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Introduction  (Ask a Question)

The RTG4™ FPGA device includes a Serializer/De-serializer (SerDes) block that provides support for several serial
communication standards. This module integrates several functional blocks to support multiple high-speed
serial protocols within the device. The SerDes block has embedded functionality to integrate required features
used with several protocols and is used with FPGA hosted application designs.

This user guide applies to part numbers starting with RT4G150 and 5962-1620.

Figure 1. RTG4 SerDes Block Diagram
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Features  (Ask a Question)

The SerDes block has the following features:

• 6 SerDes/PCS blocks (Quads/4x Lanes)—up to 24 total SerDes lanes
• x1, x2, and x4 PCIe endpoint protocol support

– PCIe is compliant with the PCIe base specification 1.1 for Gen1 and PCIe base specification 2.1 for Gen1
or Gen2—only supports the 2.5 Gbps variant of the Gen2 specification.
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• 10 Gigabit attachment unit interface (XAUI) protocol supports four lanes of 3.125 Gbps (10 Gbps with
overhead).

• External Physical Coding Sub-layer (EPCS) interface supports user defined high serial protocols, such as
Serial Gigabit Media Independent Interface (SGMII) 1000-BaseX, and JESD204B protocol support up to 3
Gbps.

• Single-Event Upset (SEU) mitigation techniques including Triple-Module Redundancy (TMR) logic triplication
and self-correcting latches.

• Single or multiple serial protocol modes of operation. In multiple serial protocol modes, two protocols can
be implemented on the four physical lanes of the SerDes block.

• Arm® AMBA® Advanced Peripheral Bus (APB-3) compliant slave interface for SerDes block configuration
register access.

For AC and DC specification, see the RTG4 FPGA Datasheet.

Device Support  (Ask a Question)

The following table lists the SerDes blocks available in each RTG4 device.

Table 1. Available SerDes Blocks in RTG4 Devices
Blocks RT4G150

SerDes blocks 6

SerDes lanes 24

PCIe endpoints 2

Note: The specified number of SerDes blocks varies depending on the device package. PCIe endpoints support
x1, x2, or x4 PCIe links.

https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8284D2CF-F8A6-4155-BD09-0D4EF2AA03D7&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Device%20Support
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1. Device Architecture  (Ask a Question)

The RTG4 device family has up to six SerDes blocks. Each SerDes block interfaces with fabric,
program control, and four duplex SerDes differential I/O pads known as SerDes Lanes. Individually,
the SerDes block shows a high-level view of the RTG4 SerDes block. The SerDes block, which is
dependent on the FPGA design implemented protocol, provides an AXI3 (PCIe), XGMII (XAUI), or
native SerDes clock and data (EPCS) along with the control plane interface APB.

As shown in the following figure, two of the RTG4 SerDes block modules in each device contain PCIe
endpoint functionality. These PCIe Sub-System (PCIESS) modules include PCIe functionality, whereas
Non-PCIe Sub-System (NPSS) modules do not include PCIe logic.

The following figure shows the number of PCIESS and NPSS modules per device. PCIESS modules act
as a superset, with all the capabilities of NPSS modules and PCIe functionality included. The north
side of the device includes three SerDes blocks on the right and left vertical halves of the array.

Figure 1-1. SerDes Block Capability Per Device
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Each of the SerDes blocks includes:

• PMA: This block implements up to four channels of high-speed I/O, the physical media
attachment layer (PMA), and a physical coding sub-layer (PCS) of PCIe protocols. It also
implements the PMA calibration and control logic. This PCS layer is compliant with the Intel
PIPE 2.0 specification. The PCIe PCS functionality can be bypassed completely in order to use the
SerDes lanes for protocols other than PCIe. This allows the use of the PMA in various PHY modes
and the implementation of different protocols in the RTG4 device.

• PCIe System: This block implements the x1, x2, and x4 lanes PCIe endpoint (Regular and Reverse
Lanes mode) with an AXI3 interface to the fabric.

Important: PCIe functionality is included only in the two PCIESS blocks.

• XAUI Extender: This block is an XGMII extender to support the XAUI protocol through a FPGA IP
MAC core in the FPGA fabric.

• EPCS: This block is a Basic mode used to extend the SerDes for custom support access to the
FPGA fabric.

• SerDes Block System Register: The SerDes block system registers control the SerDes block
module for single protocol or multi-protocol support implementation. These registers are
accessible through the 32-bit APB interface, and the default values of these registers are
configured using the Libero® System-on-Chip (SoC) software. The SerDes block is initially
configured at power-up with parameters determined during the FPGA design flow using the
Libero SoC software. The SerDes block configuration can be subsequently changed by writing the
related control registers through the APB interface.

The following table lists single protocol usage for SerDes block module.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-DA791EA9-5FB9-4B9B-AB1E-4C3EFB4C61DF&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Device%20Architecture
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Table 1-1. SerDes Block Module—Single Protocol Usage Overview
Protocol SerDes Block Description Data Rate

(Gbps)
Reference Clock
(Typ.) Input
Frequency

PCIe The SerDes block is configured to use PCIe Gen1/2 x4, x2, and x1 link modes.
The PCIe link can be configured in Regular or Reversed mode.

2.5 100 MHz

XAUI The SerDes block is configured to use all four lanes. In XAUI mode, all lanes
are used and the PCIe system is put in RESET state.

4 x 3.125 156.25 MHz

EPCS In EPCS mode, any serial protocol can be run through the EPCS interface to
the fabric. EPCS mode is used to implement many other standard protocol
interfaces, such as SGMII.

1–3.125 100–160 MHz

1.1 SerDes Block Serial Protocols Support  (Ask a Question)

The SerDes block supports the implementation of multiple high-speed serial protocols. Although
each of the serial protocols is unique, all of them are layered protocol stacks, and the
implementation varies from one layer to the next layer. Typically, the physical layer consists of fixed
functionality common to multiple packet-based protocols, while the upper layers tend to be more
customizable.

The advantage of connecting the FPGA logic and SerDes blocks is that it allows multiple serial
protocols in the RTG4 devices. The following figure shows the implementation of PCIe, XAUI, and
EPCS protocols using the SerDes block and FPGA fabric and the fixed modules contained within the
SerDes block per application. As shown in the example, PCIe applications include many functional
blocks within the SerDes block, whereas EPCS requires more FPGA IP blocks for complete system
implementation.

The RTG4 devices contain a mix of SerDes blocks with different embedded protocol support logic.
The PCIe sub-system (PCIESS) within the SerDes blocks implements the PCIe EP specification for
transaction, data link, and physical layers. The PCIESS SerDes block can also be used for XAUI and
customized EPCS protocols such as SGMII and JESD204B. The RTG4 also includes similar SerDes
blocks, which have the same XAUI and EPCS capabilities without embedded PCIe logic, known as
NPSS. All RTG4 devices include two PCIESS blocks and various quantities of NPSS blocks based on
the FPGA device and package sizes.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6A19F0AB-00D9-427D-B4E3-FCCA99FBFD80&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Serial%20Protocols%20Support
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Figure 1-2. Serial Protocol Using SerDes Block and FPGA Logic
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2. PMA  (Ask a Question)

The physical media attachment (PMA) of the RTG4 FPGA family is included within the SerDes block
module. This section describes the fixed hardware blocks and the physical hardware capabilities of
PMA.

2.1 Features  (Ask a Question)

The following are the main features of PMA:

• Transmit block includes differential impedance matching output buffers, serializer logic,
transition de-emphasis, and receiver detection circuitry

• Receive block includes differential current mode logic (CML) input buffers, de-serializer logic,
on-chip termination, and continuous-time linear equalization (CTLE)

• Clock block includes clock recovery circuitry and clock management logic
• Configuration control and status register access

The PMA block contains high-speed analog front-end logic, transmit PLL, clock and data recovery
(CDR) PLL, calibration, and the voltage offset cancellation mechanism.

The following figure shows a simplified functional block diagram of the PMA block. Each of the
PMA blocks includes three sub-functions—Transmit, Receive and Clock block. The three blocks have
several primary inputs and outputs as well as control and status connections. The control and status
nodes are either ports or registers used in conjunction with the implementation.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D0A30E18-E902-4FCB-9601-3B834AEFD809&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PMA
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C9ED8028-2623-46FC-813D-A29531010C03&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Features
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Figure 2-1. PMA Block Diagram
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2.2 Transmit Block  (Ask a Question)

The transmit macro includes a serializer, which receives a 20-bit (maximum) data-word synchronous
with a transmit clock and serializes it into a single stream of differentially transmitted data to the
lane. This macro supports multi-level output drive and multi-level transition (pre-and post-cursor)
3-tap de-emphasis while maintaining proper impedance. For information, see the 2.6.  SerDes
Block-I/O Signal Interface listed in Table 2-5. The transmit outputs do not support hot-swap.

2.2.1 Transmit Output Buffer  (Ask a Question)

The following figure shows the transmit block with a high-speed and differential impedance
matching output buffer. It supports multi-level drive, pre-cursor and post-cursor transition de-
emphasis, Multi-Level Common mode, and calibrated output impedance. The output driver utilizes
the current diversion circuitry to maintain the programmable amplitude adjustments. These
parameters are predefined by the Libero software but can be tuned by the designer. The
transmitters are suitable for connections to systems using Low-Voltage Differential Signaling (LVDS)
and High-Speed Current-Steering Logic (HCSL)type signaling. For information about the DC output
specifications, see RTG4 FPGA Datasheet.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-2C917B1F-E0BC-428A-9F03-D587887A8408&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20Block
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-5AA17C2D-FF88-4DB1-8F1B-7DDAD0273515&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20Output%20Buffer
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
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Figure 2-2. Transmit Output

+

–

Differential Output Buffer

Emphasis driver
Post-cursor

Emphasis driver
Pre-cursor

Pre-Driver

Pre-Driver

Pre-Driver

From Serializer

Clk

SERDES_#_L[01][23]_VDDAIO
SERDES_PCIE_#_L[01][23]_VDDAIO

Far End Detect 
(PCIe)

Emphasis
Ctrl

SERDES_#_TXD[3:0]_P
SERDES_PCIE_#_TXD[3:0]_P

SERDES_#_TXD[3:0]_N
SERDES_PCIE_#_TXD[3:0]_N

The transmit output voltage levels—VDIFFp-p and VCM, are nominally set by the Libero software
based on key protocol parameters. The limits of these settings are dependent on the analog SerDes
I/O supply. The output voltage parameters are defined by the following equations:

• VDIFFp-p = 2*(VD+ - VD-)
• VCM = 0.5*(VD+ - VD-)

The following figure shows the transmit output signal parameters.

Figure 2-3. Transmit Output Signal Parameters
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Figure 2-4. Transmit Output Signal

The main tap of the transmit output block is programmable and controlled by the TX_AMP_RATIO
setting. The amplitude is set as a ratio from 100% (full-swing) to 0%. The ratio is determined as a
function of the initial lane calibration. Therefore, the device calibrates the link and determines an
optimized impedance, and the ratio setting uses this calibration to baseline the needed amplitude.
This allows flexibility to match receiver specifications on the far-end of the link. Valid settings for
TX_AMP_RATIO are between 0 and 128, where 128 denotes 100% swing.

Figure 2-5. Transmit AMP RATIO Setting in Libero SoC

The transmit amplitude is adjusted by the TX_AMP_RATIO configuration settings. The TX_AMP_RATIO
setting is controlled by Libero software that adjusts the amplitude in the hardware and includes four
predefined settings as listed in the following table.

Table 2-1. Predefined Transmit Amplitude
TX_AMP_RATIO VALUE (HEX) Minimum Maximum Unit

0A 110.00 130.00 mV

2A 360.00 430.00 mV

55 740.00 850.00 mV

80 1060.00 1270.00 mV

Important: The ratio values in the preceding table can vary across devices. For
lower limits of absolute TX_AMP_RATIO_VALUE hx80, see RTG4 FPGA Datasheet.

2.2.2 Transmit De-Emphasis  (Ask a Question)

The signal quality of a physical channel can be adjusted to match the interconnections and PCB
using the integrated de-emphasis control. The post-cursor and pre-cursor nominally span from 0 dB
to 20 dB. Adjustment of these controls in conjunction with the transmit amplitude allows the user to
closely match the interconnect channel.

https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-324624A8-275C-4A0B-B956-81902B58D11C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20De-Emphasis
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The pre-cursor and post-cursor de-emphasis adjust the magnitude of the output based on the prior
bit values, effectively attenuating the successive bits. This transition emphasis compensates for the
channel losses and opens the signal eye at the far-end receiver. The following figure shows the
de-emphasis settings and pre-cursor and post-cursor responses of the transmit driver.

The pre-cursor and post-cursor attenuation is a function of the transmit amplitude ratio setting (see
TX_AMP_RATIO) and the transmit pre-cursor and post-cursor ratio setting.

The pre-cursor attenuation (de-emphasis in dB) is calculated using the formula:

dB = 20 x log (1-2 x precursor ratio)

where pre-cursor ratio is simply the TX_PRE_RATIO divided by the TX_AMP_RATIO.
Similarly, post-cursor attenuation (de-emphasis in dB) is calculated using the formula:

dB = 20 x log (1-2 x postcursor ratio)

where post-cursor ratio is simply the TX_PST_RATIO divided by the TX_AMP_RATIO.

For example, when TX_AMP_RATIO = 128 and TX_PST_RATIO = 21,
Post Cursor Attenuation = 20 * log(1-2 * 21/128). This yields -3.5 dB attenuation.

Figure 2-6. Pre-Cursor and Post-Cursor De-Emphasis
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Pre Cursor 
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The Libero configurators support TX de-emphasis for both the XAUI and EPCS protocols.

2.3 Receive Block  (Ask a Question)

The receive block receives the serialized data from input receivers. The CDR circuit receives the
signal and extracts a properly timed bit clock from the data stream. The data signal is deserialized
down to a lower-speed parallel, 20-bit (maximum) digital data-word (receive data). The deserialized
data is synchronous to the recovered link clock (receive clock).

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B7214E54-9316-4290-9465-D27D1B5D9C63&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20Block
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2.3.1 Receive Input Buffer  (Ask a Question)

The receive block includes an analog front-end powered by the SerDes analog power supply. It
contains a current mode input differential buffer with on-die input impedance control. The input
buffer amplifier receives the incoming differential data signal and translates the differential signal to
internal logic levels with no amplitude impairments. The input buffer amplifier rejects the common
mode noise. The calibrated input impedance has a typical 100Ω differential impedance. The input
impedance can be configured as per the system requirements. The receive inputs do not support
hot-swap.

Jitter on the incoming data signal transfers through this stage. Therefore, care must be taken to
ensure both the incoming timing and amplitude are free from impairments. The integrated linear
equalizer filters extraneous noise from the incoming signals.

Figure 2-7. RX Input Diagram
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2.3.2 Receive Equalization  (Ask a Question)

The receive block supports a programmable CTLE. The equalizer compensates the attenuated
interconnections of the system PCB by effectively using a high-pass filter component, which
attenuates the lower frequency components to a degree greater than the higher frequency
components. The equalizer circuitry can be tuned to compensate for the signal distortion caused
by the high frequency attenuation of the physical channel of PCB and interconnect.

The effective receiver equalization compensates for the channel loss of the board with the added
frequency response of CTLE. The frequency response can be programmed to maximize the signal
quality of the receiver to achieve the best possible Bit-Error Rate (BER). An under-equalized channel
does not 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.

The receive block has many features that can be tuned dynamically in operation mode. When
changing the transmit control registers in real-time, the changes are not updated until the specific
UPDATE_SETTINGS register is written.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E19222B2-EE43-468F-AF7F-B4D4987C3CC5&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20Input%20Buffer
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3F66F916-DF5A-48BC-A053-1DB880402B59&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20Equalization
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Figure 2-8. RX EQ RATIO Setting as shown in the Libero SoC

2.3.3 CTLE  (Ask a Question)

As a FIR filter, the CTLE operates on the analog input signal and is intended to equalize the incoming
transmitted signal and channel by removing the ISI at the receiver. The function of the filter uses
both ALF (flat band low-frequency gain) and c (relative frequency of the flat band roll-off) which
are set by the user to optimize the signal quality at the receiver. The Rx Macro sets the desired
level of the filter response by setting the hardware registers RE_AMP_RATIO and RE_CUT_RATIO. The
following figure shows the response of CTLE.

Figure 2-9. Receiver Equalization Frequency Response
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G
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n 
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B
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The receiver equalization is adjusted by the RE_AMP_RATIO and RE_CUT_RATIO configuration
settings. The receive equalization setting is controlled by Libero software that adjusts the settings
accordingly in the hardware using predefined settings as listed in the following sections: 4.2.  XAUI
and 4.3.  EPCS sections.

The following table lists the receiver equalization (CTLE) settings.

Table 2-2. Receiver Equalization (CTLE) Settings
rx_equalization_amp_ratio rx_equalization_cut_frequency High-Pass Cut-off Frequency Low-frequency dB Loss of the

Filter

RE_AMP_RATIO Setting RE_CUT_RATIO Setting Wc (MHz) ALF (dB) Round

103 12 200.00 9.54

74 17 200.00 12.04

57 22 300.00 13.98

47 27 400.00 15.56

40 31 400.00 16.90

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-4D8B6ACF-35F1-4ACA-97E4-4143F5322458&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=CTLE
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...........continued
rx_equalization_amp_ratio rx_equalization_cut_frequency High-Pass Cut-off Frequency Low-frequency dB Loss of the

Filter

RE_AMP_RATIO Setting RE_CUT_RATIO Setting Wc (MHz) ALF (dB) Round

119 32 400.00 10.88

119 31 500.00 8.52

103 37 500.00 12.04

35 36 500.00 18.06

103 36 500.00 9.54

91 42 500.00 13.06

31 41 500.00 19.08

91 41 600.00 10.46

81 47 600.00 13.98

27 46 600.00 20.00

81 46 600.00 11.29

74 52 600.00 14.81

25 50 600.00 20.83

74 50 700.00 12.04

70 55 700.00 15.56

23 55 700.00 21.58

67 55 800.00 12.74

64 60 800.00 16.26

21 60 800.00 22.28

62 60 800.00 13.38

60 64 800.00 16.90

19 64 800.00 22.92

128 69 900.00 11.48

57 64 900.00 13.98

55 69 900.00 17.50

18 69 900.00 23.52

120 74 900.00 12.04

53 69 900.00 14.54

52 74 900.00 18.06

5 245 900.00 24.08

112 79 1000.00 12.57

50 74 1000.00 15.07

15 254 1000.00 18.59

124 69 1100.00 8.20

106 84 1100.00 13.06

15 245 1100.00 15.56

116 74 1100.00 8.67

125 88 1100.00 11.60

35 254 1100.00 13.53

109 79 1200.00 9.12

44 249 1200.00 12.04

103 83 1200.00 9.54

55 254 1200.00 10.88
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...........continued
rx_equalization_amp_ratio rx_equalization_cut_frequency High-Pass Cut-off Frequency Low-frequency dB Loss of the

Filter

RE_AMP_RATIO Setting RE_CUT_RATIO Setting Wc (MHz) ALF (dB) Round

34 252 1300.00 9.95

75 254 1400.00 9.17

82 254 1400.00 8.52

95 254 1500.00 7.96

91 254 1500.00 7.47

115 254 1600.00 7.04

120 254 1700.00 6.66

72 254 1800.00 6.02

2.3.4 AC Coupling  (Ask a Question)

Each lane must be AC-coupled to remove common mode dependencies. However, AC coupling
generates baseline wander if the high-speed serial data transmission is not DC-balanced. 8b/10b
encoded data is an example of DC-balanced signaling used with PCIe and XAUI protocols. The
addition of external capacitors for AC coupling requires careful consideration. The designer must
select a capacitor based on the system requirements. The pattern-dependent jitter associated with
the low-frequency cutoff of the AC coupling network must be minimized. When non-return-to-zero
(NRZ) data with long strings of identical 1's or 0's is applied to this high-pass filter, a voltage droop
occurs that results in low-frequency, pattern-dependent jitter (PDJ). Off-chip AC coupling requires
recommended capacitor values such as 10 nF for 8b/10b XAUI and 75–200 nF for PCIe. These
example values need to be reviewed based on specific system requirements. For more information,
see the AN4972: Board Design and Layout Guidelines for RTG4 FPGAs (Earlier AC439).

2.4 Clock Block  (Ask a Question)

The Clock block in the PMA contains one transmit PLL and one CDR PLL. Figure 2-1 shows an
overview of the clock block with some associated signals. The transmit PLL and receive CDR use a
common input pin “RefClk”. This clock signal is sourced from a reference clock input pin or from the
FPGA fabric. The fabric clock is only available in EPCS modes. The power supply for the transmit PLL
and CDR PLL is supplied from a dedicated 2.5V supply.

2.4.1 Transmit PLL and CDR PLL  (Ask a Question)

Each of the PLLs (TX PLL and CDR PLL) contains the necessary dividers, output high-frequency
(BIT_CLK), and low frequency (TXClk and RXClk) clocks. The transmit clock (TXclk) and receive clock
(RXClk) are divided into pipelined versions of the high-frequency clocks. The transmit and receive
clocks are complementary. Within a PMA lane, the TX PLL and CDR PLL cannot be independent,
that is, the TX and RX use the same REFCLK within their lane. Designs requiring separate RX and TX
need to use RX from one lane and TX from another lane. The exact frequencies of the clocks are
determined by the reference clock (RefClk) and divide ratio settings (M, N, and F). The divide ratio
settings—M, N, and F are programmed from the APB interface on the SerDes block. For the RefClk
operating ranges, see the RTG4 FPGA Datasheet.

The relationships between FREF (from RefClk clock input), FBaudClock, FBusClock, and bus width are
as shown in the following equations:

FCVO = (FREF) x M x N x F

FBaudClock = FCVO/M = FREF x M x N x F

FBusClock = FBaudClock/N = FREF x F

Bus Width = FBaudClock/FBusClock = N

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-85FAE100-F76B-4F36-B176-5D79C3A7FC08&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AC%20Coupling
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/rtg4_fpga_board_design_guidelines_ac439_v14.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0F4A83F2-3FB4-48C4-B9EC-22C42C49522B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Clock%20Block
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-558308FD-2CA8-44D4-9750-E31AE700455B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20PLL%20and%20CDR%20PLL
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
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Important: FBaudClock in transmit PLL and CDR PLL are the EPCS_TX_CLK and
EPCS_RX_CLK, respectively, for EPCS mode, and bus width is the EPCS bus width.

The transmit clock is only present at the correct frequency if all the following conditions are true:

• Reference clock is present and at correct frequency
• M, N, and F are correctly set
• Transmit PLL is ON
• Transmit clock trees are ON (internal)
• Power-down mode is OFF and initialization is done

The receive clock is only present at the correct frequency if all of the following conditions are true:

• Reference clock is initially present and at the correct frequency
• M, N, and F are correctly set
• Receive PLL is ON, at correct frequency and transmit clock is present
• Serial bitstream is present and valid
• De-serializer circuitry is ON
• Receivers are ON

Figure 2-10. M, N, and F Settings in the Libero SoC

2.4.2 Reference Clock Inputs  (Ask a Question)

Each SerDes block consists of reference clock input pads. The REFCLK is multiplexed in the clock
block. It optionally allows the reference clock to be sourced to the transmit PLL and/or CDR PLL,
which are the dedicated input buffers used for the reference clock input. The REFCLK inputs have
a dedicated power supply. VDDI powers the SerDes reference clock, that is, 1.8V, 2.5V, or 3.3V.
A common SERDES_VDDI supply provides the required SerDes reference clocks to use the same
voltage supply.

Table 2-3. Reference Clock Specifications (Typical)
Min Max Unit

Ref Clock Speed 100 160 MHz

Note: 
For detailed specifications, see the RTG4 FPGA Datasheet.

The best performance of the SerDes is based on the selection of a quality clock source. The SerDes
reference clock phase noise contributes to the transmit output phase noise and can decrease
receiver jitter tolerance. For more specific information, see the RTG4 FPGA Datasheet.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-F3F0BA40-74BC-4624-B880-5706C093FF83&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Reference%20Clock%20Inputs
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
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2.4.3 SerDes Reference Clock Inputs  (Ask a Question)

PMA in the SerDes block needs a reference clock on each of its lanes for transmit and receive clock
generation through the PLLs. The reference clock input port (REFCLK) is optionally connected to I/O
pads or an additional reference clock source, fab_ref_clk, coming from the fabric.

Each SerDes block includes four lanes (Lane[0:3]). A dedicated reference clock block (REFCLK) is
available for each SerDes block. Two I/O pads are associated with the REFCLK block. The I/O pads
can accept only one differential clock signal via the REFCLK_P and REFCLK_N pins. The REFCLK block
uses both the I/O pads to supply a single REFCLK signal to all four lanes of the SerDes block.
However, an optional feature is available to supply two individual single-ended clock signals to
the REFCLK_IO[0:1] I/O pads. This feature provides two REFCLKs to the SerDes block and permits
independent clocking of two lanes. In this scenario, Lane 0 and Lane 1 share one of the clock inputs,
and Lane 2 and Lane 3 share the other clock input. The REFCLK is controlled by the selection of the
input multiplexer for the REFCLK input of the SerDes block. The Libero software correctly sets the
input MUXes for the REFCLKs based on the SerDes block configurator settings.

The RTG4 SerDes device includes a multi-standard input reference clock. The reference clock is
configured through the Libero SoC software configurator to support differential or single-ended
signaling standards. Based on the reference clock source selection, the supported I/O standards
and other options such as impedance, receiver settings, and weak pull-up/pull-down settings are
available.

Table 2-4. Support Reference Clock Input Standards
SERDES_VDDI Supply 3.3V 2.5V 1.8V

Supported Standards LVTTL/LVCMOS33 LVCMOS25 LVCMOS18

LVDS331 LVDS251 SSTL18-Class 1

LVPECL RSDS SSTL18-Class 2

RSDS mini-LVDS HSTL18-Class 1

mini-LVDS SSTL25-Class 1 –

– SSTL25-Class 2 –

(1) For LVDS33 and LVDS25, designers must reference the RTG4 I/O Users Guide and RTG4 FPGA Datasheet for correct
termination and common-mode recommendations to achieve optimal jitter performance. For more information about
application solution, see Reference Clocks for RTG4 SerDes REFCLK Inputs and Interface Circuits Application Note.

Important: HCSL inputs are supported directly with LVDS I/O STD inputs from
the Libero. There is no specific HCSL I/O STD available in Libero, and designs
requiring HCSL are supported by using the LVDS25 I/O standard.

The dedicated clock input pins are recommended to achieve optimal performance. The fabric
reference clock is only available in EPCS modes. The following figure shows the reference clock
selection. The user-programmed clock selection is routed to the SerDes clock block RefClk input
port.

The SerDes has four lanes, and the two adjacent SerDes lanes share the same reference clock, as
shown in the following figure. In this scheme, lane0 and lane1 share the same reference clock input.
Similarly, lane3 and lane4 share the same reference clock input.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-AF21B032-D973-4EFF-B295-A86019F137C1&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Reference%20Clock%20Inputs
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://www.vectron.com/products/space/AN3216_RTG4_App_Note.pdf
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Figure 2-11. SerDes Reference Clock Input Sources
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When a SerDes REFCLK input PAD is disabled or unused, Libero SoC automatically configures it as
follows:

• The I/O buffer is disabled.
• The internal on-die termination is disabled.
• The Schmitt Trigger input is disabled.
• The I/O standard is set to LVCMOS.
• The internal weak pull-down resistor is disabled.
• The internal weak pull-up resistor is enabled.

Important: Libero SoC reports the SerDes Reference Clock configuration used
by the design in the project's Configuration Report for SERDES block(s), Fabric
DDR, and Fabric CCC(s). This report is generated during the Generate FPGA Array
Data design flow step. This report can be accessed using the Libero SoC Reports
tab or by opening the file from the Libero project folder, /designer/<root>/
<root>_init_config.txt. The file is also available in .html format for easy
viewing.

The following figure shows an example of the SerDes reference clock configuration information
reported by Libero SoC in the configuration report.



 
PMA

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 19

Figure 2-12. Example of the SerDes Reference Clock Report Configuration Information Reported by Libero® SoC

2.5 Calibration Resource Sharing  (Ask a Question)

The SerDes PMA block calibration is performed to optimize the SerDes in the system. Calibration
is done for the source impedance at the transmitter and at the termination of the receiver. The
calibration circuitry is shared across channels. Each SerDes block contains two external reference
resistor (REXT) signals—one for lane0 and lane1 and another for lane2 and lane3. The calibration
interaction limits the combination of protocols/data rates per channel utilization since the adjacent
channels are bonded to the same calibration circuitry. For example, if lane1 and lane0 operate and
the PHY is reset on lane0, the recalibration function, which follows the reset disrupts lane1 due to
the shared REXT calibration resistor.

REXT connections are required to calibrate transmit/receive termination value and internal
elements. A 1.21 k-1% resistor must be connected on the PCB, as shown in the following figure.
This resistor can be a 0201 or 0402 sized component, since the power dissipation through this
resistor is less than 1 mW during calibration. For more details, see the AN4972: Board Design and
Layout Guidelines for RTG4 FPGAs (Earlier AC439).

Figure 2-13. Calibration Resistor Connection

0.1 µF33 µF

1.21 kΩ 

3.3 Ω 

2.5 V

SERDES_(PCIE)_#_L[01][23]_REFRET

SERDES_(PCIE)_#_L[01][23]_REXT

SERDES_(PCIE)_#_VDDAPLL

RTG4

2.5.1 SerDes Startup  (Ask a Question)

For SerDes to lock at power-up, it is essential that the reference clock to the SerDes be at the
target frequency and stable. If the clock frequency is lower or higher than the target, the SerDes

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8FFA8B6C-D0FF-4545-AD4F-0F6C65AECE25&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Calibration%20Resource%20Sharing
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/rtg4_fpga_board_design_guidelines_ac439_v14.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/rtg4_fpga_board_design_guidelines_ac439_v14.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-37229088-556F-4BCF-B749-08CA5C097263&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Startup


 
PMA

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 20

link acquisition is not guaranteed or reliable. SERDES_VDDI of the reference clock must be at its
minimum or higher. Any lower SERDES_VDDI causes higher Jitter and unpredictable locking. At
system startup, the user must hold the PCS/PMA in reset until the clock stabilizes at its target
frequency. The reset signals are listed for PCIe, XAUI, and EPCS modes depending on target
protocols. See 4.  Physical Coding Sublayers for information about reset pin descriptions. If the
PLL does not lock, a simple reset may not be sufficient, and a power down (using the protocol mode
related SerDes power down pin) may be required.

In EPCS modes, after power-up, the fabric releases EPCS_#_RESET_N, starting the Tx PLL locking
process. The fabric output port, EPCS_#_TX_CLK_STABLE, is the Tx PLL lock flag. A rise on this flag
begins the SerDes calibration operation. Calibration time is dependent on the transmit parallel
clock. Calibration determines the PMA's optimized output impedance and receiver termination that
best match the system. The end of calibration triggers the EPCS_#_READY output port to rise,
indicating to the fabric that the transceiver is ready for operation. Serial port outputs are held
in common-mode throughout calibration. Upon completion of calibration, the transmitter is taken
out of electrical-idle. This is a serial shift operation, which adds 27 parallel transmit clock cycles
to complete. After which, the serial outputs reflect the applied EPCS_#_TX_DATA pattern. When
the serializer sends out differential data, it takes some time for the line to charge up because of
capacitive coupling.

In PCIE or XAUI modes, the protocol layer manages the health and proper sequencing of the startup
requiring no user logic intervention.

2.6 SerDes Block-I/O Signal Interface  (Ask a Question)

The RTG4 SerDes block interfaces with differential I/O pads, the PCIe system, and the FPGA. The
following table lists these signals.

Table 2-5. SerDes Block I/O - PAD Interface
Port Name Type Connected to Description

SERDES_(PCIE)_#_RXD0_P Input Input pads Receive data. SerDes differential positive input: Each SerDes
block consists of four RX+ signals.SERDES_(PCIE)_#_RXD1_P

SERDES_(PCIE)_#_RXD2_P

SERDES_(PCIE)_#_RXD3_P

SERDES_(PCIE)_#_RXD0_N Input Input pads Receive data. SerDes differential negative input: Each SerDes
block consists of four RX- signals.SERDES_(PCIE)_#_RXD1_N

SERDES_(PCIE)_#_RXD2_N

SERDES_(PCIE)_#_RXD3_N

SERDES_(PCIE)_#_TXD0_P Output Output pads Transmit data. SerDes differential positive output: Each SerDes
block consists of four TX+ signals.SERDES_(PCIE)_#_TXD1_P

SERDES_(PCIE)_#_TXD2_P

SERDES_(PCIE)_#_TXD3_P

SERDES_(PCIE)_#_TXD0_N Output Output pads Transmit data. SerDes differential negative output: Each SerDes
block consists of four TX- Signals.SERDES_(PCIE)_#_TXD1_N

SERDES_(PCIE)_#_TXD2_N

SERDES_(PCIE)_#_TXD3_N

SERDES_(PCIE)_#_L01_REXT Reference Reference pads External reference resistor connection to calibrate TX/RX
termination value. Each SerDes block consists of two REXT signals
—one for lane0 and lane1, another for lane2 and lane3.

SERDES_(PCIE)_#_L23_REXT

SERDES_(PCIE)_#_REFCLK_P
SERDES_(PCIE)_#_REFCLK_IO0

Input Input pads This pin acts as the positive terminal when used with a
differential clock source. It is limited to driving only one clock
source to the SerDes block when differential (REFCLK0) is used.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EC4C780E-326F-4C92-B743-912AEBBA47CF&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block-I%2FO%20Signal%20Interface
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...........continued
Port Name Type Connected to Description

SERDES_(PCIE)_#_REFCLK_N
SERDES_(PCIE)_#_REFCLK_IO1

Input Input pads This pin acts as the negative terminal when used with a
differential clock source. It is limited to driving only one clock
source to the SerDes block when differential (REFCLK0) is used.
When used with a single ended clock source, this input pin
supplies a reference clock signal to the REFCLK1 input of the
SerDes block.

Important: Here, x = the SerDes Block_# where # varies from 0 through 5 based
on the device size. The notation SERDES_(PCIE) indicates the capability of a SerDes
block to include PCIe functionality. SerDes without PCIe capability is represented
without PCIe in the pin name. For example, SERDES_3.

Important: For more information on SerDes pins and related power supplies,
see RTG4 FPGA Pin Descriptions Datasheet.

https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/PackagingSpecifications/rtg4/RTG4_FPGA_Pin_Description_Datasheet_DS0130_V7.pdf
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3. PCB Design  (Ask a Question)

Good board design practices are required to achieve the expected performance from the PCB and
RTG4 devices. High-quality and reliable results depend on minimizing noise levels, preserving signal
integrity, meeting impedance and power requirements, and using appropriate transceiver protocols.
A good understanding of the RTG4 chip, experience in digital and analog board layout, knowledge
of transmission line theory and signal integrity are essential to build high performance PCBs. See
AN4972: Board Design and Layout Guidelines for RTG4 FPGAs (Earlier AC439), which describes the
details of PCB design for RTG4 based designs.

IBIS-AMI models recommended to simulate serial links to predict a serial link performance with
an eye diagram and bit error rate. IBIS-AMI models are available for download from the Microchip
website. AC292 Application Note IBIS/IBIS-AMI Models: Background and Usage provides information
for using the equalization models to optimize the design of PCB channels with the RTG4 SerDes
blocks.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-512D3039-2824-4131-93F5-47378B7B75FE&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCB%20Design
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/rtg4_fpga_board_design_guidelines_ac439_v14.pdf
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4. Physical Coding Sublayers  (Ask a Question)

The RTG4 contains three embedded SerDes PCS blocks (PCIe, XAUI, and EPCS). These blocks are
user-configured in the design. The embedded PCIe and XAUI blocks support protocol-required
functions without the need for FPGA-hosted PCS logic. EPCS protocols require the user to include
soft FPGA-hosted logic to perform PCS functions.

4.1 PCI Express  (Ask a Question)

PCIe is a high-speed, packet-based, point-to-point, low-pin-count, and serial interconnect bus. RTG4
has a fully integrated PCIe EP implementation within the SerDes block. This section describes the
architecture of the PCIe system that implements the main PCIe IP function.

EP in PCIe refers to a type of function that can be the requester or the completer of a PCIe
transaction. The PCIe sub-system (PCIESS) within the SerDes blocks implements the PCIe EP
specification for transaction, data link, and physical layers. On the application side, it has one master
interface and one slave interface. The master interface can be a 64-bit AXI3 master. The slave
interface can be a 64-bit AXI3 slave. The PCIe link initiates transactions to the RTG4 fabric through
the AXI3 master. RTG4 fabric initiates transactions towards the PCIe link through the AXI3 slave.
There is an APB interface that has access to the SerDes block system registers.

4.1.1 Features  (Ask a Question)

The following are the main features of the PCIe EP implemented in RTG4:

• x1, x2, or x4 lane support
• Implements native endpoint
• Compliant with PCIe base specification revision 2.0 and 1.1 for 2.5 Gbps operation
• Single-function/Single virtual channel (VC)
• Receives, transmits, and retries buffer
• AXI3 master and slave interface to the RTG4 FPGA fabric

– AXI3 64-bit master and slave interfaces
• Advanced error reporting (AER) support
• End-to-end cyclic redundancy check (ECRC) generation and forward support
• Supports all base memory, configuration, and message transactions
• Implements type 0 configuration space for EP
• Supports three 64-bit BARs or six 32-bit BARs
• Native active state power management L0, L1, and L2 state support
• Power management event (PME) message
• Supports design time selection of the PCIe lane reversal for flexibility of lane assignments for

board layout

Important: A PCIe endpoint refers to the location of the connection in the PCIe
topology. A PCIe endpoint connects to switch downstream port or a root complex
downstream port. As an endpoint, PCIe initiates and responds to transactions in
the system.

4.1.2 Device Support  (Ask a Question)

The following table lists the total number of PCIe endpoint blocks available in each RTG4 device that
are configured to support PCIe.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-CBF2567F-D2AA-4224-BA26-ED3C0944AAE4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Physical%20Coding%20Sublayers
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-32C60FBC-B0C5-40F9-BECC-0E7023607088&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCI%20Express
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-88CB47C8-A605-4D06-B66E-738D2F9ABAEE&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Features
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-A9AB1365-73FB-44B4-8FD8-EE7F94BE8B58&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Device%20Support
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Table 4-1. PCIe Endpoint Blocks Available in RTG4
RT4G150

PCIe EP available 2

The specified number of PCIe EP blocks vary depending on the device package. PCIESS can
implement x1, x2, or x4 links.

Each RTG4 device has a minimum of two PCIESS endpoint blocks that allow two PCIe variations
within an RTG4 device.

4.1.3 RTG4 PCI Express Block  (Ask a Question)

The RTG4 family supports up to six integrated SerDes blocks in one device, and each block supports
up to four SerDes lanes, thus supporting up to 24 SerDes lanes. The following figure shows the
RTG4 device block diagram with PCIe implementation. Each PCIESS block contains an integrated
PCIe system block, also known as a PCIe system, which implements the PCIe transaction layer and
data link layer. The PCIESS block also has a SerDes PMA block that implements the physical layer.
The RTG4 family includes two PCIESS blocks per device. The PCIe system block along with the
SerDes PMA block provides the complete PCIe EP solution in RTG4. The RTG4 PCIe implementation is
compliant with PCIe Base Specification revisions 2.0 and 1.1.

Figure 4-1. RTG4 SerDes Block Diagram

The following figure shows a simplified view of a PCIe EP implementation in an RTG4 device. The
PCIe system interfaces to the FPGA fabric on one side and the PCS/PMA SerDes block on the other
side. The SerDes block interfaces to the dedicated I/O in the RTG4 device is called a SerDes I/O. For
more information, see the 5-SerDes Block I/O - PAD Interface. The PCIe system interface to the FPGA
fabric consists of an application interface and a configuration interface. In addition, it has several
signals for clocking, reset, and power management.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-151923FF-E6C5-45D2-AE12-AF3EBE8479D9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=RTG4%20PCI%20Express%20Block
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Figure 4-2. SerDes Block Configuration for PCIe Single Protocol Mode
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• Application Interface: The application interface transfers transaction layer packets (TLP). It is
either AXI3 master only, AXI3 slave only, or AXI3 master plus slave interface.

– AXI3 Master Interface: The master interface is a 64-bit AXI3 master. A typical application
interface uses a master interface, which is used to respond to data read requests, and a slave
interface, which is used to initiate requests. It is also possible to use the master and/or slave
interfaces by themselves for specific applications.

– AXI3 Slave Interface: The slave interface is a 64-bit AXI3 slave interface. The RTG4 fabric
initiates PCIe transactions using the slave interface (that is, memory write TLP and memory
read TLP). The data on a read request comes back to the same interface.

• Configuration Interface: The configuration interface uses the APB slave interface.
– APB Interface: The APB interface has access to various registers, including the PCIe

configuration registers, the AXI3 bridge register, the SerDes block register and so on. The
APB provides access to the memory map of the SerDes block, which includes a section for
the PCIe controller.

• Other Signals: The PCIe system has several clocking signals, reset signals, phase-locked loop
(PLL) signals, interrupts, and power management signals to the FPGA fabric.

The following figure shows a simple application with a switch port connected to a PCIe EP
implemented in an RTG4 device.
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Figure 4-3. RTG4 PCIe EP Implementation
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The PCIe system sub-block inside the SerDes block implements the PCIe physical layer, data link
layer, and transaction layer of the PCIe specification. It interfaces with the SerDes block on one side
and the FPGA fabric on the other side. The following figure shows the RTG4 SerDes block in PCIe
mode and various sub-blocks for the PCIe system block.
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Figure 4-4. Detailed PCIe System Block Diagram
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4.1.3.1 AXI Master Block  (Ask a Question)

The AXI3 master only supports memory read and write transactions.

4.1.3.1.1 AXI Master Write Transaction Handling  (Ask a Question)

The AXI master write transactions handle the following operations:

• The write transaction is handled in big-endian order
• PCIe transactions can be of any size up to the configurable maximum payload size (256 bytes)
• AXI3 transactions are limited to 128 bytes, a received TLP is divided into several AXI3 transactions
• AXI3 master receives a write transaction, it processes the transaction as 128-byte segments

(aligned on a 128-byte address boundary) until the segments in the transaction have been
processed

• TLP is de-constructed and sent to the AXI3 interface, and the data is presented as little endian

4.1.3.1.2 AXI Master Read Transaction Handling  (Ask a Question)

The AXI master read transactions handle the following operations:

• Read transactions are handled the same way as write transactions, except that before
transferring the transaction to the AXI3 master read channel, the PCIe IP checks the transmit
buffer for available space

• PCIe IP does not transfer the read transaction if there is no sufficient space in the transmit replay
buffer to store PCIe completions

• The number of outstanding AXI3 master read transactions is therefore limited by the size of the
Tx buffer

• The AXI3 master read channel can receive transactions in any order, and data can be completely
interleaved. However, the PCIe IP generates completions in the order they are initiated on the link

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-85811ECA-B981-47EE-A43C-9D301E1BB25C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI%20Master%20Block
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1980948B-87C5-426A-AEB6-999133572AFC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI%20Master%20Write%20Transaction%20Handling
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D0EDBAE6-A751-4448-A118-A535B50D4C6C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI%20Master%20Read%20Transaction%20Handling
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4.1.3.2 AXI Slave Block  (Ask a Question)

The AXI3 slave interface forwards AXI3 read and write requests from the FPGA fabric to the PCIe link.

4.1.3.2.1 AXI Slave Write Transaction Handling  (Ask a Question)

The AXI slave write transactions handle the following operations:

• Minimum 128 bytes must be available for write transaction
• Data interleaving is not supported
• Wait states are used if buffer is full or has less than 128 Bytes of space available
• Write responses are generated as soon as the last data phase is over
• Maximum of 128 Bytes of data packet can be created
• Only four outstanding write transactions are supported
• Incrementing-address burst is supported

4.1.3.2.2 AXI Slave Read Transaction Handling  (Ask a Question)

The AXI slave read transactions handle the following operations:

• Minimum 128 Bytes must be available for read transaction
• PCIe IP generates a PCIe tag, arbitrates between write requests and completions, and then checks

for available flow control (FC) credits
• Response is generated if a time-out occurs or if a completion with error status is received

Outstanding Requests

The AXI3 interface supports the following outstanding requests as listed in the following table.

Table 4-2. AXI3 and Outstanding Transactions
AXI3 Transaction Outstanding Transactions

Master write Limited by Tx credits

Master read 4

Slave write Limited by Rx credits

Slave read 4

4.1.3.3 AXI3 Transaction and TLP Ordering Rules  (Ask a Question)

This section describes the TLP ordering rules for sending and receiving TLPs. Both AXI3 interfaces,
master and slave can multiplex the transmit buffer to send packets over the PCIe link. There are
priority ordering rules in PCIe that mandate the scheduling of packets, and this is followed by the
PCIe IP block in the case of a collision.

4.1.3.3.1 AXI3 Slave Interface  (Ask a Question)

The slave path does not reorder transactions other than reordering using PCIe standard ordering
rules, but does arbitrate between transactions when they occur simultaneously. The order of priority
for arbitrations is master read completions, slave write requests, and then slave read requests.

4.1.3.3.2 AXI3 Master Interface  (Ask a Question)

The master path does not reorder transactions other than reordering using PCIe standard ordering
rules, but does arbitrate between transactions at the AXI3 master interface. If a transaction is
currently waiting for a response phase, the transaction is completed before the read transaction is
forwarded to the AXI3 master interface.

4.1.3.4 APB Slave Interface  (Ask a Question)

The APB slave interface provides APB interface to SerDes block system registers.

4.1.3.5 AXI3 to AHBL Bridge (Master/Slave)  (Ask a Question)

In the Libero SoC catalog, there are two AHBLite IP cores which support AXI to AHBL (master) and
AHBL to AXI (slave) between the SerDes block configured with an AXI3 interface and AHB hosted

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-23D3C731-1783-498E-847A-A65BDB222356&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI%20Slave%20Block
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-38D1F2CB-7B9C-439D-B696-67C0D3886260&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI%20Slave%20Write%20Transaction%20Handling
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-32C9A898-35C9-4716-9443-34AB4CA2690F&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI%20Slave%20Read%20Transaction%20Handling
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-616AFDDB-275C-497A-B107-6C62FF51A6F4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI3%20Transaction%20and%20TLP%20Ordering%20Rules
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EB79314B-8632-4ADD-985F-07E468316191&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI3%20Slave%20Interface
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EEDBF252-B0B8-4B98-9E10-F2AA15B3A702&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI3%20Master%20Interface
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D3E4B47C-F6BF-4099-800F-E3A099097FB2&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=APB%20Slave%20Interface
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C16A510B-098A-42A6-8593-A834F6240885&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI3%20to%20AHBL%20Bridge%20%28Master%2FSlave%29
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within the FPGA fabric. The two Direct Cores from the Libero SoC catalog are specifically developed
to bridge PCIe AXI3 to AHBL transactions. RTG4 designs requiring SerDes configured as PCIe with
AHBLite master must use the CorePCIe_AXItoAHBL DirectCore.

In addition, designs with both master and slave AHBLite interfaces are required to use the
CorePCIe_AXItoAHBL and CorePCIe_AHBLtoAXI DirectCores. The Core IP handbooks provide
implementation guidance.

