PolarFire FPGA 10BASE-R Ethernet SyncE Loopback :
A\ MicrocHIP

I nt rOd u CﬁOn (Ask a Question)

The PolarFire® FPGA 10G Ethernet solution is compliant to IEEE® 802.3ae standard, which supports data transfer
rates up to 10.3125 Gbps. The advantages offered using PolarFire FPGAs for building 10G Ethernet solutions
include: the use of low-power transceivers, low-power FPGA fabric, and an in-built SyncE-compliant jitter
attenuation.

The 10G Ethernet solution is implemented using the CORE10GMAC soft IP Media Access Control (MAC) core,
which can be configured either in 10GBASE-KR mode or 10GBASE-R mode.

This demo design includes a 10GBASE-R Ethernet 32-bit loopback design, which can be used as reference
design for building a T0GBASE-R Ethernet SyncE loopback application. The SyncE is complaint with Jitter
Attenuation Phase Locked Loop (JA PLL) enabled. This design runs on the PolaFire Evaluation board using
Optical Network Tester (ONT) and can be used for simulation.

Design Requirements (as«a question)
The following table lists the hardware and software requirements for running the demo.

Table 1. Design Requirements

Requirements Version

Operating system Windows® 7 or Windows 10
Hardware
PolarFire® Evaluation Kit (MPF300-EVAL-KIT) Rev D or later

Optical Network Tester (ONT) for 10G Ethernet traffic generation —

Optical fiber cable —

Small form-factor pluggable (SFP+) module —

Software

Libero® SoC Note: See the readme. txt file provided in the design files for the
Synplify Pro® software versions used with this reference design.
ONT TestCenter

FlashPro Express®

ModelSim®

Important: Libero SmartDesign and configuration figures shown in this guide are for illustration
purposes only. Open the Libero design to see the latest updates.

Pre req u iSitES (Ask a Question)
Before you begin,

1. Download the design files from this link: www.microchip.com/en-us/application-notes/AN5102


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-A4CA0522-7888-41A7-9799-24036FBB62B6&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-006392F1-B207-484C-869F-5C38B69CC7BD&cover_title=PolarFire%20FPGA%2010BASE-R%20Ethernet%20SyncE%20Loopback&tech_support_link=NA&revision_letter=A&source=PDF&title=Introduction
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-A4CA0522-7888-41A7-9799-24036FBB62B6&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-8FA8ADCB-7B35-4C59-AF9B-FB37A147978C&cover_title=PolarFire%20FPGA%2010BASE-R%20Ethernet%20SyncE%20Loopback&tech_support_link=NA&revision_letter=A&source=PDF&title=Design%20Requirements
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-A4CA0522-7888-41A7-9799-24036FBB62B6&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-92A8E6A0-658E-48E7-AE42-DFC6876A8287&cover_title=PolarFire%20FPGA%2010BASE-R%20Ethernet%20SyncE%20Loopback&tech_support_link=NA&revision_letter=A&source=PDF&title=Prerequisites
http://www.microchip.com/en-us/application-notes/AN5102

2. Download and install Libero SoC (as indicated in the website for this design) on the host PC from the
following location: Libero SoC Installation link

@ MICROCHIP


https://www.microchip.com/en-us/products/fpgas-and-plds/fpga-and-soc-design-tools/fpga/libero-software-later-versions#downloads

