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Adding Physical Constraints Using Libero

The transceiver I/O pin assignments can be made with PDC commands and passed as physical design
constraints to the physical layout tool. The I1/0 PDC constraints (for XCVR LANE RX pins, TX pins, and
XCVR_REF_CLK pins) must be specified in an I/O PDC file. The chip plan location constraints for TXPLL
must be specified in a floor plan PDC file. The PolarFire 1/0 Editor provides a GUI tool designed to make
1/0O pin assignments graphically and user-friendly, as an easy alternative to writing PDC commands.
When the pin assignment is committed and saved in the Pin Planner, a PDC file is created. This PDC file
can then be passed to the Place and Route tool as a physical design constraint.

Invoking the Pin Planner

To invoke the Pin Planner, the design must be in the post-synthesis state.

1. Invoke the Constraint Manager from the Design Flow window
(Design Flow > Manage Constraints > Open Manage Constraints View).
2. Inthe Constraints Manager, select the I/O Attributes tab and then select Edit > Edit with I/O Editor
(/0 Attributes > Edit > Edit with I/O Editor). The I/O Editor opens.
Placement View tab—Presents a physical view of the transceiver connectivity, including transceiver
lanes (XCVR), and Reference Clock (REFCLK), and Transmit PLLs (TxPLL).

10 Editor GUI

The transceiver view allows you to make assignments—XCVR, REFCLK, and TxPLLs. It has two views:

*  Aschematic view of the REFCLK, the TXPLL, and the XCVRs they drive.
« Agraphical physical view of the REFCLK, its connection from the PADS to the TXPLL and the XCVR
lanes.

The schematic and physical views provide design rule guidance for selecting legal connectivity
combinations between the XCVR I/O, TxPLLs, and REFCLK inputs. It provides logical mapping to the
device physical resources using connection rules of the device.
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Figure 76 « XCVR Placement Tab
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Placement View /\_Signal Inteqrity View /

The following figure shows the XCVR Signal Integrity View tab. When user selects lane in Left Panel,
the user can view and change the signal integrity parameters for the Rx and Tx transceiver ports.

Figure 77 « XCVR Signal Integrity Tab
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Signal Integrity View

For more information about tuning the transceiver signal integrity, see Signal Integrity Conditioning,

page 87.
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Transceiver Initialization

The transceiver is initialized after the user customizes the transceiver or PCle features with the
associated configurators. The transceiver initialization data refers to the memory files and the
initialization clients required for the three stages of initialization that is executed by the device at start-up.
For proper functioning, the user design must generate initialization data before programming (running
Generate Bitstream or the Export Programming File, Export Programming Job, Export Programming Job
Data, Export SmartDebug Job Data, Generate SPI Flash Image, Generate SPI Flash Image, and Export
SPI Flash Image).

The operations of Configuration and Generation are separated into two individual design flow steps
called Configure Design Initialization Data and Memories and Generate Design Initialization Data.

Invoking the Configure Design Initialization Data and Memories opens up the initialization Ul.

Clicking Apply in the Design Initialization tab only saves the configuration for initialization data, it does
not generate the initialization data.

For design with transceivers, the Libero software automatically incorporates the required initialization
data into the design project without any manual steps by the user. With transceiver designs, there are
instances where a custom configuration file is used for cases not directly supported by Libero SoC. In
these rare instances, the custom configuration file is used to compile the design to initialize the
transceiver components.

The programming steps (Generate Bitstream and the Export steps Export Programming File, Export
Programming Job, Export Programming Job Data, Export SmartDebug Job Data and Export SPI Flash
Image) depend on the Generate Design Initialization Data. Libero automatically runs the Generate
Design Initialization Data, if it is not already in pass state, when any of these programming steps are run.
This ensures that initialization data is always present and up-to-date before programming.

Transceiver Initialization Data

After completion of the Libero SoC customization, the XCVR, PCle, TxPLL, and CCCs are autonomously
configured and initialized during the design generation. The register customization can be reviewed in a
report generated during the Generate Design Initialization Data step within Libero SoC.

A "configuration Report for SERDES XCVR, PCle, CC, Transmit PLL" is generated that records the value
in the related registers. The report is located in the
project\designenimpl\Design_Initialization_Data_report.xml.
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Signal Integrity Conditioning

The PolarFire SoC transceivers have many tuning adjustments for the analog portions of the PMA
allowing for signal integrity optimizations to the system. These features include Rx Continuous Time Line
Equalization (CTLE), Rx termination, polarity inversion, Pre- and Post-cursor output emphasis, output
impedance settings, and Tx amplitude adjustment. Transceivers are programmed at startup from default
configuration information known to the Libero SoC software based on protocol and data rate specifics
supplied by the user during design customization and generation. The Libero configurators generate the
Rx and Tx default settings that initialize the transceivers at power on or device reset by toggling the
DEVRSTN pin.

Other embedded transceiver features include Decision Feedback Equalization (DFE) within the receiver
PMA that further corrects signal imperfections caused by PCB losses and quality of the signal being
driven to the Rx. The Rx path also includes an input signal eye monitoring feature.

The user can also control the transceiver settings after device programming using the FlashPro
programming cable and the SmartDebug Transceiver software utility. PolarFire SoC transceivers have a
memory mapped Dynamic Reconfiguration Interface (DRI) allowing SmartDebug to communicate with
the transceiver blocks to change and monitor the transceivers in real-time. This feature provides
debugging capabilities and altering of the transceivers for optimized performance in the system. After the
final SmartDebug signal integrity optimization, the user can export the tuned information back into the
Libero SoC software for future design regeneration.

