8’ Debug TRANSCEIVER

- [m] X
Configuration Report | Smart BERT | LoopbackModes | Static Pattem Transmit  Eye Monitor |
Transcaiver Hierarchy | Pysic_* | K
XCVR_Debug 0
= SMARTBERT_XC...
LANEO Qz_LAa
LaneName: XCVR_Debug_0/SMARTBERT_XCVR_CHK_inst_O(SmartBERT IP)/LANEQ
S0my
60my 3
6942
ﬁ|7ﬂ'-<
% 3 aaml
g — s6288
8' 'iﬁﬁﬁg
; 3ns
zn-w
1542
l .
One Unit Interval
a0
Phy Reset PotEye | Power off Eye Monitor Export
Help Close

After plotting the Eye diagram, user can use the Apply Mask option to know the best eye opening
with least errors. Both the Apply Mask and the Clear Mask options are disabled in the Default View.
Click Plot Eye to enable the Apply Mask option.

5. After selecting the Apply Mask option, the Clear Mask option is enabled and the Eye Mask for the
Eye Plot appears as shown in Figure 45.
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Figure 45+ Eye Monitor GUI After Applying the Mask Using Apply Mask Button

Configuration Report | Smart BERT | Loopback Modes | Static Pattern Transmit Eye Monitor | Register Access |

N

LaneName: XCVR_Debug_0\/SMARTBERT_XCVR_CHK_inst_0\(SmartBERT IP)/LANEO

90mVv
60mVv

30mv .

DC-Offset

One Unit Interval

Eye Scan Mode: |Norma| =

Select Eye Output: | > Browse File |

Plot Eye | Clear | Applyl\-’lask| Clear Mask |

Power on Eye Monltorl Export |

2.8.7.6

Register Access
The Register Access tab enables the following operations:
* Register read and write

+  Export all register operations. The exported register details are saved to a . csv file.
* Register hide

Figure 46 shows the register access tab.
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Figure 46 » Register Access Tab

Configuration Report | Smart BERT | Loopback Modes | Static Pattem Transmit | EyeMonitor  Register Access |
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@ Start record Actions.

-

ﬁter:| Search | | Register Name Register Address | Field Bits |Read\|'&|e |wrile\r.!ue{Hexadedmal]
Fegister Hierarchy # SERDESZ : LANED : PCS : LOVR_RD Ox0101008 310 Unread [
* EXTPLL
“ SERDES2 “ SERDES2 : LANED : PCS : LPIP_RD 0x010100C 31:0 Unsead [
# GPSSMAIN
T UlN:gS # SERDESZ : LANED : PCS : LRST_OPT 10106C 310 Unread |
SEERLY : b ; I
PESEMN * SERDES2 : LANED : PCS : LRST_RD 00101068 310 Unread
PMACMN
“ SERDES2: LANED:PCS:MSTRCTRL  0x0101094 310 Unread |
* SERDES2 : LANED : PCS : DOB_RD 0x0101078 310 Unread [
+ SERDESZ : LANEO : PCS : OOB_R1 O010107C 310 Unread [
« SERDES2 : LANED : PCS : OOB R2 0x0101080 310 Unread |
# SERDESZ : LANED : PCS: QOBR3 101084 310 Unread |
* SERDESZ : LANEQ : PCS : PMA_CTRL R..  0w0101088 310 Unread [
# SERDESZ : LANED : PCS @ PMA_CTRL_R.. (x010108C ERE] Unread |
* SERDES2 : LANEO : PCS : PMA_CTRL_R.. 0x0101090 310 Unread [
+ |SERDES2 : LANEO : PCS : SOFT RESET | 0w101000 310 Unread [
Bt a1 | _ et | v | et |

For detailed information about Register Access tab, see PolarFire SmartDebug User Guide.

2.8.7.7 Start Record Actions

The Start Record Actions option is used to record the register sequence of XCVR operations into a file.
This option is available at the top-right on the Debug Transceiver window as shown in Figure 47.