Table of Contents

INEFOAUCTION. ¢ttt ettt bbbt a et et Rt b et b e b bt b et s b e st e r et er e e en e e enennenens 1
DESIZN REGUINEIMENTS...cutitiitiitiitest ettt ettt ettt b s bbb b b et e st et et et e et e e e st e st esesbeebeebesbesbesbesbesbenbensens 1
Pr O B QUISITES. .. ettt ettt ettt s h s a s bt s bt s b s b s b e b e b e b e b et et et e n e et et e st e a e e Rt e bt ebe e b e e b e e b e sbesbeshenbenten 1
T. DBMO DBSIZN ittt ettt ettt b e bt bbb bbb e e e et et e st bt b e b e R e b e besrennen 4
1.1, DeSigN IMPIEMENTATION.....cciiiiiieieieieteeree ettt sttt ettt s e s b sbe s b e s be s b e s besbebesenaensensensens 5
1.2, Design BIOCks and IP CONfIBUIAtION...c.ccciiiiiiiririririenesestest sttt ettt s e st sbe st st e s be s eaensenaens 5
1.3, ClOCKING SEIUCTUIE ...ttt ettt sttt sttt ettt s be st s b et s b et b et et et e b et ebe st ebe e ebe st ebentebensenes 9
T4, RESEE STIUCTUIE ...ttt ettt b e et s bt e b s h e b s ab e s b s b e s bt et e s bt e besat e besanesbesanesris 10
2. Simulating the TOGBASE-R Ethernet SyncE LOOPback DESIGN....c.coureririerireirieieieneeirieeeeese e 12
2.1 PreIBQUISITES....iiuietieterteet ettt s e bt st e bt st e s bt et s h e e b e ane b e et e bt e b s Rt e bt sane s Rt e r e sRe e b e ennennes 12
2.2, DESIGN DESCIIPLION. . cutitieteetteieseertt ettt e et s e st et s bt et s e e s be et e sae e besseessesat e bt ensesbeenbesatesbeensesnnensesseenne 12
2.3, DeSIgN IMPIEMENTATION. ...ttt st b et bbbt b et bbbt s be st s be st st e e nbeneenes 13
2.4, SIMUIGEION FIOW. .ttt ettt sttt st sttt sttt e st s be st sbeae s b ene s b et ebe e et et ebe st ebentebenten 14
3. LIDEIO DESIZN FIOW.....iieiiieiiiciiricerieerieenteer ettt ettt a bbbt bbbt e e b e st nsenesnenis 17
BT SYNTNESIZE ittt a e bkt e bRk e et et e st b e st e b e s e b e Rt b et et et et e e etentetens 18
3.2, PlaCe @Nd ROULE. ..ottt b e st s e s b e bt e e 18
3.3 VI Y TIMUNE ettt b e bt a et s b bt s bbb e st e et e st et e st sbe st sbenesbeneebenenbeneenen 20
3.4, Generate FPGA Array Data. ...ttt 20
3.5. Configure Design Initialization Data and MEMOKIES.......ccceeueerrrieieirriniereeririeeeeeseere et nes 20
3.6, GENErate BitSTrBaAM .. ittt s s 21
3.7, RUN PrOZram ACHION...cciiieiirierterertestet ettt sttt ettt s b e s b bbb b nene e e seenis 21
4, RUNNING TNE DBMIO....ccuiitiriiriitirterteiestestete ettt ettt st s st e s b st s b e b e st e ae b et et ent e st ese e st s b esbesbesbesb e st e be b et enbensensenteneens 23
5. Appendix 1: Programming the Device USIiNg FIaShPro EXPress.......cccvecreinenneninenisiensiesteeseeieseereseeseseenesaenens 26
6. AppendiX 2: RUNNING the TCL SCHIPL. ittt sreste st ssessesbestessestestesseaessesessesessessassessessessens 27
7. REVISION HISTONY .ttt ettt ettt ettt et et b e bt b e s b s b e b e b e s b e b et e b et e e e st e st e st e st e bt sbesbesbesbesbenbenee 28
MICIOCHIP FPGA SUPPOIM . ititetiieietetetet sttt st st st stestestestestesseste st et et esaesesbasbesbesbesbesbesbebessensensensensensessesessessesbessessensensn 29
MICFOCNIP INFOIMATION.....iiitiietirteteer ettt sttt sttt s b ek et ek e s et et e b e e ebe st ebeneebe e esesaesessesesaenens
The Microchip Website
Product Change NOtIfiCatioN SEIVICE......ccouiiriiiirieirieirietrie ettt ettt sttt ettt b et et a b e bbb nes 29
CUSTOMIET SUPPOM . ettt ettt et st st e e s b s s bt e b e s st e bt s ate s bt e b e sh e et e eae e b e e mtesbeebeshe e st sanesbeemnesbeensesnnennes 29
Microchip Devices Code ProteCtion FEATUIE.......cccvivirerirenenienteniestestertestet ettt sbe st sbesbe st st e sbesbesbessensensensons 29
LEEAI NOTICE. ettt ettt sttt b et b et b et b et e b et e b e b e b e e b e b e b et e b et ebe b e b et e bt et e bt s b e st s b ene b e e e 30
TPAARIMAIKS. ...ttt ettt st b e s bbb stk e st et e st et e st e b eateben e e b et e b et ek e saebe b ebe b ebe st ebesbe st ebenesbenea 30
QUAITLY ManNaAgEMENT SYSTEM..c..iitiriirtirieriertetertetet ettt st sttt sttt et et e e et et e bt e bt s b e sbe s b e s b e s b et e be st ententenseneeneenes 31
WOrIAWIde SAlES @NA SEIVICE....couiiiiieiceiee ettt ettt st b e be e bt sae st sn st snenea 32

@ MICROCHIP



1. Demo Design s« auestion)

The 10GBASE-R Ethernet SyncE loopback hardware design loops back the Ethernet traffic generated
by Optical Network Tester (ONT) through the CORETOGMAC IP. A FIFO logic is implemented in the
RTL to loop the RX signals of the Core10G MAC back to the TX signals of the MAC.

This looped back data is sent through the TX interface of the transceiver that is received by ONT.
Using the ONT software, the received data is analyzed for throughput rate and errors in the
incoming packets and ppm difference.

The 10GBASE-R Ethernet SyncE loopback design includes the following components:

CORE10GMAC: Serves as a 10 Gbps Ethernet MAC that transmits and receives the Ethernet
packets.

Transceiver: Acts as a T0GBASE-R physical interface for data transfers; configured for 64b/66b
encoding/decoding with scrambler/descrambler enabled with a PCS interface width of 32 bits to
the CORE10GMAC and JAPLL option enabled.

CoreABC: Configures the CORE10GMAC registers.
FIFO Interface Logic: Loops back the CORET0GMAC Rx data to Tx data.

PF_TX_PLL: Generates the bit clock required for the transceiver and the clock option is set to Jitter
cleaning mode to enable the Jitter attenuator PLL.

PF_XCVR_REF_CLK: Generates the fabric clock and the reference clock for the transceiver and the
TX_PLL.

The following table lists the clock frequencies used in the design.

Table 1-1. Hardware Design Clock Frequencies

Frequency ()

CDR reference clock 156.25
Transceiver bit clock 5156.25
I_SYS_CLOCK 156.25
|_CORE_TX_CLK 322.26
|_CORE_RX_CLK 322.26
JA_REF_CLK 322.26
PCLK 50

The following figure shows the top-level block diagram of the PolarFire 10G Base-R Ethernet SyncE
loopback hardware implementation.
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Figure 1-1. Hardware Implementation Block Diagram
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1.1 Design Implementation (asa question)

Tester

The following figure shows the Libero implementation of the 10G Base-R Ethernet SyncE loopback

hardware design.