Figure 78 » Signal Integrity Conditioning Flow
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Building a transceiver based design using Libero SoC software flow allows flexibility to improve the
PolarFire SoC transceiver performance within the system. The PolarFire SoC software sets initial good
defaults for the user's custom design based on input information to the transceiver configurators. The
user can change the associated transceiver input and output settings using the 10 Editor after initial
design generation. The user can further enhance the signal integrity qualities of the PolarFire SoC
transceiver after design place, route, and bitstream generation by using the SmartDebug capabilities.
This allows user to continue the signal integrity tuning after programming the device in the system and
provides a feedback path to include the customized signal integrity settings in subsequent design
regeneration.

Both the Signal Integrity views of the PolarFire SoC 10 Editor and SmartDebug Transceiver present the
same signal integrity settings for both the transmitter and receiver. The available settings are predefined
by the factory providing a flexible means to adjust the XCVR.

Transmitter

The transmitter takes parallel data from the FPGA fabric through the PCS-fabric interface block and
gearing logic. The data passes through the PMA-PCS interface to the serializer to create a high-speed
serial data stream using the serial clock provided from the transmit PLL. For more information about
transmitter, see Transmitter, page 11.

Transmit Emphasis and DC Amplitude

Transmit emphasis and DC amplitude settings adjust the transmitter output drivers. The settings are
provided from a drop-down menu of pre-defined combinations of Tx emphasis and DC amplitude.

The DC amplitude is adjusted by changing the driver segments to deliver a differential swing to the
receiving device. The trade-off between large output-swing is power consumption and output return loss.
The transmit emphasis adjusts the magnitude of the output based on the prior bit values reducing the
successive bits. This transition emphasis compensates for the channel losses and opens the signal eye
at the far-end receiver.

Adjustment of the Tx amplitude and Tx emphasis are used to match the PCB interconnect losses. For
information about Predefined Transmit Emphasis and DC Amplitude settings, see AC483: PolarFire
FPGA Transceiver Signal Integrity Application Note.

Impedance (Differential)

This feature is used to add—85 Q or 100 Q or 150 Q—calibrated internal impedances onto the
differential outputs. This setting adjusts the impedance selected to match the system to optimize
performance.

Tx Insertion Loss

Table 29, page 88 lists the recommended transmit amplitude and emphasis values for short, medium,
and long applications. User should manually adjust the amplitude/emphasis to match the Tx channel of
the PCB. For Rx, these values can be set in Libero.

Table 29 -+ Amplitude and Emphasis

Channel Type Amplitude (mV)  Emphasis (dB)
Short 400 -3.5

Medium 800 -6

Long 1000 -6

Transmit Common Mode Level

Transmit common mode level is used as a percentage—50% or 60% or 70% or 80%—of full common
mode level or VDDA. It is only adjusted when DC coupled (for example with SDI or high CID protocols).
This is to match the common-mode restoration to the DC coupled receiver. For AC coupled systems, the
level should remain as default.

Microsemi Proprietary and Confidential UG0915 User Guide Revision 1.0 88


http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244105
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244105

Signal Integrity Conditioning

5.2

5.2.1

5.2.2

5.2.3

524

Note:

5.2.5

& Microsemi

a AS\MicrocHip company

Receiver

The receiver deserializes high-speed serial data received through the input buffer by creating a parallel
data stream for the FPGA fabric and recovering the clock information from the received data. For more
information about receiver, see Receiver, page 5.

Rx Insertion Loss

Receiver insertion loss is used to match the PCB qualities of the system. The predefined settings are
used to statically adjust the receiver CDR and DFE. The CDR and DFE parameters are assigned based
on a targeted data rate and backplane model. CDR uses only the CTLE capabilities of the PMA receiver.
The DFE uses combination of CTLE with DFE optimizations. To start the transceiver design, select the
Rx Insertion loss values in Libero. Libero adjusts to the best known setting based on the data rate. If the
pre-defined settings do not achieve the best performance, users can fine-tune the Rx CTLE settings to
precisely match their system requirements after initial system bring-up.

Backplane or PCB Length, that is, Reach definitions are based upon number of connectors and overall
insertion loss as per the CEI-11G SR, MR and LR specifications defined by Tyco Electronics Z-Pack
Tinman testing platform. See Transceivers Insertion Loss, page 108.

See AC483: PolarFire FPGA Transceiver Signal Integrity Application Note for information about the data
rate range and models of backplane length.

Rx CTLE

CTLE at the receiver end is a typical equalization technique for equalizing the incoming signal to a flat
response. CTLE is used to reduce the low-frequency component of the signal while boosting the high-
frequency component. The receiver equalization settings are a function of the cut-off frequency and the
amplitude gain across data rates. The equalizer circuitry can be tuned to compensate for the signal
distortion due to the high frequency reduction of the physical channel of the PCB and interconnect.

For example, an under-equalized channel cannot adequately open the eye, whereas over-equalization
can produce a channel with high jitter.

Correct equalization has optimal eye opening with low noise and low jitter. Rx insertion loss default
settings sets the CTLE. AC483: PolarFire FPGA Transceiver Signal Integrity Application Note lists the
combination of settings that help the user to find the best response to the incoming signal based on data
rate “buckets”. Within each bucket, there are optimized settings based on gain and peaking. When using
DFE designs, users should not alter the predefined values of CTLE. These values are optimized to work
in conjunction with the DFE configuration based on Rx insertion defaults as listed in following table.