Figure 47 « Start Record Actions
B ! Debug TRANSCEIVER
Eye Monitor | Register Access |

Configuration Repeet  Smart BERT | Loopback Modes |  Static Pattern Transmat

Transceiver Hierarchy |M:.L
= B XCVR_Debug 0\
= B SMARTEER...
B LANED  Q2LA

4

Start

=

= B
[ @ Start record Action
Signal Integrity View
™ RX
TX Emphasis Ampitude R Insertion Lass
[T00mV_with_GaE 3 | 65 g

T Impedance ( ohms )
[00 =]
Tx Transmit Common Mode Adjustment (% of VDDA }
Is# ]

Fee

RX Termination (ohims)

RX PN Board Connection

RX Loss of Signal Detector - Low

R Loss of Signal Detector - High

Polarity { P/N reversal)

DFE Coefficients.
H1, HZ, H3, H4, H5: NA

Optimize Recelver | Deslon Defaults

Export All Lanes | Import All Lanes

This option is hidden in the Demo Mode. When this option is selected, the recording starts and the option
changes to Stop recording for stopping the recording. When Stop recording is selected, a window
pop-up prompts the user for the output to be saved to a . txt file as shown in. After saving the file, the
Debug TRANSCEIVER window goes to default state.
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Figure 48 + Saving the Recording

Configueation Report St BERT | Loogback Modes | Static Puttern Trammit | Eve Menier | Register Acoess |

[ —— ers-ud

| = ® XOVR Debug 00
= B SMARTEER..

XEVR_ Db

_XCVR_CHIE st O

PyLANED

B oLANED  Q21A

& Save Recorded Actiors

- « M > ThisPC » Documents

Organize = New folder

& Oneliive

W This PC
B 30 Objects
= cae fhyd-fs)
W Dusktop
i Documents
& Downloads
B Musie
& Pictures
W videos B <

Fie rarve: | TS

Save as type: et Flo{" )

-~ Hice Folders

Custom Office Templates
LeVEEW Data

om

fog splash
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(@ 5t0p reconding...

Cancel

RICPYN Board Connedtion
R Loss of Signal Datector = Low
PEX Loss of Signal Detector - High

Polaty [ PN reversal)

For more information about this option, see PolarFire SmartDebug User Guide.
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Signal Integrity

The Signal Integrity feature in SmartDebug works with Signal Integrity in the I/O Editor, allowing the
import and export of PDC files. The Signal Integrity pane appears in the following SmartDebug pages:

*  SmartBERT

*  Loopback Modes

»  Static Pattern Transmit
«  Eye Monitor

When a lane is selected in the SmartBERT, Loopback Modes, Static Pattern Transmit, or Eye Monitor
pages, the corresponding Signal Integrity parameters (configured in the 1/0 Editor or changed in
SmartDebug) are enabled, as shown in the following figure.

Figure 49 « Signal Integrity

W' Debug TRANSCEIVER - [m] X
Configuration Report Smart BERT | Loopback Modes Static Pattern Transmit FEye Monitor
ey |WWD J ‘Pultem ﬂ | Signal Integrity: XCVR_Debug_0/SMARTBERT XCVR_CHK inst_0(SmartBERT [P)/LANED |
¥ XCVR Debug 0 LANEQ_TXD_P/N LANED RXD_P/N
& F1 GMARTBERT.. XCVR_Debug_0/SMARTBERT XCVR_CHK inst_(SmartBERT IP)/LANED  [PRBS23(Sn X Emphasis Amplitude .
9 LANEO 0z1a [100mv_with_odB ENES) -
T Impedance ( ohms ) The transceiver data rate is set to 5000Mbps for this port
[100 ~| | The current settings will configure this port in COR mode
TX Transmit Commeon Mode Adjustment (% of VDDA )
|50 j RX CTLE
Polarity  P/N reversal ) ‘NO Peak_-0.4dB j
[Mormal - R AZiritin)
[100 -
RX P/N Board Connection
[AC_COUPLED WITH_EXT AP -]
RX Loss of Signal Detector - Low
=3 |
RX Loss of Signal Detector - High
[peie -
PRI N oo | (]
Phy Reset Start Export All Lanes | Import All Lanes
Help Close
2.8.7.8.1 Design Defaults

