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Acronyms in This Document

A list of acronyms used in this document.

Acronym Definition

ASPM Active State Power Management
AXI Advanced Extensible Interface
AXHL Advanced Extensible Interface Lite
BAR Base Address Register

CSR Configuration and Status Register
DLLP Data Link Layer Packet

DMA Direct Memory Access

ECC ErrorCorrection Coding

EP Endpoint

FIFO First In First Out

LMMI Lattice Memory Mapped Interface
LTSSM Link Training and Status State Machine
MSI Message Signaled Interrupt

RTL Register Transfer Language

PCI Peripheral Component Interconnect
PCIE Peripheral Component Interconnect Express
PCS Physical Coding Sublayer

PLL Phasel.ocked Loop

PM Power Management

PMA Physical Medium Attachment

RAM Random Access Memory

RC Root Complex

RP Root Port

TLP Transaction Layer Packet
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1. Introduction

1.1. Overview of the IP

PCI Express® is a high performance, fully scalable, andefiad standard for a wide variety of computing and
communications platforms. As a packesed serial technology, the PCI Express standard greatly reduces the number of
required pins and simgies board routing and manufacturing. PCI Express is a-fminbint technology, as opposed to the
multi-drop bus in PCI. Each PCI Express device has the advantage of full duplex communication with its link partner to
greatly increase overall system banidth. The basic data rate for a single lane is double that of thki223 MHz PCI bus.

A fourlane link has eight times the data rate in each direction of a conventional bus.

The Lattice PCk8 IP Core provides a flexible, higarformance, easyo-use Transaction Layer Interface to the PCI Express
Bus. The Lattice PCi& IP Core implementation is a hardened IP with soft logic provided for interface conversion options.
The hardened IP is an integration of PHY and Link Layer blocks.

The Lattice PCbh8 IP Core is supported in thatticeAvanfMAT-Gand Lattice AvanAT-X FPGA device family and is
available in the Lattice RadidMsoftware.

1.2. Quick Facts

Table 1.1. Summary of the PCle x8 IP

Supported FPGA Families
IP Changes

Targeted Devices
Supported Usenterface
Lattice Implementation

AvantAT-G, AvartAT-X

Refer to thePCle x8 IP Release Notes (FHRGIR2061)
All AvantAT-G and AvarAT-X family

LMMI, AXL, TLP, AXi8tream

IP Core 2.2.0—Lattice Radiant Software 2@.2.1 or later
Lattice Synthesis Engine

IP Requirements

Resource Utilization

Design Tool Support Synthesis - -
Synopsys® Synplify Pro® for Lattice
Simulation Questasim
1.3. IP Support Summary
Device Family | IP User Gen Speed Link Width Data Rate Radiant Hardware
Interface (Gbps) Timing Model | Validated
AvantAT-G PCle EP TLP Gen 4 X8, X4, X2, X1 128, 64, 32, Preliminary No
AvantAT-X 16
Gen 3 X8, X4, X2, X1 64, 32,16, 8 | Preliminary No
Gen 2 X8, X4, X2, X1 40, 20, 10,5 | Preliminary No
Genl X8, X4, X2, X1 20, 10, 5, 2.5 | Preliminary No
AXIStream Gen4 X8, X4, X2, X1 128, 64, 32, Preliminary No
16
Gen 3 X8, X4, X2, X1 64, 32, 16,8 | Preliminary No
Gen 2 X8, X4, X2, X1 40, 20, 10,5 | Preliminary No
Genl X8, X4, X2, X1 20, 10, 5, 2.5 | Preliminary No
PCle Harden | AXIMM Gen 4 X8 128 Preliminary No
DMA Gen 3 X8 64 Preliminary No
Gen 2 X8 40 Preliminary No
Genl X8 20 Preliminary No
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1.4. Features
The Hard IP PHY key features include:

=4 =4 -4 -8 _8_2_98_92_29._.2_-2

f
f
f

Aggregation and bifurcation up ot lanes an&8 lanes PHYconfiguration

Data rates of 2.5 Gbps, 5.0 Gbps, 8.0 Gbps, and 16.0 Ghps

Selectable parallel data widths such as 8, 16, 32, 64

8b/10b encoding at 2.5 Gbps and 5 Gbps, and 128b/130b encoding at &aGdhps Gbps

Adaptive and configurable RX Continuous Time Linear Equalizer (CTLE) and Decision Feedback Equalizer (DFE)
Adaptive and programmable TX equalization

PCle Lsubstate power managements and Separate RefClk Independent SSC Architecture (SRIS)
Extensive PMA debug capability via read/write and reaty registers in PCS

Registethased control of all P&6-PMA signals

A wide range of reference clock frequencies with optional fractional frequency correction capability

A wide range of divided clock frequencies for exteitaaPHY usage with optional spreadectrum clock (SSC)
capability

Built-in, on-chip SSC generation and full configuration freé®00 to +5000 ppm

Test support features such as neard loopback, PLL bypass modes, and others.

Protocolcompatible features such as LOS, squelch, power modes, and others.

The Hard IP Link Layer key features include:

f
f
f

=4 =4 -8 —a A =4 =4 -8 —a -2

=4 =4 -8 a8 _a_a_9a_2

PCI Express Base Specification Revision 4.0 compliant including compliance with earlier PCI Express Specifications.
Backward compatible with PCI Express 3.x, 2.x, 1.x
x8 PCI Express Lanes with support for bifurcation
f Supported | ane configurations:
1 Radiant2023.2-1x4,1x2, 1x1
1 Radiant 2024.And future Radiant releasesl x8, 1x4, 1x2, 1x1
16.0GT/s, 8.0GT/s, 5.0 GT/s, and 2.5 GT/s line rate support
Comprehensive application support:
Endpoint
Root Porf(future release)
Multi-Function support per link
T Pek&ore suppPFts 1
T P@kdt Core s8Pgports 1
SRIOV support per lirfkuture release for nofDMA)
1T Pek8 Core supports up to 32 (PF+VF) functions
1T PEk4 Core supBp@gd®rFt+s/FYyp ftumcti ons
Support forAutonomous and Softwar€ontrolled Equalization
Support for Figure of Merit and Up/Down PIPE PHY Equalization
Flexible Equalization methods (Algorithm, Preset, Ussdrle, Adaptiva able, Firmwareontrolled)
ECC RAM and Parity Data Path Protection
Core Data Width

T 64 bits for x1 1| ane

T 128 bits for x2 |l anes
T 256 bits for x4 | anes
T 512 bits for x8 | anes

Complete errothandling support

AER, ECRC generation/checking, recovery from Parity and ECC errors

Supports detection of numerous optional errors, embedded simulation error checks/assertions
Simulation and hardware error injection features enable error testing

Flexible core options allow for design complexity/feature tradeoffs

Configurable Receive, Transmit, and Replay Buffer sizes

Supports Polaritynversion, Up/Dowrconfigure, Autonomous Link Width/Speed changes

Power Management
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Supports L1, ASPM LOs, and ASPM L1

L1 PM Substates with CLKREQ

Power Budgeting

Dynamic Power Allocation

Latency Tolerance Reporting

Implements Type 0 Configuration Registers in Endpoint Mode

Implements Type 1 Configuration Registers in Root Port Mfdere release)

Complete Root Port Configuration Register implementa(fature release)

Dual mode design supports EP or RP through register chéfuge® release)

Easy to use

Decodes received packets to provide key routing (BAR hits, Tag, and others) information
Implements all aspects of the required PCle Configuration Space

Optionally consumes PCI Express Message TLPs or leaves them in band

Interfaces have consistent timing and function over all modes of operation

Provides a wealth of diagnostic information for superior systewel debug and link monitoring
Implements all three PCI Express Layers (Transaction, Data Link, and Physical)
Hardened higkperformance multichannel scattegather DMA controller

T Support up to 64 DMA channel s

T Support fdrunRCGli eln@Mintda BaRbi | ity

1T 6dbiatddress support

=4 =4 -8 -8 _8_8_9_9_48_24_-29_-2._-292._--4_5-9_-2_-292

1.4.1. Hard IP Limitations

The following are the limitations of the Hard IP:

1 Users can only access Function 0 of the PCIE Configuration Space Registers due to address bit limitation in Hard IP. This
affects the usage of links other than Link O since it relies on register interface tqgeicular function settingfor

example Max payload sizand MSI/MS#X configuration) including error reporting (AER).

CLKREQ is not supported in MPPHY, reference clock stopping during L1 substate is not supported.

AXI Write and Read address channel are sharing the same ports. Request will be done one at a time or seguentially
cannot besimultaneous.

DPA and LTR interface of the Hard IP are not exposed/available to the user.

The Link Layer port *p_ clk_period_in_ps is not programmable (hard coded). This may have an effect in timeout
calculations.

Reset ports are currently not exposed/available to the user.

DMA is supported only in x8 mode.

= =

= =

f
f

1.4.2. Soft IP

9 TLP Data Interface

1 AXl4Stream Data Interface Option
1 LMMI Register Interfaces

1 AXIL Register Interface

Radiant 2024.1 SP1 requsra patch to work with PCle_x8 IP.

1.5. Licensing and Ordering Information
An IP specific license string is required to enable full use of thexB&n a complete, tofevel design.

The IP can be fully evaluated through functional simulation and implementation (synthesis, map, place and route) without
an | P license str i rHgrdwar€ BupportapadilitissuYoy carr cteate versidng of thedP ts operate in
hardware for a limited timgapproximately four hours) without requiring an IP license string. A license string is required to
enable timing simulation and to generate a bitstream file that does not include the hardware evaluation timeout limitation.

For more information about pricing and availability of the P@I#°, contact youlocal Lattice Sales Office
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1.5.1. Ordering Part Number

Table 1.2. Ordering Part Number
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Device Family Part Number

Multi-Site Perpetual Single Seat Annual

AvantAT-G PCIEXPSAVGUT PCIEXP8AVGUS
PCIEXPAAVGUT PCIEXP4AVGUS

PCIEXP2AVGUT PCIEXP2AVGUS

AvantAT-X PCIEXPSAVXUT PCIEXP8AVXUS
PCIEXPAVXUT PCIEXP4AVGUS

PCIEXP2AVXUT PCIEXP2AVGUS

1.6. Hardware Support

Refer to theExample Desigsection for more information on thboards used.

1.7. Speed Grade Supported

The Lattice PCle IP core supported spgedie is provided in this section. Different configurations may be supported using
different speedgrade due to fabric performance requirement
1 3-fastest speed grade

Table 1.3. Lattice PCle IP Core Supported Speed Grade

PCle Core Config Device Family Speed Grade
Gen3x8 AvantAT-G 1/2/3
Gen4x8 AvantAT-X 1/2/3

1.8. Naming Conventions

1.8.1. Nomenclature
The nomenclature used in thilocument is based on Verilog HDL.

1.8.2. Signal Names

I _nare active low (asserted when value is logic 0)
I _iare input signals

I _oare output signals
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2. Functional Description

2.1. PCle IP Architecture Overview

Iscc_pcie_x8
AXl4-Lite
Offset i
Or > - > pad_refclk_p_i[1:0]
LMMI AXt':'L Remapping HSSI | LMMI Hard IP pad_refclk_n_i[1:0]

< g LMMI Config
[
| | In*_pad_tx_p_i
| AXI4-Stream| Tx ;‘ 7777777777777777 In*_pad_tx n_i
| AXi4-Stream|Rx__ | ! PCle
|~ EAIEE ! >
| | | X8 MPPHY >
I A ! i + x8 .

! DMA g

Or i

| prommmmmmmomoeeeees
}7777777777777777 777777} } } In*_pad_rx_p_i
i | | | TXTLP In*_pad_rx_n_i
| TX TLP | | ! <
3 P e | Rx TLP B
3 RX TLP ! 3 h
| | e T <
i i
S P |

Figure 2.1. Lattice PCle x8 IP Core Block Diagram

The Lattice PCb8 Core implements all three layers defined by the PCI Express specification: Physical, Data Link, and
Transaction. Bifurcation is supported with link and lane configuraticmh asl x § 1 x 4, 1 x 2and1 x 1

The Lattice PCbk8 Core Hard IP implementation integrates the Rambus Expresso Core (Link Layer) and DMA controller, and
Synopsys PMA and PCS Core (PHY). A block diagram wdmarir&tance is shown Figure2.2.

For convenience, the Link Layer Caaesreferred to asLink 0—PCle x8 Core.
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Multi-Protocol, Multi-Channel SerDes/PCS (MPPHY x8)

QUAD 0 QUAD 1 (future release)

Common LANE O LANE1 | LANE2 | LANES3 LANE4 | LANE5 | LANEG6 | LANE 7 || Common
Refclk Refclk
PLL A PMA PMA PMA PMA PMA PMA PMA PMA PLL A
PLLB PCS PCS PCS PCS PCS PCS PCS PCS PLLB

Multi-Lane PCle Core (PCle x8 + DMA)

PCle Core
x8

DMA Core (Bypassable)
(future release)

FPGA Fabric

Figure 2.2. Lattice 8-lane SERDES/PCS + PCle Hard-IP

The Lattice PCh8 Core Hard IP has the following interfaces as showfigare2.3. The details of each interface are
discussed in the following sections.

Primitive Wrapper

(k->0-3)
Ink[K]_perst_n_i > Hard IP
Ink[K]_rst_n_i
Ll
Ink[k]_clk_i
Ll
Ink[k]_clk_src_o
% LMMI
sO_Immi_* «¢ » (n->017)
sl_Immi_* & ». pad_refclk_p_i[1:0]
P pad_refclk_n_i[1:0]
PCle
,,,,,,,,,,,,,,,,,,,, PP -
i AXLS R | X8 MPPHY
mo_axi4_* | = > | + x8 In[n]_pad_tx_p_i
| | P
0 axia * i < AXI-S Tx B DMA In[nl_pad_tx n_i
- | } (.
| | g
|
G PR I >
Or In[n]_pad_rx_p_i
I --—F } < In[n]_pad_rx_n_i
Ink[Kltx_* |« TxTLP > <
I I
InkkIx_* | <€ R TLP |
o } <%
| |
I I

I | ——_—

Figure 2.3. Lattice PCle x8 Core Hard IP
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 Clock and Reset Interface

T The user domain interface can be oclyackldikncki@&i rsg comgd of
usgenerated cl ock. ITihmpker smdameént aleseeset he core (PHY
the core ConfiguratiloinriBigimst rss Anovhdedréesetebet o

1 PHY Interface
T High Speed Seri al I nt erlf6&5Té ssupports maxi mum rate of
T Up etiodhlatnes (gimwow@padsi)nt o
1 TLP Receive Interface
T Receive TLPs from the PCle |ink partner
T High bandwidth interface
T 512b data width (64b per active | ane)
1 TLP Transmit Interface
f Transmit TLPs to the PCle |Iink partner
1 High bandwidth interface
T 512b data width (64b per active | ane)
T Power Managemd&lot ISonpeofacece
T Ports for i mplementing power management capabilities
1 AXl Interface
T Available if Hard DMA Core is enabl ed
T 512b data width each (TX and RX)
1 AXl4Lite or LMMI (Mutually exclusive)Configuration and Status Register (CSR) Interface
T This interface is used to write and read
requires changing only a smal/l number of
T 32b data -witdéeh ¢rAX1@8b data width (LMMI)

2.2. Clocking

2.2.1. Clocking Overview

Clock Domain in PCle IP Core when AXI4-Stream Interface is Selected

PLL

PCle IP Core
|
|
|
|
FPGA Fabric | Hard IP
User/System Clock Domain } PHY Clock Domain
|
|
clk_usr_o clk_usr_o ! refclkp_i
< < ; PCle Hard IP <
Soft IP ) I .
N sys_clk_i } N MPPCIEX P refclkn_i
o |
s !
|
a & I
| %) |
< | |
< o |
N =
I I— |
T
|
|
|
|
|
|
|
|
|
|
|

Ipl |_refclk

Figure 2.4. PCle IP Clock Domain Block Diagram for AXI-S Interface
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Clock Domain in PCle IP Core when TLP Interface is Selected
PCle IP Core

|

|

|

FPGA Fabric | Hard IP
User/System Clock Domain : PHY Clock Domain

|

|
clk_usr_o clk_usr_o | refclkp_i

< < | PCle Hard IP <
Soft IP . | .
sys_clk_i | P refclkn_i
| > MPPCIEX <

|

, :

& I

7] |

o |

= |

I”. |

I

|

|

|

|

|

|

PLL :

|

|

|

pll_refclk

Figure 2.5. PCle IP Clock Domain Block Diagram for TLP Interface

The PCla8IP includes the following clock domains. Bys_clk_andclk_usr_div2_signals are generated during the PLL IP
instantiation. For the TLP interface, you can conmdictusr_dack to thesys_clk ,ias shown irfrigure2.5.
1 refclkp_i/refclkn_i are differential PHY reference clocks.

T You can set the reference clock frequency in the PCle

T There are two options availabl e: 100 MHz or 125 MHz.
1 sys_clk_i/clk_usr_iis the user clock domain input clock.
T This clock is generated by the system PLL and shared

f For the TLP interface vaQdfilantzashly 2yicos pebded spthiB vga5 at o c on

1 clk_usr_div2_iis the user clock domain divided by two input clocks.
f This cl ockyyi & heee rsgyrsateerd PLL wi t h sidRplp®©Of dqaphescygn by

T This c¢clock does not apply to the TLP interface varian

)l

1 clk_usr_ds theUser Clock Domain Output Clock.
T This is the pclk output that comes from the PHY of t
1 By deGfalugdzd B2t g2 dvievrisdieon of the 125 MHz pclk from
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2.3. Reset

2.3.1. Reset Overview

There are two fundamental reset events that can occur in PCI Express:

I Cold Reset This is a fundamental reset applied during power cycling. The signal link [LINK]_perst_n_i is asserted.

1 Warm ResetThis is a fundamental reset triggered by hardware without the removal aiagbpdication of power. The
perst_n_isignal is asserted.

The fundamental resdink [LINK]_perst_n_réesets the core (Link Layer and PHY Layer blocks) while another reset, which is

the user clock domain Link Layer reHdfNK]_rst_usr_n, is used to reset the Link Layer block only.

Depending on the PCle IP configuration, either DMA orDBA, reset signalsr cfg_reset_n_is used.

Resets in PCle Core

PCle IP Core

user_rst
dma_rst
pipe_rst
pcs_tx_rst
pcs_rx_rst
linkO_rst_usr_n_i Soft IP Immi_rst_n

link0_perst_n_i MPPCIEX <

»

usr_cfg_reset_n_i refclkp_i

PCle Hard IP ¢

refclkn_i

Figure 2.6. Reset Signals in Lattice PCle IP Core
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2.3.2. Clock and Reset Sequence
The PCle IP clock and reset operation is shoviagare2-7.

refckp_i I ; Valid Clock

refclkn_i X Valid Clock

usr_Immi_clk_i b Valid Clock
usr_Immi_resetn i [

:,l' Co.nﬁ_gure.PHY .‘"L Copfigure !_ink Laye( DQne Cor}figgrati.on

. M
perst n_i .=
clk_usr_o e | Valid Clock
‘: PHY is ready for Operation
= V3 PLL Locked
™. \
- , .'.
- My —
rst_usr_n_i B
........................................................................................................................... 5 ST

Figure 2-7. Clock and Reset Sequence Diagram

The Lattice PCk8BIP Core configuration register implementation has default values that are appropriate for most
applications. You can change the register configuration through the LMMI dr i¥drface. When the LMMI or AKI

interface is used to configure the PHY layagisters, the configuration should be done before the deassertion of the
link0_perst_n_isignal. The PHY Layer is released from reset and is ready for operation once it is able to generate the PIPE
clock output (such as thiinkO_clk_wsr_o signal). The user domain reset (suchr&® rst _usr_n_) can be deasserted if the

Link Layer register configuration is done or skipped.

To ensure that the clock is stable before the link training, you must wait for the PLL locked status for all four channels of
PLL before dasserting the user domain resdink0 rst_usr_n_). Ifyouselect thex2 orx1 link width, you may observe the
two-channel Tx PLL locked status or one channel Tx PLL locked status respectively. The TX Blit4staHfast(0x7F in

PHY PMA Status registean be read through the LMMI or AXI

2.4. Protocol Layers

There are three major classes of packets in PCle devices: Transaction Layer Packets (TLP), Data Link Layer Packets (DLLP,
Physical Layer Packets (PLP), which is also known as ordered sets). The function of the Protocol Layer is to generate and
procesghese packets.
1 Transaction Layer
The Transaction Layer manages the TLPs to communicate request and completion data with other PCl&ldevices.
TLP packets are assembled at thesmit sideof the link and disassembled at theceive sid®f the link. The TLP
communicates through different formats either in I1/O request format or in the memory request format.
9 Data Link Layer
The Data Link Layer transfers data from the Transaction Layer to the Physical Layer. It plays an important role in
assuring good reception of the TLP packets. The DLLPs are used to convey the information about the link initialization,
power management, fi control, and TLP acknowledgements.

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are aswstelatiicesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiiufosraation herein are subject to change without notice.
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1 Physical Layer
The Physical Layer converts the packets from the Data Link Layer into serialized bit streams and transfers it to the
external physical link. The receive logics#ializes the bits, reassembles the packets, and forwards it to the Data Link
Layer. It convegs the communication between the Data Link Layer and the external physical link. The Physical layer is
divided into the Logical sublock and the Electrical stlock. The Logical stilock frames and deframes the packets
and implements the LTSSM state thime. The scrambling, descrambling, and 8B/10B encoding and decoding of data
are done in the logical sublock. The Electrical stlock provides the physical interface to the Link and contains the
differential transmitters and receivers. The PLPs or erdeyets are exchanged during link training and link
initialization.

2.4.1. ECC and Parity Data Path Protection

The Lattice PCkBIP Core protects the TLP data path with Error Correction Coding (ECC) and Parity Protection. This is
implemented in the Hard IP block.

ECC is used to protect TLP data in the following data path RAMs:
1 Replay Buffer

1 Receive Buffer

1 Transmit Buffer

The ECC implementation enables correction fdnitlerrors and detection for -bit errors. The &it of ECGnformation is
included in the RAMs for each 64 (or fraction thereof) data bits.

Even (XOR) Paritgdrity[i] = ~(data[((i+1)< 8)-1:(i x 8)]) is used to protect the data path. Parity provides detection fditl
errors (and other odébit errors). To enable continuous parity protection coverage, parity is passed through RAMs that are
also protected by ECC.

The core includes the ability to enable/disable the reporting and handling of ECC/Parity errors. Correctable errofst(ECC 1
errors) are fixed when correction is enabled. Uncorrectable ECC/Parity errors in the transmit data path result in thiedssocia
TLP being discarded or nullified when error handling is enabled. While error handling can be disabled, this is not
recommended as passing a known TLP with bad contents can result in a more serious error condition than discarding the TLP.

2.4.1.1. Receive Data Path

For the receive data path, parity is generated for received TLPs prior to the removal and validation of the Link CRC (LCRC).
Parity protection is thus overlapped with LCRC protection.

Received TLP parity is passed with the associated received TLP (header and payload) bytes through the Receive Buffer and
onto the user Transaction Layer Recaiverface It is expected that parity is checked and errors are handled by the

ultimate TLP consumer. Since TLP can have parity errors on any byte (toward the end of a longer TLP for instance), it is
generally not possible to avoid processing the error TLP asaitiereportion of the TLP may already have been processed

by the time that the errorg detected.

Applications that do not want to process TLPs with errors need to store and forward the TLP for processing only after
inspecting the parity of all data bytes. If the core Transaction Layer detects a parity error while it is consuming d receive
TLP (Type Gonfiguration Read/Write, Malformed TLP, and Message), the error is reported as Uncorrectable Error (in AER
capability) and the core discards the TLP without processing it.

2.4.1.2. Transmit Data Path

For the transmit data path, parity is generated by the TLP source. For user TLPs (for example those transmitted on the
core’'s Transaction Layer Transmit Interface), the parity
The provided prity is kept with the associated data as it traverses the core. The parity is checked and discarded just after

the TLP PCle LCRC is generated.

Parity protection is thus overlapped with LCRC protection, including the associated PCle replay mechanism. If the core
detects a parity or uncorrectable ECC error during transmission of a TLP, the error is reported and the associated TLP is
nullified (disarded) and not retransmitted. This is a serious error that must be handled by the software. The TLP is
discardedo not propagate the error and risk potentially worse consequences in other components that receives TLPs with
known bit errors.
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2.4.1.3. Uncorrectable Error Recovery

PCI Express includes the ability to nullify or cancel a TLP transmission immediately after it is completed by inverting the
LCRC and using End Bad (EDB) end framing instead of the normal TLP end framing. TLP can be nullified to reduce
propagation, potentifly multiplying the effects of the error. Nullified TLPs are not regenerated by the original TLP source as
it is difficult for software to construct the missing TLP. As a result, there is a fatal system error condition regardless of
whether the error TLRsinullified or not. When TLP is nullified due to errors, the core attempts to keep the transmit stream
active so that the software can be notified of the error using the standatthimd mechanisms (for example, transmission

of ERR_NFAT or ERR_FAT message)

TLPs are allocated a sequence number during transmission and the PCle receiver only accepts TLPs in sequential order.
When a TLP is nullified due to an uncorrectable error, the missing sequence number must be recovered before the link can
continue to transnit TLPs.

TLPs are allocated Virtual Channel Flow Control Credits when they are transmitted by the Transaction Layer. The PCI Express
device receiving the TLP over the PCI Express link frees the associated credits by sending Flow Control Update DLLPs. TLPs,
which ae nullified due to uncorrectable ECC and Parity errors, are allocated credits by the Transaction Layer, which is never
freed since the TLP is nullified and not received by the Receiver. Nullified TLPs are discarded by the Receiver without
affecting Flow Qatrol Credits or Sequence Number.

Whenever a transmitted TLP is nullified due to an uncorrectable error, this causes the PCI Express link to be unable to
process further TLPs. The sequence number and flow control credits that are allocated to the nullified TLP must be
reclaimed before thdink is repaired. The Lattice PQRIP Core contains logic to correct the link when TLPs are nullified
due to uncorrectable errors.

Whenever an uncorrectable ECC of Parity error is detected, it is recommended for you to reset the link through the
software to reset the link although the link is corrected for further transmission.

2.4.2. Error Handling

The Lattice PCk8IP Core detects and implements the appropriate response to most error conditions without user
intervention. You generally only need to detect and report errors that the core does not have enough information to detect.

2.4.2.1. PCle-Defined Error Types

The following defines the error types in the PCle. Tiygecolumn inTable2.1to Table2.4 defines the PCI Express defined
error severity:

1 COR-Correctable

1 NFAT-Uncorrectable- Non-Fatal

1 FAT-Uncorrectable-Fatal

Table 2.1. General PCI Express Error List

Error Type
Corrected Internal Error COR
Uncorrectable Internal Error FAT
Header Log Overflow COR

Table 2.2. Physical Layer Error List

Error Type
Receiver Error COR
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Error Type
Bad TLP COR
Bad DLLP COR
Replay Timeout COR
REPLAY_NUM Rollover COR
Data Link Layer Protocol Error FAT
SurpriseDown FAT

Table 2.4. Transaction Layer Error List
Error Type
Poisoned TLP Received NFAT
ECRC Check Failed NFAT
Unsupported Request NFAT
Completion Timeout NFAT
Completer Abort NFAT
UnexpectedCompletion NFAT
ACS Violation NFAT
MC Blocked TLP NFAT
AtomicOp Egress Blocked NFAT
Receiver Overflow FAT
Flow Control Protocol Error FAT
Malformed TLP FAT

2.4.2.2. User Error Reporting

The User Hardware design must be able to detect and reportat@wving errors.

1 Uncorrectable Internal Error

T Signals if AER Version 0x2 is enabled in the core

appli-csmpec¢iomi c error that is not
T I'f AER is supported by the core

I Poisoned TLP Received with Advisory{Natal Severity
T Signals if the core’s defaul't
consi der ed aFsatAadlv isseovreyr i Noyn. I f

recovered fremot het sef t machani sm,
often causes a system operation to
T I'f AER is supported by the core

fat al error

transmitted if enabl ed.

T I'f AER is supported by the core

1 Poisoned TLP with Ndratal Severity
1T Signals if the core

s defaul t

reported
the header of

t hrough

poi son handling i

data payl oad

t he pohkatoanl sshionuded &b
crash.
and the core is

he header of

poi son handling i

consider-eat als Newner i ty. -Hatmall i agv @roiitsyo ns lmsu IN®d nb e

often f aterh dpmertatei wsry.st

T I'f AER is supported by the core

he header of
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1 Unsupported Request
T A TypeOde/feinmowd message that is received but not suppo
is uncommon since only devi ded idedi greed atge sr sdhoiut ad Ty
However, compl i ancse etrersotrs tmoa yb er ehgaunidrlee dt;hihence, it s
check. Receiving a message with Message Code == O0x7E
the user design is designed to receive these messages
T Completions that are received with a Reserved Compl et
Unsupported Request.
1 Completion Timeout
T I'f you i piositeade r&aquest (all reads, I/ O Write, and Cor
compl etion timeout ti mer -ptolsate df irreeqsu eisft c@amp Ineotti ares etic
period. Thneea@dsrbo kbbdeictapl emented by t hepoussteerd dreesqg ugens
1 Completion Abort

T Signals i f permanently unabispetco fproeesoDracoaaguedstondu
only signaled if you choose to implement a restrictedc
perform DWORDnNssi zaen dt rnaonts ascutpiport burst transactions).
only software that can access the user design is your

restricted programming model
T I'f AER is supported by the core, the header of the at
1 Unexpected Completion

f You must signal if a completion is received but the t

T If the core is enabled for Target Only modd eidn dieqaiteisn
the core considers all completions as Unexpected Comg
response. In thasdlcasthi yoer dor .not

T I'f AER is supported by the core, then the header of t

As a minimum, it is recommended to report the following errors:

1 Completion Timeout if user logic initiates nposted requests (for example, DMA read requests)

1 Unsupported Requests for the cases described above

1 Unexpected Completion for the case described above

1 Poison, when the core’'s default poison handling is dis:

2.4.3. LTSSM State

2.4.3.1. Main LTSSM

The Lattice PCbh8BIP Core follows the PCI Express specification for the Link Training and Status State Machine. However, to
help hit higher frequencies, the LTSSM is split into one Major State LTSSM state machine and several separate-LTSSM sub
state machines, with one sutate state machine for each major state.

The Lattice PCbh8IP Core implements additional LTSSM-states that are necessary to meet PCle specification LTSSM
operation but are not given an explicit sghate in the PCle specificatiohable2.5 lists each state.

Table 2.5. LTSSM State Definition

LTSSM Major State LTSSM Sub-state Description
0—Detect 0—-DETECT_INACTIVE The substate iSDETECT_INACTIMienever the LTSSM major
state is notDetect
1-DETECT_QUIET Detect.Quiet
2—-DETECT_SPD_CHGO Detect.Quiet- Substate to change speed change back to 2.5G
needed. Request PHY speed change.
3-DETECT_SPD_CHG1 Detect.Quiet- Substate to change speed change back to 2.5G
needed. Wait for speed change to complete.
4-DETECT_ACTIVEO Detect.Active- First Rx Detection.
5-DETECT_ACTIVE1 Detect.Active- Wait 12 ms between Rx Detection attempts.
6—-DETECT_ACTIVE2 Detect.Active- Second Rx Detection (if needed).
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LTSSM Major State

LTSSM Sub-state

Description

7-DETECT_P1_TO_PO

Detect.Active- Change PHY power state from P1 to PO (inacti
to active) if needed (that is on DeteefPolling transition).

8—DETECT_PO_TO_P1_0

Change PHY power state from PO to P1 (active to inaetive)
Transmit Electrical Idle Ordered Sets to notify the link partner
that the link is idle.

9-DETECT_PO_TO_P1_1

Change PHY power state from PO to P1. Wait for TX Electrica
Ordered Set transit request made in DETECT_PO_TO_P1_0f{
transmitted at the output of the core.

10-DETECT_P0_TO P1 2

Change PHY power state from PO to P1. Wait for PHY to reac
state before continuing.

1-Polling

0—-POLLING_INACTIVE

The substate iSPOLLING_INACT Wkenever the LTSSM Major
State is not Polling.

1-POLLING_ACTIVE_ENTRY

Polling.Active- Entry toPolling.ActiveState exists since in some
cases, the LTSSM must exit Polling without Tx of TS OS.

2—-POLLING_ACTIVE

Polling.Active

3-POLLING_CFG

Polling.Configuration

4—POLLING_COMP

Polling.Compliance Transmitting compliance pattern.

5—-POLLING_COMP_ENTRY

Polling.Compliance entry stateDirects a speed change through
POLLING_COMP_EIOS, POLLING_COMP_EIOS_ACK, and
POLLING_COMP_IDLE whecessarybefore going to
POLLING_COMP.

6—-POLLING_COMP_EIOS

Polling.Compliance Transmit Electrical Idle Ordered Sets to
notify the link partner that the link is idle.

7-POLLING_COMP_EIOS_ACK

Polling.Compliance Wait for the Electrical Idle Ordered Sets
transmitted in POLLING_COMP_EIOS to exit the core.

8 —POLLING_COMP_IDLE

Polling.Compliance Perform speed change now that link is idle

2 —Configuration

0—-CONFIGURATION_INACTIVE

The substate iSCONFIGURATION_INACTiIk@&hever the LTSSN
Major State is not Configuration.

1-CONFIGURATION_US_LW_STAR

Acting as Upstream PortConfiguration.Linkwidth.Start

2—-CONFIGURATION_US_LW_ACCH

Acting as Upstream PortConfiguration.Linkwidth.Accept

3—-CONFIGURATION_US_LN_WAIT

Acting as Upstream Po#tConfiguration.Lanenum.Wait

4—-CONFIGURATION_US_LN_ACCE]

Acting as Upstream PortConfiguration.Lanenum.Accept

5—CONFIGURATION_DS_LW_STAR

Acting as Downstream PortConfiguration.Linkwidth.Start

6— CONFIGURATION_DS_LW_ACCE

Acting as Downstream PortConfiguration.Linkwidth.Accept

7—-CONFIGURATION_DS_LN_WAIT

Acting as Downstream PoftConfiguration.Lanenum.Wait

8 —-CONFIGURATION_DS_LN_ACCE|

Acting as Downstream PoftConfiguration.Lanenum.Accept

9-CONFIGURATION_COMPLETE

Configuration.Complete

10-CONFIGURATION_IDLE

Configuration.ldle
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LTSSM Major State

LTSSM Sub-state

Description

3-L0

0-LO_INACTIVE

The substate isLO_INACTIMEhenever the LTSSM Major State
not LO.

1-L0_LO

LO—Linkisin LO.

2-L0_TX_EL_IDLE

Tx_LOs.Entry, L1.Entry, or L2.Ertiiransmit Electrical Idle
Ordered Sets to notify the link partner that the link is idle (that
for preparing to enter low power states such as Tx_LOs, L1, al
L2).

3-L0_TX_IDLE_MIN

Tx_LOs.Entry, L1.Entry, or L2.Enrtfyuarantee the minimum Tx
Elec Idle time when entering electrical idle and also require R
EIOS to have been received when necessary.

4 —Recovery

0-RECOVERY_INACTIVE

The substate iSRECOVERY_INACTWYEnever the LTSSM Majq
state is notRecovery

1-RECOVERY_RCVR_LOCK

Recovery.RcvrLock

2—-RECOVERY_RCVR_CFG

Recovery.RcvrCfg

3-RECOVERY_IDLE

Recovery.ldle

4—-RECOVERY_SPEEDO

Recovery.Speed Transmit Electrical Idle Ordered Sets to notify
the link partner that the link is idle.

5-RECOVERY_SPEED1

Recovery.SpeedDetermine to which speed to change.

6-RECOVERY_SPEED?2

Recovery.SpeedWait for remote device to enter electrical idle
and wait for the required minimum time.

7-RECOVERY_SPEED3

Recovery.SpeedRequest PHY change speed and wait for PH
finish changing speed.

8-RECOVERY_EQ_PHO

Recovery.EqualizatichPhase 0

9-RECOVERY_EQ_PH1

Recovery.EqualizaticnPhase 1

10-RECOVERY_EQ_PH2

Recovery.EqualizaticnPhase 2

11-RECOVERY_EQ_PH3

Recovery.EqualizatichPhase 3

5—Disable 0—-DISABLE_INACTIVE The substate isDISABLE_INACTMEenever the LTSSM Major
state is notDisable
1-DISABLEO Disable-Transmit 16 to 32 TS1 Ordered Sets with Disable Lin
asserted.
2-DISABLE1 Disable- Transition to Electrical Idle.
3-DISABLE2 Disable-Wait to receive arclectrical Idle Ordered Set and min
time of TX_IDLE_MIN afterwards.
4 -DISABLE3 Disable-Wait until a Disable exit condition occurs.
6 —Loopback 0—-LOOPBACK_INACTIVE The substate isSLOOPBACK_INACTWHeNnever the LTSSM

Major state is notLoopback

1-LOOPBACK_ENTRY

Loopback.Entry- Loopback entry state Loopback Leader may
be required to Tx Loopback TS OS before continuing or speed
may need to be changed before beginning loopback.

2—-LOOPBACK_ENTRY_EXIT

Loopback.Entry- Prepare to enter Loopback.Active

3—LOOPBACK_EIOS

Loopback.Entry- Transmit Electrical Idle Ordered Sets to notify]
the link partner that the link is idle. (to change speed).

4—-LOOPBACK_EIOS_ACK

Loopback.Entry- Wait for the Electrical Idle Ordered Sets
transmitted in LOOPBACK_EIOS to exit the core.

5-LOOPBACK_IDLE

Loopback.Entry Stay in Electrical Idle for required minimum
time.

6—-LOOPBACK_ACTIVE

Loopback.Active

7—-LOOPBACK_EXITO

Loopback.Exit Tx Electrical Idle

8 -LOOPBACK_EXIT1

Loopback.Exit Stay in Electrical Idle for required minimum tim
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LTSSM Major State LTSSM Sub-state Description
7 —Hot Reset 0—-HOT_RESET_INACTIVE The substate isHOT_RESET_INACTMEnever the LTSSM
Major state is noHot Reset
1-HOT_RESET_HOT_RESET Hot Reset-asFollower
2—-HOT_RESET_ LEADER _UP Hot Reset-as Leader with Link Up
3-HOT_RESET_ LEADER _DOWN | Hot Resetas Leader with Link Down
8-TX LOs 0-TX_LOS_INACTIVE The substate isTX_LOS_INACTIWEenever the LTSSM Major
state is nofTX LOs
1-TX_LOS_IDLE Tx_LOs.Idle-Idle
2-TX_LOS TO_LO Tx_LOs.Idle Exiting TX LOs; wait for PHY to indicate exit from
complete
3-TX_LOS_FTSO Tx_LOs.FTSTransmit requested NFTS.
4-TX _LOS_FTS1 Tx_LOs.FTSTransmit additional FTS required by Cfg Register
Extended Sync.
9-L1 0-L1 INACTIVE The substate isL1_INACTIMEhenever the LTSSM Major state
notL1
1-L1 IDLE L1.ldle
2-L1_SUBSTATE L1.1 or L1.2 depending uptiigher level Power Management
State Machine control.
3-L1 TO_LO L1.ldle- Exiting L1; wait for PHY to indicate exit from L1
complete.
10-L2 0-L2_INACTIVE The substate isL2_INACTIMEhenever the LTSSM Major State
notL2
1-L2_IDLE L2.ldle-Idle
2—-L2_TX_WAKEO L2.TransmitWake Transmit a Beacon until remote device exits
electrical idle.
3-L2_TX_WAKE1 L2.TransmitWake Assert Tx Electrical Idle before changing
power state to P1.
4-1L2_EXIT L2.ldle- L2 exit; waituntil PHY finishes power change out of L2
5-L2_SPEED L2.ldle- Change speed if required before going to L2.

2.4.3.2. RX LOs State Machine

The Rx_LOs State Machine follows the LOs state of the receiver. The Rx_LOs State Machineiogepatedently of the

main LTSSM, which controls the state of the transmitter.

Table 2.6. RX LOs State Description

LTSSM Sub-state Description

0—-RX_LOS_LO Thesubst at e i s

“RX_LOS_LO”

whenever the receiyv

1-RX_LOS_ENTRY Rx_LOs.Entry

2—RX_LOS_IDLE Rx_LOs.ldle

3-RX_LOS_FTS Rx_LOs.FTS

4—RX_LOS_REC

Rx_LOs.FTSWait until LTSSM Major State Recovery due to Rx LOs exit error
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2.5. PHY Equalization (8 GT/s)

Operating at 8 GT/s data rate requires an equalization process to be completed before data can be reliably transferred. The
Lattice PCl&8IP Core supports both the autonomous equalization and softveardrolled equalization methods.

When equalization is initiated either through the autonomous or software mechanism, the core Link Training and Status
State Machine (LTSSM) enters recovery to perform equalization. Equalization is done for both directions of the link. The
Equalization proess consists of requesting several sets of transmit coefficients for the remote device to use, evaluating the
quality of each set of coefficients, and then choosing the best coefficient set for operation.

The Lattice PCk8BIP Core supports PHY using the Figure of Merit and Up/Down Equalization feedback methods established
by the PIPE Specification, as well as an option for direct firmware control/status. The Lattie® PQT®re implements
several equalization algorithms that enable users to select the method that works best for the project.

2.5.1. Equalization Process

Equalization is done for both directions of the data flow:
1 Remote Transmitter to Local Receiver

f Equalization is controlled by the Il ocal device using
1 LocalTransmitter to Remote Receiver
1T Equalization is controlled by the remot device with

e
Transmitter to Remote Recei vinNLIyhkpRESS GINK ep groii mdyi @alu
the core based upon received requests from the remote
nebWA LISYGEgYBESYVhEs, no external action is required.

2.5.2. Equalization Time Limit

The equalization state machine follows the PCI Express timeout of 24 ms. You must ensure that the selected method is able
to complete equalization within 24 ms, or the process is aborted and considered unsuccessful.

100pus 0.1 m3 should be reserved for each equalization attempt for the LTSSM to communicate the new settings to the
remote device and to receive acknowledgement of those settings.

If a PHY takes 2 ms to evaluate each setting and 0.1 ms is reserved per setting for LTSSM, only 11 settings may be evaluated
during equalizationZ.1 msx 11 == 23.1 ms Since a final evaluation (with the best of the trial settings) is typically required
to finalize the process, a maximum of 10 different trial settings may be evaluated in this case.

The PHY vendor must specify the required time to complete an equalization evaluation. If the PHY vendor does not specify a
limit, the worst case of 2 ms must be assumed and a maximum of 10 different settings may be attempted. The smaller the
amount of timethe PHY takes to evaluate a setting, the more settings can be attempted.

2.5.3. Equalization Methods

The Lattice PCk8BIP Core implements a flexible Equalization process that enables users to exercise control over the choice
of equalization coefficients requested of the remote device.

Each method requires expressing #rersor and Postursor Coefficients. Coefficients are expressed as a positive integer
ratio c: ¢[5:0]/64 For example, c[5:0] == 8 yields a ratio 8/64 or 0.125.

The remote PCI Express device advertises its PHY's Full
the desired coefficients are used to compute the required coefficient format that is expressed to the remote device. The
Lattice PCl&8IP Core does not violate the following PCI Express Coefficient rules. If violated, it limits the coefficient to its
maximum allowed value:

T |IC1|] < Floor (FS/ 4)

1 Co{C-1J-| C+1 | = LF

1 |C-1+CO+|C+1|=FS

The Core applies the three rules above in the order illustrated. Th&€Ergor and Postursor coefficient absolute values
are used in computations. The P@rsor (€1) is limited to Floor (FS/4). Then the RGstrsor (C+1) is limited to (FEE)/2)—

C1 (solving the latter two equations for C+1). Then the Cursor (C0) is computed to-l21~SC+1. The Lattice PG{81P

Core supports both Figure of Merit and Up/Down PIPE PHY Equalization Methods.

The available Equalization algorithms are described in the following sections.
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2.5.3.1. Figure of Merit — Preset Method

TX Preset (as defined by PCle Specification) is sweep from Presets from Preset[0] to Preset
[preset_method_control_addr_limit] and Figure of Merit for each preset is determined. The PCle Specifications defines
presets 0x0 through OxA. Although, OxA preset is intended as a diagnostic preset and generally should not be included.
Al O sE * &K E ANMDOAOGAOMI ACET AmMAT T OOT 1 mAAAOMI EIl EOK E 7
pre_preset _coef=pre - cursor coef for Preset][i] // See Preset to Coefficient Conversion
post_preset_coef = post - cursor coef for Preset]i] // See Preset to Coefficient Conversion
pre = (pre_preset_coef * RemoteFS) / 64
post = (post_preset_coef * RemoteFS) / 64
/I Core requests link partner PHY Tx use {post, pre} coefficients and then core performs a
Rx EQ Evaluation
try {post, pre}
}

After all €q_preset_method_control_addr_limitttrials are completed, an additional Rx EQ evaluation is executed using
the post and pre coefficients from the trial which achieved the highest Figure of Merit. This final evaluation is skipped if
current coefficients being used are the best coeffitse If the final Figure of Merit meets or exceeds the threshold

configured ineq_fmerit_control_req_feedbackhe Rx Equalization is considered successful; otherwise, it is unsuccessful.

The preset method is optionally configured to communicate the desired preset for the remote device to select appropriate
coefficients and matching presets or by calculating the coefficients equivalent to the preset number and communicating the
coefficientsto the remote device.

When the core is configured to communicate with the preset through the coefficients rather than preset number, the core
uses the coefficients from the preursor coefficient and postursor coefficient columns ihable2.7 to perform the

calculation. The coefficient target, expressed as a real number in parenthesis, is provided along with the rounded to 1/64
coefficient value that is used. The same conversion is also used in the other Figure of Merit methods when uders need
convert from a preset number into the equivalent coefficients.

Table 2.7. Preset to Coefficient Conversion

Preset Encoding De-Emphasis dB Pre-Shoot dB Pre-Cursor Coefficient Post-Cursor Coefficient
0 -6 0 0 (0) 16 ¢0.25)
1 -3.5 0 0 (0) 11 ¢0.167)
2 -4.5 0 0 (0) 13 (0.2)
3 -2.5 0 0 (0) 8 (-0.125)
4 0 0 0 (0) 0 (0)

5 0 2 6 (-0.1) 0 (0)

6 0 25 8 (-0.125) 0 (0)

7 -6 3.5 6 (0.1) 13 (0.2)
8 -3.5 3.5 8 (-0.125) 8(-0.125)
9 0 3.5 11 (0.167) 0 (0)

A Special case: P1@ursor == 0, Pogtursor == (FBF)/2
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The preset method works well with PHY, which take the maximum oft® exaluate equalization settings since only the

10 presets from Preset[0] through Preset[9] are evaluated. The available channels in the PCle Specification is expected to
correspond to one of the preset method that works well with PHY, which takes tk@mam of 2 ms to evaluate

equalization settings since only the 10 Presets from Preset[0] through Preset[9] are evaluated. The preset method is
defined by the PCle Specification to take the maximum of 2 ms to evaluate equalization settings since onBrésets0

from Preset[0] through Preset[9] would be evaluated. Also, all available channels in the PCle Specification are expected to
correspond to one of the PCle preset. Therefore, this method is recommended if users are unsure which method to use to
evalate Preset[0] to Preset[9].

2.5.3.2. Figure of Merit — Algorithm Method

This method sweeps through the possible coefficient values. The Algorithm Method enables complete coefficient range
coverage at the expense of longer run tingoefficientcoverage ranges from coarse to fine depending upon how many
iterations can be tried before the 24 ms Equalization time out.

pre_cursor_limit = eq_alg_method_control_pre_cursor_limit
post_cursor_limit = eq_alg_method_control_post_cursor_limit
pre_cursor_step_size = eq_alg_method_control_pre_cursor_step_size
post_cursor_step_size = eq_alg_method_control_post_cursor_step_size
Al O sPOAMAT AE > &K DPOAMAT AZLZ ., DPOAMAOOOI Omi Ei EOK DOAMAT AAE
Al O 5Dl OOMAT AE " &K BT OOMAT AZEZ . Pl OOMAOOOI Omi Eil EOK bBT 00
post_cursor_step_size) {
pre = (pre_coef x RemoteFS) / 64
post = (post_coef x RemoteFS) / 64
/I Core requests link partner PHY Tx use {post, pre} coefficients and then core
performs a Rx EQ Evaluation
try {post, pre}
}
}

After all trials are completed, one additional Rx EQ Evaluation is executed using the {post, pre} coefficients from the trial
which achieved the highest Figure of Merit. If the final Figure of Merit meets or exceeds the threshold configured in
eq_fmerit_cotrol_req_feedback, the Rx Equalization is considered successful otherwise unsuccessful. This final evaluation
is skipped if the current coefficients being used are the best coefficients.

Notes:

1 PreCursor coefficients (pre) from 0 to 16 (0 to 0.25) are possible.

1 PostCursor coefficients (post) from 0 to 32 (0 to 0.5) are possible.

Stepping through all 17 {D6) PreCursor values and all 33-82) PostCursor values takes 561 iterations. Step size is
increased to walk through the values more quickly (and coarsely). Limits are lowered to exclude larger values that are less
likely to produce the desired results.

Example:
1 Steps of 4 for Pr€ursor and 8 for Post Cursor with Limits == 16 and 32 respectively requires 25 iterations.
1 Steps of 8 for Pr€ursor and 16 for Post Cursor with Limits == 16 and 32 respectively requires 9 iterations.

Caution: Be careful when assigning eq_table_method_control_addr_limit not to exceed the Equalization time limit. Refer to
Equalization Time Limsétection for more details.

The Algorithm Method works best with PHY, which take significantly less than the maximum of 2 ms to evaluate equalization
settings so that the fine step sizes can be used.

2.5.3.3. Figure of Merit — Table Method
This method selects and sweeps the preset or coefficients configured in the table.

Al O sE " &K E ., ANmOAA]I Ami AGET AmAT T OOT 1 MmAAAOMI EIl EOK E " E
/I Read the current table entry
table_pre = eq_table_method_table_array[(ix16)+5:(ix16)+0]
table_post = eq_table_method_table_array[(ix16)+11:(ix16)+6]
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table_interpret = eq_table_method_table_array|[(ix16)+13:(ix16)+12]

table_best = eq_table_method_table_array[(ix16)+14] /I unused in
this method

/I Interpret the table entry

if ( table_interpret == 0) { // Current table entry specifies a preset

pre_preset_coef=pre - cursor coef for Preset[table_pre[3:0]] // See Preset Method for
coefficients used
post_preset coef = post - cursor coef for Preset[table_pre[3:0]] // See Preset Method for

coefficients used
pre = (pre_preset _coef x RemoteFS) / 64
post = (post_preset_coef x RemoteFS) / 64
} else { // Current table entry specifies coefficients
pre = (table_pre[5:0] x RemoteFS) / 64
post = (table_post[5:0] x RemoteFS) / 64
}
/I Core requests link partner PHY Tx use {post, pre} coefficients and then core performs a
Rx EQ Evaluation
try {post, pre}
}

After all (eq_table_method_control_addr_limit+1) trials are completed, one additional Rx EQ Evaluation is executed using
the {post, pre} coefficients from the trial which achieved the highest Figure of Merit. This final evaluation is skipeed if t
currentcoefficients being used are the best coefficients. If the final Figure of Merit meets or exceeds, the threshold configured
in eq_fmerit_control_req_feedbadken Rx Equalization is considered successful otherwise unsuccessful.

Notes:

1  PrecCursor coefficients (pre) from 0 to 16 (0 to 0.25) are possible.

1 PostCursor coefficients (post) from 0 to 32 (0 to 0.5) are possible.

In this method, you specify up to 24 Preset/coefficients to try and may select the preset/coefficients that are most likely t
work for the given PHY.

The Table Method works well for users that know the range of coefficients, which typically works well for the PHY since the
table values can be concentrated on coefficient ranges that are more likely to work well. The Table Method also provides a
lot of flexibility and can be configured easily.

Caution: Be careful when assignirg)_table_method_control_addr_limitot to exceed the Equalization time limit. Refer to
Equalization Time Limsiection for more details.

2.5.3.4. Figure of Merit — Adaptive Table Method

This method sweeps through the usgrovided table with adaptive coefficient selection. The Adaptive Table Method is
similar to the Table Method and uses the same wsa@rfigured table. Although, the Adaptive Table Method may be
configured to select lattecoefficients dynamically from the results of earlier equalization evaluations.

/I Initialize the current Up/Down best coefficient pair {best_post, best pre} to {0,0}
best_pre = 0; best_post = 0; best_fom = 0;

/I Initialize the current Relative best coefficient pair {rel_best_post, rel_best pre} to {0,0}
rel_best pre =0; rel_best post = 0;

Al O sE » &K E ., ANMOAAI Ami AGET AmMAT T OOT 1 MmAAAOMI EIl EOK E " E
/I Read the current table entry
table_pre = eq_table_method_table_array[(ix16)+5:(ix16)+0];
table_post = eq_table_method_table_array[(ix16)+11:(ix16)+6];
table_interpret = eq_table_method_table_ array[(ix16)+13:(ix16)+12];
table_best = eq_table_method_table array[(ix16)+14];

/I Interpret the current table entry
if (table_interpret == 0) { // Current table entry specifies a preset
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pre_preset_coef =pre - cursor coef for Preset[table_pre[3:0]]; // See Preset Method for
coefficients used
post_preset coef = post - cursor coef for Preset[table_pre[3:0]]; // See Preset Method

for coefficients used
pre = (pre_preset_coef x RemoteFS) / 64;
post = (post_preset_coef x RemoteFS) / 64;
} else if (table_interpret == 1) { // Current table entry specifies coefficients
pre = (table_pre[5:0] x RemoteFS) / 64;
post = (table_post[5:0] x RemoteFS) / 64;
} else if (table_interpret == 2) { // Table entry contains relative coefficient offsets
pre = table_pre[5] ? (rel_best_pre - table_pre[1:0]) : (rel_best_pre + table_pre[1:0]);
post = table_post[5] ? (rel_best_post - table_post[1:0]) : (rel_best post +
table_post[1:0]);
dz A1 OA Dz YY 50A OEA DOEI O AOAI OAOGETTRO 0(9 5bDYS$SI xI &AAA
table_post
if (prior trial used (table_interpret == 3)) {// Use prior trial feedback when
continuing (table_interpret==3)
AAOA s500EiI O OOEAI RO DPOAAEOY
10 : pre = best_pre Z 1,
01 : pre = best_pre + 1;
default : pre = best_pre;

endcase

AAOA s500EiI O OOEAI RO DPI OOAEOS
10 . post = best_post Z 1,
01 . post = best_post + 1;
default : post = best post;

endcase

} else { // Begin (table_interpret == 3) trials from the current best coefficient pair
pre =best pre; post = best_post;
}
}
/I Core requests link partner PHY Tx use {post, pre} coefficients and then core performs a
Rx EQ Evaluation
{fom, postdir, predir} = try {post, pre} // fom == Figure of Merit feedback; post/predir ==
directional feedback
/I Better result or, when using Up/Down feedback, the most recent trial is always
considered the best
EA ss A1 « AAOOmAI I s y 5 O0AAI AMET OAOPOAD 77 tss Dz
best fom = fom
best pre = pre
best_post = post
}
if (table_best == 1) {
rel_best pre = best _pre
rel_best post = best_post
}
if ((table_interpret == 3) and ({postdir, predir} == {0, 0}) and core configured to end on
hold) // {Hold, Hold}
exit for i loop

}
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After all €q_table_method_control_addr_limit}trials are completed, one additional Rx EQ evaluation is executed using the
{post, pre} coefficients from the trial, which achieved the highest Figure of Merit. If the final Figure of Merit meeatsaxigx

the threshold configured ireq_fmerit_control_req_feedbackhen Rx Equalization is considered successful otherwise
unsuccessful. This final evaluation is skipped if the algorithm ends using table_interpret == 3 (Up/Down Feedback)tor the bes
coefficientsare already in use.

Notes:

1 PreCursor values (pre) from 0 to 16 (0 to 0.25) possible.

9 PostCursor values (post) from 0 to 32 (0 to 0.5) are possible.

The Adaptive Table includes 24 table entries.

While performing the algorithm, coefficient subtractions are limited to 0, coefficient additions are limited to 63 and
coefficients are limited (as in all cases), when necessary, to comply with the PCle Specification coefficient rules.

The Adaptive Table Methochnperform a coarse search to quickly identify the region with the best Figure of Merit and to
select the best specific coefficients in that region with a-fineined search. The Adaptive Table Method works well for a
broad range of conditions. Although vitorks best when 10 to 20 iterations are possible so that it has time to select the best
coefficients.

The Adaptive Table Method is very flexible and supports many different use models. The following use models are suggested:

1 Coarse Figure of Merit search followed by fine flit¥cted Up/Down search.

1 Fill the first N table entries with presets or coefficients that are widely dispersed setting interpret == 0 (absolutg Preset
or 1 (absolute coefficients) as desired. Choosing Presets/coefficients that coarsely cover the coefficient space is
recommendedSet best == 1 on all N table entries. This results in the following Up/Down feedback evaluations starting
from the preset/coefficients that received the highest Figure of Merit in the first N trials.

T Fill the next M table entries with pre == 0 (unused), |
Up/Down Feedback), and best=0. This results in M trials where the PHY controls the next coefficients through its
Up/Down/Hold feedback.

1 The algorithm finishes the M trials and then exits Equalization. However, an early exit occurs if
eq_table_method_control_end_on_hold==1 and all lanes provided a {Hold, Hold} response.

1 Coarse Figure of Merit search followed by fine Figure of Merit search.

9 Fill the first N table entries with presets or coefficients that are widely dispersed, setting interpret == 0 (absolute
Preset) or 1 (absolute coefficients) as desired. Choosing Presets/coefficients that coarsely cover the coefficient space is
recommendedSet best == 1 on all N table entries. This results in the following relative offset evaluations starting from
the Preset/coefficients that received the highest Figure of Merit in the first N trials.

1 Repeat the following sequence as many times as desired and the Equalization time limit allows.

9 Fill the next four table entries with relative offsets moving up, down, right, and left by 1 and setting best==1 on only the
fourth table entry:
T pre == 01 (+1), post == 00 (+0), interpret == 2 (rele
T pre =E) 20pdst == 00 (+0), interpret == 2 (relative),
T pre == 00 (+0), post == 01 (+1), interpret == 2 (rele
T pre == 00 (-4Q), ipaetrpr=et2&=(2 (relative), best =1

1 After eachfour-table entry iteration, the coefficient may move up to 1 pre or 1 post from the prior best coefficient pair
and the new best coefficient pair is selected as the new relative starting location for subsequent iterations. After three
iterations of four table entrie each, it is possible for the algorithm to move pre or post up @ ffom the starting
best coefficient pair established by the first N trials.

1 This algorithm can be modified to move in initially larger relative steps (for example, +2 instead of +1), to use different
combinations of relative step directions, or to use more offsets in each trial. Additionally, other offset shapes can be
utilized. For example, using a combination of X shape ({+1,+1}1{+¥%1,-1}, £1,+1} relative movements and + shape
({+1,0}, 1, 0}, {0,+1}, {61} relative movements enables the coefficient space to be covered more or less quickly and
more or less completely.

The Adaptive Table Method is flexible enough to reproduce the other Equalization Methods. However, the other methods
have been kept due to the simplicity to which they can be enabled and configured.

Caution: Be careful when assignirg)_table_method_control_addr_limitot to exceed the Equalization time limit. Refer to
Equalization Time Limstection for more details.
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2.5.3.5. Up/Down — Up/Down Convergence Method

The Up/Downconvergence method supports PHYs that provide Up/Down feedback respbinedJp/Down Convergence

Method is described as follows:

1 Request the remote device to use an initial set of coefficients. These coefficients can be programmed uniquely for each
lane or alternatively, the first coefficients can be provided as a preset.

1 After the remote device begins transmitting with the new coefficients, the PHY is told to evaluate the receive waveform
(RxEval). The PHY then provides the up/down response for theupser and postursor coefficients.

1 The state machine adjusts the peerrsor and postursor coefficients based on the feedback from the PHY. It starts
with larger adjustments (initialized with eq_updn_pre_step and eq_updn_post_step). Each time the feedback changes
up/dn direction, the stefsize is halved until it is equal to 1. When the step size is 1 and a direction change occurs in the
feedback, then the coefficient is considered converged.

1 If any coefficient changes value, the alternate coefficient is allowed to continue to change, even if previously converged
since the two coefficients work together.

1 If a hold result is received from the PHY, then the coefficient is considered converged. In some PHYs, two hold results in
a row must be seen to be considered a hold since only one coefficient is evaluated with each request (the other having
a null hold satus). In this case, the configuration bit eq_updn_numhold must be set to 1 so the state machine knows to
look for two holds.

1 Once both coefficients on all active lanes reach convergence, the equalization is complete.

2.5.3.6. Up/Down - Firmware Controlled Method

The Firmware Controlled Method is described as follows:

1 The Lattice PCk8BIP Core is configured for Firmware to receive an interrupt at the beginning of Rx Equalization
(Phase 2 entry for US port and Phase 3 entry for DS port). When an Interrupt is received by Firmware, the Firmware
begins a timecritical processing loop to perform Rx Equalization in a minimum amount of time as there is a PCle
Specificatiormandated 24 ms$ime limit to complete Rx Equalization.

1 Firmware receives interrupt and begins Rx Equalization evaluation.

/I Firmware keeps performing Equalization trials until Rx Equalization is complete
done =0
while (done == 0) {
Firmware calculates a coefficient pair to try
&EOI xAOA xOEOAO OEA OOEAI AT AxEEFEAEAT OO ET Oi OEA Al OAR
begin an evaluation
Firmware enters a polling loop to wait for the core to complete the requested
evaluation {
Core negotiates with the link partner to change to the desired coefficients
Core performs an Rx Equalization evaluation
Core updates Equalization status registers with the results of the evaluation
Core sets Equalization status register complete == 1 to inform firmware that the
evaluation is done
Firmware reads complete == 1 while polling and exits the polling loop
}
Firmware reads Equalization status registers to obtain Rx Equalization status
if Firmware is satisfied with the Equalization status {
&EOI xAOA OAOO OEA AT OARO Al i Pl AGA” " OACEOOAO O1I Aw
done=1
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1 Firmware may configure the core to output interrupts instead of Firmware polling for Equalization completion.
Firmware may configure the core receive an interrupt each time that the core is ready to receive a new set of
coefficients. Whichever method islseted, Equalization must complete in < 24 ms to avoid the PCle Specification
required LTSSM timeout, so it is critical that the Firmware algorithm be designed to be able to complete within the time
period. Refer tdEqualization Time Limsection for more details.

2.5.4. Equalization Quality

The Figure of Merit Equalization processes rely on the PHY to perform Receiver Equalization using the current remote
transmitter settings and produce a quality result (pipe_eq_rx_eval_feedback_fom) that can be used to gauge the quality of
the link. Qualityis defined by the PHY. For the Figure of Merit method, the core contains a field in Management Interface to
determine what PHY quality level corresponds to the necessaf21Bit Error Rate (BER). For the Figure of Merit method,
higher quality numbers mresent better link quality (lower BER).

When using the Up/Down Convergence method, the acceptable link quality is assumed when the PHY converges on a set of
coefficients or exits its algorithm due to reaching the programmed maximum iteration count.

2.6. Multi-Function Support

The Lattice PCk8IP Core supports 1 to 4 functions. The Médtinction support can only be enabled for endpoints
(functions implementing Type 0 Configuration Space).tBeéunction register Ox&r the register configuration.

When Multiple Function support is present, each function is assigned a static function number, starting at function number
0 and incrementing upwards. For ports that communicate funeipacific information, port[0] applies to Function[0],

port[1] appliesto Function[1]. If a function is disabled, it does not affect the function number of the other enabled

functions. Function [0] is always present and cannot be disabled.

2.7. Power Management

2.7.1. Power Management Supported by PCle IP Core

The Lattice PCbh8BIP Core supports LO, ASPM LOs, ASPM L1, L1 PM Substates, L1, and L3 link statespé@ijfarigl

state) and L3 (off) support is always enabled. The remaining link states may be enabled/disabled through the Core
Configuration ports. If ASPM LOs, ASPIMand L1 PM Substates, or L1 support is enabled, then the user design must
configure the power management capabilities of the core and for some link states, take additional action when link states
are entered or exited. This sectioestribes the recommended actions user logic should take to control and react to power
management states ASPM L0Os, ASPM L1, and L1.

The PCI Express Specification defines the following link states:

1 LO-Active
T Powered
T Clock and PLLs active; core clock active
T Al PClI Express Transactions and operations are enabl

1 ASPM LOs Low resume latency, energy savistgndbystate
T Powered

T Clock and PLLs active; core clock active
T PHY transmitter in electrical i dl e
T Remote PHY receiabéri shustymbel | ock during LOs exit
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T When LOs is enabled by power management software, the
the Iink ilsOd dwhee mntdh eerxé tiss pending information to tr
required to be transmitted periodically so when a | in

I i

transmit nk management DLLPs.
1 ASPM L% Low resume latency, energy savistgndbystate

T Powered

T Clock and PLLs active; core clock active

T Significant portion of PHY powered down

f PHY transmitter in electrical i dl e

T PHY receiver in electrical i dl e

1 Deeper power savings but |l onger resume time than ASPN

T Remote and | oecsatla bPIHYs hmussytmbroel | ock during L1 exit

T When ASPM L1 is enabled by power management software,
link partner after an extended period of link inactiv
the I'ink has TLPs to transmit.

1 L1-Higher latency, lower powestandbystate

T Powered

T Clock and PLLs active; core clock active

T Significant portion of PHY powered down

T PHY transmitter in electrical i dl e

T PHY receiver in electrical i dl e

T Remote and | oecsatla bPIH Ys hmussyt mbroel l ock during L1 exit

T The L1 state is entered both under control of power n
T L3Off

T Main power off,; auxiliary power off

T I'n this state, all power is remowepdrabhdobhhe core, PHY
T Al state information is | ost

2.7.2. Configuring Core to Support Power Management

The Lattice PCle#8Cor e al |l ows user |l ogic to implement a wide vari
power management capabilities are primarily advertised and contraldgcore configuration ports.

2.7.3. APSM LOs

The Lattice PCk8BIP Core supports Active State Power Management (APSM) LOs. When LOs support is enabled, ASPM LOs
TX Entry Time, the desired amount of time for TLP and DLLP transmissions to be idle before LOs TX is entered, is determined
by mgmt_ptl_pm_aspm_lI0s_entry_tim&he Number of NFTS sets required by the local PHY to recover symbol lock when
exiting LOs is determined by mgmt_tlb_ltssm_nfts_nfts. NFTS Timeout Extend, mgmt_tlb_ltssm_nfts_to(se¢end
Table5.12), controls how long the core waits after the expected LOs exit time before directing the link to Recovery to
recover from a failed LOs exit. Due to high | atencies be
is normally necessatp choose a relatively high NFTS and NFTS Timeout Extend. See mgmt_tlb_ltssm_nfts_to_extend
description(Table5.12) for details.
1 Configuration Register Fields
T The PCI Express Device Capabilities configuration reg
1 Bits [8:6]- Endpoint LOs Acceptable Laterelfrom PCl Express Base Specification, Rev 2.1 sectior 7.8.3
Acceptable total latency that an Endpoint can withstand due to the transition from LOs state to the LO state. It
is essentially an indirect measwef t he Endpoint’s internal buffering.
reported LOs Acceptable Latency number to compare against the LOs exit latencies reported by all components
comprising the data path from this Endpoint to the Root Complex Root Baketermine whether ASPM LOs
entry can be used with no loss of performance. Note that the amount of buffering does not refer to the Lattice
PClex8IP Core buffering, but rather to user application buffering. You must set this field in accordance with
how long a delay is acceptable for the application.
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1 000—Maximum of 64 ns
1 001-Maximum of 128 ns
1 010—Maximum of 256 ns
1 011-Maximum of 512 ns
! 100-Maxi mum of 1 pus
! 101-Maxi mum of 2 pus
! 110-Maxi mum of 4 pus
1 111-No limit
1 NonEndpoints must hard wire this field to 000
T The PCI Express Link Capabilities configuration regi s

1 Bits[14:12} LOs Exit LatencyLength of time required to complete transition from LOs to LO:

000-Less than 64 ns

001-64 ns to less than 128 ns

010-128 ns to less than 256 ns

011-256 ns to less than 512 ns

100-512 ns to less than 1 upus

101-1 yse |l ess than 2 wuys

110-2 -Adspys

111-Mor e than 4 pus

Exit latencies may be significantly increased if the PCI Express reference clocks used by the two devices in

the link are common or separate.

1 Bits[11:10}- Active State Power Management (ASPM) Supparstbe set to 01 or 11 if LOs support is
enabled or 00 otherwise.

=4 =4 -8 4 _a_a_92_°a_-2

2.7.4. APSM L1s

The Lattice PCk8IP Core supports both software controller L1 entry (through the Power State Configuration Register) and
hardware autonomous L1 entry (Active State Power Management (APSM) L1).
1 Softwarecontrolled L1 flow for Upstream Ports (Endpoint) is as follows:

T Software initiates changing a link to L1 by writing t
Configuration Register to a value other than 00 == DO
process and musftf iecn siusr ei dlheatb eafldr et rpper mi tting the sys

T When the core detects a-DOhamdaeqgf thhewernr &t at @ otwer a mmada
which is respodeiviell e pfoowre rt hmea ntaiggehmemt pr ot ocol , foll o\

Block further TLP transmissions

Wait for all in process TLPs to complete transmission

Wait for the Replay Buffer to empty (all transmitted TLPs acknowledged)

Core transmits PM_ENTER_L1 DLLPs until receiving a PM_REQ_ACK DLLP from remote device

Core directs LTSSM state machine to L1

When a TLP is pending or the LTTSM state machine indicates L1 state has been exited due to link partner
activity, the core returns to LO.

1 Configuration Register Fields:

T The PCI Express Device Capabilities configuration reg

1 Bits [11:9} Endpoint L1 Acceptable Lateneyrrom PCI Express Base Specification, Rev 2.1 sectior TH8s3
field indicates the acceptable latency that an Endpoint can withstand due to the transition from L1 state to the
LO state. Itisessentiallyann di r ect measure of the Endpoint’s inter
uses the reported L1 Acceptable Latency number to compare against the L1 Exit Latencies reported (see
below) by all components comprising the data path from this Endpoittiedroot Complex Root Port to
determine whether ASPM L1 entry can be used with no loss of performance. Note that the amount of
buffering does not refer to Lattice PGI81P Core buffering, but rather to user application buffering. You must
set this field in accordance with how long a delay is acceptable for the application.
f 000-Maxi mum of 1 pus
f 001-Maxi mum of 2 pus

= =4 —a 8 8 -2
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1 010-Maxi mum of 4 pus
T Oll1-Maxi mum of 8 pus
T 100-Maxi mum of 16 us
T 101-Maxi mum of 32 wus
T 110-Maxi mum of 64 wpus
1 111-No limit
1 NonEndpoints must hard wire this field to 000.
T PClI Express Link Capabilities configuration register

1 Bits[17:15}- L1 Exit Latency Length of time required to complete transition from L1 to LO:

f 000-Less than 1 wus

T 001-1 ps to |l ess than 2 ps

T 010-2 ps to |l ess than 4 ps

T 011-4 ps to |l ess than 8 ps

T 100-8 ps to |l ess than 16 pus

f 101-16 pus to |l ess than 32 us

T 110-3 2 -6pyds s

1 111-Mor e than 64 pus

1 Exit latencies may be significantly increased if the PCI Express reference clocks used by the two devices in

the link are common or separate.
I Bits[11:10}- Active State Power Management (ASPM) Supparstbe set tolOor 11if L1 support is enabled
or 00 otherwise.