Figure 1-2. 10GBASE-R Loopback Hardware Design Libero Implementation—SyncE
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1.2 Design Blocks and IP Configuration aska auestion)

The following IPs are required to be configured before simulating and implementing the demo

design.

* 1.2.1. Core10GMAC
« 1.2.2. Transceiver Interface
+ 1.2.3. Transmit PLL
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+ 1.2.4. Transceiver Reference Clock
+ 1.2.5. CoreABC

+ 1.2.6. CoreAPB3

« 1.2.7. PF_POWER_INIT

+ 1.2.8. PF_CCC_O

+ 1.2.9. FiFo_wrapper_Top

1.2.1 Corel0GMAC (Ask a Question)

Core10GMAC is configured for 10GBASE-R mode with a core data width of 32 bits. Core data width is
the width of the data path connected to the transceiver interface. The system data width, that is, the
width of the interface to the user logic, is configured as 64 bits. (In this demo, the FiFo_wrapper_top
module provides this interface.)

The Tx and Rx Pause features are disabled, and both the MAC TX FIFO depth and MAC RX FIFO depth
are set to 256.

The following figure shows the settings selected in the CORE10GMAC Configurator.

Figure 1-3. CORE10GMAC Configuration

Configuration | MAC T Stat Counters | MAC Rx Stat Counters |
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[ system peta wtn: [62 <] core dota wiatr: [52 <] |
106 Type 10GBASER -

Pause Features
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Tx Timer Enable: Iui Rx Check Pause Multi-Cast: [
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Tx MAC Feature:

MAC TX FIFO Depth:  [256 ~| | MACTXPreamble: r
TXIFG Count: Fixedat12 »|]  MACTX Local Loopback Enable: [~

MAC TX Check LT Field: I

Ry MAC Features

MAC RX FIFO Depth 256 ~|| MACRXPreamble r

MAC RX Local Loopback Enable: [~ MAC RX Check LT Field: I

Rx Global Flow Control r

APB Timeout Enable: I APB Timeout Count: [50

License: * Obfuscated Evaluation

Help - oK Cancel

The Core10GMAC IP is configured using the CoreABC soft processor. The Core10GMAC configuration
for the demo design is as follows:

Table 1-2. Core10GMAC Configuration

MAC Tx Config Register (0xA) 0x3 cfg sys_mac_tx_en
0x4 sys_mac_tx_fcs_ins 1
MAC Rx Config Register (0xB) 0x0 mac_rx_fcs_remove 1
0x3 cfg_sys_mac_rx_en 1

For information about the features and registers of Core10GMAC, see Libero SoC > Catalog >
Core10GMAC Handbook.
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1.2.2 Transceiver Interface (ask a question)

The PolarFire high-speed transceiver (PF_XCVR) is a hard IP block and supports data rates from
250 Mbps to 12.5 Gbps. In this demo, PF_XCVR is configured for the data rate of 10312.5 Mbps. It
is configured with a CDR reference clock of 156.25 MHz with lock to data selected as the CDR lock
mode. The PCS of the transceiver is interfaced with CORET0GMAC. It is configured for the 64/66b
mode with scrambler/descrambler enabled. The scrambler, which is self-synchronizing, generates
sufficient transitions to aid data and clock recovery at the CDR to enable the Jitter attenuator DPLL,
select the Enable JA_CLK. The following figure shows the transceiver interface configuration.

Figure 1-4. Transceiver Interface Configuration

Transceiver Interface
Microsemi:SystemBuilderF_XCVR_ERH
I Q| 1=
PFXCVR default_configuration szs s wizs Vops
10GBASER e e
10GBASE-KR L - Lockto data
Sail 10312.500 | pedeated -
asamI
CoRlRate 1 TXPLL bt dodk reavency $156.250 iz o  we
CPRIRate 2 fock frequenc Mz
CPRIRate2 XA dock frequency 32225625
CoRIRate 4
CPRIRate 5. B PCSSettings
CPRIRate 5
CoRIRate 7 TXPCS Fabricintrface width B =] bis RXPCS Fabric nterface vidth T
CoRIRate &
50136 T FRGA interface frequency 322265625 Wz RXFPGA iterface frequency 322265625 Wz
501 HD
S  pAMode
Intersken 6256 I e
Intersken 106
XAUl  sb10b Enco
1+ 66 Gear Box
@ s4bssb 6467
I Enable Disparity [V Enable BER monitor state machine
[V Enable Scrambler Descrambler IV Enable 32 bits data width
 SoftPIPE Interface
sorly | Newpreset.
B Clocks and Resets
Iterface Clocs
I Use as PLL reference dock
Tdock = —l ) R dock Regonal
Interface Resets
oM Reset T a— e Reset T I L
Optonalports
I Enable TX_BYPASS_DATA port [~ Enable RX_READY_CDR and RX_VAL_CDR ports.
Log
Evessages Qerors i wamings @nfo

o o

1.2.3 Transmit PLL (Ask a Question)

The PolarFire transmit PLL (PF_TX_PLL) is a hard IP block that provides a bit clock and a reference
clock to the transceiver block. The transmit PLL is configured with a reference clock of 156.25 MHz

and generates an output clock of 10312.5 Mbps. The clock option is set to Jitter cleaning mode to
enable the Jitter attenuator PLL.

