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IP Facts

Introduction

The Advanced eXtensible Interface (AXI) Root
Port/Endpoint (RP/EP) Bridge for PCI Express®
is an interface between the AXI4 and PCI
Express. Definitions and references are
provided in this document for all of the
functional modules, registers, and interfaces
that are implemented in the AXI Bridge for PCI
Express. Definitions are also provided for the
hardware implementation and software
interfaces to the AXI Bridge for PCI Express in
the Field Programmable Gate Array (FPGA).

Features

e Zynq™-7000, Kintex™-7, Virtex®-7, Artix™-7,
Virtex-6, and Spartan®-6 FPGA Integrated
Blocks for PCI Express

* Kintex-7/Virtex-7/Artix-7 FPGA x1, x2, x4, x8
Genl and x1, x2, x4 Gen2

* Virtex-6 FPGA x1, x2, x4 Genl and x1, x2 Gen2

* Spartan-6 FPGA x1 Genl

*  Maximum Payload Size (MPS) up to 256 bytes

* Multiple Vector Messaged Signaled Interrupts
(MSIs)

* Legacy interrupt support

*  Memory-mapped AXI4 access to PCle® space

* PCle access to memory-mapped AXI4 space

» Tracks and manages Transaction Layer Packets
(TLPs) completion processing

» Detects and indicates error conditions with
interrupts

+ Optimal AXI14 pipeline support for enhanced
performance

+ Compliant with Advanced RISC Machine
(ARM®) Advanced Microcontroller Bus
Architecture 4 (AMBA®) AXI4 specification

» Supports up to three PCle 32-bit or 64-bit
PCle Base Address Registers (BARs) as
Endpoint

» Supports a single PCle 32-bit or 64-bit BAR as
Root Port

LogiCORE IP Facts Table

Core Specifics

supported Zynq-700012), Kintex-7, Virtex-7(1), Artix-7,

Device Virtex-6, Spartan-6

Family@) P

Supported

User Interfaces AXI4

Resources See Table 2-4.

Provided with Core

Desian Files ISE: VHDL and Verilog
9 Vivado: VHDL and Verilog

Example Use Base System Builder (BSB) in EDK

Design

Test Bench Not Provided

ISE: UCF (Tcl generated)

Constraints Vivado: XDC (Tcl generated)

File

BSB: UCF and XDC
i/llrs(;ljtlon Not Provided
g?&vplg:it\f:rm Standalone and Linux

Tested Design Flows(4)

ISE Design Suite, Embedded Edition v14.4

Design Entry Vivado™ Design Suite(®) v2012.4

Simulation Mentor Graphics ModelSim

Xilinx Synthesis Technology (XST)

Synthesis Vivado Synthesis

Support

Provided by Xilinx @ www.xilinx.com/support

Notes:

1. For a complete list of supported derivative devices, see
Embedded Edition Derivative Device Support.

2. Supported in ISE® Design Suite implementations only.

3. Standalone driver details can be found in the EDK or SDK
directory (<install_directory>/doc/usenglish/
xilinx_drivers.htm). Linux OS and driver support information is
available from //wiki.xilinx.com.

4. For the supported versions of the tools, see the Xilinx Design

Tools: Release Notes Guide.

5. Supports only 7 series devices.

AXI Bridge for PCI Express v1.06a
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Overview

The LogiCORE™ IP AXI Bridge for PCI Express® (PCle®) core is designed for the Xilinx®
Embedded Development Kit (EDK) with Xilinx Platform Studio (XPS) or Vivado™ Design

Suite tool flow. The AXI Bridge for PCle provides an interface between an AXI4 customer
user interface and PCI Express using the Xilinx Integrated Block for PCI Express. The AXI

Chapter 1

Bridge for PCle provides the translation level between the AXI4 memory-mapped

embedded system to the PCI Express system. The AXI Bridge for PCle translates the AX14
memory read or writes to PCle Transaction Layer Packets (TLP) packets and translates PCle

memory read and write request TLP packets to AXI4 interface commands.

The architecture of the AXI Bridge for PCI Express is shown in Figure 1-1.
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Feature Summary

The AXI Bridge for PCI Express core is an interface between the AXI4 and PCI Express. It
contains the memory mapped AXI4 to AXI4-Stream Bridge and the AXI4-Stream Enhanced
Interface Block for PCle. The memory-mapped AXI4 to AXI4-Stream Bridge contains a
register block and two functional half bridges, referred to as the Slave Bridge and Master
Bridge. The Slave Bridge connects to the AXI4 Interconnect as a slave device to handle any
issued AXI4 master read or write requests. The Master Bridge connects to the AXI4
Interconnect as a master to process the PCle generated read or write TLPs. The core uses a
set of interrupts to detect and flag error conditions.

The AXI Bridge for PCI Express supports both Root Port and Endpoint configurations. When
configured as a Endpoint, the AXI Bridge for PCle supports up to three 32-bit or 64-bit PCle
Base Address Registers (BARs). When configured as an Root Port, the core supports a single
32-bit or 64-bit PCle BAR.

The AXI Bridge for PCI Express is compliant with the PC/ Express Base Specification v2.0
[Ref 7] and with the AMBA® 4 AXI4 specification [Ref 6].

Limitations

Reference Clock for PCle Frequency Value

The REFCLK input used by the serial transceiver for PCle must be 100 MHz or 125 MHz for
Spartan-6 device configurations, and 100 MHz or 250 MHz for Virtex®-6, 7 series, and
Zynq™-7000 device configurations. The C_REF_CLK_FREQ parameter is used to set this
value, as defined in Table 2-6, page 16.

Licensing and Ordering Information

This Xilinx LogiCORE IP module is provided at no additional cost with the Xilinx Vivado
Design Suite and ISE® Design Suite Embedded Edition tools under the terms of the Xilinx
End User License.

Information about this and other Xilinx LogiCORE IP modules is available at the Xilinx
Intellectual Property page. For information on pricing and availability of other Xilinx
LogiCORE IP modules and tools, contact your local Xilinx sales representative.

For more information, visit the AXI Bridge for PCI Express product page.

AXI Bridge for PCI Express v1.06a www.xilinx.com 7
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Chapter 2

Figure 2-1 shows the architecture of the LogiCORE™ IP AXI Bridge for PCI Express®.
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Figure 2-1:

AXI Bridge for PCI Express Architecture

The Register block contains registers used in the AXI Bridge for PCI Express for dynamically
mapping the AXI4 MM address range provided using AXIBAR parameters to an address for

PCle® range.

The Slave Bridge provides termination of memory-mapped AXI4 transactions from an AXI
master device (such as a processor). The Slave Bridge provides a way to translate addresses
that are mapped within the AXI Memory Mapped address domain to the domain addresses
for PCle. When a remote AXI master initiates a write transaction to the Slave Bridge, the
write address and qualifiers are captured and write data is queued in a First In First Out
(FIFO). These are then converted into one or more MemWr TLPs, depending on the

AXI Bridge for PCI Express v1.06a
PGO55 December 18, 2012
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configured Max Payload Size setting, which are passed to the Integrated Block for PCI
Express.

A second remote AXI master initiated write request write address and qualifiers can then be
captured and the associated write data queued, pending the completion of the previous
write TLP transfer to the integrated block for PCI Express. The resulting AXI Slave Bridge
write pipeline is two-deep.

When a remote AXI master initiates a read transaction to the Slave Bridge, the read address
and qualifiers are captured and a MemRd request TLP is passed to the integrated block for
PCI Express and a completion timeout timer is started. Completions received through the
integrated block for PCI Express are correlated with pending read requests and read data is
returned to the AXI master. The Slave bridge is capable of handling up to eight memory
mapped AXI4 read requests with pending completions.

The Master Bridge processes both PCle MemWr and MemRd request TLPs received from the
integrated block for PCI Express and provides a means to translate addresses that are
mapped within the address for PCle domain to the memory-mapped AXI4 address domain.
Each PCle MemWr request TLP header is used to create an address and qualifiers for the
memory-mapped AXI4 bus and the associated write data is passed to the addressed
memory mapped AXI4 Slave. The Master Bridge can support up to four active PCle MemWr
request TLPs.

Each PCle MemRd request TLP header is used to create an address and qualifiers for the
memory-mapped AXI4 bus. Read data is collected from the addressed memory mapped
AX14 Slave and used to generate completion TLPs which are then passed to the integrated
block for PCI Express. The Master bridge can handle up to four read requests with pending
completions for improved AXI4 pipelining performance.

The instantiated AXI4-Stream Enhanced PCle block contains submodules including the
Requester/Completer interfaces to the AXI bridge and the Register block. The Register
block contains the status, control, interrupt registers, and the AXI4-Lite interface.

Standards

The AXI PCle core is compliant with the ARM® AMBA® 4 AXI4 Protocol Specification [Ref 6] and
the PCI Express Base Specification v2.0 [Ref 7].

AXI Bridge for PCI Express v1.06a www.xilinx.com 9
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Performance

Figure 2-2 shows a configuration diagram for a target FPGA.
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Figure 2-2: FPGA System Configuration Diagram

The target FPGA is filled with logic to drive the Lookup Table (LUT) and block RAM
utilization to approximately 70% and the I/O utilization to approximately 80%. The data
shown in Table 2-1 is obtained using the default tool options and the slowest speed grade

for the target FPGA.

Table 2-1:

System Performance

Target FPGA

Target Fyyax (MHz)

AXI14

AXI4-Lite

MicroBlaze Processor

XC6SLX45T1

)

90 MHz

120 MHz

80 MHz

AXI Bridge for PCI Express v1.06a

PGO55 December 18, 2012
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Table 2-1:

System Performance (Cont’d)

Chapter 2: Product Specification

Target FPGA

Target Fpax (MHz)

AXI14

AXI4-Lite

MicroBlaze Processor

XC6VLX240T(@)

135 MHz

180 MHz

135 MHz

Notes:

1. Spartan®-6 FPGA LUT utilization: 70%; block RAM utilization: 70%; I/O utilization: 80%; MicroBlaze™ processor
not AXI4 interconnect; AXI4 interconnect configured with a single clock of 120 MHz.

2. Virtex®-6 FPGA LUT utilization: 70%; block RAM utilization: 70%; I/O utilization: 80%.
3. Kintex™-7 FPGA results are not shown, but expected to be comparable to Virtex-6 devices.

Maximum Frequencies

The maximum frequency for the AXI clock is:

¢ 62.5 MHz for Spartan-6 devices

o« 125 MHz for Virtex-6 and 7 series FPGAs

Throughput

Throughput was measured at Genl speeds on both Virtex-6 and Kintex-7 devices
configured as 64-bit, x4 (see Table 2-2). All results were measured in a simulation

environment.

Table 2-2: Measured Bandwidth on AXI Bridge to PCI Express
Measurement Throughput
S_AXI Write/Initiator Path 890 MB/s
S_AXI Read/Initiator Path 913 MB/s

Line Rate Support for PCle Gen1/Gen2

The link speed, number of lanes supported, and support of line rate for PCle are defined in
Table 2-3. Achieving line rate for PCle is dependent on the device family, the AXI clock
frequency, the AXI data width, the number of lanes, and Genl (2.5 GT/s) or Gen2 (5.0 GT/s)

link speed.
Table 2-3: Line Rate for PCle Support for Gen1/Gen2
AXI_ACLK Genl Gen2
FAMILY - X_AXI_DATA_WIDTH N F_LANE

C Frequency CX_AXI_ - C_NO_OF_ S (2.5GT/s) | (5.0 GT/s)
Spartan-6 62.5 MHz 32 x1 Yes No
Virtex-6, 125 MHz 64 x1 Yes Yes

7 series

virtex-6. 55 MHz 64 X2 Yes Yes

7 series

AXI Bridge for PCI Express v1.06a
PGO55 December 18, 2012

www.xilinx.com

11


http://www.xilinx.com

& XILINX

Chapter 2: Product Specification

Table 2-3: Line Rate for PCle Support for Gen1/Gen2
AXI_ACLK Genl Gen2

C_FAMILY Frequency C_X_AXI_DATA_WIDTH | C_NO_OF_LANES (2.5 GT/s) (5.0 GT/s)
Virtex-6, 125 MHz 64 x4 Yes No

7 series

Virtex-6 125 MHz 64 x8 No No

7 series 125 MHz 128 x4 Yes Yes

7 series 125 MHz 128 x8 Yes No

Resource Utilization

Table 2-4 illustrates a subset of IP core configurations and the device utilization estimates.
Variation in tools and optimization settings can result in variance of these reported

numbers.

Note: These utilization values are for ISE® Design Suite tools only.

Table 2-4: Resource Utilization Summary

Device Configuration Slices Registers LUTs
Kintex-7 Endpoint x2 Genl 3600 6300 9050
Kintex-7 Root Port x2 Genl 4700 8200 10800
Kintex-7 Root Port x2 Gen2 4600 8270 10860
Virtex-6 Endpoint x4 Genl 3870 6170 9120
Virtex-6 Root Port x4 Genl 4560 8010 11050
Spartan-6 Endpoint x1 Genl 2450 3950 5880
Virtex-7 Endpoint x8 Genl 5300 9160 12620
Artix-7 Endpoint x4 Genl 4000 6740 9270
Zynq™-7000 Endpoint x4 Genl 3740 6250 8460

AXI Bridge for PCI Express v1.06a
PGO55 December 18, 2012
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Port Descriptions

The interface signals for the AXI Bridge for PCI Express are described in Table 2-5.

Table 2-5: Top-Level Interface Signals

Signal Name 1/O | Description

Global Signals
REFCLK I PCle Reference Clock
AXI_ARESETN I Global reset signal for AXI Interfaces
AXI_ACLK I Global clock signal for AXI Interfaces
AXI_ACLK_OUT (0] PCle derived clock output for AXI_ACLK
AXI_CTL_ACLK I Global clock signal for AXI CTL Interface
AXI_CTL_ACLK_OUT (@) PCle derived clock output for AXI_CTL_ACLK
MMCM_LOCK (0] AXI_ACLK_OUT from the axi_enhanced_pcie block is stable
INTERRUPT_OUT (0] Interrupt signal

AXI Slave Interface

S_AXI_AWID[C_S_AXI_ID_WIDTH-1:0]

Slave write address ID

S_AXI_AWADDRI[C_S_AXI_ADDR_WIDTH-1:0]

Slave address write

S_AXI_AWREGION]3:0]

Slave write region decode

S_AXI_AWLEN([7:0]

Slave write burst length

S_AXI_AWSIZE[2:0]

Slave write burst size

S_AXI_AWBURST[1:0]

Slave write burst type

S_AXI_AWVALID

Slave address write valid

S_AXI_AWREADY (0] Slave address write ready
S_AXI_WDATA[C_S_AXI_DATA_WIDTH-1:0] I Slave write data
S_AXI_WSTRB[C_S_AXI_DATA_WIDTH/8-1:0] I Slave write strobe
S_AXI_WLAST I Slave write last
S_AXI_WVALID I Slave write valid
S_AXI_WREADY (0] Slave write ready
S_AXI_BID[C_S_AXI_ID_WIDTH-1:0] O Slave response ID
S_AXI_BRESP[1:0] (0] Slave write response
S_AXI_BVALID (0] Slave write response valid

S_AXI_BREADY

—_

Slave response ready

S_AXI_ARID[C_S_AXI_ID_WIDTH-1:0]

Slave read address ID

S_AXI_ARADDR[C_S_AXI_ADDR_WIDTH-1:0]

Slave read address

S_AXI_ARREGION]3:0]

Slave read region decode

AXI Bridge for PCI Express v1.06a
PGO55 December 18, 2012
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Table 2-5: Top-Level Interface Signals (Cont’d)

Chapter 2
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Signal Name

1/0

Description

S_AXI_ARLEN([7:0]

I

Slave read burst length

S_AXI_ARSIZE[2:0]

Slave read burst size

S_AXI_ARBURST[1:0]

—_

Slave read burst type

S_AXI_ARVALID

—_

Slave read address valid

S_AXI_ARREADY (0] Slave read address ready
S_AXI_RID[C_S_AXI_ID_WIDTH-1:0] (0] Slave read ID tag
S_AXI_RDATA[C_S_AXI_DATA_WIDTH-1:0] O Slave read data
S_AXI_RRESPJ[1:0] (0] Slave read response
S_AXI_RLAST (0] Slave read last
S_AXI_RVALID (0] Slave read valid
S_AXI_RREADY I Slave read ready

AXI Master Interface
M_AXI_AWADDR[C_M_AXI_ADDR_WIDTH-1:0] |O | Master address write
M_AXI_AWLEN[7:0] (0] Master write burst length
M_AXI_AWSIZE[2:0] 0] Master write burst size
M_AXI_AWBURST/[1:0] O Master write burst type
M_AXI_AWPROT[2:0] 0] Master write protection type
M_AXI_AWVALID (0] Master write address valid
M_AXI_AWREADY I Master write address ready
M_AXI_WDATA[C_M_AXI_DATA_WIDTH-1:0] O | Master write data
M_AXI_WSTRB[C_M_AXI_DATA_WIDTH/8-1:0] (0] Master write strobe
M_AXI_WLAST (0] Master write last
M_AXI_WVALID (0] Master write valid
M_AXI_WREADY I Master write ready
M_AXI_BID I Master response ID
M_AXI_BRESP[1:0] I Master write response
M_AXI_BVALID I Master write response valid
M_AXI_BREADY O |Master response ready
M_AXI_ARADDR[C_M_AXI_ADDR_WIDTH-1:0] O |Master read address
M_AXI_ARLEN[7:0] (0] Master read burst length
M_AXI_ARSIZE[2:0] (0] Master read burst size
M_AXI_ARBURST[1:0] (0] Master read burst type
M_AXI_ARPROT[2:0] O |Master read protection type
M_AXI_ARVALID (0] Master read address valid

M_AXI_ARREADY

—

Master read address ready

AXI Bridge for PCI Express v1.06a
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Table 2-5: Top-Level Interface Signals (Cont’d)
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Signal Name 1/O | Description
M_AXI_RIDI[3:0] I Master read ID tag
M_AXI_RDATA[C_M_AXI_DATA_WIDTH-1:0] I Master read data
M_AXI_RRESP[1:0] I Master read response
M_AXI_RLAST I Master read last
M_AXI_RVALID I Master read valid
M_AXI_RREADY (0] Master read ready

AXIl4-Lite Control Interface
S_AXI_CTL_AWADDRJ[31:0] I Slave write address
S_AXI_CTL_AWVALID I Slave write address valid
S_AXI_CTL_AWREADY (0] Slave write address ready
S_AXI_CTL_WDATA[31:0] I Slave write data
S_AX_CTL_WSTRB[3:0] I Slave write strobe
S_AXI_CTL_WVALID I Slave write valid
S_AXI_CTL_WREADY (@) Slave write ready
S_AXI_CTL_BRESP[1:0] O Slave write response
S_AXI_CTL_BVALID (0] Slave write response valid
S_AXI_CTL_BREADY I Slave response ready
S_AXI_CTL_ARADDRJ[31:0] I Slave read address
S_AXI_CTL_ARVALID I Slave read address valid
S_AXI_CTL_ARREADY (0] Slave read address ready
S_AXI_CTL_RDATA[31:0] (0] Slave read data
S_AXI_CTL_RRESP[1:0] (0] Slave read response
S_AXI_CTL_RVALID (0] Slave read valid
S_AXI_CTL_RREADY I Slave read ready

MSI Signals
Legacy Interrupt Input (see C_INTERRUPT_PIN) when
INTX_MSI_Request I MSI_enable = ‘0"
Initiates a MSI write request when MSI_enable = '1".
MSI_enable O |Indicates when MSI is enabled
MSI_ Vector Num [4:0] I Irz(;Lc:stES MSI vector to send when writing a MSI write
St Vctor Wit 20 0 et e s of e Ll e e of s
PCle Interface

PCI_EXP_RXP[C_NO_OF_LANES-1: 0] I PCle RX serial interface
PCI_EXP_RXN[C_NO_OF_LANES-1: 0] I PCle RX serial interface
AXI Bridge for PCI Express v1.06a www.xilinx.com 15
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Table 2-5: Top-Level Interface Signals (Cont’d)

Chapter 2

: Product Specification

Signal Name

1/0

Description

PCI_EXP_TXP[C_NO_OF_LANES-1: 0] O

PCle TX serial interface

PCI_EXP_TXN[C_NO_OF_LANES-1:0] )

PCle TX serial interface

Bridge Parameters

Because many features in the AXI Bridge for PCI Express design can be parameterized, you

are able to uniquely tailor the implementation of the AXI Bridge for PCle using only the

resources required for the desired functionality. This approach also achieves the best
possible performance with the lowest resource usage.