4.1.3.6 PCIe Clocking Architecture  (Ask a Question)

The RTG4 SerDes block, when configured in PCIe mode, uses multiple clocks inside the SerDes block.
This sub-section describes the PCIe clocking architecture inside the SerDes block in PCIe mode.
Figure 4-5 shows the PCIe clocking architecture in the RTG4 device. The two main clock inputs are a
differential SerDes reference clock (100 MHz) for SerDes PMA and a CLK_BASE input for SerDes block
from the FPGA fabric. In addition, there is an APB clock input for the SerDes block from the FPGA
fabric.

SerDes reference clock: The differential 100 MHz reference clock is used by SerDes (TX PLL and CDR
PLL) to generate 125 MHz clock and is passed to PCIe System IP block. The settings for TX PLL and
CDR PLL are calculated automatically by the Libero software. This 125 MHz clock output from SerDes
is used by PCIe system.

The PCIe standard specifies a 100 MHz clock (Refclk) with greater than ±300 ppm frequency stability
at both the transmitting and receiving devices. RTG4 supports two distinct clocking topologies:
Common Refclk and Separate Refclk.

Common Refclk is the most widely supported clocking method in open systems where the host
(switch or root) provides a clock to the end point. An advantage of this clocking architecture is that
it supports spread spectrum clocking (SSC) which is useful in reducing electromagnetic interference
(EMI). RTG4 supports SSC clocking in common clock systems.

Separate Refclk uses two independent clock sources. One clock for the host (switch or root) and
another clock source for the endpoint. The clock sources must have ±300 ppm frequency accuracy
and cannot use any SSC.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-2893A4D6-302F-430F-824F-339A34633D91&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Clocking%20Architecture
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Figure 4-5. Clocks in PCIe Mode
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The clocking architecture also uses SPLL to synchronize data between CLK_BASE and the clock
generated from SerDes (125 MHz clocks). The SPLL allows the reduction of the skew between the
fabric and the RTG4 SerDes block module.
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Figure 4-6. SerDes Reference Clock for PCIe Mode
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*Fabric clock is not available in PCIE mode.

4.1.3.6.1 SerDes Reference Clocks Selection  (Ask a Question)

RTG4 accepts the PCIe reference clock. It is fully compliant with the PCIe add-in card specifications
and can directly receive the 100 MHz reference clock from the PCIe connector. The differential
PCIe clock is connected to the REFCLK_P and REFCLK_N pins and configured correctly by the Libero
software.

Table 4-3. Reference Clock Signals for SerDes in PCIe Mode
Clock Signal Description

REFCLKP, REFCLKN Reference clock input for SERDES_(PCIE)_#_REFCLK_P, SERDES_(PCIE)_#_REFCLK_N

The reference clock needs to be compliant with the PCIe protocol. For specifications, see RTG4 FPGA
Datasheet. The Libero software permits using only REFCLK_P or REFCLK_N for PCIe mode.

4.1.3.7 PCIe Reset Network  (Ask a Question)

The SerDes block has different reset inputs when configured in the PCIe mode. The reset
connections are required for a proper PCIe SerDes initialization solution. To build the initialization
circuitry, see RTG4 High-Speed Serial Interface (PCIe, EPCS, and XAUI) Configuration User Guide. The
pcie_init component has a one-to-one connection for the fabric signals, as shown in the following
figure.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-DF811072-A5BD-4BF8-A3FA-DCBBD6269EE2&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Reference%20Clocks%20Selection
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-2B6FF703-C453-4099-80C6-404F5D91EEFE&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Reset%20Network
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Figure 4-7. Reset Signals in PCIe Mode
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4.1.3.8 Fabric Interface for PCIe Block  (Ask a Question)

The RTG4 PCIe block interfaces with the FPGA fabric using the following interface pins:

• PCIe system AXI3 master interface
• PCIe system AXI3 slave interface
• PCIe system APB slave interface
• PCIe system clock signals
• PCIe system reset signals
• PCIe interrupt and power management interface

Table 4-4. PCIe System AXI3 Master Interface
Port Type Description

AXI_M_AWID[3:0] Output AXI3 master mode: AWID (not supported)

AXI_M_AWADDR[31:0] Output AXI3 master mode: AWADDR

AXI_M_AWLEN[3:0] Output AXI3 master mode: AWLEN

AXI_M_AWSIZE[1:0] Output AXI3 master mode: AWSIZE

AXI_M_AWBURST[1:0] Output AXI3 master mode: AWBURST

AXI_M_AWVALID Output AXI3 master mode: AWVALID

AXI_M_AWREADY Input AXI3 master mode: AWREADY

AXI_M_WID[3:0] Output AXI3 master mode: WID (not supported)

AXI_M_WSTRB[7:0] Output AXI3 master mode: WSTRB

AXI_M_WLAST Output AXI3 master mode: WLAST

AXI_M_WVALID Output AXI3 master mode: WVALID

AXI_M_WDATA[63:0] Output AXI3 master mode: WDATA

AXI_M_WREADY Input AXI3 master mode: WREADY

AXI_M_BID[3:0] Input AXI3 master mode: BID

AXI_M_BRESP[1:0] Input AXI3 master mode: BRESP. In response to a write the value is ignored.

AXI_M_BVALID Input AXI3 master mode: BVALID

AXI_M_BREADY Output AXI3 master mode: BREADY

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1F9AD319-F030-40FE-9B2F-22CAB59AD4CA&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Fabric%20Interface%20for%20PCIe%20Block


 
Physical Coding Sublayers

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 33

...........continued
Port Type Description

AXI_M_ARID[3:0] Output AXI3 master mode: ARID. Used to indicate the ID of the current outstanding read completion.
Read completions can be interleaved.

AXI_M_ARADDR[31:0] Output AXI3 master mode: ARADDR

AXI_M_ARLEN[3:0] Output AXI3 master mode: ARLEN

AXI_M_ARSIZE[1:0] Output AXI3 master mode: ARSIZE (tied to 11)

AXI_M_ARBURST[1:0] Output AXI3 master mode: ARBURST

AXI_M_ARVALID Output AXI3 master mode: ARVALID

AXI_M_ARREADY Input AXI3 master mode: ARREADY

AXI_M_RID[3:0] Input AXI3 master mode: RID. Used to indicate the ID of the current outstanding read completion.
Read completions can be interleaved.

Table 4-5. PCIe System AXI3 Slave Interface
Port Type Description

AXI_S_AWID[3:0] Input AXI3 slave mode: AWID (not supported)

AXI_S_AWADDR[31:0] Input AXI3 slave mode: AWADDR

AXI_S_AWLEN[3:0] Input AXI3 slave mode: AWLEN

AXI_S_AWSIZE[1:0] Input AXI3 slave mode: AWSIZE

AXI_S_AWBURST[1:0] Input AXI3 slave mode: AWBURST

AXI_S_AWVALID Input AXI3 slave mode: AWVALID

AXI_S_AWREADY Output AXI3 slave mode: AWREADY

AXI_S_AWLOCK[1:0] Input AXI3 slave mode: AWLOCK

AXI_S_WID[3:0] Input AXI3 slave mode: WID (not supported)

AXI_S_WSTRB[7:0] Input AXI3 slave mode: WSTRB

AXI_S_WLAST Input AXI3 slave mode: WLAST

AXI_S_WVALID Input AXI3 slave mode: WVALID

AXI_S_WDATA [63:0] Input AXI3 slave mode: WDATA

AXI_S_WREADY Output AXI3 slave mode: WREADY

AXI_S_BID[3:0] Output AXI3 slave mode: BID

AXI_S_BRESP[1:0] Output AXI3 slave mode: BRESP

AXI_S_BVALID Output AXI3 slave mode: BVALID

AXI_S_BREADY Input AXI3 slave mode: BREADY

AXI_S_ARID[3:0] Input AXI3 slave mode: ARID

AXI_S_ARADDR[31:0] Input AXI3 slave mode: ARADDR

AXI_S_ARLEN[3:0] Input AXI3 slave mode: ARLEN. PCIe AXI-Slave interface supports only single length transactions
(S_ARLEN = 3’b000) when the size of the transfer is less than 64 bits.

AXI_S_ARSIZE[1:0] Input AXI3 slave mode: ARSIZE. A size value of 0b11 allows all values of burst length. A size value of
0b00, 0b01, and 0b10 allow only a burst length of 1.

AXI_S_ARBURST[1:0] Input AXI3 slave mode: ARBURST

AXI_S_ARVALID Input AXI3 slave mode: ARVALID

AXI_S_ARLOCK[1:0] Input AXI3 slave mode: ARLOCK

AXI_S_ARREADY Output AXI3 slave mode: ARREADY

AXI_S_RID[3:0] Output AXI3 slave mode: RID

AXI_S_RDATA[63:0] Output AXI3 slave mode: RDATA



 
Physical Coding Sublayers

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 34

...........continued
Port Type Description

AXI_S_RRESP[1:0] Output AXI3 slave mode: RRESP. The interface responds with a SLVERR under the following
conditions:
– If a completion TLP has the EP (poisoned) bit set (unsupported request).
– If a completion with error TLP is received.
– If a completion timeout event happens.
– If an invalid AXI3 slave transaction is encountered such as invalid burst type.

AXI_S_RLAST Output AXI3 slave mode: RLAST

AXI_S_RVALID Output AXI3 slave mode: RVALID

AXI_S_RREADY Input AXI3 slave mode: RREADY

Important: See AMBA AXI3 specifications for further details.

Table 4-6. PCIe System APB Slave Interface
Port Type Description

APB_S_PSEL Input APB slave select; selects signal for register for reads or writes.

APB_S_PENABLE Input APB strobe. This signal indicates the second cycle of an APB transfer.

APB_S_PWRITE Input APB write or read. If high, a write occurs when an APB transfer takes place. If low, a read takes
place.

APB_S_PADDR[13:0] Input APB address bus

APB_S_PWDATA[31:0] Input APB write data

APB_S_PREADY Output APB ready. Used to insert wait states

APB_S_PRDATA[31:0] Output APB read data

APB_S_PSLVERR Output APB Error

Table 4-7. PCIe System Clock Signals
Port Type Description

CLK_BASE Input Fabric source clock. This clock input is used for the master and slave interfaces. It is also used
as the reference clock to the SPLL, which is used to achieve interface timing across the fabric
to the SerDes block.1

APB_S_CLK Input PCLK for APB slave interface in the SerDes Block

SPLL_LOCK Output PLL Lock signal. High indicates that the frequency and phase lock are achieved.

PLL_LOCK_INT2 Output The SPLL lock status register (active high indicates locked).

PLL_LOCKLOST_INT2 Output The SPLL lock lost status register (active high indicates that the lock is lost).

(1) The frequency of this clock must match the GUI option for the CLK. BASE rate to guarantee timing is met across the fabric
interface.
(2) Interrupt signals are triggered by the corresponding event PLL LOCK or LOCK LOST register (see Table 5-20). The output
serves as the level sensitive interrupt, and it requires clearing by the user. Table 5-5 includes the corresponding “enable”
register bits to enable those interrupt registers.

Table 4-8. PCIe System Reset Signals
Ports Type Description

CORE_RESET_N Input PCIe core active low reset. Top-level fundamental asynchronous RESET to the PCIe system. It affects
only the SerDes lanes which are in PCIe mode.
Lanes associated with the PCIe link must have one reset for all lanes.

PHY_RESET_N Input Active low—SerDes—reset. Top-level fundamental asynchronous RESET to the SerDes block.

APB_S_PRESET_N Input APB slave interface—PRESETN: Async set. APB asynchronous reset to all APB registers.
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PCIE_WAKE_N, PCIE_WAKE_REQ, and PCIE_PERST_N ports are added optionally with L2/P2 selection.
PCIE_WAKE_N is an output and PCIE_WAKE_REQ, and PCIE_PERST_N ports are inputs to the PCIE
core.

Table 4-9. PCIe Interrupt and Power Management Interface
Port Type Description

PCIE_INTERRUPT[3:0] Input PCIe system interrupt inputs. When using INTx legacy interrupts, PCIE_INTERRUPT[0] is used
to assert/de-assert INTA. When using MSI, up to four MSI can be sent. Each bit sends an MSI
vector with 0-bit, starting at the MSI base and each bit increments the vector asynchronously.
Synchronized internally to each lane’s PIPE clock.

PCIE_SYSTEM_INT Output PCIe system interrupt output (not supported)

PCIE_WAKE_REQ Input L2/P2 implementation: (L2 requests from fabric)* Asynchronous. Input to power-
management state machine.

PCIE_WAKE_N Output L2/P2 implementation: (L2 exit request to RP)*

PCIE_PERST_N Input L2/P2 implementation: (L2 exit request from RP)*
Asynchronous. Synchronized to the internal 50 MHz RC oscillator.

PCIE_LTSSM[5:0] Output Ports indicate the status of LTSSM state management. Equivalent to LTSSM Register (044h)
[28:24]. These bits are set to LTSSM state encoding (RO)- output bits [4:0] ltssm state. Bit[5]
pulses high to indicate that a hot-reset, data link up or L2 exit condition has occurred.
Synchronized to the PIPE clock.

PCIE_L2P2_ACTIVE Output Active high output indicating that LTSSM is in Low-power state.

PCIE_RESET_PHASE Output Active high output indicating that LTSSM is in reset state.

Important: * This is only available when the L2/P2 option is selected in the
SerDes block configurator GUI.

4.1.3.8.1 Base Address Register Settings  (Ask a Question)

The PCIe implementation supports up to six 32-bit BARs or three 64-bit BARs. The BARs are one of
the two sizes:

• 32-bit BAR: The theoretical address space can be as small as 16 bytes or as large as 2 GB.
• 64-bit BAR: The theoretical address space can be as small as 128 bytes or as large as 8 GB. Used

for memory only.

Each BAR register is 32 bits, but BARs can be combined to make a 64-bit BAR. For example, BAR0
(address offset 010h) and BAR1 (address offset 014h) define the type and size of BAR01 of the
PCIe native endpoint. BAR01 can be memory-mapped prefetchable (64-bit BAR) or non-prefetchable
(32-bit BAR). PCIe BAR does not support I/O mapped space and supports only the memory mapped
space.

The SerDes block configurator in Libero provides a GUI to configure the BAR settings for the EP
application. The BAR registers share the following options:

• Width: Width can be 32-bit or 64-bit. If an even register is selected to be 64-bit wide, then the
subsequent (odd) register serves as the upper half of 64 bits. Otherwise, the width of the odd
registers are restricted to 32-bit.

• Size: Ranges from 4 KB to 1 GB, with 4 KB increments.
• Prefetchable: Prefetchable option for memory BAR.

– A PCIe EP, requesting memory resources through a BAR must set the BAR’s prefetchable bit
unless the range contains locations with read side-effects or locations in which the device
does not tolerate write merging. It is recommended that memory-mapped resources be
designed as prefetchable. For a PCIe EP, 64-bit addressing must be supported for all BARs
that have the prefetchable bit set. 32-bit addressing is permitted for all BARs that do not
have the prefetchable bit set.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-2787262D-3AD2-4F69-81C1-FA1E2CACC2F0&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Base%20Address%20Register%20Settings
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4.1.3.9 PCIe to AXI3 Window  (Ask a Question)

The PCIe base IP receives both 32-bit and 64-bit address PCIe requests, but only 32-bit address bits
are provided to the AXI3 master. The PCIe to AXI3 address windows manage read and write requests
from the PCIe link and are used to translate a PCIe 32-bit or 64-bit base address to a 32-bit AXI3 base
address transaction.

4.1.3.10 AXI3 to PCIe Window  (Ask a Question)

The AXI3 to PCIe address windows are used to translate a 32-bit AXI3 base address for a transaction
to a PCIe 32-bit or 64-bit base address, to generate a PCIe TLP.

Figure 4-8. PCIe IP Block Diagram
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4.1.3.11 Address Translation on AXI3 Master Interface  (Ask a Question)

The address space for PCIe is different from the AXI3 address space. Accessing one address space
from another address space requires an address translation process.

The PCIe IP can receive both 32-bit and 64-bit address PCIe requests, but only 32-bit address bits are
provided to the AXI3 master. In order to manage address translation, the PCIe IP can implement up
to 4 AXI3 master address windows, which can be mapped to three BARs in the main PCIe IP core.

The address mapping registers (AXI_MASTER_WINDOWx[x], where x can be 0, 1, 2, or 3) are listed in
the following table, and are used to set the address mapping.

Table 4-10. AXI_MASTER_WINDOW Registers
Bit Number Name Description

[31:12] AXI_MASTER_WINDOWx[0] Base address AXI3 master window x

[11:0] Reserved

[31:12] AXI_MASTER_WINDOWx[1] Size of AXI3 master window x

[11:1] Reserved

0 Enable bit of AXI3 master window x

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-FC623456-5978-4080-892C-FBB8447E1F59&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20to%20AXI3%20Window
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1CDE0FAC-7914-4302-9EBD-D6BDE9D702B0&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI3%20to%20PCIe%20Window
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EE0C88B8-B66A-4A21-B770-A170C05C75C9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Address%20Translation%20on%20AXI3%20Master%20Interface
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...........continued
Bit Number Name Description

[31:12] AXI_MASTER_WINDOWx[2] LSB of base address PCIe window x

[11:6] Reserved

[5:0] These bits set the BAR. To select a BAR,
set the following values:
0x01: BAR0 (32-bit BAR) or BAR0/1 (64-
bit BAR)
0x02: BAR1 (32-bit BAR) only
0x04: BAR2 (32-bit BAR) or BAR2/3 (64-
bit BAR)
0x08: BAR3 (32-bit BAR) only
0x10: BAR4 (32-bit BAR) or BAR4/5 (64-
bit BAR)
0x20: BAR5 (32-bit BAR) only

[31:0] AXI_MASTER_WINDOWx[3] MSB of base address PCIe window x

Note: x = 0, 1, 2, and 3

Each AXI3 master address window implemented can be mapped to a BAR, and multiple address
windows can be mapped to the same BAR. When transferring PCIe receive requests to the AXI3
master, the PCIe IP core automatically removes the decoded BAR base address and then performs
a windows match using the PCIe offset address. If a match is found, the IP core bridge maps the
corresponding AXI3 base address. If you do not add a BAR mapping to a local address, then this
causes local address to overwrite each other. Using the windows is required to shift the address to a
new location for moving the BAR data correctly. If you are not performing the window mapping, then
you could only use a single BAR.

In Figure 4-9, four BARS are enabled in the bridge; two 64-bit BARS (BAR01 and BAR23), and two
32-bit BARS (BAR4 and BAR5). All AXI3 master windows are utilized: 64-bit BAR01 is mapped to AXI3
master window 0; 64-bit BAR23 is mapped to AXI3 master window 1; and AXI3 master window 2 is
mapped to the upper 64 bytes of BAR23. 32-bit BAR4 is mapped to AXI3 master window 3. BAR5 is
not mapped to an AXI3 window; its offset is passed directly to the AXI3 master and translation is not
performed.
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Figure 4-9. PCIe to AXI3 Master Address Translation
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To configure AXI_MASTER_WINDOWs, four APB write operations are performed
to AXI_MASTER_WINDOW0[0], AXI_MASTER_WINDOW0[1], AXI_MASTER_WINDOW0[2] and
AXI_MASTER_WINDOW0[3] registers:

• APB write to AXI_MASTER_WINDOW0[0]: APB PADDR = 100h, APB PWDATA = FFF0 0000
• APB write to AXI_MASTER_WINDOW0[1]: APB PADDR = 104h, APB PWDATA = FFF0 0001
• APB write to AXI_MASTER_WINDOW0[2}: APB PADDR = 108h, APB PWDATA = 0000 0001
• APB write to AXI_MASTER_WINDOW0[3]: APB PADDR = 10Ch, APB PWDATA = 0000 0000

The example is shown using relative SerDes block addressing for PADDR.

If window size is not enabled or if the PCIe offset address is located in a BAR but not in any of the
windows, address translation is not performed. In this case, the PCIe base address is removed to
create the AXI3 address and, for BARs larger than 4 KB, MSBs are ignored.

The address translation needs to be pre-defined in the user design. This is completed using the
SerDes block configurator GUI.

The PCIe AXI3 master windows are used to translate the PCIe base address domain to the local
address domain.

4.1.3.12 AXI3 Slave Interface Address Translation  (Ask a Question)

The IP core bridge can configure up to four AXI3 slave address windows to handle address
translation on read/write requests initiated from the FPGA fabric. The AXI3 slave address windows
are used to translate a 32-bit AXI3 base address for a transaction to a PCIe 32-bit or 64-bit base
address to generate a PCIe TLP. The slave address windows can also be used to generate the
following PCIe parameters:

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-F3FED870-A582-43F9-BD7A-2D6029C87931&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=AXI3%20Slave%20Interface%20Address%20Translation
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• TC Selection: Indicates the PCIe traffic class in the PCIe packet header.
• RO Bit Selection: Generates the PCIe TLP using a selec relaxed ordering bit.
• No Snoop Bit Selection: Generates the PCIe TLP using a selec no snoop bit.

The address mapping register (AXI_SLAVE_WINDOWx[x], x can be 0, 1, 2, or 3) is used to set the
address mapping.

Table 4-11. AXI_SLAVE_WINDOW Registers
Bit Number Name Description

[31:12] AXI_SLAVE_WINDOWx[0] Base address AXI3 slave window x

[11:0] Reserved

[31:12] AXI_SLAVE_WINDOWx[1] Size of AXI3 slave window x

[11:1] Reserved

0 Enable bit of AXI3 slave window x

[31:12] AXI_SLAVE_WINDOWx[2] LSB of base address PCIe window 0

[11:5] Reserved

[4:2] AXI3 slave window 0 traffic class (TC)

1 AXI3 slave window 0 relaxed ordering (RO)

0 AXI3 slave window 0 no snoop (NS)

[31:0] AXI_SLAVE_WINDOWx[3] MSB of base address PCIe window x

Note: x = 0, 1, 2, and 3

The following figure shows address translation when AXI3 slave address window 0 and window 2
target two different regions of the host memory and the AXI3 slave address window 1 targets a PCIe
memory-mapped device, enabling peer-to-peer transactions. Window 3 is not used in this example.

Figure 4-10. AXI3 Slave to PCIe Address Translation
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4.1.3.13 PCIe System Credit Settings  (Ask a Question)

The PCIe system has 2 KB of receive buffer (RAM) and 1 KB of transmit and replay buffer (RAM). The
following sections describe the different features that impact credit processing. All the credit settings
are automatically set by the Libero software based on the buffer sizes fixed in the SerDes block.

4.1.3.13.1 Maximum Payload Size  (Ask a Question)

The size of TLP is restricted by the capabilities of both the link partners. After the link is trained,
the root complex sets the MAX_PAYLOAD_SIZE (maximum payload size register) value in the device
control register. The possible setting is 128 bytes.

4.1.3.13.2 Replay Buffer  (Ask a Question)

The replay or Tx buffer, located in the data link layer, stores a copy of a transmitted TLP until the
transmitted packet is acknowledged by the receiving side of the link. The replay buffer stores the
read data payload from the AXI3 master as well as the write data payload from the AXI3 slave. Each
stored TLP includes the header, an optional data payload, the maximum size of which is determined
by the maximum payload size parameter, an optional ECRC, the sequence number, and the link CRC
(LCRC) field.

4.1.3.13.3 Receive Buffer  (Ask a Question)

The receive buffer is located in the transaction layer and accepts incoming TLPs from the link
and then sends them to the application layer for processing. The receive buffer stores TLPs
based on the type of transaction and not the transaction count (TC). Types of transactions include
posted transactions, non-posted transactions, and completion transactions. A transaction always
has a header but does not necessarily have data. The receive buffer accounts for this distinction,
maintaining separate resources for the header and data of each type of transaction. To summarize,
distinct buffer resources are maintained for each of the following elements:

• Posted transactions, header (PH)
• Posted transactions, data (PD)
• Non-posted transactions, header (NPH)
• Non-posted transactions, data (NPD)
• Completion transactions, header (CPLH)
• Completion transactions, data (CPLD)

TLPs are stored in the received buffer in 64-bit addressing format, with each AXI3 slave read
outstanding request consuming 16 credits (128 bytes), plus headers and data credits consuming
1 credit each (16 bytes).

4.1.4 User Data Throughput  (Ask a Question)

The PCIe protocol is software-backward-compatible with the earlier PCI and PCI-X protocols, but it
is significantly different from its predecessors. The performance is scalable based on the number
of lanes and generation that is implemented. The PCIe protocol specifies 2.5 Gbps for Gen1. There
is a 20% overhead because the PCIe protocol uses 8b/10b encoding. The following table lists the
aggregate bandwidth of a PCIe link.

Table 4-12. Theoretical PCIe Throughput
Link Width

x1 x2 x4

PCI Express 2.5 Gbps (1.x/2.x compliant) 2 Gbps 4 Gbps 8 Gbps

PCIe uses credits to handle throughput balancing between both ends of the link. At the initial
link-up, both sides of the link share their transmit and receive buffer sizes in terms of credits. As
TLPs are sent across the link, credits are used. As user data is pulled out of the TLPs stored in the
receive buffers, credits are released. Information on the current state of the credits is continuously

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1264DCEE-5B97-49ED-B418-FF2EFB330E76&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20System%20Credit%20Settings
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-93AA2BD1-E7CE-4F2B-976C-C95C29A76728&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Maximum%20Payload%20Size
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-16DFC146-CF64-4996-B52B-44126BD9AC19&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Replay%20Buffer
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-41CEFC44-3173-47AC-9B3F-A4CC70664606&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20Buffer
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3DDA32BC-2EFB-4EB2-9E36-0F1DD12F3150&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=User%20Data%20Throughput
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sent across the link using data link layer packets. The entire process is transparent to the user inside
the PCIe core.

The RTG4 PCIe core uses the AXI3 fabric interface for user data. AXI3 slave interfaces only allow
a transaction when 128 bytes TLP worth of credits is available to be sent. The PCIe core can back
pressure the fabric interface when credits are not available to send a TLP.

The flow control works by releasing credits to the sender as data is pulled across the fabric. If the
user is not pulling the data out fast enough, then the sender runs out of credits. When the sender
sends 100% writing data to the PCIe core, only 1328 MB/s is able to go through. The credit system
prevents the sender from sending more data. When the sender is pulling 100% data via a read, only
1328 MB/s is received back. In this case, the PCIe core is never throttled back due to a lack of credits.

In the reverse scenario, where the PCIe core is the sender, for 100% write data, the fabric interface
is held up at 1328 MB/s. For 100% read requests, the receiver sends them back faster than 1328
MB/s, but the fabric interface only pulls them out at 1328 MB/s. The receiver is blocked due to lack
of completion credits until credits are released.

The transaction size in this scenario is more efficient when TLPs are small (128 bytes). Smaller packet
sizes allow the PCIe core to release credits faster compared to large packets. As a packet is pulled
across the fabric interface, the credit is released for the sender to send another packet. If this
happens quickly, the next packet can be sent. For large packets, it takes longer to release the credit
and therefore the next packet is not sent quickly.

Important: User design implementations, where the FPGA fabric interface has
insufficient bandwidth to match or exceed the maximum PCIe data-rate, must
make system-level adjustments to avoid the PCIe hard IP posted receiver
buffer from completely filling. For more information, see Customer Notice (CN):
SmartFusion2, Igloo2 and RTG4 FPGA PCIe Receive FIFO Full.

4.1.5 PCIe Power Management  (Ask a Question)

This section describes the power management scheme in the FPGA PCIe implementation.

4.1.5.1 Legacy Power Management  (Ask a Question)

The PCIe bridge register space defines the capabilities of the PCIe bridge in terms of legacy power
management (PME support, auxiliary current requirements, and so on). The power management
control and status registers also contain the current power management state. The PM data and PM
scale value arrays can define the power consumed in each power state.

4.1.5.2 PCIe Power Management  (Ask a Question)

PCIe active state power management (ASPM) defines link power management states that a PCIe
physical link is permitted to enter, in response to software-driven D-state transitions or active state
link power management activities.

The PCIe protocol defines the low power link states listed in following table.

Table 4-13. PCIe Low Power States
Low Power
State

Description

L0s Autonomous electrical idle: This state reduces power during short intervals of idle. Devices must transition
to L0s independently in each direction of the link.

L1 Directed electrical idle: The L1 state reduces power when the downstream port directs the upstream ports.
This state saves power in two ways:
– Shutting down the transceiver circuitry and the associated PLL.
– Significantly decreasing the number of internal core transitions.

https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/can/SF2_IGL2_RTG4_PCIe_Receive_FIFO_Full_CN.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/can/SF2_IGL2_RTG4_PCIe_Receive_FIFO_Full_CN.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D2C4821D-B284-4B64-A301-11CE901EDE23&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Power%20Management
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6E4E9DD0-5B1E-4F3C-BAA3-81FF3A45B22B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Legacy%20Power%20Management
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-74E4DF81-4A2F-4CEC-A3DD-F8C4D372CC85&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Power%20Management
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...........continued
Low Power
State

Description

L2 In this state, a WAKE# signal is required to reinitialize the Link. However, the auxiliary power is still
available.

L2/L3 ready This state prepares the PCIe link for the removal of main power and the reference clock.

PCIe EP implementation supports L0, L1, and a special version of L2.

4.1.5.3 PCIe Interrupts for Endpoints  (Ask a Question)

The RTG4 PCIe EP implementation supports 32 MSI and INTx interrupts. It cannot support both
at the same time. The user can select which interrupt model to use in the Libero SoC SerDes
Configurator. The Libero software initializes the interrupts. For MSI, the user has a selection
of up to 32 MSI vectors. When using MSI, the first four interrupts can be sent using the
PCIE_INTERRUPTS[3:0] port of the SerDes block [0] for MSI0 and [1] for MSI1. To send more than
4 interrupts, the user must use the AXI3 slave interface and send a memory write transaction to the
specific address set by the root complex during interrupt negotiation.

4.1.5.4 ECRC Handling  (Ask a Question)

ECRC ensures end-to-end data integrity. The PCIe implementation transmits TLP with ECRC from
the transmit port of the application layer. When using ECRC forwarding mode, the ECRC check and
generation are performed in the application layer. The PCIE_AER_ECRC_CAPABILITY register in bridge
configuration registers sets the ECRC settings.

4.1.5.4.1 PCIe Core Bridge Register  (Ask a Question)

The PCIe core bridge registers occupy 4 KB of the configuration memory map space. These registers
set the PCIe configuration and status and are initialized from flash, while configuring the high-speed
serial interface generator in the Libero SoC. These registers can also be accessed through the 32-bit
APB interface. The physical offset location of the PCIe core registers is 0x0000-0x0FFF from the
SerDes block system memory map.

4.1.6 Bridge Register Space  (Ask a Question)

The PCIe core bridge register space is used to configure the PCIe core settings at power-up.
The initialization IP module facilitates configuration of the SerDes block in an RTG4 device. These
registers are 32 bits wide and are part of the SerDes block system register. For more information,
see Table 5-1.

The PCIe system block registers consist of following registers and settings:

• Read-only registers that report control and status registers to the AXI3 side through the APB bus
• Bridge settings that must be configured at power-up, such as local interrupt mapping to MSI and

test mode
• Control/status registers that are used by the AXI3 bus to control bridge behavior during an

operation

Most bridge registers are hardwired to a fixed value.

These registers are described in the next section according to their function:

• Information Registers: provide device, system, and bridge identification information.
• Bridge Configuration Registers: enable configuration of bridge functionality.
• Power Management Registers: enable configuration of the power management capabilities of the

bridge.
• Address Mapping Registers: provide address mapping for AXI3 master and slave windows. These

windows are used for address translation.
• EP Interrupt Registers: used in EP mode to manage interrupts.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-60AA0BAF-C475-447C-BEFA-5152D6BC9622&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Interrupts%20for%20Endpoints
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B17E8DAF-D440-4051-9299-F043CF527640&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=ECRC%20Handling
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-38C7A355-AACF-4BEB-BBD7-D7BD8734D1A5&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Core%20Bridge%20Register
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-76FA2209-7B0D-4BAE-9D72-A8D9A0EAE7A9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Bridge%20Register%20Space
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• PCIe Control and Status Registers: These read-only registers enable the local processor to check
useful information related to the PCIe interface status. This enables the local processor to detect
when the bridge’s PCIe interface is initialized and to monitor PCI link events.

4.1.7 Information Registers  (Ask a Question)

The following table lists the registers that provide device, system, and the bridge identification
information.

Table 4-14. PCIE Information Registers
Register Name Address

Offset
Register Type Initialization Description

PCIE_VID_DEVID 000h R/O Flash Identifies the manufacturer of the device or application
(Table 4-20).

PCIE_CLASS_CODE_REG 008h R/O Flash Identifies the generic function of the device and,
in some cases, a specific register-level programming
interface (Table 4-22).

PCIE_CAPTURED_BUS_
DEVICE_NB

03Ch R/O N/A Reports the bus and device number of the EP device for
each configuration write TLP received (Table 4-33).

PCIE_SUBSYSTEM_ID 02Ch R/O Flash Identifies the manufacturer of the device or application
(Table 4-29).

PCIE_INFO 16Ch R/O N/A Reports the bridge version (Table 4-88).

4.1.7.1 Bridge Configuration Registers  (Ask a Question)

The registers listed in the following table enable to configure bridge functionality.

Table 4-15. PCIE Bridge Configuration Registers
Register Name Byte

Offset
State Initialization Description

RESERVED 204h R/O Flash Sets the PCIe configuration (Table 4-89).

PCIE_BAR0 010h R/W Flash Defines the type and size of BAR0 of the PCIe native endpoint.
This register combines with BAR1 to define the type and size of
BAR01 of the PCIe native endpoint (Table 4-23).

PCIE_BAR1 014h R/O Flash Defines the type and size of BAR1 of the PCIe native endpoint.
This register combines with BAR0 to define the type and size of
BAR01 of the PCIe native endpoint (Table 4-24).

PCIE_BAR2 018h R/O Flash Defines the type and size of BAR2 of the PCIe native endpoint.
This register combines with BAR3 to define the type and size of
BAR23 of the PCIe native endpoint (Table 4-25).

PCIE_BAR3 01Ch R/O Flash Defines the type and size of BAR3 of the PCIe native endpoint.
This register combines with BAR2 to define the type and size of
BAR23 of the PCIe native endpoint (Table 4-26).

PCIE_BAR4 020h R/O Flash Defines the type and size of BAR4 of the PCIe native endpoint.
This register combines with BAR5 to define the type and size of
BAR45 of the PCIe native endpoint (Table 4-27).

PCIE_BAR5 024h R/O Flash Defines the type and size of BAR5 of the PCIe native endpoint.
This register combines with BAR4 to define the type and size of
BAR45 of the PCIe native endpoint (Table 4-28).

PCIE_AER_ECRC_CAPABILITY 050h R/W APB Defines whether the bridge supports advanced error reporting
(AER) and ECRC generation/check and whether AER/ECRC is
implemented. ECRC generation and check bits can only be set if
AER is implemented (Table 4-38).

MAX_PAYLOAD_SIZE 058h R/O Fixed Negotiated maximum payload size (Table 4-40).

PCIE_CREDIT_ALLOCATION_0 0B0h R/W Flash Provides the initial credit values for posted transactions (Table
4-53).

PCIE_CREDIT_ALLOCATION_1 0B4h R/W Flash Provides the initial credit values for non-posted transactions
(Table 4-54).

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-28F253DC-774B-4036-8446-7D9CD21B6EA8&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Information%20Registers
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-612D0A03-2032-4C64-AA04-77BAC5C0B2F8&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Bridge%20Configuration%20Registers
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...........continued
Register Name Byte

Offset
State Initialization Description

PCIE_ERROR_COUNTER_0 0A0h R/W N/A Has four 8-bit counters for the four error sources. To clear the
register content, the bridge must perform a write transaction
(any value) to this register (Table 4-49).

PCIE_ERROR_COUNTER_1 0A4h R/W N/A Has four 8-bit counters for the four error sources. To clear the
register content, the bridge must perform a write transaction
(any value) to this register (Table 4-50).

PCIE_ERROR_COUNTER_2 0A8h R/W N/A Has four 8-bit counters for the four error sources. To clear the
register content, the bridge must perform a write transaction
(any value) to this register (Table 4-51).

PCIE_ERROR_COUNTER_3 0ACh R/W N/A Has four 8-bit counters for the four error sources. To clear the
register content, the bridge must perform a write transaction
(any value) to this register (Table 4-52).

4.1.7.2 Power Management Registers  (Ask a Question)

The registers listed in the following table enable to configure the power management capabilities of
the bridge.

Table 4-16. PCIe Bridge Power Management Registers
Register Name Byte

Offset
State Description

PCIE_LTSSM 044h R/O Can be used to monitor the core state or to select a specific test mode on
bits [31:16] and to control L2 entry on bits [15:0] (Table 4-35).

PCIE_POWER_MGT_CAPABILITY 048h R/W Enables the local processor to configure the power management capability
(Table 4-36).

PCIE_PM_DATA_SCALE_0 070h R/W These four PM data and scale registers define the PM data value of the
device for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field (see Table 4-44,
Table 4-45, Table 4-46, and Table 4-47).

PCIE_PM_DATA_SCALE_1 074h R/W

PCIE_PM_DATA_SCALE_2 078h R/W

PCIE_PM_DATA_SCALE_3 07Ch R/W

PCIE_ASPM_L0S_CAPABILITY 060h R/W Defines the EP L0s accep latency and the number of fast training sequences
(FTS) required by the SerDes to resynchronize its receiver on incoming data,
depending on the clock mode configuration (separated clock or common
clock). The number of FTS required in separated clock mode must be higher
than that is required in common clock mode. The bridge automatically
computes the ASPM L0s exit latency based on these two register values,
and the maximum payload size of the control register. The selected NFTS
field is that transmitted by the link training and status state machine
(LTSSM) to the opposite component in order to define the number of FTS
that the opposite component must send to be sure that the device receiver
has re-locked onto the incoming data (Table 4-41).

Reserved 260h R/W —

PCIE_ASPM_L1_CAPABILITY 064h R/W Defines the EP L1 accep latency and the number of FTS required. The EP L1
accep latency is used to enable or disable the ASPM L1 entry by comparing
its value to the maximum ASPM L1 exit latency of all components in the
hierarchy (plus 1 microsecond per switch). If ASPM L1 accept latency is
lower than the maximum ASPM L1 exit latency, ASPM L1 entry is not
enabled (Table 4-42).

PCIE_TIMEOUT_COMPLETION 068h R/W Defines four mechanism, timeout ranges for completion timeout (Table
4-43).

4.1.7.3 Address Mapping Registers  (Ask a Question)

The registers listed in the following table provide the address mapping for AXI3 master and slave
windows. These windows are used for address translation.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-82976054-D13C-4660-B61E-98939A3CAF47&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Power%20Management%20Registers
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-FB12D41C-30E6-4F16-BF6C-F77D925E9F38&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Address%20Mapping%20Registers
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Table 4-17. Address Mapping Registers
Register Name Address

Offset
Register
Type

Description

PCIE_AXI_SLAVE_WINDOW0_0 0C0h R/W These four register sets define the address mapping for AXI3
slave window 0 (see Table 4-56, Table 4-57, Table 4-58, and
Table 4-59).

PCIE_AXI_SLAVE_WINDOW0_1 0C4h

PCIE_AXI_SLAVE_WINDOW0_2 0C8h

PCIE_AXI_SLAVE_WINDOW0_3 0CCh

PCIE_AXI_SLAVE_WINDOW1_0 0D0h R/W These four register sets define the address mapping for AXI3
slave window 1 (see Table 4-60, Table 4-61, Table 4-62, and
Table 4-63).

PCIE_AXI_SLAVE_WINDOW1_1 0D4h

PCIE_AXI_SLAVE_WINDOW1_2 0D8h

PCIE_AXI_SLAVE_WINDOW1_3 0DCh

PCIE_AXI_SLAVE_WINDOW2_0 0E0h R/W These four register sets define the address mapping for AXI3
slave window 2 (see Table 4-64, Table 4-65, Table 4-66, and
Table 4-67).

PCIE_AXI_SLAVE_WINDOW2_1 0E4h

PCIE_AXI_SLAVE_WINDOW2_2 0E8h

PCIE_AXI_SLAVE_WINDOW2_3 0ECh

PCIE_AXI_SLAVE_WINDOW3_0 0F0h R/W These four register sets define the address mapping for AXI3
slave window 3 (see Table 4-68, Table 4-69, Table 4-70, and
Table 4-71).

PCIE_AXI_SLAVE_WINDOW3_1 0F4h

PCIE_AXI_SLAVE_WINDOW3_2 0F8h

PCIE_AXI_SLAVE_WINDOW3_3 0FCh

PCIE_AXI_MASTER_WINDOW0_0 100h R/W These four register sets define the address mapping for AXI3
master window 0 (see Table 4-72, Table 4-73, Table 4-74, and
Table 4-75).

PCIE_AXI_MASTER_WINDOW0_1 104h

PCIE_AXI_MASTER_WINDOW0_2 108h

PCIE_AXI_MASTER_WINDOW0_3 10Ch

PCIE_AXI_MASTER_WINDOW1_0 110h R/W These four register sets define the address mapping for AXI3
master window 1 (see Table 4-76, Table 4-77, Table 4-78, and
Table 4-79).

PCIE_AXI_MASTER_WINDOW1_1 114h

PCIE_AXI_MASTER_WINDOW1_2 118h

PCIE_AXI_MASTER_WINDOW1_3 11Ch

PCIE_AXI_MASTER_WINDOW2_0 120h R/W These four register sets define the address mapping for AXI3
master window 2 (see Table 4-80, Table 4-81, Table 4-82, and
Table 4-83).

PCIE_AXI_MASTER_WINDOW2_1 124h

PCIE_AXI_MASTER_WINDOW2_2 128h

PCIE_AXI_MASTER_WINDOW2_3 12Ch

PCIE_AXI_MASTER_WINDOW3_0 130h R/W These four register sets define the address mapping for AXI3
master window 3 (see Table 4-84, Table 4-85, Table 4-86, and
Table 4-87).

PCIE_AXI_MASTER_WINDOW3_1 134h

PCIE_AXI_MASTER_WINDOW3_2 138h

PCIE_AXI_MASTER_WINDOW3_3 13Ch

4.1.7.4 EP Interrupt Registers  (Ask a Question)

The PCIe IP core generates interrupts through the input signal. This signal may be required by
a device in order to interrupt the host processor, call its device drivers, or report application layer-
specific events or errors. The parameter of the IP core bridge defines the number of interrupt bits
for this signal.

Table 4-18. EP Interrupt Registers
Register Name Address

Offset
Register
Type

Description

PCIE_MSI_0 080h R/W Defines single MSI function, with up to 32 possible MSI messages (Table
4-48).

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3EC9E4F9-7C05-4EB9-8662-B339BC68D8FB&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=EP%20Interrupt%20Registers
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...........continued
Register Name Address

Offset
Register
Type

Description

PCIE_MSI_CTRL_STATUS 040h R/W This register sets MSI control and status. All bits are R/O except the
number of MSI requested and the multiple message enable fields, which
are R/W. Up to 32 MSI messages can be requested by the device,
although the PCI software can allocate less than the number of MSI
requested. This information can be read by the local processor through
the multiple message enable field of the register (Table 4-34).

4.1.7.5 PCIe Control and Status Registers  (Ask a Question)

The following registers are read-only registers that enable the local processor to check useful
information related to the PCIe interface status, such as the initialization of PCIe interface and
monitoring of PCI link events, as listed in the following table. A complete description of these
registers can be found in the PCIe specifications.

Table 4-19. PCIe Control and Status Registers
Register Name Address

Offset
Register Type Description

CFG_PRMSCR 004h R/O The command and status register of PCI configuration space (Table
4-21).

PCIE_PCIE_DEV2SCR 030h R/O Reports the current value of the PCIe device control and status register.
It can be monitored by the local processor when relaxed ordering and
no snoop bits are enabled in the system (Table 4-30).

PCIE_PCIE_LINK2SCR 034h R/O Reports the current value of the PCIe link control and status register. It
can be monitored by the local processor when relaxed ordering and no
snoop bits are enabled in the system (Table 4-31).

CFG_PRMSCR 04Ch R/O Reports the current values of the XpressRich2 core’s power
management control status register (Table 4-21).

PCIE_SLOTCAP 154h – Reserved

PCIE_SLOTCSR 158h – Reserved

PCIE_ROOTCSR 15Ch – Reserved

4.1.7.5.1 PCIe Bridge Registers  (Ask a Question)

The following sub-section describe all PCIe bridge registers in detail.

PCIE_VID_DEVID Register (000h)

Table 4-20. PCIE_VID_DEVID
Bit Number Name Reset Value Description

[31:16] Device ID 0x11AA Identifies the manufacturer of the device or application. The values are assigned by
the PCI-SIG. The default value, 11AA, is the device ID for Microsemi.

[15:0] Vendor ID 0x1556 The field Identifies the manufacturer of the device or application. The values are
assigned by PCI-SIG. The default value, 1556, is the Vendor ID for Microsemi.

PCIE_CFG_PRMSCR Register (004h)

Table 4-21. CFG_PRMSCR
Bit Number Name Reset Value Description

[31:0] Configuration Primary Control Status
Register

0x00100000 The command and status register of PCI configuration
space.

PCIE_CLASS_CODE Register (008h)

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-FF988F19-17E7-420F-A48E-9409985841BE&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Control%20and%20Status%20Registers
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E5786AA9-2438-4FE4-BD83-B62A8A31654A&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Bridge%20Registers
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Table 4-22. PCIE_CLASS_CODE_REG
Bit Number Name Reset Value Description

[31:16] PCIE_CLASS_CODE 0x0000 Identifies the manufacturer of the device or application. The values are
assigned by PCI-SIG.

[15:0] RESERVED0 0x0000 Identifies the manufacturer of the device or application. The values are
assigned by PCI-SIG.

PCIE_BAR0 Register (010h)

Table 4-23. PCIE_BAR0
Bit Number Name Reset Value Description

[31:4] BAR0_31_4 0x000000 Defines the type and size of BAR0 of the PCIe native EP.

3 BAR0_3 0x1 Identifies the ability of the memory space to be prefetched.

[2:1] BAR0_2_1 0x10 Set to '00' to indicate anywhere in the 32-bit address space.

0 BAR0_0 0x0 Memory space indicator.

PCIE_BAR1 Register (014h)

Table 4-24. PCIE_BAR1
Bit Number Name Reset Value Description

[31:4] BAR1_31_4 0x000000 Defines the type and size of BAR1 of the PCIe native EP.

3 BAR1_3 0x0 Identifies the ability of the memory space to be prefetched.

[2:1] BAR1_2_1 0x00 Set to '00' to indicate anywhere in the 32-bit address space.

0 BAR1_0 0x0 Memory space indicator.

PCIE_BAR2 Register (018h)

Table 4-25. PCIE_BAR2
Bit Number Name Reset Value Description

[31:4] BAR2_31_4 0x000000 Defines the type and size of BAR2 of the PCIe native EP

3 BAR2_3 0x1 Identifies the ability of the memory space to be prefetched.

[2:1] BAR2_2_1 0x10 Set to '00' to indicate anywhere in the 32-bit address space.

0 BAR2_0 0x0 Memory space indicator.

PCIE_BAR3 Register (01Ch)

Table 4-26. PCIE_BAR3
Bit Number Name Reset Value Description

[31:4] BAR3_31_4 0x000000 Defines the type and size of BAR3 of the PCIe native EP.