1 Hardwareautonomous L1 (ASPM L1) entry is initiated only by Upstream Ports (Endpoint). The core ASPM L1
functionality must be enabled and advertised in PCle Link Capabilities and software must enable ASPM L1 support in
order for the hardwareautonomous L1o be negotiated. When ASPM L1 support is present and enabled for an
Upstream Port, the core requests the link to be directed to L1 using the ASPM L1 protocol, when the link is idle. The link
idle refers to the no TLPs or ACK/NAL DLLPs being transmitted.

2.8. DMA Support

The Lattice PCle x8 IP Ches a DMA Bridg€orethat implements higkperformance DMA andridging between PCI
Express and AXfollowing ardhe key features of theDMA Bridge Core.
1 AXI Managenterface
T Hi gper formance AXI|I 4 Manaderi digee amnmndp IDavtAe t R @Qlne atcd i AXls .
T 64it address support
T I'ncludes support fortruapnstioat8i oPnCsl.e t o AXlI addr ess
1 AXISubordinatdnterface
T Hi pler for mance AXXd 4c Gmploetde nAXle to PCle bridge transac
T 64it address support
T Includes support for up to 8 AXI to PCle address tran
1 Highperformance MultiChannel DMA
T Up to 6hdanDhMA s support
T Each DMA channel suppottandgfdirections of DMA dat a
1 PCletdPCle, PCle to AXI, AXI to PCle, and AXI to AXI

Note: For bridge core support, user needs to ensure that an additional BAR (BB¥5) is enabled.

2.8.1. DMA Scatter-Gather and Status Queues

The DMA Channels can perform ScatBather separately for the DMA Source and DMA Destination. A Source Scatter

Gather and a Destination Scatter Gather Queue is managed by software and the DMA Channel to describe the desired DMA
operations. The DMA Queuefisters describe the Starting Queue Address Offsets, Queue Size, and communicate flow
control ownership between software and the DMA Channel hardware.
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Software provides Source and Destination Queue elements to the DMA Channel to enable the DMA Channel to perform a

DMA operation. When the DMA Channel is enabled, the available Source and Destination Queue elements are fetched into

a small internal bufferpn need, to complete the DMA operations.

Queue elements are a fixed size. The address of a particular elementdo¢ie is the queue starting addregkis the
element indexmultiply the element size.

31 ‘ 30

Source Scatter-Gather Queue Elements

29 28‘27|26‘25|24‘23‘22‘21‘20 19

18|17‘16‘15|14‘13|12‘11‘10

g

8|7‘6“5‘4‘3|2‘1|0

Source Address [31:0]
I I

Source Address [63:32]
[ ]

Byte Count

Figure 2.8. Source Scatter-Gather Queue Elements

TheSource ScatteGather Queueslements are 12&its.
[63:0]— Source Address [63:0]
[87:64]—Byte Coun{23:0]

f
f

1

il

0-2"D4t es

[95:88]—Flags [7:0]

il

= =

==

[ 7-BWA Data Rea

d Attri

butes

1 If source is AXI [7:4] is used for m0_axi4_arcaoljg:0]
9 If source is PCle [6:4] is used for PCle Attributes [2:0]

[ 3Reserved.
[ 2) nterrupt

1 1-Generate an interrupt event when thgtatus Queue is written with DMA Completion Statusly valid

when EOP is 1

;. the i

1 0-Do not generate an interrupt

[ LEOP

nterrupt

Wi

be

generated

on

1 1-End of packet; a status Queue Element containing DMA packet completion status is written whenever an
End of Packet is transferred to the DMA Destination
1 0—Not the end of a packet; packets may span multiple Descriptors.

[ GLocati on
 1-DMA data source is AXI
 0-DMA data source is PCle
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1 [111:96]-User Handlg15:0]
T User Handl e Siosircepcie dufemdcnre mehretOiRs 1 i nto the corresp
DMA Compl eti orl Bmalistelea nQluecu ef i el d
1 [127:112]-User I015:0]
T User I D is copi eé&htfhream Qloewrec ee | omeetntterwhen EOP is 1 i n

Compl etion Statuel @Queldda.el ements’ User
Destination Scatter-Gather Queue Elements
31‘30 29 28|27|26|25|2¢1|23|22‘21‘20 19 18‘17‘16‘15‘14‘13‘12‘11‘10 9 8|7|6|E|4|3|2‘l‘0 Byte Offset

Destination Address [31:0] +000h

] O e e S N O O I AN A A I I AN S N
Destination Address [63:32] +004h

N ) O I O N N S N I A A A I AN AN N B
Flags Byte Count +008h

N ) O I I I I I I O I
User ID User Handle +00Ch

N ) ) I s s I S I I O I

Figure 2.9. Destination Scatter-Gather Queue Elements

TheDestinationScatterGather Queueclements are 12&its.
1 [63:0]- Destination Address [63:0]
1 [87:64]-Byte Count [23:0]
T 0-22~24 bytes
1 [95:88]-Flags [7:0]
T [ 7-BWMDat a ANrtirtiebut es
1 If source is AXI [7:4] is used for m0_axi4_arcache_o [3:0]
1 If source is PCle [6:4] is used for PCle Attributes [2:0]
T [32Reserved.
T [ EFFhabl e One Pack$®¢tatBre@Bestki nati on
I 1-Skip to next Destination Scatt&ather element on EOP
1 Whenever an end of packet is transferred (as determined by the SouatteEGather elemenEOP field)
the remaining portion of the current Destinatio&ter-Gatherelement (if any) is not used. The next
packet starts being written into the beginning of the memory described by the following Destination
Satter-Gatherelement.
1 0-—Pack Packets Batb-Back in Dstination ScatteiGather Element
1 When a packet ends without consuming the enfdestinationScatterGather elementthe next packet
beginswill bewritten into the remaining portion of the current Destinati@ctatterGather element
location at the byte following the end of the prior packet.
T [ GLocati on
1 1-DMA data source is AXI
1 0-DMA data source is PCle
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1 [111:96]- User Handle [15:0]
T User Handle is DeptiiedatticCoambBodmethé nased for a packet

t

corresponding Destination DMA Completion Status Queuce
1 [127:112]-Reserved15:0]
Status Queue Elements
31|30 29 28‘27‘26‘25‘24|23|22‘21‘20 19 18‘l7|16|15|l4‘13‘12‘11‘10 9 8|7‘6‘5‘4‘3‘2|1|O Byte Offset
Lower Status +000h
AN I I [ ) I O O B
User ID User Handle +004h
A I I N ) I A s O B
Figure 2.10. Status Queue Elements
TheStatue Queuelements are eitheB2-bit or 64-bit as determined by softwarBMA Channel register programming.
1 [63:48]-User 1015:0]
T User 1 D is copi e&htfhream e3 ccureeqaa Bwsiathb eErGPhe correspondi n
Destination DMA Completiom $tiaetldds.Queue el ement s’ Us €
T User I D use is application specific. The DMA Channel
1 [47:32]-User Handle [15:0]
T DMA Source Compl elsdandtatius SQureicedst hemewiltemem@P
eqaul s1.t o
T DMA Destination Co+wlpsiétdan dlne Sitaatausp iQadck ufe3 wadGa¢thlee f | n al
el emesngd for the packet.
T UsedHandl e use is applicatcioopn edspebsuithott . i Toel MDMASEhahine |
bytes
1 [31] —Upper Status is Nedero
T Forbib#d status el ement seq uplpsew IBeSitQuicutsee is NIN®@ B i EB3h o n
zerolncas@m®yUs ar e onlbyi tc agptadonhiec otfr a3l2s act i ons. For such
bit31: 0] 3ddgdabsgttben soft warQa ekurneo vER Genieanth@mmd uise ad s
stat Us63hi3t2g] -anvalluea in®nreturned. Software must cl ear
them to the DMA Channel , zsa ot huaatt itlh es pudmpg eerd Ptya tau D MAI t
1T ForbiB2 status el ements, this field is unused and al wa

1 [30:4]-Completed Byte Count [26:0]

T The poasmgelies rD byt 2 "QQFEDY o 112 8MBDP MAL ebxycteeesd, s qoz2mp2l 7e)t e d
Count | imits at its maximum value. | f -1s amfntdw &kreee pn eaend |2

byte count, then sofftwareénmossmaplier OHdHMAhtramasser s
[3] —Internal Error Detected during DMA Operation
[2] — Destination Error Detected during DMA Operation
[1] —Source Error Detected during DMA Operation
[0] —Completed

= =4 —a -8

2.8.2. DMA Channel Programming and Operation

Each DMA Channel i mpl ements an independen toperatomgsi Redisters s et
are provided for ScatteGather and Completion Status Queue Management and DMA Control and S&¥&Ascegisters

are implemented in structures that can be implemented mostly in RAM to enable large numbers of DMA Channels to be
efficiently supported.

DMA registers are descri bed iWhenNukFuhcbodand/arISRON Bhpableé POl e gi st
Express Cores are used, DMA Channels are allocated in equal portions to each function.

DMA Queues are required to be contiguous memory and address aligned to 64 bytes to enable efficient read/write of
multiple queue elements in one read/write operation. This enables higher DMA bandwidth for smaller DMA transfer sizes
since the overhead of qque management operations can be amortized over multiple small DMA transfers.
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Source and Destination Scatter Gather Queues describe the fragmentation of the Source and Destination memory
respectively. The queues are independent. The DMA Channel merges the information from the queues to perform DMA
operationsconsiderine ach Queue’s fragmentation. Thi-istensivelaskandthe s of t v
necessity to pass the fragmentation information between the PCle and AXI domains.
Prior to enabling the DMA Channel, the Source Sc&tmher Queue, Destination Scatt€ather Queue, DMA Source
Completion Status Queue, and DMA Destination Completion Status Queue must be initialized. The following DMA Channel
Enable sequence is recomnu®d. The process can be completed in any order desired provided DMA Enable is written to 1
last:
1 Verify that the DMA Channel is Idle

T Read DMA Running and verify it reads 0x0.
1 Initialize queue base address and attributes

T Write SRC_Q _PTR_LO and SRC_Q_PTR_HI with the base adoda
T Write DST_Q_PTR_LO and DST_Q_PTR_HI with the base adoda
T Write STAS_ _Q _PTR_LO and STAS_ _Q_PTR_HI with the base a
T Write STAD Q PTR_LO and STAD _Q _PTR_HI with the base a
1 Initialize queue size.

T Write SRC_Q_SIZE to the size of the queue

T Write DST_Q_SI ZE to the size of the queue

T Write STAS_Q_SIZE to the size of the queue

T Write STAD_Q_SI ZE to the size of the queue

T Initialize queue Next pointers to the beginning of the queue

T Write SRC_Q_NEXT = 0x0
T Write DST_Q_NEXT = 0x0
T Write STAS_Q_NEXT = 0x0
T WriSTeAD_Q_NEXT = 0x0
1 Initialize Scatter Gather Queues to the Empty Condition (no DMA operations to execute)
f Write SRC_Q_LIMIT = 0x0
f Write DST_Q_LIMIT = 0x0

1 Initialize Status Queues to the Fully Available Condition (all Status Queue elements except one, which is needed to
preserve software flow control, are available)
T STAS _Q _LIMIT selt) to (STAS_Q_SI ZE
i STAD_Q _LIMIT set)to (STAD_Q_SI ZE
T Initialize all STAS and STAD Queue Elements to 0x0
T DMA Completion Status Queue etlheante nstosf tnwasrte bcea ni ntietlila Iw

compl ete. Stat us -Oelveanheunet swhreent ucronmpal entoen.
1 Optionally Initialize all SRIDADST Scatter Gather Queue Elements
T Source and Destination SGL El ements may be initialize
El ements will not be fetched until they have been fil
gueue’'s LI MIT tmoigntver tdhcevsenedde ments to the DMA Channc¢
T Write DMA Enable = 1 .to enable the DMA Channel

DMA transactions are given to the DMA Channel to execute by writing Source SGL and Destination SGL into the SRC/DST
SGL Queues and incrementing the SRC/DST_Q_LIMIT registers.

When the DMA Channel completes a DMA operation (completes the transfer of a Source SGL that had EOP ==1), the
STAS/STAD Completion Status Queues are updated with the DMA Completion Status and then a DMA Interrupt is generated
(as conditioned by the DMA Qinzel Interrupt Coalesce Count and other registers).

Queue Management registers * PTR_LO, * PTR_HI, *_SIZE, and *_ NEXT must not be written when the DMA Channel is
enabled. The only queue registers that it is permissible to modify while the DMA Channel is enabled is the
SRC/DST/STAS/STAD_Q_LIMIT registerh at@ incremented to provide additional elements for the DMA Channel to
execute.

The minimum Queue Size is 2. This is because software must always retain ownership of one Q element for Flow Control.
The DMA Channeéloesnot execute/use the Queue element pointed to by the Queue LIMIT pointer.
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The mini mum Queue Size must be | arge enough to hold at |
Status Queues are only written when a Source SGL EI ement
transaction)t.oo fs mahlel Quoaubde ciasBGe ft or phasiengl e DMA transac

SGL with EOP == 1 wi |l not be able to be added to the Qu
not be able to frReaseQuUOUuSGE]l eving Mt EOPecan complete (becau
can be given to the DMA Channel unless Queue el ements ar
A Queue Size of N ha s-1].Ror &aneple,a@Siaet 062 has[[0] dnd [1] Eldments. The Qupul wraps

attheNl1 el ement . For example, for a Queue Size of 2 the fol

intended to besetup once and reised for multiple DMA operations. The DMA Queues are designed to enable highly
overlapped transactions. Software can be setting up new DMA operations in the Queue while the DMA Channel is executing
operations that software placed in ttgueue earlier.

The DMA Queues can also be setup for each DMA transaction if desired, although this trettovder performance, due

to the need to reconfigure the queues between DMA transactions. DMA Queues may only be reconfigured when the DMA
Channel is disabled. So, the process wdndavait for all outstanding DM#ransactions for the Channel to complete,

disable the DMA Channel, reconfigure the Queues, andriRble the DMA Channel.

Since the DMA operations to perform are specified by the Source and Destination Scatter Gather Elements that are pointed
to by the Queues, rather thapeing inthe Queues, the Queues do not contain specific DMA transfer information. The same
Queues are then readily t@sed for different DMA transactions.

When a DMA transaction completes (software reads the current DMA Completion Status Queue element and reads Status
== Complete), software processes the resulting DMA data and recycles the Source/Destination SGL Queue elements
associated with the transfer agell as the associated DMA Source/Destination Completion Status Queue elements. Status
Queue elements must be written to 0x0 when recycled since software uses a read-0ffapa Status Queue element as
indication that a DMA transfer completed. Recycdlgdeue elements are rased when the queue LIMIT pointer wraps back

to the position of the recycled elements.

2.8.3. DMA Performance

Table2.8 shows the performance of the PCle Harden DMA. Performance is measured from the start of DMA operation to
until the MSI is received by the host. The values below are based on simulation using multiple descriptors of the same size.

Bigger descriptors can achieve better efficiency as there are less descriptors and data transfer overhead.

2.8.3.1. FPGA-to-Host (F2H) Simulation Transfer

Table 2.8. Simulation Data Throughput Using a Different Descriptor Size for FPGA-to-Host (F2H) Transfer
Descriptor Size Efficiency Throughput
256 kB 77.19% 12.350 ®/s

2.8.3.2. Host-to-FPGA (H2F) Simulation Transfer

Table 2.9. Simulation Data Throughput Using a Different Descriptor Size for Host-to-FPGA (H2F) Transfer
Descriptor Size Efficiency Throughput
256 kB 59.19% 9.470 /s

Note: The throughput is limited because the hardened DMA only utilizes 16 PCle tag for memory read. This is a hard IP
limitation.

2.8.4. DMA Bypass Interface

The DMA Bypass mode allows the received MWr and MRd TLP to be converted to-khgl AXerface. DMA Bypass cycles
can berouted throughany BAR of the PCle memoryexcept for BAR.O

For read access, Read Data Channel #otHVIM is converted to CpID TLP by the IP and transmitted to the host.
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2.9. Non-DMA Support

2.9.1. Non-DMA Overview

linkO_rxp_i/linkQ_rxn_i linkO_rx_data_o[32%n-1:0

Lattice PCle (Endpoint) link0_tx_data_i[32xn-1:0] Software/User Logic Layer
(Non-DMA) -~ (Non-DMA)

4 link0_txp_o/link0_txn_o

Register Interface

Note: n = number of lanes

Figure 2.11. Non-DMA Application Data Flow

For the noADMA design, the PCle EP receives the data througthirtk@ rxp_i/link0_rxn_serial lines from the Root

Complex. The PCle EP converts the serial data in the form of TLP packets. The TLP packets are senfibithe non
application layer through thénkO_rx_data_csignal. The TLP header info is decoded and the operation is decided whether
the data is written or read. For the write operation, the data is written to the RAM present in the application layere For th
read operation, the data is reddom the RAM and sends the encoded data to the PCle EP in the form of TLP packets
through thelnkO_tx_data_kignal.

The register interface is enhanced as per the data interface selected in the user interface.

Table 2.10. Register Access for Different Data Interfaces

Data Interface Register Interface
TLP LMMI
AXIl4_Stream AXIL

2.9.2. Non-DMA Write

The PCle EP sends the header data to theDbIA application layer through thHak0_rx_data_csignal. The application
layer initially verifies the operation by decoding the header information. Once the write operation is detected, the wser dat
is received along with the valid signal from the PCle IP. The valid data is stored in the RAM ptaseaptication layer.

sys_clk_i ’—u—\_,—\_,—\_,—\ij
linko_rx_ready_i[ ] g [
linko_rx_valid o | § o
linkO_rx_sop_o /—\ gg
linkO_rx_eop_o §§ m

link0_rx_data_o[32*AL:0] | | Header | valid dat ) ‘

Figure 2.12. Non-DMA Write Operation (TLP Data Interface)
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2.9.3. Non-DMA Read

The PCle EP sends the header data to-BbtA Application layer through tHskO_rx_data_csignal. The application layer
initially verifies the operation by decoding the header information. Once the operation is detected as read, the application
layer waits for the ready signal sent by the PCle EP. Based on the ready signal and headertlagldis=sgata along with

the valid signal is send to PCle EP by the RAM present in the application layer throligkOthte data_isignal.

sys_clk_i | | \ | \ \ | \ | \ | A | \ \ | \ | \ |
nko_nreacy | 08 R e .
link0_rx_valid_o ﬁ ff
linkO_rx_sop_o E f/
link0_rx_eop_o E f/
inko_ne_data_o [32'n-1:0] Z/7P8_eader Y
link0_tx_ready_o Y (&
link0_tx,_valid i / J \
linkO_tx_sop_i /ﬁ //
linkO_tx_eop._i // /I
link0_tx_data_i [32°-1:0] header ) valf data D

Figure 2.13. Non-DMA Read Operation (TLP Data Interface)

For more details on the TLP write and read data transaction, refer tR#wgster Interface Conversisection.

2.10. Interrupts

2.10.1. Generation of the Interrupts
The Lattice PCle Core IP supports the Legacy Interidptssaged Signaled Interrupts (MSI), and-M$8iterrupts.

For each function in the PCle IP core, the system software configures the function to uXe W& or Legacy Interrupt

mode as part of the PCI enumeration process.

The Legacy Interrupt is supported by the PCle Core to support the backward compatibility by enabling the INTX pins.
Tominimize the pin count, the function can generate the inband interrupt message packet to indicate the assertion and de

assertion of an interrupt pin. These are the MSI and-KIBlterrupts. This interrupt mechanism is used to conserve the pins
because iloes not use separate wires for interrupts.

In this mechanism a single Dword provides the information about the interrupt message§/MSl interrupts are signaled
using MSX/MSI Message TLPs, which you can generate and transmit in the Transmit Interface.

The MSI Interrupt is a posted memory write, which is distinguished from the other memory writes by the addresses they
target, which are typically reserved by the system for interrupt delivery. The MSI Capability structure is stored in the
Configuration Spze and is programmed using Configuration Space accesses.

The MSIX interrupt is the extended version for the MSI interrupts, supporting a greater number of MSI Vectors and the
MSEX capability structure points to an M%ltable structure and an M3I Pending Bit Array (PBA) structure, which are
stored in memory.

Enabling and Disabling of interrupts can be done through PCle IP Core user interface or through Hard IP core configuration
status registers.

Table2.11 describes the register bits to enable and disable each of the interrupts.

Table 2.11. Base Address to Enable Interrupt

Base Address Offset Address Register Bits Description

0x4_4000 (Function 0) Support for Legacy Interrupts
0x4_5000 (Function 1) 0x50 [0 . O0-—Enable

0x4_6000 (Function 2) 1 1-Disable

0x4_7000 (Function 3) Support for MSI Interrupts
0x4_8000 (Function 4) OXE8 [0] 1 O0-Enable

0x4_9000 (Function 5) 1 1-Disable
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Base Address Offset Address Register Bits Description
0x4_A000 (Function 6) Support for MSKInterrupts
0x4_B000 (Function 7) OxFO [0] 1 O0-Enable

Y 1-Disable

2.10.2. Legacy Interrupt

When the legacy interrupts are enabled, the PCle IP core emulates the INTx Interrupts using virtual wire. The term INTx
refers to the four legacy interrupts: INTA, INTB, INTC, and INTD.

Thelink0 _legacy_interrupt_i signal is used to generate Legacy interrupts on the PCI Express link. The link
[LINK]_legacy_interrupt_i has one input for each base (physical) function. When Legacy Interrupt Mode is enabled,
link0_legacy_interrupt_i implements one levsénsitive interrupt (INTA, INTB, INTC, or INTD) for each Base Function. Each
functions interrupt sources must be logically ORed together and inplinle® legacy_interrupt_i [i] for a given function.

Each interrupt source must continue to deia 1 until it has been serviced and cleared by software at which time it must
switch to driving 0. The core ORs together INTA/B/C/D from all functions to create an aggregated INTA/INTB/INTC/INTD.
The core monitors high and low transitions on the aggredddTA/B/C/D and sends an Interrupt assert message on each 0
to 1 transition and an Interrupt deassert message on each 1 to O transition of the aggregated INTA/B/C/D. Transitions,
which occur too close together to be independently transmitted, are merged.

The core asserts tHnkO_legacy_interrupt_o, signal, which is an active high Kaaaled interrupt signal. This interrupt is

asserted by the core, whenever an interrupt is generated by the core implemented PCI Express Capability and Advanced
Error Reporting Capabilitfhelink0_legacy_interrupt_o should be merged with thek0 legacy_interrupt_i signal to

produce the any user interrupt signal.

When a function has M{ or MSI Interrupt Mode enabletinkO_legacy _interrupt_i is not used for that function.

The selection among the four interrupts can be done through the PCle IP core user interface or through register interface as
described inrable2.12.

Table 2.12. Legacy Interrupt Register

Base Address Offset Address Register Bits Description

0x4_4000 (Function 0) Selects which Legacy Interrupt to be used:
0x4_500QFunction 1) 1 O-INTA

0x4_6000 (Function 2) T 1-INTB

0x4_7000 (Function 3) 0x50 [9:8] T 2-INTC

0x4_8000 (Function 4) 1 3-=INTD

0x4_9000 (Function 5)

0x4_A000 (Function 6)

0x4_B000 (Function 7)

2.10.3. MSI Interrupt

The Lattice PCle IP core supports 32 MSI interrupts with a feature of enabling and disabling the vector masking. The MSI
request can be either 3Bit addressable Memory Write TLP or alfitaddressable Memory Write TLP. There are other two
registers calld as Mask Bits Register and Pending Bits Register. Since there is a support for 32 interrupts, the mask bit and
pending register are 3Bit length, each bitepresentsthe masking or pending status for each interrupt. The-MSI

capability structure valueare programmed through the PCI Express configuration space register.

The address is taken from the Message Address and Message Upper Address fields of the MSI Capability Structure, while
the payload is taken from the Message Data field.

The type of MSI TLP sent {B2 addressable or 68it addressable) depends on the value of the Upper Address field in the
MSI capability structure. By default, the MSI messages are sentlais &2dressable Memory Write TLPs. MSI messages
use 64bit addressable Memory Write TLPs only if the system software programs-aeronvalue into the Upper Address
register.

The message control register in the MSI capability Structure, disables and enables the various support in the MSI Interrupt.
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Figure2.14 and Figure2.15 show the MSI Capability Structure variant.

MSI (Memory Write) Transaction
+0 +1 +2 +3 7
7] 6] 5] 4] 3] 2] 1o 7] e[ 5[4 32 [1]o[7[6]5[4a]3]2]1]0[7]6]5[4]3]2]1]0
mt Type R| TC Rl|At [R[T| T |E [Attr | AT Length
B0 11p11 | 00000 tr HD|P|oO 0000000001 _
Requester ID Tag Last DW First DW
Bte 4 0000 1111
Byte 8 —» MSI Message Address [63:32]
| MSI Message Address [31:0] | 00| -
B}'{E 16 / MSI Message Data - |— -— 000h } Data
i ( MSI Capability Structure — ~
|I || 64-bit Addressing MSI Capability Structure \
L V' 16 15 8 7 o
\ ‘ Message Mext Capability Capability ID (05h) DV}':‘O
Controf*- Pointer f
= Message Address [31:0] /DW1
e | Message Address [63:32] DW2
\ Message Data - | DW3
\‘
15 9 8 7 6 4 3 1 0
Reserved Per-Vector | 64-bit Multiple Message Multiple MSI capable
Masking address | Enable Message
capable capable capable
Figure 2.14. MSI Capability Structure Variant
32-bit Addressing MS| Capability Structure
Message Control I Mext Capability Pointer | Capability 1D {05h)

Message Address [31:0]

| Message Data

32-bit Address with Per-Vector Masking

Message Control | Mext Capahility Pointer | Capability 1D {05h)

Message Address [31:0]

Message Data

Mask Bits

Pending Bits

64-bit Address with Per-Vector Masking

Message Control | Next Capability Pointer | Capability ID (05h)

Message Address [31:0]

Message Address [63:32]
Message Data

Mask Bits

Pending Bits

Figure 2.15. MSI Capability Structure Variant
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2.10.3.1. MSI Pending Register
The MSI Pending register is used to report MSI Interrupts that are appended in the user design. MSI Pending is a PCle
Configuration Register in the MSI Capability Structure that software uses to obtain status on pending MSI Interrupt vectors.

The MSI Pending register must be written whenever a MSI
to the associated interrupt vector bit when an interrupt becomes pending and a 0 must be written to indicate that the
interrupt is no loer pending.

The MSI Pending register must be updated whenever the status of your pending MSI interrupts changes. If MSI interrupts
are not used, writing to the MSI Pending Register is not needed.

2.10.4. MSI-X Interrupt

2.10.4.1. MSI-X Capability Structure variant

MSEX allows the support of large number of vectors with independent message data and address for each vector compared
to the MSI Interrupts. It can support tp 2048 vectors per function. The M&ICapability Structure points to an MSI

table structureand an MSK Pending Bit Array (PBA) structure, which are stored in memory. ¥X M&rrupt the vector
information is present in the memory location pointed by the Table Base address Indicator Register (BIR).

Figure2.16 shows the MSK capability structure. The M&linterrupt configuration is done by the PCle Configuration Space
Registers.

31 16 | 15 8 7 0
Message Control Next Capability Pointer Capability 1D (05h)
Table
MSI-X Table Offset BIR
| Pending Bit Array (PBA) Offset PBA
[ BIR

BIR = BAR Index Register

P,

15 14 13 11 | 10 0
M5I-X Enable Function Mask Reserved Table Size inN-1 (RO)
(RW) (RW)

Figure 2.16. MSI-X Capability Structure Variant

The description of each bit in the Message controlled are explained in the section of the PCle Configuration Space Register
configuration for MSK Capabilitystructure. The MSX Capability Structure variant contains information about the-XI Sl

Table and the PBA structure, information such as the pointers to the bases of the Mfble and the PBA structure. The

Table BIR in the Ml Capability Structure inales information about the BAR location that contains the-M$able.

2.10.4.2. MSI-X Table

The MSIX table is an array of vectors and addresses. TheXxM@ible contains four Dwords. Each entry in the-Kigible
represents one vector. The DWO0 and DW1 supply a uniqtst@tidress for that vector and DW?2 is the-Bi2 data pattern
for it. The W3 is the mask bit for the vector and contains only 1 bit at a present.
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DW3 Dw?2 DW1 DWO
Vector Control Message Data Upper Address Lower Address Entry O
Vector Control Message Data Upper Address Lower Address Entry 1
Vector Control Message Data Upper Address Lower Address Entry 2
Vector Control Message Data Upper Address Lower Address Entry N-1

Figure 2.17. MSI-X Table Entries

2.10.4.3. Pending Bit Array

The Pending Bit Array (PBA) is located within the memory address. This can use the satieablI8IBIR value (that is the
same BAR or a different BAR). The PBA can use either qwebd)(64 Dword (32bit) accesses. The PBA table contains the
pending bi information for each interrupt used. Same as MSI interrupts, if the event that the interrupt triggers and if its
mask bit is set, the MS{ transaction is not sent and the corresponding pending bit is set. If the interrupt vector is
unmasked and if thegnding bit is still set, that interrupt is generated.

DW1 DWO
Pending Bits 0 - 63 aw o
Pending Bits 64 - 128 aw 1
Pending Bits 128 - 191 aw 2
Pending Bits Qw (N-1)/64

Figure 2.18. Pending Bit Array

2.10.4.4. MSI-X Interrupts Operation

1 When the MSK interrupts are supported, you need to mention the size and location of theXxM3lble and Pending
Bit Array (PBA) through the PCle CSR and theXMigile and the PBA structure must be implemented at the
application layer.

1 When the MSK Interrupts are generated, itses the contents of the M3l Table (Address and Data) and generate a
Memory Write through the TLP interface.

1 The Host reads the message control register to determine theXMBible size. The maximum entry in the table is 2048
entries. The BAR mentioned in the table BIR can access th¥ dBle.

1 The host sets up the M3 table by programming the address, data, and the mask bits for each entry in the table.

1 When the application generates the interrupt, it reads the MS8&ble information and generates a MWR TLP data and
the corresponding bits in the PBA is set

1 The generated TLP is sent to the corresponding address along with the data.

1 When the MSK interrupt is sent, the application can clear the associated PBA bits.

2.11. PCle Endpoint Core Buffers

The Lattice PCk8IP Core contains three large RAM buffers:

1 Transmit Buffer for transmitting TLPs.

1 Receive Buffer for receiving TLPs.

1 Replay Buffer for holding TLPs that were transmitted until posétlenowledgement of receipt is received.

The size of the Transmit Buffer, Receive Buffer, and Replay Buffer and the size of the corresponding buffers in the remote

PCI Express Device have a fundamental impact on the throughput performance of the PCI Express link.
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To achieve the highest throughputs, the buffers for both devices in the PCI Express link must be large enough that they can
still accept more data while the oldest data begins to be freed from the buffer. If a buffer is too small, then the kink stal

until the buffer has enough space to continue. The buffers must be large enough to overcome the expected latencies or the
throughput is affected.

2.11.1. PCI Express Credits

The Flow Control DLLPs communicate the available buffer space in units of Header and Data Credits as defined in the PCI
Express Specification. The amount of space required by a Heade2@h)2es or (5 DWORDs with 1 DWORD == 4 bytes).

Each Header Crédepresents the capability to store a maximum size packet header, which includes all the transaction

control information (address, byte enables, and requester ID) and an optional End to End CRC (ECRC). Each Data Credit
represents 16 bytes (4 DWORDSs) afadpayload. A transaction cannot be transmitted unless there is at least 1 header
credit and enough data credits for the packet payload av

Credits are further divided into three categories for each of the main types of traffic:
I Posted (memory write requests and messages)

1 NonPosted (all reads, Configuration and 1/0O writes)

1 Completion (responses to NdPosted Requests) credit categories.

Each type of traffic must obey the PCI Express transaction ordering rules and is stored in its own buffer area. The Credit
categories are annotated as:

PH-Posted Request Header Credits

PD-Posted Request Data Payload Credits

NH- Non-Posted Request Header Credits

ND-Non-Posted Request Data Payload Credits

CH-Completion Header Credits

CD-Completion Data Payload Credits

The PCI Express is inherently Higtency due to the serial nature of the protocol (clock rate matching andlame de

skewing) and due to the latency induced by requiring packets to be fully received and robustly checked for errors before
forwarding trem for higherlevel processing.

To achieve the best throughputs, both the Lattice B@GIE* Core and the remote PCI Express device must be designed with
a suitable number of credits and the capability to overlap transactions to bury the transaction latency.

The Lattice PCk8BIP Core Transmit, Receive, and Replay buffers are delivered with sufficient size to overcome the
latencies of typical open system components.

=a =4 -8 -8 —a 9

2.11.2. Max Payload Size

The maximum payload size of any given packet is limited by the Max Payload Size field of the Device Control Configuration
Register. The PCI Express Specification defines 128, 256, 512, 1024, 2048, dndetpagload sizes. The maximum

payload size thaa device can support is limited by the size of its posted and completion TLP buffers. The Transmit Buffer
and Receive Buffer Posted and Completion TLP storage and the Replay Buffer TLP storage needs to be able to hold at least
four Max Payload Size TltBde reasonably efficient. Each device advertises the maximum payload size that it can support,
and the OS/BIOS configures the devices in a link to use the lowest common maximum payload size. Thus, it is not
advantageous to support a greater maximum paylsag than the devices with, which one is communicating.

The higher the TLP payload size, the lower the TLP header and framing overhead is compared to the data. Aytee 512

Max Payload Size the incremental throughput benefit of higher payload sizes is small and the design area and latency for
using these largr payloads is expensive. Thus, it is generally recommended to desigb¥8rMax Payload Size.

The Lattice PChk8BIP Core supports up to 512 Bytes Max Payload Size and the internal buffers can hold about 3x of the max
payload size. However, given that typical PCle devices currently available to communicate with supgte2B&ximum
payloads, supporting greater &m this amount is not likely to result in better performance and consumes more

memory/logic resources.
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2.12. Hard IP Interface

2.12.1. PHY Interface

The Link Layer is used in conjunction with a PCI Express PHY to implement a complete Lax#d® Roke PCI Express
implementation. The PHY implements the higpeed serial and analog functions required to support PCI Express while the
Link Layer implements most of the digital logic as well as the higher levels of the PCI Express protocol.

The PIPE PHY Interface that connects the Link Layer and PHY is not shown since the interface is only internal and is not
visible to you.

The physical interface includes the differential receive and transmit signals along with the differential reference ttleck to
PCle.

2.12.2. TLP TX/RX Interface

The Lattice PCle core implements a complete PCI Express implementation including Physical, Data Link, and Transaction
Layer functionality.

You transmit the PCI Express TLPs on the PCI Express link through the transmit interface. Also, you receive the PCI Express
TLPs from the PCI Express link through the receive interface.

The PCle core uses the Transaction Layer Interface as data interface to transmit/receive the data in the form of TLP Packets.
Each TLP packet is a collection of a group of TLP frames, and each frame consists of 4DW (4X32 bit) data. A minimum of
4DW data isent through a TLP. The Lattice PCle core lane can acebig8bytes) of data at a time. To transmit a single

TLP framexl, x2, andx8 configuration takes a duration of 4, 2, and 1 clock cycles respectively.

All TLPs on the Transaction Layer Receive and Transmit Interfaces, which are processedinkf®ughdata o/

linkO_tx_data_i port(3 andmust be transmitted in the TLP format. TiekO_rx_sel o andinkO_rx_cmd_data_o ports

provide useful information about the TLP through receive interface to enable you to determine the destination of the

packet (BAR and tag), traffic class, and whether it is a write or a read without having to read and parse the all&®® g his

you to optimize the code to reduce latey and relieves necessity for you to decode the TLP header to determine the
packet’'s destination.

2.12.2.1. TLP Header Description

The Lattice PCle uses 3DW header for memory transactions to transfer the data in the form of TLP packets. The description
of each field is described as showmrFigure2.19.

+0 +1 +2 +3
7l 6] 5[4l 3[2[1] o[ 7[6[5[4][3][2]1]o|7[6[5]4a[3][2 [1o[7]6]5]4[3]2[1]0
Byte O | Rl EmE | Type R TC R T|E| Attt | R Length
D [1:0]
0X0 [3:0]
Byte 4 Last DW First DW
Requester ID Tag . BE
Byte 8 Address [31:2] [fo]

Note: - ‘R’ means reserved bits.

Figure 2.19. TLP Memory Request Header
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Table2.13lists the description of each field.
Table 2.13. TLP Header Field

Field Name (with Size) Header Byte/Bit Function
Packet Formats:
(FFr?)trr[:a(t))] Byte 0 Bit 6:5 00b = Memory Read
10b = Memory Write
Type [4:0] Byte 0 Bit 4:0 TLP packet Type field:
00000b = Memory Read or Write
00001b = Memory Read Locked
. These bits encode the traffic class to be applied to a
TC [2:0] . . i
TrafficClass) Byte 1 Bit 6:4 Request and to any associated completion.
( 000b = Traffic Class 0 (Default)
-(rT[I)_P Digest) Byte 2 Bit 7 If 1, the optional TLP Digest field is included with this TL
Ep If 1, the data accompanying this packet is considered to
. Byte 2 Bit 6 have an error although the transaction is allowed to
(Poisoned Data)
complete normally.
Bit 5 = Relaxed ordering.
When set = JlorderiRgGslenailedfoethisa x
Attr [1:0] . T!_P. Otherwise, strict PCI ordering is used.
. Byte 2 Bit5:4 Bit 4 = No Snoop.
(Attribute) . .
If 1, system hardware is not required to cause processor
cache snoop for coherency for this TLP. Otherwise, cack
snooping is required.
Length [9:0] Byte 2 Bit 1:0 TLP data payload transfer size, in DW. Maximum size is
gm L= Byte 3 Bit 7:0 1024 DW (4 kB).
Requester ID [15:0] Byte 4 Bit 7:0 Il dentifies a requester’s
Byte 5 Bit 7:0 address for a completion:
Byte 4, 7:0 = Bus Number
Byte 5, 7:3 = Device Number
Byte 5, 2:0 = Function Number
Tag [7:0] Byte 6 Bit 7:0 These identify each outstanding request issued by the
Requester. By default, only bit 4:0 is used, allowing up tq
32 requests to be in progress at a time. If the Extended
bit in the ControRegister is set, then all 8 bits may be us
(256 tags).
Last DW BE [3:0] Byte 7 Bit 7:4 These qualify bytes within the last DW of data transferre
(Last DW Byte Enables)
First DW BE [3:0] Byte 7 Bit 3:0 These qualify bytes within the first DW of the data paylo
(First DW Byte Enables)
Address [31:2] Byte 8 Bit 7:0 The 32 bits start address for the memory transfer are us
Byte 9 Bit 7:0 The lower two bits of the address are reserved, forcing g
Byte 10 Bit 7:0 DW- al i g adgrgss.st ar t
Byte 11 Bit 7:2
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2.12.2.2. TLP Transmit Interface

The Transmit Interface is the mechanism with which you transmit PCI Express TLPs over the PCI Express bus. You send a
complete TLP comprised of 3DW packet header, data payload, and optionally a TLP Digest. The core Data Link Layer adds
the necessary framin (STP/END/EDB), sequence humber, Link CRC (LCRC), and optionally computes and appends the ECRC
(TLP Digest) when ECRC is not already present in the TLP.

You transmit TLPs as completion packets in response teposted transaction packets sent by the Lattice PCle IP core. If
the remote device does not have sufficient space in the receive buffer for transmit TLPs, the Lattice PCle IP core pauses the
TLP trasmission until space becomes available.

The Transmit Interface includes the option to nullify TLPs (instruct the Receiver to discard the TLP) to support yol to cance
TLP transmissions when errors are detected after the TLP transmission has started. Nullified TLPs that target internal core
resouces (Root Port Configuration Registers and Power Management Messages) are discarded without affecting the
internal core resources. Nullified TLPs that do not hit internal resources are discarded.

Transmit Credit Interface

The Transmit Credit Interface provides the means for flow control ofpasted transmit transactions between you and

the core transmit buffer. This is important for allowing Posted and Completion TLPs to continue to make progress when
non-posted TLPs atdocked (which can be necessary in some cases to avoid potential deadlock conditions). The amount of
non-posted TLP storage in the core transmit buffer is communicated on the transmit credit Interface. You are expected to
use this interface to limit simuiheously outstanding TLP transmission ofpasted TLPs, to the amount of nqosted

TLPs that the coreanabsorb into the normposted transmit buffer.

When the core Transaction Layer for Link][i] is ready to accept TLP transmissions, the cordirigddrscredit init_o==

for one clock cycle and indicates the npasted TLP Header storage capacity (NH) of the transmit buffer on
linkO_tx_credit_nh_o[11:0] on the same cycle. You are expected to keep and initialize thgosted TLP Header capacity
(NH) available transmit credit counters binkO_tx_credit init_o==1.

When a norposted TLP is pending for transmission, you must check the currently available NH credit count for the
associated link and hold the transmission until enough NH credits are available to transmit the TLP. Once the TLP is
committed for transmit, he amount of NH credits required by the TLP are decremented from the NH credit count. The core
forwards transmitted TLPs from the transmit buffer and thus makes room for new TLPs, the core asserts
linkO_tx_credit_return_o==1 for one clock cycle and plattesnumber of NH credits being returned on
linkO_tx_credit_nh_o[11:0].

In this manner, you can manage sending only enoughpasted TLPs that the core can hold in its Transmit Buffer. This
allows you to know when neposted TLPs are blocked and thus sends posted and/or completed TLPs instead. This is
important for avoiding dadlocks and keeps neggosted TLP blockage from reducing posted and completion throughput.
When the core receives more ngrosted TLPs than the core can store in itsfposted TLP transmit storage, the core
pauses the TLP transmission rather than allovoaerflow to occur. Thus, if you do not wish to use the Transmit Credit
Interface, you may ignore this interface provided you are willing to permit blockeepneted TLPs from also blocking
following posted and completion TLPs.

Note that core/link partner transmit TLP flow control is not managed through this interface, the core manages transmit flow
control between the core and the PCle link partner Receive Buffer without user intervention.

Transmit Interface Example Transactions

As mentioned, the TLP data interface option is made available wheiDivbh support is enabled through PCle user
interface. The following are the examplestioé memory read transactions that you need to send in completion to the read
requests.

In case of memory read transactions, the Lattice PCle IP core sends the header packet, which contains information about
the address and size of data that you need to send in completion to the received packet. You need to send the completion
packet with theheader followed by the data when the linkO_tx_ready_o signal from the PCle is high as the data you sent is
validated only when PCle is ready. Based on the number of lanes used, the packet header and data are transmitted
accordingly as shown in the beloigdires for four lanes, two lanes, and one lane respectively.

Note that the header packet has unknown(trash) value in MSB, because the TLP header is of 3DW (12 bytes) whereas the
TLP frame is of 4ADW (32 bytes) size. To send the complete TLP, some garbage data in Dword is appended with header data,
which can be ignored.
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The following are the notations used in the figures:

1 N-size of the data packet in Dwords

1 data—1 Dword of unknown data attached in case of 3DW TLP Header
1 HO, H1, and H2 Header information

T DO, D11),D(NPYsér data

e Y Y Y S [

linkO_rx_ready_i \ / \ SS ‘
linkO_rx_valid_o /—\ SS
linkO_rx_sop_o /—\ SS
linkO_rx_eop_o SS /—\
link0_rx_data_o[255:0]  em read) g |
link0_tx_ready_o| / g [
link0_tx_valid_i / § |
linkO_tx_sop_i /—\ SS
link0_tx_eop_i SS /—\
link0_tx_data_i[255:0]] ) Completion w/ Daty ) |

Figure 2.20. TLP Memory Read Operation for Link0 (x4 Lane)

sk L LT LT LS Ll L

link0_rx_ready _i / \ { |
link0_rx_valid_o /—\ %
link0_rx_sop_o /—\ %
link0_rx_eop_o % /—\
link0_rx_data_o[127:0] ) Mem Read g ‘
link0_tx_ready_o ‘ / SS \_‘
linko_tx_valid_i / § |
linkO_tx_sop_i /—\ SS
linkO_tx_eop_i Sg /—\
link0_tx_data_i[127:0]] ) Completion w/ Daty ) |

Figure 2.21. TLP Memory Read Operation for Link0 (x2 Lane)

ssowd L L LT L LY L L L

link0_rx_ready_i \—/ \ SS ‘
link0_rx_valid_o 4/—\ SS
linkO_rx_sop_o 4/—\ SS
link0_rx_eop_o /—\ SS
link0_rx_data_c§3:0] | { memreas | q ‘
link0_tx_ready_o \ / SS \—‘
linko_tx_valid_i [ f \;
linko_tx_sop_i [ ) {
linkO_tx_eop_i SS m
link0_tx_data_i$3:0] | ) Completion w/ Datd) ) \

Figure 2.22. TLP Memory Read Operation for LinkO (x1 Lane)
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Figure2.23 andFigure2.24 show the TLP transaction according to the tx_ready_o behaviour based omirtiraum timing
of linkO_tx_ready o:

syseblt L [ L L[ L L L L[| [_| |
link[LINK]_tx_ready o Z Y
link{LINK]_tx_valid_i / |
inkLINK] & sop_i [\ [ [
link[LINK]_tx_eop_i [ ] \
link[LINK]_tx_eop_n_i J !
liNk[LINK]_tx_data_i[32"n - 1:0] A A0 X a1 X Az X a3z X B0o X B1 X co W

Figure 2.23. Minimum linkO_tx_ready_o Timing Diagram

Transaction A begins on cycle 2 with the assertiolinkd tx_sop_i and ends on cycle 5 with the assertion of
linkO_tx_eop_i=#nk0_tx_valid_i=#nk0_tx_ready o==1. The packet transfers with minimum timing with
linkO_tx_valid_i=#nk0_tx_ready_o==1 on cyclesx®

Transaction B begins immediately after Transaction A on cycle 6 with the assettiitkOafx_sop_i and ends on

cycle 7 with the assertion ¢ihkO_tx_eop_i=4ink0_tx_valid_i=3#ink0_tx_ready_o==1. The packet transfers with minimum
timing withlinkO_tx_valid_i=4inkO_tx_ready o==1 on cycles 6 toTtansaction B is nullified (dropped) during packet
forwarding on cycle 7 because of the following conditidimk0_tx_eop_i_n==1 happens whdink0 _tx_eop_i==1

Transaction C begins immediately after Transaction B on cycle 8 with the asseliik®dk_sop_i and ends on the same
cycle with the assertion dinkO_tx_eop_i=4ink0_tx_valid_i=4ink0_tx_ready o==1. The packet transfers with minimum
timing withlinkO_tx_valid_i=4inkO_tx_ready o==1 on cycleddnsidering the wait state timing dhk0_tx_ready o:

syscekl | L L LI LI LI LI 1| 1
link[LINK]_tx_ready_o %) S\ ] \%
link]LINK]_tx_valid_i / |
link[LINK]_tx_sop_i / \ / |
link[LINK]_tx_eop._i / |
link[LINK]_tx_eop._n_i / \
link[LINK]_tx_data_i[32*n - 1:0] A AQ X Al X BO X_co ¥

Figure 2.24. Wait State of link0_tx_ready_o Timing Diagram

Transaction A begins on cycle 2 with the assertiolinkd tx_sop_i and ends on cycle 5 with the assertion of
linkO_tx_eop_i=#nk0_tx_valid_i=4ink0_tx_ready_o==1. The packet transfers only on cycles 3 and 5 when
linkO_tx_valid_i=#ink0_tx_ready_o==1.

Transaction B begins immediately after Transaction A on cycle 6 with the assettiidtOafk_sop_i and ends on cycle 7

with the assertion ofink0_tx_eop_i=4ink0_tx_valid_i=#nk0_tx_ready_o==1. The packet transfers only on cyle 7 when
link0_tx_valid_i=4nk0 tx_ready o==1. Transaction B is nullified (dropped) during packet forwarding on cycle 7 because of
the following conditionstinkO_tx_eop_i_n==1 happens whéeink0_tx_eop_i==1.

Transaction C begins immediately after Transaction B on cycle 8 with the asseliik®dk_sop_i and ends on the same
cycle with the assertion dink0_tx_eop_i=4nk0_tx_valid_i=1ink0_tx_ready o==1. The packet transfers with minimum

timing (no wait states) wittinkO_tx_valid_i=#inkO_tx_ready o0==1 on cycle 8.
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Transmit Interface Considerations

The following considerations are provided to simplify logic using the Transmit Interface and to address common problems,
which must be avoided:

il

For each TLP that you transmit, the core adds a minimumbyt&s of STP/END/EDB framingay?e Sequence

Number, and a byte Link CRC for a total of 8 bytes-{8ts). These additional 8 bytes, which the core transmits but do

not appear on link [LINKix_data_i, allows you the flexibility of not using every clock cycle on the Transmit Interface.

This flexibility can be useful to simplify user logic and improve design timing closure.

Completions, which are transmitted in response to a previously receiveeposted request, must reflect the Traffic

Class, Requester ID, Tag, and Attributes of the original request. While most of these are obvious, it may not be obvious
to reflect the attibutes, and this is known to cause problems on some systems.

When the link trains at less than full width or speed, link [LINK] tx_ready o is gaped in relation to the number of lanes
being used and the number of lanes available in the core. You must remember to include a simulation case which

forces the link into laver than fullwidth and/or speed to test that the logic properly handles the gaping of link
[LINK]_tx_ready_o and the corresponding lower data transfer rate in this case.

While TLPs are transmitted over PCI Express, these are placed into a replay buffer in case the TLPs need to be replayed
due to transmission errors. The core negotiates the replay process in conjunction with the remote PCI Express Device
and does not requé any user intervention. You can monitor the frequency of replays, if desired, by monitoring the
appropriate error status registers.

The Lattice PCle core interface is designed to support high throughput applications. Small interruptions in transmissions
occurs, however, as the core periodically needs to transmit link management DLLPs and SKP Ordered Sets and may also
need to transmit eror messages, configuration write/read completions, and interrupt TLPs.

The Lattice PCle core handles all Data Link Layer functionality for you and handles most of the error cases for you as
well. To accomplish these functions, the core occasionally delays your Local Transmit Interface requests while it
completesitsown TLRPtans mi ssi ons for these purposes. All the core
request for only a few clock cycles. The core transmits DLLPs used for link maintenance, TLP messages to communicate
errors, interrupt TLPs, and completions totify the system of malformed or uroutable TLP requests.

If the user TLP transmit requests are delayed for extended periods of time, this may be due to insufficient link partner
receive buffer space or local replay buffer space or due to the link having to wake from a lower power state or recover from
an error kefore transmission can occur.
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2.12.2.3. TLP Receive Interface

The Receive Interface is the mechanism with, which receives the PCl Express TLPs from the PCI Express link partner. Yo
receive complete Transaction Layer Packets (TLPs) comprised of a three DWORD TLP header, data payload (if present), an
TLP Digest (ECRfpresent).

The TLPs, which were received without errors and were not nullified, are presented on the receive interface. Therefore, the
user logic only needs to handle valid received TLPs.

The PCle core transmits the TLPs only after considering the following checks:
9 The core checks received TLPs for transmission errors (Sequence Number or LCRC error) and negotiates replay of TLPs
with the link partner as required.
1 The core discards TLPs which are nullified by the link partner during transmission (TLP is received without transmission
errors and with EDB instead of END framing).
1 The core checks received TLPs which were received without transmission errors and without being nullified for
Malformed TLP due to length and content errors.
T I'f the core determines that a received TLP is malforn
Header Format and Type, Lengt h, and TLP Digest does n
and report the error.

T I f the TLP fails to hit an enabled resource or is mal
Type, and invalid Byte Enables), the core discards th
STP Sequence Header Datapayload ECRC(TD) LCRC END/EDB

A
A 4

TLP Packet Data

Figure 2.25. TLP Packet formation by the Lattice PCle IP core

I f the TLP passes all the above checks, it is considered
logic to consume. The core strips the Physical Layer framing (STP/END/EDB) and Data Link Layer Sequence Number and Linl
CRC (LCRIxfore presenting the TLPs to you on the Receive Interface. The core does not strip the received TLP ECRC (if
present) as some user designs require forwarding the ECRC either to transmit the TLP out another PCle port. The ECRC
value is also checked atat er point in the user’'s data path in order t
larger portion of the receive data path. If an ECRC is present in the TLP, the core checks the validity of the received ECRC
and reports detected ECRC errorsthe receive interface.

The core also decodes received TLPs against its Configuration Registers and provides the transactianfalecatien on

the Receive Interface such that the TLP can be directed to the appropriate destination without the need for you to parse
the TLP until its destination. For example, if the received TLP is an I/O or Memory write or read request, the Besse Addr
Register (BAR) resource that is hit is indicatedsoand if
provides additional useful transaction attributes.

Receive Credit Interface

The Receive Credit Interface provides the means for flow control opogted receive transactions between the core

receive buffer and user receive TLP logic. This is important for allowing Posted and Completion TLPs to continue to make
progress when noiposted TLPs are blocked (which is necessary in some cases to avoid potential deadlock conditions). The
amountofnonpost ed TLP storage in the wuser’'s design is communi
interface to limit the simultaaously outstanding receive ngosted TLPs to the amount of ngosted TLPs that the user

design advertises that it can absorb into the Auosted receive buffer.

When you are ready to accept nguosted TLP reception, assert thiekO rx_credit init_i == 1(where LINK=0 or 1) for one
clock cycle and the neposted TLP header storage capacity of the user design is indicated through
link0_rx_credit_nh_i[11:0] on the same clock cycle. Holding off credit initialization for an extended period can cause
received norposted TLP transactions to timeout in the source component which may cause to serious errors.

The core limits simultaneous outstanding npasted receive TLPs on the receive interface to ensure no more than the
initialized NH credits are simultaneously outstanding to user receive TLP logic.
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Once the received neposted TLPs are processed/forwarded such that more room is available to receive ngusted

TLPs, assert thak0 rx_credit_return_i==1 for one clock cycle and place the number of NH credits being returned on
link0_rx_credit_nh_i[11:0]. In this manner, you can limit the outstanding core receive TLPs to the user design. This permits
the core to know when noposted TLPs are blocked and thus send posted and/or completion TLPs to the user design
instead. This is importa for avoidingdeadlocks and keeps negposted TLP blockage from reducing posted and completion
throughput.

Note that the link partner/core receive TLP flow control is not managed through this interface; the core manages receive
buffer flow control between itself and the PCle link partner transmit gating function without user intervention.

Receive Interface Example Transactions

The Lattice PCle core sends the data in the form of TLP packets wh&M®woption is enabled. The receive interface
presents the TLP data through linkO_rx_data_o signal. The data is validated only when linkO_rx_valid_o signal is high and
you are ready @r example, link0_rx_ready_i must be high to access the data sent by the core). As the Lattice PCle core
transmits TLP packet, which consists of 3DW header along with data (in TLP frames), the last DW of TLP packet is sent as
trash value(X) to ensure th@mplete TLP is transmitted.

The timing diagrams below show the receive interface behavior when the PCle core receives a Memory Write TLP.

The following are the notations used in the figures:

1 N-size of the data packet in Dwords

i data—1 Dword of unknown data attached in case of completion of TLP packet
1 HO,H1, and H2 Header information

1 DO, D1 ,1)=WDite data

sys_clk_ ’—‘ | ‘ ’—‘ /f
link0_rx_ready | ﬂﬂﬂ”ﬂ/ﬂ/ﬂ/j // Wﬂ”ﬂ/ﬂ#ﬂ
ink0_nx_valid_o // ;

link0_rx_sop_0 —/—\ //
link0_rx_eop_o // i
k. data o[1270] 0000 D0maMH0  {  D4D3paDl | I X daaD)DNDN) X

Figure 2.26. TLP Memory Write Operation for Link0 (x4 Lane)

sysobli || | ¢ L0 7 7 [/ |

link0_rx_ready_ Z Z Z é Z % ﬂ ‘@ é ﬁ ﬁ Z ﬁ
kO valido ] Ji [
link0_rx_sop_o E /f
link0_rx_eop_o /f /I
ink0_rx_data_o[63:0] HiHO Y DpoHz ) p2p1 ) /| {dataDIN) Y7777
Figure 2.27. TLP Memory Write Operation for Link0 (x2 Lane)
weai LT L T L T LT LT LT LT J T LT |
link0_rx_ready_i 7777 Ji N\
ink0_rx_valid_o / i \
linkO_rx_sop_o I\ //
linkO_rx_eop_o // /I
ink0_rx_data_o[31:0] HoO ¥ w1 ¥ Hz X po X b1 X // X oY) W77

Figure 2.28. TLP Memory Write Operation for Link0 (x1 Lane)
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Figure2.28 andFigure2.29 shows the TLP transaction according to the rx_ready_i behaviour based amirtimeum timing
of linkO_rx_ready_i:

ssoka [ L[ L] L L [ LI L L] |

ink[LINK]_rx_ready _ Z 7

link{LINK]_rx_valid_o / \

ik[LINKl @ sop.o [\ [ L

linkLINK]_rx_eop_o [ \

link{LINK]_rx_data_o[32"n - 1:0] Z A ¥ A X A2 X a3 X B0 X B1 X ©co ¥
Figure 2.29. Minimum link0_rx_ready_i Timing Diagram

Transaction A begins on cycle 2 with the assertiolink® rx_sop_o=#nk0 rx_valid_o==1 and ends on cycle 5 with the
assertion ofink0_rx_eop_o=#nk0 rx_valid_o=#nkO rx_ready i==1. The packet transfers with minimum timing since
linkO_rx_valid_o =3#ink0_rx_ready_i == 1 on cyclesb2 Data transfers on cycles52

Transaction B begins immediately after Transaction A on cycle 6 with the assettiidtOofx_sop_o=#nk0 rx_valid_o==1
and ends on cycle 7 with the assertionliakO rx_eop_o=#nk0 _rx_valid_o=#nk0 rx_ready_i==1. Data transfers on cycles
6-7.

Transaction C begins immediately after Transaction B on cycle 8 with the asseliik® afk_sop _o=#nk0 _rx_valid_o==1
and ends on the same cycle siditi&kO_rx_eop_o=#nk0 _rx_ready_i==1 are also asserted. Data transfers on cycle 8
considering thawvait state timing ofink0 rx_ready _i:

sk [ L[ L[ | L[ [ [ L[ [ I [ 1
nUNKLxready | 7777772 \___ [ [\ [ %
link[LINK]_rx_valid_o / \

ik[LINK_x_sopo [\ S\
IINk[LINK]_rx_eop_o f \
link[LINK]_rx_data_o[32*n - 1:0] 2077 DO ) D1 ) D2 | E0 77

Figure 2.30. Wait State of link0_rx_ready_i Timing Diagram

Transaction D begins on cycle 2 with the assertidm&0 rx_sop_o=#nk0 _rx_valid_o==1 and ends on cycle 7 with the
assertion ofinkO_rx_eop_o=#nk0 rx_valid_o=#nk0_rx_ready i==1. The packet transfer wait states due to
link0_rx_ready_i==0 on cycles 2, 4, and 6. Data transfers on cycles 3, 5, and 7.

Transaction E begins on cycle 8 with the assertidmk® rx_sop_o=#nk0 rx_valid_o==1 but is wait stated due to
link0_rx_ready_i==1 on cycle 8. On cycle 9 the transaction completes with
linkO_rx_sop_o=#nk0_rx_eop_o=4nkO0_rx_valid_o=#nk0_rx_ready_i==1.

Receive Interface Considerations

The following considerations are provided to simplify logic using the receive interface and to address common problems,

which must be avoided:

1 For each TLP that you receive, the core strips a miniminytes of STP/END/EDB framing-layPes of Sequence
Number, and a bytes of Link CRC, for a total of 8 byteslf@id4). These additional 8 bytes, which the core receives but
which do not appear ofinkO_rx_data_o, allows you the flexibility of not using every clock cycle on the receive
interface. This flexibility can be useful to simplify user logic and improve design timing closure.

1 TLPs that appear on the receive interface have passed the Physical Layer and Link Layer error detection and correction
logic and can be assumed to be free of transmission errors. When the core receives a TLP with a STP/END/EDB framing,
Sequence Number, diink CRC error, the core coordinatesnansmission of the TLP with the remote PCI Express
device and only forwards packets that pass transmission error checks onto to the receive interface.
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T TLPs that are received from PCI Express are decoded f ol
forwarded to the receive interface if they hit an enabled resource. Therefore, you only need to handle valid TLPs which
target the useresources. TLPs, which do not hit user resources, are terminated by the core and the appropriate error
message and response is handled by the core on the use]

1 The Lattice PCle core handles all Data Link Layer functionality for you and handles most of the Transaction Layer error
cases as well. The core consumes Configuration Transactions, Messages, and TLPs which do not map to user resources
and transmits the apmpriate response. TLPs which are handled by the core do not appear on the Receive Interface.

1 User logic that manages read requests (for DMA) and assigns a tag to each read request that is transmitted. The core
provides the tag of each received completionlmk0 rx_cmd_data_o to allow user logic to route completions from
different sources to the destination without having to parse the TLP for tag information. The core does not track the
outstanding tags that are in use by the user. If a completion is receivedaviéty that does not correspond to an
outstanding user read request, then you muspoet the error.

Data Byte Order

The core transmits the TLP data in the following byte or
1 linkO_tx_data_i[7:0]link0_tx_data_i[15:8]Jink0t x dat a_i [ 23: 16] ,

The core receives the TLP data in the following byte order:

9 linkO _rx_data_o[7:0])inkO_rx_data o[15:8]Jink0r x dat a_o[ 23: 16],

For example, you transmit, or the core receives ebBMemory Read Transaction Layer Packet in the following byte order

as shown inmmable2.14.

Table 2.14. Data Byte Order

::::g::;:::::::::;l First Data Word Second Data Word Third Data Word
[7:0] {R, Fm{1:0], Type[4:0]} RequesterID[15:8] Addr[31:24]
[15:8] {R, TC[2:0], R[3:0]} RequesterID[7:0] Addr[23:16]
[23:16] {TD, EP, Attr[1:0], Length[9:8]}| Tag[7:0] Addr[15:8]
[31:24] Length[7:0] {LastDWBE[3:0], 1stDWBE[3:0]} | {Addr[7:2], R[1:0]}

2.12.2.4. Transaction Layer Interface Error Detection and Correction

The Lattice PCle IP Core has built in error detection and correction mechanisms for both Transaction Layer Packets (TLPs)
which are transferred between PCI Express and Transaction Layer Interface and Data Link Layer Packets (DLLPs) which are
used by the cre internally for link management.

The Lattice PCle IP core adds the required Physical Layer framing (STP/END/EDB) and Data Link Layer error detection and
correction information (Sequence Number/Link CRC) to the TLP packets transmitted on the Transmit Interface. Likewise,
when TLP packetsareceived from PCI Express, the core validates that the packet is received correctly by checking the
Physical Layer framing (STP/END/EDB) and Data Link Layer error detection and correction information (Sequence
Number/Link CRC). Packets that are forwartieyou on the receive interface are sent after stripping the Physical Layer
framing (STP/END/EDB) and Data Link Layer error detection and correction information (Sequence Number/Link CRC).

If transmission errors are detected in packet transmission or reception, the core coordinates with the remote PCI Express
device to retry the transaction and recover from the error. This process occurs without any user intervention. The Lattice
PCle corenlgs both corrected and uncorrected errors. This error status information is made available through the status
registers and is accessed by system software through the Configuration Registers. The core generates and transmits error
Message TLPs to the reneoPCIl Express device in response to different types of errors detected.

ECRC (TLP Digest) generation and checking is a core option. When ECRC generation support is enabled by the software (AEl
Capability: ECRC Generation Enable == 1), the core generates and adds ECRC to all transmitted TLPs (except those that
already contain a ECRC with TD bit set to 1). When ECRC checking support is enabled by software (AER Capability: ECRC
Check Enable == 1), the ECRC fields present in received TLPs are checked for validity and any errors are noted on the
Receive Interface and are reportadthe AER Capability. The core does not modify the ECRC or TD (TLP Digest == ECRC
indicator) fields on received TLPs and passes these fields onto the receive interface as received.
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The Lattice PCle core also handles TLPs that are Type 0 Configuration transaction requests, messages requests for link
management, TLPs that don’t hit an enabled resource and

If the core found TLP having transmission errors, then that TLP is consumed by the core (and not forwarded) and then
transmits any required completion packet(s), generates required error messages and logs any required errors.

The core has been designed in such a way that it is feasible to you to only consume and generate the TLPs and can make
use of these TLPs for transferring data and control information between your application and the remote PCI Express
devices.

2.12.3. LMMI Interface

When you select the TLP as data interface option in the PCle IP user interface, the IP by default configures LMMI as register
interface. The Core Configuration and Status Registers (CSR) are made accessible to the user design through the Lattice
Memory Mapped interface (LMMI).

An example of the register configuration through the LMMI is shown below in the LMMI write and read timing diagrams.

The data transaction, through the LMMI, only starts wiberth usr_Immi_request_andusr_Immi_ready_ @re asserted
high. Consecutive request must be done with at least one clock period wait cycle (for example, usr_Immi_request_i should
de-assert first after a successful transaction before making another request).

Whenboth usr_Immi_request_andusr_Immi_ready_are asserted highusr_Immi_wr_rdn_i, and usr_Immi_offset_i must

be valid and describe the transaction to execute; if the transaction is a write as indicated by usr_Immi_werdg_i

asserted to highusr_Ilmmi_wdata_i must also be valid.

Notes:

1 Only one request should be active at a given time.

1 Once usr_Immi_rst_n_i dasserted, you must wait 10 or more usr_Immi_clk_i clocks before accessing LMMI interface.
This is to allow reset to be properly propagated through the PCle controller.

2.12.3.1. LMMI Write Operations

The data is written to PCle registers only when PCle IP gets a régumstou by the asserting usr_lmmi_request_i signal
to high,when the PCle IP indicates that it is ready by asserting usr_Immi_ready_o to higlhanc write transaction is
being indicated from your end by driving usr_Immi_wr_rdn_i to high. When all three of these signals are asserted, a
successful write transaction will take place.

For example, you need to write 0X01 data into 0X0A register and then 0X02 data into 0XO0B register. The 0X01 data is
written into 0XO0A register in one transaction only as ready signal is high when request is asserted. But to write 0X02 data
into 0X0B regigr took two transactions because ready signal is low when request is asserted in first transaction. Therefore,
the data is written to the register in the second transaction only when ready signal is high as shaguré2.31.

uskmrmllk

uskmmicqueZZ | SN e IS S e N S W
uskmnﬂead%_—l : : : : : w
usktmmirr A2 | : [ : : ] : 1 Y

uskmmf f_i2e0] 7 oxon ‘X 000 X_0x0B_)J_0x00 X_0x0B_)_ 0x0 0 YW
uskmmidailia® ZZ o001 \ 000 X ox02 { _ox00 X ox02 X ox00 Y7

Figure 2.31. LMMI Write Operation

2.12.3.2. LMMI Read Operation

The data is read from PCle registers only when PCle IP gets a request from the user. For example, usr_Immi_request_i must
be asserted high to indicate a new request is being made and usr_Immi_wr_rdn_i signal must be asserted low to indicate a
read transadon. A valid offset valu¢hrough usr_Immi_offset_meeds to be supplied from your end during the request.

You can read the data from PCle core registers only when the ready and read valid signals are received from PCle IP. For
example, the usr_Immi_ready_o sigraidthe usr_Immi_rdata_valid_o signal must &sserted high together for a valid
read transaction to take place
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For example, you want to read the data [0X0000001d00000000] from lane 0 PMA Status register offset 0x7F. The

transaction follows the steps as shownFigure2.32.

uskmrmllk

uskmmleqme%_l . | | | | | | | | | W
”S*mm'ead% s 2z
usk mmridav alo 2/ : : : : : : : : : ] 3%
usrmmfvrrdn% -

u s+ mms 1 1_2a) NS
U s ¥ mmid a S ///////////////////////////////////////////////%M%’W////////

Figure 2.32. LMMI Read Operation

The following are the registers to be configured through the LMMI:
1 Simulation Registers
T Regi st e+r0HAAMMO0Css
This register is
T Register0ABAMWMIC s s
This register is
assermed as
T Regi st er0ABAAUIC s s

used to reduce the Power

used to reduce the I tssmmts_1

and ti

Management

This register is used to reduce themti meouts t

2.13. Soft IP Interface

2.13.1. Data Interface Conversion

2.13.1.1. AXI-4 Stream Interface

0]

This interface is available if the data interface type selected in the IP generation user inte#dé iISTREAMhe data

width of the transaction varies based on the lane support.
1 Lane x4: 256 data width

1 Lane x2: 128 data width

1 Lane x1: 64 data width

Top
Soft Logic PCle Hard IP
AXI14 Stream (Link 0 Manager)|
Rx TLP (128b)
64b, 128b, Data Interface 1 xp_i[7:0]
or 256b AXI4 Stream (Link 0 Subordinate) Conversion TXTLP (128b) ) rxn_i[7:0]
Data txp_o[7:0]
Transaction [L—\ Link =\ PHY txn_o[7:0]
Layer N\ N/
LMMI Y Layer
AXI4 Lite Register Interface <: «|_refclkp_irrefclkn_i
l — Conversion
UCFG
—V

Figure 2.33. AXI4-Stream Data Interface, AXI-L Register Interface
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PCle to AXI4-Stream Transfer
Forthe PCleto AXBt r eam transfer, t he PCIl e

sends
size three doublevord. After the header transaction, the actual data is transferred as showigime2.34to Figure2.36.

Note: TheDATAIn the transactions below are random data sent by the PCle IP to compensate the data width.

sys_clk i \ \ \ \ | |

s LATTICE

the dat a

t

(o]

mO_tready i /

mO_tvalid_o [

|
|

§
§
§
mO_tlast o SS
f
§
§

mO_tdata_op3:0] | >< Header(63:0] X(Mta,l[slzol‘ Header[9564]}>< Daa_2 >< Data_3 >< Data_NL >< (DATA[al.ol‘Dm,NmDX ‘
mO_tstrb_o[7:0] < o >
mo_tkeep_o[7:0] ( r >
mO_tid_o[7:0] woo g )
mO_tdest_o[3:0] ( v § )

Figure 2.34. PCle to AXI4-Stream Transaction for x1

sysaki [ ] | | | | | L § | | | | |
mO_tready i / SS \;
mO_tvalid_o ] g o
mO_tlast_o SS ﬁ
moO_tdata_o[127:0] | ) iouve_iop veaerss baa_2 ) baa_3 X oans Daa_N1 >< {DATA[gl-ol‘Daa,N[gsop>< ‘
mO_tstrb_o[15:0] ( - ( )
mO_tkeep_0[15:0] < — SS >
mo_tid_o[7:0] | s § )
moO_tdest_o[3:0] | w 0 )

Figure 2.35. PCle to AXI4-Stream Transaction for x2

sys_clk_i | | | | | L § | | | |

mO_tready i / SS \

mO_tvalid_o / SS \
mO_tlast o SS ﬁ
mO_tda[a_o [511:0] l >< {Data_1/415:0], Header[95:0])>< Data_2 >< Data_3 >< Data_4 SS >< Data_N1 >< {DATA[415:0], Data_N[95: o]}>< ‘
mO_tstrb_o[63:0] < WFFFF_FFFF_FFFF_FFFF gg >
mO_tkeep_o[63:0] < UNREFF_FFFF_FFFF_FFFF SS >
mo_tid_o[7:0] | s § )
mO_tdest_0[3:0] < o SS >

Figure 2.36. PCle to AXI4-Stream Transaction for x8
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AXI4-Stream to PCle

For the AXI4tream to PCle transaction, thes er ' s appl i cati on sends the data to t
AXl4Stream transfer, there is a header data of size three double word, which is transferred first followed by the actual data
as shown irFigure2.37to Figure2.39.