The parameters defined for the AXI Bridge for PCI Express are shown in Table 2-6.

Table 2-6: Top-Level Parameters

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
Bridge Parameters
G1 C_FAMILY Target FPGA Family | Virtex6 spartan6, kintex7, | ;. o String
virtex7, artix7, zynq

Configures the AXI | 0: Endpoint
bridge for PCle to be | 1: Root Port (applies only

G2 C_INCLUDE_RC a Root Port or an for Virtex-6, 7 series, and 0 Integer
Endpoint Zyng-7000 devices)
Selects the Slave

G3 c_comp_TiMeouT | Bridge completion 1 0: 50 pis 0 Integer
timeout counter 1: 50 ms
value
Include the registers

G4 C_INCLUDE_ Igrbr!%zbostc?tirt:;?n 0: Exclude 0 Integer

BAROFFSET_REG 1St 1: Include 9
translation in Slave
Bridge
Instantiates internal
logic to support
narrow burst
C_SUPPORTS_ transfers. Only 0: Not supported

G5 NARROW_BURST enable when AXI | 1: Supported 0 Integer
master bridge
generates narrow
burst traffic.
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
1-6;
1: BAR_O enabled
2: BAR_O, BAR_1 enabled
3: BAR_O, BAR_1, BAR_2
Number of AXI enabled
G6 C_AXIBAR_NUM address apertures 4: BAR_O through BAR_3 |6 Integer
that can be accessed | enabled
5: BAR_O through BAR_4
enabled
6: BAR_O through BAR_5
enabled
G7 C_AXIBAR_O AXIBAR O aperture |\ iy axt addressV®@ | oxFrrr_Frre | StA-l0gic
low address vector
C_AXIBAR_ AXI BAR_O aperture . WM3)(4) std_logic_
G8 HIGHADDR_0 high address Valid AXI address 0x0000_0000 vector
0: 32 bit
G9 C_AXIBAR_AS_0 AXI BAR_0 address f 0 Integer
size 1: 64 bit
PCIe BAR to which std logic
G10 C_AXIBAR2PCIEBAR_O | AXI BAR O is Valid address for PCle(? OxFFFF_FFFF vecjcorg -
mapped
G11 C_AXIBAR_1 AXIBAR_L aperture |\, ;i4 Ax] addressV®)@ | oxprrr_prep | Std-logic.
low address vector
C_AXIBAR_ AXI BAR_1 aperture . (1)B)4) std_logic_
G12 HIGHADDR_1 high address Valid AXI address 0x0000_0000 vector
132 bit
G13 C_AXIBAR_AS_1 AXIBAR 1 address | 0: 32 bi 0 Integer
size 1: 64 bit
PCle BAR to which std logic
Gl4 C_AXIBAR2PCIEBAR_1 | AXI BAR_1 is Valid address for PClet?) | OxFFFF_FFFF Ve&org -
mapped
G15 C_AXIBAR 2 AXIBAR 2 aperture |\, iy Ax] addressV3)@ | oxprrr_prer | Std-logic.
low address vector
C_AXIBAR_ AXI BAR_2 aperture . (1)(3)(4) Std_|OgiC_
G16 HIGHADDR 2 high address Valid AXI address 0x0000_0000 vector
0: 32 bit
G17 C_AXIBAR_AS_2 AXI BAR_2 address ) 0 Integer
size 1: 64 bit
PCIe BAR to which std logic
G18 C_AXIBAR2PCIEBAR_2 | AXI BAR_2 is Valid address for PCle(? OxFFFF_FFFF vecjcorg -
mapped
G19 C_AXIBAR 3 AXIBAR 3 aperture |\.;i4 ax1 address®@) | oxprrr prrr | St9-109iC
low address vector
C_AXIBAR_ AXI BAR_3 aperture . W3)(4) std_logic_
G20 HIGHADDR 3 high address Valid AXI address 0x0000_0000 vector
AXI Bridge for PCI Express v1.06a www.xilinx.com 17
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
0: 32 bit
G21 C_AXIBAR_AS_3 AXI BAR 3 address : 0 Integer
size 1: 64 bit
PCIe BAR to which std logic
G22 C_AXIBAR2PCIEBAR_3 | AXI BAR_3 is Valid address for PCle(? OxFFFF_FFFF vecjcorg -
mapped
G23 C_AXIBAR 4 AXIBAR 4 aperture | \.;i4 axi address®)@) | oxprrr prrr | St9-109iC
low address vector
C_AXIBAR_ AXI BAR_4 aperture . W3)(4) std_logic_
G24 HIGHADDR 4 high address Valid AXI address 0x0000_0000 vector
0: 32 bit
G25 C_AXIBAR_AS_4 AXI BAR_4 address ! 0 Integer
size 1: 64 bit
PCIe BAR to which std logic
G26 C_AXIBAR2PCIEBAR_4 | AXI BAR 4 is Valid address for PClet?) | OxFFFF_FFFF Ve&org -
mapped
G27 C_AXIBAR_5 AXIBAR.S aperture |\, iy Ax] addressV®)@ | oxprrr_prep | Std-logic.
low address vector
C_AXIBAR_ AXI BAR_S aperture . (1)(3)(4) std_logic_
G28 HIGHADDR_5 high address Valid AXI address 0x0000_0000 vector
132 bit
G29 C_AXIBAR_AS_5 AXI BAR 5 address | 0: 32 bi 0 Integer
size 1: 64 bit
PCle BAR to which std logic
G30 C_AXIBAR2PCIEBAR_5 | AXI BAR_5 is Valid address for PCle(? OxFFFF_FFFF vecjcorg -
mapped
1-3;
Number of address |1: BAR_O enabled
G31 C_PCIEBAR_NUM for PCle apertures | 2: BAR_O, BAR_1 enabled |3 Integer
that can be accessed | 3. BAR 0, BAR_1, BAR 2
enabled
AXI Bridge for PCI Express v1.06a www.xilinx.com 18
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
0: Generates three 32-bit
PCIEBAR address
apertures.
32-bit BAR example:
PCIEBAR_O is 32 bits
PCIEBAR_1 is 32 bits
PCIEBAR_2 is 32 bits
1: Generates three 64 bit
Configures PCIEBAR | CIEBAR address
aperture width to be apertures.
G32 C_PCIEBAR_AS 32 bits wide or 64 64-bit BAR examp|e: 1 Integer
bits wide PCIEBAR_O and PCIEBAR_1
concatenate to comprise
64-bit PCIEBAR_O.
PCIEBAR_2 and PCIEBAR_3
concatenate to comprise
64-bit PCIEBAR_1.
PCIEBAR_4 and PCIEBAR_5
concatenate to comprise
64-bit PCIEBAR_2
Power of 2 in the
G33 C_PCIEBAR_LEN_O size of bytes of PCIE | 13-31 16 Integer
BAR_O space
AXI BAR to which std logic
G34 C_PCIEBAR2AXIBAR_O | PCIE BAR O is Valid AXI address 0x0000_0000 vecjcorg -
mapped
Defines the AXI BAR
memoryspaceFPCIe 0: Denotes a non-secure
BAR_0) (accessible
C_PCIEBAR2AXIBAR_O memory space
SEC from PCle) to be 1: Marks the AXI 0 Integer
- either secure or - Marks the memory
non-secure memory space as secure
mapped.
Power of 2 in the
G35 C_PCIEBAR_LEN_1 size of bytes of PCIE | 13-31 16 Integer
BAR_1 space
AXI BAR to which std logic
G36 C_PCIEBAR2AXIBAR_1 | PCIE BAR_ 1 is Valid AXI address 0x0000_0000 vecjcorg -
mapped
AXI Bridge for PCI Express v1.06a www.xilinx.com 19
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
Defines the AXI BAR
an:I;ngryspace (tF)’lCJIe 0: Denotes a non-secure
C_PCIEBAR2AXIBAR_1 -1) (accessible | ooy space
SEC from PCle) to be 1: Marks the AXI 0 Integer
- either secure or - Marks the memory
non-secure memory | >Pac€ as secure
mapped.
Power of 2 in the
G37 C_PCIEBAR_LEN_2 size of bytes of PCIE | 13-31 16 Integer
BAR_2 space
AXI BAR to which <td logic
G38 C_PCIEBAR2AXIBAR_2 |PCIE BAR_2 is Valid AXI address 0x0000_0000 vecjcorg -
mapped
Defines the AXI BAR
memoryspaceFPCIe 0: Denotes a non-secure
BAR_2) (accessible
C_PCIEBAR2AXIBAR_2 memory space
SEC from PCle) to be 1: Marks the AXI 0 Integer
- either secure or - Marks the memory
non-secure memory | >P3c€ as secure
mapped.
AXI4-Lite Parameters
G39 C_BASEADDR Device base address | Valid AXI address OxFFFF_FFFF \S/te‘ifoorg'c-
G40 C_HIGHADDR Device high address | Valid AXI address 0x0000_0000 \s;‘;d&lgorglc_
AXI4-Lite port
connection
C_S_AXL_CTL_ . .
PROTOCOL definition to AXI AXI4ALITE AXI4ALITE string
Interconnect and
EDK system
Core for PCle Configuration Parameters
Numb ¢ PCl 1: Spartan-6 FPGAs
G41 C_NO_OF_LANES La“n”e‘s erotrie 1, 2, 4: Virtex-6 FPGAs 1 integer
1, 2, 4, 8: 7 series FPGAs
G42 C_DEVICE_ID Device ID 16-bit vector 0x0000 std_logic_
vector
G43 C_VENDOR_ID Vendor ID 16-bit vector 0x0000 std_logic_
vector
G44 C_CLASS_CODE Class Code 24-bit vector 0x00_0000 | Std-logic.
vector
G45 C_REV_ID Rev ID 8-bit vector 0x00 std_logic_
vector
G46 C_SUBSYSTEM_ID Subsystem ID 16-bit vector 0x0000 \s/gi;frg'c—
AXI Bridge for PCI Express v1.06a www.xilinx.com 20
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
C_SUBSYSTEM_ Subsystem Vendor i std_logic_
G47 VENDOR_ID D 16-bit vector 0x0000 vector
Specifies PCle use
mode for underlying
serial transceiver See Table 2-8.
wrapper usage/ 1.0: For Kintex-7 325T IES
configuration (initial ES) silicon
C_PCIE_LUSE_MODE | (specificonlyto 7 | 11: For Virtex-7 485T IES | 1.0 string
series). (initial ES) silicon
This parameter 3.0: For GES (general ES)
ignored for silicon
Zynqg-7000 devices
(set to “3.0").
0: Not add-in card slot
PCIE Capabilities 1. Downstream p°ft s
G48 C_PCIE_CAP_SLOT_ Reqister Slot connected to add-in card 0 -
IMPLEMENTED egister >lo slot integer
Implemented (valid only for Root
Complex)
0: 100 MHz
. 1: 125 MHz - Spartan-6
REFCLK t
G49 C_REF_CLK_FREQ ol uen'c“p” FPGAs only 0 integer
q y 2: 250 MHz - Virtex-6 or 7
series FPGAs only
Specifies the size of
the MSI request
vector for selecting .
C_NUM_MSI_REQ the number of 0-5 0 integer
requested message
values.
Memory Mapped AXI4 Parameters
32: Spartan-6 FPGAs only
G50 C_M_AXI_DATA_ AXI Master Bus Data | 64: Virtex-6 or 7 series 64 integer
WIDTH width FPGAs only 9
128: 7 series FPGAs only
C_M_AXI_ADDR_ AXI Master Bus .
G5l WIDTH Address width 32 32 Integer
G52 C s AxLID wipTH | AX1Slave Bus D 4 4 integer
width
32: Spartan-6 FPGAs only
G53 C_S_AXI_DATA_ AXI Slave Bus Data | 64: Virtex-6 or 7 series 64 integer
WIDTH width FPGAs only 9
128: 7 series FPGAs only
C_S_AXI_ADDR_ AXI Slave Bus .
G>4 WIDTH Address width 32 32 Integer
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

Generic

Parameter Name

Description

Allowable Values

Default Value

VHDL Type

Protocol definition
for M_AXI (Master

AXI_WRITE_ISSUING®

address issue depth

Interconnect to the target
slave device(s).

C_M_AXI_PROTOCOL Bridge) port on AXI | AXI4 AXI4 string
Interconnect in EDK
system
Protocol definition
for S_AXI (Slave
C_S_AXI_PROTOCOL Bridge) port on AXI | AXI4 AX14 string
Interconnect in EDK
system.
0: 2.5 GT/s - Spartan-6,
G55 C_MAX_LINK_ Maximum PCle link |Virtex-6, or 7 series 0 integer
SPEED speed supported 1: 5.0 GT/s - Virtex-6 or 7 g
series only
0: No INTX support
. (setting for Root Port)
G56 C_INTERRUPT_PIN regacy INTXpIn 1) INTA selected (only 0 integer
support/select .
allowable when core in
Endpoint configuration)
AXI4 Interconnect Parameters
1: Only one active AXI
AWADDR can be accepted
in the AXI sl bridge f
C_INTERCONNECT_S_ | AXIInterconnect | pera o000
G57 AXI_WRITE_ Slave Port Write 2 Maximum of two active 2 integer
ACCEPTANCE ©®) Pipeline Depth - viaximu W v
'peline Lep AXI AWADDR values can
be stored in AXI slave
bridge for PCle
1: Only one active AXI
ARADDR can be accepted
in AXI slave bridge PCle
2, 4, 8: Size of pipeline for
C_INTERCONNECT_S_ | AXI Interconnect ta;té"ee:t\é(:eAdRﬁDA?g ;’Iaa'\‘/‘ees
G58 AXI_READ_ Slave Port Read bridge PCle 8 integer
ACCEPTANCE® Pipeline Depth 9 _
A value of 8 is not allowed
for 128-bit core (Gen2 7
series) configurations. The
maximum setting of this
parameter value is 4.
1, 2, 4: Number of actively
AXI Interconnect issued AXI AWADDR
G59 C_INTERCONNECT_M._ Master Bridge write |values on the AXI 4 integer
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Table 2-6: Top-Level Parameters (Cont’d)

Chapter 2: Product Specification

AXI_READ_ISSUING ©)

address issue depth

on the AXI Interconnect to
the target slave device(s).

Generic Parameter Name Description Allowable Values Default Value, VHDL Type
1, 2, 4: Number of actively
AXI Interconnect e
G60 C_INTERCONNECT_M_ Master Bridge read issued AXIARADDR values 4 integer

1. This is a 32-bit address.
2. The width of this should match the address size (C_AXIBAR_AS) for this BAR.

3. The range specified must comprise a complete, contiguous power of two range, such that the range = 2" and the n least
significant bits of the Base Address are zero. The address value is a 32-bit AXI address.

4. The difference between C_AXIBAR_n and C_AXIBAR_HIGHADDR_n must be less than or equal to Ox7FFF_FFFF and greater than
or equal to 0x0000_1FFF.

5. It is not recommended to edit these default values on the AXI bridge for PCle IP unless resource utilization needs to be
reduced which impacts the AXI bridge performance.

Parameter Dependencies

Table 2-7 lists the parameter dependencies.

Table 2-7: Parameter Dependencies
Generic Parameter Affects Depends Description
Bridge Parameters
G2, G41,
Gl C_FAMILY G49. G55
G2 C INCLUDE_RC 1 Meaningful onIy.lf G1 = Kintex-7.
Spartan-6 and Virtex-6 are EP only.
G3 C_COMP_TIMEOUT
G10,
G14, If G4 = 0, then G10, G14, G18, G22,
G4 C_INCLUDE_BAROFFSET_REG | G18, G6 G26 and G30 have no meaning. The
number of registers included is set
G22, by G6.
G26, G30
G5 C_SUPPORTS_NARROW_
BURST
If G6 = 1, then G7 - G10 are enabled.
If G6 = 2, then G7 - G14 are enabled.
G4, G7 - If G6 = 3, then G7 - G18 are enabled.
AXIBAR_NUM !
G6 C -NU G30 If G6 = 4, then G7 - G22 are enabled.
If G6 = 5, then G7 - G26 are enabled.
If G6 = 6, then G7 - G30 are enabled.
G7 and G8 define the range in AXI
G7 C_AXIBAR_O G8 G6, G8 memory space that is responded to

by this device (AXI BAR)
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Table 2-7: Parameter Dependencies (Cont’d)
Generic Parameter Affects Depends Description
G7 and G8 define the range in AXI
G8 C_AXIBAR_HIGHADDR_O G7 G6, G7 memory space that is responded to
by this device (AXI BAR)
G9 C_AXIBAR_AS_O G6
G10 C_AXIBAR2PCIEBAR_O G4, G6 Meaningful when G4 = 1.
G11 and G12 define the range in
G1l1 C_AXIBAR_1 G12 G12 AXI-memory space thatis responded
to by this device (AXIBAR)
G11 and G12 define the range in
G12 C_AXIBAR_HIGHADDR_1 G11 G6, G11 AXI-memory space thatis responded
to by this device (AXIBAR)
G13 C_AXIBAR_AS_1 G6
Gl4 C_AXIBAR2PCIEBAR_1 G4, G6 Meaningful when G4 = 1.
G15 and G16 define the range in
G15 C_AXIBAR_2 G16 G16 AXI-memory space thatis responded
to by this device (AXIBAR)
G15 and G16 define the range in
G16 C_AXIBAR_HIGHADDR_2 G15 G6, G15 AXI-memory space thatis responded
to by this device (AXIBAR)
G17 C_AXIBAR_AS_2 G6
G18 C_AXIBAR2PCIEBAR_2 G4, G6 Meaningful when G4 = 1.
G19 and G20 define the range in
G19 C_AXIBAR_3 G20 G20 AXI-memory space thatis responded
to by this device (AXIBAR)
G19 and G20 define the range in
G20 C_AXIBAR_HIGHADDR_3 G19 G6, G19 AXI-memory space thatis responded
to by this device (AXIBAR)
G21 C_AXIBAR_AS_3 G6
G22 C_AXIBAR2PCIEBAR_3 G4, G6 Meaningful when G4 = 1.
G23 and G24 define the range in
G23 C_AXIBAR_4 G24 G24 AXI-memory space thatis responded
to by this device (AXIBAR)
G23 and G24 define the range in
G24 C_AXIBAR_HIGHADDR_4 G23 G6, G23 AXI-memory space thatis responded
to by this device (AXIBAR)
G25 C_AXIBAR_AS 4 G6
G26 C_AXIBAR2PCIEBAR_4 G4, G6 Meaningful if G4 = 1.
G27 and G28 define the range in
G27 C_AXIBAR_S G28 G28 AXI-memory space thatis responded
to by this device (AXIBAR)
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Table 2-7: Parameter Dependencies (Cont’d)
Generic Parameter Affects Depends Description
G27 and G28 define the range in
G28 C_AXIBAR_HIGHADDR_5 G27 G6, G27 AXI-memory space thatis responded
to by this device (AXIBAR)
G29 C_AXIBAR_AS_5 G6
G30 C_AXIBAR2PCIEBAR_5 G4, G6 Meaningful if G4 = 1.
If G31 = 1, then G32, G33 are
enabled.
G31 C_PCIEBAR_NUM G33-G38 If G31 = 2, then G32 - G36 are
enabled.
If G31 = 3, then G32 - G38 are
enabled
G32 C_PCIEBAR_AS
G33 C_PCIEBAR_LEN_O G34 G31
Only the high-order bits above the
G34 C_PCIEBAR2AXIBAR_O G31, G33 length defined by G33 are
meaningful.
G35 C_PCIEBAR_LEN_1 G36 G31
Only the high-order bits above the
G36 C_PCIEBAR2AXIBAR_1 G31, G35 length defined by G35 are
meaningful.
G37 C_PCIEBAR_LEN_2 G38 G31
Only the high-order bits above the
G38 C_PCIEBAR2AXIBAR_2 G31, G37 length defined by G37 are

meaningful.
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Table 2-7: Parameter Dependencies (Cont’d)

Generic Parameter Affects Depends Description

Core for PCle Configuration Parameters

Parameter Setting Result

Gl = Spartan-6 | G41 = 1 only

G1 = Virtex-6 G41=1,2,0r4

Gl = Kintex-7 & | G41=1,2,4,0r8
G50 = G53 =128 | (Genl) or 1, 2, or 4
(Gen2)
Spartan-6 is a fixed x1 EP.
G42 C_DEVICE_ID
G43 C_VENDOR_ID
G44 C_CLASS_CODE
G45 C_REV_ID
G46 C_SUBSYSTEM_ID
G47 C_SUBSYSTEM_VENDOR_ID
G438 ICl\yllliclz_El\]cléﬁﬁ'_lileLOT_ G2 If G2 = 0, G48 is not meaningful
If G1 = Spartan-6, G49 must be = 0
or 1.
49 C_REFCLKFREQ 6l If G1 = Virtex-6, G49 must be = 0 or
2.