Rx Termination

Within the Rx buffer, a calibrated input termination can be set having three—85 Q or 100 Q or 150 QO—
available differential impedances. The input impedance can be configured to match the system
requirements.

DC Coupled Connection

DC coupled connection option is set for using AC or DC coupled channels to the receiver. The PolarFire
SoC does include an internal coupling capacitor option, however, it also includes internal biasing circuitry
required for DC coupled applications.

*  AC coupled with external cap

+ DC coupled — used to set the internal bias

For AC coupled with external cap, user must still place ac-coupling capacitor on PCB for AC coupled
connection.

Loss-of-Signal Detector

Loss-of-signal (LOS) detector (low and high value) sets the requirement of the voltage detector. The

following table lists the upper and lower set points for a LOS to ensure that a good signal is applied into
the receiver. Referring to data sheet Loss-of-Signal detect, Peak Detect Range (VDETLOW), below the
Peak Detect Range minimum value setting is interpreted as “no signal” and above the maximum number
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will interpreted as “signal”. In between the minimum and maximum values are considered indeterminate.

Table 30 ¢

LOS Range

Setting

Range

PCIE

Preset PCle low threshold setting = 1
For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

Preset PCle high threshold setting = 2 For Min and MAX values of VDETLOW, see
PolarFire SoC Advance Datasheet.

SATA

Preset SATA low threshold setting = 2 For Min and MAX values of VDETLOW, see
PolarFire SoC Advance Datasheet.

Preset SATA high threshold setting = 3 For Min and MAX values of VDETLOW, see
PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

N|lo|lo| | W[N]~ O

For Min and MAX values of VDETLOW, see PolarFire SoC Advance Datasheet.

Software defaults to LOS-Low = 1 and LOS-High = 3.

5.2.6 Polarity Invert

Polarity invert is used to swap the P and N receiver pins, which provide flexible PCB routing by
interchanging the devices physical pin to the logical signal. If the polarity of differential traces is swapped
on the PCB, the differential data can be swapped to correct it.

5.3 IO Editor for Signal Integrity

Using the Libero SoC 10 Editor, the default signal Integrity parameter settings can be adjusted. These
settings are exported from the 10 Editor in the PDC format along with port name, pin, direction and so on.
The io.pdc file created contains physical placement and signal integrity options of all XCVR lane
instances used in the SmartDesign.

5.3.1 10 Editor—Signal Integrity

To access the Signal Integrity tab from 10 Editor:

1. Open Constraint Manager > Edit > Edit with I/O Editor.
Figure 79 » 10 Editor—XCVR View
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Microsemi Proprietary and Confidential UG0915 User Guide Revision 1.0 90


http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=136519
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244583

Signal Integrity Conditioning

ﬂ - .
.~ Microsemi
a A8\ MicrocHiP company
2. Inthe XCVR View [active] tab, select Signal Integrity View tab and the XCVR lane to edit signal

integrity settings as shown in the following figure.
Signal Integrity panel displays the default values from the initial PDC when XCVR is created by the

Libero SoC software. If user modifies the default values in the Signal Integrity tab of the 10 Editor, it
writes in the PDC.

Figure 80 « 10 Editor—Signal Integrity View
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5.3.2 PDC Constraint File Commands for XCVR Signal Integrity

PDC constraint support uses the set io pdc commands to set the related parameters.The settings are
applied only to the dedicated XCVR ports—TX_P, TX_N (outputs), RX_P, and RX_N (inputs)

Example: set io -port name TX P -TX_EMPHASIS AMPLITUDE 100mV_with 0dB

Note: User can set the parameter on the P or N side and it applies to both.
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The following table list the PDC supported attributes and values. For more information about he
description of the attributes, see Transmitter, page 88.

Table 31« TX Attributes and Values

Name

Direction

Values

Default

TX_EMPHASIS_AMPLITUDE

Output

400mV_with_-3.5dB

100mV_with_0dB

200mV_with_0dB

200mV_with_-1.0dB

200mV_with_-2.5dB

200mV_with_-3.5dB

200mV_with_-4.4dB

200mV_with_-6.0dB

300mV_with_0dB

400mV_with_0dB

400mV_with_-1.0dB

400mV_with_-2.5dB

400mV_with_-4.4dB

400mV_with_-6.0dB

500mV_with_0dB

600mV_with_-3.5dB

600mV_with_-6.0dB

800mV_with_0dB

800mV_with_-1.0dB

800mV_with_-2.5dB

800mV_with_-3.5dB

800mV_with_-4.4dB

800mV_with_-6.0dB

1000mV_with_0dB

1000mV_with_-1.0dB

1000mV_with_-2.5dB

1000mV_with_-3.5dB

1000mV_with_-4.4dB

1000mV_with_-6.0dB

400mV_with_-1.0dB

TX_IMPEDANCE

Output

150

100

85

100
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Table 31« TX Attributes and Values

Name Direction Values Default
TX_TRANSMIT_COMMON_MODE_ Output 50 50
ADJUSTMENT

60

70

80

The following table list the PDC supported attributes and values. For more information about he
description of the attributes, see Receiver, page 89.

Table 32+ RX Attributes and Values

Name Direction Values Default
RX_INSERTION_LOSS Input 6.5dB 6.5dB
17.0dB
25.0dB
RX_CTLE Input See Rx CTLE Settings table in Set based on data rate and
AC483: PolarFire FPGA Rx insertion loss model.