Note: TheDATAIn the transactions below are random data sent by the PCle IP to compensate the data width.

sys_clk_i | | | | | | | | | | |
sO_tready o[/
sO_tvalid_i [

sO_tlast_i

s0_tstrb_i[7:0]

sO_tid_i|

sO_tdest_i[3:0]

f
§
$
§
sO_tdata_ip3:0] ‘ >< Header(63:0] X(Dala,m o, Heaae,[gwnx Das_2 X pam 3 gg >< Da NL X (DATA[SlO]‘Daa_N1310D><
f
f
f
)

<

sO_tkeep_i[7:0] < W
o
<

Figure 2.37. AXI4-Stream to PCle Transaction for x1

sys_clk_i | | | | | L § | | | |
sO_tready_o / SS —

sO_tvalid_i / SS \
sO_tlast_i SS ﬁ
sO_tda[a_i[]_27:O] l >< {Data_1[31:0], Header[95-0])>< Data_2 >< Data_3 >< Data_4 SS >< Data_N1 >< (DATA[al-o]‘Daa,N[ssol}>< ‘
s0_tstrb_i[15:0] ( werr ( )
sO_tkeep_i[15:0] < — SS >
s0_tid_i[7:0] { oo § )
sO_tdest_i[3:0] < o SS >

Figure 2.38. AXI4-Stream to PCle Transaction for x2

sys_clk_i | | | | | L § ] | | | |
sO_tready_o / SS -

sO_tvalid_i / SS \
sO_tlast_i SS ﬁ
SO_tdata_i[Sl l:O] l >< {Data_1/415:0], Header[95:0]}>< Data_2 >< Data_3 >< Data_4 SS >< Data_N1 >< {DATA[415:0], Data_N[95: o]}>< ‘
SO_tStrb 63 O < WFFFF_FFFF_FFFF_FFFF gg >
sO_tkeep_i[63:0] < UNREFF_FFFF_FFFF_FFFF SS >
sO_tid_i[7:0] { oo § )
sO_tdest_i[3:0] < "o SS >

Figure 2.39. AXI4-Stream to PCle Transaction for x8
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2.13.2. Register Interface Conversion

2.13.2.1. AXI-L Interface

This interface is available if the register interface type selected in the IP generation user inteAX¢k.iSor more

information on the AXL signal description, refer to th&XtL Configuration Interfacgection. The address of the registers
to be accessed is available in tRegister Descriptiosection.

The Core Configuration and Status Registers (CSR) are made accessible to the user design throughThe registers

that are configured through AXl are as follows:
1 Simulation registers:

T Regi st
This r
T Regi st
This r
asserm
T Regi st
This r

e+0 AAUWT E s s
egister is used
e 0 X3IWAE® s s
egister is used
ed as

e+0 ALHWT ® s s
egister is wused

2.14. Multi-Protocol Support
ThelLatticeAvantAT-G supportsmulti-protocol starting Radiant 2024.Quad mergings handled bythe LatticeRadiant

to reduce the Itssmmts 1

to reduce the Power

to reduce t hemti

meout s

to

software.
PCle Bifurcation
PHY Lanes
Mode of 1] 2 3] & s| & 7
DMA+FCIe Mode
FCle Mode 1xd any protocol
FCle Mode 1x2 x2 Ma  NAa any protocol
FCle Mode 1x1 xl I LI g1} any protocol
CQuadd Quadl
FCle Mode 1x2 = PIFE Direct [ 2x1/1x2) x2  (FIFE
PCle Maode 1x1 + PIPE Direct [P_ﬂ."lxi xl MA  [PIPE
Figure 2.40. PCle Bifurcation
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3. IP Parameter Description

The PCI

e Endpoint

Core attributes

Software. Refer tdable3.1 for the description of each attribute.

3.1.

General

General
Property

- General

Flow Control

Bifurcation Select (Link_X_Lane)

Simulation Reduce Timeout

Enabling LTSSM Poll

ing Function

Enabling Register Autoread Function

Register Interface Type

Target Link Speed

Link 0 : Number of Physical Functions

AXI Harden DMA En
Data Interface Type
- ASPM Capability

abled

= LATTICE

ar e

Link 0: Function 0

Value

1x8

AXl4 LITE

GEN4

AXl4 STREAM

Link 0 : Active State Power Management (ASPM) Support | No ASPM Support

Figure 3.1. Attributes in the General Tab

Table 3.1. General Tab Attributes Description

configurable

is not selected and mapping
of register to subordinate
data interface is not selected
1 The selected interface

replaces the native Lattice
Memory Mapped Interface
(LMMI) of the hard IP by
adding a soft logic bridge.

Attribute Selectable Values Description Parameter
Bifurcation Select 1x1 Configures the number of Links | PCIE_BIFUR_SEL

1x2 and Lanes. 2=1x1,

1x4 1=1x2,

1x8 5=1x4,

6=1x8

Ref Clk Freq (MHz) 100 MHz Display only. Ref Clk from PCle s| —
Simulation Reduce 0,1 0 —For hardware mode —
Timeout 1-For simulation mode
Register Interface Type | AXtLite, LMMI 1 Available if defaulinterface USR_CFG_IF_TYRE.MMI", "AXiL"}
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Attribute Selectable Values Description Parameter
LMMI Data Width 32 Display only. Lattice Memory —
Mapped Interface (LMMI) data
width
Link O Data Width 64 Display only —

Link O PCle Device Typg PCle Endpoint

Display onlyPCle IP core support
only PCle Endpoints

LI NKO_DEVI CE_TYPE

Link O Target Link Spee( Genl (2.5G)

Gen2 (5.0G)

Gen3 (8.0G) (2024) | T
Gen4 (16.0G) (2024

1 Initial value of Target Link
Speed Configuration Registe
Determines the maximum
initial link speed which can bg
reached during initial training
1  Must be set to the lesser of
the maximum speed
supported by the core and
the maximum speed at which
youdesirethe core to

LINKO_FTL_INITIAL_TARGET_LINK_S
={0,1,23}

operate.
Link O Number of 1-8 Set the number of enabled LINKO_NUM_FUNCTIONS =81
Physical Functions functions.
Enable DMA Support Checked Enable Harden DMA —
(2024) Unchecked

Data Interface Type

AX|4_STREANILP | §

Available if defaulinterface

is not selected.

1 The selected interface
replaces the native TLP data
interface of the hard IP by

adding a soft logic bridge.

USR_MST_IF_TYPE = {"TLP",
"AXI4_STREAM"}

USR_SLV_IF_TYPE = {"TLP",
"AXI4_STREAM", "NONE"}

3.2. Optional Port

- Optional Ports

Link 0 : Enable Legacy interrupt Ports

[v|

Figure 3.2. Attributes in the Optional Port Tab

Table 3.2. Optional Port Attributes

Link [k] (k == 0 - 1) Optional Ports

Attribute Selectable Description Parameter
Values
Link [k] Enable Checked 1 Available if legacy LINK[K]_MAIN_CTRL_4 EN_PORT_MGMT_INTERRU
Legacy Interrupt | Unchecked interrupt is enabled. ={0,1}
Ports f  Setto add the Legacy
interrupt ports.
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3.3. Flow Control Update

Configure IP
General

Property

~ Flow Control Update
Disable FC Update Timer
FC Update Timer Divider

Completion Credit (CH,CD) Advertisermeant

Flow Control

Value

= LATTICE

Link 0: Function 0

Use PCle Spec recommended values

Advertise [Infinite for Endpoint], [Actual values for Root Port]

Figure 3.3. Attributes in the Flow Control Update Tab

Table 3.3. Flow Control Attributes

Link [k] (k == 0 - 1) Flow Control Update

Attribute

Selectable Values

Description

Parameter

Link [k] Disable FC
Update Timer

Checked
Unchecked

1 Set to disable FC Update
Timer (that is, schedule a
FC Update on Every
Consumed RX TLP

M Otherwise, schedule FC
Updates in accordance
with PCle Specification
recommended values)

LINK[K]_PTL_RX_CTRL_FC_UPDATE_TIMER_
={0,1}

Link [k] FC Update
Timer Divider

Use PCle Spec
recommended
values,

Divide by 2,
Divide by 4,
Divide by 8

Select the FC Update
frequency of the Receive
Buffer when FC update timer
is enabled.

LINK[k]_PTL_RX_CTRL_FC_UPDATE_TIMER_I
{0,1,2,3}

Link [k] Completion
Credit Advertisement

Advertise Infinite
for Endpoint and
Actual for Root
Port,

Advertise Actual,
Advertise Infinite

Select the completion credit
advertisement behavior.

LINK[k]_PTL_RX_CTRL_ADV_CH_CD_SEL ={q
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3.4. Function0

3.4.1. Configuration

= LATTICE

General Flow Control

Property

~ Configuration

Link 0 : Device ID {16'h)

Link 0: Function 0

Link 0 :
Link 0:
Link 0 :
Link 0:
Link 0:

Vendor ID (16'h)
Subsystem ID (16'h)
Subsystem Vendor ID (16'h)
Class Code (24'h)

Revision D (8'h)

Link 0: Function 1

Value

E004
19AA
E004
19AA
118000
04

Link 0: Function 2 Link 0: Function 3

Link 1: Function 0 4

Figure 3.4. Attributes in Function Configuration Tab

Table 3.4. Function Configuration Tab Attributes

Configuration

Attribute Selectable Values Description Parameter
DisableFunction Unchecked 1 Cannot disable function 0.
1 Display only.
Link [k] Device ID (Hex) Value returned when the Device I[ [ K] _FTL_I1 D1_DEVI
0000-FFFF Configuration Register is read. FFFF}
Link [k] Vendor ID (Hex) Value returned when the Vendor | [ K] _FTL_1 D1_VEND
0000—-FFFF Configuration Register is read. FFFF}
Link [k] Subsystem I0 (Hex) Value returned when the [ K] _FTL_I1 D2_SUB-S
0000-FFFF Subsystem ID Configuration FFFF}
Register is read.
Link [K] Subsystem | (Hex) Value returned when the LINK[K]_FTL_ID2_SUBSYSTEM_VENDOR_|
Vendor ID 0000-FFFF Subsystem Vendor ID Configuratic { 16 Q6066 FFFF}
Register is read.
Link [K] Class Code | (Hex) Value returned when the Class LI NK[ k] _FTL_I D3 _CL-AS
00000- FFFFF Code Configuration Register is 16" hFFFF}
read.
Link [k] Revision ID | (Hex) Value returned when the Revision I NK[ k] _FTL_1 D3_REVI
00-—FF ID Configuration Register is read. hFF}
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3.4.2. Base Address Register (BAR) [0 to 5]
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General Flow Control

Property

~ Base Address Register 0
Link 0: BAR O: Enable

~ Base Address Register 1
Link 0: BAR 1: Enable

Link 0: Function 0

Link 0: Function 1 Link 0: Function 2 Link 0: Function 3

Value

Link 1: Function 0 4

Table 3.5. BAR Tab Attributes

Figure 3.5. Attributes in BAR Tab

Link [k] (k == 0 - 1) Base Address Register n (n ==0 - 5)

Attribute Selectable Values Description Parameter
Link [kK] BAR rEnable | Checked Set to enable the BAR. —
Unchecked
Link [k] BAR A Address | Memory, Select if the BAR is for Memory or I/O | —
Type I/0 space.
Link [k] BAR # 64-bit Checked 1  Applicable for memory space only| —
Address Unchecked 1  Set to use 64bit address. Note¢hat
BAR n and BAR n+1 are used for
the 64bit address.
Link [K] BAR & Checked 1  Applicable for memory space only| —
Prefetchable Unchecked f  Set to identify the memory addres
as prefetchable.
Link [kK] BAR aDefault | Bytes, Select the size of Memory spate. —
Size (unit) kB (210),
MB (220),
GB (230),
TB (240),
PB (250),
EB (260),
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Link [k] (k == 0 - 1) Base Address Register n (n ==0 - 5)

Attribute

Selectable Values

Description

Parameter

Link [K] BAR a Default
Size (value)

(Power of 2)
32 bits Memory Space:
16 bytes-2 GB
64 bits Memory Space:
64 bits: 4 GB-8 EB
32 bits I/0 Space:
2 Bytes- 256 Bytes

Select the size of Memory or I/O spdce

Link [K] BAR n

32 bits: FFFF_FFFO
1000_0000

64 bits:
FFFF_FFFF_0000_00(

1000_0000_0000_000(

Display Only

Function 0:
LINK[k]_FTL_BARO_CFG

LINK[K]_FTL_BAR5_CFG
Function m:
LINK[K]_FTL_MF1_BARO_CFG

I._.I.NK[k]_FTL_MF[m]_BAR[n]_CFC

Local Memory Base
Address n

(Hex, Aligned to BAR
size)

FFFF_FFFO
0000_0000

1  Applicable for memory space only

1 This is the base address of the log
system memory that maps to the
configured PCle BAR.

1  Must be aligned to the specified
BAR size.

1 Received Memory requests that
hits the BAR are forwarded to this
address.

Function O:
FOBARO_TO_LOCADR

FOBAR5_TO_LOCADR
Function m:
F1BARO_TO_LOCADR

FIm]BAR[n]_TO_LOCAD

3.4.3. Legacy Interrupt

General

Property

~+ Legacy Interrupt

Flow Control

Link 0 : Interrupt Pin

Link 0: Function 0

Link 0 : Disable Legacy Interrupt

Link 0: Function 1 Link 0: Function 2

Value

Link 0: Function 3

Link 1: Function 0 4

[INTA

Figure 3.6. Attributes in Legacy Interrupt

Table 3.6. Legacy Interrupt Attribute Descriptions

Link [k] (k == 0 - 1) Legacy Interrupt

Attributes Value Description Parameters
i i RTL al rts | interrupt.

Link [K] Disable Checked bl always suppo ts legacy interrupt LINK[K]_FTL_INTERRUPT_DIS}
Legacy Unchecked 1 The current attribute only uses for port | _ 0.1} - = -
Interrupt activation. ’

INT A,
Link k] INT B, Select which legacy interrupt pin is used LINKIK]_FTL_INTERRUPT_PIN
Interrupt Pin INT C, gacy Ptp ’ {0,1,2,3}

INT D
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3.4.4. MSI Capability

= LATTICE

General

Property

Link 0:
Link 0 :

Flow Control Link 0:

~ MSI Capability
Link 0:

Disable MSI Capability
Number of MSI vectors

Enable Vector Masking

Function 0 Link 0: Function 1 Link 0: Function 2 Link 0: Function 3 Link 1: Function 0 L]

Value

8
=

Figure 3.7. Attributes in MSI Capability

Table 3.7. MSI Capability Attributes

Link [k] (k == 0 - 1) MSI Capability

Attributes

Value

Description

Parameters

Link [K] Disable | Checked
MSI Capability | Unchecked

Set to disable the MSI Capability.

LINK[K]_FTL_MSI_CAP_DISABLE = {0,1}

Link [kK] Number
of MSI vectors

1-32

Set the number of requested MSI vectors

LINK[K]_FTL_MSI_CAP_MULT_MESSAGE_CA
={0,1,2,3,4,5}

Link [K] Enable | Checked
Vector Masking | Unchecked

Set to enable vector masking capability.

LINK[K]_FTL_MSI_CAP_VEC_MASK_CAPABL
{0,1}

3.4.5. MSI-X Capability

General

Property

Link O:
Link O:
Link 0:
Link 0:
Link 0:
Link 0:

+~ MSI-X Capability

Flow Control Link 0: Function 0 Link 0: Function 1 Link 0: Function 2 Link 0: Function 3 Link 1: Function 0 4

Value

Disable MSI-X Capability

MSI-X Table Size [1 - 2048] 8

MSI-X Table BAR indicator BARO

MSI-X Table Address Offset (Bbytes aligned) 6000

MSI-X PBA BAR indicator BARD

MSI-X PBA Address Offset (Bbytes aligned) 7000

Figure 3.8. Attributes in MSI-X Capability
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Table 3.8. MSI-X Capability Attributes

= LATTICE

Link [k] (k == 0 - 1) MSI-X Capability

Attributes Value Description Parameters
Link [K] Disable | Checked Set to disable the MS{ _
MSHX Capability | Unchecked Capability. LINKIK_FTL_MSIX_CAP_DISABLE ={0,1}
Link [k] MSIX 1-2048 Set the number of requested | LINK[K]_FTL_MSIX_CAP_TABLE_SIZE ={0
Table Size MSEHX vectors. 2047}
BAR O 1 Select which Base
_ BAR 1, Address register.
Link [K] MSIX BAR 2 1 Located beginning at 10H
Table BAR BAR 3’ in Configuration Space, i| LINK[K]_FTL_MSIX_TABLE_BIR ={0,1,2,3,4|
indicator BAR 4’ used to map the MSX
’ Table into Memory
BAR 5 Space.
Set the byte address offset
#":l';lék]Ag" dsrz(ss (Hex, 8 bytes aligned) g‘Akgts;;c'LgegeS;m;mgm: LINK[K]_FTL_MSIX_TABLE_OFFSET =
Offset 0000_0000- FFFF_FFF8 BAR indicator, at which the {29 h00OQO0OBGBAGFFFFFF}
MSHXtable begins.
BAR O, .
BAR 1 Select which Base Address
Link [kK] MSKX BAR 2’ register, located beginning at
PBA BAR BAR 3’ 10h in Configuration Space, if LINK[k]_FTL_MSIX_PBA_BIR ={0,1,2,3,4,5}
indicator ' used to map theMSEX PBA
BAR 4, into Memory Space.
BAR 5
Set the byte address offset (8
:;'S/'i [/'i]d'c\j"riz(s (Hex, 8 bytes aligned) gglts:t:ggg‘;c,\?’s;’(" 'ltjhl'B”AtgeAgAF LINK[K]_FTL_MSIX_PBA_OFFSET =
Offset 0000_0000- FFFF_FFF8 indicator, at which the MSX {29 h00QO0OBGBAGFGFFFFFF}

PBA begins.

3.4.6. Device Serial Number Capability

General

Property

Flow Control

Link 0: Function 0

~ Device Serial Number Capability
Link 0 : Enable DSN Capability

Link 0: Function 1

Value

Link 0: Functon 2

Link 0: Function 3 Link 1: Function 0 L]

Figure 3.9. Attributes in Device Serial Number Capability

Table 3.9. Device Serial Number Capability Attributes

Link [k] (k == 0 - 1) Device Serial Number Capability

Attributes Value Description Parameters

Link [K] Enable Checked Set to enable the Device Serial _

DSNCapability Unchecked Number capability. LINKIK_FTL_DSN_CAP_ENABLE ={0,1}
(Hex)

Link [k] Serial
Number

0000_0000_0000_0000
FFFF_FFFF_FFFF_FFFF

Set the device serial number.

LINK[K]_FTL_DSN_SERIAL_NUMBER
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3.4.7. PCI Express Capability

-~ PCI Express Capability
Link 0 : Maximum Payload Size Supported
Link 0 : Disable Function Level Reset (FLR)

General

Property

Flow Contral

Link 0 : Enable Extended Tag Field

= LATTICE

Link 0: Function 0

Value

312 BYTES

V|

Figure 3.10. Attributes in PCle Capability

Table 3.10. PCle Capability Attributes

Link [k] (k == 0 - 1) PCle Device Capability

Attributes Value Description Parameters

Link [K] 128 Bytes, Select the maximum LINK[K]_FTL_PCIE_DEV_CAP_MAX_PAYLOAD_SIZE_SUP
Maximum 256 Bytes, payload sizesupported. {0,1,2}

Payload Size 512 Bytes

Supported

Link [k] Disable | Checked Set to disable Function LINK[K]_FTL_PCIE_DEV_CAP_DISABLE_FLR_CA
Function Level | Unchecked Level Reset capability. PABILITY ={0,1)

Reset(FLR)

Link [k] Enable | Checked Set to enable Extended | LINK[k] FTL_PCIE_DEV_CAP_EXTENDED_TAG_FIELD_S
Extended Tag Unchecked Tag Field (@it tag field). ={0,1}

Field

3.4.8. Advance Error Reporting Capability

General

Property

Flow Control

Link 0 : Enable Reporting :
Link 0 : Enable Reporting :
Link 0 : Enable Reporting :
Link 0 : Enable Reporting :
Link 0 : Enable Reporting :

Link 0: Function 0

~ Advance Error Reporting Capability
Link 0 : Enable ECRC Generation and Checking

Link 0: Function 1

Value

=

Correctable Internal Error

Surprise Down Error

Completion Timeout Error

[~

Completer Abort Error

Uncorrectable Internal Error

Link 0: Function 2 Link 0: Function 3 Link 1: Function 0 1 |

Figure 3.11. Attributes in Advance Error Reporting Capability
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Table 3.11. Advance Error Reporting Capability Attributes

= LATTICE

Link [k] (k == 0 - 1) Advance Error Reporting Capability

Attributes

Value

Description

Parameters

Link [K] Enable ECRC
Generation and Checking

Checked
Unchecked

Set to enable ECRC
generation and checking.

LINK[K]_FTL_AER_CAP_ECRC_GEN_CHK_CAPA

{0.1}

Link [K] Enable Reporting
Correctable Internal
Error

Checked
Unchecked

Set to enable reporting of
correctable internal error.

LINK[K]_FTL_AER_CAP_EN_CORR_INTERNAL_

={0,1}

Link [K] Enable Reporting
Surprise Down Error

Checked
Unchecked

Set to enable reporting of
surprise down error.

LINK[K]_FTL_AER_CAP_EN_SURPRISE_DOWN |

={0,1}

Link [K] Enable Reporting
Completion Timeout
Error

Checked
Unchecked

Set to enable reporting of
completion timeout error.

LINK[K]_FTL_AER_CAP_EN_COMPLETION_TIME

{0.1}

Link [K] Enable Reporting
Completer Abort Error

Checked
Unchecked

Set to enable reporting of
completer aborterror.

LINK[k]_FTL_AER_CAP_EN_COMPLETER_ABO}

{0,1}

Link [k] Enable Reporting
Uncorrectable Internal
Error

Checked
Unchecked

Set to enable reporting of

uncorrectable internal error.

LINK[K]_FTL_AER_CAP_EN_UCORR_INTERNAL

={0.1}

3.4.9. Atomic OP Capability

General Fow Control

Property

+ Atomic OP Capability

Link 0: Function 0

Link 0 : Enable Atomic Op Capability

Link 0: Function 1

Value

Link 0: Function 2

Link 0: Function 3

Link 1: Function 0 L]

Figure 3.12. Attributes in Atomic OP Capability

Table 3.12. Atomic OP capability Attributes

Link [k] (k == 0 - 1) Atomic OP Capability

Attributes Value Description Parameters

';\'tr(‘)‘:n[:‘cl ggab'e Checked Set to enable Atomic LINK[k]_FTL_ATOMIC_OP_CAP_ENABLE = {0,1}
Capability Unchecked Operations Capability.

Link [k] Enable R00} (-, 01 aq Set to enable Root as LINK[k]_ FTL_ATOMIC_OP_CAP_RP_COMPLETER_ENA
asAtomic Op Unchecked Atomic OP Completer {0,1}

Completer nehecke P ' ’

Link [k] Enable

Atomic Op Checked Set to support Atomic Op | LINK[k]_FTL_ATOMIC_OP_CAP_COMPLETER_128_SUH
Completer 128b Unchecked 128b operand. ={0,1}

Operand

Link [K] Enable

Atomic Op Checked Set to support Atomic Op | LINK[K]_FTL_ATOMIC_OP_CAP_COMPLETER_64_SUPH
Completer 64b Unchecked 64b operand ={0,1}

Operand
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= LATTICE

Link [k] (k == 0 - 1) Atomic OP Capability

Link [K] Enable

Atomic Op Checked Set to support Atomic Op | LINK[K]_FTL_ATOMIC_OP_CAP_COMPLETER_32_SUPH
Completer 32b Unchecked 32b operand. ={0,1}

Operand

Link [K] Enable .

Atomic Op S:x(tise ] Zel:titr?;“ppon Atomic Op |\ K[k FTL_ATOMIC_OP_CAP_ROUTING_SUPPORTEI
Completer Routing '

3.4.10. Latency Tolerance Reporting Capability

~ Latency Tolerance Reporting Capability
Link 0 : Enable LTR Capability

Figure 3.13. Attributes in Latency Tolerance Reporting Capability

Table 3.13. Latency Tolerance Reporting Capability Attributes

Link [k] (k == 0 - 1) Latency Tolerance Reporting Capability

Attributes Value Description Parameters
Link [K] Enable Checked Set to enable the Latency Toleranc| LINK[K]_FTL_LTR_CAP_ENABLE ={(
LTRCapability Unchecked Reporting capability.

3.4.11. Power Budgeting Capability

~ Power Budgeting Capability
Link 0 : Enable PB Capability

Figure 3.14. Attributes in Power Budgeting Capability

Table 3.14. Power Budgeting Capability Attributes

Link [k] (k == 0 - 1) Power Budgeting Capability

Attributes Value Description Parameters

Link [k] Enable | Checked Set to enable the Power Budgeting | LINK[K]_FTL_PWR_BUDGET_CAP_EN
PB Capability Unchecked capability. ={0,1}

3.4.12. Dynamic Power Allocation Capability

~+ Dynamic Power Allocation Capability
Link 0 : Enable DPA Capability

Figure 3.15. Attributes in Dynamic Allocation Capability
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Table 3.15. Dynamic Allocation capability Attributes

= LATTICE

Link [k] (k == 0 - 1) Dynamic Power Allocation Capability

32x8b

Attributes Value Description Parameters
Link [K] Enable DPA | Checked Set to enable the Dynamic Power _
Capability Unchecked Allocation capability. LINK[K]_FTL_DPA_CAP_ENABLE = {
1  Specifies the maximum substate
number.
Link [k] Max Substate 1  Substates from [substate_max:0] af LINK[k]_FTL_DPA_CAP_SUBSTATE|
0-31
Number supported. ={0-31}
1 For example, substate_max==0
indicates support for 1 substate.
Link [k] Transiti 1ms,
ink [K] Transition 10 ms, Specifies Transition Latency Unit. LINK[k]_FTL_DPA_CAP_TLUNIT 2}{0
Latency Unit
100 ms
10.0x,
Link [k] Power 1.0x, e .
Allocation Scale 0.1x, Specifies Power Allocation Scale. LINK[K]_FTL_DPA_CAP_PAS 3X0
0.01x
Link [k] Transition | ;55 SpecifiesTransition Latency Value 0. | LINK[K]_FTL_DPA_CAP_XLCY03}{0
Latency Value 0
Link [k] Transition | ;555 Specifies Transition Latency Value 1. | LINK[K]_FTL_DPA_CAP_XLCY13}{0
Latency Value 1
Link [K] Trar_lsmon (Hex) 1  Specifies V\_/hlch Transition Latency LINK[K]_FTL_DPA_XLCY_INDICATG
Latency Indicator 00000000~ Value applies to each substate. {32 h0O0OGQOBGEEFFFF
32x1b FFFFFFFF 1  Each bit corresponds to a substate.
;‘l?:cg‘t]ioﬁ]oxvr?; (Hex) 1 Substate Power Allocation Array. | LINK[k] FTL_DPA_ALLOC_ARRAY -
y {32{00}}-{32{FF}} | 1 Each entry is 8b value. { 32{ 8x{h3020{}8"' hFF}}
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Table 3.16. Function 1-3 Tab

Link [k] (k == 0 - 1) Functionn (n ==1-3)

Configuration

Available if the number of physical functions
enabled is set to greater than 1.

Set to disable the function Parameter:
Disable Checked . ' LINK[K]_FTL_MF1_FUNCTION_DISABLE = {0,1
- Parameter:
Function Unchecked LINK[K]_FTL_MF2_FUNCTION_DISABLE = {0,1

LINK[K]_FTL_MF1_FUNCTION_DISABLE = {
LINK[K]_FTL_MF2_FUNCTION_DISABLE = {
LINK[K]_FTL_MF3_FUNCTION_DISABLE = {

LINK[K]_FTL_MF3_FUNCTION_DISABLE = {0,1

Device ID
Vendor ID

Subsystem

ID
Refer toFunction Osection.
Subsystem -

Vendor ID

Class Code -

Revision ID -

Base Address Register (see the Lattice PCle x8 Core Configuration user -
interface in Function 0 section)

Legacy Interrupt (see the Lattice PCle x8 Core Configuration user interface in -
Function 0 section)

MSI Capability (see the Lattice PCle x8 Core Configuration user interface in -
Function 0 section)

MSI-X Capability (see the Lattice PCle x8 Core Configuration user interface in —
Function 0 section)

Device Serial Number Capability (see the Lattice PCle x8 Core Configuration —
user interface in Function 0 section)
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4. Signal Description

The Lattice PCbh8IP Core Ports for Link 0 is defined in the following-sedtions.

4.1. Clock and Reset Interface

Table 4.1. Clock and Reset Ports

= LATTICE

Port

Type

Description

linkO_perst_n_i

Input

f
f

PCI Expredsundamental Reset

Activelow asynchronous assert, synchronousassert reset to the Link
Layer, PHY, and Soft Logic blockslitt®_perst_n_i andinkO_rst_usr n_i
deassertion, the core starts in the Detect.Quiet Link Training and Status
State Machine (LTSSM) state with the Physical Layer down and Data Li
Layer down.

Normally, the PHY registers are automatically configured based on the (
settings selected by User. However, it is still possible for the user to mog
and configure the registers through the selected register interface.
linkO_perst_n_i must remain asserted while the PHY registers are being
configured.

linkO_rst_usr n_i

Input

User Clock Domain Link Layer Reset (Link Layer or MAC Layer Reset)
Activelow asynchronous assert, synchronousatsert reset to the User
clock domain, Link Layer and Soft Logic blockdin®® perst_n_i and
linkO_rst_usr_n_i deassertion the core starts in the Detect.Quiet Link
Training and Status State Machine (LTSSM) state with the Physical Lay
down and Data Link Layer down.

In general the Link Layer registers are automatically configured based o
the user interfacesettingsyou selected. However, it is still possible for the
user to modify and configure the registers through the selected register
interface. It is recommended thdinhkO_rst_usr_n_i remain asserted while
the Link Layer core registers are being configured.

sys_clk_i

Input

User Clock Domain Input Clock

It is recommended to use the following minimum clock frequetacgchieve
the maximum throughput with respect to link data rate:

T 16.26G0 2MHz

T 8.6L25 MHz

T 5.6&2.5 MHz

T 2.5%1.25 MHz

All ports of the corresponding PCIE link are synchronized to this clock.

linkO_clk_usr_o

Output

Optional Clock source.
There are several clock sources coming from PHY that can be selected
connected to thesys_clk_.i

linkO_pl_link_up_o

Output

Physical Layer Link Up Statud) Up and (0) Down
linkO_pl_link up_oisused as anactveo w, synchronous
Data Link Layer.

Youare not expected to use this port except for status since user design
does not interface directly with the Data Link Layer.
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Port Type Description

link0_dlI_link_ up_o Output 1 Data Link Layer Link Up Statudl) Up and (0) Down

1 link0_dl_link_up_o is used as an actil@w, synchronous reset for the
Transaction Layer and also indicates when TLPs can be successfully
transmitted across the link.

1  For Endpoinbnly applications, users must ubek0_dl link up_o as a
synchronous reset for their RTL
interfaces.

linkO_tl_link_up_o Input 1  Transaction Layer Link Up Statud) Up and (0) Down

1 linkO tl up_oisanacti ow, synchronous r esef
transaction layer.

T A Downstream Port’'s (Root Port)
enables them to be accessed them from the User Transmit and Receive
Interfaces, are reset bijnkO_tI_up_o so that the PCle Configuration
Registers may be read even when the link is down.

1 Downstream Port applications must ulsekO_tl_up_o as a synchronous
reset for their RTL interfacing
Whenlink0t | _up_o == 1 the core’s PCI
read. WherlinkO_dI_link_up_o == 1, accesses the PCle devices behind t
DS Port may be attempted. WhéinkO_dI_link_up_o == 0 accesses to the
PCle devices behind the DS Port is not possible; if accesses are attemp
they fail with error status.

sys_rst_n_i Input 1 System Reset (Available if application interface select&iX(g

1  This is similar téink0_perst_n_i, but it is common to all links. Actilav
asynchronous assert, synchronousatsert reset to the Link Layer, PHY,
and DMA Core blocks.

Notes:
1. LINK-range (0, 3)
2. Support for 250 MHz is only availablelie next release (2024.1).

4.2. PHY Interface

The Link Layer is used in conjunction with a tpiedty PCI Express PHY to implement a complete LatticexBClwe PCI
Express implementation. The PHY implements the-Bggred serial and analog functions required to support PCI Express
while the Link Layer implements most of the digital logic as well as the higher levels of the PCI Express protocol.

The PIPE PHY Interface that connects the Link Layer and PHY is not shown here since the interface is only internal and is not
visible to users.

Table 4.2. PHY Interface Descriptions

Port Type Description

linkO_rxp_i Input 9 Differential Receive Serial signal, Rx+
1  WhenPCIE Core anly enabled, the PCIE link can be configured as:
T x8 |ldnaxne) Oor
T x4 |l4dnhaxnd) O0or
T x2 |ldnhaxne) Oor
T x1 Fabane 0)
linkO_rxn_i Input Differential Receive Serial signal; Rx

See PCIE Hard IP Core Lane assignment above.
link0_txp_o Output Differential Transmit Serial signal, Tx+

See PCIE Hard IP Core Lane assignment above.
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Port Type Description
link0_txn_o Output Differential Transmit Serial signal,-Tx
See PCIE Hard IP Core Lane assignment above.
refclkp_i Input DifferentialReference Clock, CLK+ (100 MHz)
refclkn_i Input Differential Reference Clock, CI(X00 MHz)
Note:

1. LANE-range (0, 7)

4.3. Transaction Layer Interface

4.3.1. TLP Transmit Interface
Refer theTLP Transmit Interfacgection for more information and timing diagrams.

4.3.1.1. TLP Transmit Interface Port Description

Table 4.3. TLP Transmit Interface Ports

Port Clock Domain | Direction Description
linkO_tx_valid_i sys_clk_i Input Source valid. (1==Valid, 0==Not valid)
linkO_tx_ready_o sys_clk_i Output 1 Destination ready. (1==Ready, 0==Not ready)
1 A transfer occurs on the transmit interface only when
linkO_tx_valid_i=#nk0_tx_ready o==1.
linkO_tx_sop_i sys_clk_i Input 1  Start of packet indicator.
1 Set==1 coincident with the firBbk0_tx_data_i word in each TLP.
linkO_tx_eop_i sys_clk_i Input 1 End of packet indicator
1 Set==1 coincident with the lal#tk0_tx_data_i word in each TLP.
linkO_tx_eop_n_i sys_clk_i Input 1 Nullify packet indicator.
1 Set==1 coincident witlnk0_tx_eop_i == 1 to instruct the core to
nullify the current TLRinvert LCRC and use EDB framing) instea
transmitting the TLP normally.
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Port Clock Domain | Direction Description
InkO_tx_data_i sys_clk_i Input 1 TLP data to transfer
[NUM_LANES864-1:0] f  link0_tx_data_i must be valid from the assertionlimk0_tx_sop_i
until the TLP is fully consumed with the assertiofirdd0_tx_eop_i.
M  TLP data must comprise a complete Transaction Layer Packet (|
as defined by the PCI Express Specification including the entire
4 DWORD TLP header, data payload (if present), and optionally|
TLP Digest (ECRC). The core adds the necessary STPEND/ELD
framing, Sequence Number, LCRC, and add ECRC (if enabled t
so and ECRC is not already present in the transmission) as part
Data Link Layer functionality.
1  Transmitted TLPs are required to be formulated correctly per the
PCle Specification including filling in the Requester/Completer II
Attributes, Traffic Class, and so on. For MElinction, the core
uses the Requestor/Completer ID in transmitted TLP<seterchine
which function’ s nuetbefappiedtoat i ¢
determine the validity of the transmitted TLP.
1 Data width depends on the number of lanes configured for a
particular link.
T x8512b
T x42560Db
T x2128b
T x%64b
Note: There is a known hardwalgnitation for the December 2023
release. As a workaround for this issue, application logic must have
least 20 clocks gap from tx_eop_i of a TLP to the tx_sop_i of the nex
TLP. In addition to performance impact, the problem that may be
observed is completion tieput for continuous Memory Read TLP fron
Host to the FPGA.
The hardwardimitation will be solved in 2024 release.
InkO_tx_data_p_i sys_clk_i Input 1 Parity of associatetinkO_tx_data_i:

[NUM_LANES8-1:0]

o linko data_piintkqidat=a<8"[¢§ )] )
T linkkO data_p_i mu st IbientkxG Idia
that contain a porton of a
(i f pnesent
1 Parity width changes as data width, 1 parity bit per 8 bits of data|

Note:

1.

LINK-values (0); NUM_LANESange (1,8)

wine latticesemi.com/legal


http://www.latticesemi.com/legal

4.3.1.2. TLP Transmit Credit Interface Port Description

Table 4.4. TLP Transmit Credit Interface Ports

= LATTICE

Port

Clock Domain

Direction

Description

linkO_tx_credit init_o

sys_clk_i

Output

When the core Transaction Layer for Link][i] is ready to accept TLH
transmissions, the core assetiiskO_tx_credit init_o == 1 for one
clock cycle and on the same cycle indicates the-posted TLP
Header strorage capacity of the Transmit Buffer on
linkO_tx_credit_nh_o[11:0]. Users are expected to keep and initialij
their NH available transmit credit counters bmk0_tx_credit
init_o==1.

When a norposted TLP is pending for transmission within user log
user logic should check the currently available NH credit count for
associated link and hold the transmission until enough NH credits
available to transmit the TLP. Once the ThP leen committed for
transmit, the amount of NH credits required by that TLP are
decremented from the NH credit count. As the core forwards
transmitted TLPs from the Transmit Buffer and thus makes room f
new TLPs, the core asselitkO_tx_credit_retun_o==1 for one clock
cycle and places the number of NH credits being returned on
link0_tx_credit_nh_o[11:0]. In this manner, the user can manage
sending only enough neposted TLPs that the core can hold in its
Transmt Buffer. This permits the user to know when #posted TLPs
would be blocked and thus send posted and/or completion TLPs
instead. This is important for avoiding deadlocks and keeps non
posted TLP blockage from reducing posted and completion
throughput.

Should the core receive more nguosted TLPs than the core can stq
in its nonposted TLP transmit storage, the core pauses TLP
transmission rather than allow an overflow to occur. Thus, users th
do not wish to use the Transmit Credit Interface may rgrbis
interface provided they are willing to permit blocked npasted TLPs
from also blocking following posted and completion TLPs.

linkO_tx_credit_return_o

sys_clk_i

Output

As the core forwards transmitted TLPs from the Transmit Buffer al
thus makes room for new TLPs, the core asserts
linkO_tx_credit_return_o==1 for one clock cycle and places the
number of NH credits being returned ¢inkO_tx_credit_nh_o[11:0].

linkO_tx_credit_nh_o[11:0]

sys_clk_i

Output

Number of NH credits to return 3nk0_tx_credit_nh_o[11:0].
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4.3.2. TLP Receive Interface
Referto the TLP Receive Interfasection for more information and timing diagrams.

4.3.2.1. TLP Receive Interface Port Descriptions

Table 4.5. TLP Receive Interface Ports

= LATTICE

Port

Clock Domain

Direction

Description

linkO_rx_valid_o

sys_clk_i

Output

1

link0_rx_valid_o == 1 when the oth&nkO_rx_* output ports are
valid. Otherwise, value is 0. A data transfer occurs when
linkO_rx_valid_o == 1 anlihkO_rx_ready_i == 1.

linkO_rx_ready i

sys_clk_i

Input

Setlink0_rx_ready_i == 1 whenever the user logic is ready to
accept received TLP data. A data transfers occur when
link0_rx_valid_o == 1 anlihkO_rx_ready i == 1.

For maxi mum throughput, use
the rate that they are presentediiftkO_rx_ready_i == 1 on all
clock cycles).

linkO_rx_sel_o[1:0]

sys_clk_i

Output

Receive TLP type indicator:

T 0 == Posted Request (writé
T 1 ==Pbdlsnhed Request (reques;g
T 2 == Compl et on ( c ornepg ueetsotn)
T 3 == Reserved

link0_rx_sel_o is useful for steering the TLP to the appropriate
processing logic. For example, Posted Requests should be
directed to receive write logic while NéPosted Requests shoul
be directed to receive read logic. Completions should be direq

back to he original read request source using the TLP Tag
information.

link0_rx_sel_o is valid for the entire TLP (fréinkO_rx_sop_o ==
1 throughlinkO_rx_eop_o == 1)

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Port

Clock Domain

Direction

Description

link0_rx_cmd_data_0[12:0]

sys_clk_i

Output

1
1

Received TLP Typwdicator

link0_rx_cmd_data_o provides information about the received
TLP to facilitate user TLP processing. This port has a differen
meaning in Root Port Modes of operation and Endpoint
operation.

The Lattice PCbe8 Core decodes received TLPs to determine
their destination. The core passes this information to the
Transaction Layer Receive Interface by asserting the appropr
bits in this field.

Individual bits ofink0_rx_cmd_data_0[12:0] carry the following
information:

T Bits[dT2:aB&hss[2: 0] of the
T Bi tJC®mpl eton/ Base Address

T (1) indicates the TLP is
I D

T (0) indicates the TLP is
routed by address that hidt

Bits[8: 0] are decoded di f ¢
Bi t s{C®:np]l et on or Message
Bi t sHe8sjer ved

Bit s{TagQJT:h®] Requestor Tag
Tag[7:0] is used to associ
source request. This feld
rather than a completon.

T Bits{R&:a@] or write request
address that hit an enabl ¢
0)

1 Bit-Whln (1), téilNét GBancskaedt dr
(0), theN®tR&rdsadtsom.

T Bit{wWhln (1), the packet r

Completon transactons as

Bi t—{(4) he TLP hi t he EX

Bi t-[(3) he TLP i Bas

Bi t-[(4) he TLP i Bas

Bi t-[(3) he TLP Bas

Bi t—{(2) he TLP Bas

Bi t-[( 1) he TLP i Bas

T Bit{(a) the TLP hit Bas

link0_rx_cmd_data_o is valid for the entire packet (from
link0_rx_sop_o == 1 througinkO_rx_eop_o == 1).

= —a —a -

= -4 —a —a —a -2
- -+ o~ -+ o~

t
t
t
t
t
t

jum R R i .
® ® ® ® ® @
> > > > > >

link0_rx_f _0o[5:0]

sys_clk_i

Output

Note:Thi s signal is only functon
2024 release, the applicaton |
the received TLP and compare {
Registers to know which Physi ¢

Function Hit by the Received TLP

link0 _rx_f o indicates whicPPCle Function received the TLP.

T linmk«O f _o == 0 i ndi oédefs_oF
indicatesafdnsgodoon#1l

linkO_rx_sop_o

sys_clk_i

Output

1
1

Start of TLP indicator
link0_rx_sop_o == 1 coincident with the filgtk0_rx_data_o
word in each TLP. Otherwise, value is 0.
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Port

Clock Domain

Direction

Description

link0_rx_eop_o

sys_clk_i

Output

1
1

End of TLP indicator.
link0_rx_eop_o == 1 coincident with the ldstk0_rx_data_o
word in each TLP. Otherwise, value is 0.

linkO_rx_err_ecrc_o

sys_clk_i

Output

Received TLP ECRC error indicator

link0_rx_err_ecrc_o == 1 fronnk0_rx_sop_o tdinkO_rx_eop_o
inclusive for received TLPs which contain a detected ECRC ¢
Otherwise, value is 0.

link0_rx_err_ecrc_o only reports ECRC errors when ECRC
checking is enabled. ECRC checking is enabled by software
through the AER Capability.

TLPs with ECRC errors are presented on the Receive Interfad
the same format that they are received including the TLP Digg
(ECRC).

ECRC errors are serious, uncorrectable errors. The user desi
must decide how to handle/recover from the error including
whether to use the TLP with the error. ECRC errors need for
higher level software to correct/handle the error. PCle does n
have a satndard mechanism for retransmitting TLPs end to en
it does for a given PCle link (through the LCRC/SequenceNur
and Replay mechanisms).

link0_rx_data_o
[NUM_LANES$4-1:0]

sys_clk_i

Output

Received TLP Data

Received TLP data comprises a completnsaction Layer
Packet (TLP) as defined by the PCI Express Specification inc
the entire TLP header, data payload (if present), and TLP Dig
(ECRC, if present). The cor
framing, Sequence Number, and Link CRC (4&£RCip the TLP
appearing on this interface. The core checks TLP ECRC, whe
present and when checking is enabled, and can be optionally
enabled to remove the ECRC from the TLP.

Data width depends on the number of lanes configured for a
particular link.

T x8512hb

T x42560D

T x2128b

T x%64b

link0_rx_data_p_o
[NUM_LANES-1:0]

sys_clk_i

Output

Received TLP Data Parity

Even parity of associatdohkO_rx_data_o:

T i kO _dat a_piorkid]det=ax8d][ ( (
1) 1)

T i mkxO_data_p_o i s |varkiodd d to
that contain a porton of
and TLP digestli(nERORGat af pJ|
valid for any trailing, ufi
l i tkxOOdata_o word in a TLP

Parity width changes as data width, 1 parity bit per 8 bits of d4

Note:

1. LINK-values (0); NUM_LANESange (1,8)
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4.3.2.2. TLP Receive Credit Interface Port Description

Table 4.6. TLP Receive Credit Interface Ports

= LATTICE

Port

Clock Domain

Direction

Description

linkO_rx_credit init_i

sys_clk_i

Input

When the user transaction layer logic is ready to acceptpaosted
TLP reception, assert thiek0_rx_credit init_i == 1 for one clock cyc
and on the same cycle indicates the Roosted TLP header storage
capacity of the user design limkO_rx_credit_nh_i[11:0].

You must initializéink0_rx_credit_init_i shortly (within 10s of clocks
after u_tl_link_up for Root Port and shortly after u_dl_link_up for
Endpoint. Holding off credit initialization for an extended period c4q
cause received neposted TLP transactions to timeout in the sourd
component which may be serious errors.

The core limits simultaneous outstanding Rposted receive TLPs o
the receive interface to ensure no more than the initialized NH cre
are simultaneously outstanding to user receive TLP logic.

Once the received neposted TLPs are processed/forwarded such
that more room is available to receive new npasted TLPs, assert
linkO_rx_credit_return_i==1 for one clock cycle and places the
number of NH credits being returned ¢inkO_rx_credit_nh_i[11:0].
In this manner, you can limit the outstanding core receive TLPs to
user design. This permits the core to know when-posted TLPs
would be blocked and thus send posted and/or completion TLPs {
the user design instead. This ispantant for avoidng deadlocks and
keeps norposted TLP blockage from reducing posted and comple
throughput.

If you do not wish to implement flow control of NH credits through
this interface Jink0_rx_credit_init==1 andinkO_rx_credit_nh_inf_i is
set to 1 to advertise infinite NH credits. The NH credit flow control
not implemented for links that advertised infinite NH credits.

linkO_rx_credit_return_i

sys_clk_i

Input

Once the received neposted TLPs are processed/forwarded such
that more room is available to receive new npasted TLPs, assert
linkO_rx_credit_return_i==1 for one clock cycle and places the
number of NH credits being returned ¢éink0_rx_credit_nh_i[11:0].

linkO_rx_credit_nh_i[11:0]

sys_clk_i

Input

Number of NH credits to return 4mk0_rx_credit_nh_i[11:0].

linkO_rx_credit_nh_inf_i

sys_clk_i

Input

Infinite NH Credits

linkO_rx_credit_nh_inf_i:

1==Do not limit TLP reception due to NH credits

O==Limit simultaneously outstanding NH credits to the value of
linkO_rx_credit_nh_i[11:0] whehinkO_rx_credit_init was 1.
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4.4. Lattice Memory Mapped Interface (LMMI)

The Lattice PCkBIP Core implements a bus for configuring core options and obtaining core status. The Core Configuration
and Status Registers (CSR) are made accessible to the user design through the Lattice Memory Mapped interface (LMMI).

Table 4.7. Lattice Memory Mapped Interface Ports

Port Clock Domain | Direction Description
usr_Immi_clk_i usr_Immi_clk_i| Input LMMI ClocK250 MHz maxj.
usr_Immi_rst_n_i usr_Immi_clk_i| Input Active low, asynchronous assesynchronous dassert reset

Note: Once usr_Immi_rst_n_i dassertedyou mustwait for 10 or
more usr_Immi_clk_¢locks before accessing LMMI interface. This
to allow reset to be properly propagated through the PCle controll
usr_Immi_offset_i21:0] usr_Immi_clk_i| Input 1 Register address. S&egister Descriptiofor more details on
address mapping.
usr_Immi_offset_i [23:22} Not used. Drive 0
usr_Immi_offset_i21:2Q - Quad identifier
2 W -QuadO0
2 0l-Quadl
2 "1 Quad 2(Future release)
2 ' b-Dwad 3(Future release)
usr_Immi_offset_i [19} Not used. Drive O
usr_Immi_offset_i [18:16} Core Register Block Identifier
PCIE Configuration Space Registers:
T 3" bed0bewWwdrd PCIE x8 Core
1 PCIE Core Registers:
T 3" biW@d®drd PCIE x8 Core regi
1 MPP Registers:
T 3" biMAPHY, External MPLLA,
Aggregate Control, CMU, a
1 PMA Registers:
T 3" b+3'0biANMA Lane, Raw PCS
Al wawnws Logi c, PMAPESt Eat &p
Raw PCSomlwagisc Extra Spa
RAM Memory access registe
1 For DWaligned register space:
T usr_|I mmi _offRedgi_stdrl50f2det
T usr _ | mmi _ oFfrseesteriv e[dl :(Ot]le t o

= =4 -4 -8 —a _—a -8 -2 -2

usr_Immi_request_i usr_Immi_clk_i| Input Start Transaction (1==Active; 0==0Otherwise)

A transaction is started when
usr_lmmi_request_i==usr_Immi_ready o==1.

When usr_Immi_request_i==usr_Immi_ready_o==1,
usr_Immi_wr_rdn_i, and usr_Immi_offset_i must be valid and
describe the transaction to execute; if the transaction is a write as
indicated by usr_Immi_wr_rdn_i==1, usr_Immi_wdata_i must also

valid.
usr_lmmi_wr_rdn_i usr_Immi_clk_i| Input Direction (1==Write, 0==Read)
usr_Immi_wdata_i31:0] usr_Immi_clk_i| Input Write data
usr_Immi_rdata_031.0] usr_Immi_clk_i| Output Read data
usr_Immi_ready_o usr_Immi_clk_i| Output Target is ready to start a new transaction.
(1==Ready; 0==Not ready)
usr_Immi_rdata_valid_o usr_Immi_clk_i| Output Read transaction is complete and usr_Immi_rdata_o contains vali

data (1==Valid; 0==0Otherwise).

Note:
1. Support for 250 MHz is only availablefie next release (2024.1).
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4.5. Power Management Interface

The Lattice PCk8BIP Core supports optional capabilities such as Dynamic Power Allocation, Latency Tolerance Reporting
and Power Budgeting.

Note: Not supported in 2023.2 releasSupported inrRadiant2024.1 and later

4.6. AXI-L Configuration Interface
The Lattice PCh8 Core provides an option to use AXlide interface as alternative to LMMI for register access.

The clock supplied to soft IP's user configuration path must be synchronous to LMMI clock-IR Ha#X |4 ite requires a
separate clock domain, the clock crossing from AXl clock to LMMI clock must be done externally to the soft IP.

Table 4.8. AXI-L Configuration Interface Ports

Port Type Function

Write Address Channel

axi4l_awvalid_i Input Write address valid

axi4l_awaddr_iZ3:0] Input Write address

axi4l_awprot_i [2:0] Input Protection type. Not. supporte
axi4l_awready o Output Write address ready

Werite Data Channel

axi4l_wvalid_i Input Write valid
axi4l_wdata_i [AXI4L_DATAWIDTH] Input Write data
axi4l_wstrb_i [(AXI4L_DATAWIDTHL&)] Input Write strobes
axi4l_wready_o Output Write ready

Write Response Channel

axi4l_bready i Input Response ready
axi4l_bvalid_o Output Write responsevalid
axi4l_bresp_o[1:0] Output Write respong

Read Address Channel

axi4l_arvalid_i Input Read address valid
axi4l_araddr_i23:0] Input Read address
axi4l_arprot_I [2:0] Input Protection type. Not supporte
axi4l_arready_o Output Read address ready

Read Data Channel

axi4l_rready _| Input Read ready
axi4l_rvalid_o Output Read valid
axi4l_rdata_o [AXI4AL_DATAWIDBTH] Output Read data
axi4l_rresp_o [1:0] Output Read response
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4.7. AXI-4 Stream Data Interface

This interface is available if the application interface type selected in the IP generadiiiThe AXI4 interface is slightly
different if Hard DMA Core is enabled. If you did not enable any DMA Core, the soft logic only has the AXI bridging
application. If Soft DMA Core is selected, the soft logic has AXI bridging and-Seditter DMA applicatn. If Hard DMA
Core is selected, the default hardware AXI interface is used (no soft logic).

4.7.1. AXI4-Stream Transmitter Interface Port Descriptions

Table 4.9. AXI-4 Stream Transmitter Interface Ports

Port Clock Domain | Direction | Description
mO_tready i clk_usr_div2_j Input Destination ready. 1==Ready, 0==Not ready.
A transfer occurs when m_tvalid_o==m_tready_i==1.
mO_tvalid_o clk_usr_div2_j Output | Source valid
1==Valid
0==Not valid.
mO_tdata_o [NUM_LANES*840] clk_usr_div2_j Output | For Link 0, data width depends on bifurcation option selected.
T 1x4-256b
1 1x2-128b
T 1x1-64b
mO_tstrb_o [NUM_LANES*BO] clk_usr_div2_| Output | Byte qualifier that indicates whether the content of the

associated byte of m_tdata_o is processed as a data byte
a position byte.

1 For Link 0, tstrb width depends on bifurcation option
selected.
1T 1x4-256Tbhhe vad3RPUuUbBFFFFFFFF.
T 1x2-128bh.e v&d&bubFFFF.
1T 1x1-64Hhe v8l bEF.

mO_tkeep_o [NUM_LANESA80] clk_usr_div2_j Output | Byte qualifier that indicates whether the content of the
associated byte of m_tdata_o is processed as part of the
data stream.

1  Associated bytes that have the m_tkeep_o byte qualifier
deasserted are null bytes and can be removed from the d
stream.

1  For Link 0, tkeep width depends on bifurcation option
selected.

f 1x4-256Tbhe value is 32’ hFH
f 1x2-128Tbh.e value is 16" hFH
1 1x1-64BHhe value is 8" hFF.

mO_tlast o clk_usr_div2_j Output End of TLP indicator. m_tlast=e 1 coincident with the last
m_tdata_o word in each TLP. Otherwise, 0.
mO_tid_o [7:0] clk_usr_div2_j Output Data stream identifier that indicates different streams of data.

mO_tid_o[2:0] has the BARumber information when
rx_cmd_data[9] = 0. Otherwise, 0 when cmd_data[9] =
1(completion)

1 mO_tid_o[3] =link0_rx_err_par

1 mO_tid_o[6:4] =link0_rx_cmd_data[12:10]

1 mO_tid_o[7] =link0_rx_err_ecrc
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Port

Clock Domain

Direction

Description

mO_tdest_o [3:0]

clk_usr_div2_j

Output

1 m_tdest_o provides routing information for the data strea
1  Bits [3:2]- Function Hit by the Received TLP
1 Bits [1:0]- Receive TLP type indicator:

T 0 == Posted Request (wri

T 1 ==Podlsned Request (reqyu
compl et on)

T 2 == Completon (compl et d

Note: Bits [3:0] are only functional in 2024 release or later. Pri
to 2024 release, the application logic must decode the
address/BDF of the received TLP and compare against the B/
PCle Configuration Registers to know which Physical Functior
hit.

Note:
1. NUM_LANESrange (1,4)

4.7.2. AXI4-Stream Receiver Interface Port Descriptions

Table 4.10. AXI-4 Stream Receiver Interface Ports

Port

Clock Domain

Direction

Description

s0_tvalid_i

clk_usr_div2_j

Input

Source valid
1==Valid
0==Not valid.

sO_tdata_i [NUM_LANES*@40]

clk_usr_div2_i

Input

1 TLP data to transfer
9 For Link 0, data width depends on bifurcation option

selected.

T 1x4-2560Db

T 1x2-128b

T 1x1-64b
Note: There is a known hardwalenitation in the December
2023 release. As workaround for this issue, application logic n
have at least 20 clocks gap from tx_eop_i of a TLP to the tx_s
of the next TLP. In addition to performance impact, another
problem to look out for is the completion tieout for continuous
Memory Read TLP from Host to the FPGA. This hardware
limitation will be solved in the 2024 release.

sO_tstrb_i [NUM_LANES*B0]

clk_usr_div2_i

Input

1 Byte qualifier that indicates whether the content of the
associated byte of m_tdata_o is processed as a data byte
a position byte.

1  For Link Otstrb width depends orthe bifurcationoption
selected.
T 1x4-256b. T&€3e2 ' 'vhaHFUFeFRFFF.
T 1x2-128b. Td6leb 'vhaH FuFeF .i

f 1x1-64b. Thk8' W& Fue i
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Port Clock Domain | Direction | Description
sO_tkeep_i [NUM_LANES180] clk_usr_div2_| Input 1 Byte qualifier that indicates whether the content of the
associated byte of m_tdata_o is processed as part of the
data stream.
1  Associated bytes that have the m_tkeep_o byte qualifier
deasserted are null bytes and can be removed from the d
stream.
1  For Link Otkeepwidth depends orthe bifurcationoption
selected.
T 1x4-256b. T$3e2 ' 'vhaHRUFeF FFF F.
f 1x2-128bDb. The value is 16
T 1x1-64b. Th8' m&Fue is
sO_tlast_i clk_usr_div2_j Input End of packet indicator.
Set == 1 coincident with the last s[LINK]_tdata_i word in each
sO_tid_i [7:0] clk_usr_div2_j Input Unused. Set to 8" h0O.
sO_tdest_i [3:0] clk_usr_div2_j Input Unused. Set to 4’ hoO.
sO_tready o clk_usr_div2_j Output | Destination ready.
1==Ready
0==Not ready
A transfer occurs when s_tvalid_i==s_tready_o==1.
Note:
1. NUM_LANESrange (1,4)
4.8. DMA Interface
Table 4.11. DMA AXI4 Manager Write Interface
Port Clock Domain | Direction Description
mO_axi_awid_o [3:0] sys_clk_i Output This signal is the identification tag for the write address gr
of signals.
mO_axi_awaddr_o [63:0] sys_clk_i Output The write addresgives the address of the first transfer in a
write burst transaction.
mO_axi_awlen_o [3:0] sys_clk_i Output The burst length gives the exact number of transfers in a
burst. This information determines the number of data
transfers associated with the address.
mO_axi_awsize_o [2:0] sys_clk_i Output This signal indicates the size of each transfer in the burst.
mO_axi_awprot_o [2:0] sys_clk_i Output This signal is used only for Security. Only m0_axi4_awpro
is used; [2],[0] are unused and set to 0.
1 mO_axi_awprot [1] = 0: Secure
1 mO_axi_awprot [1] = 1: NeBecure
mO_axi_awcache_o [3:0] sys_clk_i Output This signal indicates how transactions are required to
progress through a system.
mO_axi_awvalid_o sys_clk_i Output This signal indicates that tlehannel is signaling valid write
address and control information.
mO_axi_awready _i sys_clk_i Input This signal indicates that the slave is ready to accept an
address and associated control signals.
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Port Clock Domain | Direction Description

mO_axi_awuser_o [47:0] sys_clk_i Output Providesadditional useful transaction information which ma
be optionally used:
1 mO_axi_awuser_o [47:32]

T Provides the PCI Expre
Device[4: 0], Functon][ 2
Functon[7:0]} for ARI
with transactons that

1 mO_axi_awuser_o [31:24]

T Provides the functon n
transacton. For transa
this is the functon th
For DMA transactons, t
contains the registers

1 mO_axi_awuser_o [23]

f For DMA sources (mO_ax
indicates when the tra
packet. This informato
DMA applicatons. ThDMA
sources. FIFO DMA appl
t hppacket ends because
cannot be writen to a
from a DMA read FIFO u
provided/ consumed or t
occurred indicatng no
coming/requested.

1 mO0_axi_awuser_o [22} Reserved.
1 mO0_axi_awuser_o [21:12]

T Provides the exact byt
requested byte count i
the resoluton mO_axi _a
the byte enabl es.

1 mO_axi_awuser_o [11:0]

T Encodes the transacton
applicatons, which may
FI'FO with a DMA Channe
to determine which FIF
mO_axi _awuser _o [11:0]
the text faobllleowi ng t hi

mO_axi_wid_o [3:0] sys_clk_i mO_axi_wid o This signal is the ID tag of the write data transfer. Support
[3:0] only in AXI3.
mO_axi_wdata_o [511:0] sys_clk_i mO_axi_wdata_o| Write data.
[511:0]
mO_axi_wstrb_o [63:0] sys_clk_i mO_axi_wstrb_o | This signal indicates which byte lanes hold valid data. The
[63:0] one write strobe bit for each eight bits of the write data bug
mO_axi_wlast_o sys_clk_i mO_axi_wlast_o | This signal indicates tHast transfer in a write burst.
mO_axi_wvalid_o sys_clk_i mO_axi_wvalid_o| This signal indicates that valid write data and strobes are
available.
mO_axi_wready_i sys_clk_i mO_axi_wready_| This signal indicates that the subordinate can accept the
write data.
mO_axi_bid_i [3:0] sys_clk_i mO_axi_bid_i This signal is the ID tag of the write response.
[3:0]
mO_axi_bresp_i [1:0] sys_clk_i mO_axi_bresp_i | This signal indicates the status of the write transaction.

[1:0]
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Port Clock Domain | Direction Description
mO_axi_bvalid_i sys_clk_i Input This signal indicates that the channel is signaling a valid w
response.
mO_axi_bready_o sys_clk_i Output This signal indicates that the manager can accept a write
response.
Table 4.12. DMA AXI4 Manager Read Interface

Port Clock Domain | Direction | Description

mO_axi_arid_o [3:0] sys_clk_i Output | This signal is the identification tag for the read address group
signals.

mO_axi_araddr_o [63:0] sys_clk_i OQutput | The read address gives thddress of the first transfer in a read
burst transaction.

mO_axi_arlen_o [3:0] sys_clk_i Output | This signal indicates the exact number of transfers in a burst.

mO_axi_arsize_o [2:0] sys_clk_i Output | This signal indicates the size of eaensfer in the burst.

mO_axi_arprot_o [2:0] sys_clk_i Output | This signal is used only for Security. Only m0_axi_arprot [1] i
used; [2],[0] are unused and set to 0.
1 mO_axi_arprot [1] = 0: Secure
1 mO_axi_arprot [1] = 1: NeBecure

mO_axi_arcache_o [3:0] sys_clk_i Output | This signal indicates how transactions are required to progres
through a system.

mO_axi_arvalid_o sys_clk_i Output | This signal indicates that the channel is signaling valid read
address and contrahformation.

mO_axi_arready_i sys_clk_i Input This signal indicates that the slave is ready to accept an addre
and associated control signals.
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Port Clock Domain | Direction | Description

mO_axi_aruser_o [47:0] sys_clk_i Input Provides additional useful transaction information which may
optionally used:
1 mO_axi_awuser_o [47:32]

f Provides the PCI Expr ess
Device[4:0], Functon[ 2: (
for ARI capable sources)
originated from PCI Ex pr

1 mO_axi_awuser_o [31:24]

f Provides the functon nur
transacton. For transact
the functon that has cl &
transactons, this is theg
registers for the DMA cHh

1 mO_axi_awuser_o [23]

T For DMA sources (mO_axi |
indicates when the trantg
packet. This informaton
DMA applicatons. ThDMA bi
sources. FIFO DMA applig
packet ends because the
writen to a DMA write FI
read FIFO untl the full
provided/ consumed or t he
indicatng no more data

1 mO_axi_awuser_o [22} Reserved.
1 mO_axi_awuser_o [21:12]

T The requested byte count
the resoluton of mO0O_axi |
applicatons, whichegdnefq
need this informaton.

T mO_axi_awuser_o [11:0]

f Encodes the transacton ¢
which may associate each
Channel , can use this i
FI'FO is being addressed.
encoding is descri beadliern

mO_axi_rid_i [3:0] sys_clk_i Input This signal is the identification tag for the read data group of
signals generated by the subordinate.

mO_axi_rdata_i [511:0] sys_clk_i Input Read data.

mO_axi_rresp_i [1:0] sys_clk_i Input This signaihdicates the status of the read transfer.

mO_axi_rlast_i sys_clk_i Input This signal indicates the last transfer in a read burst.

mO_axi_rvalid_i sys_clk_i Input This signal indicates that the channel is signaling the required
read data.

mO_axi_rready_o sys_clk_i Output | This signal indicates that the manager can accept the read da|

and response information.
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Table 4.13. DMA AXI4 Subordinate Write Interface
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Port Clock Domain | Direction | Description

sO_axi_awid_i [15:0] sys_clk_i Input This signal is the identification tag for the write address group
signals.

sO_axi_awaddr_i [63:0] sys_clk_i Input The write address gives the address of the first transfer in a w|
burst transaction.

s0_axi_awlen_i [3:0] sys_clk_i Input The burst length gives the exact number of transfers in a burs
This information determines the number of data transfers
associated with the address. Max of 16 beat bursts.

sO_axi_awsize_i [2:0] sys_clk_i Input This signal indicates the size of each transfer in the burst.

s0_axi_awprot_i [2:0] sys_clk_i Input This signal is used only for Security. Only sO_axi_awprot [1] is
used; [2],[0] are unused and set to 0.
1 sO_axi_awprot [1] = O: Secure
M sO_axi_awprot [1] = 1: NeSBecure

s0_axi_awcache_i [3:0] sys_clk_i Input This signal indicates how transactions are required to progres
through a system.

sO_axi_awvalid_i sys_clk_i Input This signal indicates that the channel is signaling vaiie
address and control information.

sO_axi_awready_o sys_clk_i Output | This signal indicates that the slave is ready to accept an addre
and associated control signals.

sO_axi_awuser_i [7:0] sys_clk_i Input Use to specify the function number to lsed if this write
request is destined for PCle and the PCle core supports multi
functions.

sO0_axi_wid_i [3:0] sys_clk_i Input This signal is the ID tag of the write data transfer. Supported @
in AXI3. Must tie to ‘b0 in

sO_axi_wdata_i [511:0] sys_clk_i Input Write data.

sO_axi_wstrb_i [63:0] sys_clk_i Input This signal indicates which byte lanes hold valid data. There is
write strobe bit for each eight bits of the write data bus.

sO_axi_wlast_i sys_clk_i Input This signaindicates the last transfer in a write burst.

sO_axi_wvalid_i sys_clk_i Input This signal indicates that valid write data and strobes are
available.

sO_axi_wready_o sys_clk_i Output | This signal indicates that the subordinate can accept the write
data.

sO_axi_bid_o [3:0] sys_clk_i Output | This signal is the ID tag of the write response.

sO_axi_bresp_o [1:0] sys_clk_i Output | This signal indicates the status of the write transaction.

sO_axi_bvalid_o sys_clk_i Output | This signal indicates th#te channel is signaling a valid write
response.

sO_axi_bready i sys_clk_i Input This signal indicates that the manager can accept a write

response.
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Table 4.14. DMA AXI4 Subordinate Read Interface
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Port Clock Domain | Direction | Description

sO_axi_arid_i [15:0] sys_clk_i Output | This signal is the identification tag for the read address group
signals.

sO_axi_araddr_i [63:0] sys_clk_i Output | The read address gives the address of the first transferéaad
burst transaction.

s0_axi_arlen_i [3:0] sys_clk_i Output | This signal indicates the exact number of transfers in a burst.

sO_axi_arsize_i [2:0] sys_clk_i Output | This signal indicates the size of each transfer in the burst.

sO_axi_arprot_i [2:0] sys_clk_i Output | This signal is used only for Security. Only mO_axi_arprot [1] is
used; [2],[0] are unused and set to 0.
1 sO_axi_arprot [1] = 0: Secure
1 sO_axi_arprot [1] = 1: NeSecure

s0_axi_arcache_i [3:0] sys_clk_i Output | This signal indicates how transactions are required to progres
through a system.

sO_axi_arvalid_i sys_clk_i Output | This signal indicates that the channel is signaling valid read
address and control information.

sO_axi_arready o sys_clk_i Input This signaihdicates that the slave is ready to accept an addres
and associated control signals.

sO_axi_aruser_i [7:0] sys_clk_i Input Use to specify the functon
reqguest is destned for nPudltep
functons.

sO_axi_rid_i [3:0] sys_clk_i Input This signal is the identfcat
signals generated by the sul

sO_axi_rdata_i [511:0] sys_clk_i Input Read dat a.

sO_axi_rresp_i [1:0] sys_clk_i Input Thsisgnal indicates the statu

sO_axi_rlast_i sys_clk_i Input This signal indicates the | g

sO_axi_rvalid_i sys_clk_i Input This signal indicates that t
read dat a.

sO_axi_rready_o sys_clk_i Qutput |Thi s signal indicates that t
and response informaton.

Table 4.15. DMA AXI4 Interrupt Interface
Port el . Direction Description
Domain

s_int_tx_i[63:0] sys_clk_i Input This signal is used to cause interrupts to be generated on PC
must be driven depending upon the value of
s_int_tx_edge_level_n_o:
1—Edge Interrupt mode
PCle Core is configured for MSbr MSI interrupts
Set s_int_tx_i[i] == 1 for one clock to request an interrupt on
interrupt vectorfi]
0—Level Interrupt mode
PCle Core is configured for Legacy interrupts
Set s_int_tx_i[i] == 1 for as long as interrupt vector][i] continue|
to be pending
s_int_tx[i] must be 0 except when an interrupt is desired to be|
generated.

s_int_tx_edge_level_n_o[63:0] sys_clk_i Output s_int_tx_edge_level_n_o[i] indicates how interrupts on

s_int_tx_i[i] must be signaled. For cores supporting multi
function or SROV different interrupt vectors are associated
with each function and each function has independent M %ind
MSI enables.
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4.9. Unused Interface

The signals listed in thEable4.16 are unused and removed in the next release.