3 BAR3_3 0x0 Identifies the ability of the memory space to be prefetched.

[2:1] BAR3_2_1 0x00 Set to '00' to indicate anywhere in the 32-bit address space.

0 BAR3_0 0x0 Memory space indicator.

PCIE_BAR4 Register (020h)

Table 4-27. PCIE_BAR4
Bit Number Name Reset Value Description

[31:4] BAR4_31_4 0x000000 Defines the type and size of BAR4 of the PCIe native EP.

3 BAR4_3 0x1 Identifies the ability of the memory space to be prefetched.

[2:1] BAR4_2_1 0x10 Set to '00' to indicate anywhere in the 32-bit address space.

0 BAR4_0 0x0 Memory space indicator.
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PCIE_BAR5 Register (024h)

Table 4-28. PCIE_BAR5
Bit Number Name Reset Value Description

[31:4] BAR5_31_4 0x000000 Defines the type and size of BAR1 of the PCIe native EP.

3 BAR5_3 0x0 Identifies the ability of the memory space to be prefetched.

[2:1] BAR5_2_1 0x00 Set to '00' to indicate anywhere in the 32-bit address space.

0 BAR5_0 0x0 Memory space indicator.

PCIE_SUBSYSTEM_ID Register (02Ch)

Table 4-29. PCIE_SUBSYSTEM_ID
Bit Number Name Reset Value Description

[31:16] SUBSYSTEM_ID 0x11AA This field further qualifies the manufacturer of the device or application
and the value is typically the same as the Device ID.

[15:0] SUBSYSTEM_VENDOR_ID 0x1556 This field further qualifies the manufacturer of the device or
application.

PCIE_PCIE_DEV2SCR Register (030h)

Table 4-30. PCIE_PCIE_DEV2SCR
Bit Number Name Reset Value Description

[31:0] PCIE_PCIE_DEV2SCR 0x00000000 Device control and status:
This register reports the
current value of the PCIe
device control and status
register. It is monitored by the
local processor when relaxed
ordering and no snoop bits
are enabled in the system.

Note: 
This register is READ only.

PCIE_PCIE_LINK2SCR Register (034h)

Table 4-31. PCIE_PCIE_LINK2SCR
Bit Number Name Reset Value Description

[31:0] PCIE_PCIE_LINK2SCR 0x00000050 This register reports the
current value of the PCIe link
control and status register.
It is monitored by the
local processor when relaxed
ordering and no snoop bits
are enabled in the system.

PCIE_TC_VC_MAPPING Register (038h)

Table 4-32. PCIE_TC_VC_MAPPING
Bit Number Name Reset Value Description

[31:24] TC_VC_MAPPING_31_24 0x0 Reserved

[23:21] TC_VC_MAPPING_23_21 0x0 Mapping for TC7

[20:18] TC_VC_MAPPING_20_18 0x0 Mapping for TC6

[17:15] TC_VC_MAPPING_17_15 0x0 Mapping for TC5

[14:12] TC_VC_MAPPING_14_12 0x0 Mapping for TC4

[11:9] TC_VC_MAPPING_11_9 0x0 Mapping for TC3
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...........continued
Bit Number Name Reset Value Description

[8:6] TC_VC_MAPPING_8_6 0x0 Mapping for TC2

[5:3] TC_VC_MAPPING_5_3 0x0 Mapping for TC1

[2:0] TC_VC_MAPPING_2_0 0x0 Mapping for TC0 (always 0)

Important: This register reports the TC-to-VC mapping configured for each PCIe
traffic channel.

PCIE_CAPTURED_BUS_DEVICE_NB Register (03Ch)

Table 4-33. PCIE_CAPTURED_BUS_DEVICE_NB
Bit Number Name Reset Value Description

[31:0] PCIE_CAPTURED_BUS_DEVICE_NB 0x0 This register reports the bus and device number of the EP
device for each configuration write TLP received.

PCIE_MSI_CTRL_STATUS Register (040h)

Table 4-34. PCIE_MSI_CTRL_STATUS
Bit Number Name Reset Value Description

[31:24] MSI_CTRL_STATUS_31_24 0x0 These RO bits are hardwired to 00000000.

23 MSI_CTRL_STATUS_23 0x0 This RO bit is hardwired to 1.

[22:20] MSI_CTRL_STATUS_22_20 0x0 Multiple message enable. Fabric logic/MSS checks this RO APB register
to see how many MSI interrupt resources are allocated from the host
side.

[19:17] MSI_CTRL_STATUS_19_17 0x0 Number of MSI requested. Fabric logic/MSS writes this RW APB register
to request the number of MSI interrupt resources needed from the
host.

16 MSI_CTRL_STATUS_16 0x0 MSI is enabled. Fabric logic/MSS checks this RO APB register to see if
host has enabled MSI on the PCIe bus.

[15:0] MSI_CTRL_STATUS_15:0 0x0 These bits are hardwired to 0x7805.

PCIE_LTSSM Register (044h)

Table 4-35. PCIE_LTSSM
Bit Number Name Reset Value Description

[31:29] LTSSM_31_29 0x0 Reserved
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...........continued
Bit Number Name Reset Value Description

[28:24] LTSSM_28_24 0x0 These bits set LTSSM state encoding (RO): 00000: Detect.quiet
00001: Detect.active
00010: Polling.active
00011: Polling.compliance
00100: Polling.configuration
00101: Reserved (ex polling.speed)
00110: Configuration.linkwidth.start
00111: Configuration.linkwidth.accept
01000: Configuration.lanenum.accept
01001: Configuration.lanenum.wait
01010: Configuration.complete
01011: Configuration.idle
01100: Recovery.RcvrLock
01101: Recovery.RcvrCfg
01110: Recovery.idle
01111: L0
10000: Disabled
10001: Loopback.entry
10010: Loopback.active
10011: Loopback.exit
10100: Hot reset
10101: L0s (transmit)
10110: L1.entry
10111: L1.Idle
11000: L2.idle
11001: L2.TransmitWake
11010: Recovery.speed
11011 - 11111: Reserved

[23:20] LTSSM_23_20 0x0 Reserved

19 LTSSM_19 0x0 Forces compliance pattern (R/W).

18 LTSSM_18 0x0 Fully disables power management (R/W).

17 LTSSM_17 0x0 Sets master loopback (R/W).

16 LTSSM_16 0x0 Disables scrambling (R/W).

[15:2] LTSSM_15_2 0x0 Reserved

1 LTSSM_1 0x0 Indicates if PME_TURN_OFF was received (RO).

0 LTSSM_0 0x0 Acknowledges PME_TURN_OFF (R/W).

PCIE_POWER_MGT_CAPABILITY Register (048h)

Table 4-36. PCIE_POWER_MGT_CAPABILITY
Bit Number Name Reset Value Description

[31:27] POWER_MGT_CAPABILITY_31_27 0x0 These bits set PME support.

26 POWER_MGT_CAPABILITY_26 0x0 Sets D2 support. If this field is cleared, PME_SUPPORT bit 29
must also be cleared.

25 POWER_MGT_CAPABILITY_25 0x0 Sets D1 support. If this field is cleared, PME_SUPPORT bit 28
must also be cleared.

[24:22] POWER_MGT_CAPABILITY_24_22 0x0 These bits set the maximum current required.

21 POWER_MGT_CAPABILITY_21 0x0 Sets device specification initialization.
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...........continued
Bit Number Name Reset Value Description

[20:19] POWER_MGT_CAPABILITY_20_19 0x0 Reserved

18 POWER_MGT_CAPABILITY_18 0x0 Sets PCI power management interface specification version;
hardwired to 011b (PCIe Spec. v1.1).

[17:0] POWER_MGT_CAPABILITY_17_0 0x0 Reserved

PCIE_CFG_PMSCR Register (04Ch)

Table 4-37. PCIE_CFG_PMSCR
Bit Number Name Reset Value Description

31:0 CFG_PMSCR 0x0 Reports the current values of the PCIe IP core’s power management control status
register.

PCIE_AER_ECRC_CAPABILITY Register (050h)

Table 4-38. PCIE_AER_ECRC_CAPABILITY
Bit Number Name Reset Value Description

[31:3] AER_ECRC_CAPABILITY_31_3 0x0 Reserved

2 AER_ECRC_CAPABILITY_2 0x0 Defines whether AER is implemented or not.

1 AER_ECRC_CAPABILITY_1 0x0 Defines ECRC generation.

0 AER_ECRC_CAPABILITY_0 0x0 Defines ECRC check.

PCIE_VC1_CAPABILITY Register (054h)

Table 4-39. PCIE_VC1_CAPABILITY
Bit Number Name Reset Value Description

[31:0] Reserved 0x0 Reserved

PCIE_MAX_PAYLOAD_SIZE Register (058h)

Table 4-40. MAX_PAYLOAD_SIZE
Bit Number Name Reset Value Description

[31:3] Reserved 0x0 Reserved

2:0 MAX_PAYLOAD_SIZE_2_0 0x0 Negotiated maximum payload size. The EP sets its own maximum
payload size to 2 KB:
000: 128 bytes
001: 256 bytes (RESERVED)
010: 512 bytes (RESERVED)
011: 1 Kbytes (RESERVED)
100: 2 Kbytes (RESERVED)

PCIE_ASPM_L0S_CAPABILITY Register (060h)

Table 4-41. PCIE_ASPM_L0S_CAPABILITY
Bit Number Name Reset Value Description

31 ASPM_L0S_CAPABILITY _31 0x0 NFTS_COMCLK in common clock mode

[23:16] ASPM_L0S_CAPABILITY _23_16 0x0 NFTS_SPCLK in separated clock mode

[15:10] ASPM_L0S_CAPABILITY _15_10 0x0 Reserved

[9:7] ASPM_L0S_CAPABILITY _9_7 0x0 L0s exit latency for separate clock

[6:4] ASPM_L0S_CAPABILITY _6_4 0x0 L0s exit latency for common clock

[3:1] ASPM_L0S_CAPABILITY _3_1 0x0 EP L0s accept latency
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...........continued
Bit Number Name Reset Value Description

0 ASPM_L0S_CAPABILITY _0 0x0 Reserved

PCIE_ASPM_L1_CAPABILITY Register (064h)

Table 4-42. PCIE_ASPM_L1_CAPABILITY
Bit Number Name Reset Value Description

[31:27] ASPM_L1_CAPABILITY_31_27 0x0 Reserved

[26:24] ASPM_L1_CAPABILITY_26_24 0x0 L1 exit latency common clock

[23:19] ASPM_L1_CAPABILITY_23_19 0x0 Reserved

[18:16] ASPM_L1_CAPABILITY_18_16 0x0 L1 exit latency separated clock mode. This value must be higher
than for common clock mode.

[15:4] ASPM_L1_CAPABILITY_15_4 0x0 Reserved

[3:1] ASPM_L1_CAPABILITY_3_1 0x0 Endpoint L1 acceptable latency

[0] ASPM_L1_CAPABILITY_0 0x0 ASPM L1 support: If this field is not set (no ASPM L1 support), all
other fields must be set to 0. ASPM L1 is mandatory for ExpressCard
devices.

PCIE_TIMEOUT_COMPLETION Register (068Ch)

Table 4-43. PCIE_TIMEOUT_COMPLETION
Bit
Number

Name Reset
Value

Description

[31:4] TIMEOUT_COMPLETION_31_4 0x0 Reserved

[3:0] TIMEOUT_COMPLETION_3_0 0x0 Completion timeout ranges supported—This field indicates device
function support for the optional Completion timeout programmability
mechanism: This mechanism allows system software to modify the
completion timeout value.
Four time value ranges are defined:
Range A: 50 μs to 10 ms
Range B: 10 ms to 250 ms
Range C: 250 ms to 4 s
Range D: 4 s to 64 s
Bits are set as per the following values to show the supported timeout
value ranges.
0000b: Completion timeout programming not supported.
–0000b is default setting. An error does not occur if a completion does
not come back.
0001b: range A 0010b Range B
0011b: ranges A and B
0110b: ranges B and C
0111b: ranges A, B, and C
1110b: ranges B, C and D
1111b: ranges A, B, C, and D All other values are reserved.

PCIE_PM_DATA_SCALE_0 Register (070h)

Table 4-44. PCIE_PM_DATA_SCALE_0
Bit
Number

Name Reset
Value

Description

[31:24] PM_DATA_SCALE_0_31_24 0x0 Set the register that defines Data3 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.
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...........continued
Bit
Number

Name Reset
Value

Description

[23:16] PM_DATA_SCALE_0_23_16 0x0 Set the register that defines Data2 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

[15:8] PM_DATA_SCALE_0_15_8 0x0 Set the register that defines Data1 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

[7:0] PM_DATA_SCALE_0_7_0 0x0 Set the register that defines Data0 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

PCIE_PM_DATA_SCALE_1 Register (074h)

Table 4-45. PCIE_PM_DATA_SCALE_1
Bit
Number

Name Reset
Value

Description

[31:24] PM_DATA_SCALE_1_31_24 0x0 Set the register that defines Data7 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

[23:16] PM_DATA_SCALE_1_23_16 0x0 Set the register that defines Data6 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

[5:8] PM_DATA_SCALE_1_15_8 0x0 Set the register that defines Data5 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

[7:0] PM_DATA_SCALE_1_7_0 0x0 Set the register that defines Data4 of the PM data value of the device
for each possible power state defined by the PCI power management
specification, used in conjunction with the PM scale field.

PCIE_PM_DATA_SCALE_2 Register (078h)

Table 4-46. PCIE_PM_DATA_SCALE_2
Bit Number Name Reset

Value
Description

[31:26] PM_DATA_SCALE_2_31_26 0x0 Reserved

[25:24] PM_DATA_SCALE_2_25_24 0x0 Set the register that defines data scale 3 of the PM data value of
the device for each possible power state, defined by the PCI power
management specification, used in conjunction with the PM scale field.

[23:18] PM_DATA_SCALE_2_23_18 0x0 Reserved

[17:16] PM_DATA_SCALE_2_17_16 0x0 Set the register that defines data scale 2 of the PM data value of
the device for each possible power state, defined by the PCI power
management specification, used in conjunction with the PM scale field.

[15:10] PM_DATA_SCALE_2_15_10 0x0 Reserved

[9:8] PM_DATA_SCALE_2_9_8 0x0 Set the register that defines data scale 1 of the PM data value of
the device for each possible power state, defined by the PCI power
management specification, used in conjunction with the PM scale field.

[7:2] PM_DATA_SCALE_2_7_2 0x0 Reserved

[1:0] PM_DATA_SCALE_2_1_0 0x0 Set the register that defines data scale 0 of the PM data value of
the device for each possible power state, defined by the PCI power
management specification, used in conjunction with the PM scale field.

PCIE_PM_DATA_SCALE_3 Register (07Ch)
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Table 4-47. PCIE_PM_DATA_SCALE_3
Bit Number Name Reset

Value
Description

[31:26] PM_DATA_SCALE_3_31_26 0x0 Reserved

[25:24] PM_DATA_SCALE_3_25_24 0x0 Set the register that defines data scale 7 of the PM data value of
the device for each possible power state defined by the PCI power
management specification, used in conjunction with the PM scale field.

[23:18] PM_DATA_SCALE_3_23_18 Reserved

[17:16] PM_DATA_SCALE_3_17_16 0x0 Set the register that defines data scale 6 of the PM data value of
the device for each possible power state defined by the PCI power
management specification, used in conjunction with the PM scale field.

[15:10] PM_DATA_SCALE_3_15_10 0x0 Reserved

[9:8] PM_DATA_SCALE_3_9_8 0x0 Set the register that defines data scale 5 of the PM data value of
the device for each possible power state defined by the PCI power
management specification, used in conjunction with the PM scale field.

[7:2] PM_DATA_SCALE_3_7_2 0x0 Reserved

[1:0] PM_DATA_SCALE_3_1_0 0x0 Set the register that defines data scale 4 of the PM data value of
the device for each possible power state defined by the PCI power
management specification, used in conjunction with the PM scale field.

PCIE_MSI_0 Register (080h)

Table 4-48. PCIE_MSI_0
Bit Number Name Reset Value Description

[31:27] MSI0_31_27 0x0 These bits set MSI_Offset[4] of MSI_MAP0.

[26:24] MSI0_26_24 0x0 These bits set MSI_TC[4] of MSI_MAP0.

[23:19] MSI0_23_19 0x0 These bits set MSI_Offset[3] of MSI_MAP0.

[18:16] MSI0_18_16 0x0 These bits set MSI_TC[3] of MSI_MAP0.

[15:11] MSI0_15_11 0x0 These bits set MSI_Offset[2] of MSI_MAP0.

[10:8] MSI0_10_8 0x0 These bits set MSI_TC[2] of MSI_MAP0.

[7:3] MSI0_7_3 0x0 These bits set MSI_Offset[1] of MSI_MAP0.

[2:0] MSI0_2_0 0x0 These bits set MSI_TC[1] of MSI_MAP0.

PCIE_ERROR_COUNTER_0 Register (0A0h)

Table 4-49. PCIE_ERROR_COUNTER_0
Bit Number Name Reset Value Description

[31:24] ERROR_COUNTER0_31_24 0x0 8-bit counter that reports the following error source:
A3: DLLP error

[23:16] ERROR_COUNTER0_23_16 0x0 8-bit counter that reports the following error source:
A2: TLP error

[15:8] ERROR_COUNTER0_15_8 0x0 8-bit counter that reports the following error source:
A1: Training error (not supported)

[7:0] ERROR_COUNTER0_7_0 0x0 8-bit counter that reports the following error source:
A0: Receiver port error

PCIE_ERROR_COUNTER_1 Register (0A4h)

Table 4-50. PCIE_ERROR_COUNTER_1
Bit Number Name Reset Value Description

[31:24] ERROR_COUNTER1_31_24 0x0 8-bit counter that reports the following error source:
A7: Poisoned TLP received error

[23:16] ERROR_COUNTER1_23_16 0x0 8-bit counter that reports the following error source:
A6: Data link layer protocol error
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...........continued
Bit Number Name Reset Value Description

[15:8] ERROR_COUNTER1_15_8 0x0 8-bit counter that reports the following error source:
A5: Replay number rollover error

[7:0] ERROR_COUNTER1_7_0 0x0 8-bit counter that reports the following error source:
A4: Replay time error

PCIE_ERROR_COUNTER_2 Register (0A8h)

Table 4-51. PCIE_ERROR_COUNTER_2
Bit Number Name Reset Value Description

[31:24] ERROR_COUNTER2_31_24 0x0 8-bit counter that reports the following error source:
AB: Completer abort error

[23:16] ERROR_COUNTER2_23_16 0x0 8-bit counter that reports the following error source:
AA: Completion timeout error

[15:8] ERROR_COUNTER2_15_8 0x0 8-bit counter that reports the following error source:
A9: Unsupported request error

[7:0] ERROR_COUNTER2_7_0 0x0 8-bit counter that reports the following error source:
A8: ECRC error

PCIE_ERROR_COUNTER_3 Register (0ACh)

Table 4-52. PCIE_ERROR_COUNTER_3
Bit Number Name Reset Value Description

[31:14] ERROR_COUNTER3_31_24 0x0 8-bit counter that reports the following error source:
AF: Malformed TLP error

[23:16] ERROR_COUNTER3_23_16 0x0 8-bit counter that reports the following error source:
AE: Flow control protocol error

[15:8] ERROR_COUNTER3_15_8 0x0 8-bit counter that reports the following error source:
AD: Receiver overflow error

[7:0] ERROR_COUNTER3_7_0 0x0 8-bit counter that reports the following error source:
AC: Unexpected completion error

PCIE_CREDIT_ALLOCATION_0 Register(0B0h)

Table 4-53. PCIE_CREDIT_ALLOCATION_0
Bit Number Name Reset Value Description

[31:28] CREDIT_ALLOCATION0_31_28 0x0 Reserved

[27:16] CREDIT_ALLOCATION0_27_16 0x0 VC0 posted data credit pd_cred0

[15:8] CREDIT_ALLOCATION0_15_8 0x2 Reserved

[7:0] CREDIT_ALLOCATION0_7_0 0x2 VC0 posted header credit ph_cred0

Important: For more information, see Table 4-55.

PCIE_CREDIT_ALLOCATION_1 Register (0B4h)

Table 4-54. PCIE_CREDIT_ALLOCATION_1
Bit Number Name Reset Value Description

[31:28] CREDIT_ALLOCATION1_31_28 0x0 Reserved

[27:16] CREDIT_ALLOCATION1_27_16 0x0 VC0 non-posted data credit npd_cred0

[15:8] CREDIT_ALLOCATION1_15_8 0x2 Reserved

[7:0] CREDIT_ALLOCATION1_7_0 0x2 VC0 non-posted header credit nph_cred0
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Important: For more information, see Table 4-55.

Table 4-55. Credit Allocation Details (Default configuration)
Credit Type Credit Size Buffer Space (KB)

Posted Header (PH) 16 256

Posted Data (PD) 16 256

Non-Posted Header (NPH) 16 256

Non-Posted Data (NPD) 16 256

Completion Header (CPLH) N/A N/A

Completion Data (CPLD) Infinite 512

PCIE_AXI_SLAVE_WINDOW0_0 Register (0C0h)

Table 4-56. PCIE_AXI_SLAVE_WINDOW0_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW00_31_12 0x0 Base address AXI3 slave window 0

[11:0] Reserved 0x0 Reserved

PCIE_AXI_SLAVE_WINDOW0_1 Register (0C4h)

Table 4-57. PCIE_AXI_SLAVE_WINDOW0_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW0_1_31_12 0x0 Size of AXI3 slave window 0

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_SLAVE_WINDOW0_1_0 0x0 Enable bit of AXI3 slave window 0

PCIE_AXI_SLAVE_WINDOW0_2 Register (0C8h)

Table 4-58. PCIE_AXI_SLAVE_WINDOW0_2
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW0_2_31_12 0x0 LSB of the base address PCIe window 0

[11:5] Reserved 0x0 Reserved

[4:2] PCIE_AXI_SLAVE_WINDOW0_2_4_2 0x0 AXI3 slave window 0 traffic class (TC)

1 PCiE_AXI_SLAVE_WINDOW0_2_1 0x0 AXI3 Slave window 0 relaxed ordering (RO)

0 PCIE_AXI_SLAVE_WINDOW0_2_0 0x0 AXI3 Slave window 0 no snoop (NS)

PCIE_AXI_SLAVE_WINDOW0_3 Register (0CCh)

Table 4-59. PCIE_AXI_SLAVE_WINDOW0_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_SLAVE_WINDOW0_3_31_0 0x0 MSB of the base address PCIe window 0

PCIE_AXI_SLAVE_WINDOW1_0 Register (0D0h)

Table 4-60. PCIE_AXI_SLAVE_WINDOW1_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW1_0_31_12 0x0 Base address AXI3 slave window 1

[11:0] Reserved 0x0 Reserved

PCIE_AXI_SLAVE_WINDOW1_1 Register (0D4h)
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Table 4-61. PCIE_AXI_SLAVE_WINDOW1_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW1_1_31_12 0x0 Size of AXI3 slave window 1

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_SLAVE_WINDOW1_1_0 0x0 Enable bit of AXI3 slave window 1

PCIE_AXI_SLAVE_WINDOW1_2 Register (0D8h)

Table 4-62. PCIE_AXI_SLAVE_WINDOW1_2
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW1_2_31_12 0x0 LSB of the base address PCIe window 1

[11:5] Reserved 0x0 Reserved

[4:2] PCIE_AXI_SLAVE_WINDOW1_2_4_2 0x0 AXI3 slave window 0 traffic class (TC)

1 PCIE_AXI_SLAVE_WINDOW1_2_1 0x0 AXI3 slave window 0 relaxed ordering (RO)

0 PCIE_AXI_SLAVE_WINDOW1_2_0 0x0 AXI3 slave window 0 no snoop (NS)

PCIE_AXI_SLAVE_WINDOW1_3 Register (0DCh)

Table 4-63. PCIE_AXI_SLAVE_WINDOW1_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_SLAVE_WINDOW1_3_31_0 0x0 MSB of the base address PCIe window 1

PCIE_AXI_SLAVE_WINDOW2_0 Register (0E0h)

Table 4-64. PCIE_AXI_SLAVE_WINDOW2_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW2_0_31_12 0x0 Base address AXI3 slave window 2

[11:0] Reserved 0x0 Reserved

PCIE_AXI_SLAVE_WINDOW2_1 Register (0E4h)

Table 4-65. PCIE_AXI_SLAVE_WINDOW2_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW2_1_31_12 0x0 Size of AXI3 slave window 2

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_SLAVE_WINDOW2_1_0 0x0 Enable bit of AXI3 slave window 2

PCIE_AXI_SLAVE_WINDOW2_2 Register (0E8h)

Table 4-66. PCIE_AXI_SLAVE_WINDOW2_2
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW2_2_31_12 0x0 LSB of the base address PCIe window 2

[11:5] Reserved 0x0 Reserved

[4:2] PCIE_AXI_SLAVE_WINDOW2_2_4_2 0x0 AXI3 slave window 0 traffic class (TC)

1 PCIE_AXI_SLAVE_WINDOW2_2_1 0x0 AXI3 slave window 0 relaxed ordering (RO)

0 PCIE_AXI_SLAVE_WINDOW2_2_0 0x0 AXI3 slave window 0 no snoop (NS)

PCIE_AXI_SLAVE_WINDOW2_3 Register (0ECh)

Table 4-67. PCIE_AXI_SLAVE_WINDOW2_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_SLAVE_WINDOW2_3_31_0 0x0 MSB of base address PCIe window 3
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PCIE_AXI_SLAVE_WINDOW3_0 Register (0F0h)

Table 4-68. PCIE_AXI_SLAVE_WINDOW3_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW3_0_31_12 0x0 Base address AXI3 slave window 3

[11:0] Reserved 0x0 Reserved

PCIE_AXI_SLAVE_WINDOW3_1 Register (0F4h)

Table 4-69. PCIE_AXI_SLAVE_WINDOW3_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW3_1_31_12 0x0 Size of AXI3 slave window 3

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_SLAVE_WINDOW3_1_0 0x0 Enable bit of AXI3 slave window 3

PCIE_AXI_SLAVE_WINDOW3_2 Register (0F8h)

Table 4-70. PCIE_AXI_SLAVE_WINDOW3_2
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_SLAVE_WINDOW3_2_31_12 0x0 LSB of the base address PCIe window 3

[11:5] Reserved 0x0 Reserved

[4:2] PCIE_AXI_SLAVE_WINDOW3_2_4_2 0x0 AXI3 slave window 0 traffic class (TC)

1 PCIE_AXI_SLAVE_WINDOW3_2_1 0x0 AXI3 Slave window 0 relaxed ordering (RO)

0 PCIE_AXI_SLAVE_WINDOW3_2_0 0x0 AXI3 Slave window 0 no snoop (NS)

PCIE_AXI_SLAVE_WINDOW3_3 Register (0FCh)

Table 4-71. PCIE_AXI_SLAVE_WINDOW3_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_SLAVE_WINDOW3_3_31_0 0x0 MSB of the base address PCIe window 0

PCIE_AXI_MASTER_WINDOW0_0 Register (100h)

Table 4-72. PCIE_AXI_MASTER_WINDOW0_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW0_0_31_12 0x0 Base address AXI3 master window 0

[11:0] Reserved 0x0 Reserved

PCIE_AXI_MASTER_WINDOW0_1 Register (104h)

Table 4-73. PCIE_AXI_MASTER_WINDOW0_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW0_1_31_12 0x0 Size of AXI3 master window 0

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_MASTER_WINDOW0_1_0 Enable bit of AXI3 master window 0

PCIE_AXI_MASTER_WINDOW0_2 Register (108h)

Table 4-74. PCIE_AXI_MASTER_WINDOW0_2
Bit Number Name Reset

Value
Description

[31:12] PCIE_AXI_MASTER_WINDOW0_2_31_12 0x0 LSB of the base address PCIe window 0

[11:6] Reserved 0x0 Reserved
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...........continued
Bit Number Name Reset

Value
Description

[5:0] PCIE_AXI_MASTER_WINDOW0_2_5_0 0x0 These bits set the BAR. To select a BAR, set the following
values:
0x01: BAR0 (32-bit BAR) or BAR0/1 (64-bit BAR)
0x02: BAR1 (32-bit BAR) only
0x04: BAR2 (32-bit BAR) or BAR2/3 (64-bit BAR)
0x08: BAR3 (32-bit BAR) only
0x10: BAR4 (32-bit BAR) or BAR4/5 (64-bit BAR)
0x20: BAR5 (32-bit BAR) only

PCIE_AXI_MASTER_WINDOW0_3 Register (10Ch)

Table 4-75. PCIE_AXI_MASTER_WINDOW0_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_MASTER_WINDOW0_3_31_0 0x0 MSB of the base address PCIe window 0

PCIE_AXI_MASTER_WINDOW1_0 Register (110h)

Table 4-76. PCIE_AXI_MASTER_WINDOW1_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW1_0_31_12 0x0 Base address AXI3 master window 1

[11:0] Reserved 0x0 Reserved

PCIE_AXI_MASTER_WINDOW1_1 Register (114h)

Table 4-77. PCIE_AXI_MASTER_WINDOW1_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW1_1_31_122 0x0 Size of the AXI3 master window 1

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_MASTER_WINDOW1_1_0 0x0 Enable bit of the AXI3 master window 1

PCIE_AXI_MASTER_WINDOW1_2 Register (118h)

Table 4-78. PCIE_AXI_MASTER_WINDOW1_2
Bit Number Name Reset

Value
Description

[31:12] PCIE_AXI_MASTER_WINDOW1_2_31_12 0x0 LSB of the base address PCIe window 1

[11:6] Reserved 0x0 Reserved

[5:0] PCIE_AXI_MASTER_WINDOW1_2_5_0 0x0 These bits set the BAR. To select a BAR, set the following
values:
0x01: BAR0 (32-bit BAR) or
BAR0/1 (64-bit BAR)
0x02: BAR1 (32-bit BAR) only
0x04: BAR2 (32-bit BAR) or
BAR2/3 (64-bit BAR)
0x08: BAR3 (32-bit BAR) only
0x10: BAR4 (32-bit BAR) or
BAR4/5 (64-bit BAR)
0x20: BAR5 (32-bit BAR) only

PCIE_AXI_MASTER_WINDOW1_3 Register (11Ch)
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Table 4-79. PCIE_AXI_MASTER_WINDOW1_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_MASTER_WINDOW1_3_31_0 0x0 MSB of the base address PCIe window 1

PCIE_AXI_MASTER_WINDOW2_0 Register (120h)

Table 4-80. PCIE_AXI_MASTER_WINDOW2_0
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW2_0_31_12 0x0 Base address AXI3 master window 2

[11:0] Reserved 0x0 Reserved

PCIE_AXI_MASTER_WINDOW2_1 Register (124h)

Table 4-81. PCIE_AXI_MASTER_WINDOW2_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW2_1_31_12 0x0 Size of the AXI3 master window 2

[11:1] Reserved 0x0 Reserved

0 PCIE_AXI_MASTER_WINDOW2_1_0 0x0 Enable bit of the AXI3 master window 2

PCIE_AXI_MASTER_WINDOW2_2 Register (128h)

Table 4-82. PCIE_AXI_MASTER_WINDOW2_2
Bit Number Name Reset

Value
Description

[31:12] PCIE_AXI_MASTER_WINDOW2_2_31_12 0x0 LSB of the base address PCIe window 2

[11:6] Reserved 0x0 Reserved

[5:0] PCIE_AXI_MASTER_WINDOW2_2_5_0 0x0 These bits set the BAR. To select a BAR, set the following
values:
0x01: BAR0 (32-bit BAR) or BAR0/1 (64-bit BAR)
0x02: BAR1 (32-bit BAR) only
0x04: BAR2 (32-bit BAR) or BAR2/3 (64-bit BAR)
0x08: BAR3 (32-bit BAR) only
0x10: BAR4 (32-bit BAR) or BAR4/5 (64-bit BAR)
0x20: BAR5 (32-bit BAR) only

PCIE_AXI_MASTER_WINDOW2_3 Register (12Ch)

Table 4-83. PCIE_AXI_MASTER_WINDOW2_3
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_MASTER_WINDOW2_3_31_0 0x0 MSB of the base address PCIe window 3

AXI_MASTER_WINDOW3_0 Register (130h)

Table 4-84. PCIE_AXI_MASTER_WINDOW3_0
Bit Number Name Reset Value Description

[31:0] PCIE_AXI_MASTER_WINDOW3_0_31_0 0x0 Base address AXI3 master window 3

PCIE_AXI_MASTER_WINDOW3_1 Register (134h)

Table 4-85. PCIE_AXI_MASTER_WINDOW3_1
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW3_1_31_12 0x0 Size of the AXI3 master window 3

[11:1] Reserved 0x0 Reserved



 
Physical Coding Sublayers

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 61

...........continued
Bit Number Name Reset Value Description

0 PCIE_AXI_MASTER_WINDOW3_1_0 0x0 Enable bit of the AXI3 master window 3

PCIE_AXI_MASTER_WINDOW3_2 Register (138h)

Table 4-86. PCIE_AXI_MASTER_WINDOW3_2
Bit Number Name Reset

Value
Description

[31:12] PCIE_AXI_MASTER_WINDOW3_2_31_12 0x0 LSB of the base address PCIe window 3

[11:5] Reserved 0x0 Reserved

[5:0] PCIE_AXI_MASTER_WINDOW3_2_5_0 0x0 These bits set the BAR. To select a BAR, set the following
values:
0x01: BAR0 (32-bit BAR) or BAR0/1 (64-bit BAR)
0x02: BAR1 (32-bit BAR) only
0x04: BAR2 (32-bit BAR) or BAR2/3 (64-bit BAR)
0x08: BAR3 (32-bit BAR) only
0x10: BAR4 (32-bit BAR) or BAR4/5 (64-bit BAR)
0x20: BAR5 (32-bit BAR) only

PCIE_AXI_MASTER_WINDOW3_3 Register (13Ch)

Table 4-87. PCIE_AXI_MASTER_WINDOW3_3
Bit Number Name Reset Value Description

[31:12] PCIE_AXI_MASTER_WINDOW3_3_31_12 0x0 MSB of the base address PCIe window 0

[11:0] Reserved 0x0 Reserved

PCIE_INFO Register (016Ch)

Table 4-88. PCIE_INFO
Bit Number Name Reset Value Description

[31:12] INFO_31_12 0x0 Bridge version

[11:0] INFO_11_0 0x0 Reserved

RESERVED Register (204h)

Table 4-89. RESERVED
Bit Number Name Reset Value Description

[31:0] Reserved 0x0 Reserved

PCIE_DEV2SCR Register (230h)

Table 4-90. PCIE_DEV2SCR
Bit Number Name Reset Value Description

[31:0] PCIE_DEV2SCR_31_0 0x0 Reports the current value of the PCIe device control and status register. It is
monitored by the local processor when RO and NS bits are enabled in the
system.

PCIE_LINK2SCR Register (234h)
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Table 4-91. PCIE_LINK2SCR
Bit Number Name Reset Value Description

[31:0] PCIE_INK2SCR_31_0 0x0 Reports the current value of the PCIe link control and status register. It is
monitored by the local processor when RO and NS bits are enabled in the
system.

RESERVED Register (260h)

Table 4-92. RESERVED
Bit Number Name Reset Value Description

[31:0] Reserved 0x0 Reserved

4.1.8 PCIe Configuration Space  (Ask a Question)

The PCIe base IP core transaction layer (TL) contains the 4 Kbyte configuration space. The
configuration space implements all configuration registers and associated functions. It manages
BAR and window decoding, interrupt/MSI message generation, power management negotiation,
and error handling. For upstream ports, the configuration space is accessed through the PCIe link
using type 0 requests. Type 1 requests are forwarded to the application layer. For downstream
ports, the configuration space is accessed through the application interface using Type 0 requests.
Type 1 requests are forwarded to the PCIe link. The first 256 bytes of the configuration space
are the function’s configuration space, and the remaining configuration space is PCIe extended
configuration space, see the following figure.

Figure 4-11. PCIe Configuration Space
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legacy operating systems)  

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1F5CE386-E162-4A16-9649-FE457B7DACED&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Configuration%20Space
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4.1.8.1 Common Configuration Space Header  (Ask a Question)

The following table lists the common configuration space header. The PCIe common configuration
space includes the following registers:

• Type 0 configuration settings
• MSI capability structure
• Power management capability structure
• PCIe capability structure

For comprehensive information on these registers, see PCIe Base Specification Revision 1.0a, 1.1 or
2.0 specifications.

Table 4-93. Configuration Inputs for AXI3 Bridge
31:24 23:16 15:8 7:0 Byte Offset

Type 0 configuration registers 000h...03Ch

Reserved 040h

Core version register 044h

Reserved 048h...04Ch

MSI capability structure 050...05Ch

Reserved 060h...064h

Power management capability structure 078...07Ch

PCIe capability structure 080h...0BCh

Reserved 0C8h...0FCh

4.1.8.2 PCIe Extended Capability Structure  (Ask a Question)

The following table lists the PCIe extended capability structure. RTG4 PCIe common configuration
space includes the following registers.

Table 4-94. PCIe Extended Capability Structure (Function 0)
31:24 23:16 15:8 7:0 Byte Offset

AER 800h.834h

4.1.8.3 Type 0 Configuration Settings  (Ask a Question)

The following table lists the type 0 configuration settings.

Table 4-95. Type 0 Configuration Register
31:24 23:16 15:8 7:0 Byte Offset

Device ID Vendor ID 000h

Status Command 004h

Class Code Revision ID 008h

BIST Header type Latency timer Cache line size 00Ch

Base address 0 010h

Base address 1 014h

Base address 2 018h

Base address 3 01Ch

Base address 4 020h

Base address 5 024h

Reserved 028h

Subsystem ID Subsystem Vendor ID 02Ch

RESERVED 030h

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-9A99E652-A0D9-42AC-A124-F7F294C5A78B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Common%20Configuration%20Space%20Header
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-FD25F994-9FF7-40DD-80C3-42FF45C7C141&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Extended%20Capability%20Structure
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C2598D69-68B1-4725-86EA-F9A2F4A09557&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Type%200%20Configuration%20Settings
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...........continued
31:24 23:16 15:8 7:0 Byte Offset

Capabilities PTR 034h

Reserved 038h

Int. pin Int. line 03Ch

4.1.8.4 IP Core Status Register  (Ask a Question)

The following table lists the content of the IP Core Status Register.

Table 4-96. IP Core Status Register
31:28 27:16 15:4 3:0 Byte Offset

Reserved Core version Signature Reserved 044h

4.1.8.5 MSI Capability Structure  (Ask a Question)

The following table lists the content of the MSI capability structure.

Table 4-97. MSI Capability Structure Register
31:24 23:16 15:8 7:0 Byte Offset

Message control Next pointer Cap ID 050h

Message address 054h

Message upper address 058h

Reserved Reserved Message data 05Ch

4.1.8.6 Power Management Capability Structure  (Ask a Question)

The following table lists the content of the power management capability structure.

Table 4-98. Power Management Capability Structure
31:24 23:16 15:8 7:0 Byte Offset

Capabilities register Next cap PTR Cap ID 078h

Data PM control/status bridge extensions Power management status and control 07Ch

4.1.8.7 PCIe Capability Structure  (Ask a Question)

The following table lists the content of the PCIe capability structure.

Table 4-99. PCIe Capability Structure Register
31:24 23:16 15:8 7:0 Byte Offset

Capabilities register Next cap PTR cap ID 080h

Device capabilities 084h

Device status Device control 088h

Link capabilities 08Ch

Link status Link control 090h

Slot capabilities 094h

Slot status Slot control 098h

Reserved Root control 09Ch

Root status 0A0h

Device capabilities 2 0A4h

Device status 2 Device control 2 0A8h

Link capabilities 2 0ACh

Link status 2 Link control 2 0B0h

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-77DB07F6-4879-49BE-A53B-1D30DC05B498&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=IP%20Core%20Status%20Register
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B7222979-130B-438A-B10B-A8D345E3EEF9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=MSI%20Capability%20Structure
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C922EEBA-BC4F-449B-B253-8000B0B58F33&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Power%20Management%20Capability%20Structure
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D1A35AF2-38D2-4DB5-BADC-DC545E02B8EF&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Capability%20Structure
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4.1.8.8 PCIe AER Extended Capability Structure  (Ask a Question)

The following table lists the AER extended capability structure for function 0. For functions 1–7, the
byte offset is from 100h to 134h.

Table 4-100. PCIe AER Extended Capability Structure
31:24 23:16 15:8 7:0 Byte Offset

PCIe enhanced capability header 800h

Uncorrec error status register 804h

Uncorrec error mask register 808h

Uncorrec error severity register 80Ch

Correc error status register 810h

Correc error mask register 814h

Advanced error capabilities and control register 818h

Header log register 81Ch

Root error command 82Ch

Root error status 830h

Error source identification register Correc error source ID register 834h

4.1.9 TLP Contents  (Ask a Question)

The following tables in this section lists the contents of all TLPs. The bit assignments are mapped
with the MSB in the top-left and the LSB in the bottom-right of the tables.

4.1.9.1 Content of a TLP without a Data Payload  (Ask a Question)

Table 4-101. Memory Read Request 32-bit Addressing Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 0 0 0 0 0 0 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Requester ID Tag Last BE First BE

Byte 8 Address [31:2] 0 0

Byte 12 Reserved

Table 4-102. Memory Read Request-Locked 32-bit Addressing Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 0 0 0 0 0 1 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Requester ID Tag Last BE First BE

Byte 8 Address [31:2] 0 0

Byte 12 Reserved

Table 4-103. Memory Read Request 64-bit Addressing Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 1 0 0 0 0 0 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Requester ID Tag Last BE First BE

Byte 8 Address [63:32]

Byte 12 Address [31:2] 0 0

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8B29709E-A7FC-43CF-8747-AB2EF3384789&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20AER%20Extended%20Capability%20Structure
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-F29407CF-450C-4B57-8960-BAC94D5E8C3B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=TLP%20Contents
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E691CEAA-85E5-4B30-8AA7-204636E4D911&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Content%20of%20a%20TLP%20without%20a%20Data%20Payload
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Table 4-104. Memory Read Request-Locked 64-bit Addressing Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 1 0 0 0 0 1 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Requester ID Tag Last BE First BE

Byte 8 Address[63:32]

Byte 12 Address [31:2] 0 0

Table 4-105. Type 0 Configuration Read Request Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 TD EP 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Byte 4 Requester ID Tag 0 0 0 0 First BE

Byte 8 Bus Number Device Nb. Func 0 0 0 0 Ext. Reg. Register Nb. 0 0

Byte 12 R

Table 4-106. Type 0 Configuration Read Request Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 TD EP 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Byte 4 Requester ID Tag 0 0 0 0 First BE

Byte 8 Bus Number Device Nb. Func 0 0 0 0 Ext. Reg. Register Nb. 0 0

Byte 12 R

Table 4-107. Message (without data) Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 1 1 0 r
2

r
1

r
0

0 TC 0 0 0 0 TD EP 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Byte 4 Requester ID Tag Message code

Byte 8 Vendor defined or all zeros

Byte 12 Vendor defined or all zeros

Table 4-108. Completion (without data) Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 0 0 1 0 1 0 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Completer ID Status B Byte count

Byte 8 Requester ID Tag 0 Lower address

Byte 12 R

Table 4-109. Completion Locked (without data) Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 0 0 0 1 0 1 1 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Completer ID Status B Byte count

Byte 8 Requester ID Tag 0 Lower address

Byte 12
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4.1.9.2 Content of a TLP with a Data Payload  (Ask a Question)

Table 4-110. Memory Write Request 32-bit Addressing Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 0 0 0 0 0 0 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Requester ID Tag Last BE First BE

Byte 8 Address [31:2] 0 0

Byte 12 R

Table 4-111. Memory Write Request 64-bit Addressing Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 1 0 0 0 0 0 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Requester ID Tag Last BE First BE

Byte 8 Address [63:32]

Byte 12 Address [31:2] 0 0

Table 4-112. Type 0 Configuration Write Request Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 TD EP 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Byte 4 Requester ID Tag 0 0 0 0 First BE

Byte 8 Bus Number Device Nb. Func 0 0 0 0 Ext. Reg. Register Nb. 0 0

Byte 12 R

Table 4-113. Type 0 Configuration Write Request Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0 TD EP 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Byte 4 Requester ID Tag 0 0 0 0 First BE

Byte 8 Bus Number Device Nb. Func 0 0 0 0 Ext. Reg. Register Nb. 0 0

Byte 12 R

Table 4-114. Type 1 Configuration Write Request Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 0 0 0 1 0 1 0 0 0 0 0 0 0 0 TD EP 0 0 0 0 0 0 0 0 0 0 0 0 0 1

Byte 4 Requester ID Tag 0 0 0 0 First BE

Byte 8 Bus Number Device Nb. Func 0 0 0 0 Ext. Reg. Register Nb. 0 0

Byte 12 R

Table 4-115. Completion (with data) Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 0 0 1 0 1 0 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Completer ID Status B Byte count

Byte 8 Requester ID Tag 0 Lower address

Byte 12 R

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-7D68C780-88B8-45D7-8246-6E10CD26AE25&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Content%20of%20a%20TLP%20with%20a%20Data%20Payload
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Table 4-116. Completion Locked (with data) Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 0 0 1 0 1 1 0 TC 0 0 0 0 TD EP Attr 0 0 Length

Byte 4 Completer ID Status B Byte count

Byte 8 Requester ID Tag 0 Lower address

Byte 12

Table 4-117. Message (with data) Descriptor Format
+0 +1 +2 +3

7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

Byte 0 0 1 1 1 0 r 2 r 1 r 0 TC 0 0 0 0 TD EP 0 0 0 0 Length

Byte 4 Requester ID Tag Message code

Byte 8 Vendor defined or all zeros for slot power limit

Byte 12 Vendor defined or all zeros for slots power limit

4.1.10 PCB Guidelines for PCIe  (Ask a Question)

The following sections provide PCB guidelines for PCIe.

4.1.10.1 Power Domain Implementation  (Ask a Question)

In the RTG4 devices, the FPGA and PCIe link (including PMA, PCS, and PCIe controller) are combined
in a single chip, so they have separate power supplies. The following figure shows the RTG4 power
rails. For detailed power supply connections, see AN4972: Board Design and Layout Guidelines for
RTG4 FPGAs (Earlier AC439).

Figure 4-12. RTG4 Power Supply to the PCIe Link Implementation

PMA Block  

PMA Block  

PMA Control 
Logic  

PMA Control 
Logic  

PCIe PCS 
(Lane0)  

PCIe PCS 
(Lane1)  

Common
LogicSERDES I/O Pads

SERDES_PCIE_#_L[0:1]
[2:3]_VDDAIO = 1.2 V

VDD = 1.2 V

TX/CDR PLL  

VDDPLL = 3.3 V

SERDES_PCIE_#_L[0:1]
[2:3]_VDDAPLL = 2.5 V

FabricPCIe System

SPLL  

PMA Block  

PMA Block  

PMA Control 
Logic  

PMA Control 
Logic  

PCIe PCS 
(Lane2)

PCIe PCS 
(Lane3)

4.1.10.2 PCI Express Power-Up  (Ask a Question)

The PCI Express (PCIe) specification provides timing requirements for power-up. Power-up is
a concern with SRAM-based FPGA endpoint devices, within these tight specifications. The PCIe
specification specifies the release of the fundamental reset (PERST#) in the connector specification.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E3993275-F184-4705-8BE8-AE0EAF3C297F&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCB%20Guidelines%20for%20PCIe
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-006B5DDE-5659-4DED-870F-2E639F4BFD2E&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Power%20Domain%20Implementation
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/rtg4_fpga_board_design_guidelines_ac439_v14.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/rtg4_fpga_board_design_guidelines_ac439_v14.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0A33D93C-FE3F-4A33-B960-F2D4BEDE260A&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCI%20Express%20Power-Up
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The PERSTn release time (TPVPERL) of 100 ms is used for the PCIe card electromechanical
specification for add-in cards. From the point of power stablility to at least 100 ms, the PERST#
must remain asserted. Different PCIe systems hold PERSTn longer than 100 ms, but the minimum
time is 100 ms.