Memory-Mapped AXI4 Bus Parameters

G50 C_M_AXI_DATA_WIDTH G53 2%641, G50 must be equal to G53

G51 C_M_AXI_ADDR_WIDTH G54 G54 G51 must be equal to G54

G52 C_S_AXI_ID_WIDTH

G1, G41,

G53 C_S_AXI_DATA_WIDTH G50 G50 G53 must be equal to G50

G54 C_S_AXI_ADDR_WIDTH G51 G51 G54 must be equal to G51

G55 C_MAX_LINK_SPEED Gl If G1 = Spartan-6, G55 must be = 0.
G56 C_INTERRUPT_PIN

Table 2-8 summarizes the relationship between the IP design parameters, C_FAMILY and
C_PCIE_USE_MODE. The C_PCIE_USE_MODE is used to specify the 7 series (and derivative
FPGA technology) serial transceiver wrappers to use based on the silicon version. Initial
Engineering Silicon (IES) as well as General Engineering Silicon (GES) must be specified.
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Table 2-8: Silicon Version Specification
C_FAMILY C_PCIE_USE_MODE
Kintex-7 "1.0" = for Kintex-7 325T IES (initial silicon)
"3.0" = for GES (general silicon)
Virtex-7 “1.1" = for Virtex-7 485T IES (initial silicon)
“3.0" = for GES (general silicon)
Artix-7 “3.0" = for IES (initial silicon) to use latest serial transceiver wrappers (only allowable value)
Zynq Not applicable. (set internally = “3.0")
Virtex-6 Not applicable.
Spartan-6 Not applicable.

Memory Map

The memory map shown in Table 2-9 shows the address mapping for the AXI Bridge for PCI
Express. These registers are described in more detail in the following section. All registers
are accessed through the AXI4-Lite Control Interface and are offset from C_BASEADDR.

During a reset, all registers return to default values.

Table 2-9: Register Memory Map

Accessibility Offset Contents Location

RO - EP, R/W - RC 0x000 - 0x124 PCle Configuration Space Header Eg;tf%fuirnatﬁg;a;cggczge

RO 0x128 \Clzgggirl-iffecific Enhanced Capability (VSEC) VSEC of integrated PCle

RO oxl2C VSEC Header configuration space.

RO 0x130 Bridge Info

RO - EP, R/W - RC 0x134 Bridge Status and Control

R/W 0x138 Interrupt Decode

R/W 0x13C Interrupt Mask

RO - EP, R/W - RC 0x140 Bus Location

RO 0x144 Physical-Side Interface (PHY) Status/Control | AXI bridge defined
memory-mapped

RO - EP, R/W - RC 0x148 Root Port Status/Control register space.

RO - EP, R/W - RC 0x14C Root Port MSI Base 1

RO - EP, R/W - RC 0x150 Root Port MSI Base 2

RO - EP, R/W - RC 0x154 Root Port Error FIFO Read

RO - EP, R/W - RC 0x158 Root Port Interrupt FIFO Read 1

RO - EP, R/W - RC 0x15C Root Port Interrupt FIFO Read 2

RO 0x160 - Ox1FF Reserved (zeros returned on read)
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Table 2-9: Register Memory Map (Cont’d)

Accessibility Offset Contents Location
RO 0x200 VSEC Capability 2
RO 0x204 VSEC Header 2

R/W

AXI bridge defined
memory-mapped
space.

AXI Base Address Translation Configuration

0x208 - 0x234 :
Registers

RO

0x238 - OxFFF Reserved (zeros returned on read)

PCle Configuration Space Header

The PCle Configuration Space Header is a memory aperture for accessing the core for PCle
configuration space. For Spartan-6 device configurations, this area is read-only. For
Virtex-6 and 7 series devices, this area is read-only when configured as an Endpoint. Writes
are permitted for some registers when a Virtex-6 or 7 series device is configured as a Root
Port. Special access modes can be enabled using the PHY Status/Control register. All
reserved or undefined memory-mapped addresses must return zero and writes have no
effect.

VSEC Capability Register (Offset 0x128)

The VSEC structure allows the memory space of the core to appear as though it is a part of
the underlying Integrated Block for PCle configuration space. The VSEC is inserted
immediately following the last enhanced capability structure in the underlying block. VSEC
is defined in §7.18 of the PCI Express Base Specification, v1.1 (§7.19 of v2.0)[Ref 7].

Table 2-10: VSEC Capability Register

. Core —_

Bit(s) Name Access Reset Value Description
PCI-SIG® defined ID identifying this Enhanced

15:0 | VSEC Capability ID RO 0x000B Capability as a Vendor-Specific capability. Hardcoded to
0x000B.

19:16 | Capability Version RO 0Ox1 Version of this capability structure. Hardcoded to Ox1.

31:20 gffitefapablllty RO 0x200 Offset to next capability. Hardcoded to 0x0200.
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VSEC Header Register (Offset 0x12C)

The VSEC header provides a unique (within a given vendor) identifier for the layout and
contents of the VSEC structure, as well as its revision and length.

Table 2-11: VSEC Header Register

. Core A
Bit(s) Name Access Reset Value Description
150 | VSEC ID RO 0x0001 ID.vaIue uniquely identifying the nature and format of
this VSEC structure.
19:16 | VSEC REV RO 0 Version of this capability structure. Hardcoded to Oh.

Length of the entire VSEC Capability structure, in bytes,
31:20 | VSEC Length RO 0x038 including the VSEC Capability register. Hardcoded to
0x038 (56 decimal).

Bridge Info Register (Offset 0x130)

The Bridge Info register provides general configuration information about the AXI4-Stream
Bridge. Information in this register is static and does not change during operation.

Table 2-12: Bridge Info Register

Core Reset

Bit(s) Name Access | Value

Description

If set, indicates the link is Gen2 capable. Underlying Integrated
0 Gen2 Capable RO 0 Block and Link partner support PCle Gen2 speed.

Indicates underlying Integrated Block is a Root Port when this
1 Root Port Present RO 0 bit is set.

If set, Root Port registers are present in this interface.

Up Config Indicates underlying Integrated Block is upconfig capable when
2 RO R
Capable this bit is set.
15:3 Reserved RO 0 Reserved
Size of Enhanced Configuration Access Mechanism (ECAM) Bus
Number field, in number of bits. If ECAM window is present,
) . value is between 1 and 8. If not present, value is 0. Total address
18:16 | ECAM Size RO 0 | bits dedicated to ECAM window is 20+(ECAM Size).
The size of the ECAM is determined by the parameter settings
of C_BASEADDR and C_HIGHADDR.
31:19 | Reserved RO 0 Reserved
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Bridge Status and Control Register (Offset 0x134)

The Bridge Status and Control register provides information about the current state of the
AXI4-Stream Bridge. It also provides control over how reads and writes to the Core
Configuration Access aperture are handled. For Spartan-6 devices, this register is not used
and the contents are hardwired to 0.

Table 2-13: Bridge Status and Control Register

. Core Reset —
Bit(s) Name Access | Value Description
0 ECAM Busy RO 0 Indlcate§ an ECAM access is in progress (waiting for
completion).
7:1 Reserved RO 0 Reserved
8 Global RW 0 When set, disables interrupt line from being asserted. Does not
Disable prevent bits in Interrupt Decode register from being set.
15:9 Reserved RO 0 Reserved
When set, allows writing to core registers which are normally
16 RWIC as RW RW 0 RW1C. Hard-wired to zero for Spartan-6 device cores.
When set, allows writing to certain registers which are normally
17 RO as RW RW 0 RO.
(Only supported for Kintex-7 FPGA cores.)
31:18 | Reserved RO 0 Reserved

)

Interrupt Decode Register (Offset 0x138)

The Interrupt Decode register provides a single location where the host processor interrupt
service routine can determine what is causing the interrupt to be asserted and how to clear
the interrupt. Writing a 1 to any bit of the Interrupt Decode register clears that bit.

IMPORTANT: An asserted bit in the Interrupt Decode register does not cause the interrupt line to assert
unless the corresponding bit in the Interrupt Mask register is also set.

Table 2-14: Interrupt Decode Register

. Core Reset ...

Bit(s) Name Access | Value Description

0 Link Down RWIC 0 Indicates that Lmk-Up on the PC.I Express link was lost. Not
asserted unless link-up had previously been seen.
Indicates Received packet failed ECRC check.

1 ECRC Error RW1C 0 (Only applicable to Kintex-7 FPGA cores.)

. Indicates a gap was encountered in a streamed packet on the TX

2 Streaming Error RW1C 0 interface (RW, RR, or CC),

3 Hot Reset RW1C 0 Indicates a Hot Reset was detected.

4 Reserved RO 0 Reserved
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Table 2-14: Interrupt Decode Register (Cont’d)
. Core Reset ...
Bit(s) Name Access | Value Description
7:5 Cfg Completion RW1C 0 Indicates config completion status.
Status
. Indicates timeout on an ECAM access.
8 Cfg Timeout RW1C 0 (Only applicable to Root Port cores.)
Indicates a correctable error message was received.
9 Correctable RWI1C 0 EIeF(g)uester ID of error message should be read from the Root Port
(Only applicable to Root Port cores.)
Indicates a non-fatal error message was received.
R ter ID of houl f the Root Port
10 Non-Fatal RWI1C 0 FIchg)ues er ID of error message should be read from the Root Por
(Only applicable to Root Port cores)
Indicates a fatal error message was received.
R ter ID of houl f the Root Port
11 Fatal RWI1C 0 FIchg)ues er ID of error message should be read from the Root Por
(Only applicable to Root Port cores.)
15:12 | Reserved RO 0 Reserved
INT Int ¢ Indicates an INTx interrupt was received.
16 Rec);i\:\esrrup RW1C 0 Interrupt details should be read from the Root Port FIFO.
(Only applicable to Root Port cores.)
MSI Int ‘ Indicates an MSI(x) interrupt was received.
17 ReCEir\;ezrrup RW1C 0 Interrupt details should be read from the Root Port FIFO.
(Only applicable to Root Port cores.)
19:18 | Reserved RO 0 Reserved
Slave Indicates that a completion TLP was received with a status of
20 Unsupported RW1C 0
0b001 - Unsupported Request.
Request
Slave Unexpected Indicates that a completion TLP was received that was
21 . RW1C 0
Completion unexpected.
Slave Completion Indicates that the expected completion TLP(s) for a read request
22 Timeout P RW1C 0 for PCle was not returned within the time period selected by the
C_COMP_TIMEOUT parameter.
23 Slave Error Poison | RW1C 0 Indicates the EP bit was set in a completion TLP.
24 Slave Completer RWIC 0 Indicates that a completion TLP was received with a status of
Abort 0b100 - Completer Abort.
25 Slave Tllegal Burst | RWIC 0 Indicates that a burst type other than INCR was requested by the
AXI Master.
26 Master DECERR RW1C 0 Indicates a Decoder Error (DECERR) response was received.
27 Master SLVERR RW1C 0 Indicates a Slave Error (SLVERR) response was received.
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Table 2-14: Interrupt Decode Register (Cont’d)
. Core Reset —
Bit(s) Name Access | Value Description
28 II;/Ioa;z’(c)enr Error RW1C 0 Indicates an EP bit was set in a MemWR TLP for PCle.
31:29 | Reserved RO 0 Reserved
Interrupt Mask Register (Offset 0x13C)
The Interrupt Mask register controls whether each individual interrupt source can cause the
interrupt line to be asserted. A one in any location allows the interrupt source to assert the
interrupt line. The Interrupt Mask register initializes to all zeros. Therefore, by default no
interrupt is generated for any event. Table 2-15 describes the Interrupt Mask register bits
and values.
Table 2-15: Interrupt Mask Register
. Core Reset A
Bit(s) Name Access | Value Description
0 Link Down RW 0 Enables interrupts for Link Down events when bit is set.
Enables interrupts for ECRC Error events when bit is set.
1 ECRC Error RW 0 (Only writable for EP configurations, otherwise = '0’)
2 Streaming Error RW 0 Enables interrupts for Streaming Error events when bit is set.
Enables interrupts for Hot Reset events when bit is set.
3 Hot Reset RW 0 (Only writable for EP configurations, otherwise = '0’)
4 Reserved RO 0 Reserved
7.5 Cfg Completion RW 0 Enables interrupts for config completion status.
’ Status (Only writable for Root Port Configurations, otherwise = '0’)
Enables interrupts for Config (Cfg) Timeout events when bit is
8 Cfg Timeout RO 0 set.
(Only writable for Root Port Configurations, otherwise = '0’)
Enables interrupts for Correctable Error events when bit is set.
? Correctable RO 0 (Only writable for Root Port Configurations, otherwise = '0’)
Enables interrupts for Non-Fatal Error events when bit is set.
10 Non-Fatal RO 0 (Only writable for Root Port Configurations, otherwise = '0’)
11 Fatal RO 0 Enables {nterrupts for Fatal Error gventg when bit is 'set. N
(Only writable for Root Port Configurations, otherwise = '0’)
15:12 | Reserved RO 0 Reserved
16 INTx Interrupt RO 0 Enables interrupts for INTx Interrupt events when bit is set.
Received (Only writable for Root Port Configurations, otherwise = '0’)
17 MSI Interrupt RO 0 Enables interrupts for MSI Interrupt events when bit is set.
Received (Only writable for Root Port Configurations, otherwise = '0’)
19:18 | Reserved RO 0 Reserved
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Table 2-15: Interrupt Mask Register (Cont’d)
. Core Reset —
Bit(s) Name Access | Value Description
Slave Enables the Slave Unsupported Request interrupt when bit is
20 Unsupported RW 0 set
Request ’
Slave Unexpected Enables the Slave Unexpected Completion interrupt when bit is
21 . RW 0
Completion set.
22 S!ave Completion RW 0 Enables the Slave Completion Timeout interrupt when bit is set.
Timeout
23 Slave Error Poison RW 0 Enables the Slave Error Poison interrupt when bit is set.
24 ils;/ft(:ompleter RW 0 Enables the Slave Completer Abort interrupt when bit is set.
25 Slave Illegal Burst RW 0 Enables the Slave lllegal Burst interrupt when bit is set.
26 Master DECERR RW 0 Enables the Master DECERR interrupt when bit is set.
27 Master SLVERR RW 0 Enables the Master SLVERR interrupt when bit is set.
28 II;/Ioa;z’(c)enr Error RW 0 Enables the Master Error Poison interrupt when bit is set.
31:29 | Reserved RO 0 Reserved
Bus Location Register (Offset 0x140)
The Bus Location register reports the Bus, Device, and Function number, and the Port
number for the PCle port (Table 2-16).
Table 2-16: Bus Location Register
. Core Reset A
Bit(s) Name Access | Value Description
2:0 Function Number RO 0 Function number of the port for PCle. Hard-wired to 0.
73 Device Number RO 0 Dewge number of port for PCle. For Endpoint, this register is RO
and is set by the Root Port.
158 | Bus Number RO 0 Bus number of port for PCle. For Endpoint, this register is RO and
is set by the external Root Port.
2316 | Port Number RW 0 Sets the Port number field of the Link Capabilities register. Not
supported for Spartan-6 devices.
31:24 | Reserved RO 0 Reserved
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PHY Status/Control Register (Offset 0x144)

The PHY Status/Control register (described in Table 2-17) provides the status of the current
PHY state, as well as control of speed and rate switching for Gen2-capable cores.

Table 2-17: PHY Status/Control Register
. Core Reset —

Bit(s) Name Access | Value Description

0 Link Rate RO 0 Reports the current link rate. 0b = 2.5 GT/s, 1b = 5.0 GT/s.

21 Link Width RO 0 Ee)t)sorts the current link width. 00b = x1, 01b = x2, 10b = x4, 11b
Reports the current Link Training and Status State Machine

8:3 LTSSM State RO 0 (LTSSM) state. Encoding is specific to the underlying Integrated
Block.
Reports the current lane reversal mode.
00b: No reversal

10:9 Lane Reversal RO 0 01b: Lanes 1:0 reversed
10b: Lanes 3:0 reversed
11b: Lanes 7:0 reversed
Reports the current PHY Link-up state.
1b: Link up

11 | Link Up RO o | Ob:Link down o _
Link up indicates the core has achieved link up status, meaning
the LTSSM is in the LO state and the core can send/receive data
packets.

15:12 | Reserved RO 0 Reserved
Specifies completer link width for a directed link change
operation. Only acted on when Directed Link Change specifies a
width change.

) Directed Link 00b: x1

17:16 Width RW 0 01b: x2
10b: x4
11b: x8
(RO for Spartan-6 FPGA cores, hard wired to 0)
Specifies completer link speed for a directed link change
operation. Only acted on when Directed Link Change specifies a

Directed Link speed change.