2.8.7.8.2

2.8.7.9

Click Design Defaults to load the signal integrity parameter options for the selected lane instance.
These are the signal integrity settings selected in the Libero design flow and reside in the STAPL file.
Export

Click Export to export the selected parameter options and other physical information to an external PDC
file. A popup box prompts to choose the location where you want the PDC file to be exported.

The exported content is in two set_io commands form—TXP and RXP ports of the selected lane
instance.

Optimize Receiver

SmartDebug uses the Receiver coefficients to optimize the settings for the overall signal integrity at the
receiver.

To run 'Optimize Receiver', perform the following steps:

1. In Debug Transceiver, go to Signal Integrity and click on Optimize Receiver.
2. In Optimize Receiver window the following settings

+  Select Lanes to Optimize Receiver: Lane0
3. Click Optimize Receiver on selected Lanes.

Software based Optimizing Receiver process is successful on all selected lanes.
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Figure 50 + Optimize Receiver

W Optimize Receiver ? *

—Select lanes to Optimize Receiver

Quad 2 ¥ Lane 0

Optimize Receiver on Selected Lanes |
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2.8.7.9.1 Eye Monitor after Optimizing Receiver

After Optimizing Receiver, follow the steps mentioned in section Eye Monitor, page 29 for plotting the Eye
Diagram.

Figure 51 + Eye Diagram after using Optimize Receiver

ConfiguratonReport | SmartBERT | LoopbackModes | StaticPattemTransmit  EyeMonitor |

Transceiver Hierarchy |Pm«sm\ Location | 4
=1 XCVR_Debug 0
= SMARTBERT
LANED Q2_LANEO
Lanelame: XCVR_Debug_n/SMARTBERT_XCVR_CHK_inst_0(SmartBERT IP}/LANED

9390

85%

7682

6829
o
I
- 575 3
- a
] 5
£ — 5121 &
Q 8
; — a8 §
2 g
.14 3
g

2560

— 1707

853

0
One Unit Interval
Phy Reset PlotEye | Power on Eye Moritor Export

28.8 Debug DDR IO Margin

To access the Debug DDR IO Margin feature, select Debug DDR Memory from the main SmartDebug
window. This option is available only for DDR3/DDR4/LPDDR3 memory configurations. This option is not
visible when DDR memory is not used in the design. The default view of the DDR 10 Margin window.

Note: After programming the device, the LED11 glows, which indicates the completion of DDR transactions.

Microsemi Proprietary AC479 Revision 8.0 36



Debugging PolarFire FPGA Designs Using SmartDebug © M. .
: Iicrosemi

Figure 52

Figure 53 »

2.9
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DDR IO Margin Window

€ DDR 10 Margin ? X
Choose DDR
Desaiption
-
EE] e - Select a DDR instance from ComboBox on left and dick “Get Training Data” Button

Get Training Data

FPGA INITIALIZATION

DOR PHY CLOCK TRAINING

DDR PHY 1/O TRAINING

OTHERS

Help Close

Initially, all options in the DDR 10 Margin GUI are disabled. Select the required DDR instances and click
Get Training Data. After this, a script is run for fetching the training data. After around two minute the
fetched information of the selected DDR Instance is displayed as shown in Figure 53.

Training Data

Conclusion

This application note demonstrated capabilities of SmartDebug to observe and analyze many embedded
device features. Live probes give a real-time access to device test points, and internal logic states can be
accessed using active probes. The SmartDebug TRANSCEIVER utility assists FPGA and board
designers to validate signal integrity of high-speed serial links in a system and improve board bring-up
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time. This can be done in real-time without any design modifications. The PMA analog settings can be
tuned to optimize link performance and to match the design to the system.
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3 Appendix 1: Known Issues

This chapter lists known issues related to SmartDebug hardware design debug and provides
workarounds for each of the issues.