The following figure shows the transmit PLL configuration.
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Figure 1-5. Transmit PLL Configuration
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1.2.4 Transceiver Reference Clock (aska question)
The transceiver reference clock (PF_XCVR_REF_CLK) is a hard IP block that provides a reference clock
(REF_CLK) of 156.25 MHz to the transmit PLL. A fabric reference clock (FAB_REF_CLK) is also provided
as an input to the Clock Conditioning circuit (CCC) to generate the pclk (for configuration) and
|_SYS_CLK of the CORET10GMAC.
The following figure shows the transceiver reference clock configuration.
Figure 1-6. Transceiver Reference Clock Configuration
Transceiver Reference Clock Configurator
Configuration ‘ S
I —
e PF_XCVR_REF_CLK_0
Ebe e doseovout 2 REF_CLK_PAD_P REF_CLK
REF_CLK_PAD_N FAB_REF_CLK
PF_XCVR_REF_CLK
Help e Cancel
1.2.5 CoreABC (Ask a Question)

CoreABC is a configurable, low-gate count controller intended for Advanced Microcontroller Bus
Architecture Advanced Peripheral Bus (AMBA APB)-based designs. Because this demo design
requires only a few registers to be configured and no dynamic changes are required in the
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configuration, the CoreABC processor is used in this design. Depending on the application
requirements, RISC-V, Arm® Cortex®-M1, or any other soft processor might be used for configuring
the registers.

1.2.6 CoreAPB3 (Ask a Question)

CoreAPB3 is a bus component that provides an AMBA AHB fabric for interconnection between an
APB master and up to 16 APB slaves. CoreAPB3 supports a single APB3 master. In this design,
CoreAPB3 is used to connect the CoreABC APB master interface to the CORE10GMAC APB slave
interface.

1.2.7 PF_POWER_INIT (Ask a Question)
The PF_POWER_INIT block ensures the device is powered up systematically. The process of powering
up the device includes the following steps:

1. Power-on reset
2. Programmed device boot
3. Design initialization

During design initialization, the transceiver configuration is initialized using the data stored in the
non-volatile memory. The output of the PF_POWER_INIT block is ANDed with the resets used in the
design to reset the entire logic.

1.2.8 PF_CCC_O (Ask a Question)

The PolarFire Clock Conditioning Circuitry (CCC) block takes an input clock of 156.25 MHz from the
FAB_REF_CLK signal (output of PF_XCVR_REF_CLK) and generates a 156.25 MHz clock at OUTO and 50
MHz clock at OUT1. The OUT1 port of the CCC is used for the configuration; OUTO is used for the
user logic in the design.

1.2.9 FiFo_wrapper_Top (aska question)

FiFo_wrapper_Top is a user-defined RTL module, which uses the CoreFIFO IP to loop the MAC RX
PACKET INTERFACE to the MAC TX PACKET INTERFACE.

1.2.10 reset_dEIay (Ask a Question)

reset_delay is a user-defined RTL module, which delays the TX reset signals I_SYS_TX_SRESET and
|_PCS49_TX_SRESET of CORE10GMAC by 32 clock cycles to assert the reset once the TX clocks are
stable.

1.3 CIOCking Structu re (Ask a Question)

This design has one clock domain. The on-board 156.25 MHz crystal oscillator generates the clocks
used in the demo design. The clock divider generates 40 MHz clock for the XCVR_ERM. The following
figure shows the clocking structure of the design.
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Figure 1-7. Clocking Structure
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Reset Structure (asa question)
The reset structure of the design is shown in Figure 1-8. The output of the PF_POWER_INIT monitor

PRESETN_SYNC

ANDed with PLL_Lock_0 is used to reset the logic in the design. This output is combined with the
following signals to reset the modules in the design:

* The output is ANDed with O_SYS_MAC_RX_RDY to reset the COREABC and FiFo_wrapper_top
module. CoreABC configures the CORE10GMAC when MAC RX is ready.

+ The output is NAND with the transceiver control signal, LANEO_RX_VAL, and is used to reset
the RX path of the CORET10GMAC. The MAC RX path is held in reset until the transceiver,
LANEO_RX_VAL is driven to "1".

The PF_POWER_INIT monitor output, ANDed with the transceiver control signal, LANEO_TX_STABLE, is

issued to reset the TX path of the CORE10GMAC.

The MAC TX path is held in reset until the RESET_DELAY, OUT is driven to "1". The
LANEO_PCS_ARST_N signal of PF_XCVR is reset using O_CORE_TX_SRESET of the CORE10GMAC.
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Figure 1-8. Reset Structure

I_PCS49_TX_SRESET
«

0O_SYS_MAC_RX_RDY
CORE10GMAC

PRESETN I_SYS_TX_SRESET

SYS_TX_RST_SYNC

NSYSRESET
FABRIC_POR_N AND OREABC PCS49_TX_RST_SYNC
PF_POWER_INIT |pevice_INIT_DONE AND
3 L
XCVR_INIT_DONE
—T— MSTRRST MSTRRST N
FIFO_RST_SYNC ol ak T e
o FIFO_Wrapper_Top

PCS_PMA_RSTN_SYNC

NAND [
—P LANEO_PCS_ARST_N
LANEO_PMA_ARST_N
™ PF_XCVR
]
L
AND CTRL_ARST_N
-

LANEO_RX_VAL
LANEO_TX_STABLE

I_RS_RX_SRESET

PCS49_RX_RST_SYNC
I_PCS49_RX_SRESET

SYS_RX_RST_SYNC 1_SYS_RX_SRESET

L

4‘
4‘

Corel0GMAC

PRESETN

|

PRESETN_SYNC

@ MICROCHIP



2. Simulating the 10GBASE-R Ethernet SyncE Loopback Design (s aueston)

The following sections list the prerequisites for simulation of the 10GBASE-R Ethernet SyncE
loopback design, provide details about the design implementation, and describe the simulation flow.