18 Speed RW 0 0b: 2.5 GT/s
1b: 5.0 GT/s
(RO for Spartan-6 FPGA cores, hard wired to 0)
Specifies link reliability or autonomous for directed link change

) ) operation.
19 Directed Link RW 0 0b: Link reliability

Autonomous

1b: Autonomous
(RO for Spartan-6 FPGA cores, hardwired to 0)
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Table 2-17: PHY Status/Control Register (Cont’d)
. Core Reset —
Bit(s) Name Access | Value Description
Directs LTSSM to initiate a link width and/or speed change.
00b: No change
Directed Link 01b: Force link width
21:2 RW
0 Change 0 10b: Force link speed
11b: Force link width and speed
(RO for Spartan-6 FPGA cores, hardwired to 0)
31:22 | Reserved RO 0 Reserved
Root Port Status/Control Register (Offset 0x148)
The Root Port Status/Control register provides access to Root Port specific status and
control. This register is only implemented for Root Port cores. For non-Root Port cores,
reads return 0 and writes are ignored (described in Table 2-18).
Table 2-18: Root Port Status/Control Register
. Core Reset I
Bit(s) Name Access | Value Description
When set, allows the reads and writes to the AXIBARs to be
presented on the PCle bus. RP Software needs to write 1 to this
0 Bridge Enable RW 0 bit when enumeration is done. AXI Enhanced PCle Bridge clears
this location when link up to link down transition occurs. Default
is set to '0".
15:1 Reserved RO 0 Reserved.
16 E:;%;)/FIFO Not RO 0 Indicates that the Root Port Error FIFO has data to read.
17 Error FIFO RW1C 0 Indicates that the Root Port Error FIFO overflowed and an error
Overflow message was dropped. Writing a ‘1’ clears the overflow status.
18 Lni:]?)rtr;pt FIFO Not RO 0 Indicates that the Root Port Interrupt FIFO has data to read.
Interrunt FIFO Indicates that the Root Port Interrupt FIFO overflowed and an
19 P RW1C 0 interrupt message was dropped. Writing a ‘1’ clears the overflow
Overflow
status
27:20 Cpmpletlon RW 0 Sets the timeout counter size for Completion Timeouts.
Timeout
31:28 | Reserved RO 0 Reserved.
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Root Port MSI Base Register 1 (Offset 0x14C)

The Root Port MSI Base Register contains the upper 32-bits of the 64-bit MSI address
(described in Table 2-19).

For EP configurations, read returns zero.

Table 2-19: Root Port MSI Base Register 1
. Core Reset I
Bit(s) Name Access | Value Description
4Kb-aligned address for MSI interrupts. In case of 32-bit MS],
31:0 | MSI Base RW 0 it returns 0 but captures the upper 32-bits of the MSI address in
case of 64-bit MSL

Table 2-20: Root Port MSI Base Register 2

Root Port MSI Base Register 2 (Offset 0x150)

The Root Port MSI Base Register 2 (described in Table 2-20) sets the address window in Root
Port cores used for MSI interrupts. MemWr TLPs to addresses in this range are interpreted
as MSI interrupts. MSI TLPS are interpreted based on the address programmed in this

register. The window is always 4 Kb, beginning at the address indicated in this register. For

EP configurations, a read returns zero.

. Core Reset —
Bit(s) Name Access | Value Description
11:.0 Reserved RO 0 Reserved
31:12 | MSI Base RW 0 4 Kb-aligned address for MSI interrupts.

AXI Bridge for PCI Express v1.06a www.xilinx.com

Root Port Error FIFO Read Register (Offset 0x154)

Reads from this location return queued error (Correctable/Non-fatal/Fatal) messages. Data
from each read follows the format shown in Table 2-21. For EP configurations, read returns

Zero.

Reads are non-destructive. Removing the message from the FIFO requires a write. The write

value is ignored.
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Table 2-21: Root Port Error FIFO Read Register
. Core Reset A
Bit(s) Name Access | Value Description
15:0 | Requester ID RWC 0 Requester ID belonging to the requester of the error message.
Indicates the type of the error.
00b: Correctable
17:16 | Error Type RWC 0 0lb: Non-Fatal
10b: Fatal
11b: Reserved
Indicates whether read succeeded.
18 Error Valid RWC 0 1b: Success
Ob: No message to read
31:19 | Reserved RO 0 Reserved
Root Port Interrupt FIFO Read Register 1 (Offset 0x158)
Reads from this location return queued interrupt messages. Data from each read follows the
format shown in Table 2-22. For MSI interrupts, the message payload is presented in the
Root Port Interrupt FIFO Read 2 register. The interrupt-handling flow should be to read this
register first, immediately followed by the Root Port Interrupt FIFO Read 2 register. For
non-Root Port cores, reads return zero.
Note: Reads are non-destructive. Removing the message from the FIFO requires a write to either
this register or the Root Port Interrupt FIFO Read 2 register. The write value is ignored.
Table 2-22: Root Port Interrupt FIFO Read Register 1
. Core Reset A
Bit(s) Name Access | Value Description
15:0 Requester ID RWC 0 Requester ID belonging to the requester of the error message.
2616 | MSI Address RWC 0 For MSI |pterrupts, contains address bits 12:2 from the TLP
address field.
Indicates interrupt line used.
00b: INTA
. . 01b: INTB
28:27 | Interrupt Line RWC 0 10b: INTC
11b: INTD
For MS], this field is set to 00b and should be ignored.
Indicates assert or deassert for INTx.
1b: Assert
29 Interrupt Assert RWC 0 Ob: Deassert
For MSI, this field is set to Ob and should be ignored.
Indicates whether interrupt is MSI or INTx.
30 MSI Interrupt RWC 0 1b = MSL Ob = INTx.
Indicates whether read succeeded.
31 Interrupt Valid RWC 0 1b: Success
0b: No interrupt to read
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Root Port Interrupt FIFO Read Register 2 (Offset 0x15C)

Reads from this location return queued interrupt messages. Data from each read follows the
format shown in Table 2-23. For MSI interrupts, the message payload is presented in this
register, while the header information is presented in the Root Port Interrupt FIFO Read 1
register. The interrupt-handling flow should be to read the Root Port Interrupt FIFO Read 1
register first, immediately followed by this register. For non-Root Port cores, reads return 0.
For INTx interrupts, reads return zero.

Note: Reads are non-destructive. Removing the message from the FIFO requires a write to EITHER
this register or the Root Port Interrupt FIFO Read 1 register (write value is ignored).

Table 2-23: Root Port Interrupt FIFO Read Register 2

. Core Reset .
Bit(s) Name Access | Value Description
15:0 | Message Data RWC 0 Payload for MSI messages.

31:16 | Reserved RO 0 Reserved

VSEC Capability Register 2 (Offset 0x200)

The VSEC structure allows the memory space for the core to appear as though it is a part of
the underlying integrated block PCle configuration space. The VSEC is inserted immediately
following the last enhanced capability structure in the underlying block. VSEC is defined in
§7.18 of the PCI Express Base Specification, v1.1 (§7.19 of v2.0)[Ref 7].

This register is only included if C_INCLUDE_BAR_OFFSET_REG = 1.

Table 2-24: VSEC Capability Register 2

. Core Reset A
Bit(s) Name Access | Value Description

) - PCI-SIG defined ID identifying this Enhanced Capability as a
150 | VSEC Capability ID RO 0x0008 Vendor-Specific capability. Hardcoded to 0x000B.
19:16 | Capability Version RO 0x1 Version of this capability structure. Hardcoded to Ox1.

. Next Capability .
31:20 Offset RO 0x000 | Offset to next capability.

VSEC Header Register 2 (Offset 0x204)

The VSEC Header Register 2 (described in Table 2-25) provides a unique (within a given
vendor) identifier for the layout and contents of the VSEC structure, as well as its revision

and length.

This register is only included if C_INCLUDE_BAR_OFFSET_REG = 1.
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. Core I

Bit(s) Name Access Reset Value Description

150 | VSECID RO 0x0002 ID.vaIue uniquely identifying the nature and format of
this VSEC structure.

19:16 |VSEC REV RO 0x0 Version of this capability structure. Hardcoded to 0x0.
Length of the entire VSEC Capability structure, in bytes,

31:20 |VSEC Length RO 0x038 including the VSEC Capability register. Hardcoded to
0x038 (56 decimal).

AXI Base Address Translation Configuration Registers (Offset
0x208 - 0x234)

The AXI Base Address Translation Configuration Registers and their offsets are shown in
Table 2-26 and the register bits are described in Table 2-27. This set of registers can be used
in two configurations based on the top-level parameter C_AXIBAR_AS_n. When the BAR is
set to a 32-bit address space, then the translation vector should be placed into the
AXIBAR2PCIEBAR_NL register where n is the BAR number. When the BAR is set to a 64-bit
address space, then the most significant 32 bits are written into the AXIBAR2PCIEBAR_nU
and the least significant 32 bits are written into AXIBAR2PCIEBAR_nL. These registers are
only included if C_INCLUDE_BAR_OFFSET_REG = 1.

Table 2-26: AXI Base Address Translation Configuration Registers

Offset | Bits Register Mnemonic
0x208 | 31-0 AXIBAR2PCIEBAR_OU
0x20C | 31-0 AXIBAR2PCIEBAR_OL
0x210 |31-0 AXIBAR2PCIEBAR_1U
0x214 | 31-0 AXIBAR2PCIEBAR_1L
0x218 | 31-0 AXIBAR2PCIEBAR_2U
0x21C | 31-0 AXIBAR2PCIEBAR_2L
0x220 | 31-0 AXIBAR2PCIEBAR_3U
0x224 | 31-0 AXIBAR2PCIEBAR_3L
0x228 | 31-0 AXIBAR2PCIEBAR_4U
0x22C | 31-0 AXIBAR2PCIEBAR_4L
0x230 31-0 AXIBAR2PCIEBAR_5U
0x234 | 31-0 AXIBAR2PCIEBAR_5L

AXI Bridge for PCI Express v1.06a
PGO55 December 18, 2012

www.xilinx.com 39



http://www.xilinx.com

& XILINX

Chapter 2: Product Specification

Table 2-27: AXI Base Address Translation Configuration Register Bit Definitions

. Core —
Bits Name Access Reset Value Description
Lower Address: To create the address for
Lower PCle-this is the value substituted for the
31-0 Address RIW C_AXIBARZPCIEBAR 0(31 to 0) least significant 32 bits of the AXI
address.
if (C_AXIBAR2PCIEBAR_O = 64 bits),
then
reset value = Upper Address: To create the address for
31.0 | Ypper R/W C_AXIBAR2PCIEBAR_0(63 to 32) PCle-this is the value substituted for the
Address most significant 32 bits of the AXI
if (C_AXIBAR2PCIEBAR_O = 32 bits), | address.
then
reset value = 0x00000000
Lower Address: To create the address for
Lower PCle-this is the value substituted for the
31-0 Address RIW C_AXIBARZPCIEBAR 1(31 to 0) least significant 32 bits of the AXI
address.
if (C_AXIBAR2PCIEBAR_1 = 64 bits)
then
reset value = Upper Address: To create the address for
31.0 | Ypper R/W C_AXIBARZPCIEBAR_1(63 to 32) PCle- this is the value substituted for the
Address most significant 32 bits of the AXI
if (C_AXIBAR2PCIEBAR_1 = 32 bits) address.
then
reset value = 0x00000000
Lower Address: To create the address for
Lower PCle-this is the value substituted for the
31-0 Address R/W C_AXIBARZPCIEBAR 2(31 to 0) least significant 32 bits of the AXI
address.
if (C_AXIBAR2PCIEBAR_2 = 64 bits),
then
reset value = Upper Address: To create the address for
31.0 | Ypper R/W C_AXIBARZPCIEBAR_2(63 to 32) PCle-this is the value substituted for the
Address most significant 32 bits of the AXI
if (C_AXIBAR2PCIEBAR_2 = 32 bits), address.
then
reset value = 0x00000000
Lower Address: To create the address for
Lower PCle-this is the value substituted for the
31-0 Address RAW C_AXIBARZPCIEBAR 3(31 to 0) least significant 32 bits of the AXI
address.
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Table 2-27: AXI Base Address Translation Configuration Register Bit Definitions (Cont’d)

Bits Name ACore Reset Value Description
ccess
if (C_AXIBAR2PCIEBAR_3 = 64 bits)
then
reset value = Upper Address: To create the address for
31.0 | Ypper R/W C_AXIBAR2PCIEBAR_3(63 to 32) PCle-this is the value substituted for the
Address most significant 32 bits of the AXI
if (C_AXIBAR2PCIEBAR_3 = 32 bits) address.
then
reset value = 0x00000000
Lower Address: To create the address for
Lower PCle-this is the value substituted for the
31-0 Address RIW C_AXIBARZPCIEBAR 4(31 to 0) least significant 32 bits of the AXI
address.
if (C_AXIBAR2PCIEBAR_4 = 64 bits),
then
reset value = Upper Address: To create the address for
31.0 | Ypper R/W C_AXIBARZPCIEBAR_4(63 to 32) PCle-this is the value substituted for the
Address most significant 32 bits of the AXI
if (C_AXIBAR2PCIEBAR 4 = 32 bits), | address.
then
reset value = 0x00000000
Lower Address: To create the address for
Lower PCle-this is the value substituted for the
31-0 Address R/W C_AXIBARZPCIEBAR >(31 to 0) least significant 32 bits of the AXI
address.
if (C_AXIBAR2PCIEBAR_5 = 64 bits)
then
reset value = Upper Address: To create the address for
31.0 | Ypper R/W C_AXIBARZPCIEBAR_5(63 to 32) PCle-this is the value substituted for the
Address most significant 32 bits of the AXI
if (C_AXIBAR2PCIEBAR_5 = 32 bits) address.
then
reset value = 0x00000000

AXI Bridge for PCI Express v1.06a

Enhanced Configuration Access

When the AXI Bridge for PCle is configured as a Root Port, configuration traffic is generated
by using the PCI Express Enhanced Configuration Access Mechanism (ECAM). ECAM
functionality is available only when the core is configured as a Root Port. Reads and writes
to a certain memory aperture are translated to configuration reads and writes, as specified
in the PCI Express Base Specification (v1.1 and v2.1), §7.2.2[Ref 7].

Depending on the core configuration, the ECAM memory aperture is 221-228 (byte)
addresses. The address breakdown is defined in Table 2-28. The ECAM window begins at
memory map base address and extends to 2 (20+ECAMSIZE) _ 1 ECAM_SIZE is calculated from
the C_BASEADDR and C_HIGHADDR parameters. The number N of low-order bits of the two
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parameters that do not match, specifies the 2**n byte address range of the ECAM space. If
C_INCLUDE_RC = 0, then ECAM_SIZE = 0.

When an ECAM access is attempted to the primary bus number, which defaults as bus 0
from reset, then access to the type 1 PCI™ Configuration Header of the integrated block in
the Enhanced Interface for PCle is performed. When an ECAM access is attempted to the
secondary bus number, then type 0 configuration transactions are generated. When an
ECAM access is attempted to a bus number that is in the range defined by the secondary
bus number and subordinate bus number (not including the secondary bus number), then
type 1 configuration transactions are generated. The primary, secondary, and subordinate
bus numbers are written by Root Port software to the type 1 PCI Configuration Header of
the Enhanced Interface for PCle in the beginning of the enumeration procedure.

When an ECAM access is attempted to a bus number that is out of the bus_number and
subordinate bus number, the bridge does not generate a configuration request and signal
SLVERR response on the AXI4-Lite bus. When the AXI Bridge for PCIE is configured for EP
(C_INCLUDE_RC = 0), the underlying Integrated Block configuration space and the core
memory map are available at the beginning of the memory space. The memory space looks
like a simple PCI Express configuration space. When the AXI Bridge for PCle is configured
for RC (C_INCLUDE_RC = 1), the same is true, but it also looks like an ECAM access to
primary bus, Device 0, Function 0.

When the AXI Bridge for PCI Express is configured as a Root Port, the reads and writes of the
local ECAM are Bus 0. Because the FPGA only has a single Integrated Block for PCle core, all
local ECAM operations to Bus 0 return the ECAM data for Device O, Function 0.

Configuration write accesses across the PCI Express bus are non-posted writes and block
the AXI4-Lite interface while they are in progress. Because of this, system software is not
able to service an interrupt if one were to occur. However, interrupts due to abnormal
terminations of configuration transactions can generate interrupts. ECAM read transactions
block subsequent Requester read TLPs until the configuration read completions packet is
returned to allow unique identification of the completion packet.

Table 2-28: ECAM Addressing

Bits Name Description
) Ignored for this implementation. The S_AXI_CTL_WSTRB[3:0] signals
10 Byte Address define byte enables for ECAM accesses.
. Register . i . .
7:2 Number Register within the configuration space to access.
Extended . ;
. . Along with Register Number, allows access to PCI Express Extended
11:8 Register : .
Configuration Space.
Number
14:12 Function Function Number to completer.
Number
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Table 2-28: ECAM Addressing (Cont’d)

Bits

Name

Description

19:15 Device Number

Device Number to completer.

(20+n-1):20 | Bus Number

Bus Number, 1 <= n <= 8. nis the number of bits available for Bus
Number as derived from core parameters C_INCLUDE_RC,
C_BASEADDR, and C_HIGHADDR.

Unsupported Memory Space

Advanced Error Reporting (AER) is not supported in the AXI Bridge for PCI Express core. The
AER register space is not accessible in the AXI Bridge for PCI Express memory mapped

space.
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Designing with the Core

This chapter includes guidelines and additional information to make designing with the
core easier. It contains these sections:

« General Design Guidelines

+ Clocking

* Resets

« AXI Transactions for PCle

« Transaction Ordering for PCle

 Address Translation

General Design Guidelines

The Base System Builder tool in the Xilinx® Embedded Development Kit (EDK) design
environment has been optimized to provide a starting point for designing with the
LogiCORE™ IP AXI Bridge for PCle®.

Clocking

Figure 3-1 shows the clocking diagram for the core. The AXI_ACLK_OUT output must be fed
back and used as the input for AXI_ACLK. This is the main memory-mapped AXI4 bus clock.
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L AXI_ACLK AXI_ACLK_OUT

PCle Reference Clock —s{ REFCLK AXI
PCle

MMCM_LOCK [—=

AXI_CTL_ACLK_OUT

|—~ AXI_CTL_ACLK

Figure 3-1: Clocking Diagram

x12325

The REFCLK input must be provided at the frequency selected by the value of
C_REF_CLK_FREQ. This clock is used to generate the two output clocks and is also the clock
used to drive the AXI4 bus.

The AXI_CTL_ACLK_OUT output must be fed back and used for the input AXI_CTL_ACLK. This
is the AXI4-Lite interconnect clock. The AXI_CTL_ACLK_OUT clock is rising edge aligned and
an integer division of the AXI_ACLK_OUT clock.

Resets

The bridge is designed to be used with the Proc_Sys_Reset module for generation of the
AXI_ARESET input. When using the EDK tools to build a system, it is best to connect the
PERSTN pin of the host connector for PCle to the Peripheral_Reset port of the
Proc_Sys_Reset module. The bridge does not use PERSTN directly. Also, the MMCM_LOCK
output must be connected to the DCM_TLocked input of the Proc_Sys_Reset module to make
sure that AXI_ARESET is held active for 16 clocks after MMCM_LOCK becomes active. See
Figure 3-2.

Note: Be sure to set the correct polarity on the Aux_Reset_1In signal of the Proc_Sys_Reset IP
block. When PERSTN is active- Low, set the parameter as follows:

PARAMETER C_AUX_RESET_HIGH = 0
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proc_sys_reset
IP

PERSTn —{ Aux_Reset_In

Interconnect_aresetn |—» AXI4 ARESETn
MMCM_LOCK DCM_LOCKED
AXI
PCle
IP
AXI_ARESETN

X12326

Figure 3-2: System Reset Connection

AXI Transactions for PCle

Table 3-1 and Table 3-2 are the translation tables for AXI4-Stream and memory-mapped
transactions.