Table 4.16. Unused Interface

Port Direction
link0_legacy_interrupt_i Input
linkO_legacy_interrupt_o Output
linkO_user_aux_power_detected_i Input
linkO_user_transactions_pending_i Input
refret_i Input
rext_i Input

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are amistelhtiicesemi.com/legal
All other brand or product names are trademarks or registered trademarks of their respective holders. The specificaiiufosraation herein are subject to change without notice.
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5. Register Description

Table 5.1. Register Access Abbreviations

Abbreviation Meaning

RW Read and Write access
RO Read only

WO Write only

RwW1C Read write 1 to clear

5.1. Hard IP Core Configuration and Status Registers

The Lattice PCbh8BIP Core configuration registers have default values that are appropriate for most applications. Customers
typically would only want to change a small number of values such as Vendor/Device ID and BAR configuration. Such
changes can be made through LMMites prior to core reset release or through the IP generation user interface. The
registers defined in the sections below are the same set for all links. The registers are configured through LMMLand AXI
interface.

Table5.2 lists the offset address for the Hard IP Core Registers.
Table 5.2. Hard PCle Core Register Mapping

Hard IP Core Register Block Start Byte Offset End Byte Offset
QUAD 0
PCle Configuration Space Registers

Physical Function 0 0x0_0000 0x0_OFFF
Physical Function 1 0x0_1000 0x0_1FFF
Physical Function 2 0x0_2000 0x0_2FFF
Physical Function 3 0x0_3000 0x0_3FFF
Physical Function 4 0x0_4000 0x0_4FFF
Physical Function 5 0x0_5000 0x0_5FFF
Physical Function 6 0x0_6000 0x0_6FFF
Physical Function 7 0x0_7000 0x0_7FFF
PFO Virtual Function O 0x0_8000 0x0_8FFF
PFO Virtual Function 1 0x0_9000 0x0_9FFF
PFOVirtual Function 2 0x0_A000 0x0_AFFF
PCled PF1 Virtual Function O 0x0_B000 0x0_BFFF
PF1 Virtual Function 1 0x0_CO000 0x0_CFFF
PF1 Virtual Function 2 0x0_DO000 0x0_DFFF
PF2 Virtual Function 0 0x0_EO000 0x0_EFFF
PF2 Virtual Function 1 0x0_F000 0x0_FFFF
PF2 Virtual Function 2 0x1_0000 0x1 OFFF
PF3 Virtual Function 0 0x1_1000 0x1_1FFF
PF3 Virtual Function 1 0Ox1 2000 0x1 2FFF
PF3 Virtual Function 2 0x1_3000 0x1_3FFF
PF4 Virtual Function O 0x1_ 4000 0x1_4FFF
PF4 Virtual Function 1 0x1_5000 0x1_5FFF
PF4 Virtual Function 2 0x1_6000 0x1_6FFF
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Hard IP Core Register Block Start Byte Offset End Byte Offset
PF5 Virtual Function 0 0x1_7000 0x1_7FFF
PF5 Virtual Function 1 0x1_8000 0x1_8FFF
PF5 Virtual Function 2 0x1_9000 0x1_9FFF
PF6 Virtual Function 0 0x1_A000 0x1_AFFF
PF6 VirtuaFunction 1 0x1_B000 0x1_BFFF
PF6 Virtual Function 2 0x1_C000 0x1_CFFF
PF7 Virtual Function 0 0x1_D000 0x1_DFFF
PF7 Virtual Function 1 0x1_EO000 0x1_EFFF
PF7 Virtual Function 2 0x1_F000 0x1_FFFF

PCle x8 Core Registers
mgmt_tlb 0x4_2000 0x4_2717
mgmt_pitl 0x4_3000 0x4_32E3
mgmt_ftl 0x4_4000 0Ox4_4337
mgmt_ftl_mfl 0x4_5000 0x4_5337
mgmt_ftl_mf2 0x4_6000 0x4_6337
mgmt_ftl_mf3 0x4_7000 0x4_7337
mgmt_ftl_mf4 0x4_8000 0x4_8337
mgmt_ftl_mf5 0x4_9000 0x4_9337
mgmt_ftl_mf6 0x4_A000 0x4_A337
mgmt_ftl_mf7 0x4_B000 0x4_B337
MPPHY 0 Registers
MPPHY Lane-OLane 3 (PCS) 0x05_0000 0x05_OFFF
Quad 0 MPPHY Quad 0 PMA, Common 0x06_0000 0x06_FFFF
Quad 0 PHY ROM 0x07_0000 0x07_3FFF
Quad 0 PHY RAM 0x07_4000 0x07_FFFF
QUAD 1
MPPHY 1 Registers
MPP Lane 4 Lane 7 (PCS) 0x15_0000 0x15 OFFF
Quad 1 MPPHY Quad 1 PMA, Common 0x16_0000 0x16_FFFF
Quad 1 PHY ROM 0x17_0000 0x17_3FFF
Quad 1 PHY RAM 0x17_4000 Ox17_FFFF

5.1.1. EP Configuration Settings

The Lattice PCk8 IP Core supports Endpoint (EP) operation. The current mode of operation is determined byetG&Bor

The following table illustrates the CSR values that are recommended for EP and RP applications.

Table 5.3. CSR Values Recommended for EP Applications

Register Field Offset EndPoint
mgmt_tlb_Itssm_port_type_ds_us_n 0x4_2040 1’ bo0
mgmt_ftl_cfg_typel_typeO_n 0x4_4030 1" boO
mgmt_ftl_decode_ignore_poison 0x4_4010 1" boO
mgmt_ftl_decode_t1_rx_bypass_msg_dec 0x4_4014 1" boO
mgmt_ftl_pcie_cap_slot_implemented 0x4_4080 1" bo
mgmt_ftl_pcie_cap_device_port_type 0x4_4080 4" ho
mgmt_ftl_id3_class_code Ox4_4048 User Application Specific
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Register Field Offset EndPoint
mgmt_ftl_ari_cap_disable 0x4_40EO 1" boO
mgmt_ftl_msi_cap_disable 0x4_40E8 1" boO
mgmt_ftl_msi_cap_mult_message_capable 0x4_40E8 User Application Specific
mgmt_ftl_msix_cap_table_size 0x4_40F0 User Application Specific
mgmt_ftl_msix_cap_disable 0x4_40F0 1" b0 (Enabl g
mgmt_ftl_aer_cap_en_surprise_down_error 0x4_4100 1" boO

5.1.2. mgmt_tlb (0x4_2000)
The following are the register sets with the402000 base address.

Note: Registers in the range not described in this section are considered reserved and must not be accessed. The access to
this range results in unexpected behavior.

5.1.2.1. LTSSM Register Set

Itssm_simulation Register 0x0
This register set is used for LTSSM simulation speed reduction.

Table 5.4. Itssm_simulation Register 0x0

Field Name Access | Width Reset Description

[31:2] reserved RO 30 0x0 —

[1] reduce_ts1 RW 1 0x0 Reduce the minimum number of TS1 transmitted in
Polling.Activédrom 1024 to 16 to shorten simulation
time.
0-Disable
1-Enable

[0] reduce_timeouts RW 1 0x0 Reduce LTSSM timeouts to shorten simulation time
When enabled, 1 ms 20 ps, 2 m&40 ps, 12 ms60
ps, 24 ms>80 ps, 32 m&100 ps, and 48 rs160 ps.
0-Disable
1-Enable

Itssm_cfg_lw_start Register 0x34
This register set is used for LTSSM CFG.LWSTART configuration.
Table 5.5. Itssm_cfg_lw_start Register 0x34

Field Name Access | Width Reset Description

[31:2] reserved RO 30 0x0 —

[1:0] min_time RW 2 0x0 Minimum time spent in Cfg.LW.Start before exit is
permitted.
0—4upus
1-16pus
2-64ps

wine latticesemi.com/legal


http://www.latticesemi.com/legal

Itssm_latch_rx Register 0x38

This register set is used for LTSSM latchdRRguration.

Table 5.6. Itssm_latch_rx Register 0x38
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Field Name Access

Width

Reset

Description

[31:1] reserved RO

30

0x0

[0] link_lane RW

1

0ox1

Enable latching each lane's received link and lane
numbers and state exit condition during LTSSM
Configuration link width negotiation.

0-Disable. The lane is included in the link if it is
receiving the state exit criteria on the clock cycle tha
the link width and state exit transition is occurring. A
received Physical Layer error occurring close to the
clock cycle that the link widtls ibeing determined
results in a reduction of link width even if the lane hg
previously recorded valid state exit criteria.
1-Enable. The lane is included in the link if it met th
state exit criteria at any time during the state. This ig
the recommended setting since received Physical
Layer errors are less likely to result in reduced link
width.

Itssm_cfg Register 0x3c
This register set is used for LTS&Mfiguration.

Table 5.7. ltssm_cfg Register 0x3c

Field Name Access

Width

Reset

Description

[31:28] Iw_start_updn_end_delay RW

0x9

LTSSM CFG_[US/DS]_LW_START normal
CFG_[US/DS]_LW_STARTtE&$missions and
parsing of received TS OS begins
(Iw_start_updn_end_delay 64) symbols after the
bp_ltssm_cfg_Iw_start_updn 1 to O transition occurs
at the end of PHY adaptation.

This delay is intended to flush any corrupted PHY rx
data due to the PHY adaptation through the Link La|
Core before the Core begins paying attention to
received data again.

[27:24] Iw_start_updn_start_delay RW

0x8

LTSSM CFG_[US/DS]_LW_START
bp_ltssm_cfg_Iw_start_updn==1 assertion is delaye
by (w_start_updn_start_delayx 64) symbols from
CFG_[US/DS]_LW_START state entry. The start dg
intended to avoid the PHY beginning adaptation, an
thus corrupting the input data, before the link partne
data stream has ended. When the Core reaches
CFG_[US/DS]_LW_START befordinkepartner, the
link partner may still be in Recovery.ldle with an act
data stream. The start delay must be long enough t
delay PHY adaptation until the receive data stream
has ended or else SKP Data Parity Errors and\Rece
Errors can be detected and recorded by the Core d
to the PHY corrupting the receive data stream due t
adaptation.

[23:12] Iw_start_updn_count RW

12

Oxfa

LTSSM CFG_[US/DS]_LW_START
bp_ltssm_cfg_Iw_start_updn==1 duration is set to
(Iw_start_updn_counix 1024) ns. 0==Disabled.
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Field Name Access | Width Reset Description

[11:8] Iw_start_updn_rate_en RwW 4 Oxf LTSSM CFG_[US/DS]_LW_START
bp_ltssm_cfg_Iw_start updn==1 rate enable/disablg
Controls for which speeds the
bp_Itssm_cfg_Ilw_start_updfeature is supported.
One bit is provided to enable/disable each speed
supported {16G, 8G, 5G, 2.5G}. Bit positions for
speeds that are not supported by a given core delivg
must be set to 0.
0—Disable feature when at the associated link spee
1-Enable feature when at the associated link spee

[7:6] reserved RO 2 0x0 —

[5] Iw_start_updn_eie_en RwW 1 0x0 Iw_start_updn_eie_en
LTSSM CFG_[US/DS]_LW_START
bp_ltssm_cfg_Ilw_start updn==1 EIE Tx OS enable
0-Disabled
1-Enabled

[4] Iw_start_updn_en_dir_ds RW 1 0x0 LTSSM CFG_[US/DS]_LW_START
bp_Itssm_cfg_Iw_start_updn==1 directed down
configure enable.
0-Do not assert bp_ltssm_cfg_lw_start_updn==1
when the CFG_[US/DS]_LW_START entry is due tq
locally directed downconfigure.
1-Assert bp_Itssm_cfg_Iw_start_updn==1 when th
CFG_[US/DS]_LW_START entry is due to locally
directed downconfigure.

[3:2] reserved RO 0x0 —

[1] Iw_start_updn_timer_en RwW 0x0 LTSSM CFG_[US/DS]_LW_START

bp_ltssm_cfg_Iw_start_updhimer Enable. Register
Iw_start_updn_timer_en can be set to stay in
adaptation for a fixed period instead of relying on th
PHY to have a port bp_Iltssm_cfg_Iw_start_updn_ad
that is asserted at the end of adaptation. Only one 9
Iw_start_updn_timer_en antlv_start_updn_ack_en
can be set to 1.

0-Disabled.

1-Deassert bp_ltssm_cfg_Iw_start_updn after
(Iw_start_updn_counik 1024) ns has expired.
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Field

Name

Access

Width

Reset

Description

[0]

Iw_start_updn_ack_en

RwW

0x0

LTSSM Configuration Link Width Start
bp_ltssm_cfg_Iw_start_updn Ack Enable
0-—Disabled. Output port
bp_ltssm_cfg_Ilw_start_updn is held == 0 and input
port bp_ltssm_cfg_Iw_start_updn_ack is ignored.
When CFG_[DS/US]_LW_START is entered from
Recovery, the transition from
CFG_[DS/US]_LW_START to CFG_[DS/US]_LW_A
occurs after aninimum of

4ps.

1-Enabled. If also enabled, through
mgmt_tlb_ltssm_cfg_lw_start_updn_rate_en, at the
current link speed, output port
bp_ltssm_cfg_Ilw_start_updn is set upon
CFG_[DS/US]_LW_START entry from Recovery an
input port bp_ltssm_cfg_Iw_start_updn_ack is used
The transition from CFG_[DS/US]_LW_START to
CFG_[DS/US]_LW_ACCEPT occurs only after the R
has asserted bp_lItssm_cfg_Iw_start_updn_ack ==
and additionally a minimum of gs has elapsed.
bp_Itssm_cfg_Iw_start updn_ack must not be
withheld so long that the state timeout of 24 ms
expires or the link exits to detect, and the link goes
down, which is a serious error.

Itssm_port_type Register 0x40
This register set is usddr the LTSSM port type configuration.

Table 5.8. Itssm_port_type Register 0x40

Field Name Access | Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] ds_us_n RW 1 0x0 Determines the PCI Express piyfie which affects

many aspects of LTSSM training.
0—Upstream Port
1—-Downstream Port

Itssm_ds_link Register 0x44
This register set is used for the LTSSM downstream link configuration.

Table 5.9. ltssm_ds_link Register 0x44

Field Name Access Width | Reset | Description

[31:5] reserved RO 25 0x0 —

[4:0] number RW 5 0x0 For downstream ports only, unique Link Number assigned to the li
and used in TS sets duribSSM Configuration
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Itssm_detect_quiet Register 0x48
This register set is used for the LTSSM Detect.Quiet configuration.

Table 5.10. Itssm_detect_quiet Register 0x48

= LATTICE

Field Name Access Width | Reset | Description

[31:5] reserved RO 25 0x0 —

[4:0] number RW 5 0x0 For downstream ports only, unique Link Number assigned to the li
and used in TS sets during LTSSM Configuration

Itssm_rx_det Register Ox4c

This register set is used for the LTS8bkiver detection configuration.

Table 5.11. Itssm_rx_det Register Ox4c

Field

Name

Access

Width

Reset

Description

[31]

override

RW

0x0

Lane receiver detection mask enable.
0-Disable
1-Enable

[30:16]

reserved

RO

15

0x0

[15:0]

mask

RW

16

0x0

mask

Lane receiver detection mask. When override==1, mask determin
which lanes attempt receiver detection. For each laneli]:

0—Skip receiver detection and exclude the lane from the link.
1-Perform receiver detection and use result to determine whethe
to include/exclude the lane from the link.

Itssm_nfts Register 0x50

This register set is used for the LTSSM NFTS configuration.

Table 5.12. Itssm_nfts Register 0x50

Field Name Access Width | Reset | Description
[31:16] reserved RO 16 0x0 —
Number of FTS set transfer times to wait in addition to the time
[15:8] to_extend RW 8 Ox7f required to transmit theequested NFTS sets before timing out to
Recovery on Rx_LOs exit.
. Number of FTS sets to request link partner transmit when exiting L
[7:0] nfts RW 8 Oxif NFTS value transmitted in TS1 and TS2 Ordered Sets during train
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Itssm_ds_initial_auto Register 0x54
This register set is used for the LTSSM initial link speed configuration.

Table 5.13. Itssm_ds_initial_auto Register 0x54
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Field

Name

Access

Width

Reset

Description

(31]

rate_enable

RwW

1

0x0

rate_enable

Determines whether link speed up is requested by the core after t
first entry to LO following state Detect. If neither port directs the lin
to a higher speed, the link remains at 2.5G unless software initiatg
speed change. It is recommended to sdaeraenable=1 and
rate==maximum supported speed.

0—Let the link partner or software initiate initial speed changes.
1-Make 1 attempt to direct the link to the maximum speed specifi
by rate. The speed achieved is the maximum speed, less than or ¢
to rate, that both the core and link partner support.

[30:2]

reserved

RO

29

0x0

Number of FTS set transfer times to wait in addition to the time
required to transmit the requested NFTS sets before timing out to
Recovery on Rx_LOs exit.

[1:0]

rate

RwW

0x0

rate

When rate_enable==1, indicates the maximum rate that is attempt
to negotiate on the initial link training from Detect. Only speeds
supported by the core can be indicated.

0-2.5G

1-5G

2-8G

3-16G

Note:

1. Available in 2024 release.

Itssm_select_deemphasis Register 0x58

This register set is used for the LTSSM 2.5/5G deemphasis configuration.

Table 5.14. Itssm_select_deemphasis Register 0x58

Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] 6db_3 5db_n RW 1 0ox1 For 5G capable cores only: For upstream ports only, sets the defa|

deemphasis for 5G operation during LTSSM State Detect.
0--3.5dB
1--6dB

wine latticesemi.com/legal


http://www.latticesemi.com/legal

Itssm_beacon Register 0x5c
Thisregister set is used for the LTSSM Beacon configuration.

Table 5.15. Itssm_beacon Register 0x5c

= LATTICE

Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] I2_d3hot_enable | RW 1 0x0 I12_d3hot_enable

L2 wake Beacon transmission control.

0—Disabled. The customer design must wake the link through WA
pin assertion. Set to 0 when using PHY which do not support Bea
transmission. Set to 0 if the core is not clocked (some PHY removy
core's clock in L2 while others supply a keep alleek) or powered
(some applications remove core power in L2 to maximize power
savings) in L2, as the core is unable to initiate Beacon generation
these cases.

1-Transmit beacon when directed to wake the link from L2.

Itssm_mod_cpl Register 0x60
This register set is used for the LTSSM Modified Compliance configuration.

Table 5.16. ltssm_mod_cpl Register 0x60

Field Name Access | Width | Reset | Description

[31:2] reserved RO 31 0x0 —

[1] one_eieos RW 1 0x1 When entering Modified Compliance Pattern determines the
number of EIEOS blocks to send.
0-—Send 8 EIEOS blocks to ensure receiver lock
1-Send 1 EIEOS (as per Spec)

[0] exit_direct_to_detect| RW 1 0x0

exit_direct_to_detect

When transmitting Modified Compliance Pattern and
cfg_enter_compliance == 0, determines which of the two PCle
Specification optional behaviors is selected.

0-Do not exit to Detect for this reason.

1—Exit to Detect.

Itssm_rx_elec_idle Register 0x64
This register set is used for the LTSSM Rx Electrical Idle configuration.

Table 5.17. Itssm_rx_elec_idle Register 0x64

Field

Name

Access

Width

Reset

Description

(31]

rec_spd_infer_rcvr_lock

RW

1

0x0

Recovery Speed successful and unsuccessful inference expand
Recovery.RcvrLock enable.

0-Do not include time spent in Recovery.Rcvrlwhken calculating
successful and unsuccessful speed change electrical idle inferen
Recovery.Speed.

1-Include time spent in Recovery.RcvrLock when calculating
successful and unsuccessful speed change electrical idle inferen
Recovery.Speed.
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Field

Name

Access

Width

Reset

Description

(30]

rec_pd_infer_rcvr_cfg

RwW

0x0

Recovery Speed successful am$uccessfuhference expand to
Recovery.RcvrCfg enable.

0-Do not include time spent in Recovery.RcvrCfg when calculat
successful and unsuccessful speed change electrical idle inferen
Recovery.Speed.

1-Include time spent in Recovery.RcvrCfg when calculating
successful and unsuccessful speed change electrical idle inferen
Recovery.Speed.

[29]

rec_spd_infer_eq_ph012] RW

0x0

Recovery Speed successful am$uccessfuhference expand to
Recovery.EqPhase0123 enable.

0-Do not include time spent in Recovery.EqPhase0123 when
calculating successful and unsuccessful speed change electrical
inference in Recovery.Speed.

1-Include time spent in Recovery.EqPhase0123 when calculatin
successful and unsuccessful speed change electrical idle inferen
Recovery.Speed.

[28:4]

reserved

RO

25

0x0

[3:0]

filter

RwW

Ox1

After entering a LTSSM state that monitors, pipe_rx_elec_idle fo
exit, ignore pipe_rx_elec_idle for 12dilter) nanoseconds to
enable tolerance for pipe_rx_elec_idle not latency matched with
associaetd pipe_rx_data.

Itssm_compliance_toggle Register 0x68
This register set is used for the LTSSM Compliance Toggle configuration.

Table 5.18. Itssm_compliance_toggle Register 0x68

Field Name Access | Width | Reset | Description

[31:4] reserved RO 28 0x0 —

[3:2] max_speed RW 2 0x3 Maximum speed of compliance patterns that should be generated
0-2.5G
1-5G
2-8G
3-16G

[1:0] min_speed RW 2 0x0 Minimum speed of compliance patterns that shoulddenerated
0-2.5G
1-5G
2-8G
3-16G

Note:

1. Available in 2024 release.
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Itssm_prevent_rx_ts_entry_to Register 0x6c¢

= LATTICE

This register set is used for the LTSSM State Rx TS Transition Prevention configuration.

Table 5.19. Itssm_prevent_rx_ts_entry_to Register Ox6c¢

Field Name Access Width | Reset | Description

[31:4] | reserved RO 28 0x0 _

[3] compliance RwW 1 0x0 LTSSM to Polling.CompliariRe TS state transition disable.
0-Enabled
1-Disabled

[2] loopback RwW 1 0x0 LTSSM to Loopback Follower Rx TS state transition disable.
0-Enabled
1-Disabled

[1] hot_reset RwW 1 0x0 LTSSM to Hot Reset Rx TS state transition disable.
0-Enabled
1-Disabled

[0] disable RW 1 0x0 LTSSM to Disable Rx TS state transition disable.
0-Enabled
1-Disabled

Itssm_link Register 0x80

This register is used for the Current Link Status configuration.

Table 5.20. Itssm_link Register 0x80

Field Name Access | Width | Reset | Description
Data Link Layer link up status.
[31] dl_link_up RO 1 0x0 0-Down
1-Up
Physical Layer link up status.
[30] pl_link_up RO 1 0x0 0—Down
1-Up
[29:20] | Reserved RO 10 ox0 | —
Indicates the current lane reversal status:
lane_rev_status[0], 1 == Full Reverse is in effect
else 0
lane_rev_status[1], 1 == x2 Reverse is in eftedtlane
[19:16] | lane_rev_status RO 4 0x0 only) else 0
lane_rev_status[2], 1 == x4 Reverse is in efte8tlane
only) else O
lane_rev_status[3], 1 == x8 Reverse is in effetb(lane
only) else 0
Electrical Idle inference status in Recovery.RcvrCfg.
[15] idle_infer_rec_rcvr_cfg RwWiC | 1 0x0 0—Otherwise
1-Event occurred. Write 1 to clear.
Electrical Idle inference status in Loopback.Active as a
. . Loopback Follower.
[14] idle_infer_loopback_slave RwWiC | 1 0x0 0— Otherwise
1—Eventoccurred. Write 1 to clear
Electrical Idle inference status in Recovery.Speed on a
[13] idle_infer_rec_speed2_success| RW1C | 1 0x0 successful speed negotiation.

0-—Otherwise
1-Event occurred. Write 1 to clear.
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Field Name Access | Width | Reset | Description

Electrical Idle inference status in Recovery.Speed on an
unsuccessful speed negotiation.

[12] idle_infer_rec_speed2_unsuccey RW1C | 1 0x0 0— Otherwise
1-Event occurred. Write 1 to clear.
Electrical Idle inference status in L@vent causes entry
into Recovery.RcvrLock.
[11] idle_infer_I0_to_rec_rcvr_lock | RWi1C | 1 0x0 . y
0-—Otherwise
1-Event occurred. Write 1 to clear.
[10:9] | Reserved RO 2 0x0 —

Speed Change Failure error indicator.
[8] speed_change_fail RwWi1C | 1 0x0 0-—Otherwise
1-Speed change failure occurred. Write 1 to clear.

[7:2] Reserved RO 6 ox0 | —
Current LTSSM Link Speed. Only link speeds supported
the core is be indicated.
0-2.5G

[1:0] speed RO 2 0x0 1-5G
2-8G
3-16G

Note:

1. Available in 2024elease.

Itssm_Itssm Register 0x84
This register set is used for LTSSM State Machine State configuration.

Table 5.21. Itssm_ltssm Register 0x84

Field Name Access Width | Reset | Description
[31:20] Reserved RO 12 0x0 —
[19:16] sub_state RO 4 0x1 Current LTSSM Minor State. Encoding varies depending upon the|

Current LTSSM Major State.
O0—DETECT_INACTIVE
1-DETECT_QUIET
2—-DETECT_SPD_CHGO
3-DETECT_SPD_CHG1
4—-DETECT_ACTIVEO
5-DETECT_ACTIVE1

6 —DETECT_ACTIVE2
7-DETECT_P1_TO_PO
8—-DETECT_P0_TO P1 0
9-DETECT PO TO P11
10-DETECT_P0_TO P1 2
0—POLLING_INACTIVE
1-POLLING_ACTIVE_ENTRY
2—POLLING_ACTIVE
3—-POLLING_CFG
4—-POLLING_COMP
5—POLLING_COMP_ENTRY
6—POLLING_COMP_EIOS
7-POLLING_COMP_EIOS_ACK
8—POLLING_COMP_IDLE
0—CONFIGURATION_INACTIVE
1—-CONFIGURATION_US_LW_START
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Field

Name

Access

Width

Reset

Description

2—CONFIGURATION_US_LW_ACCEPT
3—CONFIGURATION_US_LN_WAIT
4 - CONFIGURATION_US_LN_ACCEPT
5—CONFIGURATION_DS_LW_START
6—CONFIGURATION_DS_LW_ACCEPT
7-CONFIGURATION_DS_LN_WAIT
8—CONFIGURATION_DS_LN_ACCEPT
9 - CONFIGURATION_COMPLETE
10— CONFIGURATION_IDLE
0-LO0_INACTIVE

1-L0_LO

2-L0_TX_EL_IDLE
3-L0_TX_IDLE_MIN
0—RECOVERY_INACTIVE
1-RECOVERY_RCVR_LOCK
2-RECOVERY_RCVR_CFG
3-RECOVERY_IDLE
4—RECOVERY_SPEEDO
5-RECOVERY_SPEED1
6—RECOVERY_SPEED2
7-RECOVERY_SPEED3
8—RECOVERY_EQ_PHO
9-RECOVERY_EQ_PH1
10—RECOVERY_EQ_PH2
11-RECOVERY_EQ_PH3
0-DISABLED_INACTIVE
1-DISABLED_ 0

2-DISABLED_1

3-DISABLED_2

4—-DISABLED_3
0-LOOPBACK_INACTIVE
1-LOOPBACK_ENTRY
2-LOOPBACK_ENTRY_EXIT
3-LOOPBACK_EIOS
4—LOOPBACK_EIOS_ACK
5—LOOPBACK_IDLE
6—LOOPBACK_ACTIVE
7-LOOPBACK_EXITO
8—LOOPBACK_EXIT1
0—HOT_RESET_INACTIVE
1-HOT_RESET_HOT_RESET
2-HOT_RESET_LEADHR
3-HOT_RESET_LEADERWN
0—TX_LOS_INACTIVE
1-TX_LOS_IDLE
2-TX_LOS_TO_LO
3-TX_LOS_FTSO

4-TX_LOS_FTS1

0-L1_INACTIVE

1-L1_IDLE

2-L1 SUBSTATE

3-L1 TO_LO

0-L2_INACTIVE

1-L2_IDLE
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Field Name Access Width | Reset | Description
2—-L2_TX_WAKEO
3-L2_TX_WAKE1l
4-L2 EXIT
5-L2_SPEED

[15:4] Reserved RO 12 0x0 —

[3:0] state RO 4 0x0 Current LTSSM Major State

0-DETECT
1-POLLING

2 - CONFIGURATION
3-10
4-RECOVERY
5-DISABLED
6—LOOPBACK
7-HOT_RESET
8—TX_LOS

9-11

10-L2

Itssm_rx_|0s Register 0x88

This register set is used for the Rx LOs State Machine State configuration.

Table 5.22. Itssm_rx_|l0s Register 0x88

Field Name Access Width | Reset | Description
[31:3] Reserved RO 29 0x0 —
[2:0] state RO 3 0x0 Current LTSSM RX LOs State.

0—RX_LOS_LO
1-RX_LOS_ENTRY
2-RX_LOS_IDLE
3-RX_LOS_FTS
4—RX_LOS_REC

wine latticesemi.com/legal



http://www.latticesemi.com/legal

10_to_rec Register 0x8c
This register set is used to report different events causing LO stdRetovery state transition.

Table 5.23. 10_to_rec Register 0x8c
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Field

Name

Access

Width

Reset

Description

[31:15]

reserved

RO

17

0x0

(14]

direct_to_detect_fast

RW1C

1

0x0

Recovery is entered from LO due to assertion of
mgmt_tlb_ltssm_direct_to_detect_fast.
0-Otherwise

1-Event occurred. Write 1 to clear.

[13]

direct_to_recovery_ch_bond

RW1C

0x0

Recovery is entered from LO due to more lane skew than th
ChanneBond circuit can tolerate or is due to channel bond
failing to occur within the expected timeout period.
0-—Otherwise

1-Event occurred. Write 1 to clear.

(12]

direct_to_loopback_entry

RW1C

0x0

Recovery is entered from LO due to being diredted Leader
Loopback.

0-Otherwise

1-Event occurred. Write 1 to clear.

[11]

directed_speed_change

RW1C

0x0

Recovery is entered from LO due to being directed to make
speed change. This includes the initial hardwiaigated
speed change(s) which are made when first exiting
Detect.Quiet to LO.

0-Otherwise

1-Event occurred. Write 1 to clear.

[10]

I0_to_rec_rcvr_lock _rx_ts12

RW1C

0x0

Recovery is entered from LO due to receiving TS1 or TS2
ordered sets. The link partner is directing Recovery entry.
0—Otherwise

1-Event occurred. Write 1 to clear.

9]

I0_to_rec_rcvr_lock_rx_8g_ei

Rwi1C

0x0

Recovery is entered from LO due to receiving EIE ordered g
at=8G. The link partner is directing Recovery entry.
0—Otherwise

1—Event occurred. Write 1 to clear.

(8]

10_to_rec_rcvr_lock_rx_infer

RW1C

0x0

Recovery is entered from LO due to inferring Electrical Idle
to no SKP ordered set received in 123

0-Otherwise

1-Event occurred. Write 1 to clear.

[7]

direct_to_recovery_phy

RW1C

0x0

Recovery is entered from LO due to receiving a burstl®R4
clock cycles of data containing PHY errors at 2.5G or 5G. T|
normally occurs only when the PHY has lost lock on one or
more lanes.

0—Otherwise

1-Event occurred. Write 1 to clear.

(6]

direct_to_recovery_frame

Rw1C

0x0

Recovery is entered from LO due to receiving one or more
framing errors at 8G. This occurs due to Rx bit errors whick
are expected every few minutes at PCle Specified BER of ]
12.

0—Otherwise

1-Event occurred. Write 1 to clear.

(5]

direct_to_recovery_replay

Rw1C

0x0

Recovery is entered from LO due to the original and three
replay TLP transmissions failing to receive ACK DLLP
acknowledgment.

0 - Otherwise

1-Event occurred. Write 1 to clear.
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Field

Name

Access

Width

Reset

Description

(4]

direct_to_hot_reset

RW1C

0x0

Recovery is entered from LO due to being directed into Hot
Reset (Secondary Bus Reset Register).

0-Otherwise

1-Event occurred. Write 1 to clear.

(3]

direct_to_disable

Rw1C

0x0

Recovery is entered from LO due to being directed into Disg
(Link Disable Register).

0 - Otherwise

1-Event occurred. Write 1 to clear.

(2]

rx_lOs_direct_to_recovery

Rw1C

0x0

Recovery is entered from LO due to failing to receive the
complete Rx_LOS FTS exit sequence within the PCle
Specification allowed timeoygeriod.

0-Otherwise

1-Event occurred. Write 1 to clear.

(1]

autonomous_width_change

RW1C

0x0

Recovery is entered from LO due to directed autonomous
width change.

0—Otherwise

1—Event occurred. Write 1 to clear.

[0]

directed_retrain_link

RW1C

0x0

Recovery is entered from LO due to directed retrain link
(Retrain Link Register).

0—Otherwise

1—Event occurred. Write 1 to clear.

Itssm_rx_detect Register 0x90

This register set is used for the Receiver detection status.

Table 5.24. Itssm_rx_detect Register 0x90

Field Name Access Width | Reset | Description
[31:16] reserved RO 16 0x0 —
[15:0] lanes RO 16 0x0 Per lane receiver detection status. For each lane:

0-Unconnected
1-Present
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Itssm_configured Register 0x94
This register set is used for the Configured link status.

Table 5.25. Itssm_configured Register 0x94

Field

Name

Access

Width

Reset

Description

[31:25]

reserved

RO

7

0x0

[24:16]

link_num

RO

9

Ox1ff

Link Number configured during LTSSM Training.

link_num== 0x1FF on fundamental reset, changes to Ox1F7 (KPA|
when entering CFG_US_LW_START or CFG_DS_LW_START (th
of LTSSM Configuration), and then changes to the negotiated Link
Number determined during LTSSM Configuration when the LTSSH
changes from G&=_COMPLETE to CFG_IDLE.

This field is provided for diagnostics.

[15:0]

lanes

RO

16

0x0

Per lane configured link status. Each lane status resets to 0. After
Receiver Detection results are available, each lane status is updat
to show which lanedetected receivers. After a link has been forme
each lane status is updated to show which lanes are part of the
configured link. For each lane:

0-Lane did not configure into the link.

1-Lane configured into the link.

Itssm_direct_to_detect Register 0x98
This register set is used for the Rec Rcvr Lock to Detect controls.

Table 5.26. Itssm_direct_to_detect Register 0x98

Field Name Access Width | Reset | Description

[31:16] reserved RO 16 0x0 —

[15] fast RW 9 0x0 A rising edge on this signal instructs _the state maf:hlne to proceed
from LO or Recovery to Detect as quickly as possible.

[14:8] Reserved RO 7 0x0 —
This value determines the timeout delay for the state machine to

[7:0] timer RW 8 0x0 proceed from Recovery Rcvr Lock to Detect when no TS sets are
received. A value of 0 disables this timeout.

Itssm_equalization Register 0x9c
This register set is used for the 8BG capable cores only: LTSSM equalization status.

Table 5.27. Itssm_equalization Register 0x9c

Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —

Equalization Failure error indicator.
[0] fail RO 1 0x0 0—Otherwise

1-Equalization failure.
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Itssm_crosslink Register 0xa0

This register set is used for the TSSM crosslink status.

Table 5.28. Itssm_crosslink Register 0xa0
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Field Name Access Width | Reset | Description
[31:2] reserved RO 30 0x0 —
[1] ds_us_n RO 1 0x0 Crosslink port type. When active==1, indicates which personality t
port assumed duringrosslink negotiation.
0—Upstream
1-Downstream
[0] active RO 1 0x0 Crosslink active indicator.
0 - Otherwise
1-Link is operating in a crosslink configuration.

5.1.2.2. Physical Layer Status Register Set

Physical Layer Tx Underflow Error Status Register — Oxa4

Table 5.29. Physical Layer Tx Underflow Error Status Register — Oxad

Field Name Access | Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] err_tx_pipe_underflow| RW1C | 1 0x0 0 - Otherwise

1—Physical Layer Tx data needed to be forwarded to the lanes {
transmission and some, but not all lanes, were ready to accept @
causing some lanes to under low. This bit stays asserted once s
Write 1 to clear.

Table5.30illustrates thePhysical LanBX Status Register set with its offset and register address.

Table 5.30. Physical Lane Rx Status Registers

Register Name Offset Address Description

pl_rx0 Register Oxa8 Lane Rx Status 0 registelTS2 and TS1 OS detection [0 to 15 bits]
pl_rx1 Register Oxac Lane Rx Status-dinverted TS2 and TS1 @&ection [0 to 15 bits]
pl_rx2 Register 0xb0 Lane Rx Status2FTS and SKP OS detection

pl_rx3 Register Oxb4 Lane Rx Status-3EIOS detection and EIE detection

pl_rx4 Register 0xb8 Lane Rx Status-4Data Block is received and SDS orderedistgction

pl_rx0 Register 0xa8 — Lane Rx Status 0 Register

Table 5.31. pl_rx0 Register 0xa8 — Lane Rx Status 0 Register

Field Name

Access Width

Reset

Description

[31] ts2_detectl5 RwW1C

1

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[30] ts2_detectl4 Rwi1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[29] ts2_detect13 RW1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear
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Field

Name

Access

Width

Reset

Description

(28]

ts2_detectl2

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(27]

ts2_detectll

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered seecived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(26]

ts2_detectl10

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write Thear

(25]

ts2_detect9

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(24]

ts2_detect8

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered seecived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(23]

ts2_detect7

RW1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[22]

ts2_detect6

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[21]

ts2_detect5

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(20]

ts2_detect4

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[19]

ts2_detect3

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(18]

ts2_detect2

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered seeieived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[17]

ts2_detectl

RWI1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write Thear

[16]

ts2_detect0

RW1C

0x0

ts2_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[15]

tsl detectl5

Rwi1C

0x0

ts1_detect[i] is set to 1 when a TS2 orderediseeceived on Laneli].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(14]

tsl detectl4

RwW1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(13]

tsl detectl3

RwW1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[12]

tsl detectl2

RwW1C

0x0

ts1_detect[i] is set to 1 when a TS2 ordered seeieived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear
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Field

Name

Access

Width

Reset

Description

[11]

tsl_detectll

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write Thear

(10]

tsl_detectl0

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[9]

tsl_detect9

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered seecived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(8]

tsl_detect8

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write Thear

[7]

tsl_detect7

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar|
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(6]

tsl detect6

RW1C

0x0

ts1_detect[i] is set to 1 when a TS2 ordered seeceived on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(5]

tsl_detect5

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write Thear

[4]

tsl_detect4

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(3]

tsl_detect3

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered seeieived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(2]

tsl_detect2

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

(1]

tsl_detectl

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered set is received on Lar
0 otherwise.
This bit stays asserted once set. Write 1 to clear

[0]

tsl_detectO

RWI1C

0x0

tsl_detect[i] is set to 1 when a TS2 ordered seeieived on Lane[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear

pl_rx1 Register Oxac — Lane Rx Status 1

Table 5.32. pl_rx1 Register Oxac — Lane Rx Status 1

Field

Name

Access

Width

Reset

Description

(31]

ts2i_detectl15

Rw1C

1

0x0

ts2i_detect]i] is set to:

1 when an inverted TS2 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(30]

ts2i_detect1l4

RwW1C

0x0

ts2i_detect]i] is seto:

1 when an inverted TS2 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Field Name Access Width | Reset | Description

[29] ts2i_detectl13 RwiC | 1 0x0 ts2i_detect]i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[28] ts2i_detectl12 RwiC | 1 0x0 ts2i_detect]i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[27] ts2i_detectll RwiC | 1 0x0 ts2i_detect]i] is set to:
1 when an inverted TS2 ordered set is received on Lane][i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[26] ts2i_detect10 RW1C |1 0x0 ts2i_detect[i] is set to:
1 when aninverted TS2 ordered set is received on Laneli].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[25] ts2i_detect9 RWI1C |1 0x0 ts2i_detect[i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[24] ts2i_detect8 RWI1C |1 0x0 ts2i_detect[i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[23] ts2i_detect7 RWI1C |1 0x0 ts2i_detect[i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[22] ts2i_detect6 RwWiC | 1 0x0 ts2i_detect][i] is set to:
1 when aninverted TS2 ordered set is received on Laneli].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[21] ts2i_detect5 RwWi1iC | 1 0x0 ts2i_detect][i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[20] ts2i_detect4 RwWiC | 1 0x0 ts2i_detect][i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[19] ts2i_detect3 RwWiC | 1 0x0 ts2i_detect][i] is set to:
1 when an inverted TS2 ordered set is received on Lanel[i].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[18] ts2i_detect2 RwWiC | 1 0x0 ts2i_detect][i] is set to:
1 when an inverted TS2 ordered setdseived on Laneli].
0 otherwise.
This bit stays asserted once set. Write 1 to clear.

[17] ts2i_detectl RwWi1iC | 1 0x0 ts2i_detect][i] is set to:

1 when an inverted TS2 ordered set is received on Lane[i].
0 otherwise.
This bit stays asserted once séfrite 1 to clear.
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Field

Name

Access

Width

Reset

Description

[16]

ts2i_detect0

RWI1C

0x0

ts2i_detect]i] is set to:

1 when an inverted TS2 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[15]

tsli_detectl5

RWI1C

0x0

tsli_detect]i] is seto:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(14]

tsli_detectl4

RWI1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[13]

tsli_detectl3

RWI1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[12]

tsli_detectl2

RW1C

0x0

tsli_detect[i] is set to:

1 when an inverted TS1 ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[11]

tsli_detectll

RW1C

0x0

tsli_detect[i] is set to:

1 when aninverted TS1 ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[10]

tsli_detectl10

RW1C

0x0

tsli_detect[i] is set to:

1 when an inverted TS1 ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

9]

tsli_detect9

Rwi1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(8]

tsli_detect8

Rwi1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(7]

tsli_detect7

Rwi1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered setaseived on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(6]

tsli_detect6

RwW1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once sétrite 1 to clear.

(5]

tsli_detect5

RwW1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(4]

tsli_detect4

RwW1C

0x0

tsli_detect][i] is set to:

1when an inverted TS1 ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Field

Name

Access

Width

Reset

Description

(3]

tsli_detect3

RWI1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(2]

tsli_detect2

RWI1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(1]

tsli_detectl

RWI1C

0x0

tsli_detect]i] is set to:

1 when an inverted TS1 ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[0]

tsli_detectO

RWI1C

0x0

tsli_detect]i] is set to:

1 when an inverted TSirdered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

pl_rx2 Register 0xb0 — Lane Rx Status 2

Table 5.33. pl_rx2 Register 0xb0 — Lane Rx Status 2

Field

Name

Access

Width

Reset

Description

[31]

fts_detect15

RW1C

1

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(30]

fts_detectl14

RW1C

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[29]

fts_detectl13

RW1C

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(28]

fts_detect12

RW1C

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stayssserted once set. Write 1 to clear.

[27]

fts_detectll

RW1C

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(26]

fts_detect10

RwW1C

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(25]

fts_detect9

RwW1C

0x0

fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Field Name Access Width | Reset | Description
[24] fts_detect8 RwiC | 1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[23] fts_detect7 RwiC | 1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[22] fts_detect6 RwiC | 1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[21] fts_detect5 RwiC | 1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Lane[i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[20] fts_detect4 RWI1C |1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Lane[i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[19] fts_detect3 RWI1C |1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Lane[i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[18] fts_detect2 RWI1C |1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Lane[i].

0 otherwise.

This bit stayasserted once set. Write 1 to clear.
[17] fts_detectl RwWiC | 1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[16] fts_detectO RwWi1iC | 1 0x0 fts_detect[i] is set to:

1 whenthe FTS ordered set is received on Laneli].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[15] skp_detectl15 RwWiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[14] skp_detect14 RwWiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
[13] skp_detect13 RwWiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Field Name Access Width | Reset | Description

[12] skp_detectl12 RwiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered setézeived on Lane][i].

0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[11] skp_detectll RwiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane]i].
0 otherwise.

This bit stays asserted once set. Write Llkear.

[10] skp_detectl10 RwiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane]i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[9] skp_detect9 RwiC | 1 0x0 skp_detect[i] is set to:

1 when a SK8rdered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[8] skp_detect8 RWI1C |1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted onset. Write 1 to clear.

[7] skp_detect7 RWI1C |1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[6] skp_detect6 RWI1C |1 0x0 skp_detect[i] is set to:

1 when aSKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[5] skp_detect5 RwWiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted onset. Write 1 to clear.

[4] skp_detect4 RwWi1iC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[3] skp_detect3 RwWiC | 1 0x0 skp_detect[i] is set to:

1 when aSKP ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[2] skp_detect2 RwWiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[1] skp_detectl RwWiC | 1 0x0 skp_detect[i] is set to:

1 when a SKP ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[0] skp_detectO RwWi1iC | 1 0x0 skp_detect[i] is set to:

1 when aSKP ordered set is received on Laneli].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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pl_rx3 Register Oxb4 — Lane Rx Status 3
Table 5.34. pl_rx3 Register Oxb4 — Lane Rx Status 3

Field Name Access Width | Reset | Description

[31] eie_detectl5 RwWiC |1 0x0 eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[30] eie_detectl4 RwWiC |1 0x0 eie_detect[i] isset to:

1 when @ EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[29] eie_detect13 RwWiC |1 0x0 eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[28] eie_detect12 RW1C | 1 0x0 eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane][i].
0 otherwise.

This bit staysasserted once set. Write 1 to clear

[27] eie_detectll RWI1C |1 0x0 eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[26] eie_detect10 RWI1C |1 0x0 eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[25] eie_detect9 RwWi1iC | 1 0x0 eie_detect][i] is set to:

1 when a EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[24] eie_detect8 RwWi1iC | 1 0x0 eie_detect][i] is set to:

1 when a EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[23] eie_detect7 RwWi1iC | 1 0x0 eie_detect][i] is set to:

1 when a EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[22] eie_detect6 RwWiC | 1 0x0 eie_detect[i] is set to

1 when a EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[21] eie_detect5 RwWiC | 1 0x0 eie_detect[i] is set to:

1 when a EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays assertazhce set. Write 1 to clear

[20] eie_detect4 RwWiC | 1 0x0 eie_detect[i] is set to:

1 when a EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear
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Name

Access

Width

Reset

Description

[19]

eie_detect3

RWI1C

0x0

eie_detect][i] is set to:

1when an EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

(18]

eie_detect2

RWI1C

0x0

eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane[i].
0 otherwise.

This bit stayssserted once set. Write 1 to clear

(17]

eie_detectl

RWI1C

0x0

eie_detect][i] is set to:

1 when @ EIE ordered set is received on Lane[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[16]

eie_detect0

RWI1C

0x0

eie_detect][i] isset to:

1 when @ EIE ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear

[15]

eios_detectl5

RW1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[14]

eios_detectl4

RW1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[13]

eios_detectl3

RW1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[12]

eios_detectl12

Rwi1C

0x0

eios_detect[i] is seto:

1 when a EIOS ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[11]

eios_detectll

Rwi1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[10]

eios_detect10

Rwi1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

9]

eios_detect9

RwW1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(8]

eios_detect8

RwW1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(7]

eios_detect7

RwW1C

0x0

eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stayasserted once set. Write 1 to clear.
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[6] eios_detect6 RwiC | 1 0x0 eios_detect[i] is set to:

1 when @ EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[5] eios_detect5 RwiC | 1 0x0 eios_detect[i] is set to:

1 when @ EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[4] eios_detect4 RwiC | 1 0x0 eios_detect[i] is set to:

1 when @ EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[3] eios_detect3 RwiC | 1 0x0 eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[2] eios_detect2 RWI1C |1 0x0 eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lane][i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[1] eios_detectl RWI1C |1 0x0 eios_detect[i] is set to:

1when an EIOS ordered set is received on Lanel[i].
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[0] eios_detect0 RWI1C |1 0x0 eios_detect[i] is set to:

1 when a EIOS ordered set is received on Lanel[i].
0 otherwise.

This bit stayasserted once set. Write 1 to clear.

pl_rx4 Register 0xb8 — L ane Rx Status 4
Table 5.35. pl_rx4 Register Oxb8 — Lane Rx Status 4

Field Name Access Width | Reset | Description

[31] data_detectl5 RWi1C | 1 0x0 data_detect[i] is set to:

1 when a Data Block is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[30] data_detect14 RWi1C | 1 0x0 data_detect[i] is set to:

1 when a Data Block is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[29] data_detect13 RW1C |1 0x0 data_detect[i] is set to:

1 when a Data Block is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[28] data_detect12 RW1C |1 0x0 data_detect[i] is set to:

1 when a Data Block is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Reset

Description

(27]

data_detectll

RWI1C

0x0

data_detect[i] is set to:

1 when a Data Block is receivedlame][i] at 8G.

0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(26]

data_detect10

RWI1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(25]

data_detect9

RWI1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(24]

data_detect8

RWI1C

0x0

data_detect[i] is set to:

1 when a Data Blockiisceived on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(23]

data_detect7

RW1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once séfrite 1 to clear.

[22]

data_detect6

RW1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[21]

data_detect5

RW1C

0x0

data_detect[i] is set to:

1 when aData Block is received on Lane][i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[20]

data_detect4

Rwi1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stayasserted once set. Write 1 to clear.

[19]

data_detect3

Rwi1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(18]

data_detect2

Rwi1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[17]

data_detectl

RwW1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[16]

data_detectO

RwW1C

0x0

data_detect[i] is set to:

1 when a Data Block is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[15]

sds_detectl5

RwW1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Field

Name

Access

Width

Reset

Description

(14]

sds_detectl4

RWI1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered setégeived on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[13]

sds_detectl13

RWI1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[12]

sds_detect12

RWI1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[11]

sds_detectll

RWI1C

0x0

sds_detectfjis set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[10]

sds_detectl0

RW1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(9]

sds_detect9

RW1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(8]

sds_detect8

RW1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(7]

sds_detect7

Rwi1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered setégeived on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(6]

sds_detect6

Rwi1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once séfrite 1 to clear.

(5]

sds_detect5

Rwi1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(4]

sds_detect4

RwW1C

0x0

sds_detect]jiis set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(3]

sds_detect3

RwW1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

(2]

sds_detect2

RwW1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane[i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.
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Field Name Access

Width

Reset

Description

[1] sds_detectl Rwi1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

[0] sds_detectO Rwi1C

0x0

sds_detect[i] is set to:

1 when a SDS ordered set is received on Lane]i] at 8G.
0 otherwise.

This bit stays asserted once set. Write 1 to clear.

5.1.2.3. Debug Register Set

debugself_crosslink Register OxcO

This register set is used for debug to allow Rx detection when Tx is externally looped back to Rx.

Table 5.36. debugself_crosslink Register Oxc0

Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] enable RW 1 0x0 0 - Otherwise

1—For debug use only, configure LTSSM so that it Viitksitself
when core Tx is externally looped back to core Rx

debug_rx_det Register Oxc4

This register set is used for the LTSSM receiver detection bypass configuration.

Table 5.37. debug_rx_det Register Oxc4

Field Name Access

Width

Reset

Description

[31:17] reserved RO

15

0x0

[16] inhibit RW

1

0x0

Link receiver detection inhibit.

0-—Perform receiver detection and use result to determine whethe
to include/exclude lanes from the link.

1 - Skip receiver detection and assume receivers are not present
all lanes.

[15:1] reserved RO

15

0x0

[0] bypass RW

0x0

Link receiver detection bypass. If both bypass and inhibit are asse
bypass takes precedence.

0 - Perform receivedetection and use result to determine whether
to include/exclude lanes from the link.

1—Skip receiver detection and assume receivers are present on g
lanes.
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debug_force_tx Register Oxc8
This register set is used for debug using TX §itfpals.
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Table 5.38. debug_force_tx Register 0xc8

Field Name Access | Width | Reset | Description

[31:10] | reserved RO 22 0x0 —

[9] deemph_5g_enable RwW 1 0x0 For 5G capable cores only: Force pipe_tx_deemph at 5G ena
0-Disable.
1-Enable. Force phy_tx_deemph at 5G speed to the value
specified by deemph_5g_6db_3_5db_n. The force is applied
5G speed except during Polling.Compliance, where for
compatibility with PCI SIG Workshop Electrical Testing, the fo
is not applied.

[8] deemph_5g_3_5db_6db_| RW 1 0x0 | For 5G capable cores only: Force pipe_tx_deemph at 5G valy
0--6dB
1--3.5dB

[7:4] reserved RO 4 0x0 —

[3] margin_enable RW 1 0x0 Forcepipe_tx_margin enable.
0-Drive pipe_tx_margin per PCle Specification.
1-Drive pipe_tx_margin to value.

[2:0] margin_value RW 3 0x0 Force pipe_tx_margin Value.

debug_direct_scramble_off Register Oxcc

This register set is used fecrambling disable control for 2.5G and 5G data rate.

Table 5.39. debug_direct_scramble_off Register Oxcc

Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] enable RW 1 0x0 LTSSMiirect scrambling disabled at 2.5G and 5G.

0—Otherwise

1-Direct to disable scrambling at 2.5G and 5G during
Configuration.Complete.

debug_force_scramble_off_fast Register Oxd0
This register set is used for scrambling disable control

Table 5.40. debug_force_scramble_off_fast Register Oxd0

for 8Grdta

Field Name Access Width | Reset

Description

[31:1] reserved RO 31 0x0

[0] enable RW 1 0x0

LTSSM force scrambling disable¢ 8G.

0-Otherwise

1-Disable scrambling &8G. Only works for simulation when link
partner is also disabling scrambling. Cannot be set for hardware
because disabling scrambling=8G is not permitted per PCle
Specification.
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balign Register Oxd4

This register set is used for pipe_block_align_control generation options for 8G data rate. It is not recommended to change
the default values of this register.

Table 5.41. balign Register Oxd4

Field Name Access | Width | Reset | Description

[31] state_data_n RW 1 0x0 When generating pipe_block_align_control (which may be use
by some PHY to aid in acquirie@G block alignment), select
between the LTSSM State Algorithm and the Rx Data Observg
Algorithm.
0—Use Rx Data Observation Algorithm
1-Use the LTSSM State Algorithm

[30:6] reserved RO 25 0x0 —

[5] exclude_loopback_maste RW 1 0Ox0 | When generating pipe_block_align_control through the LTSSN
State algorithm, exclude/include the Loopback Leader state in
driving pipe_block_align_control to 0.
0-Include
1-Exclude

[4] exclude_cfg_complete RW 1 0x0 | When generatingipe_block_align_control through the LTSSM
State algorithm, exclude/include the CFG_COMPLETE LTSSN
in driving pipe_block_align_control to 0.
pipe_block_align_control is only driven to 0 during
CFG_COMPLETE after receiving the required Rx exitactiteri
state CFG_IDLE. Duetlhis requirement the core may need to
stay in CFG_COMPLETE for a while after receiving the Rx exi
criteriato also meet the required Tx exit criteria.
0—Include
1—Exclude

[3] exclude_cfg_idle RW 1 0x0 | When generating pipe_block_align_control through the LTSSN
State algorithm, exclude/include the CFG_IDLE LTSSM state
driving pipe_block_align_control to 0.
0—Include
1-Exclude

[2] exclude_rec_rcvr_cfg RW 1 0x0 | When generating pipe_block_align_control through the LTSSN
State algorithm, exclude/include the REC_RCVR_CFG LTSSN
in driving pipe_block_align_control to 0.
pipe_block_align_control is only driven to O during
REC_RCVR_CFG after receiving the reqRixexkit criteria to
state REC_IDLE. Due to the PCle Specification, the core may
to stay in REC_RCVR_CFG for a while after receiving the Rx
criteriato also meet the required Tx exit criteria.
0-Include
1-Exclude

[1] exclude_rec_idle RW 1 0x0 | When generatingipe_block_align_control through the LTSSM
State algorithm, exclude/include the REC_IDLE LTSSM state
driving pipe_block_align_control to 0.
0—Includee
1-Exclude

[0] exclude_|0 RW 1 0x0 | When generatingipe_block_align_control through the LTSSM
State algorithm, exclude/include the LO and TX_LOs LTSSM s
in driving pipe_block_align_control to 0.
0-Include
1-Exclude
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debug_pipe_rx Register Oxe0
This register set is used for the PIPE Interface Debug status.

Table 5.42. debug_pipe_rx Register Oxe0

Field Name Access Width | Reset | Description
[31:16] polarity RO 16 0x0 PHY PIPE Interface pipe_rx_polacityrent value. For each lane:
0 - Otherwise

1-PHY lane has been instructed to invert its receiver polarity to
compensate for serial rx_p and rx_n being swapped.

[15:0] valid RO 16 0x0 PHY PIPE Interface pipe_rx_validrent value. For each lane:

0 - Otherwise

1-PHY lane is locked to data stream

debug_direct_to_loopback Register 0x100
This register set is used to enable LTSSM Leader loopback.

Table 5.43. debug_direct_to_loopback Register 0x100

Field Name Access Width | Reset | Description

[31:1] reserved RO 31 0x0 —

[0] enable RW 1 0x0 LTSSM leader loopback enable.
0 - Otherwise.

1—Direct LTSSM tooopback.Leader. Before this field is setto 1, a
relevant regsiters containing Leader Loopback control options mu
be set to the desired values. When
mgmt_tlb_debug_direct_to_loopback == 1 no Leader Loopback
control options may be changed.

debug_loopback_control Register 0x104
This register set is used enable different control features related to loopback for 2.5G and 5G data rates.

Table 5.44. debug_loopback_control Register 0x104
Field Name Access | Width | Reset | Description

[31:28] inject_err_lane_select | RW 4 0x0 Lane selection to inject error in Loopback. Only lanes configure(
the core may be programmed.
0 =Lane 0. 15 = Lane 15.

[27] inject_rx_2bit_data_err| RW 1 0x0 When enabledluring loopback, the rising edge of
inject_rx_2bit_data_err bit injects a baté-back error on the
received loopback data. This simulates the PHY losing lock and
increments the counter by one, and the Loopback Leader restar|
the loopback pattern so thahe PHY can recover symbol lock.

[26] inject_rx_1bit_data_err] RW 1 0Ox0 | When enabled during loopback, the rising edge of
inject_rx_1bit_data_err bit injects a single clk error on the receiv
loopback data. This causes the error count to increment by 1 for
each received data byte.

[25] inject_rx_valid_err RW 1 0Ox0 | When enabled during loopback, the rising edge of
inject_rx_valid_err bit injects a single clk error on the received P
PHY interface phy_rx_valid signal. This simulates the PHY losin
during Loopback Leader operation which causes the error count
increment by one, and the Loopback Leader restarts the loopba
pattern so that the PHY can recover symbol lock.
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Field Name Access | Width | Reset | Description

[24] inject_rx_skp_err RW 1 0Ox0 | When enabled during loopback, the rising edge of inject_rx_skp
bit injects a single cl&rror on the next received SKP Ordered Set
When a SKP Ordered Set is corrupted, the lane's RX descramb
LFSR goes out of sync with the transmitter lane's scrambling LH
causing all the subsequent data checks to fail. This simulates th
PHY losing I&cand increments the counter by one, and the
Loopback Leader restarts the loopback pattern so that the PHY
recover symbol lock.

[23:19] reserved RO 5 0x0 —

[18:16] pattern RW 3 0Ox0 | Loopback data pattern.
0-Unscrambled PRBS31 PolynorRiattern using Galois
implementation with norinverted output. The polynomial
representation is G(x) = X31 + X28 +1.

[15:9] reserved RO 7 ox0 | —

[8] tx_comp_receive RW 1 Ox0 | Loopback compliance receive behavior.
0-Loopback Leader does not ass€ampliance Receive
(recommended default)
1-Loopback Leader asserts Compliance Receive in TS sets
transmitted during Loopback Entry

[7:2] reserved RO 6 ox0 | —

[1:0] speed RW 2 Ox0 | Desired speed in loopback. Only speeds supported by the core
be programmed. A speed change is only implemented if Loopba|
is entered from Configuration; if entered from Recovery, the spe|
is not changed.
0-2.5G
1-5G
2-8G
3-16G

Note:

1. Available in 2024 release.

debug_loopback_master_5g Register 0x108
This register set is used to select Deemphasis values by loopback Leader for 2.5G and 5G data rates.

Table 5.45. debug_loopback_master_5g Register 0x108

Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] deemph RW 1 0x0 Select Deemphasis value used by Loopback Leader when

Loopback.Active occurs at 5G data rate.
0--6.0dB
1--3.5dB
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debug_loopback_slave_5g Register 0x10c
This register set is used to select Deemphasis value transmitted in TS sets during loopback for 2.5G and 5G data rates.

Table 5.46. debug_loopback_slave_5g Register 0x10c

Field Name Access Width | Reset | Description

[31:1] reserved RO 31 0x0 —

[0] deemph RwW 1 0x0 Select Deemphasis value transmitted in TS sets for the Follower t
when Loopback.Active occurs at 5G data rate.
0--6.0dB
1--3.5dB

debug_loopback_master_8g_deemph Register 0x110
This register set is used to select TX Preset related coefficients for 8G data rate for loopback Leader

Table 5.47. debug_loopback_master_8g_deemph Register 0x110

Field Name Access Width | Reset | Description

[31] coef_en RW 1 0x0 Leader coefficient enable.
0 - Otherwise
1-Direct local transmitter to use coef
mgmt_tlb_debug_loopback_master_8g_deemph_coef when actin
a Loopback Leader in Loopback.Active.

[30:26] reserved RO 5 0x0 —

[25:8] coef RW 18 0x0 Coefficients to use when
mgmt_tlb_debug_loopback_master_8g_deemph_coef_en==1.
The coefficients must be a valid set of coefficientssideringhe
|l eader’s FS and LF values and
results are undefined.
Coefficientmapping:
[17:12]==PosCursor
[11:6]==Cursor
[5:0]==PreCursor

[7] preset_en RW 1 0x0 Leader preset enable.
0—Otherwise
1-Direct local transmitter to use preset ==
mgmt_tlb_debug_loopback_master_8g_deemph_preset when act
as a Loopback Leader in Loopback.Active

[6:4] reserved RO 3 0x0 —

[3:0] preset RW 4 0x0 Preset to use when
mgmt_tlb_debug_loopback_master_8g_deemph_preset_en==1.
Must be a valid preset in range 0x0 to Oxa or the result is undefing
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debug_loopback_slave_8g_deemph Register 0x114
This register set is used to select TX Predlated coefficients for 8G data rate for loopback Follower.
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Table 5.48. debug_loopback_slave_8g_deemph Register 0x114

Field Name Access Width | Reset | Description

[31] coef_en RwW 1 0x0 Followercoefficient enable.
0 - Otherwise
1-Direct follower’'s transmitte
mgmt_tlb_debug_loopback_slave_8g_deemph_dbedbughTS sets
transmitted while directing slave to Loopback.

[30:26] reserved RO 5 0x0 —

[25:8] coef RW 18 0x0 Coefficients to use when
mgmt_tlb_debug_loopback_slave_8g_deemph_coef_en==1.
The coefficients must be a valid set of coefficients, considéhiag
f ol | o vaedLF valuef&hd PCI Express coefficient rules, or th
follower rejects them.
Coefficientmapping:
[17:12]==PosCursor
[11:6]==Cursor
[5:0]==PreCursor.

[7] preset_en RW 1 0x0 Follower preset enable.
0 - Otherwise
1-Direct follower’'s transmitte
mgmt_tlb_debug_loopback_slave_8g_deemph_prabedugh TS
sets transmitted while directing follower to Loopback.

[6:4] hint RW 3 0x0 Follower Rx Hint transmitted in EQ TS1 sets when
mgmt_tlb_debug_loopback_slave_8g_deemph_preset_en == 1.
PCle Specificatiotoes not indicate what to transmit for RxHint whe|
requesting a Presghrough2.5/5G EQTS1 sets, the follower likely
ignores whatever is transmitted in this field.

[3:0] preset RW 4 0x0 Follower preset enable.
0—Otherwise
1-Direct follower's transmitter to use preset ==
mgmt_tlb_debug_loopback_slave_8g_deemph_prdbedugh TS
sets transmitted while directing follower to Loopback.

debug_direct_to_loopback_status Register 0x118

This register set is used for the Leader loopback status.

Table 5.49. debug_direct_to_loopback_status Register 0x118

Field Name Access Width | Reset | Description
Loopback per lane sync to data pattern indicator. For each lane:
[31:16] sync RO 16 0x0 0—Not locked to loopback pattern.
1-Locked to loopback pattern.
[15:1] reserved RO 15 0x0 —
Loopback entered from Configuration or Recovery indicator.
[0] cfg_entry RO 1 0x0 0—Loopback entry is from Recovery.

1—Loopback entry is from Configuration.
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debug_loopback_err_reset Register Ox11c
This register set used for the Leader loopback error reset.

Table 5.50. debug_loopback_err_reset Register Ox11c
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Field Name Access Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] enable RwW 1 0x0 Loopback errocounter reset.

0-—Leader Loopback error count increments as errors are detecte
during Leader Loopbacksaturating at maximum value.

1-Reset the leader loopback error count on all lanes to 0x0. The
reset stays in force for as long as
mgmt_tlb_debug_loopback_err_reset_enable remains at 1.

debug_loopback_err Register 0x120
This register set is used for the Leader loopback error count.

Table 5.51. debug_loopback_err Register 0x120

Field

Name

Access

Width

Reset

Description

[255:0]

count

RO

256

0x0

Loopback per lane error courtl6 bits per lane. Errors are
counted only after the lane is locked to the loopback pattern

5.1.2.4. Physical control Register Set

phy_control Register 0x140
This register set igssed for LTSSM PIPE Interface configuration for 2.5G and 5G data rates.

Table 5.52. phy_control Register 0x140

Width

Field Name Access Reset Description
[31:1] reserved RO 31 0x0 —
[0] pipe_tx_swing RwW 1 0x0 Directly controls the value of pipe_tx_swing which sets PHY

2.5G/5G Transmitter Amplitude.

0—Full Swing

Full Swing is required for most applications.

1-Reduced Swing

Reduced Swing is useful to support low power form factors whic|
encourage or require reduced transmitter amplitudes.

phy_control_8g Register 0x144
This register set is used for LTSSM 8G PIPE Interface configuration for 8G data rate.

Table 5.53. phy_control_8g Register 0x144

Width Reset

Field Name Access Description
[31:2] reserved RO 30 0x0 —
[1] no_tx_idle_delay RW 1 0x0 Controls the deassertion of pipe_tx_elec_iteethe PHY

when operating with 128b130b encoding.

0—Deassert pipe_tx_elec_idle at the next data_valid gap
1-Deassert pipe_tx_elec_idle at the next ordered set
boundary.
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Field

Name

Access

Width

Reset | pescription

[0]

double_tx_data_valid

RwW

0x0 Controls the number of consecutive 8G pipe_tx_data_val
deassertions used when compensating for 128b130b
encoding differences.

0—Deassert pipe_tx_data_valid for 1 clock every 64 clec
the required value for the majority of PHY.

1-Deassert pipe_tx_data_valid for 2 baa#ck clocks
every 128 clocks, simplifies connecting 8G PHY which hg
double the per lane width of the controller.

phy_eq_tx_override Register 0x148 F

This register set is used for local PHY transmitter FS/LF override for 8G data rate.

Table 5.54. phy_eq_tx_override Register 0x148 F

Field

Name

Access

Width

Reset

Description

[31:30]

reserved

RO

2

0x0

[29:24]

fs

RwW

0x30

Local PHY Transmitter: Full Scale Value.
When141gmt._tlb_phy_eq_tx_override_enable == 1,
141gmt._tlb_phy_eq_tx_override_fs is used for the local PHY Full
Scale (FS) value, otherwise PIPE PHY interface port pipe_local_f
used.

[23:22]

reserved

RO

0x0

[21:16]

RwW

0x8

Local PHY Transmitter: Low Frequency Value.
When141gmt._tlb_phy_eq_tx_override_enable == 1,
141gmt._tlb_phy_eq_tx_override_I§ used for the local PHY Low
Frequency (LF) value, otherwise PIPE PHY interface port pipe_lo
is used.

[15:1]

reserved

RO

15

0x0

[0]

enable

RwW

0x0

Controls whetherl4lgmt._tlb_phy_eq_tx_override_fs and
141gmt._tlb_phy_eq_tx_override_If or pipe_local_fs and
pipe_local_If are used to determine the FS and LF values of the Iqg
PHY.

0—Use pipe_local_fs and pipe_local_lIf.

1-Usel4dlgmt._tlb_phy eq_tx_override_fs and
141gmt._tlb_phy_eq_tx_override_|If.

phy_eq_tx_max Register Ox14c

This register set is used to specify local PHY maximum allowed coefficient values for 8G data rate.

Table 5.55. phy_eq_tx_max Register Ox14c

Field Name Access Width Reset | Description
[31:30] reserved RO 2 0x0 —
Local PHY transmitter maximum prarsor[5:0] coefficient value.

) If a coefficient request exceeds mgmt_tlb_phy_eq_tx_max, thre
29:24 RW . — === = .
[29:24] pre 6 0x0 coefficient is limited to mgmt_tlb_phy_eq_tx_max_pre before bein

passed to the PHY.
[23:22] reserved RO 2 0x0 —
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Field Name Access Width Reset | Description

[21:16] post RwW 6 0x0 Local PHY transmitter maximum pastrsor [5:0] coefficient value.
If a coefficient request exceeds mgmt_tlb_phy_eq_tx_max_post,
then the coefficient is limited to mgmt_tlb_phy_eq_tx_max_post
before being passed to the PHY.

[15:0] reserved RO 16 0x0 —

phy_eq_tx_force Register 0x150

This register set is used to force PHY TX Deemphasis configuration for 8G data rate. This register forces the local PHY TX
Deemphasis instead of allowing the link partner to determine the TX Deemphasis during Equalization.

Table 5.56. phy_eq_tx_force Register 0x150

Field Name Access Width Reset | Description

[31:26] reserved RO 6 0x0 —

[25:8] coef RW 18 0x0 Coefficients to use when coef_enable==1

[7:4] preset RW 4 0x0 Preset to use when preset_enable==1

[3:2] reserved RO 2 0x0 —

[1] coef_enable RW 1 0x0 Force local PHY pipe_tx_deemph TxHEbgphasis port.

0—Determine local PHY8G pipe_tx_deemph per PCle Specificati
1-Force all local PHY lanes' pipe_tx_deemph output poxt&® to
the coefficients specified by coef. This setting is not PCle complial
and is intended for debug only.

[0] preset_enable | RW 1 0x0 Force remote PHY transmitter Tx-Bmphasis to the specified Presq
during Equalization Phase 2/3.

0—Normal operation.

1—For Figure of Merit Equalization, override the standard 8G
Equalization coefficient selection methods and force the core to u
the Preset Equalization method with only one Preset == preset. T
total Rx Eq Evaluations are performed, 1 Trial + 1 Fio#i,using
Preset == preset. For Up/Down Equalization, force Equalization tg
start requesting the link partner change to Preset = preset.

phy_preset_to_coef_conv_control Register 0x15c
This register set is used for local PHY TX preset to coefficient conversion configuration for 8G data rate.

Table 5.57. phy_preset_to_coef_conv_control Register 0x15c

Field Name Access Width Reset Description
[31:2] reserved RO 30 0x0 —
[1:0] conv_method RW 2 0x0 Local PHY Transmitter Preset Conversion Method.

0—Compute using the coefficients from PCle Specification. PCl¢
Preset Table 4.3.5.2.2. Bqualization Presets.