The advantage of a flash-based RTG4 device is that its wake-up time is very fast in contrast to SRAM
FPGA endpoints due to the configuration requirement. The semi-autonomous nature of the PCIe
core in the RTG4 device transitions from power-up to link detectable, allowing the device to be
detected by the root. When the device is detected by the root, it proceeds to the polling state of the
LTSSM. The link now cycles through the remainder of the LTSSM.

In use cases where the root and endpoint power-up separately, the PERSTn signal must be used to
handshake the link startup. The following figure shows the PCIe power-up states.

Figure 4-13. PCI Express Power-Up States

PERSTn

Power Up

Power
Stable

Link Training L0 (Active)

EP
Device 

Wake up

Link  

Detect

Inactive

See Note*

Link State

EP Device Wake Up: The internal flash loads the configuration information into the PCIe logic data
of the device. If PERSTn is required, a fabric GPIO must be connected to the PERSTn of the root.
This GPIO must be connected in the FPGA design to the CORE_RESETn pin of the PCIe core. The
embedded PCIe core is reset by PERSTn and is released afterwards to start PCIe link detection and
training.

Link Detection: Out-of-band pulse, looks for far-end connection.

The PCIe link completes the training phase and reaches the L0 state.

After the embedded PCIe endpoint core reaches the L0 state, the host operating system (OS)
accesses the PCIe core’s CSRs to perform configuration write access cycles that are part of the
system enumeration process.

Important: PERSTn is controlled by the root. If not connected to EP, EP enters link
detect as soon as the device wake up is complete.

4.1.10.3 Setting up Lane Reversal  (Ask a Question)

Polarity swapping or inversion capability within a PCIe receive or transmit lane is not available in
RTG4. The PCIe system supports lane reversal capabilities and provides flexibility in the design of
the board. The board layout can be chosen with reversed lane numbers and the PCIe EP continues

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8A2BCDE4-004C-47DF-834A-FEA8D2CFCFD5&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Setting%20up%20Lane%20Reversal
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to link train successfully and operate normally. The SerDes block configurator in Libero allows
configuration of the SerDes block in reverse lane PCIe mode, see the following figure.

Figure 4-14. Reversed Signals in PCIe Mode
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4.1.11 Generating PCIe Block Using Libero SoC  (Ask a Question)

This section provides an overview of configuring the SerDes block in PCIe mode, simulating the
SerDes block in PCIe mode, and implementing a PCIe EP in an RTG4 device.

The SerDes block configurator in the Libero SoC provides the configuration options for the PCIe EP
implementation for PCIESS SerDes blocks. It includes options for selecting the protocol for various
SerDes lanes, serial rate settings, fabric interface, PCIe Identification registers, and PCIe BAR. These
settings are implemented during programming using dedicated flash bits for fast configuration or
through the APB interface. These registers can be reviewed using the APB interface, which can
access all the registers in the SerDes block.

The following sub-sections show how to instantiate PCIe in a design:

• Configuring high-speed serial interface configurator for PCIe
• Simulating SerDes block in PCIe mode
• Adding RTG4 PCIe block to user design

4.1.11.1 Configuring High-Speed Serial Interface Configurator for PCIe  (Ask a Question)

This section describes configuring and generating the SerDes block for PCIe EP mode using
the Libero SoC software. High-speed serial interface blocks depending on its size. See RTG4
FPGA Datasheet. The Libero SoC software catalog includes four SerDes cores in the peripherals
subsection, see the following figure.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E8764E91-2984-4FDC-B6F5-2B29C8823573&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Generating%20PCIe%20Block%20Using%20Libero%20SoC
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6FF3B02D-E79E-40EA-BCE6-69D64300595C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Configuring%20High-Speed%20Serial%20Interface%20Configurator%20for%20PCIe
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
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Figure 4-15. Libero SoC Catalog

There are two specific cores that can be selected for PCIE applications. These cores can only target
one of the two RTG4 SerDes blocks with PCIe functionality.

This core is used where the user design includes all the needed functionality to configure and
initialize the SerDes block. In addition to specifying SerDes configuration register values, the
PCIe SerDes initialization solution requires building the configuration and initialization circuitry in
SmartDesign for the PCIe SerDes. To help build the initialization circuitry, Microchip provides the
pcie_init component ready for import as a block into the Libero SoC project. The core is located in
<LiberoSoC_installation>/ Designer/templates/rtg4/pcie_init.cxz.

The pcie_init component consists of the following cores:

• CoreABC soft IP core
• CoreAPB3 bus soft IP core

To access the high-speed serial interface (PCIe, EPCS, and XAUI) configurator:

1. Instantiate the RTG4 high-speed serial interface (PCIe, EPCS, and XAUI) core from the catalog
under the peripherals group into the SmartDesign canvas.
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Figure 4-16. PCIe SerDes Block Instantiation without Initialization feature on the SmartDesign Canvas

2. Double-click the PCIe SerDes block on the canvas opens the configurator permitting
customization of the PCIe features.

Figure 4-17. RTG4 High-Speed Serial Interface (PCIe, EPCS, and XAUI) Configurator
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For the RTG4 high-speed serial interface (PCIe, EPCS, and XAUI), PCIe is available in the
following SerDes blocks:

• SERDES_PCIE_0
• SERDES_PCIE_5

Important: The SerDes block names are dependent on the number of blocks
present in the device. The SerDes blocks shown are based on the RT4G150 device.

4.1.11.1.1 Protocol Selection  (Ask a Question)

The following settings are used for protocol selection.

• Protocol Type 1: Select PCIe from the drop-down menu.
• Number of Lanes: Select number of lanes used.
• Protocol 1 PHY Reference Clock: Select the inputs for the PHY reference clock selection. Only

REFCLK (Differential) is specified for PCIe applications. Users must customize the reference clock
using the Reference Clock Configuration feature.

Figure 4-18. Reference Clock Configuration

The following figure shows the reference clock configurator GUI is launched using the clicking the
Configure Reference Clock Receiver. This GUI allows the user to select various reference clock input
features. For PCIe protocol, users are recommended to use the setting shown.

Figure 4-19. Reference Clock Configurator

The high-speed serial interface configurator (SerDes block configurator) in Libero allows
configuration of the SerDes block in PCIe mode. In addition to the protocol settings, various other
options for PCIe implementation are preset. Following is a brief description of the various protocol
configuration options.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-10B040A0-D9C8-440E-958C-F54B0B88A09D&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Protocol%20Selection
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4.1.11.1.2 PCIe SPLL Configuration  (Ask a Question)

The SPLL is a PLL embedded in the SerDes block to manage the clock phase used for transfers
across the SerDes block to the FPGA fabric interface. The CLK_BASE Frequency option (an AXI3 clock
setting) is used for SPLL to synchronize data between the AXI3 interface and the SerDes block. By
default, CLK_BASE Frequency is set to 125 MHz for PCIe applications.

Important: The CLK_BASE frequency must be same as the AXI3 interface
frequency, and this operating frequency must be set by the APB interface.

4.1.11.1.3 Configure PCIe  (Ask a Question)

The Configure PCIe... appears only when the PCIe or PCIe reverse protocol is selected, see the
following figure.

Figure 4-20. Configuring PCIe

The Configuration tab sets the identification registers, fabric interface, base address registers.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-BBAF5EF0-1C00-42AC-94E0-201BE0EA3996&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20SPLL%20Configuration
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-277D5D8C-CBD7-4766-88FF-80E3E4820584&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Configure%20PCIe
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Figure 4-21. PCIe Configuration Tab

4.1.11.1.4 Identification Registers  (Ask a Question)

User can assign 16-bit hexadecimal signatures to the following six identification registers for PCIe:

• Vendor ID - 0x11AA is the vendor ID assigned to Microsemi by PCI-SIG.
• Subsystem vendor ID - Card manufacturer’s ID.
• Device ID - Manufacturer’s assigned part number assigned by the vendor.
• Revision ID - Revision number, if available.
• Subsystem Device ID - Assigned by the subsystem vendor.
• Class Code - PCIe device's generic function.

4.1.11.1.5 Fabric Interface  (Ask a Question)

Use this field to configure the bus standard (AXI) and the Interface (Master Only, Slave Only, or both)
for the PCIe protocol.

In PCIe mode, the SerDes block acts as an AXI master. Microchip recommends that a COREAXI
or CoreAHBLite bus is instantiated into the SmartDesign canvas and the Master and/or Slave Bus
Interface (BIF) of the SerDes is connected to the Master and/or Slave BIF of the COREAXI bus or
COREAHBLite bus.

Microchip recommends new and on-going RTG4 designs requiring SerDes configured as PCIe with
AHBLite master must use the CorePCIe_AXItoAHBL DirectCore. In addition, designs with both master
and slave AHBLite interfaces are required to use the CorePCIe_AXItoAHBL and CorePCIe_AHBLtoAXI
DirectCores.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B1DADC6D-FCEC-43D8-8684-39D60D53E6C4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Identification%20Registers
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-AC6A8310-17CC-4B73-AE08-F585EABB0AB2&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Fabric%20Interface
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4.1.11.2 Base Address Registers  (Ask a Question)

Figure 4-22. Base Address Registers

The individual fields of the six BARs (Bar 0 through Bar 5) can be configured as follows:

• Width - The width on even registers are either 32-bit or 64-bit. If an even register is set to 64 bits
wide, the subsequent (odd) register serves as the upper half of 64 bits. Otherwise, the width of
the odd registers is restricted to 32 bits.

• Size - Ranges from 4 KB to 2 GB. Some devices may go up to 1 GB. For more information, see
RTG4 FPGA Datasheet.

• Prefetchable - Enabled only on even registers with 64-bit width.

4.1.11.3 PCIe Register Options  (Ask a Question)

Figure 4-23. PCIe Register Options

• PHY Reference Clock Slot - Sets the reference clock to slot or independent.
PHY Reference Clock Slot: Select this option if the PHY reference clock is sourced from a PCIe slot
or it is generated separately
Slot refers to a clock source that is shared in the PCIe system between both ends of the link.
The other setting, Independent, is used in a system which uses independent clock sources on
either side of the link. This setting changes the PCIe configuration space register to advertise to
the system root, which clocking topology is used. It makes no other functional changes to the
endpoint. Expose wake signals: Selecting this option adds PCIE_WAKE_N, PCIE_WAKE_REQ, and
PCIE_PERST_N ports to control the L2/P2 state.
Entry of L2P2 can only be requested by the host and when requested, the RTG4 PCIe core
responds to the protocol request and transitions to L2 state. Its response is in conjunction
with the CFGR_L2_P2_ENABLE bit of the CONFIG_PCIE_PM register. If the bit is configured
as CFGR_L2_P2_ENABLE=0 or =1, the device goes into L2, and needs a fundamental reset
(PCIE_PERST_N) to get out of L2.
If CFGR_L2_P2_ENABLE=1, the device shows much lower power when it enters L2. In either case
the host needs to perform enumeration.
PCIE_WAKE_REQ is an input to the RTG4 PCIe reset controller. When PCIE_WAKE_REQ is asserted,
the PCIe reset controller drives out the PCIE_WAKE to RC as WAKE# side band signal

• PCIe specification version - Sets the specification version to 1.0, 1.1 or 2.0.
• Interrupt - Sets the Interrupt to the following values:

– MSI 1

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-149C0EFD-DA24-4701-B7AC-821E5E6BDD7C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Base%20Address%20Registers
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3F00643E-6144-4EA8-8FE5-C08EE431D333&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Register%20Options
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– MSI 2
– MSI 4
– MSI 8
– MSI 16
– MSI 32
– INTx

The interrupt selection sets bit 16 of the PCIE_MSI_CTRL_STATUS register and bits [19:17] of the
PCIE_MSI_CTRL_STATUS register. RTG4 does not support MSI-X.

4.1.11.4 Power Management Settings  (Ask a Question)

Use the Power Management Settings to configure the active state power management (ASPM)
settings. The configurator sets the correct register values for the SerDes block based on the
selections made.

Figure 4-24. Power Management Settings

ASPM L0s Capability

This is mandatory. The following settings are available:

• L0s Acceptable Latency - Opens the pull-down list to choose one of the following latency values:
– Maximum of 64 ns
– Maximum of 128 ns
– Maximum of 256 ns
– Maximum of 512 ns
– Maximum of 1 µs
– Maximum of 2 µs
– Maximum of 4 µs
– No Limit

• FTS in Separate Clock Mode - Enter the number of Fast Training Sequences (FTS) required in
separate clock mode. Valid values are from 0 through 255.

• FTS in Common Clock Mode - Enter the number of FTS required in common clock mode. Valid
values are from 0 through 255.

ASPM L1 Capability

By default, the ASPM L1 Capability is enabled. Configure the settings for ASPM L1 as follows:

• L1 Acceptable Latency - Click the drop-down list to choose one of the of following for latency
values:

– Maximum of 1 µs
– Maximum of 2 µs
– Maximum of 4 µs
– Maximum of 8 µs

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-47CC6464-E209-45EC-9301-344C038C660A&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Power%20Management%20Settings
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– Maximum of 16 µs
– Maximum of 32 µs
– Maximum of 64 µs
– No Limit

• L1 Exit Latency Separate Clock/Common Clock Mode - Click the drop-down menu to choose one
of the following values for the exit latency value of Separate/Common Clock mode:

– Less than 1 us
– 1 us to less than 2 µs
– 2 us to less than 4 µs
– 4 us to less than 8 µs
– 8 us to less than 16 µs
– 16 us to less than 32 µs
– 32 us to 64 µs
– More than 64 µs

Important: The exit latency value for the Common Clock mode must be smaller
than the value for the separate clock mode.

4.1.11.5 Master Interface  (Ask a Question)

The Master Interface tab allows to set up local AXI addresses on the master interface mapped to or
from a PCIe BAR and the address offset of the BAR. PCIe or PCIe reverse protocol enables to use the
Master Interface tab to configure up to four PCI windows (Window 0 through Window 3). The Master
Interface tab contains the following fields:

• Size
• PCIe BAR
• Local Address
• PCIe Address

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-4934BF1A-DB78-4E95-B9B3-CB15D4C400A2&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Master%20Interface
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Figure 4-25. PCIe Configuration—Master Interface Tab

4.1.11.5.1 Size  (Ask a Question)

For each of the windows 0 through 3, select one of the available window sizes: 4 KB, 8 KB, 16 KB, 32
KB, 64 KB, 128 KB, 256 KB, 512 KB, 1 MB, 2 MB, 4 MB, 8 MB, 16 MB, 32 MB, 64 MB, 128 MB, 256 MB,
512 MB, and 1 GB.

The default selection is 4 KB. The size selected is mapped to bits [31:12] of WindowsX_1 where X is
either 0, 1, 2, or 3.

4.1.11.5.2 PCIe BAR  (Ask a Question)

Select one of the following BARs:

• BAR0
• BAR1
• BAR2
• BAR3
• BAR4
• BAR5
• BAR0/1
• BAR2/3
• BAR4/5

Bar size is mapped to bits [5:0] of WindowsX_2, where X can be 0, 1, 2 or 3.

4.1.11.5.3 Local Address  (Ask a Question)

The address set in this field is the base address where transactions matching the window are
mapped. Local Address is 20 bits wide and covers the AXI address [31:12]. The lower order AXI [11:0]
are all zero in this control.

4.1.11.5.4 PCIe Address  (Ask a Question)

The address set in this field is the offset address inside the selected BAR to which the transaction
address is matched.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-514D9D1A-CB86-4AF6-8A89-A90034060031&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Size
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3A45C1E8-0918-4D16-BC06-9EFEC6A941EC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20BAR
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6F2BF433-C21B-406A-9A6A-A575AFE07EF7&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Local%20Address
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1AC2B3E8-938C-4012-9143-C9A26456D450&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCIe%20Address
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4.1.11.6 Slave Interface  (Ask a Question)

The Slave Interface tab allows to set a local AXI address on the slave interface that is mapped to a
PCIe address. The Slave Interface tab contains the following fields:

• Size
• Local Address
• PCIe Address
• Traffic Class: Selects the PCIe traffic class in the PCIe packet header.
• Relaxed Ordering: Enables the generation of PCIe TLP using a selectable relaxed ordering bit.
• No Snoop: Enables the generation of PCIe TLP using a selectable no snoop bit.

Figure 4-26. PCIe Configuration - Slave Interface Tab

Important: The Size, Local Address and PCIe Address options are the same as
those for the Master Interface.

4.1.11.6.1 Traffic Class  (Ask a Question)

Traffic class enables to set the traffic class and corresponding register bits. The traffic class is
required by the PCI Express packet header. Its value determines the relative priority of a given
transaction as it traverses the PCIe link. The following traffic class values are used to create a priority
scheme for different packets.

• TC 0 (Default)
• TC 1
• TC 2
• TC 3
• TC 4
• TC 5
• TC 6
• TC 7

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1126817C-79AF-4606-8B45-A6351BE38508&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Slave%20Interface
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C8FFA023-3993-4668-B820-089A72851746&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Traffic%20Class
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4.1.11.7 Simulating SerDes Block in PCIe Mode  (Ask a Question)

Following are the PCIe modes to simulate the SerDes block:

• BFM_PCIe - In this mode, the APB bus is accessed similar to the BFM_CFG mode. In addition,
communication with the SerDes block through the master and slave AXI bus interfaces can be
done. This mode is intended for the validation of the fabric interfaces to the SerDes block and is
only available for the PCIe mode of operation.

Important: In the simulation mode, the physical interface of the SerDes IP
block is inactive.

• RTL - This mode enables to fully simulate the SerDesIF block from the fabric interface to the serial
I/O interface. This simulation mode is available for PCIe operation and requires verification IP
models and test benches. The simulation runtime for this mode is longer than the runtime for
the other SerDesIF simulation modes.

For more information on simulation detail, see SERDESIF BFM Simulation Guide .

4.1.11.8 Adding RTG4 PCIe Block to User Design  (Ask a Question)

Libero promotes the SerDes I/Os to the top level and exposes the AXI3 (based on user settings) and
APB interface to the FPGA fabric. In addition, the SerDes block exposes the clocks, resets, PLL locks,
and power management signals for PCIe implementation. The appropriate setup is done using the
SerDes block configurator in the Libero software tools.

The user logic block implements an AXI3 slave interface to transfer data to the PCIe link and
transaction requests come through the AXI3 master interface to receive the data from the PCIe
link. A fabric clock conditioning circuit (SPLL) generates the clock for the AXI3 interface on the port
CLK_BASE.

4.2 XAUI  (Ask a Question)

This chapter describes implementing XAUI in the RTG4 FPGA devices using the XAUI extender block
inside the high-speed serial Interface SerDes block. XAUI is a standard for extending the 10 Gb
media independent interface (XGMII) between the media access control (MAC) and PHY layer of 10
Gb Ethernet (10 GbE). The RTG4 high-speed serial block implements the integrated XAUI, which can
connect to a 10 Gb Ethernet FPGA IP core in the FPGA fabric for a complete solution.

The RTG4 SerDes block (PCIESS and NPSS blocks) integrates the functionality of supporting multiple
high-speed serial protocols. The following figure shows the PCIe 2.0, XAUI, and SGMII. All SerDes
blocks are configured in various modes, including XAUI. XAUI is a standard for extending the 10 Gb
media independent interface (XGMII) between the MAC and PHY layer of 10 Gb ethernet (10 GbE).

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-BF83C255-69A0-4426-925D-9824E61E0368&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Simulating%20SerDes%20Block%20in%20PCIe%20Mode
http://coredocs.s3.amazonaws.com/Libero/SgCore/SERDES/sf2_serdes_sim_ug_1.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-2ACA6C6E-ECC4-4490-A72E-CBE53876D0F9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Adding%20RTG4%20PCIe%20Block%20to%20User%20Design
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-AA3EFF9F-8AFB-44AA-A032-057EE6337A67&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI
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Figure 4-27. RTG4 SerDes Block Diagram

4.2.1 Features  (Ask a Question)

The XAUI implementation in the RTG4 devices offers the following features:

• Full compliance with IEEE® 802.3
• IEEE 802.3ae- clause 45 MDIO interface
• IEEE 802.3ae- clause 48 state machines
• Pseudo-random idle insertion (PRBS Polynomial X7 + X3 + 1)
• FPGA interface clock frequency of 156.25 MHz
• Double-width 64-bit single data rate (SDR) interface
• Comma alignment function
• Low power mode
• PHY-XS and DTE-XS loopback
• IEEE 802.3ae- annex 48A jitter test pattern support
• IEEE 802.3 clause 36 8b/10b encoding compliance
• Tolerance of lane skew up to 16 ns (50 UI)
• IEEE 802.3 PICs compliance matrix
• Simple signal mapping to the XGMII
• Independent transmit and receive data paths
• Four lanes conveying the XGMII 64-bit data and control
• Differential signaling with low voltage swing (1600 mV (p-p))
• Self-timed interface allows jitter control to the PCS
• Shared technology with other 10 Gbps interfaces
• Shared functionality with other 10 Gbps ethernet block
• Utilization of 8b/10b encoding

The conversion between the XGMII and XAUI interfaces occurs at the XGXS (XAUI extender sublayer).

4.2.2 Device Support  (Ask a Question)

The following table lists the total number of SerDes Blocks in each RTG4 device that can be
configured to support XAUI.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E12687D7-81BB-4169-A1B6-56B6946C4CBC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Features
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3CD37D93-9C1E-4D74-8933-2A1C478CEE69&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Device%20Support
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Table 4-118. SerDes Blocks in RTG4 FPGAs Supporting XAUI (PCIESS and NPSS)
RT4G150

SerDes block available for XAUI Up to 6

Important: XAUI uses the entire SerDes block (4-Lanes).

4.2.3 RTG4 XAUI Block  (Ask a Question)

The RTG4 FPGA has an integrated XAUI implementation. The RTG4 high-speed interface (SerDes
block) has a XAUI IP block (XAUI extender) and a SerDes block. The following figure shows an
application example; the XAUI IP extending the 10 Gb soft IP in the fabric. The XAUI IP block in
SerDes block provides the XGXS functionality and the SerDes block provides the physical layer. The
XAUI IP block connects a 10 Gb Ethernet MAC to SerDes physical medium attachment (PMA) logic.
Third party MAC IP hosted in the FPGA fabric is responsible for providing IEEE 802.3ae functionality
including generating XAUI compliant idle sequence and insertion of ||K||, ||R||, ||A|| ordered
sets at TXD/TXC interface. In addition, the XAUI IP block has a MDIO interface allowing an MDIO
manageable device to program the MDIO registers. The SerDes block is configured to PMA only
mode and requires a reference clock of 156.25 MHz to operate at a line rate of 3.125 Gbps.

Figure 4-28. XAUI Implementation in RTG4
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https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-9E904A67-F751-43BE-8C51-6DDB8D897D0B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=RTG4%20XAUI%20Block
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The high-speed serial interface can be configured to support multiple serial protocols. However,
when using the XAUI protocol, only one protocol can be implemented as XAUI uses all four SerDes
lanes of the Quad. The following table lists the lane speeds of four physical SerDes lanes when using
XAUI.

Table 4-119. XAUI Implementation in RTG4
XAUI Protocol Lane0 Lane1 Lane2 Lane3

Protocol Speed Protocol Speed Protocol Speed Protocol Speed

Single protocol PHY XAUI 3.125 G XAUI 3.125 G XAUI 3.125 G XAUI 3.125 G

The SerDes block in XAUI mode has SerDes I/O pads on one side, an XGMII interface and MDIO
interface on the FPGA fabric side. The preceding table lists the RTG4 SerDes lane assignments in
XAUI mode. For other SerDes required pins, see RTG4 FPGA Pin Descriptions Datasheet.

Figure 4-29. XAUI IP Block Diagram
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4.2.3.1 Transmit Block  (Ask a Question)

This block is responsible for encoding the XGMII data (using 8b/10b). The output to the transmit
block is an 80-bit interface (20 bits per lane). PMA in the SerDes receives this 80-bit data and
transmits it to the XAUI bus.

4.2.3.2 Receive Block  (Ask a Question)

This block receives 8b/10b encoded data and four recovered clocks from an external XAUI SerDes
PMA. The receive block performs comma alignment on the data, phase- aligns the four lanes of data,
and performs the 8b/10b decode function.

The transmit and receive FPGA interface frequencies are set at 156.25 MHz.

https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/PackagingSpecifications/rtg4/RTG4_FPGA_Pin_Description_Datasheet_DS0130_V7.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-5D892CEB-C708-4BA4-9B23-0736966EB435&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20Block
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3A8A9673-7B64-462B-B4DE-FB793B0C59E8&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20Block
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4.2.3.3 Management Block  (Ask a Question)

The management block is the MDIO interface to the design registers.

4.2.3.4 XAUI IP Fabric Interface  (Ask a Question)

The RTG4 SerDes block in XAUI mode interfaces with the fabric and differential I/O pads.

Table 4-120. MDIO Interface Signals
Port Type Description

XAUI_MMD_MDC Input MDIO I/F clock. 40 MHz or less. MDC is required with or without MDIO functionality.

XAUI_MMD_MDI Input MDIO data input from bidirectional pad.

XAUI_MMD_MDI_ EXT Input Serial data output of another block that responds to a host read transaction.

XAUI_MMD_MDO Output MDIO data output to bidirectional pad.

XAUI_MMD_ MDOE Output MDIO data output enable. This is used to control bidirectional pad. It is active high.

XAUI_MMD_ MDOE_IN Input MDIO data output enable input. This is used to force MMD_MDI high in an idle state. It is
active high.

XAUI_MMD_PRTAD[4:0] Input A static signal that defines the port address of the XAUI extender block instantiated. Access
to the MDIO registers is granted only if the port address specified in the MDI stream
matches this input.

XAUI_MMD_ DEVID[4:0] Input A static signal that defines the device ID of the XAUI extender block instantiated. Access
to the MDIO registers is granted only if the device ID (DEVID) specified in the MMD_MDI
stream matches this input. For the PHY- XS, this value must be 04h. For the DTE-XS, this
value must be 05h.

XAUI_VNDRRESLO[7:0] Output A general purpose register for vendor use, reset Low. The output of two 16-bit registers
(address 0x8000 and 0x8001) that are set Low on reset for general purpose use.

XAUI_VNDRRESHI[7:0] Output General purpose register for vendor use, reset High. The output of two 16-bit registers
(address 0x8002 and 0x8003) that are set High on reset for general use.

Table 4-121. XGMII Transmit Interface Signals
Port Type Description

XAUI_TXD[63:0] Input Transmit data input from the XGMII. The signal has the following lane definitions:
Lane0, row0: txd[7:0]
Lane1, row0: txd[15:8]
Lane2, row0: txd[23:16]
Lane3, row0: txd[31:24]
Lane0, row1: txd[39:32]
Lane1, row1: txd[47:40]
Lane2, row1: txd[55:48]
Lane3, row1: txd[63:56]
The row0 lanes are leading the row1 lanes in time. See IEEE 802.3ae, clause 46, for a complete
definition.

XAUI_TXC[7:0] Input Transmit data lane control signals. The signal has the following lane definitions:
Lane0, row0: txc[0]
Lane1, row0: txc[1]
Lane2, row0: txc[2]
Lane3, row0: txc[3]
Lane0, row1: txc[4]
Lane1, row1: txc[5]
Lane2, row1: txc[6]
Lane3, row1: txc[7]
The row0 lanes are leading the row1 lanes in time. See IEEE 802.3ae, clause 46, for a complete
definition.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-7E3397CB-C5CA-4D2C-8662-27C32CA0B30F&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Management%20Block
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-70C2108C-9F9F-4DC3-BBD1-4D7E07545AAF&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20IP%20Fabric%20Interface
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Table 4-122. XGMII Receive Interface Signals
Port Type Description

XAUI_RXD[63:0] Output Receive data output to the XGMII. The signal has the following lane definitions:
Lane0, row0: rxd[7:0]
Lane1, row0: rxd[15:8]
Lane2, row0: rxd[23:16]
Lane3, row0: rxd[31:24]
Lane0, row1: rxd[39:32]
Lane1, row1: rxd[47:40]
Lane2, row1: rxd[55:48]
Lane3, row1: rxd[63:56]
The row0 lanes are leading the row1 lanes in time. See IEEE 802.3ae, clause 46, for a complete
definition.

XAUI_RXC[7:0] Output Receive lane data control signals. The signal has the following lane definitions:
Lane0, row0: rxc[0]
Lane1, row0: rxc[1]
Lane2, row0: rxc[2]
Lane3, row0: rxc[3]
Lane0, row1: rxc[4]
Lane1, row1: rxc[5]
Lane2, row1: rxc[6]
Lane3, row1: rxc[7]
The row0 lanes are leading the row1 lanes in time. For a complete definition, see IEEE 802.3ae,
clause 46.

Table 4-123. XAUI IP Block Control Signals
Port Type Description

XAUI_ LOOPBACK_OUT Output Loopback mode enable out. This signal is asserted when the XAUI extender block is placed
in loopback. Typically, this signal is shunted back into the input XAUI_ LOOPBACK_IN port. In
this case, loopback is implemented in the XAUI extender block.

XAUI_LOOPBACK_IN Input Loopback mode enable in. When asserted, the XAUI PMA output data signals are shunted
back into the input signals. For loopback to function appropriately, the XGMII transmit clock
TX_CLK must be shunted back into the PMA recovered clock inputs.

XAUI_LOWPOWER Output SerDes low power status. When set to 1, the SerDes block signals to the fabric that the
SerDes block is in a low power state.

XAUI_PHY_NOT_READY Output This signal goes low when all 4- SerDes lanes within the XAUI block have completed the
calibration sequence indicating the entire PMA is ready for operation. Completed calibration
corresponds to the two conditions completed by the PMA control logic: Receiver detects
incoming data and the CDR PLL is locked to the input bit stream in fine grain state for all
lanes. This pin will go high if any of the SerDes lanes go down.

XAUI_LANE01_RX_ERR Input XAUI Interface Lane[0:1] receiver error is detected when using the external logic. When
there are many receive errors such as, invalid 8b/10b code or disparity error, then the
asynchronous signal can be used to cause the CDRPLL to switch back to the frequency lock
phase.These pins can be hardwired to 0, and rely only on Electrical Idle detection to switch
the CDR PLL back to frequency lock state.

XAUI_LANE23_RX_ERR Input XAUI Interface Lane[2:3] receiver error is detected when using the external logic. When
there are many receive errors such as, invalid 8b/10b code or disparity error, then the
asynchronous signal can be used to cause the CDRPLL to switch back to the frequency lock
phase.These pins can be hardwired to 0, and rely only on Electrical Idle detection to switch
the CDR PLL back to frequency lock state.

XAUI_PWRDN Input When this input is driven high it powers down the XAUI Core. Tie low for normal operation.

XAUI_TX_OOB Input Unused for XAUI. Tie Low for normal operation.

PLL_LOCKLOST_INT Output Output of SPLL Lock lost status register (Active high indicates that the lock is lost). The SPLL
manages clock domain data transfers skew between the FABRIC and XAUI block module.
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...........continued
Port Type Description

SPLL_LOCK Output SPLL Lock signal. High indicates that the frequency and phase lock are achieved. The SPLL
manages clock domain data transfers skew between the FABRIC and XAUI block module.

Important: 
• The XAUI_PHY_NOT_READY signal gets deasserted before the INIT_DONE

signal.
• When SerDes is self-initialized, the INIT_DONE signal is exposed. The

INIT_DONE signal gets asserted when the whole system (SerDes/DDR) is
initialized and ready for communication.

• When SerDes is self-initialized, the SDIF_READY signal is exposed. The
SDIF_READY signal gets asserted if SerDes initialization is complete and
ready to communicate. The SDIF_READY signal can get asserted before the
INIT_DONE signal. The XAUI PHY related signals look for the SDIF_READY
signals.

• The suffix “_INT” means interrupt. Therefore, it is meant to be used as
an interrupt signal, for example, to the processor. It is triggered by the
corresponding event PLL LOCK or LOCK LOST, but the register output serves
as the level sensitive interrupts, and it needs to be cleared by the user. The
corresponding “ENABLE” register bits are available to enable those interrupt
registers.

Table 4-124. APB Slave Interface—APB_SLAVE
Clock Signal Type Description

APB_S_PCLK Input APB interface clock signal input. Controlled by CLK_BASE of the Libero configurator. For XAUI,
the CLK_BASE is the same frequency as the 156.25 MHz reference clock. This value is required
to perform accurate timing driven place and route and analysis.

APB_S_PENABLE Input APB strobe. This signal indicates the second cycle of an APB transfer.

APB_S_PWRITE Input APB write or read. If High, a write occurs when an APB transfer takes place. If low, a read
takes place.

APB_S_PADDR[13:0] Input APB address bus

APB_S_PWDATA[31:0] Input APB write data

APB_S_PREADY Output APB ready. Used to insert wait states

APB_S_PRDATA[31:0] Output APB read data

APB_S_PSLVERR Output APB Error

4.2.4 Reset and Clocks for XAUI  (Ask a Question)

This section covers the functional aspects of the reset and clock circuitry inside the high-speed serial
interface block for XAUI mode. It has the following components:

• XAUI Mode Clocking
• XAUI Mode Reset Network

4.2.4.1 XAUI Mode Clocking  (Ask a Question)

When the SerDes block is configured in XAUI mode, it has multiple clock inputs and outputs. This
section describes the XAUI clocking scheme.

In XAUI mode, data is exchanged from FPGA IP in the fabric and XAUI IP. The following figure shows
the clocking of the XAUI IP block. The 156.25 MHz reference clock is used by the SerDes PMA (Tx
PLL and CDR PLL). The PLLs generate 156.25 MHz clocks and send 4 Rx and 4 Tx clocks through the
EPCS interface. The Lane0 Tx clock is fed in to the reference clock of SPLL and XAUI extender block.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6F095DBC-FB13-469F-867F-29C2686743EE&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Reset%20and%20Clocks%20for%20XAUI
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1737FA83-487E-4D9A-A3D6-3709A332E0A4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20Mode%20Clocking
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This SPLL is used to reduce the skew between the fabric and RTG4 SerDes block module. The Libero
SOC automatically connects the XAUI_TX_CLK_OUT signal with the XAUI_FB_CLK signal in the FPGA
fabric through the global network, as shown in the following figure. The 4 Rx clocks are fed in to the
XAUI extender block, where lane de-skewing is done and only one Rx clock is given out to the FPGA
fabric. The XAUI_TX_CLK_OUT and XAUI_RX_CLK signals are used by XGMII FPGA IP. The APB clock
(APB_S_PCLK) is an asynchronous clock used for SerDes block configuration register access.

In XAUI only mode, the Tx clock is generated from the PMA. The lane0 Tx clock is used for this
purpose. The Rx clock for all four lanes is passed to the XGXS receiver block with gating logic in
between to low power operation.

Figure 4-30. Clocking in XAUI Mode
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Important: For information about REF_CLK, see Figure 4-31.

The following table lists the various clocks in the XAUI mode.
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Table 4-125. Clock Signals in XAUI Mode
Clock Signal Type Description

XAUI_RX_CLK_OUT Output Receive clock synchronous with Rxd, clock synchronous with the output XGMII data Rxd. This
clock operates nominally at 156.25 MHz. See IEEE 802.3ae, clause 46, for a complete definition.

XAUI_TX_CLK_OUT Output Transmit clock to be used for transmit data. This clock operates nominally at 156.25 MHz. See
IEEE 802.3ae, clause 46, for a complete definition.

XAUI_RX_CLK_IN Input Receive Interface FIFO read clock within XAUI Core. This is the read clock of the receive Fly-
Wheel-FIFO used to decouple the phase of the FPGA clock from the SerDes receiver clock.
The Fly-Wheel-FIFO makes FPGA timing closure easier on the RX_DATA[n:0] by using the same
clock to launch and capture data into the fabric. This input is typically connected to the
XAUI_RX_CLK_OUT.

XAUI_FB_CLK Input Transmit Interface FIFO write clock within XAUI Core. Write clock to the transmit Fly-Wheel-FIFO
used to decouple the phase of the FPGA clock from the SerDes transmit clock. Use of the
Fly-Wheel-FIFO makes the FPGA timing closure easier on the TX_DATA[n:0] by removing the
round trip time of the clock from the SerDes to the fabric clock resource and back to the SerDes
to capture the data. This input is typically connected to the XAUI_TX_CLK_OUT.

4.2.4.1.1 SerDes Reference Clocks Selection  (Ask a Question)

The PMA in the SerDes block needs a reference clock on each of its lanes for Tx and Rx clock
generation through PLLs. The following figure shows reference clock selection in the high-speed
serial interface generator available in the Libero SoC. In XAUI mode, the protocol expects a
differential clock to be input to the REFCLK_P and REFCLK_N pads and the software correctly sets the
input MUX for the refclk inputs to the SerDes block. The FAB_REF_CLK option is not available in XAUI
mode. The reference clock pads are differential input. In XAUI mode, one reference clock is selected
for all four lanes.

Figure 4-31. SerDes Reference Clock for XAUI Mode
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Table 4-126. Reference Clock Signals for SerDes
Clock Signal Description

REFCLK_P, REFCLK_N Differential

REFCLK0 Voltage Referenced—input signal requires a reference voltage (SERDES_VREF) rather than to ground
such as HSTL or SSTL input standard types.

REFCLK1 Voltage Referenced—input signal requires a reference voltage (SERDES_VREF) rather than to ground
such as HSTL or SSTL input standard types.

REFCLK0 Single-ended—clocks that references the input signal to ground such as LVTTL and LVCMOS.

REFCLK1 Single-ended—clocks that references the input signal to ground such as LVTTL and LVCMOS.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-F51BA74B-DC21-405C-B6FE-7990C8762BBA&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Reference%20Clocks%20Selection
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4.2.4.1.2 XAUI FPGA Clocks  (Ask a Question)

The XAUI_TX_CLK_OUT and XAUI_RX_CLK_OUT from the XAUI block require global fabric clock
resources. These clock resources require use of the eight half-row global routes on the top row
of the FPGA routing array. Routing considerations to other clocks such as APB_S_CLK also require
global clock resources. Attention to design practice may be required to reduce clock congestion with
other high-fanout clock nets.

4.2.4.1.3 XAUI Mode Reset  (Ask a Question)

The XAUI core reset is a function of device power-on and fundamental XAUI core (CORE_RESET_N).
The XAUI mode reset is internally synchronized to the release of the CORE_RESET_N. However, the
PHY_RESET_N must also be released for proper operation of the XAUI high-speed serial interface.

The following table lists the reset signals and recommended connections.

Table 4-127. XAUI Mode Reset Signals
Port Type Description

CORE_RESET_N Input Active-low reset for XAUI Core.

PHY_RESET_N Input SERDES-PHY-Active low reset.

APB_S_PRESET_N Input Asynchronous active-low reset signal for APB slave interface.

4.2.5 Design Considerations  (Ask a Question)

This section provides instructions for implementing XAUI in the RTG4 devices. It includes the
following sections:

• Using MDIO Interface
• XAUI IP Block Timing Diagram
• XAUI Mode Loopback Test Operation
• Using MMD Status Registers

4.2.5.1 Using MDIO Interface  (Ask a Question)

The MDIO interface allows users to access the MDIO registers. The following figure shows a
system block diagram for connecting XAUI IP and an MDIO manageable device (MMD) to a station
management entity (STA). In this case, the STA is A-XGMAC. If the MDIO is not required for the user
application, the MDIO ports can be tied off inactive.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3AAA81B7-01AA-404A-85AA-DB70F1D52C15&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20FPGA%20Clocks
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-15B973B3-1DFC-4967-A14D-2C9BCB89B554&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20Mode%20Reset
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-624A34CD-DA86-4C57-B480-8861CF30FDD4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Design%20Considerations
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EF1E4648-04E4-4168-99FA-56DB647F9597&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Using%20MDIO%20Interface
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Figure 4-32. MDIO System Block Diagram
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4.2.5.2 XAUI IP Block Timing Diagram  (Ask a Question)

The following sections show the timing relations between clock and data for the three interfaces of
the XAUI extender.

• Transmit Interface
• Receive Interface
• MMD Read Timing
• MMD Write Timing

For the detailed timing numbers, see RTG4 FPGA Datasheet.

4.2.5.2.1 Transmit Interface  (Ask a Question)

The following figure shows the XGMII transmit timing diagram. The transmit data and control signals
are source centered on the transmit clock as per the requirements of IEEE 802.3ae, clause 46. All
four lanes of data are synchronous with a common clock.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-A18F9ACB-1D69-4FEA-9E5B-94B77CABF2D3&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20IP%20Block%20Timing%20Diagram
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8B248EAB-75D0-472E-B90F-7789EDBAD5A4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20Interface
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Figure 4-33. Transmit XGMII Interface Timing Diagram
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4.2.5.2.2 Receive Interface  (Ask a Question)

The following figure shows the XGMII receive timing diagram. The receive data and control signals
are edge- aligned with the receive clock XAUI_RX_CLK. To be fully compliant with IEEE 802.3ae,
the data and control signals are normally source centered on XAUI_RX_CLK. However, in the RTG4
FPGA, the XAUI extender is interfaced with a FPGA 10G MAC in the fabric within the same device,
eliminating the need to source center the data. All four lanes of data are synchronous with the
common clock XAUI_RX_CLK. The user must check timing and ensure that the data is captured by
the FPGA 10G MAC in the fabric.

Figure 4-34. XGMII Interface Receive Timing Diagram
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4.2.5.2.3 MMD Read Timing  (Ask a Question)

The following figure shows the timing diagram for an MDIO register read. The XAUI_MMD_MDO
signal is controlled by XAUI_MMD_MDOE.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-984CACD7-B58F-4E64-8116-4D53BB3B6ADC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20Interface
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-DDAA2963-8F2D-4E6A-8080-C5756D128F58&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=MMD%20Read%20Timing
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Figure 4-35. MDIO Interface Read Timing Diagram
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4.2.5.2.4 MMD Write Timing  (Ask a Question)

The following figure shows the timing diagram for MDIO registers. XAUI_MMD_MDOE must not be
asserted during a write operation. See the IEEE 802.3ae specification, clause 45, for a complete
definition.

Figure 4-36. MDIO Interface Read Timing Diagram
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4.2.5.3 XAUI Mode Loopback Test Operation  (Ask a Question)

The XAUI extender block can be placed in loopback mode for testing purposes. It can also be placed
in multiple loopback operations.

4.2.5.3.1 XAUI – Near End Loopback Test  (Ask a Question)

Bit 14 of Reg00 can be used to enable the loopback. When loopback mode is enabled, the transmit
output is shunted back into the receive input. For loopback mode to work appropriately, the
transmit clock is also shunted back into the receive clock inputs. The loopback test data must be
fed from the XGMII interface available to fabric.

4.2.5.4 XAUI – Far End Loopback Test  (Ask a Question)

In the XAUI far end loopback test, the transmit interface of the XAUI extender block is connected to
the SerDes block interface. In this case, the SerDes block is put in loopback mode, where serial data
from transmit side is fed to the serial receive interface. XAUI far-end loopback verifies the transmit,
receives the paths of the XAUI extender block, and then tests the validity of the PMA data path. The
XAUI_ LOOPBACK_IN signal is used for this mode.

4.2.5.5 SerDes Block System Register Configurations for XAUI Mode  (Ask a Question)

The RTG4 SerDes block subsystem has three regions of configuration and the following two status
registers:

• SerDes Block System Register

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-493C1D19-E8D8-4B4C-A773-A2B1440C85C7&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=MMD%20Write%20Timing
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-18F9C017-7416-4433-B82B-C793A3380141&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20Mode%20Loopback%20Test%20Operation
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-9E9F99FF-0DD5-406F-BC78-4963C39217CC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20%E2%80%93%20Near%20End%20Loopback%20Test
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-81B7CE0D-BFB4-41D7-9FE4-A78D3A9ED646&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20%E2%80%93%20Far%20End%20Loopback%20Test
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-78ACF8D9-0D54-484D-AC41-23C24963A93F&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20System%20Register%20Configurations%20for%20XAUI%20Mode
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• Bridge Register Space

These registers are accessed by the 32-bit APB bus. See the Table 5-1 for details. In XAUI mode, the
PCIe core registers are not used, only subsets of the SerDes block system registers and SerDes block
register are used. These registers can be updated through the 32-bit APB interface after power-up.

4.2.5.6 Using MMD Status Registers  (Ask a Question)

The two MMD status registers are XS status 1 (Reg01) and XS status 2 (Reg07). When the reset signal
on the XAUI block is de-asserted, the initial state of these status registers indicates a fault condition.
The initial fault condition must be ignored, and a read operation has to be performed on these
registers to clear the initial false fault-status. When a real fault condition happens (for example,
when a link is down), the fault register properly indicates any fault, as expected.

4.2.5.6.1 MDIO Register Map  (Ask a Question)

The following table lists the MDIO registers.

Table 4-128. MDIO Registers
Register Name Register Address Read/Write Device Address Description

Reg00 0x0000 R/W 04h/05h XS control 1 register

Reg01 0x0001 R/O 04h/05h XS status 1 register

Reg02 0x 0002 R/O 04h/05h XS device identifier register low

Reg03 0x0003 R/O 04h/05h XS device identifier register high

Reg04 0x0004 R/O 04h/05h XS speed ability register

Reg05 0x0005 R/O 04h/05h XS devices in package register low2

Reg06 0x0006 R/O 04h/05h XS devices in package register high

— 0x0007 N/A 04h/05h Reserved

Reg07 0x0008 R/O 04h/05h XS status 2

— 0x0009 to 0x000d N/A 04h/05h Reserved

Reg08 0x000e R/O 04h/05h XS package identifier register low

Reg09 0x000f R/O 04h/05h XS package identifier register high

— 0x0010 to 0x0017 N/A 04h/05h Reserved

Reg10 0x0018 R/O 04h/05h 10G XGXS lane status register

Reg 11 0x0019 R/W 04h/05h 10G XGXS test control register

— 0x001a to 0x7fff N/A 04h/05h Reserved

Reg12 0x8000 R/W 04h/05h Vendor-specific reset Lo 1

Reg13 0x8001 R/W 04h/05h Vendor-specific reset Lo 2

Reg14 0x8002 R/W 04h/05h Vendor-specific reset Hi 1

Reg15 0x8002 R/W 04h/05h Vendor-specific reset Hi 1

— 0x8004 to 0xffff N/A 04h/05h Reserved

Table 4-129. Reg00 XS Control 1 Register
Bit Number Name Reset

Value
Description

15 Reset 0x0 The XAUI extender block is reset when this bit is set to 1. It returns to 0 when the
reset is complete (self-clearing).
1: Block reset
0: Normal operation

14 Loopback 0x0 The XAUI extender block loops the transmit signal back into the receiver.
0: Disable loopback
1: Enable loopback

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-5AECC573-9475-4338-AEF7-8CC0E80FB365&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Using%20MMD%20Status%20Registers
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-DD3CD351-EBE5-432E-8F34-6BEEED741BC5&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=MDIO%20Register%20Map
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...........continued
Bit Number Name Reset

Value
Description

13 Speed selection 0x1 This bit is for speed selection and is set to 1'b1 for compatibility with clause 22.
0: Unspecified
1: 10 Gbps and above
Any write to this bit is ignored.