Transceiver Signal Integrity
Application Note.

RX_TERMINATION Input 100 100
150
85
RX_PN_BOARD_CONNECTION __Input AC_COUPLED_WITH_EXT_CAP AC_COUPLED_WITH_EXT
DC_COUPLED _CAP
RX_LOSS_OF_SIGNAL_ Input off off
DETECTOR_LOW e

SATA

N Ol AW N~
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Name Direction Values Default
RX_LOSS_OF_SIGNAL_ Input Off Off
DETECTOR_HIGH PCIE

SATA

1

2

3

4

5

6

7
POLARITY Input Normal Normal

Inverted
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SmartDebug Signal Integrity

SmartDebug signal integrity is invoked from debug transceiver. SmartDebug Signal Integrity helps to
evaluate the reliability of a high-speed serial link using PolarFire SoC transceivers. The signal integrity
GUI follows the same format as the 10 Editor. For more information about software operation,

see UG0773: PolarFire FPGA SmartDebug User Guide. For more information about transceiver signal
tuning, see AC483: PolarFire FPGA Transceiver Signal Integrity Application Note.

Figure 81 « SmartDebug Signal Integrity GUI Panel
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The Signal Integrity Ul panel can be viewed in SmartBERT, Loopback Modes, Static Pattern Transmit,
and Eye Monitor debug tabs. This allows the user to move between test operations and signal integrity
tuning, hence, allowing the user to interactively test while making adjustments to the signal integrity
settings.

Consistent with debugging techniques of high-speed serial channels, users utilize the SmartDebug GUI
to select integrated test data streams and enable device embedded loop backs. This allows the active
channel to be adjusted to match the users PCB losses and discontinuities. For more information about
test pattern capabilities, see PRBS Generator/Checker, page 101.
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Loopback Modes

Loopback operations are embedded within the PolarFire SoC XCVR and are commonly used in debug
practice. These loop backs can be tested solely within the device by sending and receiving on-chip or
can test real-data to and from the system side. For information, see Loopback, page 101.

For example, by placing the transceiver into EQ Far-End loopback, a system can drive data into the Rx
and send it back directly onto the Tx. In this case, the system is passing the serial data stream within the
input and output buffers. Change the Signal Integrity panel settings to find the optimal setting to match
the system.

In the Loopback Modes tab, select the targeted lane to test under Transceiver Hierarchy, select EQ-

FAR END and then click Apply to monitor the system performance from the far-end. Adjust the signal
integrity setting to optimize the Rx and Tx performance of the PolarFire SoC transceiver. The following
figure shows the loopback modes of the Debug TRANSCEIVER.

The Apply button is enabled when you make a selection for any parameter.

Loopback Modes—Far-end Example
Debug TRANSCEIVER

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

Transceiver Hierarchy Physical Locatic 4! PF_XCVR_O/LANED | T EQ-NEAREND| ® EQ-FAR END | CORFAREND ©  No Loopback

= B PF_XCVR_O
E LANEO Q2_LANED

Similarly, the user can also continue to test a deeper path into the PolarFire SoC XCVR path using CDR
Far-end loopback. In this manner, the same system data stream would pass from the input buffer through
the Rx PMA and the parallel data stream would be routed back through a pathway to the Tx PMA to the
output buffer.

SmartBERT

The CoreSmartBERT IP core provides a broad-based evaluation and demonstration platform for
PolarFire SoC transceivers (PF_XCVR). See HB0788: CoreSmartBERT Handbook (download the
handbook from Libero Catalog). For any transceiver design, PRBS tests from XCVR PMA are available
by default. SmartBERT enables you to run diagnostic tests on the transceiver lanes. The self-testing
capability can be used for isolating faults either during development debug or for in-field diagnostics
using the transceiver built-in PRBS generator and checker.

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, PRBS9,
PRBS15, PRBS23, and PRBS31. Near-end loopback can be performed using one of these PRBS
patterns. Bit Error Rate (BER) displays the BER for the PRBS test in progress.

To run a PRBS pattern:

1. Select one of the Patterns from the drop-down list.

2. Select the EQ-NearEnd check box. When checked, the selected lane gets added to the right hand
side where PRBS test can be performed. When unchecked, the selected lane gets removed from
the added list (see Figure 84, page 97).

3. Click Start in the bottom-left corner of the window. The loopback cycle is initiated and the result is
displayed. It enables both transmitter and the receiver for a particular lane and for a particular PRBS
pattern.The GUI shows the status of the TXPLL, RXPLL, Lock to Data, Data rate, and the BER
(see Figure 84, page 97).

4. Click Stop in the bottom-right corner of the window to stop the loopback.
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Monitor the Lock indicators and error counters to check the quality of the link. This test ensures proper
power supplies, clocks and resets to the XCVR and traffic is not going off-chip to the system. The
following figures show the Smart BERT options of the debug transceiver.