1-Lookup table specified by mgmt_tlb_phy_preset_conv_tab_p
and mgmt_tlb_phy_preset_conv_tab_pre.

2 —Lookup table obtained from the PIPE PHY using the
pipe_local_get_* PIPE interface ports.
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This register set is used for peeirsor coefficients configuration for 8G data rate.

Table 5.58. phy_preset_conv_tab_pre Register 0x160

Field Name Access Width Reset Description
[127:66] reserved RO 62 0x0 —
[65:0] coef RW 66 0xc20c2040000000 | For=8G capable cores only: Pearsor table- 6-bit

pre-cursor coefficients for each of the 11 possible
preset to coefficient conversions packed bdmck. A
particular preset precursor entry[i] is accessed as
[(i*6)+5:(i*6)].

phy_preset_conv_tab_post Register 0x170

This register set is used for pesirsor coefficients configuration for 8G data rate.

Table 5.59. phy_preset_conv_tab_post Register 0x170

Field Name Access Width Reset Description
[127:66] reserved RO 62 0x0 —
[65:0] coef RW 66 0xc20c2040000000 | For=8G capable cores only: Pesirsor table- 6-bit

post-cursor coefficients for each of the 11 possible
preset to coefficient conversions packed bdmck. A
particular preset postursor entry[i] is accessed as
[(i*6)+5:(i*6)].

5.1.2.5. Equalization Configuration Register Set

eq_control Register 0x180

This register set is used for upstream and downstream port preset configuration for 8G data rate.

Table 5.60. eq_control Register 0x180

Field Name Access | Width

Reset

Description

[31] reserved RO 1

0x0

[30:28] | us_port_rx_preset_hint RW 3

0x2

Rx Preset Hint value that is requested for the Upstream
Port to use during the initial stage of Equalization (value
transmitted by Downstream Ports in EQ T3#8ered Sets)
Upstream Ports (Endpoints) do not use this field.

[27:24] | us_port_tx_preset RW 4

0x4

Tx Preset value that is requested for the Upstream Port
use during the initial stage of Equalization (value
transmitted by Downstream Ports in EQ T3#8ered Sets)
Upstream Ports (Endpoints) do not use this field.

[23] reserved RO 1

0x0

[22:20] | ds_port_rx_preset_hint RW 3

Ox1

Downstream Port Rx Preset Hint used during initial stag
Equalization.

Upstream Ports (Endpoints) uses the value requested by
the link partner.

If no value is provided by the link partner, Upstream Por
(Endpoints) use this value.
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Field

Name

Access

Width | Reset | Description

[19:16]

ds_port_tx_preset

RwW

4 0x3

Downstream Port Tx Preset used during initial stage of
Equalization.

Upstream Ports (Endpoints) uses the value requested by
the link partner.

If the value requested by the link partner is illegal, or no
value is requested by the link partner, Upstream Ports
(Endpoints) use this value.

[15:2]

reserved

RO

14 0x0

(1]

reset_eieos_interval_count

RwW

1 0x0

Reset_EIEOS_Interval_Countalue transmitted for Reset
EIEOS Interval Count in TS1/2 Ordered Set transmissiol
during appropriate Recovery.Equalization states.

0]

downstream_eq_skip_phase_2 | RW

1 0x0

Downstream_Eq_Skip_Phase_2_3 may be set in simulg
for Root Portcores to speed simulation since the time
consuming portions of Equalization (Phase 2 and Phase
are skipped.

0—Normal operation (perform all 4 equalization phases)
1-Skip Equalization Phase 2 and Phase 3 (it is known t
full equalization is unnecessary)

eq_ts_control Register 0x184
This register set is used for the Equalization reduced swing configuration for 8G data rate.

Table 5.61. eq_ts_control Register 0x184

Field Name Access | Width | Reset | Description
[31:24] reserved RO 8 0x0 —
[23:16] rx_eq_resp_wait RW 8 0x2 This register determinethe number of microseconds the core

waits after making an equalization remote PHY Tx coefficien
change request before timing out and giving upgatting a TS
response from the link partner for that request.

This timeout is only used if the link partner fails to acknowled
the request within the timeout window.

A timeout may occur, for example, if the local PHY receiver i
unable to recover the receive data stream after the link partn
changes to the new remote Tx coefficients that were request
The timeout value is set to (1.024x_eq_resp_waitys. O is a
special value that selects (1.0248) us. PHY use EIEOS Rx
reception at=8G and COM symbol receptionsbG to lock to
the data stream.

For the PHY to have a good opportunity to recover the data
stream, the timeout value chosen must be large enough to
include at least several of the Rx OS that the PHY needs to |
to the data stream.

At=8G, 1 EIE OS is received every 32 TSOSso 1 EIE OS i
received every 33 OS with OS size == 16 symbols.

At<5G a COM symbol is received at the beginning of every
rx_eq_resp_wait==8 (8.19%) is recommended for most PHY |
At 16G, 8.1921s allows for ~31 EIE OS (8.182 264 ns) to be
received before the timeout occurs.

At 8G, 8.192s allows for ~15.5 EIE OS (8.1182 528 ns per
1EIE+32TS) to be received before the timeout occurs.

At 5G, 8.192is allows for ~256 COM symbols (8.182 32 ns
per TS OS) to be received before the timeout occurs.

At 2.5G, 8.192is allows for ~128 COM symbols (8.182 64
ns per TS OS) to be received before the timeout occurs.
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Field

Name

Access

Width

Reset

Description

[15:8]

tsl_ack_delay

RwW

Ox1f

Defines how long thepstream port (Phase 2) or downstream
port (Phase 3) waits after requesting new coefficients/preset
before looking for incoming EQ TS1 sets from the remote lin
partner.

This delay by specification should be set to the rotnjgldelay
to the remote link partner (including logic delays in the
requesting port) + 500 ns.

The delay value used = (eq_ts1_ack_delay f18) + 500 ns.
However, 0 is a special value that selects 4.596 microsecond

[7:6]

request_eq_max_count

RW

0x2

Maximum times Request Equalization bit is set in
Recovery.RcvrCfg.
When set to 2'b00, selects infinite times.

(5]

tx_eq_eval_cnt_sel

RW

0x0

Determines the number of clock cycles to wait after the first
lane receives an Equalization Tx&mwaphasis change request
from the link partner until all lanes transmit a change respons
The wait time must include the worsise lane skew that can
exist on the lanes as well as time to complete the coefficient
computations for the new request.

== Wait 127 clocks (conservative).

== Wait 8 clocks plus 64 symbols which is: 72 clockstfior 8
per lane PHY, 40 clocks for-ii per lane PHY, or 24 clocks fo
32-bit per lane PHY.

(4]

skip_final_coef_check

RwW

0x0

When set to 1, the Upstream Port skips the check in in the
Recovery.RcvrLock state after RX Equalization, which comp
the TS sets coefficient/preset data with the last requested
coefficients/preset from Phase 2 of Equalization.

This exception is required for some noampliant Downstream
Port devices.

(3]

tsl_ack_block_use_prese

RW

Ox1

When set to 1, thaise presebit is always forced to 0 in all EQ
TS1 ordered sets transmitted in RX Equalization.

(2]

tsl_ack_mask_use_presé

RW

Ox1

When set to 1, ignores the state of the use preset bit in
incoming EQ TS1 sets when in Phase 2 (upstream port) or P
3 (downstream port).

When set to 0, the use_preset bit is checked to make sure it
matches the setting used in the EQ TS1 sets sent to request
remote transmitter settings.

In either setting, the preset value or coefficient values are
compared as required by the PCle 3.0 Specification.

The value of this bit MUST be 1 for proper PCle operation.

(1]

early_rx_eval

RW

0x0

When set to 1, the local PHY is told to evaluate the RX seria
signals (using RxEval) BEFORE checking incoming TS1 setg
acknowledgment after each new request.
When 0, the local PHY is told to evaluate the RX serial signal
(using RxEval) AFTER checking incoming TS1 sets for
acknowledgment after each new request.

The 0 state is the default recommended state.

0]

no_remote_change

RW

0x0

When set to 1, the equalization algorithm monitors the
advertised coefficients from the Link Partner before
equalization starts, and requests the same coefficients when
performing equalization, so that the link partner does not
change the TX coefficientsidng equalization.

This is primarily for debugging purposes.
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eq_reduced_swing Register 0x188
This register set is used for the Equalization reduced swing configuration for 8G data rate.

Table 5.62. eq_reduced_swing Register 0x188
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Field Name Access Width Reset | Description

[31:19] reserved RO 13 0x0 —

[18:8] preset_reject RwW 11 0x0 Specifies which presets (if any) are rejected if requested by the
remote link partner during 8G RX Equalization.
A request to use preset[i] is rejected if
mgmt_tlb_eq_reduced_swing_en==1 and
mgmt_tlb_eq_reduced_swing_preset_reject[i]==1 and is otherwis
accepted.
Per PCle Specification, all preset requests with a valid preset valu
(Ox0 to 0xA) must be accepted with Full Swing, but selected preseg
may be rejected when implementing reduced swing.

[7:1] reserved RO 7 0x0 —

[0] en RW 1 0x0 Reduced swing support enable.

When mgmt_tlb_eq_reduced_swing_en==1, a request to transmit
with preset|i] is rejected as illegal if
mgmt_tlb_eq_reduced_swing_preset_reject|i] ==

Only affects the acceptance/rejection of preset requests.

It is also necessary to use mgmt_tlb_phy_control_pipe_tx_swing {
configure the PHY transmitter for reduced swing.

eq_method Register Ox1bc
This register set is used to select Equalization method for 8G data rate.

Table 5.63. eq_method Register Ox1bc

Field Name Access Width Reset | Description
[31:1] reserved RO 31 0x0 —
[0] select_dir_fom_n| RW 1 0x0 The core implements two primary methods: Figure of Merit and

Up/Down. This register chooses which matgorithm is used. Each
major algorithm has its own CSR registers for control/status Primg
Equalization Method Selection.

0-Use Figure of Merit Equalization Methods

1-Use Up/Down Equalization Methods

eq_fmerit_control Register 0x1c0
Thisregister set is used for Equalization Figure of Merit Method configuration for 8G data rate.

Table 5.64. eq_fmerit_control Register 0x1c0

Field Name Access Width Reset | Description

[31:24] reg_feedback RW 8 0x80 {When phy_eq_rx_eval _f_merit =
10712 or better.

[23:2] reserved RO 22 0x0 —
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Field

Name

Access

Width

Reset

Description

[1:0]

method

RwW

0x3

Equalization Method Selection.

0—Step through PCldefined Tx Presets

1-Evenly steghrough the coefficients range

2 — Step through the useprovided coefficient table

3—Step through the useprovided coefficient table with adaptive
coefficient selection

eq_preset_method_control Register Ox1c4
This register set is used fRqualization Figure of Merit Preset Method configuration for 8G data rate.

Table 5.65. eq_preset_method_control Register Ox1c4

Field

Name

Access

Width

Reset

Description

[31:12]

reserved

RO

20

0x0

[11:8]

addr_limit

RW

4

Ox4

Last preset to use.

The Preset Algorithm steps through PSleecificatiordefined Tx
Equalization Presets from 0 to eq_preset_addr_limit;
eg_preset_addr_limit has a maximum value of 9 (step through
presets 89).

[7:1]

reserved

RO

0x0

[0]

use_coef

RwW

0x0

Controls whether the presets are communicated to the remote
device using (1) the associated coefficient values or (0) the Prese
value.

1-The LTSSM requests coefficient values that are equivalent to t
desired presets in the-C, CO, and C+1 fields of TS1 Ordered Sets.
0-LTSSM requests the desired presets using the Use Preset and
Preset fields of TS1 Ordered Sets.

eq_alg_method_control Register 0x1c8
This register set is used faqualization Figure of Merit Algorithm Method configuration for 8G data rate.

Table 5.66. eq_alg_method_control Register Ox1c8

Field Name Access | Width | Reset | Description

[31:30] | reserved RO 2 0x0 —

[29:24] | post_cursor_step_size| RW 6 0x8 Step size to use when walking through PGsirsor coefficient
values.

[23:22] | reserved RO 2 0x0 —

[21:16] | pre_cursor_step_size | RW 6 0x4 Step size to use when walking through frersor coefficient
values.

[15:14] | reserved RO 2 0x0 —

[13:8] post_cursor_limit RW 6 0x20 | Upper bound on the Postursor coefficient values to try.
Permissible values are32 (0 to 0.5).

[7:6] reserved RO 2 0x0 —

[5:0] pre_cursor_limit RW 6 0x10 | Upper bound on thé’re-cursor coefficient values to try. Permissib
values are €16 (0 to 0.25).

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

eq_table_method_control Register Ox1cc

This register set is used for Equalization Figure of Merit Table Method and Adaptive Table Method configuration for 8G data
rate.

Table 5.67. eq_table_method_control Register Ox1cc

Field Name Access | Width | Reset Description
[31:9] | reserved RO 23 0x0 —
[8] end_on_hold | RW 1 0x1 When the Adaptive Table Method is selected, determiwbsther to

exit early if a Prior PHY Up/Down Feedback response == {HOLD, H
is received on all lanes while processing a Table Entry with interpre
0-—NoExitOnHold

1-YesExitOnHold

[7:5] reserved RO 3 0x0 —

[4:0] addr_limit RW 5 0x11 Last table entry to use for the Table Method and Adaptive Table
Method.

The Table method walks through table entries from i == 0 to
eq_table_addr_limit selecting
eq_table_method_pre_cursor[(i*6)+5:(i*6)] as the pecarsor
coefficient and eq_table_method_post_cursor[(i*6)+5:(i*6)] as the
post-cursor coefficient for each Equaliion evaluation trial.

eq_table_method_table Register 0x1d0

This register set is used to set the table array for the Equalization Figure of Merit Table Method and Agévdethod
for 8G data rate.

Table 5.68. eq_table_method_table Register 0x1d0
Field Name Access Width | Reset Description

[383:0] array RW 384 0x30003000300030003000300( For=8G capable cores only. The array consis
3000300030003000300030004( of 16-bit table entries, packed badsack, for
0700080009000600050004 each of the 24 implemented table entries.
Table entries are used to configure the Rx
Equalization algorithms Table Method and
Adaptive Table Method.

Each 1ébit table entry [i] is in the following format:

array[(i*16)+15}reserved

array[(i*16)+14 }-best

array[(i*16)+13:(i*16)+12} Interpret[1:0]

array[(i*16)+11:(i*16)+ 6} post[5:0]

array[(i*16)+ 5:(i*16)+ 0} pre [5:0]

When the Table Method iselected:

1 When interpret[1:0] == 00, use the coefficients corresponding to Preset[pre[3:0]].

1 When interpret[1:0] == 01, pre[5:0] is the desired fmersor coefficient and post[5:0]is the desired pastrsor
coefficient. best is unused

When the Adaptive Table Method is selected:

1 When interpret[1:0] == 00, use the coefficients corresponding to Preset[pre[3:0]].

1  When interpret[1:0] == 01, pre[5:0] is the desired fmarsor coefficient and post[5:0] is the desired postsor
coefficient.

1  When interpret[1:0] == 10, pre[5:0] is the relative prersor offset from the current relative best coefficient pair
{rel_best_post, rel_best pre} and post[5:0] is the relative pnstor offset from the current relative best coefficient
pair {rel_best_pst, rel_best_pre}.

= =4 —a —a A

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

1 When interpret[1:0] == 11, apply the prior PHY Up/Down Feedback result to the current best coefficient pair
{best_post, best_pre} and make the result the new best coefficient pair. best==1 instructs the core to set
{rel_best_post, rel_best_pre} to the cdigient pair that returned the highest Figure of Merit from among all the

coeficient pairs tried since the beginning of Rx Equalization (that is, include the currently executing table entry through
table entry 0 inclusive).

eq_updn_control Register 0x240
This register set is used for the Equalization Up/Down Convergence Method configuration for 8G data rate.

Table 5.69. eq_updn_control Register 0x240

Field

Name

Access

Width

Reset

Description

[31:26]

iteration_max

RwW

6

0x0

The iteration count at which Up/Dn Equalization should assume
convergence if not yet converged. A 0 value indicates no limit.

(25]

start_remote_adv

RwW

0x0

If (1), then the initial precursor and postursor coefficients requested
from the remote link partner are initialized by the coefficients
advertised by the link partner in received TS sets.

This option is available to simplify the selection of the initial coeffici
values by using the initial coefficients decided determined to be an
optimal starting case for the link partner.

(24]

fail_limit_err

RW

0x0

If (1), then if arup response is received while a coefficient is at its
maximum legal value, this is considered an error which causes RX
Equalization to fail.

If (0), it does not cause RX Equalization to fail, but the coefficient v
is limited by the maximum value. This is also true for cases where
downresponse is received for a coefficient set to the minimum valy

(0).

[23:18]

reserved

RO

0x0

[17:16]

post_step

RW

0x2

Initial step size for changing the pestrsor coefficient values.
0-—Step Size 1
1-Step Size 2
2—Step Size 4
3-—Step Size 8

[15:10]

reserved

RO

0x0

[9:8]

pre_step

RW

Ox1

This field defines the initial step size fdranging the preursor
coefficient values based on the PHY up/dn response.
0-—Step Size 1

1-Step Size 2

2—Step Size 4

3-—Step Size 8

[7:3]

reserved

RO

0x0

(2]

use_coef

RW

0x0

Controls whether the presets are communicated to the remote dev
using (1) the associated coefficient values or (0) the Preset value.

When (1) the LTSSM requests coefficient values that are equivaler
the desired presets in the-C CO, and C+1 fields of TS1 Ordered Se|
When (0) the LTSSM requests the desired presets using the Use H
and Tx Preset fields of TS1 Ordered Sets.

(1]

start_preset

RW

Ox1

If set to (1) than the initial preursor and postursor coefficients
requested from the remote link partner are controlled as a preset
value, which is loaded into eq_pre_cursor_laneX[3:0].

This option is available to simplify the selection of the initial coeffici
values by using the preset settings specified in the B@éeification.
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Field

Name

Access

Width

Reset

Description

[0]

numhold

RwW

0x0

If set to (1), then two consecutive hold status responses are neede|
for each coefficient to indicate that the coefficient is at an optimal
setting. This is required for PHYs which update only one coefficien
each response and set to the other coeffitieesponse to hold.

If set to (0), then a single hold response is sufficient to consider a
coefficient at an optimal setting.

eq_firmware_control Register 0x280

This register set is used fequalization Up/Down Firmware Controlled Method configuration for 8G data rate.

Table 5.70. eq_firmware_control Register 0x280

Field | Name Access | Width | Reset | Description

[31:7] | reserved RO 25 0x0 —

[6] tx_quiesce RW 1 0x0 Transmit Quiesce Guarantee Control
Value of Quiesce Guarantee in transmitted TS2 sets in Recovery.Rcvr(
when in the DL_ACTIVE Data Link Layer state (which is LO and having
exchanged Flow Control DLLPs successfully).
Quiesce Guarantee is set to 1 in Detect.Quiet and is set to tx_quiesce
in DL_ACTIVE.
Quiesce Guarantee holds the last value to which it is set.
When the Upstream Port is requesting Equalization beurg the
Upstream Port is permitted, but not required, to set Quiesce Guarantee
1 to inform the Downstream Port that an equalization process initiated
within 1 ms does not cause any sidfects toits operation.

[5] tx_req_eq RW 1 0x0 Transmit Link Equalization Request Control.
Set to 1 to set Link Equalization Request == 1 in transmitted TS2 sets i
Recovery.RcvrCfg.
May be set to 1 by an Upstream Port to inform the Downstream Port lin
partner (which is the only port that is able to-ren Equalization) that the
Upstream Port wants to reun Equalization.
This is a hint to the Downstream Port and the Downstream Port may or|
may not rerun Equalization.

[4] int_clr RW 1 0x0 Writing a 1 to this register clears any pending Equalization interrupts in
eq_status-rx_quiesce_hold
eq_status-rx_req_eq_hold
eq_status-int

[3] int_en RW 1 0x0 Local Rx Equalization Interrupt Enable.
Enables interrupts to be generated for Rx Equalization events.
An interrupt is generated on Entry to Local Rx Equalization Phase 2 (U
Port) or Phase 3 (DS Port) and after the PHY Response is received for
Local Rx Equalization trial.

[2] complete RW 1 0x0 Firmware Controlledqualization- Complete.
Set to 1 to instruct the Local Rx Firmware Controlled Equalization algor|
to consider Rx Equalization complete. Complete is set to 1, instead of
setting advance to 1, when no new equalization step is needed, and
Equalization can be considered complete.
0—NotComplete
1-Complete
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Field Name Access | Width | Reset | Description

[1] advance RW 1 0x0 Firmware Controlled EqualizatienAdvance.

Set to 1 to instruct the Local Rx Firmware Controlled Equalization algo
to try the new coefficients specified in the eq_pre_cursor and
eg_post_cursor registers.

When the core completes a trial, the core stores the resulting PHY Figy
Merit and Directional feedback and waits until new coefficients are load
by Firmware and Firmware sets the advance register to start another tr
or else Firmware sets the coitepe register to end Equalization.
0—DoNotAdvance

1-Advance

[0] ext_control RW 1 0x0 Specifies whether the local PHY RX Equalization is under Firmware or
hardware control.

This option is only supported when the Equalization Up/Down method i
selected (eq_method:select_dir_fom_n == 1).

0-—HardwareControl

1—FirmwareControl

eq_pre_cursor Register 0x290

This register set is used to set prersor coefficients for the Equalization Up/Down Firmware Controlled Method for 8G
data rate

Table 5.71. eq_pre_cursor Register 0x290

Field Name | Access | Width Reset | Description
[95:0] | coef RW 96 0x0 For=8G capable cores only, which are delivered with PHY implementing Up/Dow
Equalization FeedbaeRre-cursor table- 6-bit pre-cursor coefficients for each of the
16 possible lanes packed bao#ck.

A particular lane entry[i] is accessed as [(i*6)+5:(i*6)]

eq_post_cursor Register 0x2a0

This register set is used to set pastrsor coefficients for the Equalization Up/Down Firmware Controlled Method for 8G
data rate.

Table 5.72. eq_post_cursor Register 0x2a0
Field Name | Access | Width | Reset Description

[95:0] | coef RW 96 0x0 For=8G capable cores only, which are delivered with PHY implementing Up/Dow
Equalization FeedbaekPostcursor table- 6-bit postcursor coefficients for each of
the 16 possible lanes packed bawkck.

A particular lane entry[i] is accessed as [(i*6)+5:(i*6)].
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eq_status Register 0x2c0

This register set is used to read the status registers for the Equalization Up/Down Firmware Controlled Method for 8G data
rate.

Table 5.73. eq_status Register 0x2c0

Field Name Access | Width | Reset Description
[31:7] | reserved RO 25 0x0 —
[6] rx_quiesce_hold | RO 1 0x0 When the Request Equalization bit is set on ingress TS2 sets at 8G §

mgmt_tlb_eq_status_rx_quiesce_hold is set to the value of the Quieg
Guarantee bit in those same TS2 sets.

The Quiesce Guarantee bit indicates that it is safe for the remote link
partner's application to reun RX Equalization, which can take tens of
milliseconds.

mgmt_tlb_eq_status_rx_quiesce_hold is cleared when
mgmt_tlb_eq_firmware_control_int_clr==1.

Refer to the PCI Express 3.0 Spec, Section 4.2.3 for details on how t
this information.

[5] rx_reg_eg_hold | RO 1 0x0 When the Request Equalization bit is set on ingress TS2 sets at 8G §
mgmt_tlb_eq_status_rx_req_eq_hold is set to 1.

This indicates that the remote link partner is requesting RX Equalizat
be rerun.

mgmt_tlb_eq_status_rx_req_eq_hold is cleared when
mgmt_tlb_eq_firmware_control_int_clr==1.

See the PCI Express 3.0 Spec, Section 4.2.3 for details on how to us

information.

[4] int_edge RO 1 0x0 Pulsed interrupt signal. Indicates an interrupt is signaled with a 1 clog
wide pulse.
Used for state machine logic, not applicable for CSR register reads o
polling.

[3] err RO 1 0x0 Indicates that an errooccurred during RX Equalization.

[2] exit RO 1 0x1 Indicates that RX Equalization has not started or has completed.

[1] ready RO 1 0x0 Indicates the RX Equalization process requires a response from the
external control process.

[0] int RO 1 0x0 RxEqualization Interrupt Status.

int==1 indicates an interrupt is active.
int is set to 1 when mgmt_tlb_eq_status_ready is set to 1 indicating tk
the Firmware Controlled Equalization algorithm is ready for new
coefficients to try.

int is also set to 1 when mgmt_tlb_eq_status_rx_req_eq_hold is set t
indicating that the link partner set Link Equalization Request==1 in itg
transmitted TS2 OS in Recovery.RcvrCfg to request that Equalization
re-run.

int=1 is cleared to 0 when eq_firmware_control:advance is set to 1
indicating that new coefficients have been provided or when
eq_firmware_control:complete is set to 1 indicating that Equalization
complete, or when eq_firmware_control:int_clr is writtém 1.
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eq_status_error Register 0x2c4

This register set is used to read the error status registers for the Equalization Up/Down Firmware Controlled Method for 8G
data rate.

Table 5.74. eq_status_error Register Ox2c4

Field Name Access Width | Reset Description

[31:16] lane_error | readonly 16 0x0 Perlane equalization error status.

Errors can be caused either by the coefficients being rejected by
remote link partner (which is only permitted when certain presets
are used irreducedswing mode) or if a response is not detected b
the remote link partner (which might be caused by extremely low
signal quality).

For each lane:

0—No Error

1-Error

[15:0] lane_active | read-only 16 0x0 Perlane active indicator.

Only lanes that are active (trained to be part of the link) can be
expected to participate in equalization.

For each lane:

0-Inactive

1-Active

eq_status_preset_coef Register 0x2c8

This register set is used to read the preset coefficient registers for the Equalization Up/Down Firmware Controlled Method
for 8G data rate

Table 5.75. eq_status_preset_coef Register 0x2c8

Field Name Access | Width | Reset | Description

[31:16] | lane_match RO 16 0x0 Perlane Coefficients or Preset Match Last Request.

Indicates that in TS sets received in Recovery.RcvrLock, coefficients
preset fields matched those of the last coefficient or preset request.
0—No Error

1—Error

[15:0] lane_match_valid | RO 16 0x0 Perlane Remote PHY Match Field Valid.

Indicates that the last time through Recovery.RcvrLock, RX Equalizat
phases 2 and 3 had completed, and this lane received 8 consecutive
ECO0 TS Sets.

0—Inactive

1-Active

eq_status_feedback_fom Register 0x2d0

This register set is used to read the per lane FOM from local PHY for the Equalization Figure of Merit Method for 8G data
rate.

Table 5.76. eq_status_feedback_fom Register 0x2d0
Field Name Access Width Reset Description

[127:0] value RO 128 0x0 Perlane Figure of Merit Equalization
feedback received from the local PH8-bits
per lane. value[(i*8)+7:(i*8)] is the measure|
of Equalization quality for Lane[i] wittigher
values indicating better BER.
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eq_status_feedback_dir Register 0x2e0

This register set is used to read the per lane-guesor and postursor values from local PHY for tBgualization Up/Down
Feedback Method for 8G data rate

Table 5.77. eq_status_feedback_dir Register 0x2e0

Field Name Access Width Reset Description

[63:0] value RO 164 0x0 Perlane Up/Down Equalization feedback
received from the local PHY4-bits per lane.
value[(i*4)+3:(i*4)+2] is the postursor
feedback and [{i4)+1:(i*4)+0] is the precursor
feedback for Lane]i] with feedback encoded
as: 00==NoChange/Hold, 01==Increment,
10==Decrement, and 11==Reserved.

eq_status_remote_fs Register 0x2e8
This register set is used to read the per lane FS valtenudte link partner during RX Equalization for 8G data rate.

Table 5.78. eq_status_remote_fs Register 0x2e8
Field Name Access Width Reset Description

[95:0] value RO 96 0x0 Perlane FS valuadvertised by the remote link partner in TS
Sets received in Recovery.Equalization.Phasel. The FS v
for lane[i] is value[(i*6)+5:(i*6)].

eq_status_remote_If Register 0x2f4
This register set is used to read the per lane LF value of remotedittker during RX Equalization for 8G data rate.

Table 5.79. eq_status_remote_If Register 0x2f4
Field Name Access Width Reset Description

[95:0] value RO 96 0x0 Perlane LF value advertised by tremote link partner in TS
Sets received in Recovery.Equalization.Phasel.
The LF value for lane[i] is value[(i*6)+5:(i*6)].

eq_status_remote_precursor Register 0x300

This register set is used to read the per lane PHXpreor coefficient ofemote link partner during RX Equalization for 8G
data rate.

Table 5.80. eq_status_remote_precursor Register 0x300

Field Name Access Width Reset Description

[95:0] value RO 96 0x0 Perlane Remote PHRre-Cursor Coefficient.
Indicates the remote device preursor coefficient
advertised in 8G TS Sets received in the last time through
Recovery.RcvrLock.

The precursor for lane]i] is value[(i*6)+5:(i*6)].
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eq_status_remote_postcursor Register 0x30c

This register set is used to read the per lane PHY-@asbr coefficient of remote link partner during RX Equalization for 8G
data rate.

Table 5.81. eq_status_remote_postcursor Register 0x30c

Field Name | Access Width Reset Description

[95:0] | value | RO 96 0x0 Perlane Remote PHY PeSursor Coefficient.

Indicates the remote device pesursor coefficient advertised in
8G TS Sets received in the last time through Recovery.RcvrLod
The postcursor for lane[i] is value[(i*6)+5:(i*6)].

5.1.2.6. Physical Layer Register Set

pl_rx Register 0x33c
This register set used for the Physical Layer Per Lane Receiver Control.

Table 5.82. pl_rx Register 0x33c

Field Name Access | Width | Reset | Description
[31:17] | reserved RO 15 0x0 —
[16] inject_data_error_en RW 1 0x0 pipe_rx_data error injection for test purposes.

inject_data_error_mask[NUM_LANE&®] controls which lane(s) is
used for error injection.

For example, to enable a bit error on lane 2, first write 0x04 to
inject_data_error_mask, next write a 1 to inject_data_error_en, th
finally write O to inject_data_error_en.

This is a test only feature which is not used for normal operation.
inject_data_error_en must be set to 0 whenever error injections af
not desired.

The write to this field must occur after writes to the other fields in
this register have established the desired parameters of the inject
[15:0] | inject_data_error_mask RW 16 0x0 Lane select for data error injection. Bit O corresponds to lane 0, Bi
corresponds to lané.

Setting the bit for a corresponding lane taesultin an error being
injected on that lane when inject_data_error_en changes from 0 tg
Always setup inject_data_error_mask before setting
inject_data_error_en to 1.

This field may not be changed while inject_data_error_en==1.

pl_16g Register 0x340
This register set is used for the Physical Layer 16G Optional Behavior Enable.

Table 5.83. pl_16g Register 0x340

Field Name Access | Width | Reset | Description

[31:1] | reserved RO 31 0x0 —

[0] enable_16g_eie_same_as_8( RW 1 0x0 Determines whether 16G EIEOS use Draft 0.7 and higher G
definition or Draft 0.5 and lower OS definition (which is the
same as 8G).

0—Use PCle 4.0 Draft 0.7 and higher 16G EIEOS definition
OxFFFFOO0OFFFFO000FFFFOO00FFFFO000

1-Use PCle 4.0 Draft 0.5 and lower 16G EIEOS definition
OxFFOOFFOOFFOOFFOOFFOOFFOOFFOOFFO0
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pl_tx_skp Register 0x344
This register set is used for the Physical Layer Transmit SKP Period Control.

Table 5.84. pl_tx_skp Register 0x344

= LATTICE

Field Name Access | Width | Reset | Description

[31:30] | reserved RO 2 0x0 —

[29:24] | period_sris_128b130b | RW 6 0x0 The transmit SKP period used
capability enabled and configured for SRIS = period_sris_128b1
Blocks.
PCle Specification is < 38 blocks.
0 is a special case that selects 36 Blocks.
This register must be configured for a PCle Specification complid
value.

[23:16] | period_srns_128b130b| RW 8 0x0 The transmit SKP period used
capability disabled or with SRIS enabled but configured for SRN
256 + period_srns_128b130b Blocks.
PCle Specification is 3375 blocks.
0 is a special case that selects 116 == 372 Blocks.
This register must be configured for a PCle Specification complig
value.

[15:8] | period_sris_8b10b RW 8 0x0 The transmit SKP period used
capability enabled and configured for SR{&rod_sris_8b10b
Symbol Times.
PCle Specification is < 154 Symbol Times.
0 is a special case that selects 146 Symbol Times.
This register must be configured for a PCle Specification complig
value. The number of symbol times selected must be a multiple
the PHY per lane symbol data width or the lower bits are truncat
For example:
For 16bit per lane PHY, period_sris_8b10b[0] is always treated &
For 32bit per lane PHY, period_sris_8b10b[1:0] are always treats
as 00.
For 64bit per lane PHY, period_sris_8b10b[2:0] are always treats
as 000.

[7:0] period_srns_8b10b RW 8 0x0 The transmit SKP period used when operating 36 with the SRIS

capability disabled or with SRIS enabled but configured for SRN
(256 + period_srns_8b10b) * 4 Symbol Times.

PCle Specification is 118838 Symbol Times.

0 is a special case that selects 44 == 1200 Symbol Times. This
register must be configured for a PCle Specification compliant v
The number of symbol times selected must be a multiple of the K
per lane symbol data width or the lower bits are truncated.

For example:

For 64bit per lane PHY period_srns_8b10b[0] is always treated 3
For 32, 16, and-8it per lane PHY, all of period_srns_8b10b is
relevant.
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pl_tx_debug Register 0x348

= LATTICE

This register set is used for the Physical Layer Debug Control.

Table 5.85. pl_tx_debug Register 0x348
Field Name Access | Width | Reset | Description
[31:3] reserved RO 29 0x0 —
[2] inject_margin_crc_error RW 1 0x0 Setting this to 1 injects errors into the margin crc value of th
control skp ordered set on all lanes
[1] inject_margin_parity _error | RW 1 0x0 Setting this to 1 injects errors into the margin parity bit of thg
control skp ordered set on all lanes
[0] inject_data_parity_error RW 1 0x0 Setting this to 1 injects errors into the data parity bit of the
control skp ordered set on all lanes
pl_ctrl Register 0x34c
This register set is used for tiRhysical Layer Control.
Table 5.86. pl_ctrl Register 0x34c
Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] 8b10b_err_rec_entry_sel | RW 1 0x0 Selects the Physical Layer error threshold required to be|

received in LO, wheaperating with 8b10b encoding
(2.5G/5G speed), before the link is directed to Recovery
0—When in LO and using 8b10b encoding, direct the link
Recovery after receiving a single Physical Layer Error. T|
the more conservative setting but has the disadvantage
causing Recovery entry on all LO Physical Layer efrors
even those errorshat the link would be able to recover
from on its own without having to go through Recovery.
1—When in LO and using 8b10b encoding, direct the link
Recovery only after receiving a massive burst of errors
(which typically is an indication that there is a persistent
problem, such as PHY loss of lock, for which Recovery €
is required to fix) The core implements an error counter.
For each enabled PHY Rx clock cycle, the error counter
incremented when a clock cycle contains a Physical Lay
error, and the error counter is decremented when a cloch
cycle contains no Physical Layer errorthdfcounter
reaches 1023, the link is directed to Recovery.

pl_ts_matching Register 0x350

This register set is used for the Physical Layer TS Match Control.

Table 5.87. pl_ts_matching Register 0x350
Field Name Access | Width | Reset | Description
[31:1] reserved RO 31 0x0 —
[0] legacy_mode RW 1 0x1 Setting this to 1 compares all symbols when matching TS s

(legacy behavior).
Setting this to 0 compares only the symbols required to meg
specifications.
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5.1.2.7. Data Link Layer Control Register Set

dl_retry_timeout Register 0x380
This register set is used for the Replay Timeout Control.

Table 5.88.

dl_retry_timeout Register 0x380

= LATTICE

Field

Name

Access

Width | Reset

Description

[31:24]

pcie4_symt_sync

RW

8

0x0

Replay Timeout Timer PCle 4.0 Simplified REPLAY_TIMER
Limits Extended Sync==1 Value. {pcie4_symt_sync, 10'h0}
Symbol times to use for Replay Timer when pcie4_enable=
and Extended Synch==1.

0 is a special case selecting 8'd80.

[23:16]

pcie4_symt_sync_n

RwW

0x0

Replay Timeout Timer PCle 4.0 Simplified REPLAY_TIMER
Limits Extended Sync==0 Value. {pcie4_symt_sync_n, 10'h
Symbol times to use for Replay Timer when pcie4_enable=
and Extended Synch==0.

0 is a special case selecting 8'd24.

[15]

pcie4_enable

RW

Ox1

Replay Timeout Timer PCle 4.0 Simplified REPLAY_TIMER
Limits Enable.
0-Use PCle 3.0 Specification and prior REPLAY_TIMER L
from UNADJUSTED REPLAY_TIMER LIMITS tables in the
Specification.
1-UsePCle 4.0 Specification Simplified REPLAY_TIMER L

[14:1]

I0s_adj

RW

14

0x18

Replay Timeout LOs Adjustment.

The number of symbol times to add to the recommended P
Replay Timer timeout period to compensate for the remote
link having to exit LOsefore it can send an ACK/NAK DLLP.
I0s_adj is added to the Replay Timer timeout period after th
optional doubling controlled by mult_enable is applied.

Not applicable when pcie4_enable==1.

[0]

mult_enable

RW

0x0

Replay Timeout Timer Multiplier Enable. Not applicable whe
pcie4_enable==1.

0—The Replay Timer timeout period implemented is the
recommended-0%) value in the PCle Specification
UNADJUSTED REPLAY_TIMER LIMITS FOR 2.5/5.0/8.0 G
MODE OPERATION BY LINK WIDTH AND MAX_PAYLOA
tables.

1-The Replay Timer timeout period implemented is 2 times
the recommended-0%) value in the PCle Specification
UNADJUSTED REPLAY_TIMER LIMITS FOR 2.5/5.0/8.0 G
MODE OPERATION BY LINK WIDTH AND MAX_PAYLOA
tables.

dl_ack_timeout_div Register 0x384

This register set is used for the ACK Timer Control.

Table 5.89. dl_ack_timeout_div Register 0x384

Field Name Access | Width | Reset Descriptions
[31:1] | reserved | RO 31 0x0 —
[0] enable RW 1 0x0 ACK Timer Control.

0—Ack according to specifications.
1-Ack twice as often as recommended by specifications.
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dl_tx_ctrl Register 0x38c
This register set is used for the Data Link Layer TX Control.

Table 5.90. di_tx_ctrl Register 0x38c

= LATTICE

Field

Name

Access

Width

Reset

Descriptions

(31]

stp_override_en

RwW

1

0x0

8G STP Symbol Debug Length Override Enable.

Enables the injection of 8G STP symbol length errors (for debu
only).

On a rising edge of stp_override_en, a request to inject an 8G
length error is stored until it can be acted upon.
The next TLP with a computed 8G STP length == stp_override |
has its STP token length field replaced by stp_override_new_le
instead of using the computed value.

Per PCle Specification, the 8G STP token length must conside
full framed TLP length including 8G STP Token, TLP Header, T
Payload, ECRC (if present), and LCRC, but must not include th
symbol (if the TLP is being nullified).

These fields enable you to transmit an 8G TLP of incorrect leng
by placing the EOP at the end of the TLP data to transmit and |
writing these fields to substitute the desired STP length matchir
the TLP being transmitted for the actual length of thd>That
would be computed from the TLP header.

At 2.5 and 5G, these fields are unused as the full framed TLP I¢
is not included in the STP token at these speeds and a malform
length TLP can be transmitted just by placing EOP at the incorr]
location.

0-Disabled

1-Enabled

[30:27]

reserved

RO

0x0

[26:16]

stp_override_new_len

RwW

11

0x0

8G STP Symbol Debug Length Replacement Value.

[15:11]

reserved

RO

0x0

[10:0]

stp_override_len

RwW

11

0x0

8G STP Symbol Debug Length Replacement Match.
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dl_ctrl Register 0x390
This register set is used for the Data Link Layer Control.

Table 5.91. dI_ctrl Register 0x390

= LATTICE

Field

Name

Access

Width

Reset

Descriptions

[31:26]

reserved

RO

6

0x0

(25]

tx_pfx_par_inject_en

RwW

1

0x0

Transmit Data Link Layer Prefix Parity Error
Injection Enable.

0-Do not inject error.

1-0n the rising edge, a single prefix parity
error injection, applied prior to assigning the
TLP sequence number, is scheduled and
injected at the next opportunity (TLP transmit
Tx prefix parity error Handling and Reporting
are governed by tx_par2_haled disable and
tx_par2_report_disable.

(24]

rx_early_forward_disable

RW

0x0

Receive Data Link Layer dotvained early
forwarding disable.

0—When downtrained, forward Rx Data Link
Layer data for processing whenever a TLP/D
end occurs without a following TLP/DLLP sta
the same clock cycle. This setting results in
lower Rx TLP/DLLP latency.

1-When downtrained, always aggregate Rx
Data Link Layer data to full width before
forwarding the data. For example, a x16 core|
operating at x1 receives and aggregate 16 cl
cycles of 1 lane data before outputting one
clock cycle of 16 lane data forrfher
processing.

(23]

reserved

RO

0x0

[22]

tx_gap_inject_en

RW

0x0

Transmit Data Link Layer TX Valid Gap Injec
Enable.

0-Do not inject gap.

1-0On the rising edge, a single clock
bp_tx_validgap is scheduled and is injected a
the next opportunity (within a TLP). This gap
the bp_tx_valid can cause a data underflow g
the Physical Layer.

[21]

rx_malf_inject_en

RW

0x0

Receive Data Link Layer Malformed Length 1
Injection Enable.

0-Do not inject error.

1-0n the rising edge, a single malformed TL
error injection is scheduled and is injected at
the next opportunity (Tx TLP EOP). The TLP
malformed by deleting its end of TLP indicatg
causing the TLP to end at the incorrect
location.

[20]

rx_lcrc_inject_en

RW

0x0

Receive Data Link Layer LCRC Injection Eng
0-Do not inject error.

1-0n the rising edge, a single LCRC TLP er
injection is scheduled and injected at the nex|
opportunity (Tx TLP EOP). The LCRC is
corrupted by inverting LCRC bit O of the
received TLP.

[19]

reserved

RO

0x0
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Field

Name

Access

Width

Reset

Descriptions

(18]

rx_dl_active_disable

RwW

0x0

Control the use of DL_Active to block recepti
of TLPs.

0—Block reception of TLPs when dI_active is
low.

1-Do not block TLP reception based on
dl_active.

(17]

rx_inhibit_tlp

RwW

0x0

Receive Data Link Layer TLP Rx Inhibit Enal
0—Process received TLPs per PCle
Specification Required setting for compliant
PCle operation.

1-For test purposes onlygliscard and do not
accept received TLPs. Received TLPs are
processed as if the Sequence Number is one
greater than received. This prevents the TLP
with the current expected Sequence Number
and all following TLPs from being received. T
causes the link p#ner to do TLP replays as
received TLPs are incorrect due to perceived
Sequence Number errors.

[16]

rx_inhibit_ack_nak

RwW

0x0

Receive Data Link Layer ACK/NAK Inhibit
Enable.

0—Process received ACK and NAK DLLPs p
PCle Specification. Required setting for
compliant PCle operation.

1—For test purposes only, discard and do no
process received ACK and NAK DLLPs. This
causes the core to do TLP replays because 1
acknowledgements do not received.

[15]

reserved

RO

0x0

[14]

tx_par2_report_disable

RwW

0x0

Transmit Data Link Layer Parity 2 Error
Reporting Disable.

0—Enable reporting.

1-Disable reporting of Data Link Layer
transmit parity errors.

[13]

tx_par2_handle_disable

RW

0x0

Transmit Data Link Layer ParitfE@&or
Handling Disable.

0-Enable handling. TLPs with errors are
nullified and not retransmitted.

1-Disable handling of Data Link Layer
transmit parity errors. When error handling is
disabled, TLPs with parity errors continue to
transmitted.

[12]

tx_par2_inject_en

RW

0x0

Transmit Data Link Layer Parity 2 Error
Injection Enable.

0—Do not inject error.

1-0n the rising edge, a single parity error
injection, applied after assigning the TLP
sequence number, is scheduled and is injectq
at the next opportunity (TLP transmit).

[11:9]

reserved

RO

0x0
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Field

Name

Access

Width

Reset

Descriptions

(8]

tx_parl_inject_en

RwW

0x0

Transmit Data Link Layer Parity 1 Error
Injection Enable.

0-Do not inject error.

1-0n the rising edge, a single parity error
injection, applied prior t@assigning the TLP
sequence number, is scheduled and is injectg
at the next opportunity (TLP transmit).

[7]

reserved

RO

0x0

(6]

tx_replay_ecc2_report_disable

RwW

0x0

Transmit Replay Buffer EC®IiR2Error
Reporting Disable.
0—Enablereporting.

1 - Disable reporting of ECGb# errors.

(5]

tx_replay_ecc2_handle_disabl

RwW

0x0

Transmit Replay Buffer EC®IiR2Error
Handling Disable.

0-Enable handling. TLPs with errors are
nullified and not retransmitted.
1-Disablehandling of ECGl4t errors. When
error handling is disabled, TLPs with EEf@ 2
errors continue to be transmitted.

(4]

tx_replay_ecc2_inject_en

RwW

0x0

Transmit Replay Buffer EC®i2Error Injection
Enable.

0-Do not inject error.

1-0n the rising edge, a single ECitZrror
injection is scheduled and is injected at the
next opportunity (Replay Buffer RAM write).
The error is only seen if a Replay occurs of th
TLP receiving the error injection.

(3]

reserved

RO

0x0

(2]

tx_replay_eccl_report_disable

RW

0x0

Transmit Replay Buffer EC®ifLError
Reporting Disable.

0—Enable reporting.

1-Disable reporting of ECGbit errors.

(1]

tx_replay_eccl_handle_disabl

RwW

0x0

Transmit Replay Buffer EC®itLError
Handling Disable.

0-Enable correction.

1 -Disable correction of EC&bit errors.
When error correction is disabled, ECGEitl
errors are treated the same as uncorrectable
ECC it errors.

[0]

tx_replay_eccl_inject_en

RW

0x0

Transmit Replay Buffer EC®ifLError Injection
Enable.

0-Do not inject error.

1-0n the rising edge, a single ECKitZrror
injection is scheduled and is injected at the
next opportunity (Replay Buffer RAM write).
The error is only seen if a Replay occurs of th
TLP receiving the error injection.
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dl_stat Register 0x394
This register set is used for the Data Link Layer Status.

Table 5.92. dI_stat Register 0x394

= LATTICE

Field

Name

Access

Width

Reset

Description

(31]

info_bad_tlp_null_err

RW, wiC

1

0x0

Nullified TLP Received Status. This is n
a reported error but is useful
information to store for debug. This is a
sub-class of err_aer_bad_tlp that
provides more information as to why thg
TLP is bad.

0-Otherwise

1-Event occurred. Write 1 to clear.

(30]

info_bad_tlp_phy_err

RW, wiC

0x0

TLP PHY Error Status. This is not a
reported error but is useful information
to store for debug. This is a sglass of
err_aer_bad_tlp that provides more
information as to why the TLP is bad.
0-Otherwise

1-Event occurred. Write 1 to clear.

[29]

info_bad_tlp_malf_err

RW, wiC

0x0

Malformed TLP Status. This is not a
reported error but is useful information
to store for debug. This is a sglass of
err_aer_bad_tlp that provides more
information as to why the TLP is bad.
0—Otherwise

1-Event occurred. Write 1 to clear.

(28]

info_bad_tlp_ecrc_err

RW, wiC

0x0

TLP ECRC Mismatch Status. This is no
reported error but is useful information
to store for debug. This is a sglass of
err_aer_bad_tlp that provides more
information as to why the TLP is bad.
0-Otherwise

1-Event occurred. Write 1 to clear.

[27]

info_schedule_dupl_ack

RW, wiC

0x0

Duplicate TLP Received Status. This is
a reported error but is useful
information to store for debug. Duplicat
TLPs are received during TLP Replay.
0 —Otherwise

1-Eventoccurred. Write 1 to clear.

(26]

info_bad_tlp_seq_err

RwW, WiC

0x0

TLP Sequence Number Mismatch Staty
This is not a reported error but is useful
information to store for debug. This is a
sub-class of err_aer_bad_tlp that
provides more information as to why thg
TLP is bad.

0—Otherwise

1-Event occurred. Write 1 to clear.

[25]

info_bad_tlp_crc_err

RwW, W1C

0x0

TLP LCRC Mismatch Status. This is no
reported error but is useful information
to store for debug. This is a sglass of
err_aer_bad_tlp that provides more
information as to why the TLP is bad.
0—Otherwise

1-Event occurred. Write 1 to clear.
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Field

Name

Access

Width

Reset

Description

(24]

info_nak_received

RW, wiC

0x0

NAK Received Status. This is not a
reported error but is useful information
to store for debug. Receiving a NAK
indicates that the link partner requested
a Replay.

0-Otherwise

1-Event occurred. Write 1 to clear.

(23]

info_deskew_overflow_error

RW, wiC

0x0

Rx Deskew FIFO Overflow Error Status
The lanedlane skew of Rx data on one o
more lanes are latent from the other
lanes that the deskew range of the Rx
Deskew FIFO is exceeded. This is a
correctable error since the core drives
the link to Recovery to fithis issue.
0-—Otherwise

1—Event occurred. Write 1 to clear.

[22]

info_tx_data_underflow

RW, wiC

0x0

Physical Layer TLP Transmit Underflow
Error Status. A TLP is transmitted by th
physical layer and mordata is needed
to continue the transmission, but no
data is provided. This error is normally
caused by the Transaction Layer failing
to provide TLP dat
0-Otherwise

1-Event occurred. Write 1 to clear.

[21]

info_replay_started

RW, wiC

0x0

A Replay is started. This is not a report
error but is useful information to store
for debug. Indicates a Replay occurred
on local TX interface due to either Ack
Timeout or Nack Reception.
0-—Otherwise

1-Event occurred. Write 1 tolear.

[20]

reserved

RO

0x0

[19]

err_aer_tx_par2

RwW, WiC

0x0

Transmit Data Link Layer Parity 2 Error
Status. Indicates that a Data Link Layer
transmit parity error is detected after
sequence number application.
0-Otherwise

1-Eventoccurred. Write 1 to clear.

(18]

reserved

RO

0x0

[17]

err_aer_tx_replay_ecc2

RW, wiC

0x0

Transmit Replay Buffer EC®i2Error
Status. Indicates that an uncorrectable
ECC error occurred during Replay.
0—Otherwise

1—Event occurred. Write 1 tolear.

[16]

err_aer_tx_replay_eccl

RwW, W1C

0x0

Transmit Replay Buffer EC®ifLError
Status. Indicates that a correctable EC(
error occurred during Replay.
0-Otherwise

1-Event occurred. Write 1 to clear.

[15:8]

reserved

RO

0x0

(7]

reserved

RO

0x0
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Field

Name

Access

Width

Reset

Description

(6]

err_aer_surprise_down

RW, wiC

0x0

Surprise Down Error Status.
0—Otherwise

1—Error occurred. Errors of this type
must be logged in the Transaction Layeg
AER Capability. Write 1 to clear.

(5]

err_aer_dl_protocol_error

RW, W1C

0x0

DL Protocol Error Status.
0-—Otherwise

1—Error occurred. Errors of this type
must be logged in the Transaction Layg
AER Capability. Write 1 to clear.

(4]

err_aer_replay_timer_timeout

RW, wiC

0x0

ReplayTimer Timeout Error Status.
0-Otherwise

1—Error occurred. Errors of this type
must be logged in the Transaction Layeg
AER Capability. Write 1 to clear.

(3]

err_aer_replay_num_rollover

RW, wiC

0x0

Replay Num Rollover Error Status.
0-Otherwise

1—Error occurred. Errors of this type
must be logged in the Transaction Layg
AER Capability. Write 1 to clear.

(2]

err_aer_bad_dllp

RW, wiC

0x0

Bad DLLP Error Status.

0-Otherwise

1—Error occurred. Errors of this type
must belogged in the Transaction Laye
AER Capability. Write 1 to clear.

(1]

err_aer_bad_tlp

RW, wiC

0x0

Bad TLP Error Status.
0-—Otherwise

1—Error occurred. Errors of this type
must be logged in the Transaction Layeg
AER Capability. Write 1 to clear.

[0]

err_aer_receiver_error

RW, wiC

0x0

Receiver Error Status.

0-Otherwise

1—Error occurred. Errors of this type
must be logged in the Transaction Layeg
AER Capability. Write 1 to clear.
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This register set is used for theCKto-NAK error injection controls.

Table 5.93. di_ack_to_nak Register 0x398

Field Name Access Width | Reset Description

[31] enable RwW 1 0x0 Enable ACKo-NAKinjection. The write to this field must
occur after writes to the other fields in this register have
established the desired parameters of the injection.
0—Do nothing
1—Enable injection and load parameters into the AGK
NAK injector.

[30:24] reserved | RO 7 0x0 —

[23:16] count RW 8 0x0 Number of times to replace the ACK with a NAK.

[15:12] reserved | RO 4 0x0 —

[11:0] seqg_num | RW 12 0x0 Sequence Number of ACK to be changed to a NAK.

dl_inject Register 0x39c
This register set is used for the DICZIRC/TLP ECRC error injection controls.

Table 5.94. dl_inject Register 0x39c

Field Name Access | Width Reset Description

[31] dllp_crc_err_enable RW 1 0x0 Enable DLLP CRC error injection. The write tditids
must occur after writes to the other fields in this
register have established the desired parameters of
the injection.
0-Disable the DLLP CRC Error injector.
1-Enable DLLP CRC Error injector.

[30:28] reserved RO 3 0x0 —

[27:16] dllp_crc_err_rate RW 12 0x0 Rate at which DLLP CRC errors are to be injected.
A value of 0 injects a single DLLP CRC error.-A nor|
zero value injects errors at intervals of
Rate*256*clk_period. This field may not be changeq
while dllp_crc_err_enable==1.

[15:13] reserved RO 3 0x0 —

[12] dllp_inject_enable RW 1 0x0 Inject a DLLP (transmit) using the data in the
dllp_inject_data register.

A single DLLP is injected after each rising edge of t
signal.

[11:9] reserved RO 3 0x0 —

[8] tlp_seq_err_enable RW 1 0x0 Modify the sequence number in the next transmitteq
TLP to an invalid value (bad sequence number erro
A single TLP is altered after each rising edge of this
signal.

[7:4] reserved RO 4 0x0 —

[3] tlp_lcrc_err_enable RW 1 0x0 Enable TLP LCRC error injection.

The write to this field must occur after writes to the
other fields in this register have established the
desired parameters of the injection.

0—Disable the TLP LCRC Error injector
1-Enable TLP LCRC Error injector
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Field Name Access | Width Reset Description
[2:0] tlp_lcrc_err_rate RwW 3 0x0 Rate at which TLP LCRC errors are to be injected.
A value of 0 injects LCRC errors into all TLPs.
A nonzero value injects an error into a TLP and the
pass Rate TLPs without error, and thiepeat.
This field may not be changed while
tlp_lcrc_err_enable==1.
dllp_inject Register 0x3a0
This register set is used for the DLLP Injector Data.
Table 5.95. dllp_inject Register 0x3a0
Field Name Access Width Reset Description
[31:0] data RW 32 0x0 Data to include in injected DLLP. Th

field may not be changed while
dl_inject_dllp_inject_enable==1.

5.1.2.8. LTSSM Equalization Status Control

eq_status_table_control Register 0x3d8

This register set issed for LTSSM Equalization Status Control for 8G data rate.

The LTSSM Equalization Status is a debug feature that captures the status of the most recent Equalization execution from a
single selected lane and allows software to read the status.

To use this feature:
1. Sel ect a |l ane to monitor

2. Cause Equalization to be
Downstream Port PCle Cfg

a. Perform Equalization =1

b. Target Link Speed = Desired Link Speet2(5G,2=5G,3=8G, 4=16G)

c. Retrain Link = 1 (this must be written last)

by

Wr i

ti

ng |l ane_select.

execut ed; Equalization can be
Registers (see PCle Specificat

compl et e

by reading eqg_status._

4. The speed at which EQ isgeszxtattttedtmbyebenfeadébghspegt.

3. Wait for Equalization to
5. For (i=0; 1i<25; i=i+1).
begin

Write eq_status_table_control_step_select =i

Read eq_status_table_data == Equalziation Status of iteration[i]

End
Note:
1. Available in 2024 release.
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Table 5.96. eq_status_table_control Register 0x3d8

Field Name Access | Width | Reset Description

[31:13] | reserved RO 19 0x0 —

[12:8] | step_select| RW 5 0x0 Used to select which step (which EQ trial iteration) of the most recently
completed EQ process is accessed at the eq_status_table_data.
After Equalization has completed, step_select is intended to be written fro
to 24 to read the Equalization status for all trials.

[7:4] reserved RO 4 0x0 —

[3:0] lane_select | RW 4 0x0 Used to select which lane's data is collected during the next Equalization.
This value of this register is captured at the start of Equalization and
Equalization results are thesaved for the selected lane.

eq_status_table_info Register Ox3dc
This register set is used to read whether the RX Equalization status registers are valid or not at 8G data rate.

Table 5.97. eq_status_table_info Register 0x3dc

Field

Name

Access

Width

Reset

Description

[31:2]

reserved

RO

30

0x0

(1]

16g_spe

ed| RO

1

0x0

Indicates speed at which Equalization is executed. This register is reset o
fundamental reset so that the status survives link down and other soft res¢
conditions.

0-Equalization run at 8G speed

1-Equalization run at 16G speed

[0]

done

RO

0x0

Indicates that Equalization has been completed, and the table results are
valid.

This register is reset only by fundamental reset so that the status survives
down and other soft reset conditions.

eq_status_table Register 0x3e0
This register set is used to read RX Equalization status registers for 8G data rate.

Table 5.98. eq_status_table Register 0x3e0

Field

Name

Access

Width

Reset

Description

[31:0]

data

RO

32

0x0

1

Equalization Status for theelected lane and step (iteration) recorded as
follows:

T [1-BQ -Buesor Up/ Down Feedback[ 1:
00=Hol d, 01=1lnc, 10=Dec, 11=Rsvd)

(
T [ 3=RQ Fowusrtsor Up/ Down Feedback[ 1

(00=Hol d,01=Inc, 10=Dec, 11=Rsvd)
T [11-EQ@]Figure of Merit Feedback]|
T [17-R@&Hhote PHY Tx Post Cursor|[5:
T [ 23=-BR8hote PHY Tx Pre Cursor[5:(
T I 2B ror Stat us: l1==Error, 0==Ng
T [ 2BActve Status: 1==Lane is part

|

i nk

T [31-Ré&3erved
Equalization Status is reset to 0xO for all iterations when Equalization begin
iterations that were not executed reads 0x0.

Equalization Status is+@aptured on every Equalization, so Equalization Stat
may only be read between Equalization attempts or it is unknown from whig
Equalization run the status is captured.

Captured Equalization Status is reset only by fundamental reset so that the
status survives link down and other soft reset conditions.
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eq_capture_sel Register 0x3f0
This register set is used for selection of lanepiTRX for RX Equalization results for 8G data rate.

Table 5.99. eq_capture_sel Register 0x3f0
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Field Name Access Width Reset Description

[31:6] reserved RO 26 0x0 —

[5] dir RW 1 0x0 Used to select TX (di= 1) or
RX (dir == 0) for equalization
results readback.

[4] speed RW 1 0x0 Used to select 16G (speed ==
1) or 8G (speed == 0) for
equalization results reaback.

[3:0] lane RW 4 0x0 Used to select théane number
(0 to 15) for equalization
results readback.

eq_capture Register 0x3f4
This register set is used to read out RX Equalization results for 8G data rate.

Table 5.100. eq_capture Register 0x3f4

Field Name Access | Width Reset Description
[31:22] | reserved RO 10 0x0 —
[21:0] result RO 22 0x0 1 Equalization results from LTSSM recorded as follows:

T [ 5=EQO0]RCousrtsor [ 5: 0]
T [11+E@®]Cursor[5: 0]
1T [17-EQ]RBuesor[5: 0]
1T [21-E@]Preset

Note: T h e -CRurres or Cu-€Cepopspramdl B¢
Equalizaton Presets are use
Equali zaton Coefcients are

Equalization results are set to 0x0 for all lanes, speed, and directi
by a fundamental reset.

The values are updated at each step of the equalization procedur
and then held until the next equalization or fundamental reset.

phy_eq_tx_force_per_lane Register 0x400
This register set igsed to enable petane Hardcoded Preset/Coefficient configuration for 8G data rate.

Table 5.101. phy_eq_tx_force_per_lane Register 0x400

Field Name Access | Width | Reset Description

[31:4] | reserved RO 28 0x0 —

[3] 16g_coef_enable | RW 1 0x0 Used to enable pelane hardcoded coefficients at 16G speed.
[2] 16g_preset_enable| RW 1 0x0 Used to enable pelane hardcoded presets at 16G speed

[1] 8g_coef_enable RW 1 0x0 Used to enable pelane hardcodedoefficients at 8G speed.
[0] 8g_preset_enable | RW 1 0x0 Used to enable pefane hardcoded presets at 8G speed

wine latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

phy_eq_tx_force_per_lane_8g_pre Register 0x404
This register set is used for peane Hardcoded Preset/Roairsor valuesonfiguration for 8G data rate.

Table 5.102. phy_eq_tx_force_per_lane_8g_pre Register 0x404

Field Name Access Width Reset Description

[95:0] value RW 96 0x0 Perlane preset/precursor values to use imardcoded
per-lane mode at 8G speed.

phy_eq_tx_force_per_lane_8g_post Register 0x410
This register set is used for peane Hardcoded Preset/Pestirsor values configuration for 8G data rate.

Table 5.103. phy_eq_tx_force_per_lane_8g_post Register 0x410

Field Name Access Width Reset Description

[95:0] value RW 96 0x0 Perlane postcursor values to use in hardcoded per
lane mode at 8G speed.

5.1.3. mgmt_ptl (0x4_3000)
Thefollowing are the register sets with the 0x3000 base address.

5.1.3.1. Simulation Register

Simulation Register 0x0
This register set is used for the Partial Transaction Layer simulation speed reduction.

Table 5.104. Simulation Register 0x0

Field Name Access | Width | Reset | Description

[31:1] | reserved RO 31 0x0 —

[0] pm_reduce_timeouts| RW 1 0x0 Reduce Power Management State Machine timeouts from their value
ms to their value irus to shorten simulation time.
0-Disable
1-Enable

5.1.3.2. Power Management State Machine Register Set

pm_aspm_l0s Register 0x40
This register set is used for the Power Management State Machine ASPM LOs entry control.

Table 5.105. pm_aspm_l0s Register 0x40

Field Name Access Width Reset | Description

[31:16] | entry_time RW 16 0x0 ASPM LOs TX Entry Timeun O is a special case == A9

[15:1] reserved RO 15 0x0 —

[0] enable RW 1 0x1 Enable Power Management State Machine to enter ASPM LOs.
0-Disable
1-Enable
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pm_aspm_|1 Register 0x50
This register set is used ftire Power Management State Machine ASPM L1 entry control.

Table 5.106. pm_aspm_I1 Register 0x50

Field Name Access Width Reset | Description
[31:16] | entry_time | RW 16 0x0 ASPM L1 TX Entry Time in ms. 0 is a special case =gs1000
[15:1] reserved RO 15 0x0 —
[0] enable RW 1 0x1 Enable Power Management State Machine to enter ASPM L1.
0-Disable
1-Enable

pm_aspm_l1_min Register 0x54
This register set is used ftire Power Management State Machine ASPM L-éntey control.
Table 5.107. pm_aspm_I|1_min Register 0x54

Field Name Access | Width | Reset | Description
[31:30] | reserved RO 2 0x0 —

[29:16] | reentry_time RW 14 0x0 When reentry_disable==0, specifies the minimum time between ASPM L
requests in ns. 0 is a special case == 9500 ns (PCle Specification value)

[15:1] | reserved RO 15 0x0 —

[0] reentry_disable| RW 1 0x0 Disable enforcing a minimum time between ASPM L1 requests.
0-Enable
1-Disable

pm_|1 Register 0x60
This register set is used for the Power Management State Machine L1 entry control.

Table 5.108. pm_I1 Register 0x60
Field Name Access | Width | Reset | Description

[31:16] | us_port_ps_entry_time| RW 16 0x0 Upstream Ports only: Number pé to wait for the transmission of the
completion to the PowerState CWyrite that initiated L1 entry, before
beginning to block TLPs and enter L1. 0 is a special cagas== 4

[15:1] | reserved RO 15 0x0 —

[0] enable RW 1 0x1 Enable Power Management State Machine to enter L1.
0-Disable
1-Enable

pm_Il1_min Register 0x64
This register set is used for the Power Management State Machinedritmecontrol.

Table 5.109. pm_|1_min Register 0x64

Field Name Access | Width | Reset | Description
[31:24] | reserved RO 8 0x0 —
[23:16] | ps_reentry_time| RW 8 0x0 Minimum number ofus to wait following an L1 exit when Power State != O

before reentering L1 due to Power State != D0O. A wait time is needed to
the transaction layer time to process a Power State Cfg Write to DO that
caused L1 exit. 0 is a special case =ps50

[15:0] | reserved RO 16 0x0 —
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pm_l1pmss Register 0x68
This register set is used for the Power Management State Machine LIPMSS control.

Table 5.110. pm_|1pmss Register 0x68

Field Name Access | Width | Reset Description

[31:1] | reserved RO 31 0x0 —

[0] ds_drive_clkreq| RW 1 0x0 Enable driveing the clkreg_n signal when operating as a downstream po
0-Disable
1-Enable

pm_|2 Register 0x70
This register set is used for the Power Management Stehine L2 entry control.

Table 5.111. pm_|2 Register 0x70

Field Name Access Width Reset Description

[31:1] reserved RO 31 0x0 —

[0] enable RW 1 0x1 Enable Power Management State Machine to enter L2.
0—Disable
1-Enable

pm_pme_to_ack_ep Register 0x80
This register set is used for the Power Management State Machine Endpoint PME_TO_Ack control.

Table 5.112. pm_pme_to_ack_ep Register 0x80

Field Name Access | Width | Reset | Description
[31:1] | reserved RO 31 0x0 —
[0] user_auto_n| RW 1 0x0 For Endpoints only: PME_TO_/Awo&ssage transmission scheduling method.

Endpoints are required to respond to a PME_Turn_Off message with a
PME_TO_Ack message when they are ready to allow power down.
0—Schedule PME_TO_Ack message automatically on reception of PME_Tur
message.

1-Schedule PME_TO_Ack message under user control through the
pm_I2_enter_ack rising edge.

pm_pme_to_ack_ds Register 0x84
This register set is used for the Power Management State Machine Downstream Port PME_TO_Ack control.

Table 5.113. pm_pme_to_ack_ds Register 0x84

Field Name Access | Width | Reset | Description
[31:8] | reserved RO 24 0x0 —
[7:0] | timeout_threshold | RW 8 0x0 For Root Port only: ms to wait for a transmitted PME_Turn Ma8sage to

be acknowledged by receipt of PME_TO_Ack message before continuir|
with L2/L3 entry. OXFF is a special case that disables the timeout
mechanism. 0x00 is a special case == 10 ms.
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pm_pme Register 0x88
This register set is used for the Power Management State Machine PM_PME control.

Table 5.114. pm_pme Register 0x88

Field Name Access | Width | Reset | Description
[31:12] | reserved RO 20 0x0 —
[11:0] | timeout_threshold | RW 12 0x0 msto wait for a transmitted PM_PME Message to be acknowledged, b

clearing of the PME_Status register, before reissuing the PM_PME
message. OXFFF is a special case that disables the timeout mechanis
0x000 is a special case == 100 ms.

pm_status Register 0x90
This register set is used for the Power Management State Machine Status.

Table 5.115. pm_status Register 0x90

Field Name Access Width Reset Description

[31:5] reserved RO 27 0x0 —

[4:0] state RO 5 0x0 Power Management State Machine State.
0-IDLE

1-L1_WAIT_IDLE
2—-L1_WAIT_REPLAY
3-L1_READY

4-11 STOP_DLLP
5-L1

6-L1 1

7-L1_2 ENTRY

8-L1 2 IDLE

9-L1 2 EXIT
10-L1_EXIT
11-L2_WAIT_IDLE
12— L2 WAIT_REPLAY
13-L23_READY
14—L2_STOP_DLLP
15-L2

16-L0S
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Receive Buffer

vc_rx_c Register 0x108
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This register set is used for the Receive Buffer completion handling configuration.

Table 5.116. vc_rx_c Register 0x108

Field | Name Access| Width | Reset| Description

[31:2] | reserved| RO 30 0x0 —

[1] force_ro | RW 1 0x0 Force completion relaxed ordering (RO==1) behavior for all completion TLPs, ev|
those with RO==Mote that setting this register to 1 is not PCle Specification
compliant but this may be fine for some designs since it is acceptable in many dg
for C without RO==1 to pass prior P.
0-—Disable. Received completions are handled using the received RO attribute.
1-Enable. All received completions are handled as if the RO attribute is 1.

[0] priority | RW 1 0x0 Completion priority enable.

0-Disable. Arbitration between Posted, N&wosted, and Completion TLPs is round
robin.

1-Enable. While arbitrating between putting pending received Posted;Misted,
and Completion TLPs on the user received TLP interface, completions are given
highest priority. Posted and ngmosted requests transact only when a completion i
not pendingor as needed to prevent starving.

vc_rx_adv Register 0x10c

This register set is used for the Receive Buffer completion credit advertisement configuration.

Table 5.117. vc_rx_adv Register 0x10c

Field Name Access | Width | Reset
[31:2] | reserved | RO 30 0x0 —
[1:0] | ch_cd_sel| RW 2 0x0 PCle Specification requires CH and CD credit advertisements to be infinite for

Endpoints and the finite (actual credit values) for Root Port. ch_cd_sel may be
configured to overide the default PCle Specification expected behavior.
0-—Implement CH, CD credit advertisements per port type: Endpoints == infinite
Root Port == actual.

1-—Advertise actual CH, CD credits.

2 —Advertise Infinite CH, CD credits

vc_rx_control Register 0x110
This register set is used for the Receive Bubanity/ECC control.

Table 5.118. vc_rx_control Register 0x110

Field Name Access | Width | Reset | Description

[31:20] | reserved RO 12 0x0 —

[19] reserved RO 1 0x0 —

[18] parl_report_disable| RW 1 0x0 ReceiveBuffer Prefix Parity Error and Parity 1 Error Reporting Disablg
0—Enable reporting.
1-Disable reporting of detected parity errors.