Table 3-1: AXI4 Memory-Mapped Transactions to AXI4-Stream PCle TLPs

AXI4 Memory-Mapped Transaction AXIl4-Stream PCle TLPs
INCR Burst Read of 32-bit address AXIBAR MemRd 32 (3DW)
INCR Burst Write to 32-bit address AXIBAR MemWr 32 (3DW)
INCR Burst Read of 32-bit address AXIBAR MemRd 64 (4DW)
INCR Burst Write to 32-bit address AXIBAR MemWr 64 (4DW)

Table 3-2: AXI4-Stream PCle TLPs to AXI4 Memory Mapped Transactions

AXlI4-Stream PCle TLPs AXI14 Memory-Mapped Transaction
MemRd 32 (3DW) of PCIEBAR INCR Burst Read with 32-bit address
MemWr 32 (3DW) to PCIEBAR INCR Burst Write with 32-bit address
MemRd 64 (4DW) of PCIEBAR INCR Burst Read with 32-bit address
MemWr 64 (4DW) to PCIEBAR INCR Burst Write with 32-bit address
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Transaction Ordering for PCle

The AXI Bridge for PCle conforms to strict PCle transaction ordering rules. See the PCle v2.1
Specification for the complete rule set. The following behaviors are implemented in the AXI
Bridge for PCle to enforce the PCle transaction ordering rules on the highly-parallel AXI bus
of the bridge. The rules are enforced without regard to the Relaxed Ordering attribute bit
within the TLP header:

« The BRESP to the remote (requesting) AXI4 master device for a write to a remote PCle
device is not issued until the MemWr TLP transmission is guaranteed to be sent on the
PCle link before any subsequent tx-transfers.

« Aremote AXI master read of a remote PCle device is not permitted to pass any previous
or simultaneous AXI master writes to a remote PCle device that occurs previously or at
the same time. Timing is based off the AXI ARVALID signal timing relative to the AXI
AWVALID. Any AXI write transaction in which AWVALID was asserted before or at the
same time as the ARVALID for a read from pcie is asserted causes the MemRd TLP(s) to
be held until the pipelined or simultaneous MemWr TLP(s) have been sent.

« A remote PCle device read of a remote AXI slave is not permitted to pass any previous
remote PCle device writes to a remote AXI slave received by the AXI Bridge for PCle.
The AXI read address phase is held until the previous AXI write transactions have
completed and BRESP has been received for the AXI write transactions.

« Read completion data received from a remote PCle device are not permitted to pass
any remote PCle device writes to a remote AXI slave received by the AXI Bridge for PCle
prior to the read completion data. The BRESP for the AXI write(s) must be received
before the completion data is presented on the AXI read data channel.

« Read data from a remote AXI slave is not permitted to pass any remote AXI master
writes to a remote PCle device initiated on the AXI bus prior to or simultaneously with
the read data being returned on the AXI bus. Timing is based off the AXI AWVALID
signal timing relative to the AXI RVALID assertion. Any AXI write transaction in which
AWVALID was asserted before or simultaneously with the RVALID being asserted up to
and including the last data beat, causes the Completion TLP(s) to be held until the
pipelined or simultaneous MemWr TLP(s) have been sent.

f IMPORTANT: The transaction ordering rules for PCle have an impact on data throughput in heavy
bidirectional traffic.
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Address Translation

The address space for PCle is different than AXI address space. To access one address space
from another address space requires an address translation process. On the AXI side, the
bridge supports mapping to PCle on up to six 32-bit or 64-bit AXI base address registers
(BARs). The generics used to configure the BARs follow.

C_AXIBAR_NUM, C_AXIBAR_n, C_AXIBAR_HIGHADDR_n, C_AXIBAR2PCIEBAR_n and
C_AXIBAR_AS_n,

where "n" represents an AXI BAR number from 0 to 5. The bridge for PCle supports mapping
on up to three 64-bit BARs for PCle. The generics used to configure the BARs are:

C_PCIEBAR_NUM, C_PCIE2AXIBAR_n and C_PCIEBAR_LEN_n,

where "n" represents a particular BAR number for PCle from 0 to 2.

The C_INCLUDE_BAROFFSET_REG generic allows for dynamic address translation. When this
parameter is set to one, the AXIBAR2PCIEBAR_n translation vectors can be changed by
using the software.

In the four following examples,

« Example 1 (32-bit PCle Address Mapping) demonstrates how to set up four 32-bit AXI
BARs and translate the AXI address to an address for PCle.

« Example 2 (64-bit PCle Address Mapping) demonstrates how to set up three 64-bit AXI
BARs and translate the AXI address to an address for PCle.

« Example 3 demonstrates how to set up two 64-bit PCle BARs and translate the address
for PCle to an AXI address.

« Example 4 demonstrates how set up a combination of two 32-bit AXI BARs and two 64
bit AXI BARs, and translate the AXI address to an address for PCle.

Example 1 (32-bit PCle Address Mapping)

This example shows the generic settings to set up four independent 32-bit AXI BARs and
address translation of AXI addresses to a remote address space for PCle. This setting of AXI
BARs does not depend on the BARs for PCle within the AXI Bridge for PCle.
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In this example, where C_AXIBAR_NUM=4, the following assignments for each range are
made:

C_AXIBAR_AS_0=0

C_AXIBAR_0=0x12340000

C_AXI_HIGHADDR_0=0x1234FFFF

C_AXIBAR2PCIEBAR_0=0x5671XXXX (Bits 15-0 do not matter as the lower 16-bits hold the
actual lower 16-bits of the PCIe address)

C_AXIBAR_AS_1=0

C_AXIBAR_1=0xABCDEOO0O

C_AXI_HIGHADDR_1=0xABCDFFFF

C_AXIBAR2PCIEBAR_1=0xFEDCOXXX (Bits 12-0 do not matter as the lower 13-bits hold the
actual lower 13-bits of the PCIe address)

C_AXIBAR_AS_2=0

C_AXIBAR_2=0xFE000000

C_AXI_HIGHADDR_2=0xFFFFFFFF
C_AXIBAR2PCIEBAR_2=0x40XXXXXX (Bits 24-0 do not care)

Accessing the Bridge AXIBAR_O with address 0x12340ABC on the AXI bus yields
0x56710ABC on the bus for PCle.

AXI AWADDR =
0x12340ABC
C_AXIBAR2PCIEBAR_0 = 0x567 1xxxx
C_AXIBAR_O = +
0x12340000
—_— ——————— Intermediate Address = 0OX0OABC ————— |

C_AXI_HIGHADDR_0 =
O0x1234FFFF

0ABC Final PCle Address =
0x56710ABC

AXI to PCle Address Translation

X12306

Figure 3-3: AXI to PCle Address Translation

» Accessing the Bridge AXIBAR_1 with address 0xABCDF123 on the AXI bus yields
0xFEDC1123 on the bus for PCle.

» Accessing the Bridge AXIBAR_2 with address 0xFFFEDCBA on the AXI bus yields
0x41FEDCBA on the bus for PCle.
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Example 2 (64-bit PCle Address Mapping)

This example shows the generic settings to set up to three independent 64-bit AXI BARs
and address translation of AXI addresses to a remote address space for PCle. This setting of
AXI BARs does not depend on the BARs for PCle within the Bridge.

In this example, where C_AXIBAR_NUM=3, the following assignments for each range are
made:

C_AXIBAR_AS_0=1

C_AXIBAR_0=0x12340000

C_AXI_HIGHADDR_0=0x1234FFFF
C_AXIBAR2PCIEBAR_0=0x500000005671XXXX (Bits 15-0 do not matter)

C_AXIBAR AS_1=1

C_AXIBAR_1=0xABCDE000

C_AXI_HIGHADDR_1=0xABCDFFFF
C_AXIBAR2PCIEBAR_1=0x60000000FEDCOXXX (Bits 12-0 do not matter)

C_AXIBAR _AS_2=1

C_AXIBAR_2=0xFE000000

C_AXI_HIGHADDR_2=0xFFFFFFFF
C_AXIBAR2PCIEBAR_2=0x7000000040XXXXXX (Bits 24-0 do not matter)

» Accessing the Bridge AXIBAR_O with address 0x12340ABC on the AXI bus yields
0x5000000056710ABC on the bus for PCle.

» Accessing the Bridge AXIBAR_1 with address 0xABCDF123 on the AXI bus yields
0x60000000FEDC1123 on the bus for PCle.

» Accessing the Bridge AXIBAR_2 with address 0xFFFEDCBA on the AXI bus yields
0x7000000041FEDCBA on the bus for PCle.

Example 3

This example shows the generic settings to set up two independent BARs for PCle and
address translation of addresses for PCle to a remote AXI address space. This setting of
BARs for PCle does not depend on the AXI BARs within the bridge.

In this example, where C_PCIEBAR_NUM=2, the following range assignments are made:

BAR 0 is set to 0x20000000_ABCD8000 by the Root Port
C_PCIEBAR_LEN_0=15
C_PCIEBAR2AXIBAR_0=0x1234_0XXX (Bits 14-0 do not matter)

BAR 1 is set to 0xA000000012000000 by Root Port
C_PCIEBAR_LEN_1=25
C_PCIEBAR2AXIBAR_1=0XFEXXXXXX (Bits 24-0 do not matter)
« Accessing the Bridge PCIEBAR_O with address 0x20000000_ABCDFFF4 on the bus for
PCle yields 0x1234_7FF4 on the AXI bus.
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C_PCIEBAR2AXIBAR_O = 0x12345xxx
C_PCIEBAR_LEN_0=15
(least significant 15 bits (14:0)
provide window)

PCIWr Addr =
0x20000000_ABCDFFF4
PCle BAR O
—— | (set by Root Complex) =
0x20000000_ABCD8000

Intermediate Address = 0x7FF4

Final translated AXI Address =
0x1234 7FF4

PCle to AXI Address Translation

X12305

Figure 3-4: PCle to AXI Translation

« Accessing Bridge PCIEBAR_1 with address 0xA00000001235FEDC on the bus for PCle
yields 0xFE35FEDC on the AXI bus.

Example 4

This example shows the generic settings to set up a combination of two independent 32-bit
AXI BARs and two independent 64-bit BARs and address translation of AXI addresses to a
remote address space for PCle. This setting of AXI BARs does not depend on the BARs for
PCle within the Bridge.

In this example, where C_AXIBAR_NUM=4, the following assignments for each range are
made:

C_AXIBAR_AS_0=0

C_AXIBAR_0=0x12340000

C_AXI_HIGHADDR_0=0x1234FFFF
C_AXIBAR2PCIEBAR_0=0x5671XXXX (Bits 15-0 do not matter)

C_AXIBAR_AS_1=1

C_AXIBAR_1=0xABCDE00O

C_AXI_HIGHADDR_1=0xABCDFFFF
C_AXIBAR2PCIEBAR_1=0x50000000FEDCOXXX (Bits 12-0 do not matter)

C_AXIBAR_AS_2=0

C_AXIBAR_2=0xFE000000

C_AXI_HIGHADDR_2=0xFFFFFFFF

C_AXIBAR2PCIEBAR_ 2=0x40XXXXXX (Bits 24-0 do not matter)

C_AXIBAR_AS_3=1

C_AXIBAR_3=0x00000000

C_AXI_HIGHADDR_3=0x0000007F
C_AXIBAR2PCIEBAR_3=0x600000008765438X (Bits 6-0 do not matter)
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« Accessing the Bridge AXIBAR_O with address 0x12340ABC on the AXI bus yields
0x56710ABC on the bus for PCle.

» Accessing the Bridge AXIBAR_1 with address 0xABCDF123 on the AXI bus yields
0x50000000FEDC1123 on the bus for PCle.

» Accessing the Bridge AXIBAR_2 with address 0xFFFEDCBA on the AXI bus yields
0x41FEDCBA on the bus for PCle.

» Accessing the AXI M S PCle Bridge AXIBAR_3 with address 0x00000071 on the AXI bus
yields 0x60000000876543F1 on the bus for PCle.

Addressing Checks

When setting the following parameters for PCle address mapping, C_PCIE2AXIBAR_n and
C_PCIEBAR_LEN_n, be sure these are set to allow for the 32-bit addressing space on the AXI
system. For example, the following setting is illegal and results in an invalid AXI address.

C_PCIE2AXIBAR 0
C_PCIEBAR_LEN_0

OxFFFF_0000
23

Also, check for a larger value on C_PCIEBAR_LEN_n compared to the value assigned to
parameter, C_PCIE2AXIBAR_n. For example, the following parameter settings.

C_PCIE2AXIBAR 0
C_PCIEBAR_LEN_0

OxFFFF_E000
20

To keep the AXI BAR upper address bits as OxFFFF_EOQQO (to reference bits [31:13]), the
C_PCIEBAR_LEN_O parameter must be set to 13.

Interrupts

This section describes the interrupt pins which include Local, MSI and Legacy Interrupts.

Local Interrupts

The INTERRUPT_OUT pin can be configured to send interrupts based on the settings of the
Interrupt Mask register. The INTERRUPT_OUT pin signals interrupts to devices attached to
the memory mapped AXI4 side of the Bridge. The MSI interrupt defined in the Interrupt
Mask & Interrupt Decode registers is used to indicate the receipt of a Message Signaled
Interrupt only when the bridge is operating in Root Port mode (C_INCLUDE_RC=1).
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MSI Interrupt

When the MSI_enable output pin indicates that the bridge has Endpoint MSI functionality
enabled (MSI_enable ='l"), the INTX_MSI_Request input pinis defined as MSI_Request
and can be used to trigger a Message Signaled Interrupt through a special MemWr TLP to
an external Root Port for PCle on the PCle side of the Bridge. The INTX_MSI_Request
input pin is positive-edge detected and synchronous to AXI_ACLK. The address and data
contained in this MemWr TLP are determined by an external Root Port for PCle
configuration of registers within the integrated block for PCI Express. The
INTX_MSI_Request pininputisvalid only when the bridge is operating in Endpoint mode
(C_INCLUDE_RC=0).

Additional MSI capability now supports multiple vectors on the Endpoint configuration of
the AXI Bridge for PCI Express. Using the handshaking described here, an additional input
value specifies the vector number to send with the MSI MemWr TLP upstream to the Root
Port. This is specified on the input signal, MSI_Vector_Num. This signal is (4:0), and
represents up to (32), the allowable MSI messages that can be sent from the Endpoint (and
what is enabled after configuration).

The bridge ignores any bits set on the MSI_Vector_Num input signal, if they are not
allocated in the Message Control Register.

The Endpoint requests the number of message as specified in the design parameter (of the
AXI Bridge for PCle), C_NUM_MSI_REQ. Following specification requirements, this
parameter can be set up to 5. C_NUM_MSI_REQ represents the number of MSI vectors
requested. For example, C_NUM_MSI_REQ = 5 represents a request of 2° = 32 MSI vectors.
This parameter value, C_NUM_MSI_REQ is assigned to the Message Control Register field,
Multiple Message Capable, bits (3:1).

After configuration, the number of allocated MSI vectors is specified in the design output
port, MSI_Vector_width. This signal with width, (2:0), can only be values up to 5 (“101"),
representing 32 allocated MSI vectors for the Endpoint. Output values of 6 and 7, “110" and
“111", are reserved. The MSI_Vector_width output signal is a direct correlation from the
value in the Multiple Message Enable field bits (6:4) of the Message Control Register as
shown in Table 3-3.

Table 3-3: MSI Vectors Enabled

Value in Message Control | Number of Messages Requested |Output Signal, MSI_Vector_Width
Register in Message Control Register (2:0)
"000" 1 "000"
"001" 2 "001"
"010" 4 "010"
"011" 8 "011"
“100" 16 “100"
“101" 32 "101"
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Table 3-3: MSI Vectors Enabled

Value in Message Control | Number of Messages Requested |Output Signal, MSI_Vector_Width
Register in Message Control Register (2:0)
“110" Reserved N/A
“111" Reserved N/A

Additional IP is required in the Endpoint PCle system to create the prioritization scheme for
the MSI vectors on the PCle interface.

Legacy Interrupts

The bridge supports legacy interrupts for PCI™ if selected by the C_INTERRUPT_PIN
parameter. (Can only be set to 1 when C_INCLUDE_RC = 0.) A value of 1 selects INTA, as
defined in Table 2-6. If a legacy interrupt for PCI support is selected and the MSI_enable
output pin indicates that the bridge has endpoint MSI functionality disabled (MSI_enable
='0"), the INTX_MSI_Request pin is defined as INTX. When the INTX pin goes high, an
assert INTA message is sent. When the INTX pin goes Low, a deassert INTA message is
sent. These messages are defined in the PCI 2.1 specification. The INTX_MSI_Request pin
input is valid only when the bridge is operating in Endpoint mode (C_INCLUDE_RC=0).

Malformed TLP

The integrated block for PCle Express detects a malformed TLP. For the IP configured as an
Endpoint core, a malformed TLP results in a fatal error message being sent upstream if error
reporting is enabled in the Device Control Register.

For the IP configured as a Root Port, when a Malformed TLP is received from the Endpoint,
this can fall under one of several types of violations as per the PCle specification. For
example, if a Received TLP has the Error Poison bit set, this is discarded by the MM/S master
bridge, and the MEP (Master Error Poison) bit is set in the Interrupt Decode register.

Abnormal Conditions

This section describes how the Slave side (Table 3-4) and Master side (Table 3-5) of the AXI
Bridge for PCI Express handle abnormal conditions.

Slave Bridge Abnormal Conditions

Slave Bridge abnormal conditions are classified as: Illegal Burst Type and Completion TLP
Errors. The following sections describe the manner in which the Bridge handles these errors.
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lllegal Burst Type

The Slave Bridge monitors AXI read and write burst type inputs to ensure that only the INCR
(incrementing burst) type is requested. Any other value on these inputs is treated as an
error condition and the Slave Illegal Burst (SIB) interrupt is asserted. In the case of a read
request, the Bridge asserts SLVERR for all data beats and arbitrary data is placed on the
S_AXI_RDATA bus. In the case of a write request, the Bridge asserts SLVERR for the write
response and all write data is discarded.

Completion TLP Errors

Any request to the bus for PCle (except for posted Memory write) requires a completion TLP
to complete the associated AXI request. The Slave side of the Bridge checks the received
completion TLPs for errors and checks for completion TLPs that are never returned
(Completion Timeout). Each of the completion TLP error types are discussed in the
subsequent sections.

Unexpected Completion

When the Slave Bridge receives a completion TLP, it matches the header RequesterID and
Tag to the outstanding RequesterID and Tag. A match failure indicates the TLP is an
Unexpected Completion which results in the completion TLP being discarded and a Slave
Unexpected Completion (SUC) interrupt strobe being asserted. Normal operation then
continues.

Unsupported Request

A device for PCle might not be capable of satisfying a specific read request. For example,
the read request targets an unsupported address for PCle causing the completer to return
a completion TLP with a completion status of "0b001 - Unsupported Request”. The
completer can also return a completion TLP with a completion status that is “reserved”
according to the 2.1 PCle Specification, which must be treated as an unsupported request
status. When the slave bridge receives an unsupported request response, the Slave
Unsupported Request (SUR) interrupt is asserted and the SLVERR response is asserted with
arbitrary data on the memory mapped AXI4 bus.

Completion Timeout

A Completion Timeout occurs when a completion (Cpl) or completion with data (CplID) TLP
is not returned after an AXI to PCle read request. Completions must complete within the
C_COMP_TIMEOUT parameter selected value from the time the MemRd for PCle request is
issued. When a completion timeout occurs, a Slave Completion Timeout (SCT) interrupt is
asserted and the SLVERR response is asserted with arbitrary data on the memory mapped
AXI4 bus.
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Poison Bit Received on Completion Packet

An Error Poison occurs when the completion TLP "EP" bit is set, indicating that there is
poisoned data in the payload. When the slave bridge detects the poisoned packet, the Slave
Error Poison (SEP) interrupt is asserted and the SLVERR response is asserted with arbitrary
data on the memory mapped AXI4 bus.