2.1 Prerequisites (askaauestion)
Before you begin:

1. Launch Libero SoC, and select Project > Tool Profiles.

2. Inthe Tool Profiles window, select Synthesis and Simulation on the Tools panes, and select the
latest active installation directory paths for these two tools.

The following figure shows the interaction between testbench and the design.

Figure 2-1. Testbench and 10GBASE-R Ethernet SyncE Loopback Design Interaction
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2.2 Design Description (aska question)
The 10GBASE-R Ethernet SyncE loopback simulation design includes the following components:
+ Testbench_10g: Top testbench module that generates the clocks required for the device under

test (DUT) and the testbench submodule, and interconnects the ports from DUT to the testbench
submodule.

+ top_tb: Testbench submodule, which consists of the following major blocks:
- CoreABC: Configures 10G MAC registers.

- packet_generator_checker: Performs the packet generator function of defining the Ethernet
frame to be transmitted to CORE10GMAC (packet generator). Performs the packet checker
function of receiving the looped back Ethernet frame from the CORE10GMAC and comparing
it with the transmitted frame.

- CORE10GMAC: 10 Gbps Ethernet MAC configured in Base-R mode that transmits and receives
the Ethernet packets.
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« top: DUT block of the design, which consists of the following major blocks:

- CORE10GMAC: 10 Gbps Ethernet MAC configured in Base-R mode that transmits and receives
the Ethernet packets.

- Transceiver: 10GBASE-R physical interface for data transfers; configured in 64b/66b mode
with a PCS fabric width of 64 bits.

- CoreABC: Configures the CORE10GMAC registers.

- FIFO interface logic: Loops back the Ethernet packets, implemented in Verilog RTL. The
following table lists the simulation signals transmitted between the Testbench_10g, top, and
top_tb blocks.

Table 2-1. Simulation Signals

testbench_10g top, top_tb SYSCLK 156.25 MHz clock
OUTO_FABCLK_0_net_0 50 MHz clock

top testbench_10g LANEO_RXD_P Rx port signals
LANEO_RXD_N
LANEO_TXD_P Tx port signals
LANEO_TXD_N

top_tb testbench_10g LANEO_RXD_P_0 Rx port signals
LANEO_RXD_N_0O
LANEO_TXD_P_0O Tx port signals

LANEO_TXD_N_O

2.3 Design Implementation (s auestion)
The following figure shows the Libero implementation of the top SmartDesign module.

Figure 2-2. Libero Implementation of the Top SmartDesign Module

The following figure shows the Libero implementation of the top_tb SmartDesign module.
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Figure 2-3. Libero Implementation of the top-tb SmartDesign Module
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2.4 SimUIation FIOW (Ask a Question)

The design can be simulated using ModelSim ME Pro provided with the Libero SoC installation. The
following sections describe the simulation flow for each of these ModelSim versions.

2.4.1 Initiating Simulation with ModelSim ME Pro 2022.2 (aska question)

In the Libero SoC, go to Project > Project Settings > Simulation options > DO file, and ensure the
Use automatic DO file check box is selected, as shown in the following figure.

Figure 2-4. Use Automatic DO File Option Selected
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2.4.2 Simulation Results (ask a question)

When the simulation is initiated, ModelSim compiles all the design source files, runs the simulation,
and launches the waveform viewer to show the simulation signals. The simulation results of the
10GBASE-R Ethernet SyncE loopback design are as follows:

1. AtO0 ns, the testbench drives the 156.25 MHz system clock to the DUT.

2. The MAC is released out of the reset. Signal O_CORE_RX_SRESET and O_CORE_RX_SRESET are at
0, as shown in the following figure.
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Figure 2-5. O_CORE_RX_SRESET and O_CORE_RX_SRESET at 0
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The packet generator starts to send the packet. The start signal triggers the packet generation.

N

The size of the packet is set to 0x32 (80 bytes). The sent packet can be viewed on the signals
under the TX SIGNALS divider in the wave window.

Figure 2-6. Ethernet Packet Sent
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4. The packet checker receives the sent packet. The signals can be viewed under the RX SIGNALS
divider in the wave window. The packet sent matches with the packet received.
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5. The packet checker compares the incoming packet with the sent packet and increments the good
packets (good_pckts) count by 1, as shown in the following figure.

Figure 2-7. Good Packets Count Incremented by 1
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The sent packet is looped back, and no errors are observed in the received packet, showing
successful completion of T0GBASE-R Ethernet SyncE loopback.
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3. Libero Design FIOW (as«a question)
This section describes the Libero design flow, which involves the following processes:

+ 3.1. Synthesize
« 3.2. Place and Route

+ 3.3. Verify Timing
+ 3.4. Generate FPGA Array Data
+ 3.5. Configure Design Initialization Data and Memories

* 3.6. Generate Bitstream

* 3.7. Run Program Action

The following figure shows these options in the Design Flow tab.