12 Reserved 0x0 Reserved

11 Low power
mode

0x0 When set to 1, the SerDes block is placed in a low power mode. Set to 0 to return
to normal operation.
0: Normal operation
1: Low power mode

[10:7] Reserved 0x0 Reserved

6 Speed selection 0x1 This bit is set to 1'b1 for compatibility with clause 22.
0: Unspecified
1: 10 Gbps and above

[5:2] Speed selection 0x0 The speed of the PMA/PMD may be selected using bits 5 through 2.
1 x x x: Reserved
x 1 x x: Reserved
x x 1 x: Reserved
0 0 0 1: Reserved
0 0 0 0: 10 Gbps
Any write to this bit is ignored.

[1:0] Reserved 0x0 Reserved

Table 4-130. Reg01 XS Status 1 Register
Bit Number Name Reset Value Description

2 PHY/DTE
transmit/receive link
status

0x0 When read as a one, the receive link is up.
0: Link down
1: Link up
The receive link status bit is implemented with latching low behavior.

1 Low power ability 0x1 When read as a one, it indicates that the low power feature is supported.
0: Low power not supported
1: Low power is supported

0 Reserved 0x0 Reserved

Table 4-131. Reg02 XS Device Identifier Low Register
Bit
Number

Name Reset
Value

Description

[15:0] Organizationally
unique identifier
(OUI)

0x0 Reg02 and Reg03 provide a 32-bit value, which may constitute a unique
identifier for a particular type of SerDes. The identifier is composed of the 3rd
through 24th bits of the OUI assigned to the device manufacturer by the IEEE, a
6-bit model number, and a 4-bit revision number.
Reg02 sets bits [3:18] of the OUI. Bit 3 of the OUI is located in bit 15 of the
unique identifier of the register, and bit 18 of the OUI is located in bit 0 of the
register.

Table 4-132. Reg03 the XS Device Identifier High Register
Bit Number Name Reset

Value
Description

[15:10] OUI 0x0 Bits [19:24] of the OUI. Bit 19 of the OUI is located in bit 15 of the register, and
bit 24 of the OUI is located in bit 10 of the register.

[9:4] Manufacturer
model number

0x0 Bits [5:0] of the manufacturer model number. Bit 5 of the model number is
located in bit 9 of the register, and bit 0 of the model number is located in bit 4
of the register.
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...........continued
Bit Number Name Reset

Value
Description

[3:0] Revision number 0x0 Bits [3:0] of the manufacturer model number. Bit 3 of the revision number is
located in bit 3 of the register, and bit 0 of the revision number is located in bit 0
of the register.

Table 4-133. Reg04 XS Speed Ability Register
Bit Number Name Reset Value Description

[15:1] Reserved 0x0 Reserved

0 10g capable 0x1 0: Not capable of 10g
1: 10g capable

Table 4-134. Reg05 XS Devices in Package Low Register
Bit Number Name Reset Value Description

[15:6] Reserved 0x0 Reserved

5 DTE XS present 0x1 0: DTE XS not present in the package
1: DTE XS present in the package

4 PHY XS present 0x0 0: PHY XS not present in the package
1: PHY XS present in the package

3 PCS present 0x0 0: PCS not present in the package
1: PCS present in the package

2 WIS present 0x0 0: WIS not present in the package
1: WIS present in the package

1 PMD/PMA present 0x0 0: PMD/PMA not present in the package
1: PMD/PMA present in the package

0 Clause 22 register present 0x0 0: Clause 22 registers are not present in the package
1: Clause 22 registers are present in the package

Table 4-135. Reg06 XS Devices in Package High Register
Bit Number Name Reset Value Description

15 Vendor-specific device2 present 0x0 0: Vendor-specific device 2 not present
1: Vendor-specific device 2 present

14 Vendor-specific device1 present 0x0 0: Vendor-specific device 1 not present
1: Vendor-specific device 1 present

[13:0] Reserved 0x0 Reserved

Table 4-136. Reg07 XS Status 2 Register
Bit Number Name Reset Value Description

[15:14] Device present 0x0 10: Device responding at this address.
11: No device responding at this address.
01: No device responding at this address.
00: No device responding at this address.

[13:12] Reserved 0x0 Reserved

11 Transmit fault 0x0 0: No transmit fault
1: Transmit fault
Latched high, clear on read

10 Receive fault 0x0 0: No receive fault
1: Receive fault
Latched high, clear on read

[9:0] Reserved 0x0 Reserved
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Important: Transmit and Receive fault status bit roles are swapped when the
MDIO device ID is set to 5’h04 (PHY equipment). The descriptions in preceding
table assume that the MDIO device ID is set for DTE (data terminal equipment).

Table 4-137. Reg08 XS Package ID Low Register
Bit
Number

Name Reset
Value

Description

[15:0] OUI 0x0 Reg 08 and Reg 09 provide a 32-bit value, which may constitute a unique identifier for a
particular type of package that the SerDes is instantiated within. The identifier is composed of
the 3rd through 24th bits of the OUI assigned to the package manufacturer by the IEEE, plus a
6-bit model number, and a 4-bit revision number. Reg08 sets bits [3:18] of the OUI. Bit 3 of the
OUI is located in bit 15 unique identifier of the register, and bit 18 of the OUI is located in bit 0
of the register.

Table 4-138. Reg09 XS Package ID High Register
Bit Number Name Reset

Value
Description

[15:10] OUI 0x0 Bits [19:24] of the OUI. Bit 19 of the OUI is located in bit 15 of the register, and
bit 24 of the OUI is located in bit 10 of the register.

[9:4] Manufacturer
model number

0x0 Bits [5:0] of the manufacturer model number. Bit 5 of the model number is
located in bit 9 of the register, and bit 0 of the model number is located in bit 4
of the register.

[3:0] Revision number 0x0 Bits [3:0] of the manufacturer model number. Bit 3 of the revision number is
located in bit 3 of the register, and bit 0 of the revision number is located in bit 0
of the register.

Table 4-139. Reg10 XGXS Lane Status Register
Bit Number Name Reset

Value
Description

[15:13] Reserved Reserved

12 PHY/DTE XGXS lane
alignment status

0x0 0: Lanes not aligned
1: Lanes aligned

11 Pattern testing ability 0x1 0: (PHY/DTE)XS is unable to generate test patterns
1: (PHY/DTE)XS is able to generate test patterns

10 PHY XGXS loopback
ability

0x1 0: PHY XGXS does not have the ability to perform a loopback
1: PHY XGXS has the ability to perform a loopback

[9:4] Reserved Reserved

3 Lane3 synchronized 0x0 When read as a one, this register indicates that the receive Lane3 is
synchronized.
0: Lane3 is not synchronized
1: Lane3 is synchronized

2 Lane2 synchronized 0x0 When read as a one, this register indicates that the receive Lane2 is
synchronized.
0: Lane2 is not synchronized
1: Lane2 is synchronized

1 Lane1 synchronized 0x0 When read as a one, this register indicates that the receive Lane1 is
synchronized.
0: Lane1 is not synchronized
1: Lane1 is synchronized

0 Lane0 synchronized 0x0 When read as a one, this register indicates that the receive Lane1 is
synchronized.
0: Lane0 is not synchronized
1: Lane0 is synchronized
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Table 4-140. Reg11 the XGXS Test Control Register
Bit Number Name Reset

Value
Description

[15:3] Reserved Reserved

2 Transmit test
pattern enabled

0x0 When this bit is set to a one, pattern testing is enabled on the transmit path.
0: Transmit/receive test pattern disabled
1: Transmit/receive test pattern enabled

[1:0] Test pattern select 0x0 The test pattern is used when enabled pattern testing is selected using these
bits:
00: High frequency test pattern
01: Low frequency test pattern
10: Mixed frequency test pattern
11: Reserved

Table 4-141. Reg12 Vendor-Specific Reset Low 1 Register
Bit Number Name Reset Value Description

[15:0] Vendor-specific reset Lo
1

0x0000 General purpose registers that are connected to the output port.
XAUI_VNDRRESLO[15:0]. Typically used for external device control.

Table 4-142. Reg13 Vendor-Specific Reset Low 2 Register
Bit Number Name Reset Value Description

[15:0] Vendor-specific reset Lo
2

0x0000 General purpose registers that are connected to the output port.
XAUI_VNDRRESLO[31:16]. Typically used for external device control.

Table 4-143. Reg14 Vendor-Specific Reset High 1 Register
Bit Number Name Reset Value Description

[15:0] Vendor-specific reset Hi
1

0xFFFF General purpose registers that are connected to the output port.
XAUI_VNDRRESLI[15:0]. Typically used for external device control.

Table 4-144. Reg15 Vendor-Specific Reset High 2 Register
Bit Number Name Reset Value Description

[15:0] Vendor-specific reset Hi
2

0xFFFF General purpose registers that are connected to the output port.
XAUI_VNDRRESLI[31:16]. Typically used for external device control.

4.2.6 Generating XAUI Block Using Libero SoC  (Ask a Question)

This section provides an overview of how to configure a SerDes block in XAUI mode, and instructions
for using XAUI IP in an RTG4 device. RTG4 supports XAUI in any available SerDes Block.

The following sections describe how to instantiate XAUI in a design:

• Using high-speed serial configurator for XAUI mode
• Simulating the SerDes block with XAUI mode

4.2.7 Using High-Speed Serial Configurator for XAUI Mode  (Ask a Question)

The high-speed serial interface configurator in the Libero SoC is used to configure the SerDes block
in XAUI mode.

The high-speed serial interface configurator (SerDes block configurator) in Libero allows
configuration of the SerDes block in XAUI mode. Following is a brief description of the various
protocol configuration options. High-speed serial interface blocks depending on its size. See RTG4
FPGA Datasheet. The Libero SoC software catalog includes four SerDes cores in the Peripherals
subsection as shown in the following figure.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-5E765F76-BDBB-4848-8E7C-963AD0706770&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Generating%20XAUI%20Block%20Using%20Libero%20SoC
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-ECECFF19-CB11-4D66-89BD-49A25031B89F&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Using%20High-Speed%20Serial%20Configurator%20for%20XAUI%20Mode
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/DataSheets/RTG4_FPGA_Datasheet.pdf
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Figure 4-37. Libero SoC Catalog

For specific details of using XAUI implementations, see the following software configuration
documents:

• RTG4 High-Speed Serial Interface (PCIe, EPCS and XAUI) Configuration User Guide (UG0591)
• RTG4 High-Speed Serial Interface (PCIe, EPCS and XAUI) with Initialization User Guide (UG0620)
• RTG4 High-Speed Serial Interface (EPCS and XAUI) Configuration User Guide (UG0592)
• RTG4 High-Speed Serial Interface (EPCS and XAUI) with Initialization User Guide (UG0619)

4.2.7.1 Protocol Selection  (Ask a Question)

The following settings are used for protocol selection.

• Protocol 1: Select XAUI from the drop-down menu.
• Number of Lanes: Fixed number of lanes used is x4 (configures all four lanes) for XAUI.

Important: All four lanes are selected by default in the XAUI protocol type.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EFF69143-05A1-4EF4-BDDC-39A6AB84D96E&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Protocol%20Selection
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Figure 4-38. XAUI Configurator

The following table lists the protocol combinations that are feasible within a single High-speed serial
interface block.

Table 4-145. XAUI Protocol
Protocol Lane Width Lane Assignment Description Speed

Protocol 1 X4 Lane 0, Lane 1, Lane 2, and Lane 3 3.125 Gbps

4.2.7.2 Lane Configuration  (Ask a Question)

The following figure shows the lane configuration of the XAUI.

Figure 4-39. RTG4 High-Speed Serial Interface Configurator—Lane Configuration

• Speed - 3.125 Gpbs

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0BEF349A-5EA0-461E-954C-916E7A6047E9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Lane%20Configuration
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• Reference Clock Source - Clock sources can be differential or single-ended. Select one of the
following options for Protocol 1:

– REFCLK (Differential)
– REFCLK0 (Voltage Referenced)
– REFCLK1 (Voltage Referenced)
– REFCLK0 (Single Ended)
– REFCLK1 (Single Ended)

Important: REFCLK0 and REFCLK1 cannot be used simultaneously. User must
select either REFCLK0 or REFCLK1 as reference clock source for XAUI protocol.

• PHY RefClk Frequency (MHz) - The frequency is fixed at 156.25 MHz.
• Data Rate (Mbps) - Read-only fixed value. Data rates are computed based on the PHY RefClk

frequency.
• Data Width - Read-only fixed value.
• FPGA Interface Frequency (MHz) - Read-only fixed value.
• VCO Rate (MHz) - Read-only fixed value.

4.2.8 XAUI SPLL Configuration  (Ask a Question)

This section describes the settings used for SPLL. It synchronizes the data between the fabric
interface and the SerDes block. CLK_BASE is an SPLL clock setting.

The SPLL is a PLL embedded in the SerDes block to manage the clock phase used for transfers
across the SerDes block to the FPGA fabric interface.

The following settings are used for SPLL:

• The CLK_BASE frequency must be same as the AXI3 interface frequency and this operating
frequency must be set by the APB interface. The CLK_BASE Frequency is read-only and fixed
at 156.25 MHz, and it is related to the APB_S_PCLK.

Figure 4-40. SPLL Setting for XAUI

• Protocol 1 PHY Reference Clock: Select the inputs for the PHY reference clock selection. Only
REFCLK (Differential) is specified for XAUI applications.

Figure 4-41. Reference Clock Configuration

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-618E194C-B077-463A-B5D0-75D0C7C97BFB&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=XAUI%20SPLL%20Configuration
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Figure 4-42. Reference Clock Configurator

Table 4-146. Reference Clock Receiver Function Configuration
Options Default

Input Enable and disable Enable

I/O Standard LVDS33, LVPECL33, LVDS25, RSDS, and MiniLVDS. LVDS33

ODT Impedance Unterminated and 100 Ω. Unterminated

Schmitt Trigger On and Off Off

Weak Pull Mode On and Off Off

• In addition to the protocol settings, various options for signal integrity are available through the
Signal Integrity Options portion of the XAUI configurator, as shown in the following figure. Users
can adjust the receiver and transmit options to match their system, as shown in the following
figure.

Figure 4-43. Signal Integrity Options



 
Physical Coding Sublayers

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 103

Figure 4-44. Signal Integrity Parameters

4.2.9 Transmit De-Emphasis  (Ask a Question)

Enter any value between 0.0 dB and 36.1 dB in the Required edit box for both Pre-transmit and
Post-transmit stage. See the following table for all actual values supported. The value entered in the
Required box matches to the closest valid actual value. The configurator sets appropriate values for
LANE<n>_TX_PRE_RATIO and LANE<n>_TX_PST_RATIO registers based on the actual value.

LANE<n>_TX_PRE_RATIO and LANE<n>_TX_PST_RATIO registers are set based on the actual
value. The default value for Required is 0 dB for Pre-Transmit and 3.5 dB for Post-Transmit.
Lane<n>_TX_AMP_RATIO registers are set to 0x80 for all lanes.

Important: LANE<n> denotes the lane number where <n> can be 0, 1, 2 or 3. For
example, if you enter 2.4 dB in the Required box, 2.5 dB (the closest match) is
displayed in the Actual box and the registers are set as follows:
• LANE<n>_TX_PRE_RATIO registers are set to 0x10.
• LANE<n>_TX_PST_RATIO registers are set to 0x10.
• LANE<n>_TX_AMP_RATIO registers are set to 0x80 for all lanes.

4.2.10 Receive CTL Equalization  (Ask a Question)

There are 14 predefined settings available for user selection, in addition to the CTLE disabled
option. Each predefined setting has the corresponding cut-off frequency and low frequency
amplitude values preset and displayed when the predefined setting is selected. The impedance
value for all predefined settings is 100 Ω. Depending on the predefined setting, lane registers
LANE<n>_RE_AMP_RATIO and LANE<n>_RE_CUT_RATIO are set to the values listed in the following
table.

Table 4-147. CTL Equalization Predefined Settings and Register Values
Pre-defined Setting # Cut-Off Frequency (MHz) Low Frequency Amplitude (dB) LANE<n>_RE_AMP_

RATIO (HEX)
LANE<n>_RE_CUT_
RATIO (HEX)

CTLE Disabled N/A N/A 0x00 0x00

1 400 10.88 0x77 0x20

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-2A60FEC4-7CEC-4BF9-BF8C-D0C0D1F649C6&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20De-Emphasis
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-58D243B2-9822-48AA-8393-483986A65D90&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20CTL%20Equalization
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...........continued
Pre-defined Setting # Cut-Off Frequency (MHz) Low Frequency Amplitude (dB) LANE<n>_RE_AMP_

RATIO (HEX)
LANE<n>_RE_CUT_
RATIO (HEX)

2 500 13.06 0x5B 0x2A

3 600 13.98 0x51 0x2F

4 700 12.04 0x4A 0x32

5 800 13.38 0x3E 0x3C

6 900 13.98 0x39 0x40

7 1000 12.57 0x70 0x4F

8 1100 11.6 0x7D 0x58

9 1200 10.88 0x37 0xFE

10 1300 9.95 0x22 0xFC

11 1400 8.52 0x52 0xFE

12 1500 7.47 0x5B 0xFE

13 1600 7.04 0x73 0xFE

14 1700 6.66 0x78 0xFE

Important: LANE<n> denotes the lane number where <n> can be 0, 1, 2, or 3.

4.2.11 Simulating the SerDes Block with XAUI Mode  (Ask a Question)

When configured in XAUI mode, the SerDes block only allows the user to run simulation using
the APB3 interface. The user can read and write to the SerDes block and SerDes registers using
the simulation library. For details on using RTL mode for simulation, SERDES Block BFM Simulation
Guide. BFM mode for simulation is not supported for XAUI.

4.3 EPCS  (Ask a Question)

The SerDes block integrates the functionality of supporting multiple high-speed serial protocols such
as PCIe 2.0, XAUI, and EPCS interfaces, as shown in the following figure. The SerDes block can be
configured in various modes, including EPCS mode. In EPCS mode, Lane0 and Lane1 (L01) EPCS
interface and Lane2 and Lane3 (L23) EPCS interface are exposed to the fabric and configure the
SerDes in PMA only mode. The PCIe and XAUI PCS logic in SerDes is bypassed, however, the PCS
logic can be implemented in the FPGA fabric and the EPCS interface signals of the SerDes block
can be connected. This allows any user-defined high-speed serial protocol to be implemented in the
RTG4 FPGA device.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D56E3AF7-7A79-492B-9A0A-E2030666C859&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Simulating%20the%20SerDes%20Block%20with%20XAUI%20Mode
http://coredocs.s3.amazonaws.com/Libero/SgCore/SERDES/sf2_serdes_sim_ug_1.pdf
http://coredocs.s3.amazonaws.com/Libero/SgCore/SERDES/sf2_serdes_sim_ug_1.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0D338D19-5996-4CF6-ACF7-5F2E4DD72396&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=EPCS
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Figure 4-45. RTG4 SerDes Block Diagram

4.3.1 Features  (Ask a Question)

Following are the main features of the EPCS interface in the RTG4 devices:

• Up to a 20-bit Rx/Tx EPCS Interface to the FPGA fabric.
• Allows the FPGA fabric to directly access the PMA block, bypassing the PCIe PCS block in SerDes

and allows implementing any serial protocol for up to four lanes using the PCS logic in the fabric.
• Allows the FPGA fabric to access the SerDes register through the APB interface and allows

programming various PMA settings, including programming of the SerDes Tx PLL and Rx PLL
settings.

4.3.2 Device Support  (Ask a Question)

The following table lists the total number of SerDes blocks available in each RTG4 device that can be
configured to support the EPCS interface.

Table 4-148. Available SerDes Blocks in RTG4 Devices
RT4G150

SerDes block quads available 6

Number of SerDes Lanes available 24

Note: Each SerDes block supports 4-EPCS Lanes.

4.3.3 RTG4 EPCS Interface  (Ask a Question)

All SerDes blocks can be configured in EPCS mode. This allows the FPGA fabric to directly access the
SerDes block. The PCS logic of SerDes is bypassed in this mode to allow user-defined protocol to be
supported from the FPGA fabric. The following figure shows an application example using the EPCS
interface.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E8C0F9F3-AF02-4748-9B53-29EADC858839&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Features
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-879D3DFC-5CE2-4C5F-9663-EFA1342DADC7&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Device%20Support
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-943C1666-6C93-49C8-BA1F-1A43F19A047D&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=RTG4%20EPCS%20Interface
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Figure 4-46. Application using SerDes Block EPCS Interface
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Table 4-149. EPCS Interface Usage in Single-Protocol and Multi-Protocol Mode
Mode Protocol Description

Single-
protocol

EPCS Protocol EPCS interface can be configured as x4 or x2 or x1 lane. Configured to use maximum of 4
lanes. In EPCS mode, the user- defined serial protocol implemented within the FPGA fabric
is connected though the EPCS interface.

Multi-
protocol1

PCIe protocol
and EPCS
protocol

The SerDes block can operate using dedicated Lane2 and Lane3 in EPCS mode, while Lane0
and Lane1 are dedicated to the PCIe protocol link implementation. Any user-defined/other
serial protocols connected to the EPCS interface use lane2 and lane3 for this purpose.

Multi-EPCS EPCS Protocol Configure multiple independent EPCS protocols across Lane[0:1] and Lane[2:3]. SerDes
block allows up to four Lanes to be used independently for the customized EPCS protocols
such as SGMII or JESD204b.

(1) PCIESS Type SerDes block only.

Table 4-150. EPCS Interface and SerDes Lane Mapping in Single-Protocol Mode
Lane0 Lane1 Lane2 Lane3

EPCS — — —

EPCS EPCS — —

— — — EPCS

— — EPCS EPCS

EPCS EPCS EPCS EPCS
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4.3.4 SerDes Block Architecture in EPCS Mode  (Ask a Question)

This section provides an overview of the SerDes block in EPCS mode. It includes the following
modes:

• SerDes block in EPCS mode
• SerDes block fabric interface in EPCS mode

4.3.4.1 SerDes Block in EPCS Mode  (Ask a Question)

Figure 4-46 shows the SerDes block internal architecture during EPCS Single-protocol mode. EPCS
mode facilitates the use of four lanes of the SerDes which are exposed to the FPGA fabric with up
to 20-bit EPCS interface per lane. EPCS mode gives full control over the PLL configurations in the
SerDes using the APB interface to generate the required serial link frequencies. The EPCS interface
is suitable for running any protocol, including Ethernet MAC and PCS in the FPGA fabric. The PMA
block is used to implement any standard (SRIO, JESD204, etc.) or user-defined serial protocol.

4.3.4.2 SerDes Block Fabric Interface in EPCS Mode  (Ask a Question)

The SerDes block in EPCS mode interfaces with the fabric and differential I/O pads. The following
sections list the fabric interfaces:

• EPCS interface signals
• APB interface signals

Table 4-151. SerDes Block – EPCS Interface
Port Type Description

EPCS_0_RESET_N
EPCS_1_RESET_N
EPCS_2_RESET_N
EPCS_3_RESET_N

Input Active low PHY RESET. These inputs asynchronously reset the associated SerDes logic
for each lane. The resets are logically ordered with the power up signal. Toggling
EPCS_x_RESET_N restarts calibration.
Note: Each SerDes block contains two external reference resistors (REXT), one for
lanes 0 and 1, another for lanes 2 and 3, see 2.5.  Calibration Resource Sharing.
Therefore, toggling the EPCS_x_RESET_N of a given lane also impacts the PMA
calibration of adjacent lanes that are configured to share the same calibration
resistor and calibration result. This configuration is controlled by the SerDes Block
System Register: SYSTEM_CONFIG_PHY_MODE_2, and specifically by the register field
CONFIG_REXT_SEL. In other words, if a given lane is using the calibration result of an
adjacent lane, then the EPCS_x_RESET_N for both lanes must be de-asserted for the
PMA calibration to succeed, and for the lane to successfully exit the Reset state.

EPCS_0_READY
EPCS_1_READY
EPCS_2_READY
EPCS_3_READY

Output PHY ready: This signal is asserted when the PHY has completed the
calibration sequence for each specific lane. This calibration can fail if device is not
properly powered. The EPCS_READY output to the fabric does not assert until the
TX_FWF has completed its startup. If the FWF over or under runs, the EPCS_READY
is deasserted. This signal can be used to release the reset for the external PCS
and controller, start data transmission data to the PMA, or any other purpose. The
EPCS_x_READY output rises synchronously with an internal clock domain inside the
SerDes block, which is asynchronous to the user logic domain. The user must use a
back-to-back F*F in the fabric to resynchronize this output in the fabric.

EPCS_0_PWRDN
EPCS_1_PWRDN
EPCS_2_PWRDN
EPCS_3_PWRDN

Input PHY power-down: This active high signal is used to put the PMA in power-down state
where RX CDR PLL is bypassed and other low power features are applied to the PMA.
When exiting power-down, no calibration is required and the link is operational much
faster than when using the EPCS_x_TX_OOB or EPCS_x_RESETN signals. This signal is
asynchronous as they are latched by synchronizer inside the SerDes block having no
relationship to clocks to the fabric.

EPCS_0_TX_OOB
EPCS_1_TX_OOB
EPCS_2_TX_OOB
EPCS_3_TX_OOB

Input PHY transmit out-of-band (OOB): This signal is used to load electrical idle 3 in the TX
driver of the PMA block. It can be used for serial advanced technology attachment
(SATA) as part of the sequencing for short OOB signal transmission. These signals
are active high. Minimum transfer burst size is 23 symbols. The EPCS_x_TX_OOB is
synchronously clocked with the falling edge of the EPCS_x_TXFWF_WCLK.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-BCA49A92-2B95-452E-B856-4DF99C290AD6&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Architecture%20in%20EPCS%20Mode
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-6F6AF050-C8AD-4EFF-A9E1-1F68CAD12F1C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20in%20EPCS%20Mode
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-94DEBA42-68C8-4C7F-AA4D-46D48E4B6C33&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Fabric%20Interface%20in%20EPCS%20Mode
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...........continued
Port Type Description

EPCS_0_TX_VAL
EPCS_1_TX_VAL
EPCS_2_TX_VAL
EPCS_3_TX_VAL

Input PHY transmit valid: This signal is used to transmit valid data. If de-asserted, the
PMA block is put in electrical idle 1. It can be used for protocols requiring electrical
idle (SATA) and must also be de-asserted when EPCS_x_READY is not asserted. This
signal must be generated one clock cycle earlier than the corresponding EPCS_TXDATA
signals. The EPCS_x_TX_VAL is synchronously clocked with the falling edge of the
EPCS_x_TXFWF_WCLK.

EPCS_0_TX_DATA[19:0]
EPCS_1_TX_DATA[19:0]
EPCS_2_TX_DATA[19:0]
EPCS_3_TX_DATA[19:0]

Input PHY transmit data: This signal is used to transmit data. This signal is always 20 bits
per lane, but the SerDes block only uses the number of bits selected in the high-speed
serial interfaces configurator. The EPCS_x_TX_DATA bus is synchronously clocked with
the falling edge of the EPCS_x_TXFWF_WCLK.

EPCS_0_TX_CLK
EPCS_1_TX_CLK
EPCS_2_TX_CLK
EPCS_3_TX_CLK

Output PHY transmit clock: This clock signal is generated by the TX PLL in the PMA block and
must be used by the external PCS logic to provide data on EPCS_x_TX_DATA.

EPCS_0_TX_RESET_N
EPCS_1_TX_RESET_N
EPCS_2_TX_RESET_N
EPCS_3_TX_RESET_N

Output PHY clean active low reset on the TX clock. The EPCS_x_TX_RESET_N output rises
synchronously with an internal clock domain inside the SerDes block, which is
asynchronous to the user logic domain. The user must use a back-to-back F*F in the
fabric to resynchronize this output in the fabric.

EPCS_0_RX_CLK
EPCS_1_RX_CLK
EPCS_2_RX_CLK
EPCS_3_RX_CLK

Output PHY receive clock: This clock signal is generated by the RX PLL in the PMA macro and
must be used by the external PCS logic to provide data on EPCS_x_RX_DATA.

EPCS_0_RX_RESET_N
EPCS_1_RX_RESET_N
EPCS_2_RX_RESET_N
EPCS_3_RX_RESET_N

Output PHY active low reset on EPCS_x_RX_CLK:
The EPCS_x_RX_RESET_N output rises synchronously with an internal clock domain
inside the SerDes block, which is asynchronous to the user logic domain. The user must
use a back-to-back flip-flop in the fabric to resynchronize this output in the fabric.

EPCS_0_RX_VAL
EPCS_1_RX_VAL
EPCS_2_RX_VAL
EPCS_3_RX_VAL

Output PHY receive valid: This signal is used to signal receive valid data. It corresponds to
the two conditions completed by the PMA control logic: Receiver detects incoming
data (not in electrical idle) CDR PLL is locked to the input bit stream in fine grain
state. The EPCS_x_RX_VAL is synchronously clocked with the falling edge of the
EPCS_x_RXFWF_RCLK.

EPCS_0_RX_IDLE
EPCS_1_RX_IDLE
EPCS_2_RX_IDLE
EPCS_3_RX_IDLE

Output PHY receive idle: This signal is used to signal an electrical idle condition detected by
the PMA control logic. The EPCS_x_RX_IDLE output rises synchronously with an internal
clock domain inside the SerDes block, which is asynchronous to the user logic domain.
The user must use a back-to-back flip-flop in the fabric to resynchronize this output in
the fabric.

EPCS_0_RXDATA[19:0]
EPCS_1_RXDATA[19:0]
EPCS_2_RXDATA[19:0]
EPCS_3_RXDATA[19:0]

Output PHY receive data: This signal is always 20 bits per lane and the external PCS can use
any number of these bits for its application. The SerDes block only uses the number of
bits selected in the high-speed serial interfaces configurator. The EPCS_x_RX_DATA bus
is synchronously clocked with the rising edge of the EPCS_x_RXFWF_RCLK.

EPCS_0_TX_CLK_STABLE
EPCS_1_TX_CLK_STABLE
EPCS_2_TX_CLK_STABLE
EPCS_3_TX_CLK_STABLE

Output Active high signal to indicate EPCS interface Lane_X clock is stable, this indicates that
the TX PLL is locked. The EPCS_x_TX_CLK_STABLE output rises synchronously with an
internal clock domain inside the SerDes block, which is asynchronous to the user logic
domain. The user must use a
back-to-back flip-flop in the fabric to resynchronize this output in the fabric.

EPCS_0_RX_ERR
EPCS_1_RX_ERR
EPCS_2_RX_ERR
EPCS_3_RX_ERR

Input Active high input to indicate a receiver error is detected when using the external logic.
When there are many receive errors such as, invalid 8b/10b code or disparity error,
then the asynchronous signal can be used to switch back the CDRPLL to the frequency
lock phase.These pins can be hardwired to 0, and rely only on electrical Idle detection
to switch the CDR PLL back to frequency lock state. This signal is asynchronous as they
are latched by synchronizer inside the SerDes block having no relationship to the fabric
clocks. Typically, this signal is tied low in the design.
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...........continued
Port Type Description

GLOBAL_0_OUT
GLOBAL_1_OUT

Output In EPCS modes, these ports are optionally configured to send any of the following
signals out of SerDes block on to the dedicated global clock structures:
EPCS_RXCLK[3:0]
EPCS_TXCLK[3:0]
REFCLK[P:N]
SPLL_CLK
Logic 0 (Drives logic zero onto the associated GLOBAL_[1:0]_OUT)
Logic 1 (Drives logic one onto the associated GLOBAL_[1:0]_OUT)

EPCS_0_ARXSKIPBIT
EPCS_1_ARXSKIPBIT
EPCS_2_ARXSKIPBIT
EPCS_3_ARXSKIPBIT

Input EPCS PMA slip bit for lane [0:3]. Asynchronous rising edge active signal, which shifts
the CDR high-speed clock to the next high-speed bit. This can be used to shift the
EPCS_RX_DATA[n:0] to the left by 1 bit until the proper word alignment is found. The
functionality of this signal is internally asynchronous (a rising edge on this pin results
in a slip), but the user must initiate it using a flip-flop in the fabric. This signal resets
the Rx FWF (fly-wheel FIFO) clearing over/under flow flags. The slip causes the CDR to
momentarily change one of its clock periods by 1 UI. ARXSKIPBIT (1UI) adjustments
done over a short period of time can falsely cause the Lock Detector to see a different
frequency coming from the CDR.

EPCS_0_RXFWF_RCLK
EPCS_1_RXFWF_RCLK
EPCS_2_RXFWF_RCLK
EPCS_3_RXFWF_RCLK

Input EPCS receive interface FIFO read clock for EPCS lane [0:3]. Read clock of the receive
Fly-Wheel-FIFO used to decouple the phase of the FPGA clock from the SerDes
receiver clock. Use of the Fly-Wheel-FIFO makes FPGA timing closure easier on the
EPCS_RX_DATA[n:0] if the same clock is used to launch and capture data into the fabric.
For more information, see 4.3.5.2.  Flywheel FIFO.

EPCS_0_TXFWF_WCLK
EPCS_1_TXFWF_WCLK
EPCS_2_TXFWF_WCLK
EPCS_3_TXFWF_WCLK

Input EPCS transmit interface FIFO write clock for EPCS lane [0:3]: Write clock to the transmit
Fly-Wheel-FIFO, used to decouple the phase of the FPGA clock from the SerDes
transmit clock. Use of the Fly-Wheel-FIFO makes the FPGA timing closure easier on the
EPCS_TX_DATA[n:0] by removing the round trip time of the clock from the SerDes to the
fabric clock resource and back to the SerDes to capture the data. For more information,
see 4.3.5.2.  Flywheel FIFO.

EPCS_FAB_REF_CLK Input Available when fabric is selected as the reference clock source in the configurator.

Table 4-152. EPCS APB Slave Interface
Port Type Description

APB_S_CLK Input PCLK for APB slave interface in the SerDes block.

APB_S_PSEL Input APB slave select; selects signal for register for reads or writes.

APB_S_PENABLE Input APB strobe. This signal indicates the second cycle of an APB transfer.

APB_S_PWRITE Input APB write or read. If high, a write occurs when an APB transfer takes place. If low, a read takes
place.

APB_S_PADDR[13:0] Input APB address bus.

APB_S_PWDATA[31:0] Input APB write data.

APB_S_PREADY Output APB ready. Used to insert wait states.

APB_S_PRDATA[31:0] Output APB read data.

APB_S_PSLVERR Output APB Error.

4.3.5 Reset and Clocks  (Ask a Question)

This section describes the functional aspects of the reset and clock circuitry inside the SerDes block
in EPCS mode.

4.3.5.1 EPCS Mode Clocking  (Ask a Question)

When the SerDes block is configured in EPCS mode, it has multiple clock inputs and outputs. This
section describes the EPCS clocking scheme.

4.3.5.1.1 SerDes Block Clock Network in EPCS  (Ask a Question)

Figure 4-47 shows the SerDes block clock network in EPCS mode. In EPCS mode, data is exchanged
between the fabric and SerDes block. The SerDes PMA has two PLLs (Tx PLL and CDR PLL) that

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-F77BA936-7E72-4330-A8CA-A334B624DAC3&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Reset%20and%20Clocks
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-63D131EB-1AC3-49D6-AF88-C2A12D502EA1&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=EPCS%20Mode%20Clocking
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-7C036E23-96D8-424A-8C77-76F1AF602041&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Clock%20Network%20in%20EPCS
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generate the required clock frequency and send 4-Rx and 4-Tx clocks for each lane through the EPCS
interface. The user design is required to use these clocks within the FPGA fabric, in custom logic
or FPGA IP, to transfer data between the SerDes block and the FPGA fabric. There is an additional
clock (asynchronous) dedicated to the APB interface, called APB_S_CLK, used for accessing the
SerDes block configuration registers.The user has the option to connect several clock outputs from
SerDes blocks to two available global clock structures within the FPGA fabric. GLOBAL_[0:1]_OUT
ports are available per SerDes block and can be programmed to expose the EPCS_RXCLK[3:0],
EPCS_TXCLK[3:0], REFCLK[0:1], or SPLL_CLK to the global fabric routing.

The RTG4 devices use two vertical stripes of Row Global Buffers (RGBs), 1 per vertical half chip
of the device, and 24 chip-level Global Buffers (GBs). The RTG4 clocking architecture is limited to
drive no more than 8 globals clocks in any half-row. The SerDes blocks span two half-rows – one
PCIESS and two NPSS in each half. PCIESS_SERDES_PCIE_0, NPSS_SERDES_1, and NPSS_SERDES_2
are located in the left vertical half of the device while NPSS_SERDES_3, NPSS_SERDES_4, and
PCIESS_SERDES_PCIE_5 are located on the right vertical half of the device. The user design must
consider this limit when connecting the SerDes clocks to globals. Therefore, for multiple SerDes
block designs, placement considerations are required to prevent global clock utilization issues. For
more information about the RTG4 global network, see UG0586: RTG4 FPGA Clocking Resources User
Guide.

An EPCS transmit and receive interface FIFO is in the data path permitting relaxation of the clock
phase relationship between the fabric logic and EPCS block. Without the use of interface FIFOs,
the recovered clocks provided directly from the PMA block and EPCS data must have their timing
relationships tightly controlled to ensure correct RX data capture in the FPGA fabric. The EPCS fabric
interface Tx/Rx FIFO permits the fabric clock to have a slight phase offset, which enables TX_CLK
and RX_CLK sharing across lanes for a multi-lane link. This is done by exposing the FIFO WRITE and
READ (EPCS_x_TXFWF_WCLK and EPCS_x_RXFWF_RCLK) clocks. See 4.3.5.2.  Flywheel FIFO for more
information about the EPCS interface FIFO.

Figure 4-47. SerDes Block Clocking in EPCS Mode
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Important: GLOBAL_0_OUT and GLOBAL_1_OUT can be optionally connected to
any of the following SerDes clock outputs; EPCS_RXCLK[3:0], EPCS_TXCLK[3:0],
REFCLK[0:1], SPLL_CLK. This option directly drives the selected SerDes clock onto a
global clock resource.

The following table lists the various clocks in EPCS mode.

https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_RTG4_FPGA_Clocking_Resources_User_Guide_UG0586_V11.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/UserGuides/Microchip_RTG4_FPGA_Clocking_Resources_User_Guide_UG0586_V11.pdf
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Table 4-153. Clock Signals in EPCS Mode
Clock Signal Direction Description

aREFCLK Input Reference clock for SerDes (Internal signals to TxPLL and RxPLL from REFCLK).

EPCS_x_TX_CLK Output EPCS interface LaneX (X = 0, 1, 2, 3) Tx Clock.

EPCS_x_RX_CLK Output EPCS interface LaneX (X = 0, 1, 2, 3) Rx Clock.

APB_S_CLK Input PCLK for APB interface.

REFCLK_P REFCLK_N IN PAD Differential reference clock input I/O to REFCLK_0 port (REFCLK_1 is not available with
differential clock input).

REFCLK_IO0 IN PAD Single-ended reference clock input to either Lanes[0:1] or Lanes[2:3].

REFCLK_IO1 IN PAD Single-ended reference clock input to either Lanes[0:1] or Lanes[2:3].

EPCS_FAB_REF_CLK Input Fabric reference clock for SerDes PMA. Can optionally be programmed by Libero to be sent
into the fabric.

EPCS_x_TXFWF_WCLK Input Fly-wheel FIFO write clock

EPCS_x_RXFWF_RCLK Input Fly-wheel FIFO read clock

GLOBAL_0_OUT/
GLOBAL_1_OUT

Output Global clock resource optionally connected by Libero to any of the dedicated SerDes clock
pins.

4.3.5.1.2 SerDes Reference Clock Selection  (Ask a Question)

The PMA in the SerDes block needs a reference clock on each of its lanes for Tx and Rx clock
generation through the PLLs. It has three options for the reference clock.Two REFCLK I/O pad
options or from the FPGA fabric. Lane0 and lane1 share the same reference clock; lane2 and lane3
share the same reference clock, or alternatively the same clock can be shared among all four lanes.
The reference clock pads can be configured as one differential reference clock input per quad or as
two single-ended reference clock inputs per quad. See Figure 4-48.

The reference clock selection in the SerDes block configurator is available in Libero. See
4.3.9.  Reference Clock Configuration for information about Libero REFCLK configuration.

Figure 4-48. SerDes Reference Clock Options for EPCS Modes
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4.3.5.2 Flywheel FIFO  (Ask a Question)

As shown in Figure 4-49, the SerDes PMA to FPGA fabric/PCS data path includes a Flywheel FIFO
(FWF) interface, which is used to transfer data between clock domains. The FWF is always present in
EPCS mode and cannot be bypassed. The FWF is designed to handle phase (not frequency) crossing
as data moves from the SerDes PMA to the fabric-based protocol logic (fabric PCS). In EPCS mode,
the use of the FWF requires the user to connect the FWF input ports of the SerDes block to the
appropriate clock resources.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-66FC3B7E-4517-4E8B-9309-386F35F1E5A4&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Reference%20Clock%20Selection
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D35E2CA9-4E82-4B8E-968F-D58498E10350&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Flywheel%20FIFO
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The FWF is a simple form of FIFO where its write and read clocks are known to be at the same
nominal frequency with some allowed phase difference and jitter that is compensated within the
block.

The addition of the FWF block in the data path handles the phase crossing of every PMA lane,
ensuring that timing is met across this interface. The received data, along with the recovered clock, is
passed to the FWF, which synchronizes data and clock for consumption in the FPGA fabric.

In the transmit direction, data from the fabric or PCS is passed through FWF along with a clock
from the fabric to the FWF ensuring synchronous clock and data relationships passing to the PMA
interface.

Figure 4-49. Flywheel FIFO
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4.3.5.2.1 Using Flywheel FIFO with Direct Global Connections  (Ask a Question)

As shown in Figure 4-47 in EPCS modes, the SerDes clocks can be optionally configured to be
sent out of the SerDes block onto the dedicated global clock tree. There are two global clocks
(GLOBAL_0_OUT, GLOBAL_1_OUT) available per quad (4-lanes). The EPCS_RXCLK and EPCS_TXCLK
outputs from SerDes can route to a global in the fabric using these dedicated global clocks. The
Libero configurator can be used to select the SerDes global outputs via hardwired connections into
the FPGA fabric by connecting the selected SerDes clock to the GLOBAL_[1:0]_OUT. In cases where
both GLOBAL_OUT connections are used, the user can manually instantiate RCLKINTs/CLKINTs,
however, this requires careful design planning to ensure the number of globals required in the
top-row of RGBs does not exceed the eight available per half-row. Furthermore, when manually
instantiating RCLKINT/CLKINT macros to promote the recovered EPCS RXCLK, ensure the output of
the RCLKINT/CLKINT is sent to both the fabric RX data capture logic and the FWF RCLK input to
ensure the skew between the user's PCS logic and FWF fabric interface is minimized.

Typically, the RX data should connect to a register immediately after passing into the FPGA fabric.
The EPCS_RXCLK[3:0] and EPCS_TXCLK[3:0] are typically used for the read and write side of the
RX and TX Flywheel FIFOs, respectively. Phase differences due to clock insertion delay can be

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-A3FDFC96-CE22-458C-8BB8-802A2F0D85E5&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Using%20Flywheel%20FIFO%20with%20Direct%20Global%20Connections
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compensated by FWF as data passes from PMA to fabric logic (PCS). These clocks are applied to
the fabric global network if SerDes global outputs are used. These can be used with the Flywheel
FIFO when a quad with multiple lanes is used. However, since only two global clock resources are
available, this requires careful planning and clock sharing of the design when four lanes used. If not,
the design could unnecessarily consume all the RGB resources in the top-row of the fabric, which
drive the SerDes FWF WCLK and RCLK clock inputs. In other words, any global clock inputs to the
SerDes quads must be driven by RGBs in the top-row of the fabric.

4.3.5.2.2 FWF Write and Read Common Clock Connection for x4 EPCS Link  (Ask a Question)

Design Use Case 1

Design cases can use the recovered clock (EPCS_x_RX_CLK) of one lane as the FWF read clk
(EPCS_x_RXFWF_RCLK) for up to x4 lanes in a SerDes block. For sharing the recovered clock, the
sending end of the link to the RTG4 device must use a common transmit clock for all its lanes.
This common transmit clock of the sending device can have ppm offset relative to the RTG4
device's reference clock as per the RTG4 datasheet. Each lane's TXPLL must lock to the same
reference clock frequency and all of lane's FWF write clock (EPCS_x_TXFWF_WCLK) inputs to the
SerDes block can be driven by the common EPCS_x_TX_CLK through a single global output of the
SerDes quad. EPCS_x_TX_CLK can have different short-term period jitter characteristics since the
FWF compensates for the slight differences between EPCS_x_TX_CLK in each lane as the data passes
from the fabric clock domain to TX clock in the SerDes PMA. The fabric logic for the transmitter
protocol IP must also use the same EPCS_x_TX_CLK to keep the fabric side of the TX FWF and the
fabric data path aligned.

Design Use Case 2

This design case uses a local reference clock as the source for the FWF read clocks
(EPCS_x_RXFWF_RCLK). The local reference clock can only be used if it is frequency locked to
the sending end of the link. If there is any ppm difference, then this use-case will not work. All
four EPCS_x_RXFWF_RCLK inputs to the SerDes block can be driven by a common EPCS_x_RX_CLK
through a single global output of the SerDes quad, if a common clocking topology (with 0ppm offset)
is used between both sides of the SerDes link. Each lane's RXPLL must recover the same clock
frequency. However, the recovered clocks EPCS_x_RX_CLK in each lane can have different phase
relationships since the FWF compensates for the phase differences between EPCS_x_RX_CLK in each
lane as the RX data passes from the SerDes PMA domain to the fabric receiver logic for the serial
protocol. The fabric logic for the receiver protocol IP must also use the common EPCS_x_RX_CLK to
keep the fabric side of the RX FWF and the fabric data path aligned.

If the common lane is reset, it affects the clock to all four TX/RX FWF and the serial protocol IP in
the fabric. If there is a requirement for a clock to be available regardless of whether the SerDes is in
reset then another alternative is to broadcast the REFCLK_P/N out of the SerDes global output and
use that for all four lanes TX/RX FWF and the fabric logic for the protocol IP.

The following applies to both use-cases:

• The data transferred on each lane cannot differ substantially in the run length.
• Each lane recovers a clock with unique frequency variations which results in EPCS_x_RX_VAL going

to 0 on the shared lanes initially. ARXSKIPBIT pulses must be applied from the FPGA logic to
correct for the initial instability. The ARXSKIPBIT resets the over/under run condition of the FWF.