PRBS Self Test Near-End Loopback Example

1 Debug TRANSCEIVER o *
Configuration Raport  Smart BERT | Loopback Modes | Static Fattern Transma | Eye Monser

Tranmcaner ¥ wenechy | Physcal Locat 1 Patiers B eartnd | TAL |Rcee [ [ Snsl imegrny: FXOR_ILARED

= PFXCVR O
@ PF_XCVR PF_XCVR_3LANED u m| =
& PFXCVR 2
= BECUE

02 LANES
O LANEZ Q2 LANE1

Recener

dts | Tarmnation [ Cufferersal }

P/ N Board Convescion
=] | [nc_courEs_wim_ex_c =]
Loss of Signal Detector - Low
= | B Zl
Leas of Signal Detector - High

Podarty (PN reversal)
[imerted ]
Cortrseus Time Lisear Equals
[esra_pess 1303

Decrien Feedbact {quskianen
[Dszties |
Caltention

edeined

1 Il| |l J |
Py st s | Exont Import Aoply

iy s

Test Status Indicators

|Patnern | EQ- MearEnd |TX FLL | RX PLL | Lock to Data | Cumulative Error Count Data Rate (Gbps) | BER. | Error Counter | Error Injection

543

5.4.3.1

PF_XCVR_0/LAMED  |PREST ¥ Enable ® ® [ ] 0 5.1 3.77e-12 Reset

Eye Monitoring

Eye monitor enables visualizing the eye diagram present within the receiver. This feature plots the
receive eye after the CTLE and DFE functions. The diagram representation provides vertical and
horizontal measurements of the eye and BER performance measurements (see Figure 85, page 98).
Eye Monitor is supported for data rates above 3.125 Gbps.

It is unfeasible to physically measure the eye opening at the XCVR receiver with an oscilloscope.
Typically, the closest probe point is at the receiver device package pin at the PCB interconnection. This
probe point does not provide the accuracy required to measure the real eye-width at the data sampling
point since this point is before any input equalization can properly condition the signal.

On-chip eye monitoring circuitry provides a mechanism to measure and visualize the receiver eye margin
after the equalizer, that enables access to eye quality measurements. The eye monitor is included in
every transceiver design not requiring any other user added RTL blocks. The eye monitor functionality is
based on capturing data sample in the nominal center and offset of the receiver eye. The eye monitor
assists to estimate the horizontal eye-opening and select the best data sampling point at the receiver.
The eye monitor feature provides 32 phase steps spanning one complete Ul. The eye monitor algorithm
steps through 32 phase steps while monitoring the BER at each phase step capturing the horizontal eye
opening after receiver equalization.

SmartDebug Eye Monitor Utility

The eye information of an individual transceiver lane is available in the SmartDebug Eye Monitor utility
and is used to view the eye opening after the signal conditioning of the receiver equalization. After the
receive buffer, graphically plots the eye opening to visualize the signal quality, Eye Monitor utility within
SmartDebug uses the on-chip Eye Monitor circuitry, to analyze the incoming data that includes the
receivers gain, noise level, and jitter. The eye monitor is invoked from the eye monitor tab. It requires live
data traffic to be driven into the receiver and cannot be used with the on-chip loopback paths.

The generated eye plot depicts one unit interval (Ul) or one bit-period centered on the x and y axis. The
y-axis shows the vertical opening with respect to voltage. Its upper and lower bounds are limited by the

capture. In the y-axis, the plot shows the signal clipped on the top and bottom. This is an operation of the
algorithm and not actually the quality of the input signal. The x-axis depicts the phase steps across one

ul.
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The plot produces an eye diagram by overlaying many bits whereas a color gradient shows the density
hits of the signal. Thus, the opening is represented as the area with least hits.

Click the Eye Monitor tab in the Debug TRANSCEIVER window to see the eye monitor representation
within the receiver.

Figure 85 » Eye Monitor Plot
%! Debug TRANSCEIVER B - o x
Configuration Report | Smart BERT | Loopback Modes | Statc Pattern Tramsmt  Eye Mondor
Transcewer Herarchy Wlmij ﬂ S
PF_XCVR.O ™ R
LANEO QZ_LANEO T Emphass Ampitude R Insertion Loss
| B C =)
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| =] |-
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I e — |
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X PN Board Conmection
e or ]

DC-Offset

e RX Loss of Signal Detector - Low
0 |
696 RX Loss of Signal Detector - High
%52 p |
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5.4.3.2 SmartDebug Decision Feedback Equalization Support

SmartDebug is used to adapt the DFE coefficients to optimize the settings for the overall signal integrity
at the receiver for the system under test environment. On-demand, the SmartDebug utility runs the
adaptive algorithm to of the DFE filter to resolve the TAP values of the DFE coefficients. This can be
applied on any XCVR design greater than 5G. The routine is invoked from the Optimize DFE in the GUI.
The TXPLL needs to be locked to begin DFE procedure. This runs the algorithm to set the optimal
settings. The optimized settings remains intact until the next DEVRSTn or power cycle. The following
figure shows the Optimize DFE window.

Figure 86 « Example of Optimize DFE

W Debug TRANSCEIVER | - 0 'Y
Configuration Report Smart BERT | Loopback Modes | Static Pattern Transmit | Eye Monitor |
| e —— Imwm 1 | ~Signal Integrity: PF_XCVR_O/LANED
@ PF_XCVRO LANED_TXD_P/N LANED_RXD_P/N
LANEQ Q2 LANEO PF_XCVR_O/LANED  |PREs7 -~ | TX Emphasis Amplitude RX Insertion Loss

TX Impedance ( chms ) The transceiver data rate is set to 5100Mbps for this pert
| J The current settings will configure this port in COR mode |
TX Transmit Common Mode Adjustment (% of VDDA ) | py cTLE ’
"' Optimize DFE ? X | B frcitz_+5.5d_2.108 E| l
RX Termination (ohms) 3