Figure 3-1. Libero Design Flow Options
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3- 1 SynthESize (Ask a Question)

To synthesize the design, perform the following steps:

1. On the Design Flow window, double-click Synthesize. When the synthesis is successful, a green
tick mark appears next to Synthesize, as shown in Figure 3-1.

2. Right-click Synthesize and select View Report to view the synthesis report and log files in
the Reports tab. View the top SD.srr and top SD compile netlist.log filesto debug

synthesis and compile errors.

3-2 Place and Route (Ask a Question)

To place and route the design, TX_PLL, XCVR_REF_CLK and PF_XCVR must be configured using the 1/0
Editor. Follow these steps to configure the components and place and route the design:

1. On the Design Flow window, double-click Manage Constraints.
2. On the I/0 Attributes tab, click Edit with 1/0 Editor, as shown in the following figure.

Figure 3-2. Edit with I/O Editor Option
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3. Using the XCVR View in I/O Editor, place TX_PLL, XCVR_REF_CLK, and PF_XCVR TX as shown in the

following figure.
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Figure 3-3. 1/0O Editor Transceiver View
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When all the components are placed, the location of the components is updated in the
user fp.pdc file (located in Constraint Manager > Floor planner tab), as shown in the
following figure.

Figure 3-4. Component Locations Updated in user_fp.pdc File

Reports & X ] StartPage & X Constraint Manager & X I fp_constraints.pdc & X || Edtop_th @ x

=

[EF Microsemi Physical design constraints file

fUzing Quad2

or this design

set location -inst name PF_TX_PLLO_OIPF_TX_PLLO_O!txpll_isnt_o —fixed true -x 2460 -y 320
set_location -inst_name PF_KCVR_O_OII_KCVRILANEO —fixed true -x 2460 -y 344
set location -inst name PF_KCVR_REFCLK_OKPF_XCVR_REFCLK_OII_ID —fixed true -x 246t -y 31

[ T4 B R % I B

On the Design Flow window, double-click Place and Route.

5. When place and route is successful, a green tick mark appears next to Place and Route, as
shown in Figure 3-1.

6. Right-click Place and Route and select View Report to view the place and route report and log
files in the Reports tab. View the top place and route constraint coverage.xml file for
place and route constraint coverage.

3.2.1 Resource Utilization (ask a question)

The resource utilization report is written to the TOP_SD layout log.log file. To view this file, go to
the Reports tab > top reports > Place and Route. The following table lists the resource utilization
of the design after place and route. These values may vary slightly for different Libero runs, settings,
and seed values.

Table 3-1. Resource Utilization

4LUT 5271 299544 1.76
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3.3 Verify Timing (Ask a Question)
To verify timing, perform the following steps:

1. On the Design Flow window, double-click Verify Timing. When the design meets the timing
requirements, a green tick mark appears next to Verify Timing, as shown in Figure 3-1.

2. Right-click Verify Timing and select View Report to view the verify timing report and log files in
the Reports tab.

3-4 Generate FPGA Array Data (Ask a Question)
On the Design Flow tab, double-click Generate FPGA Array Data.

When the FPGA array data is generated, a green tick mark appears next to Generate FPGA Array
Data, as shown in Figure 3-1.

3.5 Configure Design Initialization Data and Memories (aska question)

The Configure Design Initialization Data and Memories option creates the non-PCle transceiver
initialization client, which initializes the transceiver block when the PolarFire device powers up.

To create the transceiver initialization client, perform the following steps:

1. On the Design Flow window, double-click Configure Design Initialization Data and Memories.
The Design and Memory Initialization window opens, as shown in the following figure.

Figure 3-5. Design and Memory Initialization Window

Design Flow 8 X Reports & | Starttage & X | ConstraintManager & X |Design and Memory Tnitialization & X ||

Top Module(root): top 00 ¥ @' Desian Inmahzat\an‘ UPROM | sNVM | SPI Flash | Fabric Rams|
Active Synthesis Implementation: synthesis

i e e |
[Too [+ In design initslization, user design blocks such as LSRAM, jSRAM, transceivers, and PCIe can be inifiaized s an option using data stored in the non-volatie storage memory.
E b Create Design The inifialization data can be stored in jPROM, shVM, or an external SPI Flash.
B3 Create SmartDesign Follow the below steps to program the initiaization data:
Create HOL L. Set up your fabric RAMS initialization data, if any, using the Fabric RAME' tab
7 Create SmartDesign Testbench 2. Define the mshnrage‘ Intaﬁnnluf the initialization data
3. Generate the iitalization dients
Create HOL Testbench 3. Generate or export the bitstream
Bl b Verify Pre-Synthesized Design 5. Program the device
B simulate Design initialization specification
B b Constraints
 Manage Constraints First stage (SNVM)
v B} Implement Design In the first stage, the initialization sequence de-asserts FABRIC_POR_N.
s Open Netlist Viewer - i o
v S Synthesize © ¥ Broadcast instructions to initialize RAMs to zeros
#- b Verify Post-Synthesized Design
+f1 Configure Register Lock Bits Second stage (sNVM)
v 5 Place and Route

In the second stage, the initialization sequence initializes the PCle and XCVR blocks present in the design.
Edit Post Layout Design —
B . Start address for second stage initialization client: 0x |00000000 sNVM start page: 0
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1n the third stage, the initialization sequence initializes the Fabric RAMs present in the design.