4.3.5.2.3 How to Save Globals for EPCS X2 Links  (Ask a Question)

For two independent, full-duplex X2 links within a quad—Lane 0 EPCS_0_TX_CLK/EPCS_0_RX_CLK can
be connected to FWF WCLK/RCLK for lane 0/1 and Lane 2 EPCS_2_TX_CLK/EPCS_2_RX_CLK can be
connected to FWF WCLK/RCLK for lanes 2/3. Four fabric global buffers will be required. Two direct
global out ports and two CLKINT/RCLKINT accessed through local routing.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8E9AA072-7823-47F8-897F-D414D01EA6BC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=FWF%20Write%20and%20Read%20Common%20Clock%20Connection%20for%20x4%20EPCS%20Link
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E202A72F-1230-47C2-BEDB-209281076905&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=How%20to%20Save%20Globals%20for%20EPCS%20X2%20Links


 
Physical Coding Sublayers

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 114

Figure 4-50. EPCS X2 Links
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4.3.5.2.4 Multi-lane Common Clock Synchronization Considerations  (Ask a Question)

Designs using the before-mentioned common RX_CLK schemes must implement a periodic reset
circuit to ensure proper startup.

The key to sharing Rx FWF read clocks is resetting the FWFs once all CDRs reach steady-state and the
over/under run conditions of the RxFWF can be negated by a circuit (see Figure 4-51) that does the
following.

When ALL_READY= 0, restart this flow.

Apply 1 to EPCS_{0,1,2,3}_ARXSKIPBIT pins all at the same time. Wait 24 clocks.

Apply 0 to EPCS_{0,1,2,3}_ARXSKIPBIT pins all at the same time. Wait 24 clocks.

If ALL_VAL = 1, then go to step (5); else wait for about 1 us and then go to step (2).

Fabric PCS process may begin. If the FPGA based PCS detects a loss of sync where symbols on any
lane continuously make no sense (disparity and/or code-violations), then go back to step (1).

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-9C550BA1-0946-40D6-BF4D-C4EE24CB8BB2&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Multi-lane%20Common%20Clock%20Synchronization%20Considerations
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Figure 4-51. CDR Steady State Considerations Diagram
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4.3.5.2.5 General Guidelines for SerDes Clock Connections  (Ask a Question)

Due to SerDes quad placement at the north side of the die, global clock inputs from the fabric to
SerDes block must come from top-most row-global buffer (RGBs).

There are eight half-row globals. Each half of RTG4 die is connected to three SerDes quads. These
three SerDes quads can only receive eight global clock inputs from the fabric.

Careful planning is required to ensure there are sufficient fabric globals available to route fabric
clocks in to FWF. It is also recommended to spread the SerDes usage across both halves of the die if
possible rather than trying to force all the SerDes in the design onto one half of the die.

While using full-duplex x4 EPCS link, EPCS_x_TXFWF_WCLK and EPCS_x_RXFWF_RCLK can be
connected using two global output clocks (GLOBAL_0_OUT, GLOBAL_1_OUT).

If the design uses three separate x4 EPCS links on the same half of the die, it is possible to have
enough row global clocks for all three quads if the guidelines described in 4.3.5.2.2.  FWF Write and
Read Common Clock Connection for x4 EPCS Link are followed. If independent clock for TX and RX
FWF in each lane is used, then it would require eight global inputs for just a single quad. Performing
this for more than one quad results in Libero placer failure.

4.3.5.2.6 EPCS Startup and Operating Behavior (20-bit Width)  (Ask a Question)

Data from the fabric enters each register file on the falling edge of txfwf_i_wclk_N (which is an
inversion of epcs_x_txfwf_wclk). The data consists of the 20-bit data plus a valid marker and an
out-of-band control. This data is launched on the rising edge of epcs_x_txfwf_wclk by fabric logic.
The use of the falling edge in the ASIC avoids a hold-time problem caused by the fabric-to-ASIC
clock-injection delay. The out-of-band control does not strictly need to be synchronous with the
transit data and valid control. Options are provided for the out-of-band control and valid to
be used independently of the FIFO data controlled by Libero to set the configuration registers
(TXFWF_TXOOB_USE_FIFO/TXVAL_USE_FIFO).

The embedded FIFO controller (fwf_ctrl) is internally transparent to the user. It advances the write
address on each clock cycle of txfwf_i_wclk_N, such that data is written to the register file in a
repetitive cycle of addresses, (0,1,2,…5,6,7,0,1,2,…).

The fwf_ctrl similarly advances the read address on each clock cycle of the PHY clock, EPCS_TXCLK_N.
Upon reset, the fwf_ctrl institutes a delay in the startup of the read address cycle count. This startup
delay produces a multi-cycle delay of data across the register file. When this offset is setup, it
persists unless the clocks from the PHY are not the same frequency as those provided by the fabric.
Startup and normal behavior of the txfwf are shown in the following figure. The reset given to the
txfwf is held asserted until after epcs_ready from the phy is observed to ensure that the clocks
are stable. The EPCS_READY output to the fabric does not assert until the txfwf has completed
its startup. If EPCS_READY from the phy deasserts, the epcs_ready output to the fabric deasserts

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-52B04CAA-95C2-4545-A354-98AD8DEAEF25&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=General%20Guidelines%20for%20SerDes%20Clock%20Connections
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-CD90F7E5-CB99-4122-B793-8BDDE9A0EE27&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=EPCS%20Startup%20and%20Operating%20Behavior%20%2820-bit%20Width%29
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immediately. The EPCS_READY output to the fabric is from a register on the read side of the txfwf;
the fabric is responsible to synchronization to its own clock domain if required.

Figure 4-52. EPCS Startup and Operating Behavior (20-bit Width)

Startup is caused by the asynchronous reset event, rstn=0 (EPCS_x_RESET_N). This causes both the
write and read address to become 0. The write side begins its cyclic behavior of the write address
(wa) as soon as the reset is released. The read side contains a form of reset synchronization causing
it to defer normal activity until r_ok=1, which takes three clock cycles after release of the reset.
The read domain gets a double-clocked snapshot of a gray-encoded write address upon which it
evaluates the fill-level of the FIFO. When r_ok=1 and the fill-level of the FIFO equals or exceeds three
locations, the read domain logic begins the cyclic incrementing of the read address and asserts
r_start.

For the TxFWF, the r_start=0 condition prevents the passing of FIFO output data to the PHY (light
green arrow shown in the preceding figure). The r_start rising edge causes the write clock domain to
flag w_ok. The w_ok=1 state is used to enable the overflow detection logic. Prior to r_ok and w_ok,
the FIFO cannot issue an underflow nor an overflow error. When r_start=0, the FIFO controller hold
its valid output low, which is used to force the read data to all zeros.

After r_start=1, the FIFO fill level will typically be three or four locations. The phase relationship
between the read and write clocks is unknown, and if they are nearly aligned, it is possible for the
read side estimation of the fill level to fall to two locations during normal operation (if write clock
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jitters from just before the read clock to just after). When r_start=1, if the read-side fill-level becomes
fewer than two (with low-water mark LWM=0) or one (with LWM=1) locations, the FIFO declares an
underflow (uflow=1) and remains in this state until the FIFO is reset. This also causes the epcs_ready
output to the fabric to de-assert.

The write domain does a double-clock capture of the gray-encoded read domain address and
evaluates the fill-level of the FIFO. After r_start=1, the FIFO fill level will typically be three or four
locations. The phase relationship between the read and write clocks is unknown, and if they are
nearly aligned, it is possible for the write side estimation of the fill level to rise to five locations
during normal operation (if write clock jitters from just after the read clock to just before). When
w_ok=1 and the write side fill-level exceeds six (with LWM=0) or seven (with LWM=1) locations, the
FIFO declares an overflow (oflow=1) and remains in this condition until the FIFO is reset. This also
causes the epcs_ready output to the fabric to de-assert.

Variables referenced in the preceding timing diagram that are not explained are:

• wg = write address in gray code form; this is a write clock domain register
• w_rg = write domain copy of the gray coded read address
• w_rb = write domain approximation of the read binary address
• w_fill = write domain approximation of the fill-level
• r_wg = read domain copy of the gray coded write address
• r_wb = read domain approximation of the write binary address
• rg = read address in gray code form; this is a read clock domain register
• r_fill = read domain approximation of the fill-level

SYSTEM_TX/RX_FWF_CONFIG controls are provided by Libero to correctly setup the FWF, for binding
register files to the FIFO controllers, and for optionally allowing the valid and/or out of band signals
to bypass the FIFO. It includes Tx and Rx underflow and overflow status registers which are sticky.
When set, the overflow and underflow status do not clear until the FIFO is reset.

The Transmit and Receive Flywheel FIFO require 0ppm frequency difference between write and read
clocks. Any deviation in frequency between the write and read sides of the FIFO quickly results in
an underflow or an overflow because the FIFO depth are very shallow. The overflow and underflow
detection logic assume similar clock frequencies on the read and write domains. The clock domain
crossing logic may fail when the read and write domain frequencies are extremely dissimilar
(> 100,000 ppm apart). With extremely dissimilar clocks applied to the read and write domains, the
outcomes include:

• flywheel may not start-up after reset is de-asserted;
• overflow and/or underflow may never be detected;
• overflow may appear to be detected as underflow, or vice-versa.

4.3.5.3 EPCS Mode Reset Network  (Ask a Question)

The following figure shows the reset network for the EPCS interface x4 lanes implementation.
The resets for all four lanes (EPCS_0_RESET_N, EPCS_1_RESET_N, EPCS_2_RESET_N, and
EPCS_3_RESET_N) are gated with the power valid signal from RTG4 program control and again with
SERDES_LANEx_SOFTRESET (x = 0, 1, 2, 3).

The SERDES_LANEx_SOFTRESET signals are controlled by the Table 5-1, SERDES_Block_SOFT_RESET,
(active low reset signal for each lane), which can be programmed using the APB interface. On the
output side, the SerDes block in EPCS mode generates 4 sets of reset signals, and one for each lane.
Table 4-154 describes the reset signals and recommended connections.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-75AB43E6-EF27-4BF6-88D1-099F8FF7E0B8&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=EPCS%20Mode%20Reset%20Network
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Important: 
• When using a PCIESS type SerDes block to implement EPCS links, the PCIESS

SerDes block's connection to CORE_RESET_N input (in the PCIE_SERDES_IF
core component), determines which EPCS_#_RESET_N input Resets the entire
PCIESS SerDes block.

• By default, the Libero SoC generated core component connects the
EPCS_0_RESET_N input to the CORE_RESET_N input of the PCIESS SerDes
block. As shown in Figure 4-7, the CORE_RESET_N input to the PCIESS block
is combined with the PHY_RESET_N to Reset the entire SerDes block. Therefore,
if EPCS_0_RESET_N is asserted, all other lanes in the PCIESS SerDes quad are
also Reset.

• In other words, de-asserting EPCS_1_RESET_N, EPCS_2_RESET_N, or
EPCS_3_RESET_N to bring up lanes 1, 2, or 3 also requires EPCS_0_RESET_N
to be de-asserted.

Figure 4-53. SerDes Block Reset Signals in EPCS Mode

EPCS_0_RX_RESET_N
EPCS_1_RX_RESET_N
EPCS_2_RX_RESET_N
EPCS_3_RX_RESET_N

EPCS_0_RESET_N

EPCS_2_RESET_N

EPCS_1_RESET_N

EPCS_3_RESET_N

APB_S_PRESET_N
EPCS_0_TX_RESET_N
EPCS_1_TX_RESET_N
EPCS_2_TX_RESET_N
EPCS_3_TX_RESET_N

SerDes 
(PMA only)

Power-Up

I/O PADS

Fabric

SerDes Block

SERDES_LANE0_SOFTRESET  

SERDES_LANE1_SOFTRESET  

SERDES_LANE2_SOFTRESET  
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Table 4-154. SerDes Block Reset Signals in EPCS Mode
Port Type Description

EPCS_x_RESET_N Input EPCS interface LaneX (X = 0, 1, 2, 3) reset of the PMA. Asserting this reset low will also
cause the PMA to re-calibrate. EPCS_x_RESET_N should be asserted for a minimum of 16
reference clock cycles for a reset pulse-width. The pulse-width on reset is adequately specified
to overcome the glitch-filtering implemented in the asynchronous reset tree.
Note: Each SerDes block contains two external reference resistors (REXT), one for lanes 0 and
1, another for lanes 2 and 3, see 2.5.  Calibration Resource Sharing. Therefore, toggling the
EPCS_x_RESET_N of a given lane also impacts the PMA calibration of adjacent lanes that are
configured to share the same calibration resistor and calibration result. This configuration
is controlled by the SerDes Block System Register: SYSTEM_CONFIG_PHY_MODE_2, and
specifically by the register field CONFIG_REXT_SEL. Thus, if a given lane is using the calibration
result of an adjacent lane, then the EPCS_x_RESET_N for both lanes must be de-asserted for
the PMA calibration to succeed, and for the lane to successfully exit the Reset state.

APB_S_PRESET_N Input APB asynchronous reset to all APB registers

EPCS_x_Rx_RESET_N Output EPCS interface LaneX (X = 0, 1, 2, 3) reset output, de-asserted on EPCS_x_RX_CLK

EPCS_x_Tx_RESET_N Output EPCS interface LaneX (X = 0, 1, 2, 3) reset output, de-asserted on EPCS_x_TX_CLK

4.3.6 Generating EPCS Block Using Libero SoC  (Ask a Question)

This section describes how to configure the SerDes block in EPCS mode and instructions for using
the EPCS interface.

4.3.6.1 Using High-Speed Serial Interfaces Configurator in EPCS Mode  (Ask a Question)

The high-speed serial interfaces configurator (SerDes block configurator) in the Libero SoC software
allows configuring the SerDes block with EPCS mode in single-protocol mode, multi-protocol mode
or multi-EPCS modes. All SerDes cores within the RTG4 can support EPCS. High-speed serial
interface blocks depending on its size. See the RTG4 FPGA Datasheet. The Libero SoC software
catalog includes four SerDes cores in the Peripherals subsection as shown in the following figure.

Figure 4-54. Libero SoC Catalog

See the following software configuration documents for specific details of using XAUI
implementations.

• RTG4 High-Speed Serial Interface (PCIe, EPCS and XAUI) Configuration User Guide (UG0591)
• RTG4 High-Speed Serial Interface (PCIe, EPCS and XAUI) with Initialization User Guide (UG0620)

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-18BA17CD-4CD7-4750-8A74-938DDAE7F963&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Generating%20EPCS%20Block%20Using%20Libero%20SoC
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-416398A2-A0E4-43C8-8F3D-E60EBE5E5BB8&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Using%20High-Speed%20Serial%20Interfaces%20Configurator%20in%20EPCS%20Mode
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• RTG4 High-Speed Serial Interface (EPCS and XAUI) Configuration User Guide (UG0592)
• RTG4 High-Speed Serial Interface (EPCS and XAUI) with Initialization User Guide (UG0619)

For all data rates, there is a CUSTOM SPEED option within the SerDes block configurator. This
feature allows designers to craft customized SerDes implementations that requires a high-level of
knowledge to program and setup the SerDes block.

Figure 4-55. EPCS Block Instantiation

4.3.6.1.1 Protocol Selection  (Ask a Question)

The following settings are used for protocol selection:

• Protocol 1 or Protocol 2 Type: Select protocol settings, select EPCS from the drop-down based on
single-protocol or multi-protocol mode.

• Configure Protocol 1 before configuring Protocol 2. In Protocol 2, EPCS is available only when
XAUI is not selected for Protocol 1. Protocol 2 is disabled when XAUI is selected in Protocol 1.

Figure 4-56. EPCS SerDes Block Configurator

The following table lists the protocol combinations that are feasible within a single High-speed serial
interface block.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B616530C-2641-48A2-A8FB-62ACF230E00C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Protocol%20Selection


 
Physical Coding Sublayers

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 121

Table 4-155. XAUI Protocol
Protocol Lane Width Lane Assignment Description Speed

Protocol 1 X1 Lane 0, Lane 1, Lane 2, and Lane 3 Lane 2 or 3 can be selected when Protocol 2 is not
used.

3.125
Gbps

X2 Lane 0, and Lane 1

X4 Lane 0, Lane 1, Lane 2, and Lane 3

Protocol 2 X1 Lane 2 and Lane 3 Not available when Protocol 1 is XAUI

X2 Lane 2 and Lane 3

4.3.7 Lane Configuration  (Ask a Question)

The following figure shows the lane configuration of the EPCS.

Figure 4-57. RTG4 High-Speed Serial Interface Configurator—Lane Configuration

• Speed - Custom speed
• Reference Clock Source - Clock sources can be differential or single-ended. Select one of the

following options for Protocol 1:
– REFCLK (Differential)
– REFCLK0 (Voltage Referenced)
– REFCLK1 (Voltage Referenced)
– REFCLK0 (Single Ended)
– REFCLK1 (Single Ended)
– FABRIC

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3B282765-16D5-4EBF-80E4-7B455AF15069&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Lane%20Configuration
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•

Important: Lane 0 and Lane 1 share the same reference clock and Lane 2 and
Lane 3 share the same reference clock. The selected reference clock is available
as REFCLK0_OUT or REFCLK1_OUT and can be used as clock source for logic in
the fabric.

• PHY RefClk Frequency (MHz) - enter values between 100 MHz to 160 MHz.
• Data Rate (Mbps) - select the data rate from the drop-down menu. Data Rates are computed

based on the PHY RefClk Frequency.
• Data Width - the data width varies with Data Rate (Mbps).
• FPGA Interface Frequency (MHz) - the displayed value is computed and updated based on the

PHY RefClk Frequency and Data Rate.
• VCO Rate (MHz) - the displayed value is computed and updated based on the PHY RefClk

Frequency and Data Rate.

4.3.8 EPCS Lane TX/RX Clock Selection  (Ask a Question)

The EPCS Lane TX/RX Clock Selection option is only relevant when the Protocol selected is EPCS. This
option allows to select the clocks to use for the transmit/receive fabric interface and the logic in the
fabric.

Figure 4-58. EPCS Lane TX/RX Clock Selection

4.3.9 Reference Clock Configuration  (Ask a Question)

Reference clock configuration allows to configure the multi-standard user I/O (MSIO) reference
clock. Click Configure Reference Clock Receiver... to open the Reference Clock Receiver Function
Configuration window.

Figure 4-59. Reference Clock Configuration

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-173B537D-BF6E-4C38-BC11-B8B91849277D&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=EPCS%20Lane%20TX%2FRX%20Clock%20Selection
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-60EE9275-8DCB-45C3-8BB8-E242441CD9E1&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Reference%20Clock%20Configuration
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Figure 4-60. Reference Clock Receiver Function Configuration

Table 4-156. Reference Clock Receiver Function Configuration
Options Default Details

Input Enable and disable Enable

I/O Standard LVDS33, LVPECL33, LVDS25, RSDS, and MiniLVDS. LVDS33

ODT Impedance Unterminated and 100 Ω. Unterminated

Schmitt Trigger On and Off Off

Weak Pull Mode On and Off Off

4.3.10 Signal Integrity Options  (Ask a Question)

Click Signal Integrity Options to open the signal integrity configuration dialog box.

Figure 4-61. Signal Integrity Options

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0600AA07-FF65-4D21-AD73-AC24331780A7&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Signal%20Integrity%20Options
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Figure 4-62. Signal Integrity Parameters

The values entered are used to set register values related to signal integrity. Lanes which are not
used are grayed-out in the dialog box.

4.3.11 Transmit De-Emphasis  (Ask a Question)

Enter any value between 0.0 dB and 36.1 dB in the Required edit box for both Pre-transmit and
Post-transmit stage. See the following table for all actual values supported. The value entered in the
Required box matches to the closest valid actual value. The configurator sets appropriate values for
LANE<n>_TX_PRE_RATIO and LANE<n>_TX_PST_RATIO registers based on the actual value.

LANE<n>_TX_PRE_RATIO and LANE<n>_TX_PST_RATIO registers are set based on the actual
value. The default value for Required is 0 dB for Pre-Transmit and 3.5 dB for Post-Transmit.
Lane<n>_TX_AMP_RATIO registers are set to 0x80 for all lanes.

Important: LANE<n> denotes the lane number where <n> can be 0, 1, 2 or 3. For
example, if you enter 2.4 dB in the Required box, 2.5 dB (the closest match) is
displayed in the Actual box and the registers are set as follows:
• LANE<n>_TX_PRE_RATIO registers are set to 0x10.
• LANE<n>_TX_PST_RATIO registers are set to 0x10.
• LANE<n>_TX_AMP_RATIO registers are set to 0x80 for all lanes.

4.3.12 Receive CTL Equalization  (Ask a Question)

There are 14 predefined settings available for user selection, in addition to the CTLE disabled
option. Each predefined setting has the corresponding cut-off frequency and low frequency
amplitude values preset and displayed when the predefined setting is selected. The impedance

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-14D0E759-F4CB-47EA-938A-AF2CFE89EC95&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Transmit%20De-Emphasis
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-24A41BC8-8857-49E1-81DA-850C418D3FF9&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Receive%20CTL%20Equalization
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value for all predefined settings is 100 Ω. Depending on the predefined setting, lane registers
LANE<n>_RE_AMP_RATIO and LANE<n>_RE_CUT_RATIO are set to the values listed in the following
table.

Table 4-157. CTL Equalization Predefined Settings and Register Values
Pre-defined Setting # Cut-Off Frequency (MHz) Low Frequency Amplitude (dB) LANE<n>_RE_AMP_

RATIO (HEX)
LANE<n>_RE_CUT_
RATIO (HEX)

CTLE Disabled N/A N/A 0x00 0x00

1 400 10.88 0x77 0x20

2 500 13.06 0x5B 0x2A

3 600 13.98 0x51 0x2F

4 700 12.04 0x4A 0x32

5 800 13.38 0x3E 0x3C

6 900 13.98 0x39 0x40

7 1000 12.57 0x70 0x4F

8 1100 11.6 0x7D 0x58

9 1200 10.88 0x37 0xFE

10 1300 9.95 0x22 0xFC

11 1400 8.52 0x52 0xFE

12 1500 7.47 0x5B 0xFE

13 1600 7.04 0x73 0xFE

14 1700 6.66 0x78 0xFE

Important: LANE<n> denotes the lane number where <n> can be 0, 1, 2, or 3.

4.3.13 SerDes Edit Registers  (Ask a Question)

The SerDes configurator includes an Edit Registers GUI. Users can set the SerDes control registers to
non-standard values. As shown in the following figure, the “Edit Registers” GUI does not reflect the
actual settings. The user needs to have a detailed understanding about register map before using
the Edit Register tool. Users should rely on the pre-defined register values that are generated by
Libero SoC and should only alter the values when needed.

Libero SoC v12.2 and higher provides a report called <root>_init_config.txt in Designer/
<root> sub-folder of the project. This report is created when Generate FPGA Array Data is
run. The report can be used to view the Libero configured register values including those SerDes
registers which have been manually edited in the “Edit Registers” GUI. The report contains detail
about all the SerDes, DDR, and CCC blocks in the user design.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-0074E44A-4314-453C-9B43-A8E03C8A5284&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Edit%20Registers
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Figure 4-63. SerDes Edit Register GUI

4.3.13.1 Data Rate Below 1 Gbps  (Ask a Question)

The native speed of the RTG4 SerDes is between 1 through 3.125 Gbps. Using oversampling, each
data bit is sampled in multiple clock cycles before it is transmitted. For example, to transmit a
400 Mbps data rate over a 1.2 Gbps serial link, each bit can be sampled three times and spread
over three clock cycles for both transmitting and receiving data, called 3x oversampling. Using this
technique, lower data rates can be transmitted, while the SerDes PLL continues to run within its
valid operating range (1 Gbps minimum).

4.3.13.2 Simulating the SerDes Block in EPCS Mode  (Ask a Question)

The SerDes block, when configured in EPCS mode requires the RTL simulation model which
is selectable in the high-speed serial interfaces configurator. The RTL model requires external
testbenches to stimulate the EPCS design. See the SERDESIF BFM Simulation Guide for details.

4.3.13.3 Creating an Application in EPCS Mode  (Ask a Question)

An RTG4 EPCS protocol design can be completed using the SerDes block configurator. Libero
promotes the SerDes I/Os to top level and exposes the EPCS parallel interface for each lane into
the FPGA fabric; the SerDes block exposes the APB interface to the FPGA fabric. Fabric logic or FPGA
IP is required to connect to the EPCS interface.

4.4 Register Initialization  (Ask a Question)

The registers contained in the SerDes block require initialization when the device powers-up
using data stored in non-volatile storage in the device. This is required for PCIe, XAUI, and EPCS
configurations. There are two types of initialization that are used to set the value in the registers;
flash bits and APB accessed registers.

Flash Bits (Flash)

There are several flash bits that are associated with each SerDes block. These flash bits contain
the settings for registers that need to be initialized quickly when the device powers up such as PLL

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-8BC250D9-83CE-4D4F-86B1-1B987C0C8413&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Data%20Rate%20Below%201%20Gbps
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-9AE20E9B-9BAE-4935-A57A-7A39CD8D3922&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Simulating%20the%20SerDes%20Block%20in%20EPCS%20Mode
http://coredocs.s3.amazonaws.com/Libero/SgCore/SERDES/sf2_serdes_sim_ug_1.pdf
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C407D979-E85C-405E-9817-F88BEB1FD51F&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Creating%20an%20Application%20in%20EPCS%20Mode
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-4830A558-4751-4919-80FD-88255A76AAA6&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Register%20Initialization
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and clock configurations, PCIe configuration space, and resets. The flash bits are set by the Libero
configuration GUI based on the user selections, programmed into the device, and are statically set at
device power-up.

APB

The SerDes block supports an APB slave interface connected to the fabric interface. When the
Libero software assembles the SerDes block supporting modules, the APB needs to be connected
to the module's APB master port. After the device powers up the supporting modules initialize the
necessary registers in the SerDes block that use the APB interface.

It is possible that the APB initialization overwrites the registers that have been initialized by the flash
bits, since APB is written after the flash bit value has been loaded.

Fixed

These registers are read-only registers and their values are fixed based on the implementation of
the device.

4.4.1 SerDes Initialization  (Ask a Question)

The RTG4 SerDes block requires the user to include a SerDes Initialization solution for the purpose
of programming the SerDes configuration register values. One solution is to build the configuration
and initialization circuitry in SmartDesign for the SerDes block. This initialization circuitry consists of:

• CoreABC soft IP core
• CoreAPB3 bus soft IP Core

The RTG4 also has SerDes block cores with built-in initialization. These cores include initialization
state machine. Upon power-up or device reset, the SerDes block is initialized with the user
configurations.

To build the initialization circuitry, see RTG4 High-Speed Serial Interface (PCIe, EPCS and XAUI)
Configuration User Guide. Automatic initialization can be done for XAUI and EPCS modes by using the
HSS Interface Core with Initialization. For PCIe, the standard HSS Interface core without initialization
must be selected and the user can add the PCIe initialization circuitry. To add this PCIe initialization
circuitry, see RTG4 High-Speed Serial Interface (PCIe, EPCS and XAUI) Configuration User Guide. Even
though the standard HSS Interface core without initialization is used for PCIe applications, it still
generates the required register initialization code to use with the CoreABC instance in the PCIe
initialization subsystem. For more information, see RTG4 High-Speed Serial Interface (PCIe, EPCS and
XAUI) Configuration User Guide. This initialization program for CoreABC is located in the Libero
project's component/work/<HSS_component_name>/<HSS_component_name_#> sub-folder.

Important: If the user attempts to generate the HSS Interface core with
automatic initialization for a PCIe application, Libero generates a pop-up window,
as shown in the following figure, re-directing the user to the standard HSS
Interface core. For example of the initialization subsystem, see DG0622: RTG4
FPGA PCIe Data Plane Using Two Channel Fabric DMA Demo Guide. DG0622
also contains a section called “Appendix 3 - Known Issues” describing the
implementation of PCIe reset logic to support a hot reset that correctly resets
and re-initializes the SerDes block and AXI interface.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-9B83B008-E367-45E9-A39C-0A5E28165975&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Initialization
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/Microchip_RTG4_PCIe_Data_Plane__Using_Two_Channel_Fabric_DMA_DG0622_V9.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ApplicationNotes/ApplicationNotes/Microchip_RTG4_PCIe_Data_Plane__Using_Two_Channel_Fabric_DMA_DG0622_V9.pdf
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Figure 4-64. PCIe Error Message

4.4.2 Calibration Initialization  (Ask a Question)

Libero SoC v12.4 includes enhanced CoreABC initialization that adds SPLL calibration to mitigate
the lock stability dependence on junction temperature, as described in CN19009, CN19009A, and
CN19009B. For XAUI applications, the HSS interface core with automatic initialization can be
used. In this case, the user can upgrade to the latest version of the HSS interface core with
automatic initialization and regenerate the core to automatically add SPLL calibration to the core.
For PCIe applications, the updated CoreABC initialization program must be manually pasted into the
CoreABC instance used in the user-constructed PCIe initialization circuitry described in the preceding
paragraphs.

CoreABC initialization code controls the appropriate sequence to ensure the proper calibration of
the SPLL at initialization time. The CoreABC does the following:

• Performs APB writes to set the SPLL VCO into high frequency range.
• Issues a SPLL reset which allows the VCO to calibrate a high gain setting.
• Performs APB writes to restore user desired frequency.
• Waits for SPLL to Lock via a CoreABC input connected to the SerDes block SPLL Lock output.

See Figure 4-65.
• Resumes initialization of the SerDes registers per the user settings.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-20291B05-F624-4D67-B8CC-EF0900C4990C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Calibration%20Initialization
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244107
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244685
http://www.microsemi.com/index.php?option=com_docman&task=doc_download&gid=1244926
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Figure 4-65. SPLL Lock Connection

The delays built into the updated code requires the frequency of APB clock for CoreABC and the
SerDes configuration interface to 50 MHz or slower. A slower clock increases the time it takes to
complete the SPLL calibration. The system requirements for SerDes initialization time should be
considered if using a slower APB clock. The following figure shows an example of CoreABC program
code that is required to match APB clock that governs the speed of initialization.

Important: For robust operation, the user should synchronize the FCCC lock
signal using the INIT_CLK_50MHz before driving INIT_RESET_N.
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Figure 4-66. CoreABC Code

If the reference clock (CLK_BASE) to the SPLL is sourced from an RTG4 FCCC with Enhanced PLL
Calibration, then the user must stagger the release of the SerDes Initialization INIT_RESET_N until
the fabric PLL lock has been acquired. This will prevent the SPLL calibration and SerDes initialization
from proceeding before the SPLL reference clock is stable.

Figure 4-67. FCCC Lock
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5. SerDes Block Register Access Map  (Ask a Question)

The following sections describes about the SerDes block configurations.

5.1 Configuration of SerDes Block  (Ask a Question)

The SerDes block contains a large number of internal registers required to properly configure the
SerDes block module. The register settings provide initial programming at power-up and most
portions of the SerDes block can be dynamically reconfigured while in operation. A SerDes block
APB configuration interface accessed through the FPGA fabric provides the resources to allow the
programming capabilities. The RTG4 uses a FPGA module to initialize peripherals and access the
system controller. An initialization module provides connectivity to the APB bus matrix, allowing
similar initialization of SerDes block using this FPGA IP module in the fabric. Initialization module
supports the SerDes block peripheral using the Libero SoC software to provide and program the
customized features.

Figure 5-1. SerDes Block Memory Map
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https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-EEC6F591-7D95-4AA8-9BE8-7991B27D8810&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Register%20Access%20Map
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-AE7CEA34-5E29-4589-AFFE-DF91FC81B905&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Configuration%20of%20SerDes%20Block
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The SerDes block has three sets of configuration and status registers. Configuration of the top-level
functionality of the PCIe core, XAUI block, and SerDes block is also done through these registers.
The three regions of configuration and status registers are described in 5.1.1.  SerDes Block System
Register.

The following figure shows the APB implementation of three sets of configuration and status
registers. The APB decoder is an interface for the FPGA fabric to access these registers.

Figure 5-2. Address Decoder Logic Block Diagram
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5.1.1 SerDes Block System Register  (Ask a Question)

The SerDes block system register controls the SerDes block module for single protocol or multi-
protocol support implementation. It occupies 1 KB of the configuration memory map. The physical
offset location of the SerDes block system register is 0x2000-0x23FF from the SerDes block
subsystem memory map. These registers can be accessed through the 32-bit APB interface and
the default values of these registers can be configured using the Libero SoC software. These flash
bits have the settings for registers that require to be initialized quickly when the device powers up
such as PLL and clock configurations, PCIe configuration space, and resets. The flash bits are set by
the Libero configuration GUI based on the selections programmed into the device, and are statically
set at device power-up. However, if required, the SerDes block system registers can be updated
through the 32-bit APB interface.

5.1.2 Single-Event Upset Immunity  (Ask a Question)

SerDes block has system registers and PCIe Core Bridge registers used for controlling the portions
implemented with SEU protection. These registers are protected from corrupted configuration
causing a device malfunction. There are some registers, however, that have not been SEU protected
within the SerDes block. The SerDes block registers within the PMA are not SEU protected. These
registers are defined in the PMA macro and are susceptible to soft error hits.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-3FC3A109-3847-49B1-8409-FE9135F5493C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20System%20Register
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C3AA921F-E95D-44DA-BDDE-D88BB4D104D1&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Single-Event%20Upset%20Immunity
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Table 5-1. SerDes Block System Registers1

Register Name Address
Offset

Register Type Description

SYSTEM_SER_PLL_CONFIG_
LOW (0x2000)

0x00 R/W Sets SerDes PLL (SPLL) configuration bits (LSBs),
see Table 5-2.

SYSTEM_SER_PLL_CONFIG_
HIGH (0x2004)

0x04 R/W Sets SPLL configuration bits (MSBs), see Table 5-3.

SYSTEM_SERDESIF_SOFT_RESET (0x2008) 0x08 R/W PCIe controller, XAUI, and SerDes lanes soft RESET,
see Table 5-4.

SYSTEM_SER_INTERRUPT_
ENABLE (0x200C)

0x0C R/W SPLL lock interrupt enable, see Table 5-5.

SYSTEM_CONFIG_AXI_AHB_
BRIDGE (0x2010)

0x10 R/W Defines whether AXI3/AHB master interface is
implemented on the master interface to fabric,
see Table 5-6.

SYSTEM_CONFIG_ECC_INTR_
ENABLE (0x2014)

0x14 R/W Sets ECC and ECC interrupt enable for PCIe
memories, see Table 5-7.

SYSTEM_CONFIG_PCIE_PM (0x2020) 0x 20 R/W Used to inform the configuration space, the slot
power, PHY reference clock, power mode and so
on, see Table 5-8.

SYSTEM_CONFIG_PHY_MODE_0 (0x2024) 0x24 R/W Selects the protocol default settings of the PHY,
see Table 5-9.

SYSTEM_CONFIG_PHY_MODE_1 (0x2028) 0x 28 R/W Selects PCS mode, link to lane settings, see Table
5-10.

SYSTEM_CONFIG_PHY_MODE_2 (0x202C) 0x2C R/W Sets the equalization calibration performed by the
PMA control logic of the lane or use the calibration
result of adjacent lane, see Table 5-11.

SYSTEM_CONFIG_PCIE_0 (0x2030) 0x30 R/W Defines PCIe vendor ID and device ID for PCIe
identification registers, see Table 5-12.

SYSTEM_CONFIG_PCIE_1 (0x2034) 0x34 R/W Defines PCIe subsystem vendor ID and subsystem
device ID for PCIe identification registers, see
Table 5-13.

SYSTEM_CONFIG_PCIE_2 (0x2038) 0x38 R/W Defines PCIe subsystem revision ID and class code,
see Table 5-14.

SYSTEM_CONFIG_PCIE_3 (0x203C) 0x3C R/W Sets PCIe link speed, see Table 5-15.

SYSTEM_CONFIG_BAR_SIZE_0_1 (0x2040) 0x40 R/W Sets BAR0 and BAR1 of PCIe core register map, see
Table 5-16.

SYSTEM_CONFIG_BAR_SIZE_2_3 (0x2044) 0x44 R/W Sets BAR2 and BAR3 of PCIe core register map, see
Table 5-17.

SYSTEM_CONFIG_BAR_SIZE_4_5 (0x2048) 0x48 R/W Sets BAR4 and BAR5 of PCIe core register map, see
Table 5-18.

SYSTEM_SER_CLK_STATUS (0x204C) 0x4C R/O This register describes SPLL lock information, see
Table 5-19.

SYSTEM_SER_INTERRUPT (0x2058) 0x58 R/O SPLL/FPLL lock interrupt, see Table 5-20.

SYSTEM_SERDES_INTR_STATUS Register
(0x205C)

0x5C R/O SECDED interrupt status for PCIe memories, see
Table 5-21.

SYSTEM_REFCLK_SEL (0x2064) 0x64 R/W Selects reference clock for the four lanes of PMA,
see Table 5-22.

SYSTEM_PCLK_SEL Register (0x2068) 0x68 R/W Selects PCIe core clock, see Table 5-23.

SERDES_APB_SOFT_RSTN_SEL (0x206C) 0x6C R/W Selects EPCS reset register from fabric, see Table
5-24.

SYSTEM_SERDES_TEST_OUT (0x2074) 0x74 R/O Status Test output of PCIe PHY, see Table 5-25.

SYSTEM_FABRIC_CLK_ENA (0x207C) 0x7C R/W Select which clocks used for GB_CLK outputs of
SERDES, see Table 5-26.

SYSTEM_CONF_AXI_MSTR_WNDW_0
(0x2084)

0x84 R/W PCIe AXI3-master window0 configuration register –
0, see Table 5-27.
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...........continued
Register Name Address

Offset
Register Type Description

SYSTEM_CONF_AXI_MSTR_WNDW_1
(0x2088)

0x88 R/W PCIe AXI3-master window0 configuration register –
2, see Table 5-28.

SYSTEM_CONF_AXI_MSTR_WNDW_2
(0x208C)

0x8C R/W PCIe AXI3-master window0 configuration register –
2, see Table 5-29.

SYSTEM_CONF_AXI_MSTR_WNDW_3
(0x2090)

0x90 R/W PCIe AXI3-master window0 configuration register –
3, see Table 5-30.

SYSTEM_CONF_AXI_SLV_WNDW_0 (0x2094) 0x94 R/W PCIe AXI3-slave window0 configuration register –
0, see Table 5-31.

SYSTEM_CONF_AXI_SLV_WNDW_1 (0x2098) 0x98 R/W PCIe AXI3-slave window0 configuration register –
1, see Table 5-32.

SYSTEM_CONF_AXI_SLV_WNDW_2 (0x209C) 0x9C R/W PCIe AXI3-slave window0 configuration register –
2, see Table 5-33.

SYSTEM_CONF_AXI_SLV_WNDW_3 (0x20A0) 0xA0 R/W PCIe AXI3-slave window0 configuration register –
4, see Table 5-34.

SYSTEM_DESKEW_CONFIG (0x20A4) 0xA4 R/W PLL REF clock DESKEW register, see Table 5-35.

SYSTEM_IDDQ(0x20b0) 0xb0 R/W Puts the PMA in the IDDQ mode. IDDQ mode
minimizes power consumption when the PMA is
not used.
Bit0: Lane 0, Bit1: Lane 1, Bit2: Lane2, Bit 3: Lane 3.

SYSTEM_ADVCONFIG (0x20b4) 0xb4 R/W Advanced mode setting for PCI controller, see
Table 5-36.

SYSTEM_ECC_ERR_INJECT (0x20bC) 0xbc W1P Writing “1” to these registers will pulse and inject
an ECC error.

SYSTEM_REFCLK_MSIO_CONFIG (0x20c4) 0xc4 R/W Configure multi-standard Reference clock, see
Table 5-38.

SYSTEM_ENHANCEMENT (0x20c8) 0xc8 R/W Enhancement setting. This is used in conjunction
with the RX_SLIP word alignment operation, see
Table 5-39.

SYSTEM_TXFWF_CONFIG (0x20cc) 0xcc R/W TX Fly-Wheel FIFO Configuration, see Table 5-40.

SYSTEM_RXFWF_CONFIG (0x20d0) 0xd0 R/W RX Fly-Wheel FIFO Configuration, see Table 5-41.

SYSTEM_FWF_STATUS(0x20d4) 0xd4 SW1C Tx and Rx Fly-wheel FIFO overflow and underflow
flags.

(1) Refer to the individual register description for the reset value. Reset values are related to default hardware values (that is,
un-programmed device). Libero autonomously writes registers defaults based on user inputs at design creation. – R/W: Read
and write allowed. – R/O: 0 Read only.– SW1C: Write 1 clears value– Undefined register addresses are Reserved.

Reset Values in the following table are either the un-programmed default value of the device or the
reset value as defined by Libero for initialization.

Table 5-2. SYSTEM_SER_PLL_CONFIG_LOW (0x2000)
Bit Number Name Reset

Value
Description

18:16 PLL_OUTPUT_DIVISOR 0x1 These bits set SPLL output divider value:
000: ÷1
001: ÷2
010: ÷4
011: ÷8
100: ÷16
101: ÷32
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...........continued
Bit Number Name Reset

Value
Description

13:6 PLL_FEEDBACK_DIVISOR 0x2 These bits set SPLL feedback divider value (SSE = 0)
(binary value + 1)
0000000000: ÷1
0000000001: ÷2
0000000010: ÷3
…
1111111111: ÷1,025

5:0 PLL_REF_DIVISOR 0x2 These bits set SPLL reference divider value (binary value + 1):
000000: ÷1
000001: ÷2
000010: ÷3
…
111111: ÷65
Both REFCK and post-divide REFCK must be within the range specified in
the PLL datasheet.

Table 5-3. SYSTEM_SER_PLL_CONFIG_HIGH (0x2004)
Bit
Number

Name Reset
Value

Description

16 PLL_PD 0x0 A power-down (PD) register is provided for the lowest quiescent current. When PD
is asserted, the PLL powers down and outputs are low. PD has precedence over all
other functions.

15 PLL_FSE 0x0 This register chooses between internal and external input paths:
0: Feedback (FB) pin input
1: RESERVED
FB must be tied off (high or low) and not left floating when FSE is high. FB must
connect directly or through the clock tree to PLLOUT when FSE is low. SSE is
ineffective when FSE = 0. If the FACC source multiplexer is configured to select a
clock other than the PLL output clock, then the fddr_pll_fse register must be set to
1, when the PLL is powered up.

12 PLL_BYPASS 0x1 A bypass register is provided which powers down the PLL core and also bypasses
it as the PLLOUT tracks REFCK. Bypass has precedence over reset. Microsemi
recommends that either bypass or reset are asserted until all configuration
controls are set in the desired working value; the power supply and reference
clocks are stable within operating range, and the feedback path is functional.
Either bypass or reset is used for power- down IDDQ testing.

11 PLL_RESET 0x1 PLL reset (asserted high).

10:7 PLL_LOCKCNT 0xF These bits contain lock counter value (2^ (binary value + 5)):
0000: 32
0001: 64
…
1111: 1048576
The above mentioned lock counter values represent the number of reference
cycles which occur before the lock is asserted or detected.
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...........continued
Bit
Number

Name Reset
Value

Description

6:4 PLL_LOCKWIN 0x0 These bits contain phase error window for lock assertion as a fraction of divided
reference period:
000: 500ppm
001: 1000ppm
010: 1500ppm
011: 2000ppm
100: 3000ppm
101: 4000ppm
110: 6000ppm
111: 16000ppm
Values are at typical process, voltage, and temperature (PVT) only and are not PVT
compensated.

3:0 PLL_FILTER_RANGE 0x4 These bits contain PLL filter range (frequency range after PLL reference input
dividers to the phase-frequency detector):
000:BYPASS
001: 10–16.8 MHz
010: 16.8–26.8 MHz
011: 26.8–43 MHz
100: 43–69 MHz
101: 69–110 MHz
110: 110–175 MHz
111=: 75–200 MHz

Important: All the registers are 32-bit. Bits not shown in the table are reserved.

Table 5-4. SYSTEM_SERDESIF_SOFT_RESET (0x2008)
Bit Number Name Reset

Value
Description

5 SERDES_LANE3_SOFTRESET 0x1 SerDes lane3 soft reset. When in EPCS mode, resets lane 3.
When in PCI mode, resets lane 3 and other lanes in the same link.
Active low.

4 SERDES_LANE2_SOFTRESET 0x1 SerDes lane2 soft reset. When in EPCS mode, resets lane 2.
When in PCI mode, resets lane 2 and other lanes in the same link.
Active low.

3 SERDES_LANE1_SOFTRESET 0x1 SerDes lane1 soft reset. When in EPCS mode, resets lane 1.
When in PCI mode, resets lane 1 and other lanes in the same link.
Active low.

2 SERDES_LANE0_SOFTRESET 0x1 SerDes lane0 soft reset. When in EPCS mode, resets lane 0.
When in PCI mode, resets lane 0 and other lanes in the same link.
Active low.

1 XAUI_CTLR_SOFTRESET 0x1 XAUI controller soft reset, active low.

0 PCIE_CTLR_SOFTRESET 0x1 PCIe controller soft reset, active low.

Important: All the registers are 32-bit. Bits not shown in the table are reserved.
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Important: Toggling any of the preceding SOFTRESETS restarts PMA calibration.

Table 5-5. SYSTEM_SER_INTERRUPT_ENABLE (0x200C)
Bit Number Name Reset Value Description

3 FPLL_LOCKLOST_INT_ENABLE 0x0 This bit sets FPLL lock lost interrupt output enable.

2 FPLL_LOCK_INT_ENABLE 0x0 This bit sets FPLL lock interrupt output enable.

1 SPLL_LOCKLOST_INT_ENABLE 0x0 This bit sets SerDes PLL lock lost interrupt output enable.

0 SPLL_LOCK_INT_ENABLE 0x0 This bit sets SerDes PLL lock interrupt output enable.

Table 5-6. SYSTEM_CONFIG_AXI_AHB_BRIDGE (0x2010)
Bit Number Name Reset

Value
Description

1 CFGR_AXI_AHB_MASTER 0x1 Defines whether AXI3/AHB slave interface is implemented on the master
interface to fabric.
0: AHB, 32-bit AHB slave implemented in fabric 1: AXI3, 64-bit AXI3 slave
implemented in fabric

0 CFGR_AXI_AHB_SLAVE 0x1 Defines whether AXI3/AHB master interface is implemented on the slave
interface to fabric.
0: AHB, 32-bit AHB master implemented in fabric
1: AXI3, 64-bit AXI3 master implemented in fabric

Table 5-7. SYSTEM_CONFIG_ECC_INTR_ENABLE (0x2014)
Bit Number Name Reset Value Description

7:4 CFGR_PCIE_ECC_INTR_EN 0x7 ECC interrupt enable for PCIe Memories
Bit-0: Replay RAM - 1'b1 = ECC interrupt enabled,
1'b0 = disabled
Bit-1: Receive RAM - 1'b1 = ECC interrupt enabled,
1'b0 = disabled
Bit-2: Transmit RAM - 1'b1 = ECC interrupt enabled,
1'b0 = disabled
Bit-3: 0: Generate interrupts for single and two bit errors
1: Generate interrupts only for 2-bit errors

3:0 CFGR_PCIE_ECC_EN 0x7 ECC enable for PCIe Memories, 1'b1 = enabled, 1'b0 = disabled
Bit-0: Replay RAM ECC enable
Bit-1: Receive RAM ECC enable
Bit-2: Transmit RAM ECC enable

Table 5-8. SYSTEM_CONFIG_PCIE_PM (0x2020)
Bit
Number

Name Reset
Value

Description

3 CFGR_TX_SWING 0x0 Transmit swing: This register is per-link, which is generated by each link PCIe.
The PCS logic performs the internal mapping of link to lanes.
This is only for PCIe Gen2 controller, not for PCIe GEN1 controller.