3.1 Data Traffic Errors on XCVR Lanes in CDR Mode

While plotting the eye using eye monitor, errors are introduced in data traffic on transceiver lanes
configured to use the CDR receiver path. The errors are introduced when Receiver and EM blocks are
turned off during normal operation to save power. This issue does not impact functionality. The
cumulative error count and BER values can be ignored when plotting the eye. A software update will be
provided in future Libero releases to fix the issue.
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Appendix 2: Place and Route

The place and route process requires the following steps to be completed:

Selecting the already imported io_cons. pdc file.
Placing the XCVR_Debug_0 block using the I/O Editor.
Ensuring all the 1/Os are locked.

To complete the place and route process, follow these steps:

1.

Figure 54 «

2.
Editing with 1/O Editor

Figure 55

3.
1/O Editor

Figure 56

On the I/O Attributes tab, select the check box nextto the 1o cons.pdc file, as shown in Figure 54,
page 40. The io_cons.pdc file contains the 1/O assignment for reference clock, switches and
XCVR Lanes.

1/0 Attributes Tab

IO Attributes l Timing ] Floor Planner ] Metlist Ath'ibutes]

MNew |v Import | Link | Edit |v Check | Help |

| Place and Route

constraint\io\io_cons.pdc

From the Edit drop-down list, select Edit with 1/0O Editor, as shown in Figure 55, page 40.

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

) Do | ) e | I
| Edit with I/0 Editor |

[ Mew Link Check Help

The 1/O Editor will open as shown in Figure 56, page 40.

3 1/0 Editor - C:/Users/dkawatha/Desktop/PF Tutorials/FAE_Designs_June/Smartdebug_FAE/Libero_Project (SmartDebug Top) - x
File Edt View Logic Tools Help
[N ey Faw || o 2 S |8 @ |[Q @
4zin Object Browser & x| potviewlactve] & | Pvew & | MemoryVew & 0Vew & | KCRVien & Package View & Floarplarner Vien & | v [properties 8x
] VR Port Name +|_Direction |¥| VO Standard || PinNumber || Locked |¥| MacroCell | v Bank Name || User VO Lock Down || 1/Ostatein Flash'Freeze mode
Logieal EIETETG] | i AWEN Input LVEMOSIa H23 ADLIB:INBUF Banks m] LAST VALUE
T SmartDebug_Top 2 BUSY Output LVEMOSIE 2% ADLIB:OUTBUF Banks ] LAST VALUE
T Primitives 3 error Output LVeMOstg 2 ADLIB:OUTBUF Banké a LAST VALUE
g :“F“g‘c—g;":@ (4| LANEDRXD_N Input = A2 ADLIB XCVR PMA = [m] =
B D PEINITMON_0 B LANEO RXD_P Input Ac ADLIBXCUR_PMA =]
1L SY5_RESET_N_ibuf_RNUP36 3 LANED TXD_N Output AD34 ADLIBXCVR_PMA =]
1} XCVR_Debug 0 7 LANEO_TXD_P Output -- AD33 ADLIB:XCVR_PMA. - [m] -
D reset des_sync 0 3 match_out Output LVCMOS1E D25 ADLIB:OUTBUF Banké [m] LAST_VALUE
(0 | REF_CLK 0 Input Lvemosie 25 ADLIBINBUF Banks m] LAST_VALUE
(10| REF_CLK_PAD_N Input = A8 ADLIB:XCVR REF_CLK = ] =
(11| REF_CLK_PAD_P Input = AR7 ADLIB:XCVR REF_CLK = ] =
(12| SYS_RESET N Input Lvemosia ka2 ADLIB:INBUF Banks [m] LAST_VALUE
(13 | uprom e Output LVEMOSIE B26 ADLIB:OUTBUF Banks [m] LAST VALUE

Select the XCVR View in the 1/0O Attribute editor. This view allows you to assign 10 locations to
XCVR and reference clock.