+) Configure Design Initialization Data and Memories To save the initialization instructions in SNVM/UPROM/SPI-Flash, please use 'Fabric RAMSs' tab to make your selection for each RAM client.
v -1 Generate Design Initialization Data I Start address for SNVM dients: NVM start -
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2. Under Second stage pane (sNVM) enter the start address where the transceiver initialization
client must be created in the sNVM, as shown in the preceding figure.

. 20
@ MICROCHIP


https://microchipsupport.force.com/s/newcase?pub_guid=GUID-A4CA0522-7888-41A7-9799-24036FBB62B6&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-490C4DF2-B062-4EE1-90E6-033E2FF23B4D&cover_title=PolarFire%20FPGA%2010BASE-R%20Ethernet%20SyncE%20Loopback&tech_support_link=NA&revision_letter=A&source=PDF&title=Verify%20Timing
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-A4CA0522-7888-41A7-9799-24036FBB62B6&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-1076A67C-EF11-40F6-AFAE-6802367672FA&cover_title=PolarFire%20FPGA%2010BASE-R%20Ethernet%20SyncE%20Loopback&tech_support_link=NA&revision_letter=A&source=PDF&title=Generate%20FPGA%20Array%20Data
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-A4CA0522-7888-41A7-9799-24036FBB62B6&pub_lang=en-US&pub_ver=1&pub_type=Application%20Note&bu=fpga&tpc_guid=GUID-119973CE-68A9-4152-9875-3DBF7BB19838&cover_title=PolarFire%20FPGA%2010BASE-R%20Ethernet%20SyncE%20Loopback&tech_support_link=NA&revision_letter=A&source=PDF&title=Configure%20Design%20Initialization%20Data%20and%20Memories

3.6

3.7

3. On the Design Flow window, double-click the Generate Design Initialization Data to generate
the initialization client.

4. When the initialization client is generated, a green tick mark appears next to Generate Design
Initialization Data, as shown in Figure 3-1.

Generate BitStream (Ask a Question)

To generate the bitstream, perform the following steps:

1. On the Design Flow tab, double-click Generate Bitstream. When the bitstream is successfully
generated, a green tick mark appears next to Generate Bitstream, as shown in Figure 3-1.

2. Right-click Generate Bitstream and select View Report to view the corresponding log file in the
Reports tab.

Run Program Action (aska question)

After generating the bitstream file, the PolarFire device must be programmed. Follow these steps to
program the PolarFire device.

1. Ensure that the jumper settings on the board are as listed in the following table.

Table 3-2. Jumper Settings for PolarFire Device Programming

J18,)19,J20, )21, and J22 Short pin 2 and 3 for programming the PolarFire FPGA through FTDI

28 Short pin 1 and 2 for programming through the on-board FlashPro Express
J26 Short pin 1 and 2 for programming through the FTDI SPI

127 Short pin 1 and 2 for programming through the FTDI SPI

139 Short pin 1 and 2 for enabling the TX

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

Connect the power supply cable to the J9 connector on the board.
3. Connect the host PC to the J5 connector (FTDI port) on the board using a USB cable.

Power on the board using the SW3 slide switch. The following figure shows the PolarFire
Evaluation Board setup for programming the device and running the reference design.

@ MICROCHIP
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Figure 3-6. PolarFire Evaluation Board Setup

5. Double-click Run PROGRAM Action from the Libero > Design Flow tab. When the device is
successfully programmed, a green tick mark appears next to Run PROGRAM Action, as shown
in Figure 3-1.

For information about running the demo, see 4. Running the Demo.
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4. Running the Demo (asa question)

Follow these steps to run the PolarFire 10GBASE-R Ethernet SyncE loopback hardware demo design
on the PolarFire Evaluation Board.

1. The reference design is validated using ONT. There exists the ppm offset in the TX and RX
frequencies when the Jitter Cleaning Mode is not enabled in the TX PLL as shown in the following
figure.

Figure 4-1. Frequency Offset—SyncE Disabled
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2. When the design is built with Jitter Cleaning Mode of TX PLL enabled the Frequency offset
between TX and RX is 0 ppm.
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Figure 4-2. Frequency Offset Between TX and RX
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3. When the TX clock frequency is offset by 100 ppm, the RX clock frequency also gets adjusted
by 100 ppm, which shows that JA PLL is tracking and adjusting the clock as per the offset in the
received clock.

4. The data generated by the ONT tester is looped back at the FIFO and received at the ONT tester.
The data throughput is verified and displayed on the ONT screen by the All Layers OK indicator
in green color, as shown in the following figure.
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Figure 4-3. Frequency Offset—SyncE Enabled
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5. Appendix 1: Programming the Device Using FlashPro Express (s« auestion)

This section describes how to program the PolarFire device with the Job programming file using
a FlashPro programmer. The default location of the Job file is located at the following location:
mpf an5102 v2023pl df\Programming Files\top.job

To program the PolarFire device using FlashPro Express, complete the following steps:

1.

oA WN

10.

11.

Ensure that the jumper settings on the board are the same as listed in Table 3-2.
Note: The power supply switch must be switched off while making the jumper connections.

Connect the power supply cable to the J9 connector on the board.
Connect the USB cable from the Host PC to the J5 (FTDI port) on the board.
Power on the board using the SW3 slide switch.