Completer Abort

A Completer Abort occurs when the completion TLP completion status is "0b100 -
Completer Abort". This indicates that the completer has encountered a state in which it was
unable to complete the transaction. When the slave bridge receives a completer abort
response, the Slave Completer Abort (SC2) interrupt is asserted and the SLVERR response
is asserted with arbitrary data on the memory mapped AXI4 bus.

Table 3-4: Slave Bridge Response to Abnormal Conditions

Transfer Type Abnormal Condition Bridge Response
SIB interrupt is asserted.
Read fllegal burst type SLVERR response given with arbitrary read data.
SIB interrupt is asserted.
Write Illegal burst type Write data is discarded.
SLVERR response given.
SUC int ti ted.
Read Unexpected completion " e.rrup. |s.asser y
Completion is discarded.
Read Unsupported Request status SUR interrupt is asserted.
returned SLVERR response given with arbitrary read data.
. . SCT interrupt is asserted.
Read C let t t
ea ompietion timeol SLVERR response given with arbitrary read data.
Completion data is discarded.
Read Poison bit in completion SEP interrupt is asserted.
SLVERR response given with arbitrary read data.
Read Completer Abort (CA) status SCA interrupt is asserted.
returned SLVERR response given with arbitrary read data.
Master Bridge Abnormal Conditions
The following sections describe the manner in which the Master Bridge handles abnormal
conditions.
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AXI DECERR Response

When the Master Bridge receives a DECERR response from the AXI bus, the request is
discarded and the Master DECERR (MDE) interrupt is asserted. If the request was
non-posted, a completion packet with the Completion Status = Unsupported Request (UR)
is returned on the bus for PCle.

AXI SLVERR Response

When the Master Bridge receives a SLVERR response from the addressed AXI slave, the
request is discarded and the Master SLVERR (MSE) interrupt is asserted. If the request was
non-posted, a completion packet with the Completion Status = Completer Abort (C2) is
returned on the bus for PCle.

Max Payload Size for PCle, Max Read Request Size or 4K Page Violated

It is the responsibility of the requester to ensure that the outbound request adhere to the
Max Payload Size, Max Read Request Size, and 4 Kb Page Violation rules. If the master
bridge receives a request that violates one of these rules, the bridge processes the invalid
request as a valid request, which can return a completion that violates one of these
conditions or can result in the loss of data. The Master Bridge does not return a malformed
TLP completion to signal this violation.

Completion Packets

When the MAX_READ_REQUEST_SIZE is greater than the MAX_PAYLOAD_SIZE, a read
request for PCle can ask for more data than the Master Bridge can insert into a single
completion packet. When this situation occurs, multiple completion packets are generated
up to MAX_PAYLOAD_SIZE, with the Read Completion Boundary (RCB) observed.

Poison Bit

When the poison bit is set in a transaction layer packet (TLP) header, the payload following
the header is corrupt. When the Master Bridge receives a memory request TLP with the
poison bit set, it discards the TLP and asserts the Master Error Poison (MEP) interrupt
strobe.

Zero Length Requests

When the Master Bridge receives a read request with the Length = 0x1, FirstBE = 0x00, and
LastBE = 0x00, it responds by sending a completion with Status = Successful Completion.
When the Master Bridge receives a write request with the Length = 0x1, FirstBE = 0x00, and
LastBE = 0x00 there is no effect.

AXI Bridge for PCI Express v1.06a www.xilinx.com 57
PGO55 December 18, 2012



http://www.xilinx.com

& XILINX. Chapter 3: Designing with the Core

Table 3-5: Master Bridge Response to Abnormal Conditions

Transfer Type Abnormal Condition Bridge Response

Read

MDE interrupt strobe asserted

DECERR response . .
P Completion returned with Unsupported Request status

Write

DECERR response MDE interrupt strobe asserted

Read

MSE interrupt strobe asserted

SLVERR response . .
P Completion returned with Completer Abort status

Write

SLVERR response MSE interrupt strobe asserted

Write

MEP interrupt strobe asserted

Poison bit set in request .
9 Data is discarded

Read

MDE interrupt strobe asserted

DECERR response
P Completion returned with Unsupported Request status

Write

DECERR response MDE interrupt strobe asserted

Link Down Behavior

The normal operation of the AXI Bridge for PCI Express is dependent on the Integrated
Block for PCle establishing and maintaining the point-to-point link with an external device
for PCle. If the link has been lost, it must be re-established to return to normal operation.

When a Hot Reset is received by the AXI Bridge for PCle, the link goes down and the PCI
Configuration Space must be reconfigured.

Initiated AXI4 write transactions that have not yet completed on the AXI4 bus when the link
goes down have a SLVERR response given and the write data is discarded. Initiated AXI4
read transactions that have not yet completed on the AXI4 bus when the link goes down
have a SLVERR response given, with arbitrary read data returned.

Any MemWTr TLPs for PCle that have been received, but the associated AXI4 write
transaction has not started when the link goes down, are discarded. If the associated AX14
write transaction is in the process of being transferred, it completes as normal. Any MemRd
TLPs for PCle that have been received, but have not returned completion TLPs by the time
the link goes down, complete on the AXI4 bus, but do not return completion TLPs on the
PCle bus.

Root Port

When configured to support Root Port functionality, the AXI Bridge for PCle fully supports
Root Port operation as supported by the underlying block. There are a few details that need
special consideration. The following subsections contain information and design
considerations about Root Port support.
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Power Limit Message TLP

The AXI Bridge for PCle automatically sends a Power Limit Message TLP when the Master
Enable bit of the Command Register is set. The software must set the Requester ID register
before setting the Master Enable bit to ensure that the desired Requester ID is used in the
Message TLP.

Root Port Configuration Read

When an ECAM access is performed to the primary bus number, self-configuration of the
integrated block for PCle is performed. A PCle configuration transaction is not performed
and is not presented on the link. When an ECAM access is performed to the bus number
that is equal to the secondary bus value in the Enhanced PCle type 1 configuration header,
then type 0 configuration transactions are generated.

When an ECAM access is attempted to a bus number that is in the range defined by the
secondary bus number and subordinate bus number range (not including secondary bus
number), then type 1 configuration transactions are generated. The primary, secondary and
subordinate bus numbers are written and updated by Root Port software to the type 1 PCI
Configuration Header of the AXI Bridge for PCle in the enumeration procedure.

When an ECAM access is attempted to a bus number that is out of the range defined by the
secondary bus_number and subordinate bus number, the bridge does not generate a
configuration request and signal a SLVERR response on the AXI4-Lite bus.

When a Unsupported Request (UR) response is received for a configuration read request, all
ones are returned on the AXI4-Lite bus to signify that a device does not exist at the
requested device address. It is the responsibility of the software to ensure configuration
write requests are not performed to device addresses that do not exist. However, the AXI
Bridge for PCle IP core asserts SLVERR response on the AXI4-Lite bus when a configuration
write request is performed on device addresses that do not exist or a UR response is
received.

If a configuration transaction is attempted to a device number other than zero, the AXI
Bridge for PCle asserts SLVERR on the AXI4-Lite bus. PCle transactions are generated for
only the device number of zero.

Unsupported Request to Upstream Traffic

To receive upstream traffic from a connected device, the Root Ports PCle BAR_O must be
configured. If BAR_O is not configured, the Root Port responds to requests with a
Completion returned with Unsupported Request status.
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Configuration Transaction Timeout

Configuration transactions are non-posted transactions. The AXI Bridge for PCle IP core has
a timer for timeout termination of configuration transactions that have not completed on
the PCle link. SLVERR is returned when a configuration timeout occurs. Timeout of
configuration transactions are flagged by an interrupt as well.

Abnormal Configuration Transaction Termination Responses

Responses on AXI4-Lite to abnormal terminations to configuration transactions are shown
in Table 3-6.

Table 3-6: Responses of AXI Bridge for PCle to Abnormal Configuration Terminations

Transfer Type Abnormal Condition Bridge Response

Bus number not in the range of primary bus

Config Read or Write number through subordinate bus number

SLVERR response is asserted

Config Read or Write | Valid bus number and completion timeout occurs | SLVERR response is asserted

Config Read or Write | Device number not zero SLVERR response is asserted
Config Read or Write | Completion timeout SLVERR response is asserted
Bus number in the range of secondary bus number
Config Write through subordinate bus number and UR is SLVERR response is asserted
returned.
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SECTION II: VIVADO DESIGN SUITE

Customizing and Generating the Core

Constraining the Core
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Customizing and Generating the Core

This chapter includes information about using the Vivado™ Design Suite to customize and
generate the core.

Graphical User Interface

The AXI Memory Mapped to PCI Express® core is a fully configurable and highly
customizable solution. The core is customized using the Vivado IP Catalog.

Note: The screen captures in this chapter are conceptual representatives of their subjects and
provide general information only. For the latest information, see the Vivado IP Catalog.

Customizing the Core using the Vivado IP Catalog

The Customize IP dialog box for the AXI Memory Mapped to PCI Express® consists of the
following pages:

« Basic Parameter Settings

« PCle Link Configuration

« PCle ID Settings

« Base Address Registers

+ PCle Misc

« AXI Base Address Registers
+ AXI System

Basic Parameter Settings

The initial customization screen shown in Figure 4-1 is used to define the basic parameters
for the core, including the component name, reference clock frequency, and silicon type.
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* Customize IP

Custornize £YI Mernory Mapped To PCI

" Bwpress (1.05.a) by specifying IF ‘ b} ‘
Options.
IP Options
AX1 Memory Mapped To PCl Express
[ Show Disabled Ports Component Mame \axlipc\aivlioﬁiail ‘
[ PCIE:Basics  PCIE:Link Config  PCIE:ID PCIE:BARS  PCIE:Misc AX:BARS AXI:System
PCle Device / Port Type 2
The Integrated Block for PCI Express allows selection of the Device / Port Type
Device/Fort Type |PCl Express Endpoint device E“
Referance Clock Frequency £
The Integrated Block for PCI Express allows selection of the reference clock freguency
Freguency (MHz) 100 MHz [~ ]
INTX_MSI_Request mmem_lock g bk Gitatis Rl ten A
MS| Vector Mum[4:0] INTH_MSI_Grant g [ Enable Slot Clock Configuration
pei_exp_rdp[0:0] MSI_enable g
pei_exp_mn[0:0] MS|_Vector Width[2:0] p= silicon a
REFCLE RCi_exp tp[0:0] f= .
al_aclk pei_exp_ b [0:0] f A Y
axi_ctl aclk axi_aclk_out =
anl_aresetn axi_ctl_aclk_outfe
" AR5 A interrupt_out f=
] i wM_i 2k ||
e -]

Show Advanced Options

Ok | ‘ Cancel

Figure 4-1: Basic Parameter Settings

Component Name

Base name of the output f iles generated for the core. The name must begin with a letter
and can be composed of these characters:atoz, 0to 9, and “_"

PCle Device / Port Type

Indicates the PCI Express logical device type.

Reference Clock Frequency

Selects the frequency of the reference clock provided on sys_c1lk.
Slot Clock Configuration

Enables the Slot Clock Configuration bit in the Link Status register. Selecting this option
means the link is synchronously clocked. See Clocking, page 44 for more information on
clocking options.
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Silicon Type

Selects the silicon type.
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PCle Link Configuration

The PCle Link Config page is shown in Figure 4-2.

IF Options

[l show Disabled Ports

Custornize AXl Memory Mapped To PCI
Express (1.05.a) by specifying IP
Options.

INTX_MSI|_Request
MS| Vector Num[4:0]

ramern_lock
INTX_MS|_Grart f-

pei_exp_rp[0:0] MS1_enable

Pei_exp i [0:0] MSI Vector Width[2:0] f=

REFCLE pei_exp_trp[0:0] =

axl_aclk pei_exp_txn[0:0] f=

ami_ctl_aclk axi_aclk_oute

axi_aresetn ani_ctl aclk_outfe
|| RS A interrupt_out =
|| B RS w_ot 4 []]
[l

AX1 Memory Mapped To PCI Express

Component Mame \ax\_pme_vl_OE_a_l

| PCIE:Basics PCIE:Link Config PCIE:ID PCIE:BARS PCIE:Misc AMLBARS — AXN:System

Murnber of Lanes

The Integrated Block for PCI Express requires that an initial lane width be selected, Wider lane width
cores can train down to smaller lane widths if attached to a smaller lane width device. Select only the
lane width that is necessary for the design.

Lare Wicth

Link Speed

The Integrated Block for PCI Express allows selection of the Maximum Link Speed supported by the device

Link Speed

D

Show Advanced Options

[ o 1[ coreel |

Number of Lanes

Figure 4-2: PCle Link Configuration

The AXI Memory Mapped to PCI Express® core requires the selection of the initial lane
width. Table 4-1 defines the available widths and associated generated core. Wider lane
width cores can train down to smaller lane widths if attached to a smaller lane-width device.

Table 4-1: Lane Width and Product Generated

Lane Width

Product Generated

x1

1-Lane

X2

2-Lane
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Table 4-1: Lane Width and Product Generated

Lane Width Product Generated
x4 4-lLane
x8 8-Lane
Link Speed

The AXI Memory Mapped to PCI Express® allows the selection of Maximum Link Speed
supported by the device. Table 4-2 defines the lane widths and link speeds supported by
the device. Higher link speed cores are capable of training to a lower link speed if
connected to a lower link speed capable device.

Table 4-2: Lane Width and Link Speed

Lane Width Link Speed
x1 2.5 Gb/s, 5 Gb/s
X2 2.5 Gb/s, 5 Gb/s
x4 2.5 Gb/s, 5 Gb/s
x8 2.5 Gb/s, 5 Gb/s

PCle Block Location

The AXI Memory Mapped to PCI Express allows the selection of the PCI Express Hard Block
within Xilinx FPGAs.

PCle ID Settings

The Identity Settings pages are shown in Figure 4-3. These settings customize the IP initial
values and device class code.
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o Customize AX| Memory Mapped To PCI
* Ewpress (1.05.3) by specifying IP b
Options,
IP Options
AXI Memoary Mapped To PCI Express
[[1 Show Disabled Ports Component Name [z pcie vl 05 a1 ]
PCIE:Basics  PCIE:Link Confio- PCIE:ID  PCIE:BARS PCIE:Misc  AXIBARS — AX:Systemn
1D Initial Yalues A
wendor ID 0x10EE Range: 0000 to FFFF
Device ID 0<7011 Range: 0000 to FFFF
Revision ID 0x00 Range: 00 to FF
Subsystern Vendor ID |0x10EE ‘ Range: 0000 to FFFF
Subsystem ID 0x0007 Range: 0000 to FFFF
Class Code 2
INTX_MSI Request mrcm_lock |
MSI Vector Mum([4:0] INTX_MS|_Grant ¥ Enter Class Code Manually
pei_eHp_rpl0:0] MSI_enable Class Code 0x000000 Range: 000000 to FFFFFF
ci_exp_rxn[0: 0 MS|_Vector Width[2:0 T
peLep noloin) & T Ll Class Code Lookup Assistant 2
REFCLK pei_exp_txp[0:0] |
ek pei_ewp_tin [0:0] Must enter values above,
e ctl acllk ami_aclk_out
e erasstn Sot] aglk ot Base Class ‘Swmp\e communication controllers B‘
|| B interrupt_out Base Class [e7h |
" ARl ko I Sub-Classfinterface Value ‘Generi: XT compatible serial controller Iz”
Sub-Class [ooh |
Interface [eoh |
£ 1]
Show Advanced Options
|| oK. || ‘ cancel

Figure 4-3: PCle ID Settings

ID Initial Values

« Vendor ID: Identifies the manufacturer of the device or application. Valid identifiers
are assigned by the PCI™ Special Interest Group to guarantee that each identifier is
unique. The default value, 10EER, is the Vendor ID for Xilinx. Enter your vendor
identification number here. FFFFh is reserved.

« Device ID: A unique identifier for the application; the default value, which depends on
the configuration selected, is 70<link speed > <link width>h. This field can be any value;
change this value for the application.

« Revision ID: Indicates the revision of the device or application; an extension of the
Device ID. The default value is 00h; enter values appropriate for the application.

« Subsystem Vendor ID: Further qualifies the manufacturer of the device or application.
Enter a Subsystem Vendor ID here; the default value is 10EE. Typically, this value is the
same as Vendor ID. Setting the value to 0000h can cause compliance testing issues.

« Subsystem ID: Further qualifies the manufacturer of the device or application. This
value is typically the same as the Device ID; the default value depends on the lane
width and link speed selected. Setting the value to 0000h can cause compliance testing
issues.
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Class Code

The Class Code identifies the general function of a device, and is divided into three
byte-size fields. The customization GUI allows you to either enter the 24-bit value manually
(default) by either selecting the Enter Class Code Manually checkbox or using the Class
Code lookup assistant to populate the field. De-select the "Enter Class Code Manually”
checkbox to enable the Class Code assistant.

« Base Class: Broadly identifies the type of function performed by the device.
« Sub-Class: More specifically identifies the device function.

« Interface: Defines a specific register-level programming interface, if any, allowing
device-independent software to interface with the device.

Class code encoding can be found in the PCI-SIG specifications [Ref 7].

Class Code Look-up Assistant

The Class Code Look-up Assistant provides the Base Class, Sub-Class and Interface values
for a selected general function of a device. This Look-up Assistant tool only displays the
three values for a selected function. You must enter the values in Class Code for these
values to be translated into device settings.

Base Address Registers

The Base Address Registers (BARs) screens shown in Figure 4-4 set the base address register
space for the Endpoint configuration. Each BAR (0 through 5) configures the BAR Aperture
Size and Control attributes of the Physical Function, as described in Table 4-3, page 69.
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6 Customize AXI Memory Mapped To PCI

' Ewpress (1.05.3) by specifying IP ‘ b ‘
Options.,
IP Options
AX| Memory Mapped To PCl Express
[ Show Disabled Ports Component Name [axi_pcie vl _05_a_1 ]
= PCIE:Basics  PCIE:Link Config PCIE:!ID PCIE:BARS PCIE:Misc  AXEBARS = AXl:Systern
Base Address Registers 3
Base Address Registers (BARs) serve two purposes, Initially, they serve as a mechanism for the device
to request blocks of address space in the systern memory map. After the BIOS or 05 detarmines what
addresses are to be assigned to the device, the Base Address Registers are programmed with these
addresses and the user implemented PCI-PCI bridge must use this information to perform address
decoding,
[J BAR 84 bit Enabled
BAR 0 Options 2 AX| BAR MAP 0 Options 2
¥ Bard Type AXI-PCle BAR Translation |0xFFFFFFFF
INTX_MSI Request mmerm_lock Size Kiobytes  [~]
MSI Mector Murm[4:0] INTH_MS|_Grant A BAR MAP 1 Options 2
pei_eHp_ rHpl0:0] MSI_enable BAR 1 Options Ps e AR
poi_erp_rxn[0:0] MS| Wector Width[2:0] O
; Barl Typ
Eafile e (sl 2| BAR MAP 2 Options 2
ani_aclk pei_enp_tin[0:0] e
AX|-PCle BAR Translation [0xFFFFFFFF |
ani_ctl acllc ani_aclk_out =
axi_aresetn axi_ctl aclk_out BAR 2 Optians £
" 4RSS AXl interrupt_out
[[| B S| D Bar2

[l T -

Show Advanced Options

‘ 0K ‘ Cancel

Figure 4-4: PCle Base Address Register

Base Address Register Overview

The AXI Memory Mapped to PCI Express® in Endpoint configuration supports up to three
32-bit BARs or three 64-bit BARs. The AXI Memory Mapped to PCI Express® in Root Port
configuration supports one 32-bit BARs or one 64-bit BAR.