Select lanes to Optimize DFE 7] | J1s0 |

Euad 2 [ Lanen I | RX P/N Board Connection
RX Lose of Signal Detector - Low
JPcE JE
Optimize DFE on Selected Lanes
RX Loss of Signal Detector - High
Help I Close

_1 J 1 LJ Export | Import | I Optimize DFE I Design Default Apply |
Phy Reset Stop | Export All Lanes | Import All Lane | |

Help Close

For more information about Optimized DFE feature, see UG0773: PolarFire FPGA SmartDebug User
Guide.
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Simulation

Figure 87 »

6.1

RTL simulation mode is available for all of the transceiver modes. This simulation mode enables the
simulation of all the protocol communication layers (including the PMA, PCS, and fabric interfaces) and
provides accurate cycle simulation for the design. However, using RTL simulation incurs some run-time
penalties. Microsemi provides a specific PCle BFM model for enhanced simulation of PCle designs using
the embedded PCle controllers, see UG0685: PolarFire FPGA PCI Express User Guide.

RTL Simulation Block Diagram
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RTL Simulation Mode

RTL simulation mode simulates the XCVR block from the fabric interface to the serial I/O interface. RTL
simulation mode is available for all of the XCVR modes. This mode supports all of the protocol
communication layers, including the physical layer, and provides accurate cycle simulation for the
design. Using RTL simulation, however, experiences some run-time penalties. As the IP user block is
off-chip, it must be connected to the user design in the top-level test bench. It is the user’s responsibility
to provide the model for the off-chip IP that can communicate with the XCVR block in the same protocol
used by the XCVR block when using this mode.

To minimize simulation time, certain peripherals in the PolarFire SoC transceiver do not have full
behavioral models. These models are replaced with memory models that output a message indicating
when the memory locations inside the peripheral are accessed. The memory models are created by
using register information that is generated by Libero. The XCVR register data is found at <Libero
Project>\component\work\<top_level>\<xcvr_component_name>. The peripheral signals do not toggle
based on any writes to registers, or react to any signal inputs on the protocol pins.

Using RTL simulation mode, the FPGA designer can have an off-chip verification IP model that
communicates with the transceiver. For example, if the design uses a 8b10b XCVR block, the FPGA
designer must have a 8b10b verification IP off-chip block to communicate with the XCVR block using the
required protocol. When the IP user block is off-chip, it must be connected to the design in the top-level
testbench.
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Debug and Testing

71

Note:

7.2

7.21

7.2.2

7.2.3

PolarFire SoC FPGA include debug and testing features for multi-gigabit transceivers. It provides
capabilities for diagnostic test setups and inserting test patterns during FPGA testing and debugging.
This chapter describes the embedded transceiver capabilities that allow high-speed link diagnostics.

PRBS Generator/Checker

Each PolarFire SoC FPGA transceiver has embedded blocks with a built-in PRBS generator and checker
that can be used to perform link testing and diagnostics. These test capabilities are available to the user
through the SmartDebug toolset. For more information on PRBS generator and checker, see
SmartBERT, page 96.

The implementation of the PRBS generator uses a linear feedback shift register (LFSR). The generator
produces a pre-defined sequence of 1s and Os, occurring with the same probability. A sequence of
consecutive n x (2" '1) bits comprise one data pattern, and this pattern repeats itself over time. This
sequence is compared within the checker to ensure no errors in the sequence are detected.

The PRBS generator/checker supports the following test patterns for 32- and 40-bit wide PMA parallel
buses.

«  PRBS31: x31 +x28 + 1
«  PRBS23: x23 + x18 + 1
«  PRBS15: x5 + x4 + 1
«  PRBS9: x% + x5 +1
«  PRBS7:x’ +x8+1

PRBS?7 is also supported in widths of 8, 10, 16, and 20 bits.

Some PRBS pattern polynomials are used as part of several standards such as ITU-T recommendations.
The PRBS7 polynomial is not necessarily a telecommunications standard but is typically used by test
equipment because its similarity with 8b10b-encoded patterns.

Loopback

There are three loopbacks supported within the transceiver blocks to assist designers in debugging the
system by segmenting the link (Figure 88, page 102). The loopbacks are accessed through the
SmartDebug tools.

EQ Far-End Loopback

Far-end serial loopback (receiver to transmitter) or EQ FELB bypasses all input equalization (CTLE and
DFE) as detailed in Receiver, page 5 and therefore, only supports lower speed operation since these
features cannot be utilized.

Because it does not use the CDR (the receive and transmit lanes are essentially shorted together), there
is no PPM relationship between the receive and transmit data.

EQ Near-End Loopback

Near-end serial loopback (transmitter to receiver) or EQ NELB uses the digital serialized transmit data
that bypasses the transmit output buffer and loops the data back to the third-stage CTLE input, bypassing
the receiver of the CDR only.

The EQ NELB mode does not test the transmit buffer, high-speed receive buffer, low-speed receive
buffer, CTLE stages 1 and 2 for the CDR, CTLE stages 1, 2, and 3 for the DFE and eye monitor circuits.

CDR Far-End Loopback

CDR FELB (CDR far-end loop back), occurs after the parallel word creation in the PCS through a
loop-back FIFO. The transmit word is then serialized and sent out of the transmitter.
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This loopback is after the CDR which requires the receive and transmit paths to have exactly matched
clock rates or 0 ppm differences. This loopback supports the full data rates of the transceiver.

In the Far-end loopback case, the LANE#_ RX_READY must be used instead of LANE# _RX_VAL to
indicate valid data path.