2 CFGR_L2_P2_ENABLE 0x0 L2/P2 enable.
1'b1: Enable L2/P2 (Default-L2P2-Enabled)
1'b0: Disable L2/P2
If L2/P2 is enabled, cfgr_pm_auxpwr must also be enabled.

1 CFGR_PM_AUX_PWR 0x0 Slot auxiliary power: This register specifies whether the device uses the slot,
auxiliary power source. This is used only if the core supports D3 cold.
1'b1: Auxiliary power source available. Default L2P2-Enabled. 1'b0: Auxiliary
power source unavailable.
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...........continued
Bit
Number

Name Reset
Value

Description

0 CFGR_SLOT_CONFIG 0x0 Slot clock configuration: This register is used only to inform the configuration
space, if the reference clock of the PHY is same as that of the slot.
0: Independent clock
1: Slot clock
This is synchronous to CLK.

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-9. SYSTEM_CONFIG_PHY_MODE_0 (0x2024)
Bit
Number

Name Reset
Value

Description

15:0 CONFIG_PHY_MODE 0x0 Selects the protocol default settings of the PHY, which sets the reset value of the
registers space for each lane. For instance, the following mapping is associated
to a four lane PHY:
phy_mode[3:0]: Mode associated to lane0
phy_mode[7:4]: Mode associated to lane1
phy_mode[11:8]: Mode associated to lane2
phy_mode[15:12]: Mode associated to lane3
PHY_MODE settings:
4'b0000 - PCIE mode
4'b0001 - XAUI mode
4'b0010 - Reserved
4'b0011 - Reserved
4'b0100 - Reserved
4'b0101 - EPCS (custom) mode
4'b1111 - SerDes PHY lane is off

Table 5-10. SYSTEM_CONFIG_PHY_MODE_1 (0x2028)
Bit
Number

Name Reset
Value

Description

11:8 CONFIG_REG_LANE_SEL 0xF Lane select: This register defines lanes that are accessed and must be one-hot
encoded for read transaction. For write transaction, one or several lanes can
be written at the same time when several bits are asserted. Each bit represents
a SerDes Lane. The default allows all lanes to be selected to be written. A 0b
deselects the registers for a specific lane to not be written.

7:4 CONFIG_LINKK2LANE 0xF This register is used in PCIe mode in order to select the association of lane to
link and must be one-hot encoded (each lane can be associated only to one
link).
For example, a four lane PHY, which can be configured in 1 or 2 link might have
pipe_lk2ln[3:0]—lane associated to link 0 and pipe_lk2ln[7:4]—lane associated
to link 1
This signal must be static at power-up or stable before reset de-assertion.

3:0 CONFIG_EPCS_SEL 0x0 For each lane, one bit of this signal defines whether the external PCS interface
or the PCIe PCS is enabled:
0b: PCIe mode
1b: External PCS mode
For instance, the mapping associated to a four lane PHY is: epcs_sel[0]:
External PCS selection associated to lane0
epcs_sel[1]: External PCS selection associated to lane1
epcs_sel[2]: External PCS selection associated to lane2
epcs_sel[3]: External PCS selection associated to lane3
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Table 5-11. SYSTEM_CONFIG_PHY_MODE_2 (0x202C)
Bit Number Name Reset Value Description

7:0 CONFIG_REXT_SEL 0x0 For each lane, 2 bits of this signal select whether the Tx, Rx, and Rx
equalization calibration are performed by the PMA control logic of the lane
or use the calibration result of adjacent lane (upper or lower lanes):
00b: perform calibration using the lane calibration algorithm, which requires
the Rext resistor to be present on board
01b: use calibration result of the lower lane
10b: use calibration result of the upper lane
11b: reserved

All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-12. SYSTEM_CONFIG_PCIE_0 (0x2030)
Bit Number Name Reset Value Description

31:16 PCIE_DEVICE_ID 0x0 Specifies hardwired settings for PCIe identification registers: Defines PCIe
device ID.

15:0 PCIE_VENDOR_ID 0x0 Specifies hardwired settings for PCIe identification registers: Defines PCIe
vendor ID.

Table 5-13. SYSTEM_CONFIG_PCIE_1 (0x2034)
Bit Number Name Reset Value Description

31:16 PCIE_SUB_DEVICE_ID 0x0 Specifies hardwired settings for PCIe identification registers: Defines PCIe
subsystem device ID.

15:0 PCIE_SUB_VENDOR_ID 0x0 Specifies hardwired settings for PCIe identification registers: Defines PCIe
subsystem vendor ID.

Table 5-14. SYSTEM_CONFIG_PCIE_2 (0x2038)
Bit Number Name Reset Value Description

31:16 PCIE_CLASS_CODE 0x0 Specifies hardwired settings for PCIe identification registers: Defines PCIe
class code.

15:0 PCIE_REV_ID 0x0 Specifies hardwired settings for PCIe identification registers: Defines PCIe
revision ID.

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-15. SYSTEM_CONFIG_PCIE_3 (0x203C)
Bit Number Name Reset Value Description

5:2 K_BRIDGE_SPEC_REV 0x0 Reserved

1 K_BRIDGE_EMPH 0x0 Reserved

0 K_BRIDGE_SPEED 0x0 Reserved

Table 5-16. SYSTEM_CONFIG_BAR_SIZE_0_1 (0x2040)
Bit
Number

Name Reset
Value

Description

17:13 CONFIG_BAR_SIZE_1 0x0 These bits set the size of the BAR1 memory.
For example, 32-bit BAR:
CONFIG_BAR_SIZE_1 - 5'd22 translates to BAR0 - (2 MB)
“1111_1111_1110_0000_0000_0000_0000_CONFIG_BAR_CO NTROL_1”

12:9 CONFIG_BAR_CONTROL_1 0x0 LSB bits of BAR1 register in PCIe core register map Bit0: Memory/IO type
indicator
Bit[2:1]: Size of memory, 00-32-bit memory, 10 - 64-bit memory Bit3:
Prefetchable/non-prefetchable memory
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...........continued
Bit
Number

Name Reset
Value

Description

8:4 CONFIG_BAR_SIZE_0 0x0 These bits set the size of the BAR0 memory. For example, 32-bit BAR:
CONFIG_BAR_SIZE_0 - 5'd21 translates to BAR0 - (1 MB)
“1111_1111_1111_0000_0000_0000_0000_CONFIG_BAR_CO NTROL_0”

3:0 CONFIG_BAR_CONTROL_0 0x0 LSB bits of BAR 0 register in PCIe core register map Bit0: Memory/IO type
indicator
Bit[2:1]: Size of memory, 00-32-bit memory, 10 - 64-bit memory Bit3:
Prefetchable/non-prefetchable memory

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-17. SYSTEM_CONFIG_BAR_SIZE_2_3 (0x2044)
Bit
Number

Name Reset
Value

Description

17:13 CONFIG_BAR_SIZE_3 0x0 These bits set the size of the BAR3 memory.
For example, 32-bit BAR:
CONFIG_BAR_SIZE_3 - 5'd24 translates to BAR3 - (8 MB)
“1111_1111_1000_0000_0000_0000_0000_CONFIG_BAR_CON TROL_3”

12:9 CONFIG_BAR_CONTROL_
3

0x0 [3:0] LSB bits of BAR 3 register in PCIe core register map
Bit0: Memory/IO type indicator
Bit[2:1]: Size of memory, 00-32-bit memory, 10-64-bit memory
Bit3: Prefetchable/non-prefetchable memory

8:4 CONFIG_BAR_SIZE_2 0x0 These bits set the size of the BAR2 memory.
For example, 32-bit BAR:
CONFIG_BAR_SIZE_2 - 5'd23 translates to BAR0 - (4 MB)
“1111_1111_1100_0000_0000_0000_0000_CONFIG_BAR_CON TROL_2”

3:0 CONFIG_BAR_CONTROL_
2

0x0 [3:0] LSB bits of BAR 2 register in PCIe core register map
Bit0: Memory/IO type indicator
Bit[2:1]: Size of memory, 00-32-bit memory, 10 - 64-bit memory Bit3:
Prefetchable/non-prefetchable memory

Table 5-18. SYSTEM_CONFIG_BAR_SIZE_4_5 (0x2048)
Bit
Number

Name Reset
Value

Description

17:13 CONFIG_BAR_SIZE_5 0x0 These bits set the size of the BAR5 memory.
For example, 32-bit BAR:
CONFIG_BAR_SIZE_5 - 5'd26 translates to BAR5 - (32 MB)
“1111_1110_0000_0000_0000_0000_0000_CONFIG_BAR_CONT ROL_5”

12:9 CONFIG_BAR_CONTROL_
5

0x0 [3:0] LSB bits of BAR 5 register in PCIe core register map
Bit0: Memory/IO type indicator
Bit[2:1]: Size of memory, 00 - 32-bit memory, 10 - 64-bit memory Bit3:
Prefetchable/non-prefetchable memory

8:4 CONFIG_BAR_SIZE_4 0x0 These bits set the size of the BAR4 memory.
For example, 32-bit BAR:
CONFIG_BAR_SIZE_4 - 5'd25 translates to BAR4 - (16 MB)
“1111_1111_0000_0000_0000_0000_0000_CONFIG_BAR_CONT ROL_4”

3:0 CONFIG_BAR_CONTROL_
4

0x0 [3:0] LSB bits of BAR 4 register in PCIe core register map
Bit0: Memory/IO type indicator
Bit[2:1]: Size of memory, 00-32 bit memory, 10 - 64-bit memory Bit3:
Prefetchable/non-prefetchable memory
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Important: All registers are 32-bit. Bits not shown in the table are reserved.

Important: CONFIG_BAR_CONTROL[3:0] sets the BAR type.
Bit:0: Memory Space 0=Memory. 1 = IO

Bits 2: 1= Memory Size, 00=32 bit memory

Bit 3: 1 = Prefetchable, 0=Non-prefetchable memory.

Important: CONFIG_BAR_SIZE[4:0] sets the BAR size
(Decimal Values)

0: BAR DISSABLED

13: 4KB (min)

14 8KB

15: 16KB

16: 32KB

17: 64KB

18: 128KB

19: 256KB

20: 512KB

21: 1MB

22: 2MB

23: 4MB

24: 8MB

25: 16MB

26: 32MB

27: 64MB

28: 128MB

29: 256MB

30: 512MB

3:1 1GB

12: 2GB (max)

1-11: ILLEGAL

Table 5-19. SYSTEM_SER_CLK_STATUS (0x204C)
Bit Number Name Reset Value Description

1 FAB_PLL_LOCK RO Fabric PLL lock information, CLK BASE, 1:LOCKED

0 PLL_LOCK RO SPLL lock information, 1:LOCKED
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Table 5-20. SYSTEM_SER_INTERRUPT (0x2058)
Bit Number Name Reset Value Description

0 PLL_LOCK_INT SW1C SPLL/FPLL lock interrupt output

1 PLL_LOCKLOST_INT SW1C SPLL/FPLL lock lost interrupt output

Table 5-21. SYSTEM_SERDES_INTR_STATUS Register (0x205C)
Bit Number Name Reset Value Description

2:0 SERDES_INTR_STATUS SW1C ECC interrupt status for PCIe memories
Bit 0: Transmit RAM multiple bit error
Bit 1: Transmit RAM single bit error
Bit 2: Receive RAM multiple bit error
Bit 3: Receive RAM single bit error
Bit 4: Replay RAM multiple bit error
Bit 5: Replay RAM single bit error
Write '1' to clear

Table 5-22. SYSTEM_REFCLK_SEL (0x2064)
Bit Number Name Reset Value Description

3:2 LANE23_REFCLK_SEL 0x0 Reference clock selection for Lane 2 and Lane 3 of PMA:
2'b00: Selects refclk_io0
2'b01: Selects refclk_io1
2'b10: Selects ccc_ref_clk
2'b11: Selects fab_ref_clk

1:0 LANE01_REFCLK_SEL 0x0 Reference clock selection for Lane 0 and Lane 1 of PMA:
2'b00: Selects refclk_io0
2'b01: Selects refclk_io1
2'b10: Selects ccc_ref_clk
2'b11: Selects fab_ref_clk

Table 5-23. SYSTEM_PCLK_SEL Register (0x2068)
Bit
Number

Name Reset
Value

Description

5:4 PIPE_PCLKIN_LANE23_SEL 0x0 PIPE clock input selection for lane2 and lane3, can be selected from one of
pipeclk_out[3:0]:
00: Selects pipeclk_out[0] clock as pipeclk_in for lane2 and lane3.
01: Selects pipeclk_out[1] clock as pipeclk_in for lane2 and lane3. 10:
Selects pipeclk_out[2] clock as pipeclk_in for lane2 and lane3. 11: Selects
pipeclk_out[3] clock as pipeclk_in for lane2 and lane3.

3:2 PIPE_PCLKIN_LANE01_SEL 0x0 PIPE clock input selection for lane0 and lane1, can be selected from one of
pipeclk_out[3:0]:
00: Selects pipeclk_out[0] clock as pipeclk_in for lane0 and lane1.
01: Selects pipeclk_out[1] clock as pipeclk_in for lane0 and lane1. 10:
Selects pipeclk_out[2] clock as pipeclk_in for lane0 and lane1. 11: Selects
pipeclk_out[3] clock as pipeclk_in for lane0 and lane1.

1:0 PCIE_CORECLK_SEL 0x0 PCIe core clock selection. PCIe core clock can be selected from one of
pipeclk_out[3:0]:
00: Selects pipeclk_out[0] clock as PCIe core clock.
01: Selects pipeclk_out[1] clock as PCIe core clock.
10: Selects pipeclk_out[2] clock as PCIe core clock.
11: Selects pipeclk_out[3] clock as PCIe core clock.

Important: All registers are 32-bit. Bits not shown in the table are reserved.
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Table 5-24. SYSTEM_EPCS_RSTN_SEL (0x206C)
Bit Number Name Reset

Value
Description

3:0 FABRIC_EPCS_RSTN_SEL 0x0 EPCS reset signal selection from the fabric. When '1', the APB reset is
used for PHY Reset. When '0', the APB reset is not used for PHY Reset. In
either case, Power-on Reset and SERDES_LANE*_REG_SOFTRESET_N resets
the PHY registers.

Table 5-25. SYSTEM_SERDES_TEST_OUT (0x2074)
Bit
Number

Name Reset
Value

Description

31:0 SERDES_TEST_OUT 0x0 Status TESTOUT output of PCIe PHY.
SERDES_TEST_OUT[31:24] - Debug signal for lane3 SERDES_TEST_OUT[23:16]
- Debug signal for lane2 SERDES_TEST_OUT[15:8] - Debug signal for lane1
SERDES_TEST_OUT[7:0] - Debug signal for lane0
Bit[0]: Tx PLL reset - Active low
Bit[1]: Rx PLL reset - Active low
Bit[2]: Activity detected
Bit[3]: CDR PLL locked on data
Bit[4]: Tx PLL locked
Bit[5]: Rx PLL locked
Bit[7:6]: reserved

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-26. SYSTEM_FABRIC_CLK_ENA (0x207C)
Bit Number Name Reset Value Description

3:0 GB_CLK_0_SEL 0x1 Select clocks used for GB_CLK outputs of serial subsystem
4’h0-4'h3 : phy epcs_txclk[0:3]
4’h4-4'h7 : phy epcs_rxclk[0:3]
4’h8 : refclk0
4’h9 : refclk1
4'hA : spll_o_clk
4'hB-4'hD : reserved
4'hE : 1'b0
4'hF : 1'b1

7:4 GB_CLK_1_SEL 0x0 Select clocks used for GB_CLK_1 outputs of serial subsystem
4’h0-4'h3 : phy epcs_txclk[0:3]
4’h4-4'h7 : phy epcs_rxclk[0:3]
4’h8 : refclk0
4’h9 : refclk1
4'hA : spll_o_clk
4'hB-4'hD : reserved
4'hE : 1'b0
4'hF : 1'b1

8 EPCS_0_RX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

9 EPCS_1_RX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

10 EPCS_2_RX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

11 EPCS_3_RX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

12 EPCS_0_TX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

13 EPCS_1_TX_CLK_ENA 0x0 Enable selected clock to be sent to fabric
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...........continued
Bit Number Name Reset Value Description

14 EPCS_2_TX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

15 EPCS_3_TX_CLK_ENA 0x0 Enable selected clock to be sent to fabric

Table 5-27. SYSTEM_CONF_AXI_MSTR_WNDW_0 (0x2084)
Bit Number Name Reset Value Description

31:0 CONF_AXI_MSTR_WNDW_0 0x0 PCIe AXI3-master Window0 configuration register – 0

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-28. SYSTEM_CONF_AXI_MSTR_WNDW_1 (0x2088)
Bit Number Name Reset Value Description

31:0 CONF_AXI_MSTR_WNDW_1 0x0 PCIe AXI3-master Window0 configuration register – 1

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-29. SYSTEM_CONF_AXI_MSTR_WNDW_2 (0x208C)
Bit Number Name Reset Value Description

31:0 CONF_AXI_MSTR_WNDW_2 0x0 PCIe AXI3-master Window0 configuration register – 2

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-30. SYSTEM_CONF_AXI_MSTR_WNDW_3 (0x2090)
Bit Number Name Reset Value Description

31:0 CONF_AXI_MSTR_WNDW_3 0x0 PCIe AXI3-master Window0 configuration register – 3

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-31. SYSTEM_CONF_AXI_SLV_WNDW_0 (0x2094)
Bit Number Name Reset Value Description

31:0 CONF_AXI_SLV_WNDW_0 0x0 PCIe AXI3-slave Window0 configuration register – 0

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-32. SYSTEM_CONF_AXI_SLV_WNDW_1 (0x2098)
Bit Number Name Reset Value Description0

31:0 CONF_AXI_SLV_WNDW_1 0x0 PCIe AXI3-slave Window0 configuration register – 1

Important: All registers are 32-bit. Bits not shown in the table are reserved.
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Table 5-33. SYSTEM_CONF_AXI_SLV_WNDW_2 (0x209C)
Bit Number Name Reset Value Description

31:0 CONF_AXI_SLV_WNDW_2 0x0 PCIe AXI3-slave Window0 configuration register – 2

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-34. SYSTEM_CONF_AXI_SLV_WNDW_3 (0x20A0)
Bit Number Name Reset Value Description

31:0 CONF_AXI_SLV_WNDW_3 0x0 PCIe AXI3-slave Window0 configuration register – 3

Important: All registers are 32-bit. Bits not shown in the table are reserved.

Table 5-35. SYSTEM_DESKEW_CONFIG (0x20A4)
Bit Number Name Reset Value Description

3:2 DESKEW_PLL_FDB_CLK 0x0 These bits set the PLL FEEDBACK clock DESKEW register.
Delay addition of cells in the path of FEEDBACK clock to PLL.
00: Bypass delay cells
01: Add 1-cells
10: Add 2-cells
11: Add 3-cells

1:0 DESKEW_PLL_REF_CLK 0x0 These bits set the PLL REF clock DESKEW register.
Delay addition of cells in the path of REFERENCE clock to PLL.
00: Bypass delay cells
01: Add 1-cells
10: Add 2-cells
11: Add 3-cells

Table 5-36. SYSTEM_ADVCONFIG (0x20b4)
Bit
Number

Name Reset
Value

Description

0 K_BRIDGE_MODE 0x0 1'b0: Device is native endpoint, 1'b1: Device is a Root-port.

1 K_BRIDGE_ADDR_DEC 0x0 Advanced mode setting - PCIe controller 0 address decoding type,
1'b0: address decoding is performed by the BAR (RP/EP)
1'b1: address decoding is performed by Windows® (RP only). This bit
must be set to 0 for endpoint.

2 K_INFER_ELEC_IDLE 0x0 Enables the inferred electrical idle function in the PCIe core (k_glb[44])

3 DISABLE_PCIE_RESET 0x0 When '1' disables the ability for the internal DLUP/HOTRST and L2P2
reset generator to perform an automatic reset sequence of the main
PCIe core logic.

4 DISABLE_PIPE_RESET 0x0 When '1' disables the ability for the internal PERST monitor and L2P2
reset generator to perform an automatic reset sequence of the PIPE
logic and PMA block.

5 ENABLE_PERSTN_SUPPORT 0x0 When '1' enables the ability for the internal PERST monitor to enter reset
when PERSTN is asserted. When '0' PERSTN is only used to detect the
exit from L2P2 and initiate the reset sequence.

6 PCIE_CONFIG_NOSTALL 0x0 PCIe enabled: When 1, if PCIe configuration space is read before the
PMA clock (PCLK) is stable, an APB SLVERR is generated, otherwise the
APB cycle is stalled until the PCLK is stable. PCIe disabled: When '1', an
APB PSLVERR is generated if the PCIe configuration space is accessed,
otherwise the APB cycle is allowed to complete with simple assertion of
PREADY.
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Table 5-37. SYSTEM_ECC_ERR_INJECT (0x20bc
Bit
Number

Name Reset
Value

Description

7:0 CFGR_PCIE_ECC_ERROR_INJECT 0x0 When one or more of the following bits are set, an ECC error is injected
in the PCIE memories output when the next read occurs. This should
then cause an ECC error to be detected.
Bit 0: Transmit RAM multiple bit error
Bit 1: Transmit RAM single bit error
Bit 2: Receive RAM multiple bit error
Bit 3: Receive RAM single bit error
Bit 4: Replay RAM multiple bit error
Bit 5: Replay RAM single bit error
Single and double bit errors should not be injected at the same time
on the same memory.

Table 5-38. SYSTEM_REFCLK_MSIO_CONFIG (0x20c4)
Bit Number Name Reset Value Description

0 REFCLK_MSIO_DISN 0x0 I/O N disable input
1 = disabled
0 = enabled

1 REFCLK_MSIO_DISP 0x0 I/O P disable input
1 = disabled
0 = enabled

4:2 REFCLK_MSIO_VSN 0x0 I/O N input decode bits
000 = ratio PCI, LVTTL, or LVCMOS
010 = reference SSTL or HSTL
110 = differential LVDS, RSDS, or LVPECL

7:5 REFCLK_MSIO_VSP 0x0 I/O P input decode bits
000 = ratio PCI, LVTTL, or LVCMOS
010 = reference SSTL or HSTL
110 = differential LVDS, RSDS, or LVPECL

10:8 REFCLK_MSIO_IMPN 0x0 I/O N impedance termination settings
000 = unterminated
001 = 75 Ω to vddi/2, single-ended 150up/150dn
010 = 150 Ω to vddi/2, single-ended 300up/300dn
011 = 50 Ω to vddi/2, single-ended 100up/100dn
100 = 100 Ω padp to padn differential

13:11 REFCLK_MSIO_IMPP 0x0 I/O P impedance termination settings
000 = unterminated
001 = 75 Ω to vddi/2, single-ended 150up/150dn
010 = 150 Ω to vddi/2, single-ended 300up/300dn
011 = 50 Ω to vddi/2, single-ended 100up/100dn
100 = 100 Ω padp to padn differential

14 REFCLK_MSIO_SCHMITT_SELN 0x0 I/O N
0 = schmitt trigger receiver, hysteresis off.
1= single ended receiver, hysteresis on.

15 REFCLK_MSIO_SCHMITT_SELP 0x0 I/O P
0 = schmitt trigger receiver, hysteresis off.
1 = single ended receiver, hysteresis on.

18:16 REFCLK_MSIO_RT_ENN 0x0 I/O N receiver RT ctrl

21:19 REFCLK_MSIO_RT_ENP 0x0 I/O P receiver RT ctrl
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...........continued
Bit Number Name Reset Value Description

22 REFCLK_MSIO_WPDN 0x0 I/O N weak pull down.
0 = off
1 = on

23 REFCLK_MSIO_WPDP 0x0 I/O P weak pull down.
0 = off
1 = on

24 REFCLK_MSIO_WPUN 0x0 I/O N weak pull up.
0 = off
1 = on

25 REFCLK_MSIO_WPUP 0x0 I/O P weak pull up.
0 = off
1 = on

Table 5-39. SYSTEM_ENHANCEMENT (0x20c8)
Bit Number Name Reset Value Description

9:0 RSRV4 0x0 Reserved to maintain bit positions in register

10 EPCS_RXSKIP_ENABLE 0x0 When 1, enables the EPCS RXSKIP inputs to the PMA cores. Functions
for XAUI and EPCS modes. The hardware default for this register is 0x0.
However, for XAUI and EPCS modes, this register is set to 0x1 by the Libero
software.

Table 5-40. SYSTEM_TXFWF_CONFIG (0x20cc)
Bit Number Name Reset

Value
Description

0 TXFWF_WMARK 0x0 1 = underflow is detected if wptr/rptr gap reaches 0 locations, overflow at
8
0 = underflow detected at 1 location, overflow at 7. Recommended
setting is 0

2:1 TXFWF_FIFO_LANE_CTRL 0x0 00 = each lane controller controls its respective fifo storage
01 = controller 0 controls all 4 fifos
10 = controller 0 controls fifo 0 and fifo 1, while controller 2 controls fifo 2
and fifo 3
11 = reserved

3 TXFWF_TXOOB_USE_FIFO 0x0 1 = txoob signal goes through fwf, 0 = txoob signal goes around fwf

4 TXFWF_TXVAL_USE_FIFO 0x0 1 = txval signal goes through fwf, 0 = txval signal goes around fwf

Table 5-41. SYSTEM_RXFWF_CONFIG (0x20d0)
Bit Number Name Reset Value Description

0 RXFWF_WMARK 0x0 1 = underflow is detected if wptr/rptr gap reaches 0 locations, overflow at 8
0 = underflow detected at 1 location, overflow at 7.
Recommended setting is 0

2:1 Reserved 0x0 Reserved

3 RXFWF_CLK_COMP 0x0 1 = use xaui xfifo in clock compensation mode
0 = use rxfwf/xfifo in flywheel mode

Table 5-42. SYSTEM_FWF_STATUS(0x20d4)
Bit Number Name Reset Value Description

15:12 RXFWF_UFLOW 0x0 RXFWF underflow lane[3:0]

11:8 RXFWF_OFLOW 0x0 RXFWF overflow lane[3:0]

7:4 TXFWF_UFLOW 0x0 TXFWF underflow lane[3:0]
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...........continued
Bit Number Name Reset Value Description

3:0 TXFWF_OFLOW 0x0 TXFWF overflow lane[3:0]

5.1.3 SerDes Block Register  (Ask a Question)

The SerDes block register map contains control and status information for the SerDes block and
lanes. Each block uses 256 register bytes. However, these 256 bytes are mapped to 1 KB to generate
a 32-bit APB output. The APB-to-SerDes programming interface bridge is implemented to convert
the 32-bit APB bus system transactions to appropriate 8 bits. Since the RTG4 devices map the four
SerDes lanes to 1 KB blocks, the overall register map size is 4 KB. The physical offset location of the
SerDes block registers from the SerDes block system memory map is as follows:

• 0x1000-0x13FF - 1 KB - SerDes programming interface (Lane0)
• 0x1400-0x17FF - 1 KB - SerDes programming interface (Lane1)
• 0x1800-0x1BFF - 1 KB - SerDes programming interface (Lane2)
• 0x1C00-0x1FFF - 1 KB - SerDes programming interface (Lane3)

The SerDes block system register memory map occupies 1 KB of configuration memory map.
Physical offset location of the SerDes block system registers is 0x2000 - 0x23FF from the SerDes
block memory map. Table 5-1 describes the SerDes block system registers.

The 1 KB register space is divided between the protocol-specific read/write register and generic
purpose register.

• Configuration PHY registers (offset 0x000 to 0x03C): These 16 registers are protocol-specific,
with a reset value depending on the selected protocol, according to CONFIG_PHY_MODE register
settings. For example, PLL_F_PCLK_RATIO register may have different reset values for PCIe and
XAUI mode. PCIe Gen1 features are configured using these 16 8-bit registers.

• Reserved registers (offset 0x040 to 0X0BC)
• SerDes electrical parameter registers (offset 0X0C0 to 0X18C): These 48 registers are internally

reported values of parameters programmed inside the SerDes block. The register descriptions
are reserved for factory testing only.

• SerDes testing registers (offset 0X190 to 0x1FC): These registers are used for testing the SerDes
block. The register descriptions are reserved for factory testing only.

• SerDes recompute register (offset 0x200): This register is a command register that requires PMA
control logic to recompute the SerDes parameter based on the new programmed set of register
values.

• SerDes PRBS error counter registers (offset 0x204 to 0x400): There are 14 registers that are
used for bit error rate testing. These registers are for lane0, lane1, lane2, or lane3 and the only
difference between lane0, lane1, lane2, and lane3 is the base address specifying which lane it is
for. The rest of the register spaces are unused.

The following table lists the SerDes block register mappings including reset values. Unused lanes
default to 0x00 values.

Table 5-43. SerDes Block Lane Registers
Register Name Address Offset

(Hex)
Reset
Value

Type Description

CR0 0X000 0x80 R/W Lane control register 0 (Table 5-44).

ERRCNT_DEC 0X004 0x20 R/W Clock count for error counter decrement (Table
5-45)

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-525170FC-A23A-49B5-9EA3-DF7A149D14AB&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Register
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...........continued
Register Name Address Offset

(Hex)
Reset
Value

Type Description

RXIDLE_MAX_ERRCNT_THR 0X008 0x48 or 0xF8 R/W Error counter threshold – RX0 idle detect
maximum latency (Table 5-46).
Reset value for PCIe mode: 0x48
Reset value for other mode: 0xF8

IMPED_RATIO 0X00C 0x80 R/W TX impedance ratio (Table 5-47).

PLL_F_PCLK_RATIO 0X010 0x24, 0x34, or
0x00

R/W PLL F settings and PCLK ratio (Table 5-48)
Reset value for PCIe mode:
0x24: 16-bit pipe interface and 250 MHz PCLK
0x34: 16-bit pipe interface and other PCLK 0x24:
8-bit pipe interface
Reset value for other modes: 0x00

PLL_M_N 0X014 0x04, 0x13, or
0x691

R/W PLL M and N settings (Table 5-49)
Reset value for PCIe mode: 0x04
Reset value for XAUI mode: 0x13

CNT250NS_MAX 0X018 0x7C, 0x27, or
0x1F1

R/W 250 ns timer base count (Table 5-50)
Reset value for PCIe mode: 0x7C
Reset value for XAUI mode: 0x27

RE_AMP_RATIO 0X01C 0x00 R/W RX equalization amplitude ratio (Table 5-51)

RE_CUT_RATIO 0X020 0x00 R/W RX equalization cut frequency (Table 5-52)

TX_AMP_RATIO 0X024 0x80 R/W TX amplitude ratio (Gen 1 PCIe and lower data
rates) (Table 5-53)

TX_PST_RATIO 0X028 0x15 or 0x00 R/W TX post-cursor ratio (Table 5-54)
Reset value for PCIe mode: 0x15
Reset value for XAUI mode: 0x15
Reset value for EPCS mode: 0x00

TX_PRE_RATIO 0X02C 0x00 R/W TX pre-cursor ratio (Table 5-55)

ENDCALIB_MAX 0X030 0x10 R/W End of calibration counter (Table 5-56)

CALIB_STABILITY_COUNT 0X034 0x38 R/W Calibration stability counter (Table 5-57)

POWERDOWN 0X038 0x00 R/W Power-down feature (Table 5-58)

RX_OFFSET_COUNT 0X03C 0x70 R/W RX offset counter (Table 5-59)

The published register syntax is prefixed by LANEn (where n is 0 : 3). The register bit is appended to the block register name.
Example: LANE0_CR0

Reserved 0X040 – R/W Reserved

Reserved 0X044 0x09 R/W Reserved

Reserved 0X048 0x7C R/W Reserved

Reserved 0X050 0x15 R/W Reserved

Reserved 0X054 0x00 R/W Reserved

Reserved 0X058 0x20 R/W Reserved

Reserved 0X05C 0x00 R/W Reserved

Reserved 0X060 0x80 R/W Reserved

Reserved 0X064 0x78 R/W Reserved

Reserved 0X068 0x68 R/W Reserved

Reserved 0X06C 0x60 R/W Reserved

Reserved 0X070 0x58 R/W Reserved

Reserved 0X074 0x50 R/W Reserved

Reserved 0X078 0x48 R/W Reserved

Reserved 0X07C 0x40 R/W Reserved
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...........continued
Register Name Address Offset

(Hex)
Reset
Value

Type Description

Reserved 0X080 0x00 R/W Reserved

Reserved 0X084 0x00 R/W Reserved

Reserved 0X088 0x00 R/W Reserved

Reserved 0X08C 0x00 R/W Reserved

Reserved 0X090 0x15 R/W Reserved

Reserved 0X094 0x00 R/W Reserved

Reserved 0X098 0x20 R/W Reserved

Reserved 0X09C 0x00 R/W Reserved

Reserved 0X0A0 0x50 R/W Reserved

Reserved 0X0A4 0x58 R/W Reserved

Reserved 0X0A8 0x48 R/W Reserved

Reserved 0X0AC 0x40 R/W Reserved

Reserved 0X0B0 0x38 R/W Reserved

Reserved 0X0B4 0x30 R/W Reserved

Reserved 0X0B8 0x28 R/W Reserved

Reserved 0X0BC 0x20 R/W Reserved

Reserved R/W registers are listed with default values for reference only.

PMA_STATUS 0X0C0 0x80 R/O PMA status register- correct read back
value = 0x80 (Table 5-60)

PRBS_CTRL 0X190 0x00 R/W PRBS control register (Table 5-61)

PRBS_ERRCNT 0X194 0x00 R/O PRBS error counter register (Table 5-62)

PHY_RESET_OVERRIDE 0X198 0x00 R/W PHY reset override register (Table 5-63)

PHY_POWER_OVERRIDE 0X19C 0x00 R/W PHY power override register (Table 5-64)

CUSTOM_PATTERN_7_0 0X1A0 0x00 R/W Custom pattern byte 0 (Table 5-65)

CUSTOM_PATTERN_15_8 0X1A4 0x00 R/W Custom pattern byte 1 (Table 5-66)

CUSTOM_PATTERN_23_16 0X1A8 0x00 R/W Custom pattern byte 2 (Table 5-67)

CUSTOM_PATTERN_31_24 0X1AC 0x00 R/W Custom pattern byte 3 (Table 5-68)

Registers 49-99 are factory reserved for testing purposes.

CUSTOM_PATTERN_39_32 0X1B0 0x00 R/W Custom pattern byte 4 (Table 5-69)

CUSTOM_PATTERN_47_40 0X1B4 0x00 R/W Custom pattern byte 5 (Table 5-70)

CUSTOM_PATTERN_55_48 0X1B8 0x00 R/W Custom pattern byte 6 (Table 5-71)

CUSTOM_PATTERN_63_56 0X1BC 0x00 R/W Custom pattern byte 7 (Table 5-72)

CUSTOM_PATTERN_71_64 0X1C0 0x00 R/W Custom pattern byte 8 (Table 5-73)

CUSTOM_PATTERN_79_72 0X1C4 0x00 R/W Custom pattern byte 9 (Table 5-74)

CUSTOM_PATTERN_CTRL 0X1C8 0x00 R/W Custom pattern control (Table 5-75)

Reserved 0X1CC 0x00 R/O Custom pattern status register (Table 5-76)

PCS_LOOPBACK_CTRL 0X1D0 0x00 R/W PCS loopback control (Table 5-77)

GEN1_TX_PLL_CCP 0X1D4 0x06 R/W Gen1 transmit PLL current charge pump (Table
5-78)

GEN1_RX_PLL_CCP 0X1D8 0x66 R/W Gen1 receive PLL current charge pump (Table
5-79)

Reserved 0X1DC 0x00 R/W Reserved

Reserved 0X1E0 0x00 R/W Reserved

CDR_PLL_MANUAL_CR 0X1E4 0x00 R/W CDR PLL manual control (Table 5-80)

UPDATE_SETTINGS 0X200 0x00 W/O Update settings command register (Table 5-81)
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Register Name Address Offset

(Hex)
Reset
Value

Type Description

PRBS_ERR_CYC_FIRST_7_0 0X280 0x00 R/O PRBS first error cycle counter register bits[7:0]
(Table 5-82)

PRBS_ERR_CYC_FIRST_15_8 0X284 0x00 R/O PRBS first error cycle counter register bits[15:8]
(Table 5-83)

PRBS_ERR_CYC_FIRST_23_16 0X288 0x00 R/O PRBS first error cycle counter register bits[23:16]
(Table 5-84)

PRBS_ERR_CYC_FIRST_31_24 0X28C 0x00 R/O PRBS first error cycle counter register bits[31:24]
(Table 5-85)

PRBS_ERR_CYC_FIRST_39_32 0X290 0x00 R/O PRBS first error cycle counter register bits[39:32]
(Table 5-86)

PRBS_ERR_CYC_FIRST_47_40 0X294 0x00 R/O PRBS first error cycle counter register bits[47:40]
(Table 5-87)

PRBS_ERR_CYC_FIRST_49_48 0X298 0x00 R/O PRBS first error cycle counter register bits [49:48]
(Table 5-88)

PRBS_ERR_CYC_LAST_7_0 0X2A0 0x00 R/O PRBS last error cycle counter register bits[7:0]
(Table 5-89)

PRBS_ERR_CYC_LAST_15_8 0X2A4 0x00 R/O PRBS last error cycle counter register bits[15:8]
(Table 5-90)

PRBS_ERR_CYC_LAST_23_16 0X2A8 0x00 R/O PRBS last error cycle counter register bits[23:16]
(Table 5-91)

PRBS_ERR_CYC_LAST_31_24 0X2AC 0x00 R/O PRBS last error cycle counter register bits[31:24]
(Table 5-92)

PRBS_ERR_CYC_LAST_39_32 0X2B0 0x00 R/O PRBS last error cycle counter register bits[39:32]
(Table 5-93)

PRBS_ERR_CYC_LAST_47_40 0X2B4 0x00 R/O PRBS last error cycle counter register bits[47:40]
(Table 5-94)

PRBS_ERR_CYC_LAST_49_48 0X2B8 0x00 R/O PRBS last error cycle counter register bits[49:48]
(Table 5-95)

The published register syntax is prefixed by LANEn (where n is 0 : 3). The register bit is appended to the block register name.
For example: LANE0_CR0

(1) This is programmed based on the inputs provided in the Libero configurator.

5.1.4 SerDes Block Register Bit Definitions  (Ask a Question)

The following tables list the bit definitions for the registers of the SerDes block registers. These
registers are not SEU protected.

Table 5-44. CR0
Bit
Number

Name Reset
Value

Description

7 AUTO_SHIFT 0x1 Defines whether the electrical idle 1 pattern is automatically shifted
in the SerDes block after loading the drive pattern. When set to 1,
electrical idle I or drive mode can be entered within a single aTXClkp
clock cycle. When set to 0, 23 clock cycles are required to dynamically
switch between electrical idle I and drive mode. In general, this bit is
always set to 1. Unused lanes are set to 0.

6 FORCE_RX_DETECT 0x0 Forces the result of the PCIe receiver detect operation to always be
detected. This register is used for unreliable results of RX detect
operations. When set to 1, the result of the PCIe receiver detect
operation is always positive, making the PHY non-compliant with PCIe.

[5:4] CDR_REFERENCE 0x0 Defines the CDR reference PLL mode. By default, these two bits must be
set to 0 when RefClk is used for the CDR reference clock.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-483F9DB0-8207-4D00-877B-957E249F7729&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Block%20Register%20Bit%20Definitions
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...........continued
Bit
Number

Name Reset
Value

Description

3 PMA_DRIVEN_MODE 0x0 Places the CDR PLL in PMA driven mode. When set to 0, the PCS driven
mode is selected for locking the SerDes CDR circuitry, and when set to 1,
PMA driven mode is used.

2 CDR_PLL_DELTA 0x0 Defines the frequency comparator threshold value to switch from fine
grain locking to frequency lock, which controls the input signal of the
PMA block when CDR is configured in PMA driven mode and the
equivalent function when the PMA is configured in PCS driven mode.
When set to 0, the RX clock and TX clock must be in a 0.4% difference
range; 0.8% when set to 1.

1 SIGNAL_DETECT_THRESHOLD 0x0 Defines the Schmitt trigger signal detection threshold used to detect the
electrical idle on RX. When set to 0, threshold is
125 mV (±40%), and when set to 1, threshold is 180 mV (±33%).

0 TX_SELECT_RX_FEEDBACK 0x0 Must be set to 0 when RefClk is used for TX PLL. Set to 1 when the CDR
PLL is used as TX PLL reference clock.

Important: This register can be reprogrammed when the PHY is reset or when
calibration has completed (PMA is ready).

Table 5-45. ERRCNT_DEC
Bit Number Name Reset

Value
Description

[7:0] ERRCNT_DEC 0x20 In PCS driven mode, the PMA control logic counts the number of errors detected by
the PCS logic in order to switch back to frequency lock mode of the CDR PLL. This
counter is used to decrement the error counter for every 16*errcnt_dec[7:0] aTXClk
clock cycle.

Important: This register can be reprogrammed when the PHY is under reset or
when calibration has completed (PMA is ready).

Table 5-46. RXIDLE_MAX_ERRCNT_THR
Bit Number Name Reset Value Description

[7:4] RXIDLE_MAX 0x4-PCIe
0xF-others

Defines the number of clock cycles required before the activity detects the output
of the PMA block and reports either electrical idle or valid input data. This register
must be set to at least 3 because the activity detected signal is considered
metastable by the PCS logic.

[3:0] ERRCNT_THR 0x8 In PCS driven mode, the PMA control logic counts the number of errors detected by
the PCS logic in order to switch back frequency threshold value after which the CDR
PLL switches.

Important: This register can be reprogrammed any time during operation.

Table 5-47. IMPED_RATIO
Bit Number Name Reset Value Description

[7:0] IMPED_RATIO 0x80 Fine-tunes the impedance ratio of the PMA block with a nominal value of 100Ω,
corresponding to a multiplication factor of 1, which is encoded as 8'd128. A 150Ω,
impedance corresponds to 2/3 ratio, encoded as 8'd85.
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Important: This register can be reprogrammed when the PHY is reset or when
calibration has completed (PMA is ready).

Table 5-48. PLL_F_PCLK_RATIO
Bit Number Name Reset Value Description

[7:6] Reserved PCIe mode: 0x0
XAUI mode:0x0 EPCS
mode:0x0

—

[5:4] DIV_MODE0 PCIe mode: 0x3 XAUI
mode: 0x0 EPCS mode:
0x0

Defines the ratio between PCLK and aTXClk. PCLK is used by the PCIe
PCS logic as well as by majority of the PMA control logic. It is also
useful for other protocols to reduce the amount of logic required at a
high aTX0Clk frequency. In non-PCIe mode, this register is only useful if
pipe_pclkout is used by any logic. A value of 00 is used for divide-by-1,
10 for divide-by-2, and 11 for divide-by-4.

[3:0] F PCIe mode: 0x4
XAUI mode: 0x00: 0x0

Defines the aRXF[3:0] and aTXF[3:0] settings of the PMA block. The
same F value is applied to both RX PLL and TX PLL.

Important: This register must only be reprogrammed when PHY is under reset or
when both RX PLL and TX PLL are under reset.

Table 5-49. PLL_M_N
Bit Number Name Reset Value

(Libero Programmed)
Description

7 CNT250NS_MAX[8] PCIe mode
XAUI mode
EPCS mode

This bit is concatenated to the Reg06 register as MSB to define the
250 ns base time.

[6:5] M[1:0] PCIe mode
XAUI mode
EPCS mode

Defines the TX PLL M values and CDR PLL M value settings of the
PMA block. For PCIe, it corresponds to the Gen1 settings. The same
M value is applied to both RX PLL and TX PLL.

[4:0] N[4:0] PCIe mode
XAUI mode
EPCS mode

Defines the TX PLL N values and CDR PLL N value settings of the
PMA block. For PCIe, it corresponds to the Gen1 settings. The same
N value is applied to both RX PLL and TX PLL.

Important: This register must only be reprogrammed when PHY is under reset
or when both RX PLL and TX PLL are under reset. For information about Libero-
based values, see Table 5-43.

Table 5-50. CNT250NS_MAX
Bit
Number

Name Reset Value (Libero
Programmed)

Description

[7:0] CNT250NS_MAX PCIe mode
XAUI mode
EPCS mode

Defines the base count of a 250 ns event based on the aTXClk clock.
This counter is used by the CDR PLL in PCS driven mode and also by
the PMA control logic for operations such as receiver detect, electrical
idle 2 and 3 states. In case of a non-integer value, the base count must
be rounded up. This register must be set correctly for all protocols.
The CNT250NS_MAX setting determines the time FINE_LOCK qualifies
before raising the RX_VALID signal.

Important: This register must only be reprogrammed when the PHY is under
reset for proper operation. It impacts the PCS-driven CDR PLL mode as well as
calibration and thus has no effect after calibration is completed (PMA is ready) or
if the PHY CDR PLL is used in PMA driven mode.
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Table 5-51. RE_AMP_RATIO
Bit Number Name Reset Value Description

[7:0] RE_AMP_RATIO 0x00 Defines the RX equalization amplitude ratio, where the maximum value of 8’d128
corresponds to 100%. If RX equalization is not used, this register can be set to
zero.

Important: This register can be reprogrammed during normal operation but the
effect appears only when the parameters for the SerDes receiver are updated at
the end of calibration or when UPDATE_SETTINGS is programmed.

Table 5-52. RE_CUT_RATIO
Bit Number Name Reset Value Description

[7:0] RE_CUT_RATIO 0x00 Defines the RX equalization. See Table 2-2.

Important: This register can be reprogrammed during normal operation but the
effect appears only when the parameters for the SerDes receiver are updated at
the end of calibration or when UPDATE_SETTINGS is programmed.

Table 5-53. TX_AMP_RATIO
Bit Number Name Reset

Value
Description

[7:0] TX_AMP_RATIO 0x80 Implements the TX amplitude ratio used by the TX driver. A value of 128
corresponds to 100% (full voltage); a value of 0 corresponds to 0%. Values higher
than 128 are not specified in RTG4 FPGA datasheet and should be validated in
application. For PCIe, this register is used for Gen1 speed only.

Important: This register can be reprogrammed during normal operation but
the effect appears only when the parameters for the SerDes transmitter are
updated at the end of calibration, on entry or exit of TX electrical idle I, or when
UPDATE_SETTINGS is programmed.

Table 5-54. TX_PST_RATIO
Bit Number Name Reset Value Description

[7:0] TX_PST_RATIO 0x15 or 0x00 Defines the TX post-cursor ratio for the Gen1 speed used for selecting the
de-emphasis of the switching bit versus non-switching bit. A value of 128
corresponds to 100% (full voltage); a value of 0 corresponds to 0%. A value of
–3.5 dB corresponds to 8’d21 encoding.

Important: This register can be reprogrammed during normal operation but
the effect appears only when the parameters for the SerDes transmitter are
updated at the end of calibration, on entry or exit of TX Electrical Idle I, or when
UPDATE_SETTINGS is programmed.