[17] pfx_par_inject_en RW 1 0x0 Receive Buffer Prefix Parity Error Injection Enable.
0-Do not inject error.
1-0Onthe rising edge, a single prefix parity error injection is schedulg
and is injected at the next opportunity (TLP receipt).
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Field Name Access | Width | Reset | Description
[16] parl_inject_en RwW 1 0x0 Receive Buffer Parity 1 Error Injection Enable.
0-Do not inject error.
1-0n the rising edge, single parity error injection is scheduled and ig
injected at the next opportunity (TLP receipt).
[15:13] | reserved RO 3 0x0 —
[12] ecc2_report_disable| RW 1 0x0 Receive Buffer EC@hi Error Reporting Disable.
0-Enable reporting.
1-Disable reporting of ECGb# errors.
[11] ecc2_handle_disablf RW 1 0x0 Receive Buffer EC@b#t Error Handling Disable.
0—Enable handling.
1-Disable handling of EC&R errors.
[10:9] | reserved RO 2 0x0 —
[8] ecc2_inject_en RwW 1 0x0 Receive Buffer EC@h Error Injection Enable.
1-0n the rising edge, a single ECKitZrror injection is scheduled and
is injected at the next opportunity (Receive Buffer RAM read).
[7:5] reserved RO 3 0x0 —
[4] eccl_report_disable| RW 1 0x0 Receive Buffer EC@bit Error Reporting Disable.
0-Enable reporting.
1-—Disable reporting of ECGbit errors.
[3] eccl_handle_disablf RW 1 0x0 Receive Buffer ECEbit Error Handling Disable.
0-Enable correction.
1-Disable correction of ECEbit errors. When errocorrection is
disabled, ECGHit errors are treated the same as uncorrectable ECC
bit errors.
[2:1] reserved RO 0x0 —
[0] eccl_inject_en RW 1 0x0 Receive Buffer ECGbit Error Injection Enable.
1-0n the rising edge, a single ECGKitZrror injection is scheduled and
is injected at the next opportunity (Receive Buffer RAM read).

vc_rx_status Register 0x114
This register is used fort tHeeceive Buffer Parity/EGtus.

Table 5.119. vc_rx_status Register 0x114

Field Name Access Width Reset | Description

[31:4] | reserved RO 28 0x0 —

[3] err_pfx_par | RW, wr:oneToClear | 1 0x0 Receive Buffer Prefix Parity Error Detection Status.
0—Otherwise
1-Error occurred.

[2] err_parl RW,wr:oneToClear | 1 0x0 Receive Buffer Parity 1 Error Detection Status.
0—Otherwise
1-Error occurred.

[1] err_ecc2 RW, wr:oneToClear | 1 0x0 Receive Buffer ECEbR Error Detection Status.
0—Otherwise
1-Error occurred.

[0] err_eccl RW,wr:oneToClear | 1 0x0 Receive Buffer EC@bit Error Detection Status.
0—Otherwise
1-Error occurred.
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vc_rx_credit_status_cfg Register 0x120
This register set is used for the Receive Buffer credit status configuration.

Table 5.120. vc_rx_credit_status_cfg Register 0x120

Field Name Access | Width | Reset | Description

[31:2] | reserved| RO 30 0x0 —

[1:0] | sel RW 2 0x0 Receive Buffer credit status configuration selection. Configures which credit valu
are displayed in the remaining vc_rx_credit_status registers.

0-—Display static initial credit advertisements.

1-Display dynamic current credits available.

2 —Display static number of credits implemented by the receiver buffer. This may|
larger than the initial credit advertisement values when number of credits
implemented exceeds the PCle Specification advertised maximum values of 127
2047 D.

3-Reserved.

vc_rx_credit_status_p Register 0x124
This register set is used for the Receive Buffer Posted credit status.

Table 5.121. vc_rx_credit_status_p Register 0x124
Field Name | Access | Width | Reset | Description

[31:16] | d RO 16 0x0 Receive Buffer Posted Data credit status. Content dependent on the value of
vc_rx_credit_status_cfg_sel.
[15:0] | h RO 16 0x0 Receive Buffer Posted Header credit status. Content dependent on the value of

vc_rx_credit_status_cfg_sel.

vc_rx_credit_status_n Register 0x128
This register set is used for the Receive Buffer-Rosted credit status.

Table 5.122. vc_rx_credit_status_n Register 0x128
Field Name | Access | Width | Reset | Description

[31:16] | d RO 16 0x0 Receive Buffer NoRosted Data credit status. Content dependent on the value of
vc_rx_credit_status_cfg_sel.
[15:0] | h RO 16 0x0 Receive Buffer NoRosted Header credit status. Content dependent on the value o

vc_rx_credit_status_cfg_sel.

vc_rx_credit_status_c Register 0x12c
This register set is used for the Receive Buffer Completion credit status.

Table 5.123. vc_rx_credit_status_c Register Ox12c
Field Name | Access | Width | Reset | Description

[31:16] | d RO 16 0x0 Receive Buffer Completion Data credit status. Content dependent on the value of
vc_rx_credit_status_cfg_sel.
[15:0] | h RO 16 0x0 Receive Buffer Completion Header credit status. Content dependent on the value

vc_rx_credit_status_cfg_sel.
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vc_rx_f_oc_update_timer Register 0x130
This register set is used for the Receive Buffer FC Update Timer Control.

Table 5.124. vc_rx_f_oc_update_timer Register 0x130

Field Name Access | Width | Reset | Description

[31:3] | reserved| RO 29 0x0 —

[2:1] | div RW 2 0x0 Divider Control to Reduce Period of FC Updates for Highly Latent Systems
0—No adjustment

1-Divide the PCle Spec Guideline Value by 2

2 —Divide the PCle Spec Guideline Value by 4

3 -Divide the PCle Spec Guideline Value by 8

[0] disable | RW 1 0x0 Disable Control for the FC Update Timer
0-—Enable the FC Update Timer.
1-Disable FC Update Timer, sending FC Updates on Eorspmed RX Packet

vc_rx_p_flow_ctrl Register 0x134
Receive Buffer Posted TLP Flow Control.

Table 5.125. vc_rx_p_flow_ctrl Register 0x134

Field Name Access | Width | Reset | Description

[31:26] | reserved | RO 6 0x0 —

[25:16] | thresh RW 10 0x10 | Receive Buffer Posted TLP Flow Control Threshold Enable. Threshold to use
thresh_en == 1.

[15:9] | reserved | RO 7 0x0 —

[8] thresh_en| RW 1 0x0 Receive Buffer Posted TLP Flow Control Threshold.

0-Use threshold provided on vc_rx_p_thresh/ptl_rx_p_thresh input port.
1-Use threshold provided by the thresh register

[7:1] reserved | RO 7 0x0 —

[0] disable RW 1 0x0 Receive Buffer Posted TLP Flow Control Disable.

0—Enable Posted TLP Flow Control.

1-Disable Posted TLP Flow Control

vc_rx_n_flow_ctrl Register 0x138
This register set is used for the Receive Buffer-Rosted TLP Flow Control.

Table 5.126. vc_rx_n_flow_ctrl Register 0x138

Field Name Access | Width | Reset | Description
[31:26] | reserved RO 6 0x0 —
[25:16] | thresh RW 10 0x10 | Receive Buffer NoRosted TLP Flow Control Threshold.

0—Use threshold provided on vc_rx_np_thresh/ptl_rx_np_thresh input port.
1-Use threshold provided by the thresh register.

[15:9] reserved RO 7 0x0 —

[8] thresh_en | RW 1 0x0 Receive BuffeNonPosted TLP Flow Control Disable.
0-Enable Posted TLP Flow Control.
1-—Disable Posted TLP Flow Control.

[7:1] reserved RO 7 0x0 —

[0] disable RW 1 0x0 —
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vc_rx_alloc_size Register 0x140
This register set is used for the Receive Buffer I8fpemation.

Table 5.127. vc_rx_alloc_size Register 0x140
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Field

Name

Access | Width | Reset | Description

[31:24]

c_hdr

RO

8 0x0

Number of Receive Buffer Data storage bytes required for each unit of alloc

[23:16]

pn_hdr

RO

8 0x0

Number of Receive Buffer Data storage bytes required for each unit of alloc
and alloc_nh.

[15:8]

storage_data

RO

8 0x0

Receive Buffer Data Storage size in bytes == 2/storage_data. The storage §
required for alloc_ph, alloc_nh, alloc_ch, alloc_pd, alloc_nd, and alloc_cd m|
be < (27~storage_data) bytes. The s
alloc_nh, and alloc ctis indicated in the fields pn_hdr and c_hdr. 16 bytes of
space is required for each unit of alloc_pd, alloc_nd, and alloc_cd. Credit
allocations must fit within the Receive Buffer Data Storage, or the Receive B
is unable to function correctly, whidbads to serious errors.

[7:0]

storage_hdr

RO

8 0x0

Receive Buffer Header Storage size in number of TLPs == 2"storage_hdr.
alloc_ph +alloc_ nh+allocohust be < 27storage_h
fit within the Receive Buffer Header Storage, or the Receive Buffer is unablg
function correctly, which leads to serious errors.

vc_rx_alloc_p Register 0x144

This register set is used for the Receive Buffer Posted TLP Credit Allocation.

Table 5.128. vc_rx_alloc_p Register 0x144

Field

Name

Access

Width | Reset

Description

[31:16]

d

RW

16 0x440

Number of PCI Express PD credits to allocate in the Regeffey. The minimum
value is (Max Payload Size Supported in Bytes/16). Number of PCI Express CL
to allocate in the Receive Buffer. The minimum value is (Max Payload Size
Supported in Bytes/16). If more than 2047 credits are allocated, the PCle Core
reserves the requested amount of space in the Receive Buffer, but it advertises
maximum allowed PCle Specification value of 2047.

[15:12]

reserved

RO

4 0x0

[11:0]

h

RW

12 0x20

Number of PCI Express PH credits to allocate in the Rei®effer. The minimum
value is 1. If more than 127 credits are allocated, the PCle Core reserves the
requested amount of space in the Receive Buffer but it advertises the maximuni
allowed PCle Specification value of 127.

vc_rx_alloc_n Register 0x148

This register set is used for the Receive Buffer-Rosted TLP Credit Allocation.

Table 5.129. vc_rx_alloc_n Register 0x148

Field Name Access | Width | Reset | Description

[31:16] | d RW 16 0x40 | Number of PCI Express ND credits to allocate in the Receive Buffer. The minim
value is 2.

[15:12] | reserved| RO 4 0x0 —

[11:0] | h RW 12 0x20 | Number of PCI Express NH credits to allocate in the Receive Buffer. The minim

value is 1. If more than 1Zfedits are allocated, the PCle Core reserves the
requested amount of space in the Receive Buffer but it advertises the maximum
allowed PCle Specification value of 127.

wine latticesemi.com/legal


http://www.latticesemi.com/legal

vc_rx_alloc_c Register 0x14c
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This register set is used for the Receive Buffempletion TLP Credit Allocation.

Table 5.130. vc_rx_alloc_c Register 0x14c

Field

Name

Access

Width

Reset

Description

[31:16]

d

RW

16

0x700

Number of PCI Express CD credits to allocate in the Reeffex. The minimum
value is (Max Payload Size Supported in Bytes/16). If more than 2047 credits a
allocated, the PCle Core reserves the requested amount of space in the Receiv|
Buffer, but it advertises the maximum allowed PCle Specification valuet@f(20
infinite credits when operating as an Endpoint as required by PCle Specification

[15:12]

reserved

RO

0x0

[11:0]

h

RW

12

0x1cO

Number of PCI Express CH credits to allocate in the Receive Buffer. The minim
value is 1. If more than 12%edits are allocated, the PCle Core reserves the
requested amount of space in the Receive Buffer but it advertises the maximum
allowed PCle Specification value of 127.

vc_rx_alloc_error Register 0x150
This register set is used for the Receive Buffer Allocation Error Status.

Table 5.131. vc_rx_alloc_error Register 0x150

Field

Name

Access

Width

Reset

Description

[31:4]

reserved

RO

28

0x0

(3]

d_sum

RO

1

0x0

Receive Buffer Data Storage Allocation Error. The

storage space required for alloc_ph, alloc_nh, alloc_|
alloc_pd, alloc_nd, and alloc_cd mustde
(27storage_data) bytes. The space requried for each
unit of alloc_ph, alloc_nh, and alloc_cd is indicated it
the fields pn_hdr and c_hdr. 16 bytes of space is
required for each unit of alloc_pd, alloc_nd, and
alloc_cd. Credit allocations must fit withing Receive
Buffer Data Storage, or the Receive Buffer is unable
function correctly, which leads to setis errors.

0—No Error

1—Error

(2]

h_sum

RO

1 0x0 Receive Buffer Header Storage Allocation Error.
alloc_ph + alloc_nh + alloc_ch mustde
2/storage_hdr. Credit allocations must fit within the
Receive Buffer Header Storage, or the Receive Buffg
unable to function correctly, which leads to serious
errors.

0—No Error

1—Error

(1]

min_d

RO

Receive Buffer Data Credit Allocation Minimum Erro
The alloc_pd and alloc_edinimum value is Max
Payload Size Supported. alloc_nd minimum value is
alloc_pd, alloc_nd, and alloc_cd must be a multiple ¢
for cores with DATA_WIDTH==256.
0—No Error

1-Error

1 0x0
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Field

Name

Access

Width

Reset

Description

0]

min_h

RO

0x0

Receive Buffer Header Credit Allocation Minimum
Error. alloc_ph, alloc_nh, and alloc_ch must be > 0.
0—No Error

1-Error

vc_tx_np_fifo Register 0x180
This register set is used for the Transmit buffer pasted TLP FIFO configuration.

Table 5.132. vc_tx_np_fifo Register 0x180

Field Name Access Width Reset Description

[31:1] reserved RO 31 0x0 —

[0] disable RwW 1 0x0 Transmit buffer norposted TLP FIFO disable. The
transmit nonposted TLP FIFO is present to allow Post
and Completion TLPs to continue to make progress, tq
avoid deadlock conditions, when N&tosted TLP
transmission in blocked by available credits in link
partner receivebuffer.
0-Enable norposted TLP FIFO. PCle Specification
required value.
1—For debug only: Disable ngrosted TLP FIFO in whig
case norposted TLPs are carried in the same data pat
as posted and completion TLPs.

vc_tx_status Register 0x184
This register set is used for the Transmit buffer status.
Table 5.133. vc_tx_status Register 0x184

Field Name Access Width Reset Description

[31:1] reserved RO 31 0x0 —

[0] remote_credit_block RO 1 0x0 Set to one whenever a transmit TLP

transmission is blocked by insufficient
credits in the remote device's receive buffe

vc_tx_credit_status_p Register 0x190
This register set is used for the TLP transmit Posted credits currently available in link partner receive buffer.

Table 5.134. vc_tx_credit_status_p Register 0x190

Field Name Access Width Reset Description

[31:28] reserved RO 4 0x0 —

[27:16] d RO 12 0x0 Link partnercurrent Receive Buffer Posted
Data credits available.

[15:8] reserved RO 8 0x0 —

[7:0] h RO 8 0x0 Link partner current Receive Buffer Posted
Header credits available.
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vc_tx_credit_status_n Register 0x194
This register set is used for the Tikdhsmit NorPosted credits currently available in link partner receive buffer.

Table 5.135. vc_tx_credit_status_n Register 0x194

Field Name Access Width Reset Description

[31:28] reserved RO 4 0x0 —

[27:16] d RO 12 0x0 Link partner current Receive Buffer NBiosted Data
credits available.

[15:8] reserved RO 8 0x0 —

[7:0] h RO 8 0x0 Link partner current Receive Buffer NBiosted

Header credits available.

vc_tx_credit_status_c Register 0x198
This register set is used for the TLP transmit Completion credits currently available in link partner receive buffer.

Table 5.136. vc_tx_credit_status_c Register 0x198

Field Name Access Width Reset Description

[31:28] reserved RO 4 0x0 —

[27:16] d RO 12 0x0 Link partner current Receive Buffer
Completion Data credits available.

[15:8] reserved RO 8 0x0 —

[7:0] h RO 8 0x0 Link partner current Receive Buffer

Completion Headecredits available.

vc_tx_credit_cleanup Register 0x19c
This register set is used for the TLP transmit error credit cleanup control.

Table 5.137. vc_tx_credit_cleanup Register 0x19c

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] method RwW 1 0x0 TLP Transmit Credit Cleanup Method.

0—Use the headers of the cleanagh TLPs to recover|
the credits. The credits in TLPs with corrupted head
are not recovered.

1-Use a credit lookup table based on the ID assign
to the TLP. This table is implemented in pcie_user_
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5.1.3.4. TLP Transmit Control

tlp_tx Register Ox1c4
This register set is used to enable TD bit.

Table 5.138. tlp_tx Register Ox1c4
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Field

Name

Access

Width

Reset

Description

[31:1]

reserved

RO

31

0x0

[0]

tdl_means_add_has_n

RW

0x0

TLP Transmit TD==1 Header Field
Interpretation.

0—-When a TLP is transmitted with TLP
header bit TD==1, this means that the T
already contains an ECRC. The core
transmits the TLP with the TLP's existing
ECRC and does not attempt to
generate/append a new ECRC.

1 - Not supported for Full Transaction
Layer cores like the CrossLiMNX cores.
tdl_means_add _has_n must be setto 0

5.1.3.5.

fc_credit_init Register Ox1c8

FC Credit Init Control.

This register set is used to force the core to reperform FC ciretiilization.

Table 5.139. fc_credit_init Register Ox1c8

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] redo RW 1 0x0 Force the core to redo FC Credit

Initialization without taking the link down.
This is only possible if both ends of the lin
are instructed to redo the initialization.

5.1.4. mgmt_ftl (0x4_4000)

5.1.4.1.

Simulation Register

simulation Register 0x0
This register set is used for simulation only such as Full Transaction Layer simulation speed reduction.

Table 5.140. simulation Register 0x0

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] reduce_timeouts RW 1 0x0 Reduce timeouts to shorten simulation time.

When enabled ms timeouts are shortened to th
value inys.
0-—Disable
1-Enable
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5.1.4.2. Transaction Layer Decode Configuration Register

decode Register 0x10
This register set is used ftite Transaction Layer Decode configuration.

Table 5.141. decode Register 0x10
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Field Name Access Width | Reset Description

[31:24] reserved RO 8 0x0 —

[23:18] reserved RO 6 0x0 —

[17] tx_bypass_decode_en | RW 1 0x0 Bypass the TLP decode block in the Transmit path.
0—Decode_in_path module is enabled.
1—Decode_in_path module is bypassed.

[16] rx_bypass_decode_en | RW 1 0x0 Bypass the TLP decode block in the Receive path.
0—Decode_in_path module is enabled.
1-Decode_in_path module is bypassed.

[15:11] reserved RO 5 0x0 —

[10] tx_convert_ur_to_ca RW 1 0x0 When decoding TX packets convert Unsupported Requg
(UR) packets to Completer Abort (CA).
0—NormalOperation.
1-Convert UR to CA.

[9] rx_convert_ur_to_ca RW 1 0x0 When decoding RX packets convert Unsupported Requg
(UR) packets to Completer Abort (CA).
0—Normal Operation.
1-Convert UR to CA.

[8] t0_rx_bypass_msg_dec RW 1 0x0 Whenimplementing Type 0 Configuration Space (Endpo
—Bypass RX Message TLP Decode Enable.
0—Normal operation. The core claims and does not
forward Message TLPs to the TLP Receive Interface.
1-All valid Msg TLPs received on PCle (except Routed
ID and Routed by Address which are routed according t
the routing type) are forwarded to thel'P Receive
Interface.

[7:3] reserved RO 5 0x0 —

[2] vendorO_ur RW 1 0x1 Vendor Type 0 Messages received from PCle are report
as UR.
0—Do not reportreceived Vendor Type 0 Messages as
Unsupported Request (UR).
1-Report received Vendor Type 0 Messages as
Unsupported Request (UR).

[1] target_only RW 1 0x0 Target Only. Enable for user designs that implement pur
target-only functionality. When enabled all received
completions are considered Unexpected Completions ar
are not forwarded to the TLP Receive Interface.
0-Disable
1-Enable
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Field

Name

Access

Width

Reset

Description

[0]

ignore_poison

RwW

Ox1

Ignore Poisor-Set to 1 to have the core ignore the EP
poison indicator for received TLPs with data payload tha
do not terminate in the core. When set to 1, the core
passes all poisoned TLPs to you the same way it would
the TLP if the TLP is not poned. Note that the Ignore
Poison control is forced to 1 by the core when the core i
configured as a RodRort.

Note that the following TLP types ignore the setting of th
bit.

Poisoned Configuration Type 0 writes is terminated in th
core in all cases, independent of the Ignore Poison bit
setting. A completion with UR status is generated and th
appropriate error message, ERR COR or ERR FAT, is
generated if not masked. Note th&pisoned Configuratior|
Type 0 reads are always treated as if they were not
poisoned. The read completes with successful completiq
status and an optional Advisory Néiatal Error status is
set provided the severity level is set to NGNTAL.
Poisoned paadts without data payload is passed to you i
all cases since EP should not be set on packets without
data payload and these packets should generally be
handled as if they were not poisoned or alternatively
handled as Advisory Neatal Errors by user logic
Poisoned Vendedefined Type 1 messages with data
payload are always passed to you and, if ignore poison
additionally an Advisory NeRatal Error status is set
provided the severity level is set to NEFATAL.

When Ignore Poison is set to 0, the core handles the
remaining poisoned TLPs with data payload as follows.
Poisoned Write request and poisoned read completions
with dataTLPs are consumed by the core and handled g
TLP Poisoned errors that generate the appropriate poisq
ERR NOIRATAL or ERR FATAL, depending upon the er
severity register error message. Poisoned Message with
data payload (other than vendatefined typel) are
consumed by the core and handled as TLP Poisoned er
that generate the appropriate poison, ERR NENTAL or
ERR FATAL depending upon the error severity register,
error message.

The recommended default for targeinly endpoints is to
set Ignore Poison == 0 and to have user logic ignore the
header bit on TLPs that it receives. In this case poisone
TLPs with data payload (other than config 0 writes and
vendordefined type 1 messyes) generates a NGIRATAL
error message and is discarded by the core. Poisoned T|
without data payload (for which EP does not apply) is
processed as if they were not poisoned.

0-Disable

1-Enable
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decode_t1 Register 0x14
This register set is used for the Type 1 Configuration Space Transaction Layer Decode configuration.

Table 5.142. decode_t1 Register 0x14
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Field

Name

Access

Width

Reset

Description

[31:24]

reserved

RO

0x0

[23:16]

reserved

RO

0x0

[15:11]

reserved

RO

0x0

(10]

bypass_addr_dec

RW

= |lOo1|

0x0

When implementing Type 1 Configuration Space (Root Port)
Bypass TLP Address Decode Enable. bypass_addr_dec con
the decoding of received Memory and I/O Request TLPs on
the Primary and Secondary sides of the core.

0—Normal PCI Express compliant address validity checks ar|
performed. Transactions must target a valid region to be
forwarded. Transactions with an invalid address cause an er
response to be generated. Recommended value unless the
customer applicatiomequires a value of 1 to be used.)
1-The address validity checks 16®, Memory, and
Prefetchable Memory regions are bypassed. Memory Reque
1/0 Requests, and Messages Routed by Address is consider
valid regardless of address. bypass_addr_dec does not affeq
the other validity checks (Memory and I/O regions enabled, i
Power State where transactions can be accepted, link is up,
not poisoned). Transactions, which fail these other validity
checks, still causes an error response to be generated. Whe
bypass_addr_dec == 1, Memorgdrests which appear on the
Receive Interface indicates a hit to the Prefetchable Memory
Window and I/O Requests which appear on the Receive
Interface indicates a hit to the 1/0O Window.

El

tx_bypass_msg_dec

RW

0x0

When implementing Type 1 Configuration Space (Root Port)
Bypass TX Message TLP Decode Enable.

0—Normal operation. Claim and do not forward Local Routin
messages and Error Messages that are transmitted without
error propagation being enabled. Other message types are l¢
in the stream.
1-All valid Message TLPs transmitted towards PCle (except
Routed by ID and Routed by Address, which are routed
according to the routing type) are forwarded to PCle.

(8]

rx_bypass_msg_dec

RW

0x0

When implementing Type 1 Configuration Space (Root Port)
Bypass RX Message TLP Decode Enable.

0—Normal operation. Claim and do not forward Local Routin
messages and Error Messages that are transmitted without
error propagation being enabled. Other message types are ¢
in the stream.

1-All valid Message TLPs received from PCle (except Rout
ID and Routed by Address which are routed according to the
routing type) are forwarded to the TLP Receive Interface.

[7:0]

reserved

RO

0x0
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5.1.4.3. Transaction Layer TLP Processing Configuration Register

tlp_processing Register 0x18

This register set is used for the Transaction Layer TLP Processing configuration.

Table 5.143. tlp_processing Register 0x18

= LATTICE

Field Name Access Width Reset Description

[31:24] reserved RO 8 0x0 —

[23:16] reserved RO 8 0x0 —

[15:8] reserved RO 8 0x0 —

[7:2] reserved RO 6 0x0 —

[1] ignore_ecrc RwW 1 0x0 Ignore ECRC Error Enable. Whe
enabled ECRC errors are ignore
for TLPgassed to you in the TLH
Receive Interface.
0-Disable
1-Enable

[0] crs_enable RW 1 0x0 Configuration Request Retry
Status Enable.
0-Disable. Type 0 Configuratior,
Writes and Reads are performeg
normally.
1-Enable. Type 0 Configuration
Writes andReads return
Configuration Request Retry
Status.

5.1.4.4. |Initial Register

Initial Register 0x20

This register set is used for the initial speed and width configuration.
Table 5.144. Initial Register 0x20

Field Name Access Width Reset Description

[31:19] reserved RO 13 0x0 —

[18:16] max_link_width RW 3 0x5 Max Link Width Override. This
setting, if different from zero,
overrides the value of Maximum
Link Width in the PCle Link
Capabilities register.
0—Maximum core lane width
1-1lane
2-2lanes
3—4lanes
4-8lanes
5-16 lanes
6 —Reserved6
7 —Reserved7

[15:2] reserved RO 14 0x0 —
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Field Name Access Width Reset Description

[1:0] target_link_speed RW 2 0x3 Initial value of Target Link Speed
Configuration Register. Determineg
the maximum initial link speed
which can be reached during initial
training. Must be set to the lesser ¢
the maximum speed supported by
the core and the maximum speed
which you desid the core to

operate.
0-2.5G
1-5.0G
2-8.0G
3-16.0G
5.1.4.5. Configuration Register type
cfg Register 0x30
This register set is used for the Configuration Register type.
Table 5.145. cfg Register 0x30
Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] typel_typeO_n | RW 1 0x0 Determines the type of Configuration Registers

implemented by the core.
0-Type 0-Endpoint
1-Type 1-Root

5.1.4.6. Downstream Port Configuration

ds_port Register 0x34
This register set is used for the Downstream Port configuration.

Table 5.146. ds_port Register 0x34

Field Name Access Width Reset Description
[31:17] reserved RO 15 0x0 —
[16] rcbh RW 1 0x0 Read Completion Boundary

(RCB). RCB value advertised
when the core is operating as
Root Port.

[15:0] id RW 16 0x0 Root Port ID. This it field is
used to define the ID used for
PCle Requester ID and
Completer ID when the core ig
operating as a Root Port.
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5.1.4.7. Upstream Port Configuration

us_port Register 0x38
This register set is used for the Upstream Port configuration.

Table 5.147. us_port Register 0x38

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] adv_target_link_speed RW 1 0x0 For an upstream port, advertise the lin

speeds specified by the
target_link_speedield rather than the
maximum supported speed.

5.1.4.8. Device ID Configuration

id1 Register 0x40
This register set is used for the ID1 configuration.

Table 5.148. id1 Register 0x40

Field Name Access Width Reset Description

[31:16] device_id RW 16 0xe004 Value returned when the Device ID
Configuration Register is read.

[15:0] vendor_id RW 16 0x19aa Value returned when the Vendor ID
Configuration Register is read.

id2 Register 0x44
This register set igsed for the ID2 configuration.

Table 5.149. id2 Register 0x44

Field Name Access Width | Reset Description

[31:16] subsystem_id RW 16 0xe004 | Value returned when the Subsystem ID Configuration
Register isead.

[15:0] subsystem_vendor_id| RW 16 0x19aa| Value returned when the Subsystem Vendor ID
Configuration Register is read.

id3 Register 0x48
This register set is used for the ID3 configuration.

Table 5.150. id3 Register 0x48

Field Name Access | Width | Reset Description
[31:8] class_code| RW 24 0x1180| Value returned when the Class Code Configuration Register is read. M
00 be set to the correct value for the type of device being implemented; s
PCI Loca#us Specification Revision 2.3 Appendix D for details on setti
Class Code.
[7:0] revision_id | RW 8 0x4 Value returned when the Revision ID Configuration Register is read.
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5.1.4.9. Cardbus Configuration

Cardbus Register Ox4c
This register set is used for the Cardbus configuration.

Table 5.151. Cardbus Register Ox4c

Field

Name

Access

Width

Reset

Description

[31:0]

cis_pointer

RW

32

0x0

Value returned when the Cardbus CIS Pointer Configuration Register is

Set to 0x00000000 unless a Cardbus CIS structure is implemented in me
(which is rare), in which case set to the address of the CIS Structure.

5.1.4.10. Interrupt Configuration

interrupt Register 0x50
This register set is used for the Interrupt configuration.

Table 5.152. Interrupt Register 0x50

Field Name Access Width Reset Description
[31:10] reserved RO 22 0x0 —
[9:8] pin RW 2 0x0 Selects which legacy interrupt is used
0-INTA
1-INTB
2—-INTC
3-INTD
[7:1] reserved RO 7 0x0 —
[0] disable RW 1 0x0 Disable support for interrupts.
0-Enable
1-Disable
5.1.4.11. BAR Configuration
bar0 Register 0x60
This register set is usddr the BARO configuration.
Table 5.153. bar0 Register 0x60
Field Name Access Width Reset Description
[31:0] cfg RW 32 0xffff000c Configuration of BARO (Cdddress
0x10). Use to define a 38t Memory
or I/O region or combine with an
adjacent BAR to define a ®it
Memory region.
barl Register 0x64
This register set is used for the BAR1 configuration.
Table 5.154. barl Register 0x64
Field Name Access Width Reset Description
[31:0] cfg RW 32 Oxffffffff Configuration of barl (Cfg address

0x14). Use to define a 38t Memory
or I/O region or combine with an
adjacent BAR to define a @it

Memory region.
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bar2 Register 0x68

This register set is used for the BAR2 configuration.

Table 5.155. bar2 Register 0x68

= LATTICE

Field Name Access Width Reset Description
Configuration of bar2 (Cfg address 0x18). Use
. define a 32bit Memory orl/O region or combine
[31:0] cfg RW 32 Oxffffe00c with an adjacent BAR to define a-bt Memory
region.
bar3 Register 0x6c¢
This register set is used for the BAR3 configuration.
Table 5.156. bar3 Register 0x6c¢
Field Name Access Width Reset Description
Configuration of bar3 (Cfg address 0x1C). Use
. define a 32bit Memory orl/O region or combine
[31.0] cfg RW 32 OXfif with an adjacent BAR to define a-b# Memory
region.
bar4 Register 0x70
This register set is used for the BAR4 configuration.
Table 5.157. bar4 Register 0x70
Field Name Access Width Reset Description
Configuration of bar4 (Cfg address 0x20). Use
. define a 32bit Memory orl/O region or combine
[31:0] cfg RW 32 Oxffffe00c with an adjacent BAR to define a-6## Memory
region.
bar5 Register 0x74
This register set is used for the BAR5 configuration.
Table 5.158. bar5 Register 0x74
Field Name Access Width Reset Description
Configuration of bar5 (Cfg address 0x24). Use
. define a 32bit Memory orl/O region or combine
[31:0] cfg RW 32 OXif with an adjacent BAR to define a-64 Memory
region.
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5.1.4.12. Expansion ROM configuration

exp_rom Register 0x78

This register set is used for the Expansion ROM configuration.

Table 5.159. exp_rom Register 0x78

= LATTICE

Field Name Access Width Reset Description
Configuration of exp_rom. Use to define al@#2Memory Expansion
. ROM region. If an Expansion ROM region is defined, the region n
[31:0] cfg RW 32 0x0 map to PCleompliant Expansion ROM code, or the device may fg
to boot.

5.1.4.13. PCI Express configuration

pcie_cap Register 0x80
This register set is used for the PCI Express Capabilities configuration.

Table 5.160. pcie_cap Register 0x80

Field

Name

Access

Width

Reset

Description

[31:14]

reserved

RO

18

0x0

[13:9]

interrupt_message_number

RW

5

0x0

MSI/MSHX vector is used for the interrupt message
generated imassociation with any of the status bits of th
PCI Express Capability structure.

8]

slot_implemented

RwW

0x0

Indicates that the Link associated with this Port is
connected to a slot. This field is valid for Downstream
Ports only.

[7:4]

device_port_type

RwW

0x0

Indicates the specific type of this PCI Express Function
0-PCI Express Endpoint

1-Legacy PCI Express Endpoint
2—Reserved

3—Reserved

4 —Root Port of PCI Express Root Complex
5—Upstream Port of PCI Express Switch

6 —Downstream Port of PCI Express Switch
7—PCI Express to PCI/PCBridge

8- PCI/PCK to PCI Express Bridge
9-Root Complex Integrated Endpoint

10— Root Complex Event Collector
11-Reserved

12—-Reserved

13—-Reserved

14— Reserved

15— Reserved

[3:0]

capability_version

RW

0x2

Indicates PCSIG defined PCI Express Capability struct
version number. Must be set to 0x2.
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pcie_dev_cap Register 0x84

This PCI Express Device Capabilities configuration.

Table 5.161. pcie_dev_cap Register 0x84

= LATTICE

Field

Name

Access

Width

Reset

Description

[31:29]

reserved

RO

0x0

(28]

disable_flr_capability

RwW

0x0

Function Level Reset Capability
0—Enable
1-Disable

[27:26]

reserved

RO

0x0

[25:18]

reserved

RO

0x0

[17:16]

reserved

RO

0x0

[15]

reserved

RO

0x0

[14:13]

reserved

RO

0x0

(12]

extended_tag_field_en_default

RW

RPIN[FP|IN|O[N

Ox1

Extended Tag Field Enable Default Valu
PCle Specification allows the Extended
Tag Fiel&Enable register to reset to eithe
1 or 0. This register determines the rese
value.

0—5-bit Tag field enabled on reset
1-8-bit Tag field enabled on reset

[11:9]

endpoint_I1_acceptable_latency

RW

0x0

Endpoint L1 Acceptable Latency
0—Maximum of 1us. Must be 0 when not
an Endpoint.

1—-Maximum of 2us

2 —Maximum of 4us

3—Maximum of 8us

4 —Maximum of 16us

5—Maximum of 32us

6 —Maximum of 64us

7 —No limit

[8:6]

endpoint_I0s_acceptable_latenc

RW

0x0

Endpoint LOg\cceptable Latency
0—Maximum of 64 ns. Must be 0 when
not an Endpoint.

1—Maximum of 128 ns

2—Maximum of 256 ns

3—Maximum of 512 ns

4 —Maximum of 1us

5—Maximum of 2us

6 —Maximum of 4us

7 —No limit

5]

extended_tag_field_supported

RW

Ox1

Extended Tag Field Supported
0—5-bit Tag field supported
1-8-bit Tag field supported

[4:3]

phantom_functions_supported

RW

0x0

Phantom Functions Supported

0—No Function Number bits are used fo
Phantom Functions

1-The most significant bit of the
Function number in Requester ID is use
for Phantom Functions

2 —The two most significant bits of
Function Number in Requester ID are
used for Phantom Functions

3—All 3 bits of Function Number in
Requester ID used for Phantom Functio
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Field Name Access Width Reset Description

[2:0] max_payload_size_supported RW 3 0x2 Max Payload Size Supported
0-128 Bytes
1-256 Bytes
2-512 Bytes

3-1024 Bytes
4-2048 Bytes
5-4096 Bytes
6 —Reserved
7—-Reserved

pcie_link_cap Register 0x88
This register set is used for the PCI ExpressQaphbilities configuration.

Table 5.162. pcie_link_cap Register 0x88

Field

Name

Access

Width

Reset

Description

[31:24]

port_number

RwW

0x0

Indicates the PCI Express Port number for the PCI Expres
Link.

[23:18]

reserved

RO

0x0

[17:15]

I1_exit_latency

RwW

Ox7

L1 Exit Latency. The value reported indicates the length of
time this Port requires to complete transition from ASPM L
to LO.

0—Less than Lus

1-1psto less than s

2-2psto less than 4is

3—4psto less than s

4-8upsto less than 16s

5-16ys to less than 3Rs

6 —32s to 64us

7 —More than 64ps

[14:12]

I0s_exit_latency

RW

Ox7

LOs Exit Latency. The value reported indicates the length ¢
time thisPort requires to complete transition from ASPM L
to LO.

O—Less than 64 ns

1-64 ns to less than 128 ns

2-128 ns to less than 256 ns

3-256 ns to less than 512 ns

4-512 ns to less thanls

5-1psto less than s

6—2us to 4us

7 —More than 4us

[11:10]

aspm_support

RW

0x3

Active State Power Management (ASPM) Support
0—No ASPM Support

1-L0s Supported

2-L1 Supported

3—L0s and L1 Supported

[9:0]

reserved

RO

10

0x0
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pcie_link_stat Register 0x8c
Thisregister set is used for the PCI Express Link Status configuration.

Table 5.163. pcie_link_stat Register 0x8c

= LATTICE

Field Name Access Width Reset Description

[31:13] reserved RO 19 0x0 —

[12] slot_clock_configuration RW 1 0x1 Indicates whether the component uses
the physical reference clock that the
platform provides on the connector.
0-—Using independent reference clock.
1-Using reference clock provided by slq

[11:0] reserved RO 12 0x0 —

pcie_slot_cap Register 0x90

This register set is used for the PCI Express Slot Capabilities configuration.

Table 5.164. pcie_slot_cap Register 0x90

Field

Name

Access

Width

Reset

Description

[31:19]

physical_slot_number

RwW

13

Ox1

Indicates whether the physical slot
number attached to this Port. This field
must be hardware initialized to a value
that assigns a slot number that is uniqu
within the chassis, regardless of the for
factor associated with the slot. This fiel
must be irtialized to zero for Ports
connected to devices that are either
integrated on the system board or
integrated within the same silicon as th
Root Port.

(18]

no_command_completed_suppol RW

0x0

Indicateswhether the slot generates
software notification when an issued
command is completed by the H&ug
Controller. This bit is only permitted to
be 1 if the hotplug capable Port can
accept writes to all fields of the Slot
Control register without delay beteen
successive writes.

0 — Software notification provided.
1-—Software notification not provided.

(17]

em_interlock_present

RW

0x0

Indicates whether an Electromechanica
Interlock is implemented on the chassis
for this slot.
0—Not Supported
1-Supported

[16:15]

slot_power_limit_scale

RW

0x0

Slot Power Limit Scale. In combination
with the Slot Power Limit Value, specifi
the upper limit on power supplied by the
slot or by other means to the adapter.
Refer PCle Specification section for
details.
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Field

Name

Access

Width

Reset

Description

[14:7]

slot_power_limit_value

RwW

Oxa

Slot Power Limit Value. In combination
with the Slot Power Limit Scale, specifié
the upper limit on power supplied by the
slot or by other means to the adapter.
Refer PCle Specification section for
details.

(6]

hot_plug_capable

RwW

0x0

Indicates whether this slot can support
hot-plug operations.

0—Not Supported

1-Supported

(5]

hot_plug_surprise

RW

0x0

Indicates whether an adapter present i
this slot might be removed from the
systemwithout any prior notification.
This is a form factor specific capability.
This bit is an indication to the operating
system to allow for such removal
without impacting continued software
operation.

0—Hot Plug Surprise not possible
1—Hot Plug Surprise possible

(4]

power_indicator_present

RwW

0x0

Indicates whether a Power Indicator is
electrically controlled by the chassis for|
this slot.

0-Not Supported

1-Supported

(3]

attention_indicator_present

RwW

0x0

Indicates whether an Attentiomdicator
is electrically controlled by the chassis.
0—Not Supported

1-Supported

(2]

mrl_sensor_present

RW

0x0

Indicates whether a MRL Sensor is
implemented on the chassis for this slo
0—Not Supported

1-Supported

(1]

power_controller_present

RW

0x0

Indicates whether a software
programmable Power Controller is
implemented for this slot/adapter.
0—Not Supported

1-Supported

0]

attention_button_present

RwW

0x0

Indicates whether an Attention Button
for thisslot is electrically controlled by
the chassis.

0—Not Supported

1-Supported
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pcie_dev_cap2 Register 0x98
This register set is used for the PCI Express Device Capabilities 2 configuration.

Table 5.165. pcie_dev_cap2 Register 0x98

= LATTICE

Field Name Access Width Reset Description

[31:22] reserved RO 10 0x0 —

[21] end_end_prefixes_supported | RW 1 0x0 EndEnd TLP Prefix Supported
0—Not Supported
1-Supported

[20:19] reserved RO 2 0x0 —

[18] obff_supported RW 1 0x0 OBFF Supported
0—OBFF Not Supported
1-OBFF supported using Message
signaling only

[17:16] reserved RO 2 0x0 —

[15:8] reserved RO 8 0x0 —

[7:5] reserved RO 3 0x0 —

[4] cpl_timeout_disable_supporteq RW 1 0x1 Completion Timeout Disable Supported.
Completion timeout is not implemented
by the core, so the advertised value mus
match the capabilities of the connected
design which is implementing completior
timeouts.
0-Not Supported
1-Supported
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Field Name

Access

Width

Reset

Description

[3:0] cpl_timeout_ranges_supported RW

0x0

Completion Timeout Ranges Supported
advertised value. Completion timeout is
not implemented by the core, so the
advertised value must match the
capabilities of the connected design whig
is implementing completion timeouts.
0—Completion Timeout programming no
supported. Timeout value in the range
50 us to 50 ms is used.

1-Range A (5Qs to 10 ms)

2—-Range B (10 ms to 250 ms)
3—Range A (50s to 10 ms) and B (10 m
to 250 ms)

4—-Range B (10 ms to 250 ms) and C (2
ms to 4 s)

5—-Range A (5Qs to 10 ms) and B (10 m
to 250 ms) and C (250 ms to 4 s)

6 —Range B (10 ms to 250 ms) and C (2
msto 4 s)and D (4 sto 64 s)

7-Range A (50s to 10 ms) and B (10 m
to 250 ms) and C (250 ms to 4 s) and
D(4sto645s)

8 —Reserved

9—-Reserved

10— Reserved

11-Reserved

12— Reserved

13—-Reserved

14—Reserved

15— Reserved

pcie_link_ctl2 Register 0xa0

This register set is used for the PCI Express Link Corofiguration.

Table 5.166. pcie_link_ctl2 Register 0xa0

Field Name Access Width Reset Description

[31:7] reserved RO 25 0x0 —

[6] selectable_deemphasis RW 1 0x0 Selectable Deemphasis setting for RBort
only: When the Link is operating at 5.0 GT.
speed, this bit is used to control the transi|
deemphasis of the link.
0--6dB
1--35dB

[5:0] reserved RO 6 0x0 —

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

5.1.4.14. Power Management configuration

pm_cap Register 0xc0
This register set igsed for the Power Management Capabilities configuration.

Table 5.167. pm_cap Register 0xcO

Field Name Access Width Reset Description
[31:16] reserved RO 16 0x0 —
[15:11] pme_support RW 5 Oox1f PME Support. Indicates the power states

from which the function may generate a
PME. For each power state {D3Cold,
D3hot, D2, D1, DO}:

0—PME# not supported

1-PME# supported

[10] d2_support RW 1 0x1 D2 Power Management State support.
0—Not supported

1-Supported

[9] d1_support RW 1 0ox1 D1 Power Management State support.
0—Not supported

1—Supported

[8:6] aux_current RW 3 0x0 Aux Current. Reports the 3.3Vaux auxiliary
current requirements for the PCI function.
See PCl8pecification for details.

0 - Selfpowered

1-55mA

2-100 mA

3-160 mA

4-220 mA

5-270 mA

6—320 mA

7-375mA

[5] dsi RW 1 0x0 Device Specific Initialization. Indicates
whether special initialization of this functior
is required (beyond thetandard PCI
configuration header) before the generic
class device driver can use it.

0-—No Device Specific Initialization
necessary.

1-Function requires a device specific
initialization sequence following transition
to the DO uninitialized state.

[4] reserved RO 1 0x0 —

[3] pme_clock RW 1 0x0 PME Clock. Does not apply to PCI Express
and must be 0.

[2:0] version RW 3 0x3 PCI Power Management Interface

Specification Version. Must be set to 0x3 t
indicate revision 1.2 of the PCI Power
Management Interface Specification.
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pm Register Oxc4
This register set is used for the Power Management Control/Status configuration.

Table 5.168. pm Register Oxc4

= LATTICE

Field

Name

Access

Width

Reset Description

[31:24]

data

RwW

0x0 —

(23]

pmcsr_bus_p_c_en

RwW

0x0 —

(22]

pmcsr_b2_b3_support

RW

0x0 —

[21:16]

reserved

RO

0x0 —

(15]

reserved

RO

0x0 —

[14:13]

cstat_data_scale

RwW

NP, O[]0

0x0 0-Unknown scale

1-power = datax 0.1 Watts

2 —power = datax 0.01 Watts
3 —power = datax 0.001 Watts

[12:9]

cstat_data_select

RwW

0x0 0-DO0 Power Consumed

1-D1 Power Consumed

2—-D2 Power Consumed

3-D3 Power Consumed

4-DO0 Power Dissipated

5-D1 Power Dissipated

6 —D2 Power Dissipated

7 —D3 Power Dissipated

8 —Common logic power consumption. For
multifunction devices, reported in Function 0
only.

9—-Reserved

10—-Reserved

11-Reserved

12—-Reserved

13-Reserved

14—-Reserved

15—-Reserved

[8:0]

reserved

RO

0x0 —

pm_aux Register Oxc8
This register set is used for the Power Management Auxiliary Power configuration.

Table 5.169. pm_aux Register 0xc8

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] power_required | RW 1 0x0 1 Identifies whether the design requires auxiliary power
f O-Aux Power is not requi
f 1-Aux Power is required.
PME is advertsed support
advertsed.
1 aux_current != 0, then the value of Aux Power PM Enable
sticky and preserved through conventional reset when
1  Aux Power is provided.
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5.1.4.15. ARI Capability configuration

ari_cap Register Oxe0
This register set is used for the ARI Capability configuration.

Table 5.170. ari_cap Register Oxe0

= LATTICE

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] disable RW 1 0x0 ARI Capability Disable

When disabled, the ARI Capability does not appear in PCle
Configuration Space. This must be enabled wheiC8Ris enabled
and must be disabled for downstream ports, Root Complex
Integrated Endpoints, and Root Complex Event Collectors.

aer_cap Register 0x100

This register set is used for the AER Capability configuration.

Table 5.171. aer_cap Register 0x100

Field

Name

Access

Width

Reset

Description

(31]

en_tlp_prefix_blocked

RwW

1

0x0

Enable TLP Prefix Blocked error reporting.
0-Disable
1—-Enable

(30]

en_atomicop_egress_blocked RW

0x0

Enable AtomicOp Egress Blocked error reporting.
0-Disable
1—-Enable

(29]

en_mc_blocked_tlp

RwW

0x0

Enable MC Blocked TLP error reporting. Not supported K
core, so must be 0.

0-Disable

1-Enable

(28]

en_ucorr_internal_error

RwW

0x0

Enable Uncorrectable Internal Error.
0-—Disable
1-Enable

(27]

en_acs_violation

RwW

0x0

Enable ACS Violation error reporting. Not supported by
core, so must be 0.

0-Disable

1-Enable
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Field Name Access | Width

Reset

Description

[26] en_receiver_overflow RwW 1

0x0

Enable Receiver Overflow error reporting. Not supported
core, so must be 0.

0-Disable

1-Enable

[25] en_completer_abort RW 1

0x0

Enable Completer Abort error reporting.
0-Disable
1-Enable

[24] en_completion_timeout RW 1

0ox1

Enable Completion Timeout error reporting.
0-Disable
1—Enable

[23] en_surprise_down_error RwW 1

0x0

Enable Surprise Down Error reporting.
0-Disable
1-Enable

[22] en_corr_internal_error RW 1

0x0

Enable Correctable Internal Error reporting.
0-Disable
1—Enable

[21:16] | reserved RO 6

0x0

[15:2] reserved RO

0x0

[1] RW 1

ecrc_gen_chk_capable

Ox1

ECRC Generation/Checking Capable.
0—Not supported
1-Supported

version RW 1

[0]

0x0

AER Capability Version.
0—Version 0x1
1—Version 0x2

5.1.4.16. MSI Capability configuration

msi_cap Register Oxe8

This register set is used for the MSI Capability configuration.

Table 5.172. msi_cap Register Oxe8

Field Name Access Width | Reset | Description
[31:8] reserved RO 24 0x0 —
[7] reserved RO 1 0x0 —
[6:4] mult_message_capable| RW 0x5 Number of requested MSI vectors.
0-1
1-2
2-4
3-8
4-16
5-32
6 —Reserved
7—-Reserved
[3:2] reserved RO 2 0x0 —
[1] vec_mask_capable RW 1 0x1 MSI Capability Per Vector Mask Capable.
0-Disable
1-Enable
[0] disable RW 1 0x0 MSI Capability Disable. When disabled, the MSI Capabili
does not appear in PCle Configuration Space.
0-Enable
1-Disable
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msix_cap Register 0xf0
This register set is used for the M&[Capability configuration.

Table 5.173. msix_cap Register 0xf0

Field Name Access Width | Reset Description

[31:27] reserved RO 5 0x0 —

[26:16] table_size | RW 11 ox1f Number of requested M vectors == (table_size+1).

[15:1] reserved RO 15 0x0 —

[0] disable RW 1 0x0 MSEX Capability Disable. When disabled, the M&lapability does not
appear in PCle Configuration Space.
0—Enable
1-Disable

msix_table Register 0xf4
This register set is used for the MSICapability- MSEX Table configuratian

Table 5.174. msix_table Register 0xf4

Field Name | Access | Width | Reset Description

[31:3] offset | RW 29 0xc00 {offset, 3'b000} == byte address offset, within the BAR selected by bir,
which the MSIX Table begins.

[2:0] bir RW 3 0x0 Indicates which Base Address register, located beginning at 10h in

Configuration Space, is used to map the MSiable into Memory Space.
0-0x10 (BARO)

1-0x14 (BAR1)

2-0x18 (BAR2)

3-0x1C (BAR3)

4-0x20 (BAR4)

5-0x24 (BAR5)

6 —Reserved

7 —-Reserved

msix_pba Register 0xf8
This register set is used for the MS[Capability- MSEX PBA configuration.

Table 5.175. msix_pba Register 0xf8

Field Name Access Width Reset Description

[31:3] offset RW 29 0xe00 | {offset, 3'b000} == byte address offset, within the BAR selected by bir,
which the MSIX PBA begins

[2:0] bir RW 3 0x0 Indicates which Base Address register, located beginning at 10h in

Configuration Space, is used to map the IM$FIBA
into Memory Space.

0-0x10 (BARO)

1-0x14 (BAR1)

2-0x18 (BAR2)

3-0x1C (BAR3)

4-0x20 (BAR4)

5-0x24 (BAR5)

6 —Reserved

7 —Reserved
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5.1.4.17. Vendor-Specific Capability Configuration

vsec_cap Register 0x110

This register set is used for the Veneéipecific Capability configuration.

Table 5.176. vsec_cap Register 0x110

= LATTICE

Field Name Access Width Reset Description

[31:16] id RW 16 Ox1 VendorSpecific Capability ID.

[15:1] reserved RO 15 0x0 —

[O] enable RW 1 0x1 VendorSpecific Capability Enable. When
disabled, the VSEC Capability does not
appear in PCle Configuration Space.
0-—Disable
1-Enable

5.1.4.18. SRIS Capability configuration

sris_cap Register 0x120

This register set is used for the SREpability configuration.
Table 5.177. sris_cap Register 0x120

Field Name Access Width Reset Description

[31:16] reserved RO 16 0x0 —

[15:12] low_skp_generation_speeds| RW 4 0x0 SRIS Lower SKP G&heration Supported
Speeds Vector advertisement

[11:8] low_skp_reception_speeds | RW 4 0x0 SRIS Lower SKP OS Reception Supporte
Speeds Vector advertisement

[7:1] reserved RO 7 0x0 —

[0] enable RW 1 0x0 SRIS Capability Enable. When disabled, t
SRIS Capability does not appear in PCle
Configuration Space.
0-Disable
1-Enable

5.1.4.19. Device Serial Number

dsn_cap Register 0x130

This register set is used for the DSN capable cores only such as Benatdumber Capability configuration.

Table 5.178. dsn_cap Register 0x130

Field Name Access Width Reset Description
[31:1] reserved RO 31 0x0 —
[0] enable RW 1 0x0 Device Serial Number Capability Enable. When

disabled, the Device Serial Number Capability do
not appear in PCle Configuration Space.
0-Disable

1-Enable

wine latticesemi.com/legal


http://www.latticesemi.com/legal

dsn_serial Register 0x134
This register set is used for the Device Serial Number Capatfilégyial Number.

Table 5.179. dsn_serial Register 0x134

= LATTICE

Field

Name

Access

Width Reset Description

[63:0]

number

RwW

64 0x0 Device Serial Number.

5.1.4.20. Power Budgeting Capability configuration

pwr_budget_cap Register 0x150
This register set is used for the Power Budgeting Capability configuration.

Table 5.180. pwr_budget_cap Register 0x150

Field Name Access Width Reset Description

[31:2] reserved RO 30 0x0 —

[1] sys_alloc RW 1 0x0 Power Budgeting System Allocated.
0—Power Budget should use Power
Budgeting Capability Values
1-Power Budget is System Allocated

[0] enable RW 1 0x0 Power Budgeting Capability Enable. When

disabled, the Power Budgeting Capability
does not appear in PCle.

Configuration Space.

0-Disable

1-Enable

5.1.4.21. Dynamic Power Allocation Configuration

dpa_cap Register 0x158
This register set is used for the Dynamic Power Allocaimpability configuration.

Table 5.181. dpa_cap Register 0x158

Field

Name

Access

Width

Reset

Description

[31:24]

xlcyl

RW

8

0x0

Transition Latency Value 1. When the Transition Latency Indicator fo
substate is 1, this value is multiplied by the Transition Latency Unit tg
determine the maximum Transition Latency for the substate.

[23:16]

xlcyO

RW

0x0

Transition Latency Value 0. When the Transition Latency Indicator fo
substate is 0, thisalue is multiplied by the Transition Latency Unit to
determine the maximum Transition Latency for the substate.

[15:14]

reserved

RO

0x0

[13:12]

pas

RW

0x0

Power Allocation Scale. The value of the substate Power Allocation
Register isnultiplied by the decoded value of this field to determine th
power allocation of the substate.

0-10x

1-1x

2-0.1x

3-0.01x

[11:10]

reserved

RO

0x0
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Field Name Access Width | Reset Description

[9:8] tlunit RW 2 0x0 Transition Latency Unit. The substate Transition Latency Value is
multiplied by the decoded Transition Latency Unit to Determine the
maximum Transition Latency for the substate.
0-1ms
1-10ms
2-100 ms
3—Reserved

[7:3] substate_max | RW 5 0x0 Substate_Max. Specifies the maximum substate number. Substates
[substate_max:0] are supported. For example, substate_max==
indicates support for 1 substate.

[2:1] reserved RO 2 0x0 —

[0] enable RW 1 0x0 Dynamic Power Allocation (DPA) Capability Enable. When disabled,
Dynamic Power Allocation Capability does not appear in PCle
Configuration Space.
0-Disable
1-Enable

dpa_xlcy Register 0x15c
This register set is used for the Dynamic Power Allocatibransition Latency.

Table 5.182. dpa_xIcy Register Ox15c

Field

Name

Access

Width

Reset Description

[31:0]

indicator

RwW

32

0x0 Transition Latency Indicator. Indicates which Transitio
Latency Value applies to each substate. For each
substate][i], indicator]i] indicates which Transition
Latency Value applies:

0-—Use Transition Latency Value 0

1-Use Transition Latency Value 1

dpa_alloc Register 0x160

This register set is used for the Dynamic Power Allocation Capatiiligmamic Power Allocation Array.

Table 5.183. dpa_alloc Register 0x160

Field

Name

Access

Width

Reset Description

[255:0]

array

RW

256

0x0 Substate Power Allocation Array. For each
substate[i], multiply array[(i*8)+7i*8)] times the
Power Allocation Scale to determine the powe

allocation in Watts for the associated substate|
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5.1.4.22. Latency Tolerance Reporting Capability configuration.

Itr_cap Register 0x180
This register set is used for the Latency Tolerance Reporting Capability configuration.

Table 5.184. Itr_cap Register 0x180

= LATTICE

Field Name Access Width Reset | Description

[31:1] reserved | RO 31 0x0 —

[0] enable RW 1 0x0 Latency Tolerance Reporting Capability Enable. When disabled, the Late
Tolerance Reporting Capability does not appear in PCle Configuration Sp
0-Disable
1-Enable

5.1.4.23. L1 PM Substates Capability configuration

I11pmss_cap Register 0x188
This register set is used for the L1 PM Substates Capability configuration.

Table 5.185. [1pmss_cap Register 0x188

Field Name Access Width | Reset | Description

[31:24] cm_restore_time RW 8 0x0 Default Common Mod&estore Time. Default time, in
microseconds, used by the Downstream Port for timing the 1
establishment of common mode. See the L1 PM Substates
for further details.

[23:16] port_cm_restore_time | RW 8 0x0 Port Common Mode Restore Time. Time, in microseconds,
required for this port to reestablish common mode. See the L
PM Substates ECN for further details

[15:11] port_tpower_on_value | RW 5 0x0 Port TPOWER_ON Value. Required for ports supportinB\@C
L1.2 or ASPM L1.2. The value of TPOWER_caNusated by
multiplying the value in this field by the decoded TPOWER _
Scale field.

[10] reserved RO 1 0x0 —

[9:8] port_tpower_on_scale | RW 2 0x0 Port TPOWER_ON Scale. Required for ports supportifig\PC
L1.2 or ASPM L1.2.
0-2ups
1-10ps
2-100 ps
3—Reserved

[7] pcipm_I1_1 supported | RW 1 0x1 PCIPM L1.1 Substate Supported. Must be set to 1 for all por|
supporting L1 PM Substates.
0—Not supported
1-Supported

[6] pcipm_I1_2 supported | RW 1 0x1 PCIPM L1.2 Substate Supported.
0—Not supported
1-Supported

[5] aspm_I1_1 supported | RW 1 0x1 ASPM L1.1 Substate Supported.
0—Not supported
1-Supported

[4] aspm_|1_2 supported | RW 1 0x1 ASPM L1.2 Substate Supported.
0—Not supported
1-Supported

[3] I1pm_supported RW 1 0x1 L1 PM Substates Supported.

0—Not supported
1-Supported
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Field Name Access Width | Reset | Description
[2:1] reserved RO 2 0x0 —
[0] enable RW 1 0x0 L1 PM SubstateGapability Enable. When disabled, the L1 PN

Substates Capability does not appear in PCle.
Configuration Space.

0-Disable

1-Enable

5.1.4.24. Atomic Op Capability configuration.

atomic_op_cap Register Ox1cc
This register set is used for the Atomic Ogpability configuration.

Table 5.186. atomic_op_cap Register Ox1cc

Field

Name Access

Width

Reset | Description

[31:6]

reserved RO

26

0x0

(5]

rp_completer_enable RW

1

0x0

Enable Root Port to be an Atomic Op Completer which
means that the Root Port completes rather than forwards
Atomic Op TLPs.

0-Disable

1-Enable

(4]

completer_128_supported RW

0x0

Atomic Op Completer 128it Operand Support.
0—Not Supported
1-Supported

(3]

completer_64_supported | RW

0x0

Atomic Op Completer 68it Operand Support.
0—Not Supported
1-Supported

(2]

completer_32_supported | RW

0x0

Atomic Op Completer 3Bit Operand Support.
0—Not Supported
1-Supported

(1]

routing_supported RW

0x0

Atomic Op Routing Supported.
0—Not Supported
1-Supported

0]

enable RW

0x0

Atomic Op Capability Enable.

When disabled, the Atomic Op Capability does not apped
PCle Configuration Space.

0-Disable

1-Enable

5.1.5. mgmt_ftl_mf[7:1] (Ox4_5000,0x4_6000,0x4_7000,0x4_8000,0x4_9000,0x4_A000,0x4_B000)
The base address for mgmt._ftl_mf is showT able5.187.

Table 5.187. Base Address for mgmt_ftl_mf

Port Base Address
mgmt_ftl_mfl_BASE 0x4_5000
mgmt_ftl_ mf2_BASE 0x4_6000
mgmt_ftl_mf3_BASE 0x4_7000
mgmt_ftl_mf4_BASE 0x4_8000
mgmt_ftl_mf5_BASE 0x4_9000
mgmt_ftl_ mf6_BASE 0x4_A000

wine latticesemi.com/legal



http://www.latticesemi.com/legal

= LATTICE

Port

Base Address

mgmt_ftl_mf7_BASE

0x4_B000

5.1.5.1.

Function Register 0x8

This register set is used for the Function disable for Functionsfaihktion[0] may not be disabled.

Table 5.188. Function Register 0x8

Field Name Access Width Reset Description

[31:1] reserved| RO 31 0x0 —

[0] disable | RW 1 0x0 Function disable for Functions[7:1]. Function[0] may not be

disabled.
0-Enable
1-Disable

5.1.5.2. us_port Register 0x38

This register set is used for the Upstream Rortfiguration.

Table 5.189. us_port Register 0x38

Field Name Access Width Reset Description

[31:1] reserved RO 31 0x0 —

[0] adv_target_link_speed RW 1 0x0 For an upstream port, advertise the link
speeds specified by the target_link_speed
field rather than the maximum supported
speed.

5.1.5.3. id1 Register 0x40
This register set is used for the ID1 configuration.
Table 5.190. id1 Register 0x40

Field Name Access | Width | Reset Description

[31:16] | device_id | RW 16 0xe004 | Value returned when the Device ID Configuration Register is read

[15:0] | vendor_id | RW 16 0x19aa | Value returned when th&endor ID Configuration Register is read

5.1.5.4. id2 Register 0x44

This register set is used for the ID2 configuration.

Table 5.191. id2 Register 0x44

Field Name Access | Width | Reset Description

[31:16] | subsystem_id RW 16 0xe004 | Value returned when the Subsystem ID Configuration Register is

[15:0] | subsystem_vendor_iq RW 16 0x19aa| Value returned when the Subsystem Vendor ID Configuration Reg
is read.
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5.1.5.5.

id3 Register 0x48

This register set is used for thie3 configuration.

Table 5.192. id3 Register 0x48
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Field Name Access Width | Reset Description

[31:8] class_code| RW 24 0x118000 | Value returned when the Class Code Configuration Register is read.
Must be set to the correct value for the type of device being
implemented. Refer to PCI Local Bus Specification Revision 2.3 Apps
D for details on setting Class Code.

[7:0] revision_id | RW 8 0x4 Value returned when the Revision ID Configuration Register is read.

5.1.5.6. Cardbus Register Ox4c
This register set is used for the Cardloosfiguration

Table 5.193. Cardbus Register Ox4c

Field Name Access | Width | Reset | Description
[31:0] | cis_pointer RW 32 0x0 Value returned when the Cardbus CIS Pointer Configuration Register is reg
Set to 0x00000000 unless a CardUS structure is implemented in memory
(which is rare), in which case set to the address of the CIS Structure.
5.1.5.7. Interrupt Register 0x50

This register set is used for theterrupt configuration.

Table 5.194. Interrupt Register 0x50

Field Name Access Width Reset Description
[31:10] reserved RO 22 0x0 —
[9:8] pin RW 2 0x0 Selects which legacy interrupt is used.
0—INTA
1-INTB
2—-INTC
3—-INTD
[7:1] reserved RO 7 0x0 —
[0] disable RW 1 0x0 Disable support for interrupts.
0-Enable
1-Disable
5.1.5.8. bar0 Register 0x60
This register set is used for tiIBARO configuration.
Table 5.195. bar0 Register 0x60
Field Name Access Width Reset Description
[31:0] cfg RW 32 0xffff000c Configuration of BARO (Cfg address 0x10).

Use to define a 3bit Memory orl/O region or combine with
an adjacent BAR to define a-6#& Memory region.
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5.1.5.9. barl Register 0x64
This register set is used for tBAR1 configuration.

Table 5.196. barl Register 0x64

= LATTICE

Field

Name

Access

Width

Reset Description

[31:0]

cfg

RW

32

Oxffffffff Configuration of barl (Cfg address 0x14).

Use to define a 3bit Memory orl/O region or combine with an
adjacent BAR to define a ®it Memory region.

5.1.5.10. bar2 Register 0x68
This register set is used for tBAR2 configuration.

Table 5.197. bar2 Register 0x68

Field

Name

Access | Width

Reset

Description

[31:0]

cfg

RW

32

Oxffffe00c

Configuration of bar2 (Cfg address 0x18).
Use to define a 3bit Memory orl/O region or combine with an adjacent BAR ¢
define a 64bit Memory region.

5.1.5.11. bar3 Register 0x6c¢
This register set is used for the BAR3 configuration.

Table 5.198. bar3 Register 0x6c¢

Field

Name

Access | Width

Reset

Description

[31:0]

cfg

RW 32

Oxfrffffff

Configuration of bar3 (Cfg address 0x1C).
Use to define a 3bit Memory or 1/O region or combine with an adjacent BAR
define a 64bit Memory region

5.1.5.12. bar4 Register 0x70
This register set is used fdre BAR4 configuration.

Table 5.199. bar4 Register 0x70

Field

Name

Access | Width

Reset

Description

[31:0]

cfg

RW

32

Oxffffe00c

Configuration of bar4 (Cfg address 0x20).
Use to define a 3bit Memory or 1/O region or combine with an adjacent BAR
define a 64bit Memory region.

5.1.5.13. bar5 Register 0x74
This register set is used for the BARS configuration.

Table 5.200. bar5 Register 0x74

Field

Name

Access

Width

Reset

Description

[31:0]

cfg

RW

32

Oxffffffff | Configuration of bar5 (Cfg address 0x24).

Use to define a 3bit Memory or 1/O region or combine with an adjacent BA
to define a 64bit Memory region.
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5.1.5.14. exp_rom Register 0x78

This register set is used for the Expansion ROM configuration.

Table 5.201. exp_rom Register 0x78
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Field

Name

Access

Width

Reset

Description

[31:0]

cfg

RwW

32

0x0

region.

Configuration of exp_rom. Use to define al32Memory Expansion ROM

If an Expansion ROM region is defined, the region must map te PCle
compliant Expansion ROM code or the device may fail to boot.

5.1.5.15. msi_cap Register Oxe8
This register set is used for the MSI Capability configuration.

Table 5.202. msi_cap Register Oxe8

Field Name Access Width Reset | Description
[31:8] | reserved RO 24 0x0 —
[7 reserved RO 1 0x0 —
[6:4] | mult_message_capabl{ RW 0x5 Number of requested MSI vectors.
0-1
1-2
2-4
3-8
4-16
5-32
6 —Reserved
7—Reserved
[3:2] | reserved RO 2 0x0 —
[1] vec_mask_capable RW 1 0x1 MSI Capability Per Vector Mask Capable.
0-—Disable
1-Enable
[0] disable RW 1 0x0 MSI Capability Disable. When disabled, the MSI Capabi
does not appear in PCle Configuration Space.
0—Enable
1-Disable
5.1.5.16. msix_cap Register 0xf0
This register set is used for the M&[Capability configuration.
Table 5.203. msix_cap Register 0xf0
Field Name Access Width Reset Description
[31:27] reserved RO 5 0x0 —
[26:16] table_size RW 11 Ox1f Number of requested MSI
X vectors == (table_size+1
[15:1] reserved RO 15 0x0 —
[0] disable RW 1 0x0 MSEX Capability Disable.

When disabled, the MS{
Capability does not appear
in PCle Configuration
Space.

0-Enable
1-Disable
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5.1.5.17. msix_table Register 0xf4
This register set is used for the MSCapability- MSEX Table configuration.

Table 5.204. msix_table Register 0xf4

= LATTICE

Field Name Access | Width Reset | Description

[31:3] | offset | RW 29 0xc00 | {offset, 3'b000} == byte address offset, within the BAR selected by bir, at whick
MSHX Table begins

[2:0] bir RW 3 0x0 Indicates which Base Address register, located beginning at 10h in Configurati

Space, is used to map the MSITable into Memory Space.
0-0x10 (BARO)

1-0x14 (BAR1)

2-0x18 (BAR2)

3-0x1C (BAR3)

4-0x20 (BAR4)

5-0x24 (BAR5)

6 —Reserved

7 —Reserved

5.1.5.18. msix_pba Register 0xf8
This register set is used for the MSICapability- MSEX PBA configuration.

Table 5.205. msix_pba Register 0xf8

Field Name Access | Width | Reset Description

[31:3] offset | RW 29 0xe00 | {offset, 3'b000} == byte address offset, within the BAR selected by bir, at whig
the MSHX PBA begins.

[2:0] bir RW 3 0x0 Indicates which Base Address register, located beginning at 10h in Configura

Space, is used to map the MEPBA into Memory Space.
0-0x10 (BARO)

1-0x14 (BAR1)

2-0x18 (BAR2)

3-0x1C (BAR3)

4-0x20 (BAR4)

5-0x24 (BAR5)

6 —Reserved

7—Reserved

5.1.5.19. dsn_cap Register 0x130
This register set is used for the DSN capable cores only such as Device SerialCapabdity configuration.

Table 5.206. dsn_cap Register 0x130

Field Name Access | Width | Reset | Description
[31:1] reserved | RO 31 0x0 —
[0] enable RW 1 0x0 Device Serial Number Capability Enable.

When disabled, the Device Serial Number Capability does not appear in PCl¢
Configuration Space.

0-Disable

1-Enable
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5.1.5.20. dsn_serial Register 0x134
This register set is used for the Device Serial Number Capatfilégyial Number.
Table 5.207. dsn_serial Register 0x134

Field Name Access Width Reset Description
[63:0] number RwW 64 0x0 Device Serial Number

5.2. PCl Express Configuration Space Registers

The Lattice PCbk8 IP Core implements Header Type 00 and Header Type 01 Configuration Registers, including Capability
and Extended Capability Items, as detailed in the PCI Express Base Specification, Rev 3.0, PCI Local Interface Specification
Revision 3.0, and PCI Bus Power Management Interface Specification Revision 1.2.

Type 00 and Type 01 Configuration Registers implement the first 64 bytes of Configuration Space differently:
1 Type 00-Implemented by Endpointsefer to Table5.208.
1 Type 01-Implemented by Root Portsefer to Table5.209.

Capability and Extended Capability Iltems are located at the same addresses regardless of which the header type is
implemented, sed able5.210for details.

Tableb.208 Table5.209 andTable5.210i | | ustrate the core’s PCle Configuratio

The core’s Configuration Re-gods ReotPart/Eadpoint) dppligatiohsy thecragiatérs gur ab
configure themselves according to the mode of operation, changing between Type 00 and Type 01 for instance when
changing between an Epoint and Root Port design.

The Configuration Registers provide the ability for standard PCI/PCle BIOS/OS software to discover the device, determine its
capabilities, and configure the core’ s featcuwrrees.s Since t
Configuration Registers are highly configurable.