Place TX_PLL, XCVR_REF_CLK, and XCVR_Debug as shown in Figure 57, page 41 for Evaluation
kit or Figure 58, page 41 for SPLASH Kkit.

Microsemi Proprietary AC479 Revision 8.0 40



Appendix 2: Place and Route

& Microsemi

a AX\MicracHp company
Figure 57 » Placing the TX_PLL, XCVR_REF_CLK, and PF_XCVR Components (Evaluation kit)

IDView & XCVR View [active] & } Package View & |  Floorplaner View & |
Placement View
PAD_P (AF29] il 1 { 159 TX (AH34,AH33]
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PAD_P (4E27) [
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PAD_P (aC27) [ i 1 I qzmer -bl @ B i B ¢ (aD34,A033)
Pap_N{ac2s) [ i & Rx (ac32,aC31)

PCIE1
PAD_P (AAZ: 1 I | 1B T (aB34,4833)
P (as27) [ | reFax | | Qo-DmTE Qoanes | g « ]
PAD_N (Aa28) [ B3 Rt (4B30,A825)
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. ‘ ‘ *| B ™ (anzz.8831)
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oao (w2s) B B RX (130,Y29)
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Figure 58 + Placing the TX_PLL, XCVR_REF_CLK, and PF_XCVR Components (SPLASH kit)
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6. Select File > Commit to save the placement the close the I/O Editor (File > Exit).
7. Select the Constraint Manager Floor Planner. The constraint file (user . pdc) should be visible.
Ensure the file is checked to be used for Place and Route.

Figure 59 « Constraint Files on the I/O Attributes Tab

10 Attributes ] Timing  Floor Planner l Metlist Ath'ibutes]

Mew | Import | Link | Edit with Chip Planner | Check | Help

| Place and Route
constraint\fp\userpdc

8. Double-click Place and Route from the Design Flow tab. When place and route is successful, a
green tick mark appears next to Place and Route as shown in Figure 60, page 41.

Figure 60 « Place and Route

¥ = » Implement Design
13 Open Netlist Viewer
v S Synthesize

=- b Verify Post-Synthesized Design
+] Generate Simulation File
im

v A Place and Route
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5 Appendix 3: 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 SoC.

2. Select Project > Execute Script....

3. Click Browse and select script. tcl from the downloaded TCL_Scripts directory.
4. In order to enable FHB provide argument FHB_ENABLE in the Arguments tab.

Figure 61+ Enabling FHB

(" Execute Script ? X
Script file: | C:/AC_479_tcl_script/TCL_Scripts/script.tcl
| Arguments: | FHB_ENABLE| |
f\#* Show script report
Help Run Cancel
5. Select Run.

After successful execution of TCL script, Libero project is created within TCL_Scripts directory.
For more information about TCL scripts, see the following readme:
e mpf_ac479_eval_dfITCL_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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Appendix 4: References

This section lists documents that provide more information about the SmartDebug and IP cores used in
the reference design.

For more information about SmartDebug, see PolarFire SmartDebug User Guide.

For more information about PolarFire transceiver blocks, see PolarFire FPGA and PolarFire SoC
FPGA Transceiver User Guide.

Fore more information about PF_CCC, see Polarfire FPGA and PolarFire SoC FPGA Clocking
Resources User Guide.

For more information about Libero SoC, see the Microsemi Libero SoC PolarFire web page.

For more information about PolarFire FPGA Evaluation Kit, see UG0747: PolarFire FPGA
Evaluation Kit User Guide.

For more information about the Splash kit, see UG0786: PolarFire FPGA Splash Kit User Guide.
For more information about PF_UPROM, PF_USRAM, and PF_DPSRAM, see Libero catalog.
For more information about Identify RTL, see Synopsys Identify RTL User Guide.
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