BARs can be one of two sizes. The selection applies to all BARs.

« 32-bit BARs: The address space can be as small as 16 bytes or as large as 2 gigabytes.
Used for Memory to I/0O.

« 64-bit BARs: The address space can be as small as 128 bytes or as large as 8 exabytes.
Used for Memory only.

All BAR registers share these options:

« Checkbox: Click the checkbox to enable the BAR; deselect the checkbox to disable the
BAR.

+ Type: BARs can be Memory apertures only.

AXI Bridge for PCI Express v1.06a www.xilinx.com 68
PGO55 December 18, 2012



http://www.xilinx.com

& XILINX. Chapter 4: Customizing and Generating the Core

- Memory: Memory BARs can be either 64-bit or 32-bit and can be prefetchable.
When a BAR is set as 64 bits, it uses the next BAR for the extended address space
and makes the next BAR inaccessible to you.

« Size: The available Size range depends on the PCle® Device/Port Type and the Type of
BAR selected. Table 4-3 lists the available BAR size ranges.

Table 4-3: BAR Size Ranges for Device Configuration

PCle Device/Port Type BAR Type BAR Size Range
PCI Express Endpoint 32-bit Memory 128 Bytes - 2 Gigabytes
64-bit Memory 128 Bytes - 8 Exabytes

» Value: The value assigned to the BAR based on the current selections.

For more information about managing the Base Address Register settings, see Managing
Base Address Register Settings.

Managing Base Address Register Settings

Memory indicates that the address space is defined as memory aperture. The base address
register only responds to commands that access the specified address space. Generally,
memory spaces less than 4 KB in size should be avoided.

Disabling Unused Resources

For best results, disable unused base address registers to conserve system resources. A base
address register is disabled by deselecting unused BARs in the GUI.

PCle Misc

The PCle miscellaneous screen is shown in Figure 4-5.
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o Custornize AXI Mernory Mapped To PCI

© Express (1.03.a) by specifying IP ‘ hed| ‘
Options.

IP Options
AXI Memory Mapped To PCl Express

[ Show Disabled Ports Componant Name \axi_pc\a_vl_ns_a_l ‘

&= PCIE:Basics PCIE:Link Config PCIE:ID PCIE:BARS PCIE:Misc  AXIBARS — AX:Systern
Interrupt Capabilities 3
Legacy Interrupt Settings a

[1INTERRUPT PIN

MSI Capabilitiss ES

MS| Vectors Requested

|TX_MSI_Request mmcm_lock f Completion Timeout Configuration 2
MSI Vector Mum[4:0] INTX_MSI_Grant - COMP TIMEOUT [s0us [~
poi_exp_nplG:0] MSI_enable =
BEle b [0:0] ME1 Vector Width(2:0] Dynarmic Slave Bridge Address Translation A
REFCLE pei_exp_txp[0:0] f=
axi_aclk pei_exp_tun [0:01 f [#] Enable Dynamic Address Translation
an_ctl acll ani_aclk_outp=
i aresetn axi_ctl_aclk outfe
|| B interrupt_out e
450 cTL mM_axi 4k ||

[ L] 1+]-]

Show Advanced Options

||7 K ‘ Cancel

Figure 4-5: PCls Miscellaneous

Interrupt Pin

Indicates the usage of Legacy interrupts.The AXI Memory Mapped to PCI Express® core
implements INTA only.

MSI Vectors Requested
Indicates the number of MSI vectors requested by the core.
Completion Timeout Configuration

Indicates the completion timeout value for incoming completions due to outstanding
memory read requests.

Dynamic Slave Bridge Address Translation

Enables the address translation vectors within the AXI Memory Mapped to PCI Express®
bridge logic to be changed dynamically via the AXI Lite interface.
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The AXI Base Address Registers (BARs) screen shown in Figure 4-6 set the AXI base address
registers and the translation between AXI Memory space and PCI Express Memory space.
Each BAR has a Base Address, High Address, and translation field which can be configured

via the GUL

Options,
IP Optiong

[J show Disabled Ports

| Customize AXI Memory Mapped To PCI
* Express (1.05.a) hy specifying IP

e L e e

AX| Memory Mapped To PCI Express

Component Name |a><\_pcie_v1_05_a_1

PCIE:Basics PCIE:Link Config PCIE:ID  PCIE:BARS PCIE:Misc AXI:BARS = AX:Systern

BAR 0 Options
[ Bar Enabled

Aperture Base Address |OxFFFFFFFF Aperture Base Address [0xFFFFFFFF |
Aperture High Address  [Ox00000000 Aperture High Address  [0x00000000 |
#3 to PCle Translation  |[0xQ0000000 £ to PCle Translation  [0x00000000 |

P’
S

[ 64-bit Enable

BAR 1 Options
[]Bar Enabled

[J 84-bit Enable

BAR 2 Options

[JBar Enabled

%

[1 64-bit Enable

BAR 3 Options

[1Bar Enabled

[ 64-bit Enable

INTX_MSI_Regquest mrmcrn_lock
MSI Vector Num([4:0] \NTH MSI Grant #perture Base Address [0xFFFFFFFF ] Aperture Base Address [0xFFFFFFFF |
nei_exp_ripl0:0] MSI_enable Aperture High Address  [0x00000000 | Aperture High Address 000000000 |
o0 MS|_Vector Width[2:0 e e e € =
[ (0:0] o Widin [2:0] # to PCle Translation [0x00000000 | | | #ato Pcle Translation [ox00000000 |
REFCLK pei_exp_txp[0:0] — ——
axi_aclk pei_axp_txn[0:0]
i ~ ~
i ctl aclk i aclk_out BAR 4 Options S BAR 5 Opticns X
axi_aresetn ani_ctl aclk_out [J Bar Enabled [ 64-bit Enable [ gar Enabled [ 84-bit Enable
[l B interrpt_out Aperture Base Address [OxFFFFFFFF | Aperture Base Address [0xFFFFFFFF |
Il 452 cT a4k []] — E—
Aperture High Address  [0x00000000 | Aperture High Address (000000000 |
A3 to PCle Translation  [0x00000000 | £¥ to PCle Translation  [0x00000000 |

|1 i 1-]

Show Advanced Optiens

(o]
.

Figure 4-6: AXI Base Address Registers

Bar Enabled

Indicates if the AXI Base Address Register is enabled.

64-bit Enable

Indicates if the AXI Base Address Register is 64-bit addressable.

Aperture Base Address

Sets the base address for the address range associated to the BAR.
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Aperture High Address

Sets the upper address threshold for the address range associated to the BAR.
AXI to PCle Translation

Configures the translation mapping between AXI and PCI Express address space.
SRIOV BARs can be one of two sizes:

« 32-bit BARs: The address space can be as small as 16 bytes or as large as 2 gigabytes.
Used for Memory to I/O.

« 64-bit BARs: The address space can be as small as 128 bytes or as large as 8 exabytes.
Used for Memory only.

AXI System

The AXI System screen shown in Figure 4-7 sets the AXI Addressing and AXI Interconnect
parameters.

a Custorize AX| Mermory Mapped To PCI
* Ewpress (1.05.a) by specifying IP b}
Options,
IP Options
AX| Memory Mapped To PCl EXxpress
[ Show Disabled Forts Component Name |EXI7PCI57V17057571 ‘
= PCIE:Basics  PCIE:Link Config  PCIE:ID  PCIE:BARS | PCIE:Misc  AX:BARS  AXI:System
AXl Addressing 2
HIGHADDR  [0x00000000
A¥ Interconnect Corfiguration 2
S A 1D WIDTH Range: 1...31
S AXI ADDR WICTH [z2 |
S AXI DATA WIDTH 64 E‘
INTX_MS| Reguest mmem_lock N o _
MSI_Vector_Num[4:0] INTY_MSI_Grant M ARl ADDR WIDTH Bz ]
el exp_rp|[0:0] MSI_enable M X DATA WIDTH 54 -]
pci_exp_rxn[0:0] MSI Vector_wWidth[2:0]
i - » []'S A¥I SUPPORTS MARROW BURST
REFCLK pei_exp_tpl[0:0]
and_aclk pei_enp tin[3:0]
axi_ctl aclk axi_aclk_out
a_aresetn ani_ctl_aclk_out
" 4R S_AKl interrupt_out
N[ +s_sa_cm M_ax |
(T el
Show Advanced Options
0K ‘ ‘ Cancel
T
Figure 4-7: AXI System Settings
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BASEADDR

Sets the AXI Base Address for the device.

BASEADDR

Sets the AXI High Address threshold for the device.

S AXI ID WIDTH

Sets the ID width for the AXI Slave Interface.

S AXI ADDR WIDTH

Sets the ID width for the AXI Slave Interface. AXI supports 32-bit addressing so this field is
always set to 32.

S AXI DATA WIDTH

Sets the data bus width for the AXI Slave interface. When X4G2 is selected, a 128-bit
interface is recommended to achieve maximum performance.

M AXI ADDR WIDTH

Sets the ID width for the AXI Master Interface. AXI supports 32-bit addressing so this field
is always set to 32.

M AXI DATA WIDTH

Sets the data bus width for the AXI Master interface. When X4G2 is selected, a 128-bit
interface is recommended to achieve maximum performance.

S AXI SUPPORTS NARROW BURST

Configures the IP to accept narrow burst transactions. When not enabled, the IP is
optimized accordingly.
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Required Constraints

The AXI Bridge for PCle® core requires a clock period constraint for the REFCLK input that
agrees with the C_REF_CLK_FREQ parameter setting. In addition, pin-placement (LOC)
constraints are needed that are board/part/package specific.

See Placement Constraints for more details on the constraint paths for FPGA architectures.

Additional information on clocking can be found in the Xilinx Solution Center for PCI
Express (see Solution Centers, page 85).

System Integration

A typical embedded system including the AXI Bridge for PCle core is shown in Figure 2-2,
page 10. Some additional components to this system in the Xilinx® Embedded
Development Kit (EDK) environment can include the need to connect the MicroBlaze™
processor or Zyng™ ARM® processor peripheral to communicate with PCI Express™ (in
addition to the AXI4-Lite register port on the PCle bridge). The EDK provides a helper core
to achieve this functionality and bridges transactions from the AXI4-Lite MicroBlaze
processor peripheral ports (DP and IP) to the AXI4 Interconnect (connected to the AXI
Bridge for PCle). The axi2axi_connector IP core provides this support and you can connect
this in the EDK environment.

The AXI Bridge for PCle core can be configured with each port connection for an AXI EDK
system topology. When instantiating the core, ensure the following bus interface tags are
defined.

BUS_INTERFACE M_AXT
BUS_INTERFACE S_AXT
BUS_INTERFACE S_AXI_CTL
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PCle Clock Integration

The PCle differential clock input in the system might need to use a differential input buffer
(that is instantiated separately) from the AXI Bridge for the PCle core. IP Integrator
automatically inserts the appropriate clock buffer.

Placement Constraints

The AXI Bridge for PCI Express provides a Xilinx Design Constraint (XDC) file for all
supported PCle, Part, and Package permutations. You can find the generated XDC file in the
IP Sources tab after generating the IP in the Customize IP dialog box.

For design platforms, it might be necessary to manually place and constrain the underlying
blocks of the AXI Bridge for the PCle core. The modules to assign a LOC constraint include:

« the embedded Integrated Block for PCle itself
« the GTX transceivers (for each channel)

« the PCle differential clock input (if utilized)

The following subsection describes example constraints for the 7 series architecture.

Constraints for 7 Series FPGAs

This section highlights the LOC constraints to be specified in the XDC file for the AXI Bridge
for PCle core for 7 series FPGA design implementations.

For placement/path information on the Integrated Block for PCle itself, the following
constraint can be utilized:

set_property LOC PCIE_X*Y* [get_cells {UO/comp_axi_enhanced_pcie/
comp_enhanced_core_top_wrap/axi_pcie_enhanced_core_top_i/pcie_7x_vl_6_inst/
pcie_top_i/pcie_7x_i/pcie_block_1i}]

For placement/path information of the GTX transceivers, the following constraint can be
utilized:

set_property LOC GTXE2_CHANNEL_X*Y* [get_cells {U0/comp_axi_enhanced_pcie/
comp_enhanced_core_top_wrap/axi_pcie_enhanced_core_top_i/pcie_7x_vl_6_inst/
gt_ges.gt_top_1i/pipe_wrapper_i/pipe_lane[0].gt_wrapper_i/

gtx_channel .gtxe2_channel_i}]
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For placement/path constraints of the input PCle differential clock source (using the
example provided in System Integration), the following can be utilized:

set_property LOC IBUFDS_GTE2_X*Y* [get_cells {*/PCIe_Diff Clk_I/
USE_IBUFDS_GTE2.GEN_IBUFDS_GTE2[0] .IBUFDS_GTE2_TI1}]

Constraints for Artix-7 FPGAs

Special consideration must be given to Artix™-7 device implementations. The same IP block
constraint can be used as described previously (see Constraints for 7 Series FPGAs,

page 75). However, the PCle serial transceiver wrapper instance is different in the IP. Use the
following LOC constraint for the GTP transceivers in Artix-7 devices.

set_property LOC GTPE2_CHANNEL_X*Y* [get_cells {UO/comp_axi_enhanced_pcie/
comp_enhanced_core_top_wrap/axi_pcie_enhanced_core_top_i/pcie_7x_vl_6_inst/
gt_ges.gt_top_1i/pipe_wrapper_i/pipe_lane[0].gt_wrapper_i/

gtp_channel .gtpe2_channel_i}]

Also for Artix-7 devices, the GTP_COMMON must be constrained to a location. The
following LOC constraint can be utilized.

set_property LOC GTPE2_COMMON_X*Y* [get_cells {UO/comp_axi_enhanced_pcie/
comp_enhanced_core_top_wrap/axi_pcie_enhanced_core_top_i/pcie_7x_vl_6_inst/
gt_ges.gt_top_1i/pipe_wrapper_i/pipe_lane[0] .pipe_qgquad.pipe_common.gpll_wrapper_i/
gtp_common.gtpe2_common_1i}]

Clock Frequencies

The AXI Memory Mapped to PCI Express Bridge supports reference clock frequencies of
100MHz and 250MHz and is configurable within the customization GUL
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Required Constraints

The AXI Bridge for PCle IP core requires a clock period constraint for the REFCLK input that
agrees with the C_REF_CLK_FREQ parameter setting. In addition, pin-placement (LOC)
constraints are needed that are board/part/package specific.

See Placement Constraints for more details on the constraint paths for FPGA architectures.

Additional information is available in the Xilinx Solution Center for PCI Express.

System Integration

A typical embedded system including the AXI Bridge for PCle is shown in Figure 2-2,

page 10. Some additional components to this system in the Embedded Developers Kit (EDK)
environment can include the need to connect the MicroBlaze™ processor peripheral ports
to communicate with PCI Express® (in addition to the AXI4-Lite register port on the PCle
bridge). The EDK provides a helper core to achieve this functionality and bridges
transactions from the AXI4-Lite MicroBlaze processor peripheral ports (DP and IP) to the
AXI4 Interconnect (connected to the AXI Bridge for PCle). The axi2axi_connector IP core
provides this support and you can connect this in the EDK environment.

The AXI Bridge for PCle IP core can be configured with each port connection for an AXI EDK
system topology. When instantiating the core, ensure the following bus interface tags are
defined.

BUS_INTERFACE M_AXT
BUS_INTERFACE S_AXT
BUS_INTERFACE S_AXI_CTL

PCle Clock Integration

The PCle differential clock input in the EDK system might need to use a differential input
buffer (that is instantiated separately) from the AXI Bridge for the PCle core. This can be
accomplished with a separate IP block available in the EDK under the name util_ds_buf.
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The I/O buffer instantiation for the PCle differential clock on Spartan®-6 design
implementations is described here. The buffer type is specific for Spartan-6 FPGAs.

BEGIN util_ds_buf
PARAMETER INSTANCE = PCIe Diff Clk_I
PARAMETER HW_VER = 1.01l.a
PARAMETER C_BUF_TYPE = IBUFDS
PORT IBUF_DS_P = PCIe_Diff_ Clk_P
PORT IBUF DS N = PCIe Diff Clk_N
PORT IBUF_OUT = PCIe_Diff Clk

END

A Virtex®-6 FPGA I/O buffer instantiation follows (as in the MHS file). The buffer type is

specific for the Virtex-6 architecture.

BEGIN util_ds_buf
PARAMETER INSTANCE = PCIe Diff Clk_ I
PARAMETER HW_VER = 1.01l.a
PARAMETER C_BUF_TYPE = IBUFDSGTXE
PORT IBUF_DS_P = PCIe_Diff_ Clk_P
PORT IBUF_DS_N = PCIe_Diff Clk_N
PORT IBUF_OUT = PCIe_Diff Clk

END

A 7 series FPGA I/O buffer instantiation follows (as it would appear in the MHS file). The
buffer type that follows is specific to Kintex™-7 FPGA implementations. The buffer type can

change based on target FPGA technology.

BEGIN util_ds_buf
PARAMETER INSTANCE = PCIe_Diff_Clk_T
PARAMETER HW_VER = 1.0l1l.a
PARAMETER C_BUF_TYPE = IBUFDSGTE
PORT IBUF_DS_P = PCIe Input Clk_P
PORT IBUF_DS_N = PCIe_Input_Clk_N
PORT IBUF_OUT = PCIe_Diff_ Clk

END

The corresponding location constraints for the PCle clock differential buffer are highlighted

in the following section.

Placement Constraints

If you use the Base System Builder (BSB) in the EDK, placement and timing constraints are
auto-generated for specific FPGA technologies. These include the SP605, ML605, and
KC705. The VC707 with PCI Express is not supported in the BSB flow at this time.

O RECOMMENDED: Use the Base System Builder tool as a guide for creating the necessary placement and

timing constraints on the AXI Bridge for PCle core.
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Core level timing constraints are supported. The generated UCF can be found in the ./
implementation/<name of AXI PCIe C_INSTANCE from MHS file>

For design platforms, it might be necessary to manually place and constrain the underlying
blocks of the AXI Bridge for the PCle core. The modules to assign a LOC constraint include:

« the PCle embedded block itself
« the PCle GTX transceivers (for each channel)

« the PCle differential clock input (if utilized)

Because these blocks are embedded in the AXI Bridge for PCle bridge IP core, the following
path constraints must be utilized. The path names for each of these blocks vary based on
the FPGA architecture. The following sections describe example constraints for each
supported FPGA architecture: Spartan-6, Virtex-6, 7 series, and Artix™-7. See Constraints
for Spartan-6 Devices, Constraints for Virtex-6 Devices, Constraints for 7 Series FPGAs, and
Constraints for Artix-7 FPGAs. All example constraints provided in this document are
supported in the UCF for EDK designs.

Constraints for Spartan-6 Devices

For placement constraints on Spartan-6 FPGA designs, see the Spartan-6 FPGA GTP
Transceiver User Guide for more information. Spartan-6 FPGA designs can LOC the I/Os on
the PCle design to use the corresponding serial transceivers in the UCF.

Constraints for Virtex-6 Devices

This section highlights the LOC constraints to be specified in the UCF for the AXI Bridge for
PCle core for Virtex-6 FPGA design implementations. The "*" characters must be specified
for the FPGA/board design.