5.2.1. Type 00 Configuration Header

Table 5.208. Type 00 Configuration Header

Addr Byte3 ‘ Byte2 Bytel Byte0

00 Device ID Vendor ID

04 Status Command

08 Class Code Revision ID
oC BIST Header Type Latency Timer Cache Line Size
10 Base Address Register 0

14 Base Address Register 1

18 Base Address Register 2

1C Base Address Register 3

20 Base Address Register 4

24 Base Address Register 5

28 Cardbus CIS Pointer

2C Subsystem ID Subsystem Vendor ID

30 Expansion ROM Base Address

34 Reserved | Capabilities Pointer
38 Reserved

3C Max Latency Min Grant Interrupt Pin | Interrupt Line
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5.2.2. Type 01 Configuration Header

Table 5.209. Type 01 Configuration Header

Addr Byte3 ‘ Byte2 Bytel Byte0

00 Device ID Vendor ID

04 Status Command

08 Class Code Revision ID
oC BIST ‘ Header Type Primary Latency Timer Cache Line Size
10 BaseAddress Register 0

14 Base Address Register 1

18 Secondary Latency Time‘ Subordinate Bus Numbe|  Secondary Bus Number Primary Bus Number
1C Secondary Status I/O Limit I/O Base

20 Memory Limit Memory Base

24 Prefetchable Memory Limit Prefetchable Memory Base

28 Prefetchable Base Upper 32 Bits

2C Prefetchable Limit Upper 32 Bits

30 I/O Limit Upper 16 Bits ‘ 1/0 Base Upper 16 Bits

34 Reserved | Capability Pointer
38 Expansion ROM Base Address

3C Bridge Control | Interrupt Pin | Interrupt Line

5.2.3. Capability and Extended Capability Address Locations

Table 5.210. Capability and Extended Capability Items

Addr Byte3 ‘ Byte2 Bytel ByteO
7B-40 PCI Express Capability

7R7C Reserved

87-80 Power Management Capability

8F88 Reserved

9B-90 MSEX Capability

9F9C Reserved

B7-A0 MSI Capability

FFB8 Reserved

147-100 Advanced Error Reporting Capability
14F148 ARI Capability

17F150 VendorSpecific Extended Capability
1AB180 Secondary PCI Express Extended Capability
1FF1AC Reserved

207-200 Reserved

20F208 Reserved

21B210 DSN Capability

26B240 Reserved

2BF280 Reserved

38F2C0 Reserved

39F390 Power Budgeting Capability

3CF3A0 Dynamic PoweAllocation (DPA) Capability
3DF3D0 L1 PM Substates Extended Capability
3E73EO Latency Tolerance Reporting (LTR) Capability
FFF3E8 Reserved
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5.2.4. Type 00 Configuration Registers

Table 5.211. Type 00 Configuration Registers

Addr Config Register Register Description
01-00 Vendor ID Read Only: This field identifies the manufacturer of the device.
03-02 Device ID Read Only: This field identifies the device.
05-04 Command Register| CommandRegister Bits: Bits 10, 8, 6, and 2..0 are Read/Write.
Bits[15:11] = 00000. Not implemented.
Bit[10]— Interrupt Disable- If set, interrupts are disabled and cannot be generated; if clear
interrupts are enabled
Bit[9] = 0. Not implemented.
Bit[8] - SERR EnabléNhen set enables the reporting of fatal and rfatal errors detected by
the device to the root complex (not supported).
Bit[7] = 0. Not implemented.
Bit[6] — Parity Error Enable Affects the mapping of PCI Express errors to legacy PCI errors.
PCI Express Base Specification Re@kdtion 6.2 for details.
Bit[5] = 0. Not implemented.
Bit[4] = 0. Not implemented.
Bit[3] = 0. Not implemented.
Bit[2] — Bus Leader EnableMemory and I/O Requests can only be generated on the
Transaction Layer Interface if this bit is set.
Bit[1]—Memory Space Enablelf set, the core decodes the packets to determine memory B4
hits; if clear, memory BARSs are disabled.
Bit[0] - 1/0O Space Enablelf set, the core decodes the packets to determine 1/0O BAR hits; if
clear, 1/0 BARs are disabled.
07-06 Status Register Status Register Bits: Bit§..11 and 8 are Read/Write. Writing a 1 to a bit location clears that|
bit. Writing a 0 to a bit location has no affect.
Bit[15]— Set by a device whenever it receives a Poisoned TLP.
Bit[14]— Set when a device sends an ERR_FATAL or ERR_NONFATAL Message and the
Enable bit in the Command Register is set.
Bit[13]— Set when a requestor receives a completion with Unrecognized Request Completi
Status
Bit[12]— Set when a requestor receives a completion with Completer Abort Completion Sta
Bit[11]— Set when a device completes a request using Completer Abort Completion Status
Bits[10:9] = 00. Not implemented.
Bit[8] — Leader Data Parity ErrefThis bit is set by a Requestor if its Parity Error Enable bit is
and either a Completion is received that is marked poisoned or the requestor poisons a wri
request.
Bits[7:5] = 000. Not implemented.
Bit[4] = 1 to indicate the presence of a Capabilities List.
Bit[3] — Interrupt Status- Reflects the value of mgmt_interrupt.
Bits[2:0] = 000. Reserved.
08 Revision ID Read Only: This register specifies the device specific revision identifier.
0B-09 Class Code Read Only: The Class Code identifies the generic function of the device.
ocC 0x0C: Cache Line | Read/Write: Cache Line Size is not used with PCI Express but is still implemented as read
Size register for legacy compatibility purposes.
0D 0x0D: Latency Read Only returning 0x00.
Timer
OE OxOE: Header Type| Read Only: This register reads 0x00 to indicate that the core complies to the standard PCI
configuration register mapping and that it is a single function device.
OF OxOF: BIST Not implemented. Reads return 0x00.
13-10 Base Address Read/Write: Base Address Register0, Base Address Registerl, Base Address Register2, H
Register 0 Address Register3, Base Address Register4, and Base Address Register5 inform system ¢
of the device's resource requi r elbeate mamorg n
and I/O resources to the device.
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Addr Config Register Register Description
17-14 Base Address See Base Address Register 0 description
Register 1
1B-18 Base Address See Base Address Register 0 description
Register 2
1F1C Base Address See Base Address Register 0 description
Register 3
23-20 Base Address See Base Address Register 0 description
Register 4
2724 BaseAddress See Base Address Register 0 description
Register 5
2B-28 Card Bus CIS Read Only: Reads return the value of the Cardbus CIS Pointer.
Pointer
2D-2C Subsystem Vendor | Read Only: Additional vendor information. Reads return the value otiesystem Vendor ID.
ID
2F2E Subsystem ID Read Only: Additional device information. Reads return the value of the Subsystem ID.
33-30 Expansion ROM I nforms system software of the device’s
Base Addr. Reg. subsequently programmed to allocate memory resources to the device.
Read/Write: Expansion ROM Base Address Register
Bits[31:11} Written to specify where to locate this region in memory space
Bits[10:1] = 0..0 Reserved
Bit[0] = Set by S/W to enabteecoding the Expansion ROM and clear to disable
34 Capabilities Pointer| Read Only: Reads return 0x40 which is the beginning address of the PCI Express Capabili
Item.
37-35 Reserved Not implemented. Reads return 0x000000.
3B-38 Reserved Not implemented. Reads return 0x00000000.
3C Interrupt Line Legacy interrupt is always ENABLED.
3D Interrupt Pin Interrupt support is enabled/disabled by CSR register. When interrupts are enabled, Interry
Pin returns 0x01 indicating the core implements IN&Ad when interrupts are disabled,
Interrupt Pin returns 0x00 indicating no interrupts are used.
3E Minimum Grant Read Only: Returns 0x00.
3F Maximum Latency | Read Only: Returns 0x00.

5.2.5. PCI Express Capability
Table 5.212. PCI Express Capability

Addr Config Register Register Description
40 PCI Express Capability Read Only = 0x10 (Beginning of PCI Express Capability Item)
ID
41 Next Capability Pointerl Read Only = 0x80 (Pointerheginning of Power Management Capability)
4342 PCI Express Read Only
Capabilities 1 Bits[15:14]}- Reserved = 00

1  Bits[13:9]- Interrupt Message Number[4:0]; MSI/MRlinterrupt vector associated with
interrupts generated by Configuration Register events (change in link bandwidth an
root port error)

1 Bit[8] —Slot Implemented; Downstream Switch/Root Port only

1 Bits[7:4]-Device/Port Type- Must match the core application since the value
programmed enables/hides Configuration Registers and functionality that is only
applicable to some Device/Port types:

T 00GBCI Express Endpoint

T Required for Endpoint applicatons
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Addr Config Register Register Description

M 00GLegacy PCI Express Endpoint
016Root Port of PCl(fEXmekrpas®oo0t Co
Required for Root Port applicatons
0lGWpstream Port of PCI Express Swi
Required for Upstream Switch Ports
0Ol+*Downstream Port of PCI Express S
Required for Downstream Switch Port
01+RPClI Expres{s Bro digel / PCI

106PCI XPCGIlo PCI Express Bridge
106Root Compl ex | nftuetgurae)erde [Eenadspeoi n't
10+Roo0ot Compl ex fEwtewnrte)Crodllecacsteor (

1  Bits[3:0]- Capability Versior Must be 0x2 for PCle 3.0

= -4 -4 -8 —a _—a —a _a _—a -9

47-44 Device Capabilities Read Only

Register f Bits[31:29]- Reserved.

1  Bit[28]—Function Level Res&apability

T 1-Capability Present
1T O-Capability Not Present
Bits[27:26} Captured Slot Power Limit Scale
Bits[25:18} Captured Slot Power Limit Value
Bits[17:16] = 00. Reserved.

Bit[15] = 1. Rokbased Error Reporting

Bit[14] = 0- Reserved

Bit[13] = 0- Reserved

Bit[12] = 0- Reserved

Bits[11:9]- Endpoint L1 Acceptable Latency
Bit[8:6]— Endpoint LOs Acceptable Latency
Bit[5] — Extended Tag Field Supported
Bits[4:3]- Phantom Functions Supported
Bits[2:0]- Max Payload Size Supported

= =4 -4 -8 -8 4 -8 -2 -2 _a_a -2

T 000128 bytes max payload size
T 004256 bytes max payload size
T 016512 bytes max payload size
T 0141024 bytes max payload size
T 10002048 bytes max payl oad size
T 1044096 bytes max payload size
T 1106Reserved
T 114dReserved
4948 Device Control Read/Write
Register 1 Bit[15]-Bridge Configuration Retry Enable/Initiate Function Level Reset

1 Bits[14:12]- Max Read Request Size; the Transmit Interface may not transmit a rea
request TLP with a length larger than the size indicated by Max Read Request Size

T 000 == 128 bytes
T 001 == 256 bytes
T 010 == 512 bytes
T 011 == 1024 bytes
T 100 == 2048 bytes
T 101 == 4096 bytes
T 110 == Reserved

f 111 == Reserved

1 Bit[11]—-Enable No Snoop
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Addr

Config Register

Register Description

1

1
1
1

= =4 —a —a -9

Bit[10]— Aux Power PM Enable
Bit[9] — Phantom Functions Enable
Bit[8] — Extended Tag Field Enable

Bits[7:5]- Max Payload Size; the Transmit Interface may not transmit a TLP with a
payload larger than the size indicated by Max Payload Size:

T 000 == 128 bytes
001 == 256 bytes
010 == 512 bytes
011 == Reserved
100 == Reserved
101 ==Reserved

110 = Reserved
111 == Reserved
Bit[4] — Enable Relaxed Ordering

Bit[3] — Unsupported Request Reporting Enable
Bit[2] — Fatal Error Reporting Enable

Bit[1] — Non-Fatal Error Reporting Enable
Bit[0] — Correctable Error Reporting Enable

= -4 —a —a -—a _—a -9

4B-4A

Device Status Register

Bits[15:4] are Read Only. Bits[3:0] are cleared by writing a 1 to the corresponding bit log

= =4 -4 —a —a —a -2

Bits[15:6] = 0000000000. Reserved
Bit[5] — Transactions Pending

Bit[4] — AUX Power Detected

Bit[3] — Unsupported Request Detected
Bit[2] — Fatal Error Detected

Bit[1] — Non-Fatal Error Detected

Bit[0] — Correctable Error Detected

4F4C

Link Capabilities
Register

Read Only.

1
1
1

= —a —a —a

Bits[31:24} Port Number

Bits[22] = 1. ASPM Optional Compliance

Bit[21]—Link BandwidtiNotification Capability

T == 1 when operatng as a Downstream
Bit[20]— Data Link Layer Active Reporting Capable

T == 1 when operatng as a Downstream
Bit[19]— Surprise Down Error Reporting Capable

T == 1 when operatng as a Downstream
Bit[18] = 0. Clock Power Management

Bits[17:15}- L1 Exit Latency

Bits[14:12}LOs Exit Latency

Bits[11:10}- Active State Power Management (ASPM) Support

1T 06No ASMP Support

T OXLOs Supported

T 16L1 Supported

T 1LO0Os and L1 Supported

Bits[9:4]- Maximum Link Width

T 0000GR1

T 000G%Q

T 000%xKRO

T 001688

T 01006R006

Bits[3:0]- Maximum Link Speed
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Addr

Config Register

Register Description

1T 0001
T 0010
1T 0011
T 0100

(2.5GT/ s)
(5GT/ s)
(82®T2 4s))

(16GT/s) (2024)

51-50

Link Control
Register

Read/Write

Bits[15:12] = 0000Reserved.

Bit[11] - Link Autonomous Bandwidth Interrupt Enable

Bit[10] - Link Bandwidth Management Interrupt Enable

Bit[9] — Hardware Autonomous Width Disable

Bit[8] = 0. Enable Clock Power Management

Bit[7] — Extended Sync

Bit[6] — Common ClocKonfiguration

Bit[5] — Retrain Link

Bit[4] —Link Disable

Bit[3] — Read Completion Boundary (RCB)

T 0 == 64 bytes

T 1 == 128 bytes

1 Bit[2] = 0. Reserved.

1 Bits[1:0]-Active State Power Management (ASPM) Control
T 06Disabl ed
f 0XLOs Enabl ed
T 16L1 Enabl ed
T 1xLOs and L1

= =4 —4a -8 —a 8 _a _a _a 9

Enabl ed

53-52

Link Status
Register

Read Only

Bit[15]—Link Autonomous Bandwidth Status

Bit[14]—Link Bandwidth Management Status

Bit[13]—Data Link Layer Active

Bit[12]— Slot Clock Configuration

Bit[11]—Link Training

Bit[10] = O.Reserved.

Bits[9:4] Negotiated Link Widthindicates the number of lanes currently in use
T 010000 = x16
T 001000 X 8
T 000100 = x4
1
1

= —4 —& —a —a _—a -9

000010 = x2
000001 = «x1

1 Bits[3:0] Link Speed
T 0001 (2.5
T 0010 (5.0 GT/ s)
f 0011 (8.0 GT/s)

GT/ s)

57-54

SlotCapabilities
Root Port/Switch Only

Normally Read Only; Writable when HW.Init Write Enable sedTable5.218).
Bits[31:19} Physical Slot Number

Bit[18]— No Command Completed Support

Bit[17]— Electromechanical Interlock Present

Bits[16:15} Slot Power Limit Scale[1:0]

Bits[14:7]- Slot Power Limit Value[7:0]

Bit[6] — Hot-Plug Capable

Bit[5] — Hot-Plug Surprise

Bit[4] — Power Indicator Present

Bit[3] — Attention Indicator Present

= =4 —a —a —a —a —_a _a 2
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Addr

Config Register

Register Description

1 Bit[2]—-MRL Sensor Present
1 Bit[1]—Power Controller Present
1 Bit[0] — Attention Button Present

59-58

Slot Control
Root Port/Switch Only

Read Only

Bits[15:13] = 0. Reserved.

Bit[12]—Data Link Layer State Changed Enable
Bit[11] = 0. Electromechanical Interlock Control
Bit[10]— Power Controller Control

Bit[9:8]— Power Indicator Control

Bit[7:6]— Attention Indicator Control

Bit[5] — Hot-Plug Interrupt Enable

Bit[4] - Command Completed Interrupt Enable
Bit[3] — Presence Detect Changed Enable
Bit[2] - MRL Sensor Changed Enable

Bit[1] — Power Fault Detected Enable
Bit[0] — Attention Button Pressed Enable

= =4 —& —a —a —a —a _—a _—a _a _a 9

5b-5a

Slot Status
Root Port/Switch Only

Read Only

Bits[15:9] = 0. Reserved.

Bit[8] — Data Link Layer State Changed
Bit[7] — Electromechanical Interlock Status
Bit[6] — Presence Detect State

Bit[5] - MRL Sensor State

Bit[4] — Command Completed

Bit[3] — Presence Detect Changed
Bit[2] - MRL Sensor Changed

Bit[1] — Power Fault Detected

Bit[0] — Attention ButtonPressed

=4 -4 48 —a _—a _—a _a _a _a 2

5d-5¢

Root Control
Root Port Only

Read/Write

Bits[15:5] = 0. Reserved.

Bit[4] = CRS Software Visibility Enable

Bit[3] — PME Interrupt Enable

Bit[2] — System Error on Fatal Error Enable
Bit[1] — System Error on NeRatal Error Enable
Bit[0] — System Error on Correctable Error Enable

= =4 —a —a —a -9

5f-be

Root Capabilities
Root Port Only

Read Only; Bit[16} Write 1 to clear.
1 Bits[15:1] = 0. Reserved
1 BIt[0] = 1. CRS Software Visibility supported.

63-60

Root Status
Root Port Only

Read Only; Bit[16} Write 1 to clear.
1 Bits[31:18] = 0. Reserved

1 Bit[17]-PME Pending

1 Bit[16]-PME Status

1 Bits[15:0]- PME Requester ID

67-64

Device Capabilities 2

Read Only

Bits[31:24] = 0. Reserved

Bits[23:22] = 00. Max Exeind TLP Prefixes
Bit[21] = 0. EndEnd TLP Prefix Supported
Bit[20] = 0. Extended Fmt Field Supported
Bit[19:18] = 00. OBFF Supported
Bits[17:14] = 0000. Reserved

Bits[13:12] = 00. TPH Completer Supported
Bit[11] = LTR Mechanism Supported

= =4 -4 —a _—a —a —a 2
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Addr

Config Register

Register Description

Bit[10] = 0. No R@nabled PRPR Passing

Bit[9] = 0.128-bit CAS Completer Supported

Bit[8] = 0. 64bit AtomicOp Completer Supported
Bit[7] = 0. 32bit AtomicOp Completer Supported
Bit[6] = 0. AtomicOp Routing Supported

Bit[5] = 0. ARI Forwarding Supported

Bit[4] — Completion Timeout Disable Supported
Bits[3:0]- Completion Timeout Ranges Supported

= =4 -8 —a —a —a _—a 2

69-68

Device Control 2

Read/Write

Bit[15]— EndEnd TLP Prefix Blocking

Bits[14:13} OBFF Enable; not supported

Bits[12:11] = 00. Reserved.

Bit[10]—LTR Mechanism Enable

Bit[9] —IDO Completion Enable

Bit[8] —IDO Request Enable

Bit[7] — AtomicOp Egress Blocking

Bit[6] — AtomicOp Request Enable

Bit[5] — ARI Forwarding Enable

Bit[4] — Completion Timeout DisableSet by system software to disable this device fr(

generating completion timeouts. You must disable completion timeout error genera

when this bit is set.

1  Bits[3:0]- Completion Timeout Value Set by system software to select the completio
timeout range which must be used by users which are implementing completion
timeouts. See PCI Express Specification Table 7.24 for details.

= —4& 48 —a _—a _a _a -9 -2 -2

6B-6A

Device Status 2

Reserved by PCI SIG for future use. Reads return 0x00Q00000

6F6C

Link Capabilities 2

Read Only

Bits[31:23} Reserved

Bits[22:16} Lower SKP OS Reception Supported Speeds Vector
Bits[15:9]- Lower SKP OS Generation Supported Speeds Vector
Bit[8] — Crosslink Supported

Bits[7:1]- Supported Link Speeds Vector

Bit[0] = 0. Reserved

= —a —a —a —a -9

71-70

LinkControl 2

Read/Write

Bit[15:12]— Compliance Preset/Demphasis[3:0]
Bit[11]— Compliance SOS

Bit[10]— Enter Modified Compliance

Bits[9:7]— Transmit Margin

Bit[6] — Selectable Demphasis

Bit[5] — Hardware Autonomous Speed Disable
Bit[4] — Enter Compliance

Bits[3:0]- Target Link Speed[3:0]

T 0001 (2.5 GT/s)

f 0010 (5.0 GT/s)

T 00XB.O0 GT/ s)

= -4 —4a —a —a _—a _—a 2

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Addr Config Register Register Description
7372 Link Status 2 Read Only; Bit[5} write 1 to clear:
1 Bits[15:6] = 0000000000. Reserved.
1 Bit[5]-Link Equalization Reset
1 Bit[4] —Equalization Phase 3 Successful
1 Bit[3]—Equalization Phase 2 Successful
1 Bit[2] - Equalization Phase3uccessful
1 Bit[1]—Equalization Complete
1 Bit[0] — Current Deemphasis Level
T 1=3%.5 dB
T 0= dB
77-74 Slot Capabilities 2 Reserved by PCI SIG for future use. Reads return 0x00000000.
Root Port/Switch Only
7978 Slot Control 2 Reserved by PCI SIG for future use. Reads return 0x00000000.
Root Port/Switch Only
7b-7a Slot Status 2 Reserved by PCI SIG for future use. Reads return 0x00000000.
Root Port/Switch Only
7R7C Reserved Reads return 0x00000000.

5.2.6. Power Management Capability

Table 5.213. Power Management Capability

Capabilities

Addr Config Register Register Description

80 Power Management Read Only = 0x01 (Beginning of Power Management Capability Item)
Capability ID

81 Next CapabilityPointer | Read Only. Pointer to next Capability Item in the list.

8382 Power Management Read Only.

1 Bits[15:11}- PME Support; recommended default == 0.

1 Bits[10]-D2 Support (1) Yes (0) No; this bit must be set for the core to allow Power
State to be written to D2; recommended default == 0.

1 Bit[9]-D1 Support (1) Yes (0) No; this bit must be set for the core to allow Power S

to be written to D1; recommended default == 0.

Bit[8:6]— Aux Current; recommended default = 0.

Bit[5] — Device Specific Initialization(DSI); recommended default = 0.

Bit[4] — Reserved; set to 0.

Bit[3] — PME Clock; recommended default = 0.

Bits[2:0]- Version; set to 011 (complies with revision 1.2 of the PCI Power Manage

Interface Specification).

ReferError Handlindor additional detail.

= =4 4 —a
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Addr Config Register Register Description
8584 Power Management Read/Write.
Control/Status 1 Bit[15]-PME Status; if Power Management Capabilities[15] == 1 indicating that PM
generated from D3cold, then PME_Status is implemented by the core; otherwise
PME_Status == 0.

1 Bits[14:13}- Data Scale; recommend == 0 (Data not implemented)

1 Bits[12:9]-Data Select; recommend == 0 (Data not implemented)

1 Bit[8]-PME En-; if Power Management Capabilities[15:11] == 0 indicating that PM
not generated from any power state then PME_En == 0; is implemented by the cor
written by system software to enable PME generation from D3cold; otherwise PME

1 Bits[7:4]-Reserved-set to 0

1 Bit[3]—No Soft Reset Core sets to 1 since the core is not reset when transitioning f
D3hot to DO purely due to power state changes. This bit is used by system softwarsg
know whether the device needs to beinitialized when transitioning between D3hot
and DO.

1 Bit[2]—-Reserved; setto 0

1 Bits[1:0]- Power State; software writes this field to transition a device into a differen
power state; increasing Dx numbers represent increasingly lower power states
T 06DO; nor mal operaton
T 0xD1; not allowed to be writen unle
T 16D2; not allowed to be writen unl e
T 1+D3hot ; “of”

ReferError Handlindor additional detail.

86 PMCSR PCI to PCI Read Only.
Bridge Support f  Bit[7]-Bus Power/Clock Control Enable; set to 0
1 Bit[6]—B2/B3 Support for D3bat; set to 0
1 Bits[5:0]- Reserved; set to 0
87 Data Read Only.
1 Bits[7:0]-Data; recommended default = 0; not implemented
888 Reserved Reads return 0x00000000.

5.2.7. MSI-X Capability
Table 5.214. MSI-X Capability

Addr Config Register

Register Description

90 MSEX Capability 1D

Read Only = 0x11 (Beginning of MSTapability Item)
MSEX Support may be enabled/disabled through the CSR registers. If present, its capabili
defined as follows otherwise all the following registers reads 0x0.

NextCapability

91 Pointer

Read Only. Pointer to next Capability Item in the list.

9392 Message Control

Only bits[15:14] are Read/Write.
1 Bit[15]- MSEX Enable (Read/Write)
1 Bit[14]—Function Mask (Read/Write)
1 Bits[13:11}- Reserved- 000 (Read Only)
i1 Bit[10:0]-Table Size[10:0] (Read Only)
T The
1.

numb&r vett b8 requested/ supporte

Table Offset,

9r-94 Table BIR

Read Only.

Bits[31:3]- Table_Offset[31:3]

1 {Table_OffsgB1:3], 000} is the offset into the BAR indicated by Table_BIR where the
X Table begins.

1 Bits[2:0]-Table BIR[2:0]
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Addr Config Register Register Description
1 Indicates which BAR location contains the MSlable. In the case of a-6# BAR Table
BIR indicates the BAR that contains the lowebB2Zddress:
T O0OO0OBARDO
1T O004BAR1
T 016BAR2
T O014BARS3
T 106BAR4
T 104BARS
T 110, -Rlelsler ved
9B-98 PBA_Offset, PBA_BI| Read Only.
Bits[31:3]- PBA_Offset[31:3]
1 Same as Table Offset above but indicates the location of the PBA (PendingaBit
1 Bits{PB:AOIBI R[ 2: 0]
 Same as Table BIR above, but indicates the location of the PBA

5.2.8. MSI Capability
Table 5.215. MSI Capability

Addr Config Register Register Description

9F9C Reserved Reads return 0x00000000.

AO Message Capability | Read Only = 0x05 (Beginning of Message Capability Iltem); MSI Support is enabled/disab
ID CSR registers. If present, its capability is defined as follows otherwise all the following reg

read0x0.

Al Next Capability Read Only. Pointer to next Capability Item in the list.
Pointer

A3A2 Message Control 1  Bits[6:4] and Bit[0] are Read/Write; remainder are Read Only

1 Bits[15:9] = 0x00. Reserved

1  Bit[8] = 0. Note per vector masking capable.

1 Bit[7]—64-bit Address Capable = 1 (Capable of generatingithessages)

1 Bits[6:4]—Multiple Message Enablesystem software writes the number of allocated
messages; 000==1, 001==2, 010==4, 011==8, 100==16, 101==32, 110 Reserved, 1]
Reserved

1 Bits[3:1]- Multiple Message CapableNumber of messages requested by the device =3
000 (1 Message)

1 Bit[0]—- MSI Enable- System software sets this bit to enable MSI. When set, the core u
the MSI mechanism instead of the legacy interrupt mechanism to forward user interry
on mgmt_interrupt to PCI Express.

AT-A4 Message Address Bits[31:2] are Read/Write; Bits[1:0] are Read Only
1 Bits[31:2] Message Address[31:2]
1 Bits[1:0]- Reserved- Message Address[1:0] is always 00
ABAS8 Message Upper Read/Write
Address 1 Bits[31:0] Message Address[63:32]; if Message Address[63:32] == 0, then the core u
only Message Address[31:0] and doesh®2address MSI writes. If Message
Address[63:32] |=,ahe core uses Message Address[63:0] and doekitdddress MSI
writes.
ADAC Message Data Read/Write

1 Bits[15:0] Message Data[15:0]An MSI Message is sent by writing Message Data to

Message Address.

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

5.2.9. Advanced Error Reporting Extended Capability

Table 5.216. Advanced Error Reporting Extended Capability

Addr

Config Register

Register Description

103-100

Advanced Error
Reporting Enhanced
Capability Header

Beginning of Advanced Error Reporting (AE&)ability; the AER capability is only present if

AER support is enabled in the design, however, AER support is a standard core feature th
present unless AER removal has been specifically requested to be excluded at core deliv
(which is unusudl

il

Bits[15:0]- Read Only = 0x0001 == AER Capability ID
Bits[19:16} Read Only = 0x01 == AER Capability Version (PCle 2.0/1.1)
Bits[31:20}- Read Only. Pointer to next Enhanced/Extended Capability Item in the list]

107-104

Uncorrectable Error
Status

= |=a =

E R N N B BB B R R R I I |

Read/Write: Bit set when corresponding error event occurs, and the error is not mask
by the Uncorrectable Error Mask register; clear set bits by writing a 1:

Bits[3:0]- Reserved ==

Bit[4] — DataLink_Protocol_Error_Status
Bit[5] — Surprise_Down_Error_Status
Bits[11:6]- Reserved ==
Bit[12]—Poisoned_TLP_Status
Bit[13]—Flow_Control_Protocol_Error_Status
Bit[14]— Completion_Timeout_Status

Bit[15]- Completer_Abort_Status

Bit[16]— Unexpected_Completion_Status
Bit[17]—Receiver_Overflow_Status
Bit[18]—Malformed_TLP_Status
Bit[19]-ECRC_Error_Status

Bit[20]— Unsupported_Request_Error_Status
Bit[21]—Reserved = 0

Bit[22]—Uncorrectable Internal Error Status
Bits[31:23}- Reserved ==

]_
]_
]_
]_
]_
]_

10B108

Uncorrectable Error
Mask

Read/Write: Set corresponding bit to mask (not report) selected error events; clear to unm
(report):

il

=4 =4 =4 -8 -a -a Ao oa e e oa e

Bits[3:0]- Reserved ==

Bit[4] — DataLink_Protocol_Error_Mask

Bit[5] — Surprise_Down_Error_ Mask
Bits[11:6]- Reserved ==
Bit[12]—Poisoned_TLP_ Mask

Bit[13]— Flow_Control_Protocol_Error_ Mask
Bit[14]— Completion_Timeout_ Mask
Bit[15]- Completer_Abort_ Mask

Bit[16]— Unexpected_Completion_ Mask
Bit[17]— Receiver_Overflow_ Mask
Bit[18]—Malformed_TLP_ Mask
Bit[19]—-ECRC_Error_ Mask

Bit[20]— Unsupported_Request_Error_ Mask
Bit[21]—Reserved = 0

Bit[22]— Uncorrectable Internal Error Mask
Bits[31:23} Reserved ==

10F10C

Uncorrectable Error
Severity

Read/Write: Set corresponding bit to mark selected error eventS/AaEAL errors; clear to mar
selected error events as NGRATAL errors:

il

f
f
f

Bits[3:0]- Reserved ==

Bit[4] — DataLink_Protocol_Error_Severity
Bit[5] — Surprise_Down_Error_Severity
Bits[11:6]- Reserved ==
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Addr

Config Register

Register Description

Bit[12] - Poisoned_TLP_Severity
Bit[13]—Flow_Control_Protocol_Error_Severity
Bit[14]— Completion_Timeout_Severity
Bit[15]- Completer_Abort_Severity
Bit[16]—Unexpected_Completion_Severity
Bit[17]— Receiver_Overflow_Severity
Bit[18]—Malformed_TLP_Severity
Bit[19]-ECRC_Error_Severity

Bit[20]— Unsupported_Request_Error_Severity
Bit[21]-Reserved =0

Bit[22]—Uncorrectable Internal Error Severity
Bits[31:23} Reserved ==

E R R B R R N B B

113110

Correctable Error
Status

Read/Write: Bit set when corresponding error everturs, and the error is not masked by th

Correctable Error Mask register; clear set bits by writing a 1:
1 Bit[0]— Receiver_Error_Status

Bits[5:1]- Reserved ==

Bit[6] —-Bad_TLP_Status
Bit[7]—Bad_DLLP_Status

Bit[8] — Replay_Num_Rollover_Status
Bits[11:9]- Reserved == 000
Bit[12]-Replay_Timer_Timeout_Status
Bit[13]— Advisory_Non_Fatal_Error_Status
Bit[14]— Corrected Internal Error Status
Bit[15]—Header Log Overflow Status
Bits[31:16} Reserved ==

=4 =4 4 -4 -8 -4 -8 -8 A

117114

Correctable Error
Mask

Read/Write: Set corresponding bit to mask (not report) selected error events; clear to unm

(report):

1 Bit[0]— Receiver_Error_Mask

Bits[5:1]- Reserved ==

Bit[6] —Bad_TLP_Mask
Bit[7]—Bad_DLLP_Mask

Bit[8] — Replay_Num_Rollover_Mask
Bits[11:9]- Reserved == 000

Bit[12] = Replay_Timer_Timeout_Mask
Bit[13] = Advisory_Non_Fatal_Error_Mask
Bit[14]— Corrected Internal Error Mask
Bit[15]—Header Log Overflow Mask
Bits[31:16} Reserved ==

=A =4 =4 8 -8 -8 -8 -8 -8

11B118

Advanced Error
Capabilities and
Control

Read/Write: Misc Capabilities and Control
1 Bits[4:0] = Read OnlyFirst_Error_Pointer[4:0]
1 Bit[5] = Read Only ECRC_Generation_Capable

f 1==Device can generate ECRC; set
standard core opton).
T 0O Pevice is not capable of

1 Bit[6] = Read/Write- ECRC_Generation_Enable

T Sofware sets to control whet her
transmited by the core; i f ECRC
Read Only == 0.

T 1== Generate and insert ECRC for

f 0 == Do not generate and insert

generatng

ECRQ(
S upnp

ECRQ(

i f

TLAR
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Addr Config Register Register Description
1 Bit[7] = Read Only ECRC_Check_Capable
f 1==Device is capable of checking ECK
(nemandard core opton).
f 0 == Device is not capable of checki
1 Bit[8] = Read/Write- ECRC_Check_Enable
1T Sofware sets to control whether ECRC
ECRC support is not implemented in t
1 == Check ECRC for all TLPs with ECRK
f 0 == Do not check ECRC.
1 Bits[31:9]-Reserved =0
12B11C Header Log Header[127:0] of the TLP associated with the error. TLP format is in same order as illustra
PCle Specification:
1 Ox11F11C-{ByteO, Bytel, Byte2, Byte3}
1 0x123120-{Byte4, Byte5, Byte6, Byte7}
1 Ox127124—-{Byte8, Byte9, Bytel0, Bytell}
1 Ox12B0x128-{Bytel2, Bytel3, Bytel4, Bytel5}
137-12C Reserved Only implemented by AER Root Ports. Reads return 0x00000000.
147-138 Reserved TLP Prefix Log Register

5.2.10. ARI Extended Capability
ARI Is located at offset 0x148 unless AER is not present in which case it is moved to 0x100.

Table 5.217. ARI Extended Capability

Addr Config Register Register Description
14B148 ARI Capability Extended| Beginning of ARI Extended Capabilifgead Only
or Capability Header f  Bits[31:20]- Pointer to next Enhanced/Extended Capability ltem in the list.
103100 1 Bits[19:16] = 0x1 =€apability Version
1 Bits[15:0] = OxO00E == Capability ID
14D14C ARI Capability Register | Read Only
or 1 Bits[15:8]- Next Function Number = 0 (not implemented)
105104 1 Bits[7:2]-Reserved =0
1 Bit[1]—ACS Function Groups Capability = O {implemented)
1 Bit[0]—MFVC Function Groups Capability = 0 (not implemented)
14F14E ARI Control Register Read Only
or 1 Bits[15:7]-Reserved
107-106 1  Bit[6:4]—Function Group = 0 (not implemented)
1 Bits[3:2]-Reserved =0
1 Bit[1]—ACS Function Grouable = 0 (not implemented)
1 Bit[0]—MFVC Function Groups Enable = 0 (not implemented)
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5.2.11. Vendor-Specific Extended Capability
Table 5.218. Vendor-Specific Extended Capability

Root Port /
Downstream Switch
Port Only

Addr Config Register Register Description
153150 VendorSpecifc PCI | Beginning of VendeBpecific Extended Capability (VSEC)
Express Extended 1 Bits[31:20}- Read Only. Pointer to next Enhanced/Extended Capability Item in the list
Capability Header | ¢ Bits[19:16]- Read Only = Ox1 == Capability Version
1 Bits[15:0]- Read Only = 0x000B == Capability ID
157-154 VendorSpecific Read Only
Header 1 Bits[31:20}- VSEC Length = 0x24 (36 bytes)
{ Bits[19:16}- VSEC Rev = 0x1
1 Bits[15:0-VSEC ID
15B-158 HW.Init Read/Write
1 Bits[31:1] = 0. Reserved
1  Bit[0]— HW.Init Write Enable-Used to allow software to write some Configuration
Registers which are tygdW.Initwhen they would otherwise not be writable; default
value ==
T 1-HW. IMriitt e EAlalbowdspeci fc HW I nit f el
only relevant for Confguraton Regi st
are writable when HW Init Write Enab
Caplaibties) .
T O-HW. Il nit Write Disabled
15F15C Link Power Down Read/Write—Used by system software in a Root Port or Downstream Switch Port applicat

to cause a PME_Turn_Off Message to be transmitted on PCI Express to request that the

downstream PCI Express heirarchy prepare for Power Down.

1 Bits[31:3] = 0. Reserved.

1 Bit[2]-L2 Request Timeout; indicates when an L2 Request completed due to a timed
Request Timeout is cleared (0) when L2_Request is written to 1 or when 1 is written {
register; L2 Request Timeout is set (1) when a PME_TO_ACK messagecisived ie
response to a transmitted PME_Turn_Off within the expected 100 msyd &dr
simulation when mgmt_short_sim == 1) timeout window.

1 Bit[1]-L2 Request Status; indicates when an L2 Request has completed either due t
receiving the expected PME_TO_Ack message response or due to timeout; L2 Requ
Status is cleared (0) when L2_Request is written to 1 or when 1 is written to this regig
L2 Request Status is set (1) when a PME_TO_ACK message is received or a timeou

1 Bit[0]-L2 Request; write to 1 to cause a PME_Turn_Off Message to be transmitted
downstream to the PCI Express hierarchy; after all downstream devices have preparg
power-down the core should receive a PME_TO_Ack message in response indicating
downstream PCle hierarchy is ready for removal of power; L2 Request stays set until
PME_TO_ACK message is received or a timeout occurs.

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Addr Config Register Register Description
163160 Autonomous Read/Write— Used by system software in an US Port to perform autonomous speed chang
Recovery, Speed, width change, or entry to recovery.
and Width

Bits[31:16} Lane Width Mask. A 1 indicates that the lane can be used. [16] = Lane O .. [3]
Lane 15.
Bits[15:12} Reserved
Bits[11:8]- Target Speed. (1=2.5G, 2=5G,3=8€,6G).
Bits[7:3]- Reserved
Bit[2] — Autonomous Entry to Recovery command. When Set to 1, Bits[1] and [0] must bot
set to 0. Setting this bit to 1 causes the Link to immediately transition to recovery.
Bit[1] — Autonomous Width Change command. When set to 1, the Link transitions to recov
to perform a link width change, using the Lane Width Mask field. This bit is ignored if HW
Autonomous Width Disable has been set in the Link Control register.
Bit[0] — Autonomous Speed Change command. When set to 1, the Link transitions to Recq
to perform a speed change, using the Target Speed field. This bit is ignored if HW Autona
Speed Disable has been set in the Link Control 2 register.
Speed and width changes can be signaled together. However, entry to recovery must be
signaled independently from speed or width changes.

173164 Reserved Reserved

5.2.12. Secondary PCI Express Extended Capability

Table 5.219. Secondary PCl Express Extended Capability

Addr Config Register Register Description
183180 Secondary PCI Beginning of Secondary PCI Express Extended Capabilibgphisility is only present if the
Express Extended PCle 3.0 support is enabled in the design. If the AER capability is not present, this capabi
Capability Header located at offset 0x100 instead.
Bits[31:20}- Read Only. Pointer to next Enhanced/Extended Capability Item in the list.
1 Bits[19:16]- Read Only = 0x1 == Capability Version
1 Bits[15:0]- Read Only = 0x0019 == Capability ID
187-184 Link Control 3 Read/Write
1 Bits[31:16]-Reserved =0
1 Bits[15:9]-Enable Lower SKP OS Generation Vector
1 Bits[8:2]-Reserved =0
1 Bit[1]-LinkEqualization Request Interrupt Enable
1 Bit[0]— Perform Equalization
18B188 Lane Error Status Read Only: Indicates larspecific error status.
1 Bits[31:NUM_LANESReserved = 0
1 Bit[Lane#}-1 == Error detected on lane[[Lane#]; 0 == no error
1AB18C Lane Equalization Read Only: Control and status fields for link equalizatiorhitSper lane starting with Lane[0]
Control Register with higher lane #s at higher addresses.
Per lane format is as follows:
1 Bit[15]-Reserved =0
1 Bits[14:12}-Upstream Port Receiver Preset Hint
1 Bits[11:8]-Upstream Port Transmitter Preset
1 Bit[7]—Reserved =0
1 Bits[6:4]- Downstream Port Receiver Preset Hint
1 Bits[3:0]-Downstream Port Transmitter Preset
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5.2.13. ATS Extended Capability
Table 5.220. ATS Extended Capability

Addr Config Register Register Description
. Beginning of ATS Extended CapabiliBead Only
ATS Capability . 1 Bits[31:20}- Pointer to nexttnhanced/Extended Capability Item in the list.
203-200 Extended Capability ) . .
Header 1 Bits[19:16] = 0x1 == Capability Version
1 Bits[15:0] = 0xO00F == Capability ID
Read Only
205204 ATS. Capability 1  Bits[4:0]- Invalidate Queue Depth
Register 1 Bit[5]Page Aligned Request
1 Bits[15:6]- Reserved
Read/Write
. 1  Bits[4:0]- Smallest Translation Unit
207-206 ATS Control Registe f  Bits[14:51 Reserved
1 Bit[15]-Enable

5.2.14. DSN Extended Capability
Table 5.221. DSN Extended Capability

Addr Config Register Register Description
213210 DSN Capability Beginning of DSN Extended Capab#iBead Only
Extended Capability | q  Bits[31:20}- Pointer to next Enhanced/Extended Capability Item in the list.
Header f  Bits[19:16] = 0x1 == Capability Version
1 Bits[15:0] = 0x0003 == Capability ID
21B214 DSN Serial NUmber | Read Only
1 Bits[63:0]- DSN Serial Number

5.2.15. Resizable BAR Capability
Table 5.222. Resizable BAR Capability

Addr Config Register

Register Description

283280 Resizable BAR Resizable BAR Capability Head&ead Only
Extended Capability | §  Bits[31:20}- Pointer to next Enhanced/Extended Capability Item in the list.
Header 1 Bits[19:16] = Ox1 == Capability Version
1 Bits[15:0] = 0x0015 == Capability ID
287-284 Resizable BAR Read Only
Capability(0) f  Bits[31:24]- Reserved
1 Bits[23:4]-When Bit n is Set, The BAR Indicated by the BAR Index in the Control Re
operates with BAR sized to 2”(n+16) Bytes. For example, bit[4] = 2720 Byi4B = 1
1 Bits[3:0]-Reserved
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Addr Config Register Register Description
28B288 Resizable Bar Contrq §  Read Only
Register(0) 1 Bits[-Resk3I]lved
1 ReadWrite
1 BitsFBRRB8$i ze. Encoded Value for th
1 Read Only
T Bits{INAu:mbler of Resizabl e BARs.The/sad uly
only wvalid in the Resizable BAR Cont
these bits are Reserved.
i Blts—[BZARO]Index for this BAR:
f 0 = BAR | ocated at of set 0O0x10
T 1 = BAR |l ocated at ofset 0x14
T 2 = BAR | ocated at of set O0x18
T 3 = BAR |l ocated at ofset O0x1C
T 4 = BAR |l ocated at ofset 0x20
T 5 = BAR |l ocated at of set 0x24
T Ot her alues -beseBABRd. t Rbs Banféx s
DWORD.
2BF28C Resizable BAR SeeResizable BAR Capability (0)
Capability and See Resizable BAR Control Register(0)
Control Registers The number of Implemented BAR Capability and Control Registers depends on the settin
(1..6) “Number of Resizable BARs” Control Regis

5.2.16. Power Budgeting Capability

Table 5.223. Power Budgeting Capability

Addr Config Register Register Description
393390 Power Budgeting Beginning of Power Budgeting Extended CapabilRgad Only
Capability Extended | §  Bits[31:20]- Pointer to next Enhanced/Extended Capability Item in the list.
Capability Header | ¢ Bits[19:16] = Ox1 == Capability Version
1 Bits[15:0] = 0x0004 == Capability ID
394 Data Select Register| Read/Write
1 Bits[7:0]-Data Select Register
397395 Reserved Reserved
39B-398 DataRegister Read Only
1 Bits[31:21}- Reserved
1 Bits[20:18}- Power Rail (0:12V,1:3.3V,2:1.5/1.8V,7:Thermal)
1 Bits[17:15}- Type (0:PME Aux,1:Aux,2:ldle,3:Sustained,7:Max)
1 Bits[14:13}-PM State (0:D0,1:D1,2:D2,3:D3)
1 Bits[12:10}- PM Sub Staté):Default,others: Device Specific)
1 Bits[9:8]-Data Scale (0:1x,1:0.1x,2:0.01x,3:0.001x)
i1 Bits[7:0]-Base Power
39C Capabilities Read Only
Register 1 Bits[7:1]-Reserved

1 Bit[0]—System Allocated Set to 1 to indicate that the Power Budget ShouldSystem
Allocated, and the values from the Data Register should NOT be used for System Po
Budgeting. Set to 0 to indicate that the values provided in the Data Register should b
used for System Power Budgeting.
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Table 5.224. Dynamic Power Allocation (DPA) Capability
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Addr Config Register Register Description
3A33A0 DPA Capability Beginning of DPA Extended Capabiiead Only
Extended Capability | §  Bits[31:20}- Pointer to next Enhanced/Extended Capability Item in the list.
Header 1  Bits[19:16] = 0x1 == Capability Version
1 Bits[15:0] = 0x0016 == Capability ID
3AT-3A4 DPA Capability Read Only
Register 1  Bits[31:24} Transition Latency Valuel (xlcy1)
1 Bits[23:16}- Transition Latency ValueO (xlcy0)
1 Bits[15:14}- Reserved
1 Bits[13:12]- Power Allocation Scale (PAS)
1 Bits[11:10}- Reserved
1 Bits[9:8]-Transition Latency Unit (tlunit)
1 Bits[7:5]-Reserved
1 Bits[4:0]-Substate_Max
3AB3A8 DPA Latency Read Only
Indicator Register f Bits[31:Substate_Max+1]Reserved
1 Bits[Substate_Max:0} Transition Latency Indicator Bits
3AD3AC DPA Status Register| Read Only
1 Bits[15:9]- Reserved
Read, Write 1 to Clear
1  Bits[8]- Substate Control Enabled
Read Only
1 Bits[7:0]- Substate Status
3EF3AE DPA Control Registe| Read Only
1 Bits[15:5]-Reserved
Read/Write
1 Bits[4:0]- Substate Control
3CF3B0 DPA Power Read Only
Allocation Array Bits[7:0]- Substate Power Allocation Register
Address 3B0 is f@ubstate 0
Address 3B1 is for Substate 1, up to Substatbstate_Max

5.2.18. L1 PM Substates Extended Capability
Table 5.225. L1 PM Substates Extended Capability

Capabilities Register

Addr Config Register Register Description
3D33D0 L1 PM Substates Beginning of L1 PM Substates Extended CapabiRtyad Only
Capability Extended | §  Bits[31:20}- Pointer to next Enhanced/Extended Capability Item in the list.
Capability Header | q  Bits[19:16] = 0x1 == Capability Version
1 Bits[15:0] = OxO01E == Capability ID
3D7-3D4 L1 PM Substates Hwinit

Bits[31:24} Reserved

Bits[23:19} Port TPOWER_ON Value

Bits [18]- Reserved

Bits[17:16]- Port TPOWER_ON Scale

Bits[15:8]- Port Common_Mode_Restore_Time (in us)
Bits[7:5]- Reserved

Bit[4]-L1 PM Substates Supported

Bit[3] - ASPM L1.1 Supported

= =4 =4 -4 -4 -8 -8 -9
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Addr Config Register Register Description
1 Bit[2]-ASPM L1.2 Supported
1 Bit[1]-PCIPM L1.1 Supported
1 Bit[0]-PCIPM L1.2 Supported
3DB3D8 L1 PM Substates Read/Write
Control 1Register f Bits[31:29}-LTR_L1.2_ THRESHOLD_Scale
1 Bits[28:26}- Reserved
1 Bits[25:16}-LTR_L1.2_ THRESHOLD_Value
1 Bits[15:8-Common_Mode_Restore_Time
1 Bits[7:4]-Reserved
1 Bit[3]-ASPM L1.1 Enable
1 Bit[2]-ASPM L1.2 Enable
1 Bit[1]-PCiPM L1.1Enable
1 Bit[0]-PCIPM L1.2 Enable
3DF3DC L1 PM Substates Read/Write
Control 2 Register | §  Bits[31:8]- Reserved
1 Bits[7:3-TPOWER_ON Value
1 Bit[2]-Reserved
f  Bits[1:0]- Teower_oScale

5.2.19. Latency Tolerance Reporting Capability

Table 5.226. Latency Tolerance Reporting (LTR) Capability

Addr Config Register Register Description
3E33E0 LTR Capability Beginning of LTR Extended CapabiliBead Only
Extended Capability | §  Bits[31:20} Pointer to next Enhanced/Extended Capability Item in the list.
Header 1 Bits[19:16] = Ox1 == Capability Version
1 Bits[15:0] = 0x0018 == Capability ID
3E53E4 Max Snoop Latency | Read/Write
Register f  Bits[15:13]- Reserved
1 Bits[12:10-Max Snoop LatencyScale
1 Bits[9:0]- Max Snoop LatencyValue
3E73E6 Max NeSnoop Read/Write
Latency Register f Bits[15:13}- Reserved
1 Bits[12:10- Max NeSnoop LatencyScale
1 Bits[9:0]- Max NaSnoop LatencyValue
5.3. DMA Configuration Space Registers

Each DMA Channel implements 128 (0x80) bytes of DMA RegiBkAsChannel Registers are accessed via PCI Express

through the PCI Express Base Address Register associated with DMA Channel Registers. When multiple PCle functions are
present each function is assign@Db MA Channel s and each function’s share of
function’s associated DMA Register BAR. DMA -bkannel Regi

To discover all 64 DMA Channdghysical functionand SROVneed to be enabledThis willgivea total of 32 functions
available to the PCle Endpoint.
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Table 5.227. DMA Configuration Space Registers

Register
Offset

Config Register

Register Description

0x0

SRC_Q PTR_LO

Bits[316] — Queue Base Addre§31:6]. Queues are required to be &4te alighed.

Bitsp:2] — Queue Read Request Attribut@&ansaction attributes used by Queue reg
requests when reading SGL elements. If Queue Location == AXI, read_attr[3:0] is|
for m_arcache[3:0]. If Queue Location == PCle, read_attr[2:0] is used for PCle Att

Bits[l] — Queue Enable

T O0-Di sabl ed. The DMA Channel wi || no

T 1-Enabl ed. The DMA Channel wi || fet
as | @Qng I am3 T ! = Q_NEXT

Bits[0]— Queue Location

f 0-Queue is located in PCle Memory

T 1-Queue is | ocated i n AXI Me mor y

Ox4

SRC_Q _PTRL

Bits[310] — Queue Base Addre§83:32]. Must be set to 0x0 if the Queue is located i
32-bit address space.

0x8

SRC_GBIZE

Bits[31:0]- Queue Size. Number of Elements in the Queue. queuengizébe >= 2. A
minimum of 2 elements is required to support software/hardware queue flow contf
ownership. queue_size is used to identify the wrap boundary of the Queue.

0oxC

SRC_Q_LIMIT

Bits[31:0]- Queue Flow ContrelLimit Pointer Index of the first Queue element still
“owned” by software. Incremented by
elements to execute. DMA Channel hardware will pause and not utilize queue
elements when Q_LIMIT is reached until Q_LIMIT is advangevide additional
elements to execute.

0x10

DST_Q_PTR_LO

Bits[31:6]- Queue Base Address [31:6]. Queues are required to Hey&laligned.

Bits[5:2]- Queue Read Request Attributes. Transaction attributes used by Queue

requests when reading SGL elements. If Queue Location == AXI, read_attr[3:0] is

for m_arcache[3:0]. If Queue Location == PCle, read_attr[2:0] is used for PCI®JAtt

Bits[1]— Queue Enable

T O-Disabl ed. The DMA Channel wi || n o

T 1-Enabl ed. The DMA Channel wi || fet
as long as Q_LIMIT !''= Q_NEXT

Bits[0]— Queue Location

T 0-Queue is |l ocated in PCle Memory

T 1-Queue is | ocated i n AXI Me mor y

0x14

DST_Q PTR_HI

Bits[31:0]- Queue Base Address [63:32]. Must be set to 0x0 if the Queue is locate]
32-bit address space.

0x18

DST_Q_SIZE

Bits[31:0]- Queue Size. Number of Elements in the Queue. queue_size must be >
minimum of 2 elements is required to support software/hardware queue flow contf
ownership. queue_size is used to identify the wrap boundary of the Queue.

0x1C

DST_Q_LIMIT

Bits[31:0]- Queue Flow ContrelLimit Pointer. Index of the first Queue element still
“owned” by software. I ncremented by
elements to execute. DMA Channel hardware will pause and not utilize queue
elements wherQ_LIMIT is reached until Q_LIMIT is advanced to provide additiong
elements to execute.

0x20

STASQ_PTR_LO

Bits[31:6]- Queue Base Address [31:6]. Queues are required to HeyGaligned.
Bits[5:2]- Queue Read Request Attributes. Transaction attributes used by Queue
requests when reading SGL elements. If Queue Location == AXI, read_attr[3:0] is
for m_arcache[3:0]. If Queue Location == PCle, read_attr[2:0] is used for PCI@]tt
Bits[1]— Queue Enable

T O0-Di sabl ed. The DMA Channel wi || no
T 1-Enabl ed. The DMA Channel wi || fet

as long as Q_LIMIT !''= Q_NEXT

Bits[0]— Queue Location
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Register
Offset

Config Register

Register Description

f 0-Queue is located in PCle Memory
T 1-Queue is | ocated i n AXI Me mor y

0x24

STASQ_PTR_HI

Bits[31:0]- Queue Base Address [63:32]. Must be set to 0x0 if the Queue is locate]
32-bit address space.

0x28

STASQ_SIZE

Bits[31:0]- Queue Size. Number of Elements in the Queue. queue_size must be >
minimum of 2 elements is required to support software/hardware queue flow cont
ownership. queue_size is used to identify the wrap boundary of the Queue.

0x2C

STASQ_LIMIT

Bits[31:0]- Queue Flow ContrelLimit Pointer. Index of the first Queue element still
“owned” by software. I ncremented by
elements to execute. DMA Channel hardware will pause and not utilize queue
elements wherQ_LIMIT is reached until Q_LIMIT is advanced to provide additiong
elements to execute.

0x30

STAD_Q_PTR_LO

Bits[31:6]- Queue Base Address [31:6]. Queues are required to Hey&laligned.

Bits[5:2]- Queue Read Request Attributes. Transaction attributes used by Queue

requests when reading SGL elements. If Queue Location == AXI, read_attr[3:0] is

for m_arcache[3:0]. If Queue Location == PCle, read_attr[2:0] is used for PCI@]tf

Bits[1]— Queue Enable

1 O-Disabled. The DMA Channel will/l n o

T 1-Enabl ed. The DMA Channel wi || fet
as long as Q_LIMIT !'= Q_NEXT

Bits[0]— Queue Location

T 0-Queue is |l ocated in PCle Memory

f 1-Queue is located in AXI Me mor y

0x34

STAD_Q_PTR_HI

Bits[31:0]- Queue Base Address [63:32]. Must be set to 0x0 if the Queue is locate
32-bit address space.

0x38

STAD_Q_SIZE

Bits[31:0]- Queue Size. Number of Elements in the Queue. queue_size must be >
minimum of 2 elements is required to support software/hardware queue flow contf
ownership. queue_size is used to identify the wrap boundary of the Queue.

0x3C

STAD_Q_LIMIT

Bits[31:0]- Queue Flow ContrelLimit Pointer. Index of the first Queue element still
“owned” by software. I ncremented by
elements to execute. DMA Channel hardware will pause and not utilize queue
elements wherQ_LIMIT is reached until Q_LIMIT is advanced to provide additiong
elements to execute.

0x40

SRC_Q_NEXT

Bit431:0]— Queue Flow ContrelNext Pointer. Index of the next Queue element tha
will be read by DMA Channel hardware. Incremented by DMA Channel hardware
gueue read requests are generated. The number of queue elements available for
DMA Channel == SRC_MMIT - SRC_Q_NEXT (taking into account wrapping).
SRC_Q_NEXT does not indicate that Queue Elements have been completed, onl
the DMA Channel has started processing for the queue elements. Software must
this register to 0x0 to initialize the quevprior to enabling the DMA Channel. Softwa|
is prohibited from writing this register while the DMA Channel is enabled.
SRC_Q_NEXT is utilized by DMA Channel hardware to track its location in the qu
and should not be used by DMA software.

0x44

DST_Q_NEXT

Bit431:0]— Queue Flow ControelNext Pointer. Index of the next Queue element tha
will be read by DMA Channel hardware. Incremented by DMA Channel hardware
gueue read requests are generated. The number of queue elements available for
DMA Channel ==R€_Q_LIMITSRC_Q_NEXT (taking into account wrapping).
SRC_Q_NEXT does not indicate that Queue Elements have been completed, onl
the DMA Channel has started processing for the queue elements. Software must
this register to 0x0 to initialethe queue prior to enabling the DMA Channel. Softwe
is prohibited from writing this register while the DMA Channel is enabled.
SRC_Q_NEXT is utilized by DMA Channel hardware to track its location in the qu
and should not be used by DMA software.
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Register
Offset

Config Register

Register Description

0x48

STAS_Q_NEXT

Bit431:0]—Queue Flow ControelNext Pointer. Index of the next Queue element tha
will be read by DMA Channel hardware. Incremented by DMA Channel hardware
gueue read requests are generated. The number of queue elements available for
DMA Channel ==R&_Q_LIMITSRC_Q_NEXT (taking into account wrapping).
SRC_Q_NEXT does not indicate that Queue Elements have been completed, onl
the DMA Channel has started processing for the queue elements. Software must
this register to 0x0 to initialethe queue prior to enabling the DMA Channel. Softwg
is prohibited from writing this register while the DMA Channel is enabled.
SRC_Q_NEXT is utilized by DMA Channel hardware to track its location in the qu
and should not be used by DMA software.

0x4C

STAD_Q_NEXT

Bit431:0]—Queue Flow ControelNext Pointer. Index of the next Queue element tha
will be read by DMA Channel hardware. Incremented by DMA Channel hardware
gueue read requests are generated. The number of queements available for the
DMA Channel == SRC_Q_LIMBRC_Q_NEXT (taking into account wrapping).
SRC_Q_NEXT does not indicate that Queue Elements have been completed, onl
the DMA Channel has started processing for the queue elements. Softwareunitgst
this register to 0x0 to initialize the queue prior to enabling the DMA Channel. Soft
is prohibited from writing this register while the DMA Channel is enabled.
SRC_Q_NEXT is utilized by DMA Channel hardware to track its location in the qu
andshould not be used by DMA software.

0x50

SCRATCHO

Bitd31:0]— Scratchpad Register. Intended to enable information to be passed bety
software. For example, applications with both an AXI CPU and an PCle CPU may|
this register to pass information between CPUs. The DMA Channel implementatio
does not use palter this information.

0x54

SCRATCH1

Bitd31:0]— Scratchpad Register. Intended to enable information to be passed bety
software. For example, applications with both an AXI CPU and aiCPOlenay use
this register to pass information between CPUs. The DMA Channel implementatiq
does not use or alter this information.

0x58

SCRATCH2

Bit431:0]— Scratchpad Register. Intended to enable information to be passed bety
software. For example, applications with both an AXI CPU and an PCle CPU may
this register to pass information between CPUs. The DMA Channel implementatio
does not use palter this information.

0x5C

SCRATCH3

Bitd31:0]— Scratchpad Register. Intended to enable information to be passed bety
software. For example, applications with both an AXI CPU and an PCle CPU may
this register to pass information between CPUs. The DMA Channel implementatio
does not use palter this information.

0x60

PCIE_INTERRUPT_CONT]

Bit431:24]— Reserved
Bit423:16]— PCle DMA SGL Interrupt Coalesce Count. Controls the frequency at \
a DMA SGL Interrupt Event, completion of a source SGL Element that had both th
"EOP" and "Interrupt" SGL control bits set to 1, causes PCle Interrupts. An interng
DMA Channkespecific PCle DMA SGL Coalesce Counter is maintained. For each [
SGL Interrupt Event, if the current PCle DMA SGL Coalesce Counter is equal to R
DMA SGL Interrupt Coalesce Count, then a PCle interrupt is generated and the P
DMA SGL Coalesceubter is cleared otherwise the PCle DMA SGL Coalesce Cour
incremented. The PCle DMA SGL Coalesce Counter is also cleared when DMA E
== 0. This mechanism allows software to configure the DMA Channel to interrupt

once every 256 DMA SGL latrupt Events. When a ned value is programmed into

PCle DMA SGL Interrupt Coalesce Count, software must anticipate that at the en
DMA packet transfers, interrupts may be pending in the PCle DMA SGL Coalesce
Counter that will not cause an interrtpecause no more interrupts will arrive for PC
DMA SGL Coalesce Counter to reach the PCle DMA SGL Interrupt Coalesce Coy
threshold.

Bit415:3]— Reserved.

Bit42] — PCle Enable DMA SGL Interrupt Event
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Register | Config Register Register Description
Offset
T O0-Di sabl ed. DMA SGL Interrupt Event
interrupts to be generated.
T 1-Enabl ed. DMA SGL Interrupt Event
Channel
1 Bitd1] —PCle Enable DMA Error Interrupt Event
T O0-Di sabl ed. DMA Error I nterrupt Eve
Express interrupts to be generated
T 1-Enabl ed. DMA Error I nterrupt Even
Channel
1 Bits[0]-PCle Interrupt Enable
T O-Disable Interrupts. Hol d PCle int
assert them when PCle Interrupt En
cleared when DMA_Enable == 0.
1 1-Enable Interrupts. Al'l ow PCle int
0x64 PCIE_INTERRUPT_STAT{ §  Bitd31:4]—Reserved.
1 Bitd3] - PCle Software Interrupt Status.
f O-No sofware interrupt pending
T 1-A Sofware Interrupt was generated
1 Bitd2] - PCle DMA SGL Interrupt Status.
f O-No DMA interrupt pending
f 1-DMA SGL Interrupt Events caused a
1 Bitd1] —PCle DMA Error Interrupt Status.
T O-NoDMAnterrupt pending
T 1-DMA Error Interrupt Events caused
1 Bitd0] —Reserved.
0x68 AXI_INTERRUPT_CONTR| { Bitd31:24]-Reserved.

1 Bitd23:16]- AXI DMA SGL Interrupt Coalesce Count. Controls the frequency at wi
DMA SGL Interrupt Event (completion of a source SGL Element that had both the
"EOP" andInterrupt" SGL control bits set to 1) causes AXI Interrupts. An internal [
Channeilspecific AXI DMA SGL Coalesce Counter is maintained. For each DMA S
Interrupt Event, if the current AXI DMA SGL Coalesce Counter is equal to AXI DM
Interrupt Coalsce Count, then a AXI interrupt is generated and the AXI DMA SGL
Coalesce Counter is cleared otherwise the AXI DMA SGL Coalesce Counter is
incremented. The AXlI DMA SGL Coalesce Counter is also cleared when DMA En
0. This mechanism allows softwaredonfigure the DMA Channel to interrupt AXI
once every 1256 DMA SGL Interrupt Events. When a-foralue is programmed into
AX| DMA SGL Interrupt Coalesce Count, software must anticipate that at the end
DMA packet transfers, interrupts may be pemglin the AXI DMA SGL Coalesce
Counter that will not cause an interrupt because no more interrupts will arrive for A
DMA SGL Coalesce Counter to reach the AXI DMA SGL Interrupt Coalesce Coun
threshold.

1 Bitd15:3]-Reserved.

1 Bitd2] - AXIEnable DMA SGL Interrupt Event

i O-Disabled. DMA SGL Interrupt Event
interrupts to be generated.
T 1-Enabl ed. DMA SGL Interrupt Event

Channel
1 Bitd1] - AXIEnable DMA Error Interrupt Event.
T O-Disabl ed. DMA Error
Express interrupts to
T 1-Enabl ed. DMA Error
Channel

I nterrupt Eve
be generated

I nterrupt Even
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Register | Config Register Register Description
Offset
1 Bits[0]- AXlInterrupt Enable
1T O-Disable Interrupts. Hol d PCle int
assert them when PCle Interrupt En
cleared when DMA_Enable == 0.
f 1-Enable Interrupts. All ow PCle int
0x6C AXI_INTERRUPT_STATUY § Bitg31:4]—Reserved.
1 Bitd3] — AXISoftware Interrupt Status.
f O-No sofware interrupt pending
T 1-A Sofware Interrupt was generated
1 Bitd2] - AXIDMA SGL Interrupt Status.
f 0O-No DMA interrupt pending
T 1-DMA SGL Interrupt Events caused a
1 Bitd1] — AXIDMA Error Interrupt Status.
f O-No DMA interrupt pending
T 1-DMA Error Interrupt Events caused
1 Bitd0] —Reserved.
0x70 PCIE_INTERRURBSERT | 1 Bitd31:4]—Reserved.
1 Bitd3] —PCle Software Interrupt. Write a 1 to this register to generate a PCle Soft
Interrupt. An interrupt is generated and propagated through the PCI Express Core
PCle in the same manner as a DMA Channel interrupt (using the same Interrupt
Vector).Interrupts are generated by writes to this register independent of whether
DMA Channel is enabled.
1 Bitd2:0] —Reserved.
0x74 AXI_INTERRUPT_ASSER] § Bitg31:4]—Reserved.
1  Bitd3] —AXI Software Interrupt. Write a 1 to thiegister to generate a AXI Software
Interrupt. An interrupt is generated and propagated through to AXI in the same
manner as a DMA Channel interrupt (using the same Interrupt Vector). Interrupts
generated by writes to this register independent of whetithe DMA Channel is
enabled.
1 Bit42:0]—Reserved.
0x78 DMA_CONTROL 1 Bitd31:3]-Reserved.
1 Bit§2] —DMA Channel Completion Status Queue Element Size. If User ID and/or
Handle information is needed for an application, the application must setup the DN
Channel with 64it Status Queue Elements. If these features are not needed, then
DMA Channel iay be setup with 3dit Status Queue Elements to reduce the bus
utilization required to write status Queue Elements.
T 0-32i-ftatus Queue el ements contain
T 1-64i-Ft atus Queue el ements include
informaton that is useful for some
1 Bitd1] - DMA Channel Reset. Each DMA Channel has a small Source SGL FIFO,
Destination SGL FIFO, Source DMA Completion Status FIFO, and Destination DN
Completion Status FIFO to enable overlapping of DMA transactions for higher
throughput. When a DMA Channel is disabled, these FIFOs may not empty fully a
may need to be flushedefore the DMA Channel can be reused for a new operatio
T O-Nor mal operaton.
1T 1-Reset DMA Channel Source SGL FI FQ
Compl eton Status FIFO, and Destnat
1 Bitd0] - DMA Channel Enable

1T O-Disable DMA Channel . DMA Channel
DMA Channel is disabled. Afer disa
al | outstanding DMA traesakbltiomg tb
Channel or sofewaprrei ocrandicsaaubslee dt,h bu't
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Register | Config Register Register Description

Offset
operaton, to fail potentally causi
determine when a prior DMA operato

1T 1-Enabl e DMA Channel . DMA Channel f

Scater Gather Elements, executes t
status to the Source and Destnaton
Channel pauses DMAwhdeanteav etrr ai nts adcoteosn
gueue el ement available for execut
advanced to provide additonal el em

0x7C DMA_STATUS Bitd31:16]— Reserved.

Bitg§15] — DMA Channel Present. During initialization, the DMA Driver can read thi
register at all possible DMA Chanfslgister locations to determine how many DMA|
Channels are implemented.

T 0-Ot her wi se

T 1-A DMA Channel Register set is pre
Bit§14] — Reserved.

Bitd13:4]—DMA Channel Number. Unigue DMA Channel Number assigned to this
DMA Channel. The DMA Channel Number register is for informational purposes g
not needed for DMA operation. DMA Channel number is unique for each DMA Ch
even for multifunction andSRIOV applications.

Bitd3:1] — Reserved.

Bit§0] —DMA Running. Prior to transitioning DMA Enable from 0 to 1 or modifying
contents of the DMA Channel's Queue Management Registers, software must reg
DMA Running == 0 to verify that the prior DMA operation completed and that it is
to re-initialize and restart the DMA Channel. The DMA Channel Source and
Destination Queues can be-tsed for new DMA operations (by changing the Queu
ScatterGather List contents) without having to disable the DMA Channel. In gene
software should setup th8ource SGL, Destination SGL, Source DMA Completion
Status, and Destination DMA Completion Status Queues once at driver initializatig
and keep the DMA Channel Enabled for the entire time the driver is loaded. Whern
there is new work to do, the Driver makeése associated queue elements available t
be executed by updating the Queue LIMIT pointers.

T O-DMA Channel is idl e.

T 1-DMA Channel is busy processing.
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6. Example Design

The PCle8 IP example design is only available for the simulation purposes in this IP version. The steps to run the functional
simulation is described in tHRunning Functional Simulatieection. The PCk8 IP generates two types of example

designs:

1 DMA Desigri2024.2)

1 NonDMA Design

6.1. Example Design Supported Configuration
The Example Design Supported Configuration is showabie6.1.

Table 6.1. PCle x8 IP Configuration Supported by the Example Design

PCle x8 IP Configuration Supported in the Example Demo Design
PCle x8 IP User Interface Parameter

DMA Design Non-DMA Design
Bifurcation seledon 1x8 1x1,1x2,1x4,1x8
Target Link Speed 5G, 2.5G, 8616G 5G, 2.5G, 8616G
Data Interface Type AXIMM TLP
Number of Physical Function 1 is supported (Function 0) Lis supported (Function 0)

Multi-Functior?

Enable Descriptor ID N/A N/A

PCle CSR Base Address

(512 kB aligned) N/A 0xC5200000

Posted TLP Base addresixFFFF0000
Rx TLBase Address N/A Non-Posted TLP Base Addresix FFFF1000
Completion TLP Base Addres3x FFFF2000

Optional Ports-:
Enable Clkreq port N/A N/A
Enable LTSSM disable port

Refer toFlow Control Updatsection for the

Flow Control Tab N/A configuration performed in this tab.
Descriptor Queue Base address N/A N/A

Descriptor Queue Base Depth N/A N/A

Status Queue Base Address N/A N/A

Status Queue Base Depth N/A N/A

Configuration

Device ID and Vendor ID
Subsystem ID

Subsystem Vendor ID
Class Code and Revision ID

N/A Device ID and Vendor ID is Configured from
AXHL and rest are default
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PCle x8 IP Configuration Supported in the Example Demo Design
PCle x8 IP User Interface Parameter
DMA Design Non-DMA Design
1
BAR 0 Enable v Vi
BAR 1 Enable xt Xt
BAR 3, BAR 4, BAR 5 X
Disable Legacy Interrupt xt
Disable MSI Capability xt Vi
Disable MSK capability Vi Vi
Enable DS apability xt Xt
Maximum Payload Size Supported 512 bytes 128 bytes, 256 bytes, or 512 bytes
Disable Function Level Reset A Vi
Enable Extended Tag Filed X Vi
Refer to theAdvance Error Reporting
Advance Error Reporting Capability | Not supported in 2024.2 release Capabilitysection for the configuration done in
this tab.