On the host PC, launch the FlashPro Express software.

To create a new job project, click New or on the Project menu, select New Job Project from
FlashPro Express Job.

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>\mpf an5102 v2023pl df\Programming Files

- FlashPro Express job project location: Click Browse and navigate to the location where you
want to save the project.

Click OK. The required programming file is selected and ready to be programmed in the device.

The FlashPro Express window appears. Confirm that a programmer number appears in the
Programmer field. If it does not, confirm the board connections and click Refresh/Rescan
Programmers.

Click RUN. When the device is programmed successfully, a RUN PASSED status is displayed as
shown in the following figure.

Close FlashPro Express or in the Project tab, click Exit.
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6. Appendix 2: Running the TCL Script (s auestion

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:

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 mpf an5102 v2023pl df/TCL Scripts/
readme. txt.

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

@ MICROCHIP
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7. Revision History (saauestion)

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

A 08/2023 The following is the list of changes in revision A of the document:

8.0 =

7.0 —
6.0 =
5.0 —
4.0 =

3.0 —

@ MICROCHIP

The document was migrated to the Microchip template.
The document number was updated to DS00005102 from 50200757.

The document was updated for Libero SoC v2023.1 release.

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.

The document was updated for Libero SoC v12.0 release.

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

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

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

The document was updated to include features and enhancements introduced in the Libero SoC
PolarFire v2.0 release.

The design requirements were updated. For more information, see 1. Design Requirements.

Details about the demo design, including the hardware implementation block diagram, were
updated. For more information, see 1. Demo Design.

Clocking Structure diagram was added. For more information, see Figure 1-7.

A new section which details the reset structure of the design is added. For more information, see
1.4. Reset Structure.

Information about simulating the design was updated. For more information, see 2. Simulating the
10GBASE-R Ethernet SyncE Loopback Design.

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

The document was updated to include features and enhancements introduced in the Libero SoC
PolarFire v1.1 SP1 release.

Hardware requirements were added, and software requirements were updated to include Spirent
TestCenter and FlashPro. For more information, see 1. Design Requirements.

Information about how to program the device was added. For more information, see 5. Appendix 1:
Programming the Device Using FlashPro Express.

Information about how to run the hardware reference design was added. For more information, see
4. Running the Demo.

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

The document was updated for Libero SoC PolarFire v1.1 release.

Information about resource utilization was added. For more information, see3.2.1. Resource
Utilization.

The first publication of this document.
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including
Customer Service, Customer Technical Support Center, a website, and worldwide sales offices.
Customers are suggested to visit Microchip online resources prior to contacting support as it is
very likely that their queries have been already answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the
FPGA Device Part number, select appropriate case category, and upload design files while creating a
technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product
upgrades, update information, order status, and authorization.

*  From North America, call 800.262.1060
*  From the rest of the world, call 650.318.4460
+ Fax, from anywhere in the world, 650.318.8044

Microchip Information
The Microchip Website

Microchip provides online support via our website at www.microchip.com/. This website is used to
make files and information easily available to customers. Some of the content available includes:

* Product Support - Data sheets and errata, application notes and sample programs, design
resources, user’'s guides and hardware support documents, latest software releases and archived
software

+ General Technical Support - Frequently Asked Questions (FAQs), technical support requests,
online discussion groups, Microchip design partner program member listing

+ Business of Microchip - Product selector and ordering guides, latest Microchip press releases,
listing of seminars and events, listings of Microchip sales offices, distributors and factory
representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip
products. Subscribers will receive email notification whenever there are changes, updates, revisions
or errata related to a specified product family or development tool of interest.

To register, go to www.microchip.com/pcn and follow the registration instructions.
Customer Support
Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

+ Embedded Solutions Engineer (ESE)
+ Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are
also available to help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: www.microchip.com/support

Microchip Devices Code Protection Feature
Note the following details of the code protection feature on Microchip products:
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« Microchip products meet the specifications contained in their particular Microchip Data Sheet.

« Microchip believes that its family of products is secure when used in the intended manner, within
operating specifications, and under normal conditions.

+ Microchip values and aggressively protects its intellectual property rights. Attempts to breach the
code protection features of Microchip product is strictly prohibited and may violate the Digital
Millennium Copyright Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its
code. Code protection does not mean that we are guaranteeing the product is “unbreakable”.
Code protection is constantly evolving. Microchip is committed to continuously improving the
code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including

to design, test, and integrate Microchip products with your application. Use of this information

in any other manner violates these terms. Information regarding device applications is provided
only for your convenience and may be superseded by updates. It is your responsibility to ensure
that your application meets with your specifications. Contact your local Microchip sales office for
additional support or, obtain additional support at www.microchip.com/en-us/support/design-help/
client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". MICROCHIP MAKES NO REPRESENTATIONS
OR WARRANTIES OF ANY KIND WHETHER EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY

OR OTHERWISE, RELATED TO THE INFORMATION INCLUDING BUT NOT LIMITED TO ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR
PURPOSE, OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR

ITS USE WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO
MICROCHIP FOR THE INFORMATION.

Use of Microchip devices in life support and/or safety applications is entirely at the buyer's risk,

and the buyer agrees to defend, indemnify and hold harmless Microchip from any and all damages,
claims, suits, or expenses resulting from such use. No licenses are conveyed, implicitly or otherwise,
under any Microchip intellectual property rights unless otherwise stated.
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