Table 5-55. TX_PRE_RATIO
Bit Number Name Reset

Value
Description

[7:0] TX_PRE_RATIO 0x00 Defines the TX pre-cursor ratio for the Gen1 speed used for selecting the de-
emphasis of the switching bit versus non-switching bit. A value of 128 corresponds
to 100% (full voltage); a value of 0 corresponds to 0%.
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Important: This register can be reprogrammed during normal operation but
the effect appears only when the parameters for the SerDes transmitter are
updated (at the end of calibration, on entry or exit of TX electrical idle I, or when
UPDATE_SETTINGS is programmed).

Table 5-56. ENDCALIB_MAX
Bit
Number

Name Reset
Value

Description

[7:0] ENDCALIB_MAX 0x10 Defines the amount of time in microseconds required by the PMA to settle its
electrical level after loading electrical idle 1 in the TX driver at the end of calibration.
All operations are automatically performed by the PMA control logic but the
SerDes transmitter can start driving data on the link immediately after the end of
calibration. By default, a 10 µs delay between end of calibration and mission mode
is set (but any value can work).

Important: This register can be reprogrammed when the PHY is under reset or
when calibration has completed (PMA is ready).

Table 5-57. CALIB_STABILITY_COUNT
Bit Number Name Reset Value Description

[7:5] CALIB_SETTLE_MAX 0x1 Defines the amount of time
in microseconds required by
the PMA to settle its electrical
level after loading electrical
idle 1 in the TX driver at
the end of calibration. Note
that the entire operation is
automatically performed by
the PMA control logic but
the SerDes transmitter can
start driving data on the link
immediately after end of the
calibration. By default, a 10
µs delay between end of
calibration and mission mode
is set (but any value can
work).

[4:0] CALIB_STABLE_MAX 0x18 Defines the number of
clock cycles before which
the impedance calibrator
results (aZCompOp = 1,
impedance calibrator result
is greater than nominal; and
aZCompOp = 0, impedance
calibrator result is less than
nominal) can be checked
for stability after impedance
calibration control values
(aZCalib) modification.
This is used for TX, RX, and RX
equalization calibration.

Important: This register can be reprogrammed when the PHY is under reset or
when calibration has completed (PMA is ready).
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Table 5-58. POWERDOWN
Bit
Number

Name Reset
Value

Description

[7:6] RXIDLE_MSB 0x0 These bits are used as the most significant bits (MSBs) of the activity detector logic to
specify that no activity has been detected up to 61 aTXClkp clock cycles. These bits are
the two MSBs; the rxidle_max[3:0] field of Reg02 represents the least significant bit (LSB)
part.

5 FORCE_SIGNAL 0x0 When this bit is set, the PHY disables the idle detection circuitry and forces signal
detection on the receiver. This bit is generally always set to disable (0x0) unless the
activity detector logic must be bypassed. In the latter case, the PMA control logic always
reports activity detected on the link (when set to 1). This bit can be used, if the activity
detector of the SerDes PMA block does not work for the selected protocol (as it is outside
range of functionality).
The activity detector’s output causes the Rx PLL to go to its FREQ_LOCK state under a no
signal condition. The Rx PLL will otherwise wander if left in the FINE_LOCK state while
no serial data is present. This wander can lead to loss of control of the Rx PLL when
the output frequency rises above a critical maximum frequency. If the activity detector is
forced to flag the signal present condition (FORCE_SIGNAL=0x1), then it is up to the user
to identify the no signal condition by other means and assert a reset to the PHY as a
corrective measure.

4 FORCE_IDLE 0x0 When this bit is set, the PHY disables the idle detection circuitry and forces electrical
Idle detection on the receive side. By default, this bit is cleared and may be set only for
specific conditions or during testing such as generating a fake loss of signal to the PCS or
MAC layer, forcing a retraining of word aligner or any training state machine. As long as
this bit is set, the activity detector logic of the PMA control logic reports that no signal is
detected on the receive side. If the CDR PLL PCS driven mode is selected, the CDR PLL is
directed in lock to the reference clock state, leading to potential wrong data received by
the SerDes (because the CDR PLL is not locked to incoming data).

3 NO_FCMP 0x0 When set, this bit disables the frequency comparator logic of the PCS driven CDR PLL
control logic. When not set, the frequency comparator logic is no longer part of the
condition for going from fine-grain lock state to frequency acquisition. This mode locks to
the refclk.

2 PMFF_ALL 0x0 This is used with PCIe only. When set, it disables the function that waits for every active
lane to have valid data to transmit before generating a global read enable. This bit is
intended to be used in case of any issue with this function. When set, each lane may start
transmitting data with one 500 MHz clock uncertainty (corresponding to 5 or 10 bits time,
depending on the speed of the link). Even if it violates the protocol requirement, the PCIe
standard is strong enough to support the non-compliance.

1 CDR_ERR 0x0 When set, this register internally disables the error counter of the CDR PLL state
machine, which switches the CDR PLL back to frequency mode acquisition when the
number of errors counted is higher than the predefined error threshold. This bit is
intended to disabling this function in case of any issue with the PHY. This is available for
all SerDes modes.

0 CDR_P1 0x0 Defines the state of the CDR PLL when PHY is in P1 low power mode.
When set to 0, the CDR PLL is put in reset and low power, that enables maximum power
savings. When the opposite component sends the TS1 ordered set to drive the link in
recovery, only the PIPE_RXELECIDLE signal is deasserted at the PIPE interface and the
PHY waits for the controller to change the pipe_powerdown[1:0] signal back to P0 before
retraining the CDR PLL (~6 µs) and sending received data to the controller.
When set to 1, the CDR PLL is kept alive in frequency lock mode in the P1 state, which
enables a faster recovery time from the P1 state but consumes more power (all RX
logic is kept alive and consumes power in the P1 state). This register must not be set
for applications which remove the reference clock in P1 mode (generally associated
with the CLKREQ# signal, express card application, and more generally power sensitive
applications).

Important: This register can be reprogrammed when the PHY is under reset or
when calibration has completed (PMA is ready), except for bit 2, which can only be
modified under reset condition.
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Table 5-59. RX_OFFSET_COUNT
Bit Number Name Reset

Value
Description

[7:5] RXOFF_SETTLE_MAX 0x3 Defines the number of clock cycles before which the aRXDNullDat signal can
be checked for stability after aRXDNull[3:0] modification. This is also used
for aRXD, aRXT, and Schmitt trigger calibration. The value of this register
expresses a number of (2*N+1) PCLK clock cycles.

[4:0] RXOFF_STABLE_MAX 0x10 Defines the number of clock cycles where the aRXDNullDat signal is checked
for stability.

Table 5-60. PMA_STATUS
Bit Number Name Reset Value Description

[7] PMA_RDY 0x01 This read-only register indicates that the PMA has completed its internal calibration
sequence after power-up and PHY reset de-assertion.

[6:0] Reserved

Table 5-61. PRBS_CTRL
Bit Number Name Reset

Value
Description

7 Unused

6 PRBS_CHK 0x0 When set, this signal starts the PRBS pattern checker. It can be set at the same time
as the PRBS generator, while the PRBS checker logic waits for 256 clock cycles and
CDR to be in lock state to enable the PRBS pattern comparison (allows a total latency
of 256 cycles to loop back the transmitted data).

[5:4] Reserved – Reserved

[3:2] PRBS_TYP[1:0] 0x0 Defines the type of PRBS pattern which is applied. PRBS7, when set to 00; PRBS11,
when set to 01; PRBS23, when set to 10; and PRBS31, when set to 11.

1 LPBK_EN 0x0 When set, the PMA is put in near-end loopback (serial loopback from TX back to RX).
PRBS tests can be done using the near-end loopback of the PMA, some load board,
or any far-end loopback implemented in the opposite component. When near-end
loopback bit is set, the idle detector always reports valid data, enabling the PCS
driven CDR PLL locking logic to lock on the input data.

0 PRBS_GEN 0x0 When set, this signal starts the PRBS pattern transmission.

Important: This register can be programmed any time but has functional impact
because it can configure the SerDes in loopback or generate the PRBS pattern.

Table 5-62. PRBS_ERRCNT
Bit
Number

Name Reset
Value

Description

[7:0] PRBS_ERRCNT[7:0] 0x00 This test reports the number of PRBS errors detected when the PRBS test is applied.
This register is automatically cleared when the PRBS_CHK register is cleared
(requires testing the value of this register when the test is running).
The PRBS error counter saturates at 254 errors, the 255 count value corresponding
to an error code where the CDR PLL is not locked to incoming data. When such an
error code is detected, the PRBS test must wait for a longer time for the CDR PLL
to synchronize on input data, before enabling the PRBS checker or simply timeout,
reporting that no data has been received at all.
The PRBS error counter logic also counts errors when the PRBS invariant (all zero
value) is obtained, considering input data as error data.
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Table 5-63. PHY_RESET_OVERRIDE
Bit Number Name Reset

Value
Description

7 RXHF_CLKDN 0x0 When set, this signal disables the RX PLL VCO settings by applying a static zero to
the PMA aRXHfClkDnb signal.

6 TXHF_CLKDN 0x0 When set, this signal disables the TX PLL VCO by applying a static zero to the PMA
aTXHfClkDnb.

5 RXPLL_RST 0x0 When set, this signal resets the RX PLL settings by applying a static zero to the PMA
aCdrPllRstb signal.

4 TXPLL_RST 0x0 When set, this signal initializes the TX PLL settings by applying a static zero to the
PMA aTXPllRstb signal.

3 RXPLL_INIT 0x0 When set, this signal resets the RX PLL settings by applying a static zero to the PMA
aCdrPllRstb signal.

2 TXPLL_INIT 0x0 When set, this signal initializes the TX PLL settings by applying a static one to the
PMA aTXPllDivInit signal.

1 RX_HIZ 0x0 When set, this signal forces the RX driver to hiZ, applying a static one to the PMA
aForceRXHiZ signal.

0 TX_HIZ 0x0 When set, this signal forces the TX driver to hiZ, applying a static one to the PMA
aForceTXHiZ signal.

Important: This register can be programmed any time but has functional impact
on the SerDes because it can put the PLL under reset or place part of the SerDes
in low power mode, bypassing the functional mode.

Table 5-64. PHY_POWER_OVERRIDE
Bit Number Name Reset Value Description

[7:1] – – Reserved

0 RX_PWRDN 0x0 When set, this register forces the RX PMA logic to be in power-down mode.

Important: This register can be programmed any time but has functional impact
on the SerDes because it can power-down the receiver part of the SerDes,
bypassing the functional mode.

Table 5-65. CUSTOM_PATTERN_7_0
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN[7:0] 0x00 Enables bit 7 to bit 0 to program a custom pattern instead of the implemented
PRBS generator/checker. The PRBS mode must still be selected to transmit this
custom pattern on the transmit line, but this mode enables the generation
of any repeated sequence of data. It can be used, for instance, for single
lane PCIe compliance pattern generation (for the purpose of an eye diagram
compliance check) or can even be looped back to the receiver to check if any
error is detected on the receiver line. In the latter case, the PMA block function
is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.
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Table 5-66. CUSTOM_PATTERN_15_8
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[15:8]

0x00 Enables bit 15 to bit 8 to program a custom pattern instead of the implemented
PRBS generator/checker. The PRBS mode must still be selected to transmit this
custom pattern on the transmit line, but this mode enables the generation of
any repeated sequence of data. It can be used, for instance, for single lane PCIe
compliance pattern generation (for the purpose of an eye diagram compliance
check) or can even be looped back to the receiver to check if any error is
detected on the receiver line. In the latter case, the PMA block function is used
to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-67. CUSTOM_PATTERN_23_16
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[23:16]

0x00 Enables bit 23 to bit 16 to program a custom pattern instead of the
implemented PRBS generator/checker. PRBS mode must still be selected to
transmit this custom pattern on the transmit line but this mode enables the
generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-68. CUSTOM_PATTERN_31_24
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[31:24]

0x00 This register enables bit 31 to bit 24 to program a custom pattern instead of
the implemented PRBS generator/checker. PRBS mode must still be selected
to transmit this custom pattern on the transmit line, but this mode enables
the generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.
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Table 5-69. CUSTOM_PATTERN_39_32
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[39:32]

0x00 Enables bit 39 to bit 32 to program a custom pattern instead of the
implemented PRBS generator/checker. PRBS mode must still be selected to
transmit this custom pattern on the transmit line, but this mode enables the
generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-70. CUSTOM_PATTERN_47_40
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[47:40]

0x00 Enables bit 47 to bit 40 to program a custom pattern instead of the
implemented PRBS generator/checker. PRBS mode must still be selected to
transmit this custom pattern on the transmit line, but this mode enables the
generation of any repeated sequence of data. It can be used, for instance, for
single lane PCIe compliance pattern generation (for purpose of eye diagram
compliance check) or can even be looped back to the receiver to check if any
error is detected on the receiver line. In the latter case, the PMA block function
is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-71. CUSTOM_PATTERN_55_48
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[55:48]

0x00 Enables bit 55 to bit 48 to program a custom pattern instead of the
implemented PRBS generator/checker. The PRBS mode must still be selected
to transmit this custom pattern on the transmit line but this mode enables
the generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.
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Table 5-72. CUSTOM_PATTERN_63_56
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[63:56]

0x00 Enables bit 63 to bit 56 to program a custom pattern instead of the
implemented PRBS generator/checker. The PRBS mode must still be selected
to transmit this custom pattern on the transmit line but this mode enables
the generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-73. CUSTOM_PATTERN_71_64
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[71:64]

0x00 Enables bit 71 to bit 64 to program a custom pattern instead of the
implemented PRBS generator/checker. The PRBS mode must still be selected
to transmit this custom pattern on the transmit line but this mode enables
the generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-74. CUSTOM_PATTERN_79_72
Bit
Number

Name Reset
Value

Description

[7:0] CUSTOM_PATTERN
[79:72]

0x00 Enables bit 79 to bit 72 to program a custom pattern instead of the
implemented PRBS generator/checker. The PRBS mode must still be selected
to transmit this custom pattern on the transmit line but this mode enables
the generation of any repeated sequence of data. It can be used, for instance,
for single lane PCIe compliance pattern generation (for the purpose of an eye
diagram compliance check) or can even be looped back to the receiver to check
if any error is detected on the receiver line. In the latter case, the PMA block
function is used to perform a word alignment function.

Important: This register can be programmed any time and has no functional
impact as long as the custom pattern generation is not enabled and selected.

Table 5-75. CUSTOM_PATTERN_CTRL
Bit Number Name Reset

Value
Description

7 Reserved - Reserved

6 CUST_AUTO 0x0 When this register is set, the word alignment is performed automatically by a
state machine that checks whether the received pattern is word- aligned with the
transmitted pattern and automatically uses the PMA CDR PLL skip bit function to find
the alignment. Once the word alignment is detected, the custom pattern checker is
word-aligned and can be enabled for detecting and counting any error over time.

5 Reserved 0x0 –
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...........continued
Bit Number Name Reset

Value
Description

4 Reserved 0x0 –

[3:1] CUST_TYP 0x0 Defines whether the custom pattern generated on the link is generated by the custom
pattern register or by one of the hard-coded patterns:
000: Custom pattern register
100: All-zero pattern (0000…00)
101: All-one pattern (1111…11)
110: Alternated pattern (1010…10)
111: Dual alternated pattern (1100…1100)

0 CUST_SEL 0x0 When set, this signal replaces the PRBS data transmitted on the link by the custom
pattern. The PRBS_SEL register must also be set for transmitting the custom pattern
on the link.

Important: This register can be programmed any time but has functional
impact on the SerDes because it can directly activate some part of the SerDes
(aRXSkipBit), changing the current bitstream reception thus creating alignment
errors.

Table 5-76. Reserved
Bit Number Name Reset Value Description

[7:0] Reserved 0x0 –

Table 5-77. PCS_LOOPBACK_CTRL
Bit Number Name Reset

Value
Description

[7:4] – – Unused

3 MESO_SYNC 0x0 This is read-only and reports whether the mesochronous clock alignment state
machine has completed its process, and aligns the CDR receive clock to the transmit
clock.

2 MESO_LPBK 0x0 When set, this register enables mesochronous loopback mode, which forces PMA
received data to be re-transmitted on the PMA TX interface. This mode requires
that no PPM exists between RX data and TX data (thus, both sides of the link use
the same reference clock) and performs the CDR clock alignment to the transmit
clock using the PMA CDR PLL skip bit functionality. This alignment is automatically
performed by a state machine when the loopback register is set.

1 Reserved 0x0 –

0 Reserved 0x0 –

Important: This register can be used only with XAUI and EPCS protocols.

Table 5-78. GEN1_TX_PLL_CCP
Bit Number Name Reset Value Description

[7:4] – – Reserved

[2:0] ATXICP_RATE0[2:0] 0x0 Defines the TX PLL charge pump current when the PMA runs in PCIe Gen1
speed or in any other protocol. This register is R/W in order to enable the
default value modification by register programming, which is expected to be
performed before reset deassertion.
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Important: This register can be programmed when the PHY is reset.

Table 5-79. GEN1_RX_PLL_CCP
Bit Number Name Reset

Value
Description

7 – – Reserved

[6:4] ARXCDRICP_RATE0[2:0] 0x0 Defines the RX PLL charge pump current when the PMA is frequency locked
and runs in PCIe Gen1 speed or in any other protocol. This register is R/W
in order to enable the default value modification by register programming,
which is expected to be performed before reset deassertion.

3 – – Reserved

[2:0] ARXICP_RATE0[2:0] 0x0 Defines the RX PLL charge pump current when the PMA is CDR locked and
runs in PCIe Gen1 speed or in any other protocol. This register is R/W in
order to enable the default value modification by register programming,
which is expected to be performed before reset deassertion.

Important: This register can be programmed when the PHY is reset.

Table 5-80. CDR_PLL_MANUAL_CR
Bit Number Name Reset

Value
Description

[7:3] – – Reserved

2 FINE_GRAIN 0x0 In PCS-driven mode when this register is set, it enables forcing the CDR PLL state
machine to fine grain state. In this state, the CDR PLL locks on receive data, making
RX data and RX CLOCKP valid on the PMA interface.

1 COARSE_GRAIN 0x0 When set, this register enables forcing the CDR PLL state machine to coarse grain
state when used in PCS driven mode (see Reg00 bit 3 set to 0). In this state, the CDR
PLL performs a coarse grain lock on receive data, enabling adjustment of its clock
up to 5000 PPM.

0 FREQ_LOCK 0x0 When set, this register enables forcing the CDR PLL state machine to frequency lock
state when used in PCS-driven mode (see Reg00 bit 3 set to 0). In this state, the CDR
PLL does not lock on receive data but on the reference clock.

Table 5-81. UPDATE_SETTINGS
Bit Number Name Reset

Value
Description

[7:0] UPDATE_SETTINGS[7:0] 0x00 A transient register (read always reports 0) where writing a 1 in bit 0
triggers a new computation of PMA settings based on the value written
in register space registers. For PCIe, Microsemi recommends not to use this
command register when the link does not transit to low power state or
change rate.

Important: This register can be programmed any time, except during calibration,
and triggers the RX/TX shift load logic to load new programmed settings into the
SerDes. Thus, it must be written 0x01 only after a coherent set of register updates
need to be loaded.
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Table 5-82. PRBS_ERR_CYC_FIRST_7_0
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_FIRST[7:0] 0x00 PRBS last error cycle counter register bits[7:0].
This read-only register reports on which clock cycle, the error counter
has first been incremented after the PRBS error counter is enabled. It is
a 50-bit counter, that enables the performance of bit error rate testing
(BERT).

Important: The first error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-83. PRBS_ERR_CYC_FIRST_15_8
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_FIRST[15:8] 0x00 PRBS last error cycle counter register bits[15:8]. This read-only register
reports on which clock cycle, the error counter has first been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The first error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-84. PRBS_ERR_CYC_FIRST_23_16
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_FIRST[23:16] 0x00 PRBS last error cycle counter register bits[23:16].
This read-only register reports on which clock cycle, the error counter
has first been incremented after the PRBS error counter is enabled. It
is a 50-bit counter, that enables performance of BERT.

Important: The first error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-85. PRBS_ERR_CYC_FIRST_31_24
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_FIRST[31:24] 0x00 PRBS last error cycle counter register bits[31:24]. This read-only
register reports on which clock cycle the error counter has first been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, enabling performance of BERT.
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Important: The first error cycle counter information complementing the total
number of errors detected might give information about bursts of errors or
distributed errors, but statistics might also be required. The test can be rerun
several times with different test periods.

Table 5-86. PRBS_ERR_CYC_FIRST_39_32
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_FIRST[39:32] 0x00 PRBS last error cycle counter register bits[39:32]. This read-only
register reports on which clock cycle, the error counter has first been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The first error cycle counter information complementing the total
number errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-87. PRBS_ERR_CYC_FIRST_47_40
Bit Number Name Reset

Value
Description

[7:2] — — Reserved

[1:0] PRBS_ERR_CYC_FIRST[47:40] 0x0 PRBS last error cycle counter register bits [47:40]. This read-only
register reports on which clock cycle, the error counter has first been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The first error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-88. PRBS_ERR_CYC_FIRST_49_48
Bit Number Name Reset

Value
Description

[7:2] — — Reserved

[1:0] PRBS_ERR_CYC_FIRST[49:48] 0x0 PRBS last error cycle counter register bits [49:48].
This read-only register reports on which clock cycle, the error
counter has first been incremented after the PRBS error counter
is enabled. It is a 50-bit counter, that enables the performance of
BERT.

Important: The first error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.
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Table 5-89. PRBS_ERR_CYC_FIRST_7_0
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_LAST[7:0] 0x0 PRBS last error cycle counter register bits [7:0]. This read-only
register reports on which clock cycle, the error counter has last been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The last error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-90. PRBS_ERR_CYC_FIRST_15_8
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_LAST[15:8] 0x00 PRBS last error cycle counter register bits [15:8]. This read-only
register reports on which clock cycle, the error counter has last been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The last error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-91. PRBS_ERR_CYC_FIRST_23_16
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_LAST[23:16] 0x00 PRBS last error cycle counter register bits [23:16].
This read-only register reports on which clock cycle, the error counter
has last been incremented after the PRBS error counter is enabled. It
is a 50-bit counter, that enables the performance of BERT.

The last error cycle counter information complementing the total number of errors detected may
give information about bursts of errors or distributed errors, but may also require statistics. The test
can be rerun several times with different test periods.

Table 5-92. PRBS_ERR_CYC_FIRST_31_24
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_LAST[31:24] 0x00 PRBS last error cycle counter register bits [31:24]. This read-only
register reports on which clock cycle, the error counter has last been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The last error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.
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Table 5-93. PRBS_ERR_CYC_FIRST_39_32
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_LAST[39:32] 0x0 PRBS last error cycle counter register bits [39:32]. This read-only
register reports on which clock cycle, the error counter has last been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The last error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-94. PRBS_ERR_CYC_FIRST_47_40
Bit Number Name Reset

Value
Description

[7:0] PRBS_ERR_CYC_LAST[47:40] 0x0 PRBS last error cycle counter register bits [47:40]. This read-only
register reports on which clock cycle, the error counter has last been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter, that enables the performance of BERT.

Important: The last error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

Table 5-95. PRBS_ERR_CYC_FIRST_49_48
Bit Number Name Reset

Value
Description

[7:2] Reserved 0x0 Reserved

[1:0] PRBS_ERR_CYC_LAST[49:48] 0x0 PRBS last error cycle counter register bits [49:48]. This read-only
register reports on which clock cycle, the error counter has last been
incremented after the PRBS error counter is enabled. It is a 50-bit
counter that enables the performance of BERT.

Important: The last error cycle counter information complementing the total
number of errors detected may give information about bursts of errors or
distributed errors, but may also require statistics. The test can be rerun several
times with different test periods.

5.2 SerDes Register Lock Bits Configuration  (Ask a Question)

Register Lock Bits prevents the SerDes configuration registers from being overwritten by hosts that
have access to these registers. The lock bits are managed using the Configure Register Lock Bits
utility in the Libero SoC v12.5 or later design software.

5.2.1 Lock Bit File  (Ask a Question)

Click Generate FPGA Array Data in the Design Flow pane to generate an initial default lock bit file.
This file can be modified to lock specific SerDes registers in the bitstream.

The default file located at <proj_location>/designer/<root>/
<root>_init_config_lock_bits.txt is used to make the required changes.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-D54ACC10-83A8-4FD5-AE01-87A9AF7C41DC&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=SerDes%20Register%20Lock%20Bits%20Configuration
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-DA560368-EAEE-4F1E-9FDC-0A3CBD20BBEF&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Lock%20Bit%20File
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Important: Save the file using a different name if you modify the text file to set
the lock bits.

5.2.2 Lock Bit File Syntax  (Ask a Question)

A valid entry in the lock bit configuration file is defined as a <lock_parameters> < lock bit value> pair
format.

The following are the lock parameters:

• Lock bits syntax for a register: <Physical block name>_<register name>_LOCK
• Lock bits syntax for a specific field: <Physical block name>_<register name>_<field name>_LOCK

Example: PCIE0_SER_PLL_CONFIG_LOW_PLL_REF_DIVISOR_LOCK 0

Set the lock bit value to 1 to indicate that the register can be written to (unlocked). Set the lock bit
value to 0 to indicate that the register cannot be written to (locked).

Lines starting with # or; are comments. Empty lines are allowed in the lock bit configuration file. The
following figure shows the lock bits example format.

Figure 5-3. Lock Bits Example Format

5.2.3 Locking and Unlocking a Register  (Ask a Question)

Register lock bits are set in a text (*.txt) file, which is then imported into the RTG4 project. A register
can be locked or unlocked by setting the appropriate lock bit value in the lock bit configuration .txt
file. To lock or unlock a register, perform the following:

1. Perform one or both of the following:
– Set the lock bit value to 0 for the registers you want to lock.
– Set the lock bit value to 1 for the registers you want to unlock.

2. Save the file and import the file into the project (Design Flow window > Configure Register
Lock Bits).

3. From the Design Flow window, click Configure Register Lock Bits to open the configurator.
4. Click Browse... to navigate to the text file (*.txt) that contains the Register Lock Bit settings, see

the following figure.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-E919A239-89A5-46D1-AB7E-CA4865D25C1B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Lock%20Bit%20File%20Syntax
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-181A999F-CDEF-407B-A546-757924FFF9EE&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Locking%20and%20Unlocking%20a%20Register
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Figure 5-4. Register Lock Bit Settings

5. Re-run Generate FPGA Array Data and Generate Bitstream.

5.2.4 Configuration Report with Lock  (Ask a Question)

The design_init_config.xml report records the state of the lock bits in the generated data, see the
following figure. This report is generated when the Generate FPGA Data is completed.

Figure 5-5. Configuration Report with Lock

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-26ACA534-45B4-4857-B059-ACC6F9A43A3E&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Configuration%20Report%20with%20Lock


 
Debug

 User Guide
© 2024 Microchip Technology Inc. and its subsidiaries

DS50003557D - 170

6. Debug  (Ask a Question)

The following sections describes about the diagnostic loopback, pattern generator, pattern checker,
and how to use SmartDebug utility for SerDes.

6.1 Diagnostic Loopbacks  (Ask a Question)

This section describes how to configure the SerDes in loopback to test the signal integrity of the
SerDes block. It also details the internal pattern generation and checking capabilities to assist with
system debugging.

6.1.1 Serial Loopbacks  (Ask a Question)

Serial loopback modes are specialized configurations of the SerDes data path where the data is
folded back to the source. Typically, a specific traffic pattern is transmitted and then compared to
check for errors. Loopback test modes fall into two broad categories—Near End and Far End.

Figure 6-1. Diagnostic Loopbacks

PCS-PCIESERDES-PMA FPGA Fabric

6.1.2 Near End Serial PMA Loopback  (Ask a Question)

The SerDes block provides support for a serial loopback back onto itself for test purposes. When
the LPBK_EN bit (bit1 of the PRBS_CTRL register) is set, the serial data is fed back to the CDR block,
which extracts the clock and data. Loopback may be operated in full frequency mode (PLLs active) or
bypass mode (PLLs bypassed). This mode is useful when used in conjunction with the on-die PRBS
data generator and checker. In this scenario, the data is sent and received without going off-chip.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-A7614274-615A-4C31-96E5-83B32D54649B&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Debug
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B2CE4962-48E6-43B3-81BD-690C21AF027D&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Diagnostic%20Loopbacks
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-BAB5AFF8-E572-4C89-99C7-144CF15EC21E&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Serial%20Loopbacks
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-72CBABC9-D47A-487A-A033-73982BD6301D&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Near%20End%20Serial%20PMA%20Loopback
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Figure 6-2. Near End Serial PMA Loopback
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6.1.3 PCS Far End PMA Receive to Transmit Loopback  (Ask a Question)

The parallel transmit clock recaptures received data in loopback mode (also know as meso_lpbk, see
the following figure) before sending to the PMA transmitter. The receive is sent back to the transmit
and requires no PPM differences between the reference clock used by the transmit and received
data. In this case, data is usually sent to the receiver from test equipment such as a Bit error-rate
tester (BERT) and brought back out of the device transmit to BERT to be checked. Typically, the tester
provides a reference clock to the device. This loopback is available for XAUI and EPCS protocols.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-1A5F22B8-D6C7-4FF3-AC98-FABF24958A1C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=PCS%20Far%20End%20PMA%20Receive%20to%20Transmit%20Loopback
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Figure 6-3. Far End PMA RX to TX Loopback
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Important: To activate far end PMA receive to transmit loopback program the
PCS_LOOPBACK_CTRL[2].

Table 6-1. Diagnostic Loopback Support per Protocol
Loopback PCIe XAUI EPCS

Near End Serial PMA Loopback (Tx to Rx) Supported Supported Supported

PCS Far End PMA RX to Tx Loopback Not Supported Supported Supported

6.2 Pseudo-Random Bit Sequences Pattern Generator  (Ask a Question)

Pseudo-random bit sequences (PRBS) are commonly used to test the signal integrity of SerDes. The
SerDes block allows pattern generation using the PRBS_CTRL register. This pattern can be looped
back in the PMA and verified as explained in the 6.3.  Pseudo-Random Bit Sequences Pattern
Checker.

The following bits describe the PRBS pattern generation feature:

• PRBS_GEN: This signal starts the PRBS pattern transmission.
• PRBS_TYP[1:0]: This signal defines the type of PRBS pattern which is applied. PRBS7 when set to

00b, PRBS11 when set to 01b, PRBS23 when set to 10b, and PRBS31 when set to 11b.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-C7171383-0BF8-4294-BD6D-B8DE2E7BE3BB&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Pseudo-Random%20Bit%20Sequences%20Pattern%20Generator
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Table 6-2. SerDes Block PRBS Patterns
Name Polynomial Length of

Sequence
Descriptions

PRBS-7 1 + X^6 + X^7 2^7 – 1 bits Used to test channels which use 8b/10b encoding. Available for PCIe,
XAUI, and EPCS protocols. The PRBS-7 polynomial is not necessarily a
telecommunications standard but is typically used by test equipment because
of its similarity with 8b10b-encoded patterns. PRBS-7 may be bit-wise inverted
relative to other devices or visa-versa. Switching the P/N wiring may be
needed to properly communicate between devices using the same PRBS-7
polynomial.

PRBS-11 1 + X^9 + X^11 2^11 – 1 bits ITU-T recommendation O.150. PRBS-11 is available for EPCS protocols.

PRBS-23 1 + X^18 + X^23 2^23 – 1 bits ITU-T recommendation O.150. PRBS-23 is often used for non-8b/10b encoding
scheme. One of the recommended test patterns in the SONET specification.
Available for EPCS protocols.

PRBS-31 1 + X^28 + X^31 2^31 – 1 bits ITU-T recommendation O.150. PRBS-31 is often used for non-8b/10b encoding
schemes. A recommended PRBS test pattern for 10 GbE. See the IEEE
802.3ae-2002 specification. Available for EPCS protocols.

Important: ITU-T Recommendation O.150 provides general requirements
for instrumentation for performance measurements on digital transmission
equipment.

6.3 Pseudo-Random Bit Sequences Pattern Checker  (Ask a Question)

The SerDes block includes a built-in PRBS checker to test the signal integrity of the channel. Using
the internal PMA loopback or a complete external path from the transmitter to receiver, this pattern
checker allows SerDes to check the four industry-standard PRBS patterns mentioned in Table 6-2.
The Table 5-61 register and Table 5-62 register allow pattern checking.

• LPBK_EN: The LPBK_EN signal, bit 1 of the PRBS_CTRL register, puts the PMA block in near-
end loopback (serial loopback from TX back to RX). PRBS tests can be done using the near-
end loopback of the PMA block or using any far-end loopback implemented in the opposite
component.

• PRBS_CHK: The PRBS_CHK signal, bit 6 of the PRBS_CTRL register, starts the PRBS pattern
checker. For more information, see the Table 5-61 register.

• PRBS_ERRCNT: The Table 5-62 register reports the number of PRBS errors detected when the
PRBS test is applied. For more information, see Table 5-62 register.

6.4 Custom Pattern Generator  (Ask a Question)

The SerDes block allows the generation of a user-defined pattern. There is no pattern checking
available for custom patterns, including any of the non-PRBS patterns. The SerDes block allows
pattern generation using PRBS related registers. The following bits describe the custom pattern
generation feature:

• CUSTOM_PATTERN[7:0]: The custom pattern registers (register offset 0X190to 0X1CC) enable
programming of a custom pattern. See the custom pattern registers (starting with Table 5-65) for
more information.

• CUST_SEL (CUSTOM_PATTERN_CTRL[0]): This signal replaces the PRBS data transmitted on the
link by the custom pattern. The PRBS_SEL register must also be set for transmitting the custom
pattern on the link.

• CUST_TYP (CUSTOM_PATTERN_CTRL[3:1]): This signal defines whether the custom pattern
generated on the link is generated by the custom pattern register or by one of the hard-coded
patterns:

– 00b: Custom pattern register

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-22531F78-6CF5-4DA5-BDE9-942BF9A4BD06&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Pseudo-Random%20Bit%20Sequences%20Pattern%20Checker
https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-F1ED13DD-6357-4AB9-A78D-588713EF84EB&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Custom%20Pattern%20Generator
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– 100b: All-zero pattern (0000…00)
– 101b: All-one pattern (1111…11)
– 110b: Alternated pattern (1010…10)
– 111b: Dual alternated pattern (1100…1100)

• CUST_SKIP (CUSTOM_PATTERN_CTRL[5]): This register is used in RX Word alignment manual
mode.

• CUST_AUTO (CUSTOM_PATTERN_CTRL[6]): This allows the word alignment to be performed
automatically by a state machine that checks whether the received pattern is word-aligned with
the transmitted pattern and to automatically use the PMA CDR PLL skip bit function to find the
alignment.

• CUST_ERROR (CUSTOM_PATTERN_CTRL[3:0]): When the custom pattern checker is enabled, this
status register reports the number of errors detected by the logic when the custom word aligner
is in synchronization. It starts counting only after a first matching pattern has been detected.

• CUST_SYNC (CUSTOM_PATTERN_CTRL[4]): This bit reports that the custom pattern is
word-aligned.

• CUST_STATE (CUSTOM_PATTERN_CTRL[7:5]): This register reports the current state of the custom
pattern word alignment state machine.

6.5 Using SmartDebug Utility for SerDes  (Ask a Question)

The SmartDebug utility included with the Libero design software provides SerDes access that assists
FPGA and the board designers to perform SerDes real-time signal integrity testing and tuning in
a system including SerDes control and test capabilities to assist with debugging high-speed serial
designs with no extra steps.

The SmartDebug JTAG interface extends access to configure, control, and observe SerDes operations
and is accessible in every SerDes design. Users simply implement their design with the Libero
System Builder to incorporate the SerDes block enabling SerDes access from the SmartDebug tool
set. This quickly enables designers to explore configuration options without going through FPGA
recompilation or making changes to the board. GUI displays real-time system and lane status
information. SerDes configurations are supported with TCL scripting allowing access to the entire
register map for real-time customized tuning. TU0530: SmartFusion2 and IGLOO2 SmartDebug
Hardware Design Debug Tools Tutorial demonstrates the tools capabilities. For more information
about SmartDebug utility, see SmartDebug for Software User’s Guide.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-B3A2E410-36B0-4006-88ED-4D5FD6940A9C&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Using%20SmartDebug%20Utility%20for%20SerDes
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/microsemi_smartfusion2_igloo2_smartdebug_hardware_design_debug_tools_tutorial_tu0530_v10.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/ProductDocuments/SoC/microsemi_smartfusion2_igloo2_smartdebug_hardware_design_debug_tools_tutorial_tu0530_v10.pdf
http://coredocs.s3.amazonaws.com/Libero/2023_1/Tool/smartdesign_ug.pdf
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7. Revision History  (Ask a Question)

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

Table 7-1. Revision History
Revision Date Description

D 04/2024 The following is a summary of the changes made in this revision.
• Added a note about the Reset behavior of EPCS lanes in Table 4-151.

• Added a note in 4.3.5.3.  EPCS Mode Reset Network to highlight the Reset behavior of EPCS that only
applies to the PCIESS and not the NPSS blocks.

• Added a note under the description of EPCS_x_RESET_N in Table 4-154 to describe how to pass the
PMA calibration of a lane when calibration resources are shared.

• Added the report name of the SerDes edit registers and its location in 4.3.13.  SerDes Edit Registers.

C 03/2024 The following is a summary of the changes made in this revision.
• Added PCIE_ prefix to the PCIE_DEV2SCR and PCIE_LINK2SCR registers.

• Updated the PCIe throughput value. See 4.1.4.  User Data Throughput.

• Updated information about CLK_BASE frequency. See 4.1.11.1.2.  PCIe SPLL Configuration and
4.2.8.  XAUI SPLL Configuration.

• Added a note about XAUI IP block control signals in 4.2.3.4.  XAUI IP Fabric Interface.

B 08/2023 Added the reference clock configuration information reported by Libero SoC in the
<root>_init_config.txt (or .html) report. See 2.4.3.  SerDes Reference Clock Inputs.

A 07/2023 • Added a line in the Introduction section regarding part numbers starting with RT4G150 and
5962-1620.

• Added PCIe backend FPGA bandwidth requirements or PCIe traffic limitation requirements. See
4.1.4.  User Data Throughput. For more information, see PCN: SmartFusion 2, IGLOO 2, and RTG4
FPGA PCIe Receive FIFO Full.

• Updated PCIE_CREDIT_ALLOCATION_0 and PCIE_CREDIT_ALLOCATION_1 registers from RO to R/W.
See 4.1.7.1.  Bridge Configuration Registers.

• Updated the bit field definition of CREDIT_ALLOCATION1_27_16 and CREDIT_ALLOCATION1_7_0
registers. See Table 4-53 and Table 4-54.

• Added credit allocation details. See Table 4-55.

9.0 — The following is a summary of the changes in revision 9.0 of this document.
• Updated information about PCIe BAR. See 4.1.3.8.1.  Base Address Register Settings.

• Updated information about MAX_PAYLOAD_SIZE. See Table 4-40 and 4.1.3.13.1.  Maximum Payload
Size.

• Updated information in Table 5-20.

• Updated information about PLL_LOCK_INT and PLL_LOCKLOST_INT ports. See Table 4-7.

• Updated the register name to SYSTEM_SERDESIF_SOFT_RESET from SYSTEM_SER_SOFT_RESET.

https://microchipsupport.force.com/s/newcase?pub_guid=GUID-B7FEA63F-10E7-4BF4-805D-69DF510406D6&pub_lang=en-US&pub_ver=5&pub_type=User%20Guide&bu=fpga&tpc_guid=GUID-89115EE6-33A3-45BB-BCA6-DE6D8C4FC814&cover_title=RTG4%20FPGA%20High-Speed%20Serial%20Interfaces%20User%20Guide&tech_support_link=NA&revision_letter=D&source=PDF&title=Revision%20History
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/can/SF2_IGL2_RTG4_PCIe_Receive_FIFO_Full_CN.pdf
https://ww1.microchip.com/downloads/aemDocuments/documents/FPGA/can/SF2_IGL2_RTG4_PCIe_Receive_FIFO_Full_CN.pdf
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...........continued
Revision Date Description

8.0 — The following is a summary of the changes in revision 8.0 of this document.
• Added information about receiver equalization settings. See Table 2-2.

• Updated information about AXI_S_RRESP[1:0] port in Table 4-5.

• Added information about byte offset in Table 4-96.

• Updated information about 4.2.3.  RTG4 XAUI Block.

• Updated information about EPCS clock. See Table 4-151.

• Updated Table 5-16, Table 5-17, Table 5-18, and Table 5-52.

• Added information about SYSTEM_FABRIC_CLK_ENA (0x207C) bit numbers and bit names. See Table
5-26.

• Added information about 5.2.  SerDes Register Lock Bits Configuration.

• Removed information related to AHBLite support for PCIe.

• Updated information about 4.1.11.1.5.  Fabric Interface.

• Updated information about XAUI_PHY_NOT_READY port. See Table 4-123.

• Updated information about APB_S_PCLK port. See Table 4-124.

• Updated information about Figure 4-30.

• Added information about 4.2.4.1.2.  XAUI FPGA Clocks.

• Updated information about EPCS_0_READY, EPCS_1_READY, EPCS_2_READY, and EPCS_3_READY. See
Table 4-151.

• Added information about 4.1.3.5.  AXI3 to AHBL Bridge (Master/Slave).

7.0 — The following is a summary of the changes in revision 7.0 of this document.
• Updated information about 4.1.3.7.  PCIe Reset Network.

• Added Register Initialization and calibration information. See 4.4.  Register Initialization.

• Updated information about 4.4.1.  SerDes Initialization covering CN19009B.

6.0 — The following is a summary of the changes in revision 6.0 of this document.
• Updated information about GLOBAL_0_OUT, GLOBAL_1_OUT port. See Table 4-151.

• Updated information about ARXSKIPBIT port. See Table 4-151.

• Added information about 4.3.5.2.4.  Multi-lane Common Clock Synchronization Considerations.

• Added information about 4.3.13.  SerDes Edit Registers.

• Updated information about PLL_M_N and CNT250NS_MAX register name. See Table 5-43, Table 5-49,
and Table 5-50.

• Updated information about force_signal register. See Table 5-58.

• Updated information about EPCS_X_RESET_N port. See Table 4-154.

5.0 — The following is a summary of the changes in revision 5.0 of this document.
• Added information about Flywheel FIFO. See 4.3.5.2.  Flywheel FIFO.

• Updated information about 2.2.1.  Transmit Output Buffer.

• Added information about SerDes clock stability. See 2.5.1.  SerDes Startup.

• Corrected information about Register (0x207C). See Table 5-26.

• Updated information about PRBS patterns. See Table 6-2.

• Updated information about SYSTEM_REFCLK_SEL (0x2064). See Table 5-22 and 4.3.5.1.1.  SerDes
Block Clock Network in EPCS.

• Replaced PRBS_EN with PRBS_CHK. For more information about PRBS_CHK, see Table 5-62.

• Updated information about SerDes EPCS FWF. See 4.3.5.1.1.  SerDes Block Clock Network in EPCS.

• Updated information about LVDS25 I/O Standard supports HCSL. See 2.4.3.  SerDes Reference Clock
Inputs.

https://www.microchip.com/product-change-notifications/#/19163/CN19009B
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...........continued
Revision Date Description

4.0 — The following is a summary of the changes in revision 4.0 of this document.
• Updated Table 5-25 in 5.  SerDes Block Register Access Map.

• Added information about SerDes reference clock inputs, see Table 2-4.

• Added 5.1.2.  Single-Event Upset Immunity to 5.  SerDes Block Register Access Map.

• Added information about LVDS33 and LVDS25. For more information, see Table 2-4.

3.0 — Updated Figure 2-13 in 2.5.  Calibration Resource Sharing.

2.0 — The following is a summary of the changes in revision 2.0 of this document.
• Updated the SERDESIF name to SERDES block in the document.

• Added the 4.3.6.1.  Using High-Speed Serial Interfaces Configurator in EPCS Mode section.

• Deleted TX PLL and CDR PLL Operation section in SERDES Chapter.

• Re-organized the "Serializer/De-serializer" chapter.

1.0 — Initial release.
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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:

http://www.microchip.com/support
https://www.microchip.com/
https://www.microchip.com/pcn
https://www.microchip.com/support
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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.

Trademarks
The Microchip name and logo, the Microchip logo, Adaptec, AVR, AVR logo, AVR Freaks, BesTime,
BitCloud, CryptoMemory, CryptoRF, dsPIC, flexPWR, HELDO, IGLOO, JukeBlox, KeeLoq, Kleer,
LANCheck, LinkMD, maXStylus, maXTouch, MediaLB, megaAVR, Microsemi, Microsemi logo, MOST,
MOST logo, MPLAB, OptoLyzer, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer,
QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer,
Tachyon, TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AgileSwitch, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper
Speed Control, HyperLight Load, Libero, motorBench, mTouch, Powermite 3, Precision Edge,
ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, TimeCesium,
TimeHub, TimePictra, TimeProvider, and ZL are registered trademarks of Microchip Technology
Incorporated in the U.S.A.

Adjacent Key Suppression, AKS, Analog-for-the-Digital Age, Any Capacitor, AnyIn, AnyOut,
Augmented Switching, BlueSky, BodyCom, Clockstudio, CodeGuard, CryptoAuthentication,
CryptoAutomotive, CryptoCompanion, CryptoController, dsPICDEM, dsPICDEM.net, Dynamic

https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services
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Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, EyeOpen, GridTime, IdealBridge,
IGaT, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, IntelliMOS, Inter-Chip
Connectivity, JitterBlocker, Knob-on-Display, MarginLink, maxCrypto, maxView, memBrain, Mindi,
MiWi, MPASM, MPF, MPLAB Certified logo, MPLIB, MPLINK, mSiC, MultiTRAK, NetDetach, Omniscient
Code Generation, PICDEM, PICDEM.net, PICkit, PICtail, Power MOS IV, Power MOS 7, PowerSmart,
PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-ICE, Serial Quad I/O, simpleMAP,
SimpliPHY, SmartBuffer, SmartHLS, SMART-I.S., storClad, SQI, SuperSwitcher, SuperSwitcher II,
Switchtec, SynchroPHY, Total Endurance, Trusted Time, TSHARC, Turing, USBCheck, VariSense,
VectorBlox, VeriPHY, ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

The Adaptec logo, Frequency on Demand, Silicon Storage Technology, and Symmcom are registered
trademarks of Microchip Technology Inc. in other countries.

GestIC is a registered trademark of Microchip Technology Germany II GmbH & Co. KG, a subsidiary
of Microchip Technology Inc., in other countries.

All other trademarks mentioned herein are property of their respective companies.
© 2024, Microchip Technology Incorporated and its subsidiaries. All Rights Reserved.

ISBN: 978-1-6683-4371-5

AMBA, Arm, Arm7, Arm7TDMI, Arm9, Arm11, Artisan, big.LITTLE, Cordio, CoreLink, CoreSight, Cortex,
DesignStart, DynamIQ, Jazelle, Keil, Mali, Mbed, Mbed Enabled, NEON, POP, RealView, SecurCore,
Socrates, Thumb, TrustZone, ULINK, ULINK2, ULINK-ME, ULINK-PLUS, ULINKpro, µVision, Versatile
are trademarks or registered trademarks of Arm Limited (or its subsidiaries) in the US and/or
elsewhere.

Quality Management System
For information regarding Microchip’s Quality Management Systems, please visit
www.microchip.com/quality.

https://www.microchip.com/quality
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