Notes:

1. V refers to a checked option in the PGRIP example design and X refers to an unchecked option or-apmitable option in the
PCle IP example design.

2. Available in 2024 release.

6.2. Overview of the Example Design and Features

The Example Design contains the PCle DMA desighPCle noidMA design. Using the graphical user interface, you can
test the PCle isupportedconfiguratiors. The testbench adapts and generates the testcases based on the configuration.
You can configure thearameters like the PCle generation (Gen13,2r 4), PCle lane width{, x2, x4, or x8), PCle DMA
enabled or disable, and data interface to be used.

To perform aNon-DMA write or read process, you must select the following parameters:

1 PCle Gespeed

1 Interface used for data transfefLP

1 DMA support enabfédisable

Based on these instructions, the BFM selects the type of testcase that needs to be implemenged4IP&le with non
DMA with TLP interface is selected, the BFM sends a testcase that is compatible with the DUT (PCle Endpoint).

Note:

1. Available in 2024 release.
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Dut_params.v module i
Generation, number of
lanes, interface selection,
DMA enable and disable.

Test bench
Test Cases
PCle BFM IP (Rootport)
Lattice PCle IP (Endpoint)
DMA Enabled DMA Not Enabled
User Logic User Logic

Software/User Logic

Figure 6.1. PCle x8 IP Example Design Block Diagram
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6.3. Example Design Components

6.3.1. DMA Design

The PCle x8 harden DMA is supported in IP version 2.1.0 and onwards. The PCle x8 implements the harden DMA example
design with the following components:

[ AWFIFO Ja—awcrame—|
¢——wr_en—]
< b Write | o
| €—wr_agaqie0—] Adapter [
|—wr_data[511:0—|
RAM DP
(64 Byte x Lattice PClex8 IP ) Lattice PCle BFM Ip Test Cases
2K depth) (Endpoin) [¢——PCle Link&— (Root Por}
(128B RAM
DR [ ARFIFO_Ja—ar cramer—] g
| —rd_addr16:0—— AdR:;ltir
—rd_data [511:0]— R Channet—»|

Figure 6.2. Components within the Harden DMA Design

The DMA Example Design supports both DMA modenaneDMA mode (DMA Bypass mode). In DMA mode, the DUT

fetches data from RAM_DP to Root Port or vice versa depending on DMA Descriptors. In DMA Bypass mode, the read/write
operation from Root Port bypasses the DMA engine and is forwarded out to RAM_DPhtineugame AXI interface. The

DMA Bypass mode is accessed through BAR1 while all DMA traffic uses BARO.

Note: Both DMA and noiDMA traffic in the Example Design targets RAM_DP. This is done by ignoring the upper bits of
BARO and BARL1 address (bit [63:Dn the AXI address bus

6.3.2. Non-DMA Design

The PCle8 Example Design implements the NDIMA Design with the following components:

1 PCle_rx_engineThe received TLPs on the Rx TLP Interface is decoded in this block. For write(posted) operations, the
received TLP data is sent to theie_ep_menblock to store this data into a RAM. For read(mwsted) operations, the
received TLP header information is sent to ffluée_tx_engindlock for the completion TLP.

1 PCle_tx_engine The transmitted TLPs on Tx TLP Interface managed by this block. This block sends out the completion
packets in response to the received npasted TLP packets to meet the PCle specification requirements. For example,
in case of memory readlLP type packet. The required header information for the completion packet is received from
the pcie_rx_engineThe data payload is read from theie_ep_mentblock for transmitting along with the completion
header.
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PCle_ep_mem ThePCle_ep_memodule receives the instructions from_enging whether the data is written or

read.This module consist of a RAM ,which is used to store the received data. The design consists of two bars (BAR 0 and
BAR 1) enabled in the PCle endpoint. Based on the address of the BAR, the RAM writes/reads thentiatdné&oar

specified.

Th_top
TLP/AXIS/AHBL
TX Interface PCle_rx_engine »
Lad
PCle Interface
Lattice PCle BFM IP | ,  XL/X2/X4 Lattice PCle IP PCle_ep_mem
Test Cases (Root Port) L > (Endpoint)
(DUT for Non-DMA)
TLP/AXIS/AHBL
< RX Interface PCle_tx_engine <
-

Software/User Logic Layer
(Non-DMA)

Figure 6.3. Components within NON-DMA Design

Additional Lattice IPs are used to enable the components required for theDM&A design aspecified below:

1

1

Avant OSC ModuleLatticeRadiant Software (FPARUG02184)— An internal oscillator is implemented to generate a
clock to drive the LMMI clock.

Memory Modules User Guide (FPGAJG02033)-A RAM_DQ of 3Bit, 64-bit, and 128bit are used in the
pcie_ep_mem module to store the data and can read or write the data from/to this RAM.

The following shows the NeBMA data flow:

f
f
f

= =

Reading the configuration of Lattice P&8P

BFM performs the linkup with PCle IP.

Once linkup is done, the BFM sends the header info of the data packet to the PCle whether to write/read into/from the
preferred BAR location of the PCle.

PCle sends the packet information to application layer, whiclpthe rx_enginelecodes the header data and

performs read/write operation accordingly.

For write operations, the data is written into RAM which stores the data received.

For read operations, the data is read from RAM and sent to the PCle along with the header information of the packet.
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Write

Start

Initial Configuration of
PCle

v

LinkUp Process

v

Data Transaction Starts
between PCle and BFM

PCle Writes Data into
the RAM

Write/Read

Non-DMA Write and
Read Display Status

A

Read

PCle Reads Data from

End

Figure 6.4. Non-DMA Design Data Flow
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6.4.

Simulating the Example Design

Start

Configuration of Lattice
PCle IP DMA

v

Waiting for PCle IP
LinkUp

v

Generating Testcase
based on User
Reruirement

v

Testcase Execution

v

Display the Status of
Operation

End of Simulation

Figure 6.5. PCle x8 IP Example Design Flowchart

The Example Design can run in simulation as follows:

1.

o~ wnN

Generatex & RhewiPtCh et he required configuration. So
LMMI The Testbench then waits for the Ilinkup to
Ehumeration is started and wait for completion.
The BFM waits for the PCle to |ink up.

The BFM starts sending the testcase based on th
The status of the testcase is displayed as PASS

me

of

t

occur.

e user

or
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6.4.1. Running Functional Simulation (Non-DMA)

Functional Simulation can be performed after the IP is generated through the Example Design testbench. For more details
on the Example Design configuration and test cases, refer t&xaenple Design Supported Configuratsaction. The
limitation of functional simulation is described in thenitations of the Example Desigaction.

To run the functional simulation:

1. Make sure that

testbench files ar

RIL Fdes
Constramt Fes

TestDench Fies

teatbench/DMA/ shD_srty/ah_ard v

SIDRNCNVDMA D arh/ahd_aD_updated v

. WTRRnCDMA/AOb_Masier/aph_master v

testtench/DMA/ 2D Mmatter/2p0_ IMmaster wrapper.v
testhenchyDMA/aph mats b _master wrappey upa.v
Vea e nchVDMA BOb_manter /s _synchroniiet v
e O DMA Sebounc e/ Sebounie. v

st NN DA SAONT 2D0er /OO0 M _weapper v
PN DMASION 800 . 0D Am_wrapper 2 %60ats v
SeatSenchy UMA/Mtoat apper M0 wrappet v

ADe nCOMAAR/U O _NDAGRam syt momory v

testtenchyDMA 1. 7Cle BN ue_dp_remy

testhenchyDMAAP Adpram_sys_memory v
PIEnCVDMANP g dp_ram. v

SEAIDEnC DMA eQuder S0/ teguter snace v
testDench DMA pys memony'sys_mem v
SN DMA Sys memony/sys_memn wpd 2 v

testSench DMASORAL _dma_appbcaton Layer v

Figure 6.6. Testbench Files

e generated duri

n ¢

2. ClicEitmmn to initiate the Simulation Wi zard and create

3. Name t he

project

Simulation Wizard

Project

Project name:

Project location:

Simulator
@ QuestaSim

QuestaSim Qrun
Invoke

Process Stage
9 RTL

Simulator Project Name and Stage

*
Enter name and directory for your simulation project. Choose simulator and the process
stage you wish to simulate. Available stages are automatically displayed.
llsc/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3 Browse...
< Back Next = Cancel

Figure 6.7. Project Naming

4. Seltbeopag AYdzZE  GA2Y ¢2L) a2 RdzZ S
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5. Ustehfeo |l |

Simulation Wizard

Parse HDL files for simulation
Parse HDL files for simulation.

Simulation top parsing finished.
= ANGIYZINY VENIUY e JisU/surdilrysusjaudrdinmyrauidgl II._pI'U]f_‘LUI‘_‘U_:II 1 I_WWJJ.UJJ'
ww31d3_dma/testbench/testbench/pcie_bfm_x4_4.v' (VERI-1482)
-- Analyzing Verilog file 'fIsc/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3/f
ww31ld3_dmajtestbenchitestbench/pcie_model_x4_4.v' (VERI-1482)
-- Analyzing Verilog file 'fIsc/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3/f
ww31d3_dma/testbench/testbench/ref_design_ts.v' (VERI-1482)
-- Analyzing Verilog file 'fIsc/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3/f
ww31ld3_dma/testbench/testbench/report_assertions_gend.v' (VERI-1482)
-- Analyzing Verilog file 'fIs¢/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3/
ww31ld3_dmaftestbenchitestbench/tb_top.v' (VERI-1482)
-- Analyzing Verilog file 'fIsc/scratch/sdc/abarahim/radiant_project/ed_sim_ww31d3/
ww31d3_dma/testbench/testbench/test defines.v' (VERI-1482)
-- Analyzing Verilog file 'Isc/scratch/sdc/abarahim/radiant_project/ed_sim_ww31d3/
ww31ld3_dma/testbench/testbenchitip2ahbl.v' (VERI-1482)
-- Analyzing Verilog file 'fIsc/scratch/sdc/abarahim/radiant_project/ed_sim_ww31d3/
ww31ld3_dma/ftestbench/testbench/tip2axiv' (VERI-1482)

Hdl files parsing messages are saved at: /lsc/scratch/sdc/abarahim/radiant_project/
ed_sim_ww31d3/ww31d3_dma/hdlparser.log

Simulation Top Module:  tb_top|

< Back Next =

Cancel

Figure 6.8. Simulation Top Module

owing simul ati onoissetrteiqugsr.edDef aul t

Simulation Wizard

Summary

Simulator @ QuestaSim Qrun

Project Name : ww31d3_dma

Project Location : flsc/scratch/sde/abarahim/radiant_projectfed_sim_ww31d3
Simulation Stage : RTL

Simulation Files :

X

/lsciscratchfsdefabarahim/radiant_project/ed_sim_ww31d3/ww31d3_dma/rtliww31d3_dma.sv
flsc/scratehfsdefabarahim/radiant_project/ed_sim_ww31d3/ww31d3_dma/testbench/DMA/IP/td
/lsciscratchfsdecfabarahim/radiant_project/ed_sim_ww31d3/ww31d3_dma/testbench/DMA/IP/tr
/lscfscratch/fsdefabarahim/radiant_project/ed_sim_ww31d3/ww31d3_dma/testbench/DMAfahb_
[Isc/scratchfsdefabarahim/radiant_project/ed_sim_ww31d3/ww31d3_dma/testbench/DMAfapb_
/lscfscrateh/fsdefabarahim/radiant_project/ed_sim_ww31d3/ww31d3_dma/testbench/DMAfapb_ -

4
Launch Simulator GUI
Design Optimization - Full Debug

Run simulation

Default Run 0 |ns ~ (0means 'run -all')

Simulator Resolution | default -

< Back

Figure 6.9. Simulation Setting

Finish

4

Add top-level signals to waveform display

Cancel

6. QuestlasStithic elsannchddhaywmuehest aS-Edi DEMh | i
known issue). Proceed to close th

e

current

Run set t o

cense versior
QuestaSim wi
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End time: @1:88:33 on Jul 31,2824, Elapsed time: @:81:82
Errors: 1, Warnings: 78
R Sumar'}. rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr

= 3% 3E 3 3 A A I

gqrun: Errors: 8, Warnings: 8
vlog: Errors: @, Warnings: 42
vopt: Errors: 1, Warnings: 78
Totals: Errors: 1, Warnings: 112
fhome/rel/ng2824_1p. 34/cd-LIN/diamondng/questasim_tool/questasim/linux_xB6_64/gqrun failed.

Figure 6.10. Known Simulation Error

7. Openf tINB 2aSmdhedT upiBFéoAdhd | owi ng
For Linux:
- reflib /home/rel/ng2024_1p.34/cd -
LIN/diamondng/questasim_tool/cae_library/simulation/libs/pmi_work
- reflib /home/rel/ng2024_1p.34/cd -
LIN/diamondng/questasim_tool/cae_library/simulation/libs/ovi_ap6a00c
For Windows:
- reflib C:/Iscc/radiant/2024.1/cae_library/simulation/libs/pmi_work
- reflib C:/Iscc/radiant/2024.1/cae_library/simulation/libs/ovi_ap6a00c
8. I n rtlINE 2fSiAleh,dFa g O FO@2 MbPp2 LIGA2Y 4D
- vopt.options
- suppress vopt - 7033,vopt - 7070
-end
9. Seuwtp the environment variable for FOUNDRY before | aunch
For Linux:
a. Inthe terminal used to launch the simulator, set the environment variable as follow
setenv FOUNDRY <Radiant_installation_directory>/rtf/cae_library
Examplseet env FOUNDRY /home/rell/ng2024 1p. 34/ rtf/ cae_1lib
For Wi:tndows
a. Runthe Command Prompt as Admin, then set the FOUNDRY as shown below.
b. After that, run the QuestaSi®EM full version.

BY Administrator C:\Windows\system32\cmd.exe

Microsoft Windows [Version 10.0.19045.5487]
(c) Microsoft Corporation. All rights reserved.

C:\Windows\system32>set FOUNDRY=C:/lscc/radiant/2024.2/ispfpga

C:\Windows\system32>C: /questasimb64 2021.2/win64/questasim.exe

C:\Windows\system32>_

Figure 6.11 System Environment Variable for Windows

10.Launch ful ISilOEdMe Vak eQuusalgies Qate stthaeSidromr e eterdu np rfaagjld cotwi ng g
command
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QuestaSim pwd
# /lsc/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3/ww3ld3_dma

QuestaSim> grun -clean -f ww31d3_dma.f |

Figure 6.12. Command of Full License QuestaSim OEM

11.0nce si mud mpglitohheodyg,s phbéelnhdowhmuebser ved.

# 162875.125688 ns -- INFO: th_tuﬁ.énn_ﬁc;e_hfmjaj.ﬁc;e_hfm_cﬁrutnctnd>: U : Data == @x9d@1f51f

# 162878.925648 ns -- INFO: th_top.gen_pcie_bfm[@].pcie_bfm <protected=: U : MWr6d4 -- 4188 ---- 881 ceb40009 00008800 @ F - —- -—- -= —= - ——= —- 162878
# 162879.875888 ns -- INFO: tb_top.gen_pcie_bfm[8].pcie_bfm <protected>: U : Data == @xB888aald

# 162879 875688 ns -- INFO: th_top.gen_peie_bfm[8]. peie_bfm. <protecteds: MSL Interrupt Received : Vector=8x8818, Addr=8xec648000800808088, Data=0x8888aald
# Done waiting for MSL interrupt event

# Starting dma_data_check

# Completed dma_data_check

# 163829 875888 ns -- INFO: th_top.ref_design_ts: DUT used the following tags[255:2]: @x80042000000000000000000000000000000000000000000 3 FFFIFFFFrrffifFf

# 163829 875008 ns -- INFO: th_top.ref_design_ts: ####84# SIMULATION COMPLETE ######as
# 163829.875888 ns -- INFO: th_top.report_status: SIMULATION STATUS: ALL TESTS PASS
# == Note: $stop o flse/scrateh/sde/abarahim/radiant_project/ed_sim_ww31d3/ww3ld3_dma/testbench/testbench/tb_top.v(1889)

Time: 163829875 ps Iteration: 4 Instance: /th_top

# Break in Module th_tep at /lsc/scratch/sde/abarahim/radiant_project/ed_sim_ww31d3/ww3ld3_dma/testbench/testbench/th_top.v line 1889

12.

13.

Figure 6.13. Expected Log Printing

For ti&MANexample design, you ciamdo ywhatiglee t hidrMbeDeNo mar a
parameters section only:
T NON_DMA_TESTCASE_TYPE
3 ' d3BINGLE BAR MEM_WRITE
3 ' d3INGLE BAR MEM_READ
3 ' & 2INGLE BAR MEM_WRITE AND MEM_READ
3 ' & BNO BAR CONCURRENT MEM_WRITE AND READ
3 ' & @ONFIGURE WRITE
3 ' ¢ GONFIGURE READ
3 ' d3ingle BAR Multiple Write and Multiple Read transactions to incremental address with incremental
data.
3 ' dTiwo BAR Multiple Write and Multiple Read transactions to incremental address with incremental data.
3’ d&ingle BAR Multiple Write and Multiple Read transactions to same address with similar data.
3 ' d&Bwo BAR Multiple Write and Multiple Read transactions to same address
T NON_DMA_SI NGEEhB&aARi_ SEsel ected only when single BAR op¢p
1T 1’ BRARO
1 1’ BbBARL
T NON_DMA_SERIES_PATTERN:
1 1 blhcremental pattern
1 1 bHxed pattern
NON_DMA_FI| XE®Du DATA gibviet ad aftiax ewdh e3n2 f i xed pattern is s
NON_DMA_NUM-DWaR®r of DWORD%t@32to be written in eacl
NON_DMA_NUM-RAGKETS of packets used in data transacti
NUM_WRENEBber of write transactions in multiple trans
NUM_READ$Nber of reacukttrbpbactiansachi ons.

Note:The number of byt-DMAi deai packeaesti beal Bes t han t he Ma
the maxi mum payload size is taken as the number of byt.e

The simulation run {cloanp]|l let¢ L hkeo# [{i[¢s! ¢idnfatd{wab & 59 9t KOS5
QuestaSim tr amisgduiriepito wsi ndhew.exampl e of a simulation wav

=4 =4 —a 8 & 8 9

=a —a -8

=A =4 -8 -4 A
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H-FE-S FRBOT[O-HE || SPERH|| Gt (F wo-dUNHAS | 5T [tat &-i\‘--!-\ ra-rs-—.a‘ﬂ-a\ x B U un\
g L S

R LA ([ 8/ M I

JFind: |8 | 4|2} sewrchPor = | ™ (@ & ax
33855910570 s fo 1INSLITILI

Figure 6.14. Simulation Waveform

6.4.2. Running Functional Simulation (DMA)

Functional Simulation can be performed after the IP is generated through the Example Design testbench. For more details
on the Example Design configuration and test cases, refer t&Xaenple DesigBupported Configuratiosection. The
limitation of functional simulation is described in thenitations of the Example Desigaction.

To run the functional simulation:
1. Make sure that the testbench files are generated duri

~ @ Testbench Fi
| testbe !
| testbench/DMA/debounce.v
| testbe Ma/dma_flopg.sv
[ testbe \ ocal_mem.sv
|M testbench i sign_top.sv

| testbe

NOMN_DMAJLMM
| testbench/NON_DMA... master_non_dma.v
[ testbench/NON_DMA.. pper_non_dma.v
m testbench/NON_DMA..._mem_ram_1 it.v
m testbench/NON_DMA...em_ram_128bit_1.v
[ testbench/MON_DMA..._mem_ram_256bit.v

| testbench/NON_DMA...em_ram_256
m testbench/NON_DMA/ep_mem_rarr

/NON_DMA..
m testbench/NON_DMA/ep_mem_rarr
E testbench/NON_DMA...mem_ram_i
| testbe
| testbe
| testbe
| testbe
| testbe
| testbe

Figure 6.15. Testbench Files
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2. Cl i

3. Name

c

t he

4, Cl Nexta gai n

5. Seleayd § BIY dzf |

it haen

ate the Simulation Wi

Cl c k

Simulation Wizard (on Idc-farm42)

to initi

pNext.j ect . i

Simulator Project Name and Stage
Enter name and directory for your simulation project. Choose simulator and the
stage you wish to simulate. Available stages are automatically displayed.

t location:

Simulator

O Que

Questa
¥ Invol

Process Stage

O RTL

Figure 6.16. Project Naming

whReRn tyhRe wWS@NRSEDW{ 8 gzpBEr s .

GA2y ¢2L) az2Rdz S

zard and

Simulation Wizard (on Idc-farm42)

Parse HDL files for simulation
Parse HDL files for simulation.

top parsing faile
ed to manually set the d

hill

simulati
You wil
" (VERI-1482)

h/NON_DMA/
h/NON_DM#/

RESSO_CORE
EXPRESSO_CORE
EXPRESSO_CORE

1_APB_MAST!
1 NWL_APB

g (VEI
ER_reg_look
El gte

Simulation Top Module:

6. Use t he f

Figure 6.17. Simulation Top Naming

ol l owi ng5§&#mdzt 8.t iMgishcsket t i ngs .

Set

create
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Simulation Wizard (on ldc-farm42) A X

Summary

n Optimizati ¥l Add top-level signals to waveform display

® Run simulation

Default Run s ( 15 'run -all'}

Simulator Resolution default ~

Finish | Cancel

Figure 6.18. Simulation Setting

7. Questlaastitm cesEdHauhnhohed but QuedtzaEBNEdiafsutyto ul neerns ¢ hveer si
known issue). Proceed to close the current QuestaSim wi

Y Transcript EEET]
e S T I
# -~ Loading module 1av_atg. TSONIGFFCLLLVIAL024X6 JHANBSHO
# -~ Loading module lav_atg. TSONIGFFCLLLVTAL 024X 3M4WBSHO_mode_decision
# -~ Loading module lav_atg. TSONIGFFCLLLVTAL024X6 3M4NBSHO_c Tk gating
# -~ Loading module 1av_atg. TSONIGFFCLLLVTAL24X6 3MNSHO_ram_input
# -~ Loading module lav_atg. TSON1GFFCLLLVTAL24X6 34N SHO_ram_core
# -~ Loading module lav_ate. TSONIGFFCLLLVTALG24X6 JH4NBSHO_output_assign
# -~ Loading module 1av_atg. TSONIGFFCLLLVTAI024X6 JHANBSHO
# -~ Loading module lav_atg. TSONIGFFCLLLVTALA24X6 2MAWSSHO_mode_decision
# -~ Loading module 1av_atg. TSONIGFFCLLLVIAL 024X6 2M4NBSHO_CIk_gating
# -~ Loading module lav_atg. TSON1GFFCLLLVTAL 2436 2MANBSHO_ram_input
# -~ Loading module lav_atg. TSONIGFFCLLLVTALG24X6 2MANSSHO_ram_core
# -~ Loading module 1av_atg. TSONIGFFCLLLVTALG24X6 JMANSSHO_output_assign
# -~ Loading module lav_atg. TSON1GFFCLLLVTAL 26X64MANBSHO
4NBSHO_mode_deci sion
MANESHO_c1k_gating
# -~ Loading module lav_atg. TSONIGFFCLLLVTAT 28XG4MANBSHO_ram_input
# -~ Loading module 1av_atg. TSONIGFFCLLLVTAL Z8X64M4NBSHO_ram_core
# -~ Loading module lav_atg. TSON1GFFCLLLVTAL 28K64MeNESHO_output_assign
# Optimization failed
# End time: 20:26:59 on Oct 21,202¢, Elapsed time: 8:00:38
# Errors: 408, Warnings: 1
# 7an Summary resmreRReRATEEARR AR AR AR AR AR AR AR AR AR
]
574
1
575
39/cd-LIN/ diamondng/questas in_tool /ques tasin/Linux_¥86_G4/arun failed.
Questa Lattice OEM> i
'<No Design Loaded> 'SMODEL_TEGH?.J.Jcae_libraryssimulation/lins/fmxo5tL onstolus p

Figure 6.19. Known Simulation Error

8. OpenftiNB2Sanwdn TuplBFeéoAdhd | owi ng:

For Linux:

- reflib /home/rel/ng2024_1p.34/cd -

LIN/diamondng/questasim_tool/cae_library/simulation/libs/pmi_work

-reflib ~ /home/rel/ng2024 1p.34/cd -

LIN/diamondng/questasim_tool/cae_library/simulation/libs/ovi_ap6a00c

For Windows:

- reflib C:/Iscc/radiant/2024.1/cae_library/simulation/libs/pmi_work

- reflib C:/Iscc/radiant/2024.1/cae_library/simulation/libs/ovi_ap6a00c
9. I n rtlINR 2fSiOleh,PFap P g 0@ Mb P2 LIGA2Y &

- vopt.options

- suppress vopt - 7033,vopt - 7070
-end
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10.Set up the enviROUNDRNGef over i abhehiog the simulator
T For Linux:
1 Inthe terminal used to launch the simulator, set thievironment variable as follosy
setenv FOUNDRY <Radiant_installation_directory>/rtf/cae_library
For exkample: setenv FOUNDRY /home/rel/ng2024 1p.34/rtficae_library
T For Windows:
1 Run the Command Prompt as Admin then set the FOUNDRY as shown below.
1 After that, run the QuestaSim OEM full version.

B Administratorl C:\Windows\system32\cmd.exe

Microsoft Windows [Version 10.0.19045.5487]
(c) Microsoft Corporation. All rights reserved.

C:\Windows\system32>set FOUNDRY=C:/lscc/radiant/2024.2/ispfpga

C:\Windows\system32>C:/questasim64 2021.2/win64/questasim.exe

C:\Windows\system32>_

Figure 6.20. System Environment Variable for Windows

1l.Launch the fulOERBdAdcenbMak®oseha@wens tdhi®rienct beycoorect pro
directory, and run the following qrun command:
grun -clean -f<project.f>

Foxaempl ec| efantnest 1. f

B ————————————————— ' ||

Figure 6.21. Command of Full License QuestaSim OEM

122.0nce simul at itohheoigs pbempivemedbser ved.

EIEIES

1 8000008 90802000 0 F - - --- - - - ——- —= 294411
001
- 001 82000000 00003008 0 T - -- --

284413
01
- 001 ees408an 20000000 0 F - - 284414

Vector=0x8010, Addr-0xect 4888000000000, Data-8x2000aa10

0.5v(1736)

ch/tb_top.sv Line 1736

VSIM 9>

Figure 6.22. Expected Log Printing
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Generating the Example Design for Hardware

The Example Design can also run on hardware from the IPK version 2.2.0 onwards.

6.5.1. DMA Variant

To successfully generate the DMA example design for hardware using the Lattice Radiant spévfane, the following

steps:

1. Create a Lattice Radicdn tcPCEEgpfadeforsivai pr bhect P ODaubal eg,
required for youB awacefbdot aphbpl soppbohed configuratd.i
the I P. The | i mint bBleiinointsa tairoen ss toifpsuel battieBdn a mpl e Desi gn

General Flow Control
Property Value
HardenDMA ~ General
r N Bifurcation Select (Link_X_Lane) 1%8
= MmisLy
—clk_usr_div2_i
Simulation Reduce Timeout 0
—link0_aux_clk_i
. . . Register Interface Type LMMI
w link0_legacy_interrupt_i[0:0]
! , AXI_DMA_M4H =
—{link0_perst_n_i
AXI_DMA_J4 =
—{link0_rst_usr_n_i
AXI_DMA_SEC_INTH] =
wm link0_rxn_i[7:0] linko clk
ink0_clk_usr_oj— i
= link0_rxp_i{7:0] ‘ . Target Link Speed GEN4
—llinko_user_aux_power_detected.i link0_dI link_up_oj— Link 0 : Number of Physical Functions 1
- B B link0_legacy_interrupt_of—
w link0_user_transactions_pending_i[0:0] -legacy- Pt AXI Harden DMA Enabled =
. linkO_pl_link_up_o—
—refclkn_i . .
refclkp i \lnlld)_tl_lmk_up_of + ASPM Capability
mrefret_i[3:0] link0_txn_o[7:0]= Link O : Active State Power Management (ASPM) Support = No ASPM Support
- linkO_txp_o[7:0] jum )
wrext_i[3:0] + Virtual Function Support
_Sygiclkii PFO : Virtual Function Enabled
—usr_lmmi_clk_i
—usr_lmmi_resetn_i
|- v
pcie_x8

Figure 6.23. IP Configuration for Harden DMA Example Design — General Tab
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HEN sEMICONDUCTOR.

General Flow Control

Link 0: Function O

Property Value

Link 0 : Device 1D (16'h) 9C25

Link 0 : Vendor ID (16'h) 1204

Link 0 : Subsystem 1D (16'h) E004

Link 0 : Subsystem Vendor ID (16°h) 19AA

Link 0 Class Code (24'h) 118000

Link 0 : Revision ID (8'h) 04
CEsAmresRestero

Link 0: BAR 0 : Enable

Link 0 : BAR 0 : Address Type Memaory

Link 0: BAR O : 64 bit address [l

Link 0 : BAR 0 : Prefetchable O

Link 0 : BAR 0 : Default Size (unit) KiB (210)

Link 0 : BAR 0 : Default Size (value) 256

Link 0: BARO 32'hfffc0000

Link 0: BAR 1: Enable

Link 0: BAR 1 : Address Type Memory
Link 0: BAR 1 : Prefetchable [

Link 0 : BAR 1 : Default Size (unit) KiB (2~10)
Link 0: BAR 1: Default Size (value) 256

Link 0: BAR 1 32'nhfffc0000

General Flow Control

Link 0: Function 0

Property

Link 0 : Disable Legacy Interrupt

Value

Link 0 : Interrupt Pin

INTA

Link 0 : Disable MSI-X Capability

Link 0 : Enable DSN Capability

Link 0 : Disable MSI Capability O
Link 0 Number of MSI| vectors 2
Link 0 : Enable Vector Masking

Link 0 : Maximum Payload Size Supported 512_BYTES
Link 0 : Disable Function Level Reset (FLR)
Link 0 : Enable Extended Tag Field M

Link 0 : Enable ECRC Generation and Checking
Link 0 : Enable Reporting : Correctable Internal Error O
Link 0 : Enable Reporting : Surprise Down Error

Link O : Enable Reporting : TLP Prefix Blocked error

Link 0 : Enable Reporting : Completion Timeout Error
Link 0 : Enable Reporting : Completer Abort Error O

Link 0 : Enable Reporting : Uncorrectable Internal Error

Figure 6.24. IP Configuration for harden DMA example design — Link 0: Funtion 0 tab (Part 1)

Figure 6.25. IP Configuration for Harden DMA Example Design — Link 0: Function 0 Tab (Part 2)

© 2025Lattice Semiconductor Corp. All Lattice trademarks, registered trademarks, patents, and disclaimers are awimtetatticesemi.com/legal

All other brand or product names are trademarks or registered trademarks of their respective holders. The specificatitfosraation herein are subject to change without notice.

FPGAPUG022431.3

256


http://www.latticesemi.com/legal

PCle X8 IP Core .... LATTICE

User Guide
2. AddhBEMA |.Riseghti adklemput Fi | Add>EsstigFilsMamawtal | y add all the D
Design files | dchegeerdr aned hrelPyfolhldedS obyhleYSHkiiSatioSy OKkba!

i n c ldebalece.v, dma_flopq.sv, dma_local_mem.sv, example_design_top.sv, a n gll_250.v.
3. S eekample_design_topsvas t he top | evel of the design.
4, SeltehADIC | <imstance name>/eval/constraint_ HDMA_ED.pdc.

5. Oncehwoe compl et,edpraddd gadher asttieqpg t he bitstrtehdemaandVer sg
BoaNodt.e aévitdhhe OPWNhet Avadti YVersa Board User Gui de.
Refer to the dovcadmieXntPCllienlHeodti DMA Dr(iRvREGMN Z40 6 watr lee Ustee p
on how to set up the driver for takkl &©MAo viemtse roanc to fwitthhe
perform required transactions.

6.5.2. NON-DMA Variant

To successfully generate th@ONFDMA example design ahe hardware using the Lattice Radiant softwapeyform the

following steps

1. Create a Lattice Radticdn tcPiCbEgpfadeforaivati pr bhect P Oaubdl eg, cor
required for youB awacéefbot appl soaoppbohed configurations
the I P. The | i mihaltihmeintsatairoen ss toifpsutlbactieBdr a mpl e Desi gn

Module/P Block Wizard (on Idc-farm42) x

Figure 6.26. IP Configuration for Non-DMA Example Design — General Tab

2. AdJOhNONDMAI |.Risegchti dkhepiditl es a Add>EsiingEilestManual | y @adMAl |l t he
Exampl e Design f il &&8gd meraateedd idinstaricdmaches/testbelieefNON DMA
di redhfeolyl owi ngi ssth oons ftihleessl i n the folder:
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T axi2tl p.v
T debounce. v
T display_controller.v
T ep_mem_arm_64bit.v
T ep_mem_arm_128bit. v
T ep_mem_arm_256bit. v
T ep_mem_arm_512bit. v
T example design_top. sv
T LMMI _app.vV
T osc _ip.yvV
T pcie_app.vVv
1T pcie_ep_mem. sV
T pcie_flopg. sv
T pci _tx_engine. sv
T pci _rx_engine. sv
T pll _clk
T tp2axi . v
3. S eekample_design_topsvas t he top | evel of the design.

4. Modithwr pmeAdjrissWl Diphder amet er based on the selected bifur

Figure 6.27. WIDTH Parameter Adjustment in the example_design_top Module According to Bifurcation Selection

5. SeltenRADIC | <imstance name>/eval/constraint_ED.pdc.

6. Once you have done all of these steps, pracfeacntt VYegesme I
BoalNodt.e of the Device OPN stated in the Avant Versa Boa

7. Refer to the dGéeumaNXPramidol\X¥dP&Ehe BBappederostyDDA) veéser N
Guide -TEPE®dT) steps on how ttdhhesDIDANuper e obriovet heod P as
interact with the I P and perform required transactions

6.6. Design Test Case Examples

6.6.1. DMA Design

The testcases are implemented using the task included in the ref_design_ts module. In this example design, the hotide P€lkea
BFM and the FPGA will be the RAM component. In the DMA design, the tasks performed are
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1 setup_pcie_axi_hdma_h2f scatter_gather_queue
T This task is used to setupt@&ERBAsCH2FerrDiAtheamngaeuicom
FPGA data transfer, the source and destination addres
and RAM respecatiaedtyangher DBWRGEs tfram stalcd i lomstare set urg
1 setup_pcie_axi_hdma_regs

T This task is used to setup the scatter gather queue r
pointers, source and destination queue size, source a
gueue | imitdFamaldya fi guerr upt generation for the resp

1 enable_dma_channel
T This task is used to enable the DMA channel to start

1 disable_dma_channel
T This task is used to disable the DMA channel to stop
1 setup_pcie_axi_hdma_f2h_scatter_gather_queue
T This task is used to setup-tthhhests dd&t2tHor DdVAt h e ranaplaedt @ ofl
host data transfer, the source and destination addres
PCle BFM respeatavel gnsfThe -thiMAgtd tfroan g det iIFPrGAare setu
1 reinit_pcie_axi_hdma_regs
T This task-i nBtuakdzeothe the scatter gather queue regi
gueue is being setup again. The source and destinatic
arecarefigured.
1 dma_data_check
T This task is used to do the DMA data check between t#h
transactions.

6.6.2. Non-DMA Design

The testcases are implemented using the task included in the ref_design_ts module. For ib&Aotesign, the task
performed is:
1 generic_testcase_for_non_dma
T This task is used to write data patterns for sin
from PCle I P and i mplements a status check on th

Table6.2 lists the status ports related to the ndbMA design operation.

gl e t
e ree

Table 6.2. Non-DMA Design Status Ports Description

Ports Description

wr_vector The array used to generate write data pattern.

mul_wr_vector The array used to generate write data pattern in casmaftiple transactions.
address The value corresponds to address of the DWORBbit32ata).

read_data The read data from the PCle IP when read test case is implemented.
READ_DATA_CHECK This signal indicates the status of the read data.

6.7. Debugging Example Design Issues

6.7.1. Signals to Debug

6.7.1.1. Simulation Debug for Non-DMA Design

Table 6.3. Non-DMA Signals to Debug Description
Module Name Signal Name Description
tb_top Immi_offset Lower 17bit address of LMMI interface registers
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Module Name Signal Name Description

tb_top Immi_wdata Data written into PCle IP through LMMI interface
tb_top Immi_rdata Data read from PCle IP through LMMI interface
tb_top linkO_pl_link_up PCle IP physical layer linkup

tb_top link0_dI_link_up PCle IP data layer linkup

tb_top linkO_tl_link_up PCle IP transaction layer linkup

The following are the steps to debug the RBIMA design:

1 You must check whether the initial configuration is performed properly. You can chelrhrthieoffset Immi_wdata
andImmi_rdatasignals to verify. Note that in the actual application, the register configuration may not be necessary if
the corresponding register is configured through the

1 The linkup signals such igk0 _pl_link_uplinkO_dI_link_upandlink0_tl_link_upmust be asserted.

6.8. Limitations of the Example Design

For nonDMA variant supported in IP version 1.@y®to version 2.1.0the functional simulation with the example design
testbench can only support the following:

= =4 —a -8 A

Genl (2.5GYGen2 (5G¥or nonrDMAmode

TLP interface for Data, LMMI interface for Config

Bifurcation 1x1, 1x2, and 1x4

MSEX capability disabled

The Example Design simulation is not supported in ModelSim-Bxditibn, ModelSim LatticEdition and QuestaSim
LatticeEdition.Usethe QuestaSim OEMdition for simulation.

For nonrDMA variant supported in IP version 2.2.0 and onwards, the functional simulation with the example design
testbench can only support the following:

=4 =4 -8 —a -2

Gen 1 (2.5G)/Gen2 (5G)/Gen3 (8G)/Gen 4(16G) forDBA mode

TLP interface for Data, LMMI interface for Config

Bifurcation 1x 1, 1x2, 1x4 and 1 x 8

MSEX capability disabled

The Example Design simulation is not supported in ModelSim-Editibn, ModelSim LatticEdition and QuestaSim
LatticeEdition.Usethe QuestaSim OEMdition for simulation.

For Harden DMA variant supported in IP version 2.1.0 and onwards, the functional simulation with the example design
testbench can only support the following IP configuration:

= =4 —a —a A

Gen 4 (16G)

AXIMM interface for Data, LMMI interface for Config
Bifurcation 1x 8

No Virtual Function Supported

MSEX capability disabled
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7. Designing with the IP

This section provides information on how to generate the IP Core using the Lattice Radiant software and how to run
simulation and synthesis. For more details on the Lattice Radiant software, refer tattiee Radiant software user guide

7.1. Generating and Instantiating the IP

You can use the Lattice Radiant software to generate | P |
below describe how to generate the PQRIP in the Lattice Radiant software.

To generate théClex8IP.
1. Create a new Lattice Radiant software project or open ¢

C
2. | n Irdatelogt a b, -d b PCbEkpeessfor Avant-G/Xu n dIB €onnectivityC a t e g 0Mogdule/IPTBloek
Wizardopens asFisdqiudnkmtiem v acCompprent hame atnhde Ctedtednf i el ds Nexnd c | i ck

2| Module/IP Block Wizard *

Generate Component from IP pcie_x8 Version 1.0.1

This wizard will guide you through the configuration, generation and instantiation of this Module/TP. Enter the
following information to get started.

Component name: pcie_xﬂ_1|

Create in: C:/Radiant_design/Test/pcie_x8 Browse...

Mext = Cancel

Figure 7.1. Module/IP Block Wizard

3. I n t hModuleAPBlockWizardwi ndow, cust ormRiCke Btshiengs edweocpt edt s and c he
Fi gt2senows an example c-DMAIi BGratk8&8nl Bf Edre tmhe harden DI
Fi gU3raemMdi gludrsdhow t he supported conf i gurFaotri odne toafi |tsh eo nh atrhde
configuration oPtiPanamet esfeecletoonr.i péi on
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Module/IP Block Wizard (on ldc-farm46) x

Configure Compenent from IP pcie_x8 Version 2.0.1.01
Set the following parameters te configure this component.

Diagram genlxl Configure genlxl:
= General Flow Control Link 0: Function 0
Property Value
~ General
Bifurcation Select (Link_X_Lane) 1X1
genlxl
e T Simulation Reduce Timeout ]
—finkd)_wux_cik i Register Interface Type LMMI
I X _TLE
- TLE NP CREDIT 0|
wfinkd rap. {0:0] Ta_TLR_§)
mfinkll_user_sun_power_detected | finkd_clie_ur o Target Link Speed GENL

wfinkl user_transactions_pending {0:0] liriel} dl bl up o

lirkeh_pi_ine_up_o Link 0 : Number of Physical Functions 1
Data Interface Type TLP -
=tursr_leend_pesedn |
pcie_xH
4 | 3
User Guide No DRC issues are found.

< Back | Generate Cancel

Figure 7.2. IP Configuration for Non-DMA

P W b WA e M At ) - x|

Congurs Componant frem ¥ pcie 38 Verrven 21 0

Figure 7.3. IP Configuration for Harden DMA (General Tab)
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Mt W B b W34 (ot M8 Eatmd 2) - ™

Conligure Cnmpomant froem @ peia o8 vorimm 7 1§

= PCI Exprena Copaliity

Figure 7.4. IP Configuration for Harden DMA (Link 0: Function 0 Tab)

4. C| iGendrate. THedak GeneratingResultd i al og box opens, showing design bl o
Fi gtbr e
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5.

6.

| Module/IP Block Wizard

Check Generated Result
Check the generated component results in the panel below. Uncheck option “Insert to project’ if you do not want to add this component to your design.

Component 'pcie_x8&_1'is successfully generated.
IP: pcie_x8  Wersion: 1.0.1

Vendor: latticesemi.com

Language: Verilog

Generated filas:

IP-XACT_component: component.xmil
IP-XACT _design: design.ml
black_bax_verilog: rtl/pcie_x8_1_bb.v

cfg: pcie_xB_1.cfg

dependency_file: eval/dut_inst.v
dependency_file: eval/dut_params.v

1P package file: pde_x8_Lipx
template_verilog: misc/pcie_x8_1_tmpl.v
dependency_file: testbench/dut_inst.v
dependency_file: testhench/dut_params.v
timing_constraints: constraints/pcie_x8_1.ldc
template_vhdl: misc/pcie_x8_1_tmpl.vhd
top_level_system_verilog: rtlfpcie_x&_1i.sv

Insert to project

< Back

Figure 7.5. Check Generated Result

Cl Fimisk. Al |l the generated fil es arCeatepnlaaadeGnpeentirmame t he

fields Filgawre i n

I P versi
¢ 2B @S fs hloywh il gmer e
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Lattice Radiant Softwi

file Edit Yiew Project Jools Yndow Help

. =
- -

o =

> n Synthesize Design n Map Design u Place

v K

* 7] POGenix)
LAVAT-XT0- 1LFGETEC
- Srategus
Area
Timing
, Strategyl
* "V impl_1 (Synplify Pro)
. Input Files
v w gendxl/gendxl.ipx
' ATL Fles

0 Constraint Res
. Testbench Rles
gendx) ¢fg

Pre-Synthess Constraint Files
Post-Synthess Constraint Fles
Debug Fles
Script Files
Analyses Fles
Programenng Rles
. Yot hah 4 gagts el oMUY - Jesisi L Y -
0 geedxl_ipgen_fifo_80to40 _ipgen Isce Mo dciisce Mo de_inst)
- gendxl_ipgen S 5610112 - gendxl sv
. gendixl_ipgen fifo_S6toll2 ipgen lscc Mo dclisce fdo de inst
- gendxl ipgen Ao 361072 - gendxl sy
’ Qendxl_Ipgen_fifo_36072 ipgan Iscc Mo deliscc Mo de inst)
- gendxl _pgen fo 12810256 - gendx] sy
0 Strrdxl_ipgen_fifo 12810256 _ipgen lIscc Mo dclisce Mo d¢ ins
v gendxl - gent=t =

s geedxl_i Goto Source Definition Sl oy U

File List

Verilog Test Fixture Declarations
Verilog Test Fature Template
Set as Top-Level Unt

Expana 23

Collapse All

Figure 7.6. Set IP Top Level Unit

7. As this is an ylohueleev ¢lo o etpLaMMilt/iTAXRg M&Xl/OashNVoughad ¢tonst
|l hhseystem | evel d/®©sager wbenectthhessepgr bper loy tconfi g bus, t
not required
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Lattice Radiant Software -[/I

QQaQa@

| n Map Design | n Place & R

File Edit View Project Design Tools Window Help
o7 L7

> Synthesize Design

Q~ Find Text...

- [ POGen1xs
B LAV-AT-X70-1LFGE76C
~ [ Strategies
[=] Area
[==] Timing
[zj| strategyl
~ [J% impl_1 (Synplify Pro)
~ [5/Input F*
~ [} ger
-8 l Regenerate All IPs...

- 51 Add

y 53]

i

[ Pre-Syr
7 Post-Sy
[ Debug
[ Script |

F =P

~ 1 genlxs -gen
v 1 genlxd.ip

[ File List [E] Source Template [E] IP Catalog

N x

»  MNew File...

Existing File...
»  Existing Simulation File...

ok

20,
Er

¥ inst) - genlx8.sv

Thi

St

X

Figure 7.7. Select to Add Constraint File

8. BrowsdINPERSOGYT2t RSNHKk f LINE 229 @ ysegristiéitder A LY | YSHK SO f «
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Lattice Radiant Software - Propel Buil

File Edit View Project Design Tools Window Help

== = e = ) O fn
o~ &~ QQQQ nL OO BENE B %3
> rthesize Design | n Map Design | n Place & Route Design n Export Files g
Q ~ Find Text... Add Existing File (on ldc-farm46) x
~ [£] POGen1x8 Look in: = 0 O 0 A (E E
LAV-AT-XT70-1LFG6T76C s .

. g Strategies g Computer Name Size Type
=1 Area —_ | constraint_ED.pdc 4.97 KiB Apor...r
=] Timing o " constraint.pdc 4.52 KiB Apor...r
[/ Strategyl " dmax4_ahbli_apbr_G1.pdc 28.02 KiB Apor...r

~ [ impl_1 (Synplify Pro) | dmax4_ahbli_apbr_G2.pdc 28.02 KiB Apor...r

~ [ Input Files | dmax4_ahbli_apbr G3.pdc 28.02 KiB Apor...r
~ |4 genlx8/genlxs.ipx | dmax4_axi4_apbr_G1.pdc 27.50 KiB Apor...r
+ [ RTL Files | dmax4_axi4_apbr_G2._pdc 27.50 KiB Apor...r
1] rtlfigenlx8.sv | dmax4_axid_apbr_G3.pdc 27.49 KiB Apor...r
+ [ Constraint Files | dut_inst.v 2.29 KiB Veril... 1
constraints/constraint.sdc ] dut_params.v 17.95 Kig Verl... |
constraints/genl1x8.ldc : .
» [ Testbench Files File name: constraint.pdc W Add
genlx8.cfg Files of type: | All Files (*.%) + | X Cancel
[ Pre-Synthesis Constraint Files
{7 Post-Synthesis Constraint Files Copy file to directory
{1 Debug Files Force File Type: Default -
[ Script Files
Figure 7.8. Select constraint.pdc from the Eval Folder
9. Cl RumRlilt o compil e the | P. Compiid®te on successful is show
Lattice Radiant Software -[/h kkh A/POGen1x1/POGenlx1.rdf] - Reports (on ldc-farm46) x

File Edit ¥iew Project Tools Window Help

s-=-H 9 ¢ aaQa@aQ " @G@OrNEEEB IO ERSBSE
> Synthesize Design | Map Design | Place & Route Design | Export Fies | [¢ Synthesize Design completed with warning

Q- Find Text. L x {2 Start Page | Reports x -~

~ [£] POGen1x1
g LAV-AT-X70-1LFGET6C
~ [ Strategies

o] Area Implementation Name: impl_1 Performance Grade: 1
’57 Timing Strategy Name Strategyl Operating Condition; COoM
;| Strategyl
- ﬁ impl_1 (synplify Pro) D Synthesis Reports Part Number: LAV-AT-X70-1LFG676C Synthesis: Synplify Pri

Reports POGen1x1 Project Summary

v (3 input Files Family: LAV-AT Timing Errors: Place & Re
= |4 genlxl/genlxLl.ipx
+ £ RTLFiles » [%] Map Reports Device: LAV-AT-X70 Project Created:
4 g C““;“E": F‘I'ES Package: LFG676 Project Updated: 2024110007
3 Testbench Files
»
genlxl.cfg Blaces RouElRerons Project File fhome/kkhoo/avant03APOGen1x1/POGenlx1 rdf
RS yhel=tCoretal los W Implementation Location: ome/kkhoolavant03APOGenLxLimpl_L
[ Post-Synthesis Constraint Files + [2] Export Reports
1 Debug Files
1 Script Files » (%) Misc Reports Resource Usage
7 Analysis Files -
7 Programming Files 4 '
~ 1 genlxl - genlxl.sv x || T v @ERROR:0 4 CRITICAL: 2 WARNING: 460 | @ INFO: 0 | |5 Group by ID | Search 2 x

» enlxl_ipgen_Iscc_pcie_x8(Iscc_pcie_x8_inst) - genlxl.sv
B ipgen Iscc_peie x8llscc peie x8 inst) - g ~ Map (2 criticals, 60 warnings)

3 71003020 WARNING - Top module port 'refret i[3]' does not connect to anything.

» A 52351080 CRITICAL - SysConfig constraint CONFIGIO_VOLTAGE BANKL is not specified. Please set it to 1.2, 1.8, 2.5 or 3.3.
~ Place & Route (30 warnings)

3 71003020 WARNING - Top module port 'refret i[3]' does not connect to anything.
~ Export (2 warnings)

4 1009931 WARNING - Unspecified CONFIGIO_VOLTAGE BANK2

3 File List [£] Source Template (5] IP Catalog Tl Console = Output E¥ Message
Figure 7.9. Project Compile Done

10. Ad hleP | ev el cso mphirelt @ &ihlbeiv © Oy B egnemnte r at ed. For Dbitstream ge
Reference design on Lattice website
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~ | @ ERROR: 1 CRITICAL: 2 WARNING: 594 INFO: 0 Group by ID Search

T
x

3 1011001 WARNING - Remove invalid constraint 'ldc_set_attribute {VIRTUAL_IO=TRUE} [get_ports acjtag_mode_il"
3 71003020 WARNING - Top moedule port 'refret_i[3]' does not connect to anything.
» 52351080 CRITICAL - SysConfig constraint CONFIGIO_VOLTAGE_BANK1 is not specified. Please set it to 1.2, 1.8, 2.5 or 3.3.
v Place & Route (30 warnings)
3 71003020 WARNING - Top moedule port 'refret_i[3]' does not connect to anything.
= Export (1 errors)
@ 1081190 ERROR - Will not generate a bitstream for a design with virtual 10s.

Tcl Console = Output EY Message

Figure 7.10. Bitstream Not Generated due to the Virtual I/0 Setting

7.1.1. Generated Files and File Structure

The generated PCk8 module package includes the black box (<Component name>_bb.v) and instance templates
(<Component name>_tmpl.v/vidhat can be used to instantiate the core in a #epel design. An example RTL 4epel

reference source file (<Component name>.v) that can be used as an instantiation template for the module is also provided.
You may also use this tdpvel reference athe starting template for the tofevel for the complete design. The generated

files are listed imMable7.1.

Table 7.1. Generated File List

Attribute Description

<Component name>.ipx This file contains the information on the files associated to the generated IP.
<Component name>.cfg This file contains the parameter values used in IP configuration.
component.xml Contains the ipxact:component information of the IP.

design.xml Documents the configuration parameters of the IP kXWCT 201fbrmat.
rtl/<Component name>.v This file provides an example RTL top file that instantiates the module.
rt/<Component name>_bb.v This file provides the synthesis black box.

misc/<Component name>_tmpl.v These files provide instance templates for the module.

misc/<Component name>_tmpl.vhd

7.1.2. Design Implementation

Completing the design includes additional steps to specify analog properties, pin assignments, and timing constraints. You
can add and edit the constraints using the Device Constraint Editor or by manually creating a PDC File.

7.1.2.1. Device Constraint Editor
Refer to theLattice Radiant Software 2024.1 User Guimlemore information on how to use the device constraint editor.

7.1.2.2. Manual PDC File Creation

To create the manual PDC file, add the .pdc (post synthesis constraint file) file in the Lattice Radiant software atitedefine
1/0 pins according to the schematic design for ports defined in your design. You can define different types of constraints
suchas pins, clocks, and other timing patPastSynthesis constraint files (.pdc) contain both timing and-tioring

constraint .pdc source files for storing logical timing/physical constraints.

Refer to the relevant sections in the Lattice Radiant Software User Guide for more information on how to create or edit
constraints.

7.1.3. Timing Constraints

The timing constraints are based on the clock frequency used. The timing constraints for the IP are defined in relevant
constraint files. The example below shows the IP timing constraints generated for the@?Ele
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create_clock -name

{sys_clk_i}

_DEFAULT_IF == 1)

lock -name {usr lmmi clk i} -period 8

~F
CFG
clock -name {c_apb_pclk :

i} -period 8

[get_ports ¢_apb pclk i]

Figure 7.11. Timing Constraint File (.sdc) for the PCle x8 IP

Add the timing constraints shown Figure7.13i n

t he

Software 2024.1 User Guide learn more about the .pdc file.

desi

gn

S . pdc Lattice Radiamtst r ai nt

For sys_clk_i and clk_usr_djv&fer to Table2.1 on selecting the frequencies for Genl, Gen2, Gen&en4 data

rates. You can use a PLL IP to create these clocks. ReferRblthdodule IP User Guide (FRBIBG02063)for

instantiation and generation of PLL Fgure7.12 shows the IP configuration for Gen 3 rates if using an input clock of

125 MHz.

2] Module/IP Block Wizard

Diagram pll_clk2

Configure Component from Module pll Version 1.7.0
Set the following parameters to configure this component.

Configure IP

pll_clk

f/’

clki_i

rstn_i

\\
clkop_o

clkos2_o
clkos_o

lock_o
y,

pll

General
Property
~ Reference Clock
CLKI: Frequency (MHz) [18 - 800]

Enable Reference Clock Monitor
~ Feedback
CLKFB: Feedback Mode

~ Primary Clock Qutput
CLKOP: Frequency Desired Value (MHz) [10 - 800]

CLKOP Telerance (%)

CLKOP: Enable Trim for CLKOP
~ Secondary Clock Output
CLKOS: Enable
CLKOS: Bypass
CLKOS: Frequency Desired Value (MHz) [6.25 - 800]

CLKOS Tolerance (%)

CLKOS: Static Phase Shift (Degrees)
CLKOS: Enable Trim for CLKOS
~ Secondary Clock Qutput (2)
CLKOS2: Enable
CLKOS2: Bypass
CLKOS2: Frequency Desired Value (MHz) [6.25 - 800]

CLKOS2 Tolerance (%)

CLKOS2: Static Phase Shift (Degrees)

Value

125

CLKOP

250

0.0

125

0.0

230

0.0

80

Optional Ports

Figure 7.12. PLL IP Configuration for Input Clock of 125 MHz
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1 Define input reference clock of PLL in the timing constraints usimte_clocky” | Y SAsXhown ifrigure7.13, the
input reference clock of 125 MHz is sourced from an 1/O pin and natked25in the design.

create_clock -name {clk_125} -period 8 [get_ports clk_125]

set_clock_groups -group [get_clocks clk_usr_i] -group [get_clocks c¢_apb_pclk_i] -asynchronous
set_clock_groups -group [get_clocks clk_usr_div2_i] -group [get_clocks c_apb_pclk_i] -asynchronous
set_clock_groups -group [get_clocks clk_usr_i] -group [get_clocks clk_usr_div2_i] -asynchronous
set_clock_groups -group [get_clocks clk_usr_ps90 _i] -group [get_clocks clk_usr_div2_i] -asynchronous
set_multicycle_path -setup 2 -from [get_clocks clk_usr_i] -to [get_clocks clk_usr_ps90

Figure 7.13. Timing Constraints for PCle x8 IP Example
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8. Debugging

The PCle protocol involves the interface between a root port and endpoint with both sides being linked up. Hence, PCle
issues can range from device recognition issues, link training issue, flow control errors, enumeration issues, link down due
to fatal erors, and others. This section provides the debug flow diagrams for some of the most common issues when using
the PClx8IP. Several debug flow charts are introduced with additional information on critical debug registers to refer to
and loopback diagnostifeatures. This section also provides a short description on signals to be used for debugging
simulation.

8.1. Debug Methods

8.1.1. Debug Flow Charts
Onedebugging method is to identify the type of PCle issue. The following sections show the steps to debug various issues.

8.1.1.1. Hardware Detection Failure
Follow the steps shown in the flow diagram below if the system is not detecting the hardware.

Hardware Fail to
Detect

Using an LED, Probes, Chipscope or with any
other methods, determine if u_pl_link_up_i,
u_dl_link_up_i, and u_tl_link_up_i signal is high. |
When it is high, it indicates the IP core has
achieved linkup, meaning the LTSSM is in LO
state and the data link layer is in Active state.

Is_u_pl_link_up_i,
u_dl_link_up_i, and

u_tl_link__up_iis high?,

See fLink Training Debugo
section

To eliminate FPGA configuration as a root
cause, perform a soft restart of the system.
Performing a soft reset on the system keeps  |—
the power applied and forces re-enumeration
of the device.

See fFPGA Configuration
Debugodsection

System Soft Reset fixed
the problem?

On link[Link]_perst_n_i and
link[LINK]_rst_usr_n_i signal assertion the L
Link Training starts

See fClock and Reset

2 dsecti
Is reset asserted? Sequenceodsection

Multi-lane links are susceptible to crosstalk
and noise when all lanes are switching during
training. A quick test for this is forcing/testing
one lane operation.

Check whether system supports for
multi-lane. In Linux, use Ispci
commands to check the DevCap and
DevCnt. If system not supports, then
check specification of system.

Is_u_pl_link_up_i,
u_dl_link_up_i, and
u_tl_link__up_iis high?.

Is system supports
multi-lane?

Check the system There are potentially issues
specification and try to See finternal Register with the board layout,
identify the port, which Descriptionoto check the causing interferences when
supports the multi-lane status of the core all lanes are switching. See

feature fBoard Debug suggestionsa

Figure 8.1. Hardware Detection Failure Debugging Flow
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8.1.1.2. Link Training Debug
Forthe link training debugrefer to the flow chart as showRigure8.2.

Link Training
Debug

Is the device recognized
by the system?

In Linux, user can see the device using Ispci in
the terminal.

Debug Method need to
check

To eliminate FPGA configuration as a root
cause, perform a soft restart of the system.
Performing a soft reset on the system keeps  —
the power applied and forces re-enumeration
of the device.

System Soft Reset fixed
the problem?

See fFPGA Configuration
Debugosection

To check if the IP core configurations are
done properly, run the Example Design that
comes with the core.

Does making the
configuration same as
Example Design fix the
issue?

Does using the Example

Check the configuration
Design problem fixed?

setting, which is conflicting.

If the Example Design works but mirroring the
configuration parameters does not fix the
problem, user can focus on the application
design. See the fApplication Requirementso
section.

Read the Debug registers

See finternal Register
Descriptionosection

Figure 8.2. Link Training Issue Debugging Flow

Youcan enablghe LTSSM polling feature to asdisé debugging. This feature is disabled by default enttonly be
enabled for debugging and disabled for producti¥oucan drivethe ltssm_polling_en signal to 1 to enable. When
enabled the Itssm_state and ltssm_sub_state signals indith&ePCle LTSSM state and state.

General Flow Control Link 0: Function O
Property Value
~ General
Bifurcation Select (Link_X_Lane) 1X8
Simulation Reduce Timeout 0
Enabling LTSSM Polling Function B

Figure 8.3. Checkbox to enable LTSSM Polling
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Table 8.1. PCle LTSSM State and Sub-State Definition

= LATTICE

State Value

State Definition

Sub-state Value

Sub-state Definition

0

DETECT

DETECT_INACTIVE

DETECT_QUIET

DETECT_SPD_CHGO

DETECT_SPD_CHG1

DETECT_ACTIVEO

DETECT_ACTIVE1

DETECT_ACTIVE2

DETECT_P1_TO_PO

DETECT_PO_TO_P1 0

O|lo|N|OoO|O|~lWIN|FL|O

DETECT _PO_TO P1 1

=
o

DETECT_PO_TO_P1 2

POLLING

POLLING_INACTIVE

POLLING_ACTIVE_ENTRY

POLLING_ACTIVE

POLLING_CFG

POLLING_COMP

POLLING_COMP_ENTRY

POLLING_COMP_EIOS

POLLING_COMP_EIOS_ACK

POLLING_COMP_IDLE

CONFIGURATION

CONFIGURATION_INACTIVE

CONFIGURATION_US_LW_START

CONFIGURATION_US_LW_ACCER

CONFIGURATION_US_LN_WAIT

CONFIGURATION_US_LN_ACCEP

CONFIGURATION_DS_LW_START]

CONFIGURATION_DS_LW_ACCEH

CONFIGURATION_DS_LN_WAIT

CONFIGURATION_DS_LN_ACCEP

Olo(N[ojo|h[W|N|RP|O||IN|O|OI|BA[W[IN|(FL|O

CONFIGURATION_COMPLETE

=
o

CONFIGURATION_IDLE

LO

LO_INACTIVE

LO_LO

LO_TX_EL_IDLE

LO_TX_IDLE_MIN

RECOVERY

RECOVERY_INACTIVE

RECOVERY_RCVR_LOCK

RECOVERY_RCVR_CFG

RECOVERY_IDLE

RECOVERY_SPEEDO

RECOVERY_SPEED1

RECOVERY_SPEED2

RECOVERY_SPEED3

RECOVERY_EQ_PHO

OlOo(N[O(O[DR[WIN|P|IOIW|N|FL|O

RECOVERY_EQ_PH1

=
o

RECOVERY_EQ_PH?2

[EEN
[ERN

RECOVERY_EQ_PH3
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State Value State Definition

Sub-state Value

Sub-state Definition

5 DISABLED

DISABLED_INACTIVE

DISABLED_O

DISABLED_1

DISABLED_2

DISABLED_3

6 LOOPBACK

LOOPBACK_INACTIVE

LOOPBACK_ENTRY

LOOPBACK_ENTRY_EXIT

LOOPBACK_EIOS

LOOPBACK_EIOS_ACK

LOOPBACK_IDLE

LOOPBACK_ACTIVE

LOOPBACK_EXITO

LOOPBACK_EXIT1

7 HOT_RESET

HOT_RESET_INACTIVE

HOT_RESET_HOT_RESET

HOT_RESET_MASTER_UP

HOT_RESET_MASTER_DOWN

8 TX_LOS

TX_LOS_INACTIVE

TX_LOS_IDLE

TX_LOS_TO_LO

TX_LOS_FTSO

TX_LOS_FTS1

L1 INACTIVE

L1_IDLE

L1 SUBSTATE

L1 TO_LO

10 L2

L2_INACTIVE

L2_IDLE

L2_TX_WAKEO

L2_TX_WAKE1

L2_EXIT

QR WIN|IP[O[WINIFP[O|DR | WIN|IP|IO|IW|IN|RP|O|O(N[OAI|DR|W|IN|IP|IO|RAR|W|N|FL|O

L2_SPEED

8.1.1.3. Data Transfer Debug
If data transfer fails, refer to the steps shownHigure8.4.

wine latticesemi.com/legal



http://www.latticesemi.com/legal

PCle X8 IP Core
User Guide

= LATTICE

Check the error indicating signals and status
queue whether the data completion signal is
asserted.

This might be due to the physical connection
or crosstalk between the lanes.

Different types of error may be found. Check
how to identify the error types in the fError
Identifierosection.

Are the outgoing packets
reaching the destination?

Transmit

If completion packets fail to reach the
destination, ensure the packets contain the
correct requester ID, source, and destination
ID in the Descriptor Queue.

Data Transfer
Debug

Check the status queue and
the completion done
signals.

Is the system freezing or
hanging?

See fHardware Connectiond

Link ignal is toggling? i
Ink up signal Is toggling section

Failed Error? Other

Errors? See fError Identifierdsection

Are the incoming packet:
received in the AXI
interface of the core?

Receive

Problem occuring in Write
or Read?

If read or write transactions do not appear in the trn interface, the
incoming packets did not hit the BAR. Verify the incoming TLP
addresses against BAR allocation.

The memory write misses a BAR results in a non-fatal error
message. The non-posted transaction that misses the BAR results
in a Completion with UR status.

Figure 8.4. Data Transfer Issue Debugging Flow
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8.1.1.4. FPGA Configuration Debug

Device initialization and configuration issues can be caused by not having the FPGA configured fast enough to enter link
training and be recognized by the systdpnior to becoming operational, the FPGA goes through a sequence of states, including

initialization, configuration, and wakep. After programming the FPGA, a soft reset is required to configure the FPGA from flash.
Performing the soft reset operation rests the enumeration process.

Power UP
VCC>0.73V-0.83V
VCCAUX1.34V-171V
VCCIO>0.89V-1.05V
VCCI@>0.89V-1.05V

Power not stable

A

INITN and DONE

Driven Low
A 4
Initialization
Not Done
Initialization

Initialization Completed

Release Driving
INITN LOW

INITN pin LOW
Wait for INITN
Going HIGH

Device Refresh

Configuration

Write SRAM Memory INITN-LOW

All configuration data received

Device Refresh

DONE Released

Device Refres
User Mode

Figure 8.5. Debugging the FPGA Configuration Issues Flow
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You can refer to theysCONFIG User Guide for Nexus Platform (HREBR099)document for more information on FPGA
configuration.

8.1.2. Internal Register Read for Debug

If the above flowcharts do not capture the issues mentioned, you can read the OxO81 %4 (statu} register, which
indicates the Receive Buffer Parity/ECC Status where the error detection status can be seen.

The PCle capability register addresses listed below also provide relevant information for debugging the PCle issues:

1 O0x470x44 (Device capability register) address for checking the different supported capabilities of the connected
system.

0x490x48 (Device Control Register) address for checking the supported capabilities of the device.

0x4B0x4A (Device Status Register) address for the device status. You can obtain the error status through this register
address.

f
f

8.1.3. PCle Loopback Test

The PCle loopback test is a diagnostic feature specified by the PCle Specification that can aid in debugdi8&M he

Loopback is a state of the Link Training and Status State Machine (LTSSM), which is a mechanism for managing the link state
of a serial bus such as PCI Express. In this state, the link partner can test its own transmitter and receiver by sending and
receiving data packets without involving the link partner.

The LTSSM Loopback state can be entered from two different states: Configuration or Recovery. The entry into Loopback
state is initiated by a Leader Loopback. Before register 0x2100 field is set to 1, all relevant registers containing Leader
Loopback contl options must be set to the desired values.

When mgmt_tlb_debug_direct_to_loopback = 1, no Leader Loopback control options may be changed. The LTSSM
Loopback state has three substates: Entry, Active, and Exit. In Entry substate, both link partners wait for eight EFOS (End o
Initialization Ordered &s) before transitioning to Active substate. In Active substate, both link partners exchange data
packets for testing purposes. In Exit substate, both link partners wait for eight EIOS before transitioning to Recovery or
Configuration state depending onhather they received an Electrical Idle signal or not.

The LTSSM Loopback is useful for debugging and characterizing the performance of PCI Express links during Link
Equalization Training which is a process of optimizing the signal quality between two link partners by adjusting various
parameters such as amplde, deemphasis, preshoot, and jitter. For more information on the Loopback state, see
Table2.5.
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9. Design Consideration

9.1. DMA Based Design
DMA is not sdpledéerased.in 202

9.2. Non-DMA Based Design
Tocreate a NorDMA based design:

1.
2.
3.

According to the PCle I P configuration, C$elcka& dtgitthre. app!
Sl ect the proper data I nterface type iGenlskPeacatcicoonr.di ng t

Initialize the regi skt eirntuesrifnagc eL MM cihn taerref accoen/f LAgMIr e f r o
I nteséatcieon.

Verify the TLP write anTdr arsaadc tTiramslaaywdronlsnt eRreffeeade t o t
Veri fy4t8erd&m write andAXde8tdr dhahPaéatieas. See
Select the BAR’'s with BAR sBaseaéfddrdbagRegéecthicom EBARYJ ¢
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Appendix A. Resource Utilization

The Lattice PCle IP core utilization report is provided in this section. You can check the resource utilized by thadP core a
design top logic based on tlavailable resource in the AvaAfl-G/X FPGA device.

Table Al shows a sample resource utilization of the Lattice PCle x8 IP Core gxHGWB1L| with various link widths.

The resource utilization reports are generated with the Lattice Radianvirsion 2024.nd with PCle IP core
versionl.1.0generated for the following parameter settings. Note that x8 is generated from version Bdy.@8 DMA
variant, it is generated from version 2.1.0 using Lattice Radiant tool version 2024.2.

Table A.1. Lattice PCle IP Core Resource Utilization

Map Resource Utilization
PCle
. . DMA Non-DMA
Core Device Family
Config LUT4 PRU- 1 \JoBuffer | EBR | LUTa PFU 1 /o Buffer | Epr | D3taInterface
Register Register Type
1x1 EP | AvantAT-G/X — — — — 5214 3143 5 37 AX|4_STREAN
AXlLite
1x2 EP | AvantAT-G/X — — — — 5522 3290 5 37 AX|4_STREAN
AXlLite
1x4 EP | AvantAT-G/X — — — — 6112 3568 5 37 AX|4_STREAN
AXlLite
1x8EP | AvantAT-G/X — — — — 5433 2334 10 32 AX|4_STREAN
AXlLite
1x1 EP| AvantAT-G/X — — — — 1203 631 258 0 TLP/
LMMI
1x2 EP | AvantAT-G/X — — — o] 2285 966 35 0 TLP/
LMMI
TLP/
1x4 EP | AvantAT-G/X — — — 4 2957 1266 35 0
LMMI
TLP/
= — — — 1364
1x8 EP | AvantAT-G/X o} 0 36 0 LMMI
1x8 EP | AvantAT-G/X | 3414 0 12 0 — — — — AI>_(It/IMM'\f/

Note: Resource utilization differ with different configurations of the PCle IP. The above resource utilization is provideddoceasialy.
You can view the resource utilization und@eport > Map > Map Resource Usage view the resource usage, you must run the
Synthesize and Map Design.
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Submit a technical support case througivw.latticesemi.com/techsupport
For frequently asked questions, refer to the Lattice Answer Databasgatlatticesemi.com/Support/AnswerDatabase
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Interface, and DMA Enabled sections.

wine latticesemi.com/legal


http://www.latticesemi.com/legal

= LATTICE

Section

Change Summary

IP Parameter Description

il

=
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