Figure 88 « Transceiver Loopbacks
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The dynamic reconfiguration interface (DRI) is used with PolarFire SoC transceiver to access the
memory map of the transceiver blocks. DRI is an APB slave that allows global access to all transceiver
lanes, PCle blocks, transmit PLLs, and FPGA PLLs. The DRI allows changing key features of the
transceiver before and during operation. The DRI connectivity is dedicated within the device requiring no
FPGA fabric routing. For more information about DRI, see UG0890: PolarFire SoC FPGA Power-Up and

Resets User Guide.

Care must be exercised when using the DRI to alter transceiver settings as changes to the factory

settings can cause undesired results.

Figure 89 » PF_DRI Example
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Component
DRI DRI DRI DRI DRI
T ] T T ]
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Note: For implementation details, see AC475: PolarFire FPGA Dynamic Reconfiguration Interface Application

Note.
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8 Board Design Recommendations

User must have knowledge of the following PCB design topics before designing a PCB that uses
PolarFire SoC transceivers.

*  Device interfacing

«  Transmission line impedance and routing

«  Power supply design filtering and distribution
*  Component selection

+ PCB layout and stack-up design

See UG0901: PolarFire SoC FPGA Board Design Guidelines User Guide for implementing transceiver
designs on printed circuit boards.

8.1 Transceiver Top-Level Pin Out

The transceiver quad includes four differential receive and transmit pairs. The reference clock to the
transmit PLLs can be provided either by the provided primary differential reference clock pins or by the
FPGA clock resources.

The transceiver pins, power pins, and associated clock are listed in the following table.

Table 33 ¢+ Transceiver Device Level Pin List

Pin Name' Direction Description

XCVR_ # TX3 P Output Transmit data. Transceiver differential positive output. Each
transceiver quad consists of four transmit+ signals.

XCVR_#_TX2_P Output Transmit data. Transceiver differential positive output. Each
transceiver quad consists of four transmit+ signals.

XCVR_ # TX1_P Output Transmit data. Transceiver differential positive output. Each
transceiver quad consists of four transmit+ signals.

XCVR_#_TX0_P Output Transmit data. Transceiver differential positive output. Each
transceiver quad consists of four transmit+ signals.

XCVR_# TX3 N Output Transmit data. Transceiver differential negative output. Each
transceiver quad consists of four transmit- signals.

XCVR_#_TX2_N Output Transmit data. Transceiver differential negative output. Each
transceiver quad consists of four transmit- signals.

XCVR_# TX1_N Output Transmit data. Transceiver differential negative output. Each
transceiver quad consists of four transmit- signals.

XCVR_#_TXO0_N Output Transmit data. Transceiver differential negative output. Each
transceiver quad consists of four transmit- signals.

XCVR # RX3 P Input Receive data. Transceiver differential positive input. Each transceiver
quad consists of four receive+ signals.

XCVR_#_RX2_P Input Receive data. Transceiver differential positive input. Each transceiver
quad consists of four receive+ signals.

XCVR # RX1_P Input Receive data. Transceiver differential positive input. Each transceiver
quad consists of four receive+ signals.

XCVR_#_RX0_P Input Receive data. Transceiver differential positive input. Each transceiver
quad consists of four receive+ signals.

XCVR_# RX3 N Input Receive data. Transceiver differential negative input. Each
transceiver quad consists of four receive— signals.
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Table 33« Transceiver Device Level Pin List (continued)

1

Pin Name Direction Description

XCVR_# RX2_N Input Receive data. Transceiver differential negative input. Each
transceiver quad consists of four receive— signals.

XCVR # RX1_ N Input Receive data. Transceiver differential negative input. Each
transceiver quad consists of four receive— signals.

XCVR_# RX0_N Input Receive data. Transceiver differential negative input. Each
transceiver quad consists of four receive— signals.

XCVR_#[A,B,C]_REFCLK_P2 Input This pin is used as the positive terminal when used with a differential
clock source.

XCVR_#[A,B,C]_REFCLK_N? Input This pin is used as the negative terminal when used with a differential
clock.

XCVR_VREF Power This pin is used as a reference voltage for the REFCLK input buffers.
It is used for single-ended clock signals. This signal is common for all
transceiver on device.

VDDA25 Power 2.5V analog supply. All transmit PLLs and associated high-speed
clock routes in each transceiver PMA are connected on-chip but
isolated from the other transmit PLLs on the device.

VDDA Power Supply for receive, transmit, and common circuits. Common for all
lanes within the PMA block. Must be powered regardless of
transceiver usage.

VDD_XCVR_CLK Power Provides common power to all transceiver reference clock buffers.
VDD_XCVR_CLK power supply operates using a voltage of
2.5V to 3.3 V. Must be powered regardless of transceiver usage.

1. #Indicates the associated transceiver quad (that is, Q0=0, Q1=1, ...Q5=5).

2. Thereisone pin per transmit PLL per transceiver quad. There is a minimum of two differential reference clock input pairs per quad

with an additional pair for specific quads. It is limited to driving only one clock source for the transceiver block when used
differentially or two when used in the single-ended mode.
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Figure 90
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Design for Protocols

Transceiver designs are used in many high-speed protocols. Each protocol specifies the system
requirements to meet the specific standards of the protocol. The electrical performance requirements for
these protocols must be addressed by proper design of the PCB. The following sections describes the
PCB requirements of PolarFire SoC transceivers for specific protocols.

PCI Express

PCle is a point-to-point serial differential low-voltage interconnect supporting up to four channels. Each
lane consists of two pairs of differential signals: a transmit pair, XCVR_x_TXy_P/N, and a receive pair,
XCVR_x_RXy_P/N. Each signal has a 2.5 GHz embedded clock.

The following figure shows the connectivity between the PolarFire SoC FPGA transceiver interface and
the PCle edge connector.

Connectivity Between XCVR Interface and PCle Edge Connector

XCVR Interface PCIe Edge
Connector 12V

[ 0.1 pF

XCVR Lane0/TXD [T? RX
11.0.1 pF +3.3V
I 0.1 IJF

XCVR Lane0/TXD [TZ(> 110.1 uF RX
1
I 0.1 |JF

XCVR Lane1/TXD [T? 1 0.1 uF Rx
1
I 0.1 HF

XCVR Lane2/TXD E—? 0.1 uF Rx
1

XCVR Lane0/RXD @L
XCVR Lanel/RXD @L
XCVR Lane2/RXD @L
XCVR Lane3/RXD @L

XCVR REFCLKO @L

Fabric /O |[&——— Reset#
0 Q (optional)*
Fabric1/0 [¢———AM'—— Wake#

—

—

A A A A A Y YT Y

I I I On-board
XCVR REFCLK1 @L ﬂ 100 MHz
----- -——- differential

clock source

The ceramic 0201 and 0402 AC coupled capacitors are preferred for PolarFire SoC FPGA transceivers.
The transmitter must have AC coupling capacitors.
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8.2.2 JESD204B
JESD204B version increases the supported lane data rates to 12.5 Gbps and divides devices into three
different speed grades. The source and load impedance is the same for all three speed grades being
defined as 100 Q. The first speed grade aligns with the lane data rates from the JESD204 and
JESD204A versions of the standard, and defines the electrical interface for lane data rates up to
3.125 Gbps. The second speed grade in JESD204B defines the electrical interface for lane data rates up
to 6.375 Gbps. This speed grade lowers the minimum differential voltage level to 400 mV peak-to-peak,
down from 500 mV peak-to-peak for the first speed grade. The third speed grade in JESD204B defines
the electrical interface for lane data rates up to 12.5 Gbps.
The following figure shows the connectivity between the PolarFire SoC device and the JESD204B
interface.
Figure 91 « Connectivity Between PolarFire SoC Device and JESD204B Interface
PolarFire FPGA JESD204B Interface
[ 0.1 pF
XCVR_x_TXy_P {1 XCVR_x_TXy_P
(1 9.1 pF
XCVR_x_TXy_N Il XCVR_X_TXy_N
XCVR_x_RXy_P XCVR_x_RXy_P
XCVR_x_RXy_N XCVR_x_RXy_N
XCVR_xy_REFCLK_P T XCVR_xy_REFCLK_P
|
XCVR_xy_REFCLK_N : : XCVR_xy_REFCLK_N
|
| |
: L——— 156.25 MHz
I Oscillator
e LVDS

x refers to transceiver number 0, 1, 2, and 3
y refers to lane number 0, 1, 2, and 3
Xy refers to location

8.3

Figure 92 »

10G Interface

The following figure shows the connection between PolarFire SoC FPGA and SFP+ interface.

Connectivity Between PolarFire SoC Device to SFP+ Interface
PolarFire FPGA
XCVR_x_Txy_P >
XCVR_x_Txy_N »
SFP + CONN
XCVR_X_Rxy_P |«
XCVR_x_Rxy_N |«
XCVR_xy_REFCLK_P+ 156.25 MHz
XCVR_xy_REFCLK_Nl< Oscillator
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If the transceiver interface is not used in the design, the transceiver pins must be connected as shown in

the following figure.
Unused XCVR Signals

PolarFire XCVR Signals

XCVR_xy_REFCLK_z

XCVR_xy_RXn_z

XCVR_xy_TXn_z

VDD_XCVR_CLK

DNC or Use as

a Global clock

DNC

DNC

Must connect VDD_XCVR_CLK
to 2.5 V/3.3 V or to VSS
through resistor (10 KQ)

Must connect to VSS
through resistor (10 KQ)

8.4

XCVR_VREF

—
I

Transceivers Insertion Loss

The following table lists the type of insertion loss.

Table 34 « Transceivers Insertion Loss
Trace width and
Type Trace Distance Insertion Loss PCB length Di-Electric material Spacing
Short Connections within 6.5dB at 5 GHz 8 inches strip-line Nelco FR-4 trace width = 7mil,
a board or via one space between the
connector to a P to N signal = 10mil
daughter card material
Medium Backplane 17.0dB at 5 GHz 24 inches strip-line  Nelco FR-4 trace width = 7mil,
application with 2 space between the
connectors P to N signal = 10mil
material
Long Backplane 25.0dB at 5 GHz 40 inches strip-line  Nelco FR-4 trace width = 7mil,
application with 2 space between the
connectors P to N signal = 10mil
material
Note: For FR-4 and good quality connectors, the insertion Loss is ~0.5 dB per inch at 5 GHz and each
connector is ~2.5 dB per connector at 5 GHz
Note: Medium reach backplane is meant for an 18” backplane with two 3” length line-card traces.
Note: Long reach backplane is meant for a 34” backplane with two 3” line card traces.
Note: DFE Equalization mode is not supported at < 3 Gb/s (rates from 3 Gb/s to 5 Gb/s, including PCI-Express,

could be supported with DFE but are not set up to do so in this RX_PRESETS table).
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