For placement/path information on the PCle block itself, the following constraint can be

utilized.
INST "*/pcie_2_0_i/pcie_block i" LOC = PCIE_X*Y*;

For placement/path information of the PCle GTX transceivers, the following constraint can
be utilized.

INST "*/pcie_2_0_i/pcie_gt_i/gtx_v6_1i/GTXD[0].GTX" LOC = GTXEl_X*Y*;

For placement/path constraints of the input PCle differential clock source (using the
example provided in the section, System Integration), the following can be utilized.

INST "*/PCIe_Diff_Clk_I/USE_IBUFDS_GTXEl.GEN_IBUFDS_GTXE1[0].IBUFDS_GTXEl I" LOC =
IBUFDS_GTXEl_ X*Y*;

The "pcTe_piff_c1k_1"is the name of the instance (in the MHS file) given to the differential
buffer (util_ds_buf) in the MHS file as highlighted in the section, System Integration.
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Constraints for 7 Series FPGAs

This section highlights the LOC constraints to be specified in the UCF for the AXI Bridge for
PCle core for 7 series FPGA design implementations. The “*" characters must be specified
for the FPGA/board design.

For placement/path information on the PCle block itself, the following constraint can be
utilized.

INST "*pcie_7x*/*pcie_top_i/pcie_7x_i/pcie_block_i" LOC = PCIE_X*Y*;

For placement/path information of the GTX transceivers, the following constraint can be
utilized.

INST “*pcie_7x*/*gt_top_i/pipe_wrapper_i/pipe_lane[*].gt_wrapper_i/
gtx_channel.gtxe2_channel_i" LOC = GTXE2_CHANNEL_X*Y*;

For placement/path constraints of the input PCle differential clock source (using the
example provided in the section, System Integration), the following can be utilized.

INST "*/PCIe_Diff_ Clk I/USE_IBUFDS_GTE2.GEN_IBUFDS_GTE2[0].IBUFDS_GTE2_I" LOC =
IBUFDS_GTE2_X*Y*;

The "pcTe_piff_c1k_1"is the name of the instance (in the MHS file) given to the differential
buffer (util_ds_buf) in the MHS file as highlighted in the section, System Integration,
page 78.

Constraints for Artix-7 FPGAs

Special consideration must be given to Artix-7 device implementations. The same IP block
constraint can be used as described previously (see Constraints for 7 Series FPGAs,

page 81). However, the PCle serial transceiver wrapper instance is different in the IP. Use the
following LOC constraint for the GTP transceivers in Artix-7 devices.

INST "*pcie_7x*/*gt_top_i/pipe_wrapper_i/pipe_lane[*].gt_wrapper_i/
gtp_channel.gtpe2_channel_i" LOC = GTPE2_CHANNEL_X*Y*;

Also for Artix-7 devices, the GTP_COMMON must be constrained to a location. The
following LOC constraint can be utilized.

INST "*pcie_7x*/*gt_top_1i/pipe_wrapper_i/
pipe_lane[*] .pipe_quad.pipe_common.gpll_wrapper_i/gtp_common.gtpe2_common_i" LOC =
GTPE2_COMMON_X*Y*;
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Migrating

For information on migrating to the Vivado™ Design Suite, see UG911, Vivado Design Suite
Migration Methodology Guide [Ref 8].
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Debugging

This appendix provides information for using the resources available on the Xilinx Support
website, debug tools, and other step-by-step processes for debugging designs that use the
AXI Bridge for PCI Express core. It also contains a sample flow diagram and other design
samples to guide you through the debug process.

The following topics are included in this appendix:

« Finding Help on Xilinx.com
« Debug Tools

« Simulation Debug

« Hardware Debug

« Interface Debug

Finding Help on Xilinx.com

To help in the design and debug process when using the AXI Bridge for PCI Express core, the_
Xilinx Support web page (www.xilinx.com/support) contains key resources such as product
documentation, release notes, answer records, information about known issues, and links
for opening a Technical Support Web Case.

Documentation

This Product Guide is the main document associated with the AXI Bridge for PCI Express
core. This guide, along with documentation related to all products that aid in the design
process, can be found on the Xilinx Support web page (www.xilinx.com/support) or by using
the Xilinx Documentation Navigator.

You can download the Xilinx Documentation Navigator from the Design Tools tab on the
Downloads page (www.xilinx.com/download). For more information about this tool and the
features available, see the online help after installation.
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Release Notes

Known issues for all cores, including the AXI Bridge for PCI Express core are described in the
IP Release Notes Guide (XTP025).

Solution Centers

See the Xilinx Solution Centers for support on devices, software tools, and intellectual
property at all stages of the design cycle. Topics include design assistance, advisories, and
troubleshooting tips.

The Solution Center specific to the AXI Bridge for PCI Express core is Xilinx Solution Center

for PCI Express.

Known Issues

Answer Records include information about commonly encountered problems, helpful
information on how to resolve these problems, and any known issues with a Xilinx product.
Answer Records are created and maintained daily ensuring that users have access to the
most accurate information available.

Answer Records for this core are listed below, and can also be located by using the Search
Support box on the main Xilinx support web page. To maximize your search results, use
proper keywords, such as:

« the product name
« tool message(s)

« summary of the issue encountered

A filter search is available after results are returned to further target the results.

Answer Records for the AXI Bridge for PCI Express

For debugging issues specific to the AXI Bridge for PCI Express, see AXI Bridge for PCI
Express - Release Notes and Known Issues for All Versions.

Contacting Technical Support

Xilinx provides premier technical support for customers encountering issues that require
additional assistance.

To contact Xilinx Technical Support:

1. Navigate to www.xilinx.com/support.

2. Open a WebCase by selecting the WebCase link located under Support Quick Links.
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When opening a WebCase, include:

« Target FPGA including package and speed grade.
« All applicable Xilinx Design Tools and simulator software versions.

« Additional files based on the specific issue might also be required. See the relevant
sections in this debug guide for guidelines about which file(s) to include with the
WebCase.

Debug Tools

There are many tools available to address AXI Bridge for PCI Express design issues. It is
important to know which tools are useful for debugging various situations.

ChipScope Pro Tool

The ChipScope™ Pro tool inserts logic analyzer, bus analyzer, and virtual I/O cores directly
into your design. The ChipScope Pro tool allows you to set trigger conditions to capture
application and integrated block port signals in hardware. Captured signals can then be
analyzed through the ChipScope Pro Logic Analyzer tool. For detailed information for using
the ChipScope Pro tool, see www.xilinx.com/tools/cspro.htm.

Reference Boards

Various Xilinx development boards support AXI Bridge for PCI Express. These boards can be
used to prototype designs and establish that the core can communicate with the system.

« 7 series evaluation boards

- KC705
- VC707
. ZC706

Third-Party Tools

This section describes third-party software tools that can be useful in debugging.

LSPCI (Linux)

LSPCI is available on Linux platforms and allows users to view the PCI Express device
configuration space. LSPCI is usually found in the /sbin directory. LSPCI displays a list of
devices on the PCI buses in the system. See the LSPCI manual for all command options.
Some useful commands for debugging include:
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e lspci -x -d [<vendor>]: [<device>]

This displays the first 64 bytes of configuration space in hexadecimal form for the
device with vendor and device ID specified (omit the -d option to display information
for all devices). The default Vendor/Device ID for Xilinx cores is 10EE:6012. Here is a
sample of a read of the configuration space of a Xilinx device:

> lspci -x -d 10EE:6012

81:00.0 Memory controller: Xilinx Corporation: Unknown device 6012
00: ee 10 12 60 07 00 10 00 00 00 80 05 10 00 00 00

10: 00 00 80 fa 00 00 00 00 00 00 00 00 00 0O 00 00

20: 00 00 00 00 00 00 00 00 OO0 00 00 00 ee 10 6f 50

30: 00 00 00 00 40 00 00 00 00 00 00 00 05 01 00 00

Included in this section of the configuration space are the Device ID, Vendor ID, Class
Code, Status and Command, and Base Address Registers.

e lspci -xxxx -d [<vendor>]: [<device>]

This displays the extended configuration space of the device. It can be useful to read the
extended configuration space on the root and look for the Advanced Error Reporting
(AER) registers. These registers provide more information on why the device has flagged
an error (for example, it might show that a correctable error was issued because of a
replay timer timeout).

e lspci -k

Shows kernel drivers handling each device and kernel modules capable of handling it
(works with kernel 2.6 or later).

PCltree (Windows)

PCltree can be downloaded at www.pcitree.de and allows the user to view the PCI Express
device configuration space and perform one DWORD memory writes and reads to the
aperture.

The configuration space is displayed by default in the lower right corner when the device is
selected, as shown in Figure B-1.
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Figure B-1: PCltree with Read of Configuration Space
HWDIRECT (Windows)

HWDIRECT can be purchased at www.eprotek.com and allows you to view the PCI Express
device configuration space as well as the extended configuration space (including the AER

registers on the root).
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Figure B-2: HWNDIRECT with Read of Configuration Space

PCI-SIG Software Suites

PCI-SIG® software suites such as PCIE-CV can be used to test compliance with the
specification. This software can be downloaded at www.pcisig.com.

License Checkers

If the IP requires a license key, the key must be verified. The ISE and Vivado tool flows have
a number of license check points for gating licensed IP through the flow: if the license check
succeeds the IP may continue generation, otherwise generation halts with error. License
checkpoints are enforced by the following tools:

« ISE flow: XST, NgdBuild, Bitgen

« Vivado flow: Vivado Synthesis, Vivado Implementation, write_bitstream (Tcl
command)

f IMPORTANT: /P license level is ignored at checkpoints. The test confirms a valid license exists; it does
not check IP license level.
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Simulation Debug

The simulation debug flow for ModelSim is illustrated below. A similar approach can be
used with other simulators.

ModelSim
Simulation Debug

SecurelP models are used to
simulate the integrated block

for PCI Express and the transceivers.
To use these models, a Verilog
LRM-IEEE 1364-2005 encryption-
compliant simulator is required.

version 6.4a or later.

Are you using ModelSim version 6.4a Update ModelSim to
or later?

A Verilog license is required to
simulate with the SecurelP models.
If the user design uses VHDL, a
mixed-mode simulation license is
required.

If using VHDL, do you have a Obtain a mixed-mode
mixed-mode simulation license? simulation license.

If the libraries are not compiled and

mapped correctly, it causes errors

such as:

# ** Error: (vopt-19) Failed to access
library 'secureip' at "secureip".

# No such file or directory.
(errno = ENOENT)

# ** Error: ../../example_design/
xilinx_pcie_2_1_ep_7x.v(820):

Library secureip not found.

. Need to compile and map the
Do you get errors referrlng to proper libraries. See "Compiling
failing to access library? Simulation Libraries Section."

To model the Integrated Block for

PCI Express and the transceivers, the
SecurelP models are used. These
models must be referenced during
the vsim call. Also, it is necessary to
reference the unisims library and
possibly xilinxcorelib depending

on the design.

Do you get errors indicating Add the "-L" switch with the appropriate
"PCIE_2 1" or other elements like library reference to the vsim command
"BUFG" not defined? line. For example: -L secureip or
-L unisims_ver.

If the issue is more design specific, open
Are you able to receive packets a case with Xilinx Technical Support

on the AXI RX interface and transmit and include a wif file dump of the simulation.
packets on the AXI TX interface? For the best results, dump the entire design

hierarchy.

One of the most common mistakes in

simulation of an Endpoint is forgetting Write to the PCI Command register
to set the Memory, I/O, and Bus Master at DWORD address offset 0x04 and
Enable bits to a 1 in the PClI Command set bits [2:0] to 111b.

register in the configuration space.

X13108

Figure B-3: ModelSim Simulation Debug Flow
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Hardware Debug

Hardware issues can range from device recognition issues to problems seen after hours of
testing. This section provides debug flow diagrams for some of the most common issues.
Endpoints that are shaded gray indicate that more information is found in sections after
Figure B-4.
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Design Fails in Hardware

!

Using probes, an LED, ChipScope
or some other method, determine if
user_Ink_up is asserted. When
user_Ink_up is High, it indicates
the core has achieved link up
meaning the LTSSM is in LO state
and the data link layer is in the
DL_Active state.

Is user_Ink_up asserted?

See “Link is Training Debug” sectiorD
(user_Ink_up =1)

To eliminate FPGA configuration
as a root cause, perform a soft
restart of the system. Performing a
soft reset on the system will keep
power applied and forces
re-enumeration of the device.

Does a soft reset fix the problem?
(user_Ink_up = 1)

Yes ‘/ See "FPGA Configuration Time
'\ Debug" section.

asserted other than the system
reset being asserted is due to a
faulty clock. This might keep the
PLL from locking which holds
user_reset asserted.

No /
Is user_reset deasserted? > See "Clock Debug" section.
(user_reset = 0) \

Multi-lane links are susceptible to
crosstalk and noise when all lanes
are switching during training.

A quick test for this is forcing one
lane operation. This can be done
by using an interposer or adapter
to isolate the upper lanes or use

a tape such as Scotch tape and
tape off the upper lanes on the
connector. If it is an embedded
board, remove the AC capacitors if
possible to isolate the lanes.

Yes

Yes .
Is it a multi-lane link? - Force x1 Operation

One reason user_reset stays }

Does user_Ink_up = 1 when using
as x1 only?

Do you have a link analyzer?

There are potentially issues
with the board layout causing
interference when all lanes are

No Yes switching. See board debug
suggestions.
Y )\ A
The ChipScope tool can be used to Use the link analyzer to monitor the training
determine the point of failure. sequence and to determine the point of failure.

Have the analyzer trigger on the first TS1 that it
recognizes and then compare the output to the
LTSSM state machine sequences outlined in
Chapter 4 of the PCI Express Base Specification.

Figure B-4: Design Fails in Hardware Debug Flow Diagram
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FPGA Configuration Time 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 system. Section 6.6
of PCI Express Base Specification, rev. 2.1 [Ref 7] states two rules that might be impacted by
FPGA Configuration Time:

« A component must enter the LTSSM Detect state within 20 ms of the end of the
Fundamental reset.

« A system must guarantee that all components intended to be software visible at boot
time are ready to receive Configuration Requests within 100 ms of the end of
Conventional Reset at the Root Complex.

These statements basically mean the FPGA must be configured within a certain finite time,
and not meeting these requirements could cause problems with link training and device
recognition.

Configuration can be accomplished using an onboard PROM or dynamically using JTAG.
When using JTAG to configure the device, configuration typically occurs after the Chipset
has enumerated each peripheral. After configuring the FPGA, a soft reset is required to
restart enumeration and configuration of the device. A soft reset on a Windows-based PC
is performed by going to Start > Shut Down and then selecting Restart.

To eliminate FPGA configuration as a root cause, the designer should perform a soft restart
of the system. Performing a soft reset on the system keeps power applied and forces
re-enumeration of the device. If the device links up and is recognized after a soft reset is
performed, the FPGA configuration is most likely the issue. Most typical systems use ATX
power supplies which provide some margin on this 100 ms window as the power supply is
normally valid before the 100 ms window starts.

Link is Training Debug

Figure B-5 shows the flowchart for link trained debug.
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Link is Training
(user_Ink_up = 1)

PCITREE and Ispci scan the

the system and display devices
recognized during startup. These
tools show the PCI configuration
space and its settings within

the device.

Is the device recognized by the system?
Can it be seen by PCITREE (Windows) or

Ispci (Linux)?

See “Data Transfer Failing Debug”
section.

To eliminate FPGA configuration

as a root cause, perform a soft
restart of the system. Performing a
soft reset on the system keeps
power applied and forces
re-enumeration of the device.

If this fixes the problem, then it is
likely the FPGA is not configured in
time for the host to access the card.

Does a soft reset fix the problem?

(user_Ink_up = 1)

See "FPGA Configuration Time
Debug" section.

The default example design is known
to work. Often, the default design works
when a user design does not. This
usually indicates some parameter or
resource conflict due to settings used
for the user design configuration.

It is recommended to mirror the default
GUI settings into the user design.
Even though the design might not
function, it should still be recognized
by the system.

Does mirroring the
default example design settings for
the user design fix the problem?

Does using the default example
design fix the problem?

Yes
\/

Check for configuration settings
conflict. See the "Debugging
No PCI Configuration Space Parameters"
section.

Do you have a link analyzer?

If the default example design works, but mirroring the

Yes configuration parameters does not fix the
problem, then attention should be focused on
With no link analyzer, it is possible to use the user application design. See the "Application
the ChipScope tool to gather the same information. Requirements" section.

It is likely the problem is due to the device
not responding properly to some type of access. A
link analyzer allows the user to view the link traffic
and determine if something is incorrect. See
the "Using a Link Analyzer to Debug
Device Recognition Issues” section.

X13110

Figure B-5: Link Trained Debug Flow Diagram

FPGA Configuration Time 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 system. Section 6.6
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of PCI Express Base Specification, rev. 2.1 [Ref 7] states two rules that might be impacted by
FPGA Configuration Time:

« A component must enter the LTSSM Detect state within 20 ms of the end of the
Fundamental reset.

« A system must guarantee that all components intended to be software visible at boot
time are ready to receive Configuration Requests within 100 ms of the end of
Conventional Reset at the Root Complex.

These statements basically mean the FPGA must be configured within a certain finite time,
and not meeting these requirements could cause problems with link training and device
recognition.

Configuration can be accomplished using an onboard PROM or dynamically using JTAG.
When using JTAG to configure the device, configuration typically occurs after the Chipset
has enumerated each peripheral. After configuring the FPGA, a soft reset is required to
restart enumeration and configuration of the device. A soft reset on a Windows based PC is
performed by going to Start > Shut Down and then selecting Restart.

To eliminate FPGA configuration as a root cause, the designer should perform a soft restart
of the system. Performing a soft reset on the system keeps power applied and forces
re-enumeration of the device. If the device links up and is recognized after a soft reset is
performed, then FPGA configuration is most likely the issue. Most typical systems use ATX
power supplies which provides some margin on this 100 ms window as the power supply is
normally valid before the 100 ms window starts.

Clock Debug

One reason to not deassert the user_reset_out signal is that the fabric PLL (MMCM) and
Transceiver PLL have not locked to the incoming clock. To verify lock, monitor the
transceiver’s RXPLLLKDET output and the MMCM'’s LOCK output. If the PLLs do not lock as
expected, it is necessary to ensure the incoming reference clock meets the requirements in
7 Series FPGAs GTX/GTH Transceivers User Guide [Ref 5]. The REFCLK signal should be
routed to the dedicated reference clock input pins on the serial transceiver, and the user
design should instantiate the IBUFDS_GTE2 primitive in the user design. See the 7 Series
FPGAs GTX/GTH Transceivers User Guide for more information on PCB layout requirements,
including reference clock requirements.

Reference clock jitter can potentially close both the TX and RX eyes, depending on the
frequency content of the phase jitter. Therefore, as clean a reference clock as possible must
be maintained. Reduce crosstalk on REFCLK by isolating the clock signal from nearby
high-speed traces. Maintain a separation of at least 25 mils from the nearest aggressor
signals. The PCI Special Interest Group website provides other tools for ensuring the
reference clocks are compliant to the requirements of the PCI Express Specification:
www.pcisig.com/specifications/pciexpress/compliance/compliance_library.
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Debugging PCI Configuration Space Parameters

Often, a user application fails to be recognized by the system, but the Xilinx PIO Example
design works. In these cases, the user application is often using a PCI configuration space
setting that is interfering with the system systems ability to recognize and allocate
resources to the card.

Xilinx solutions for PCI Express handle all configuration transactions internally and generate
the correct responses to incoming configuration requests. Chipsets have limits to the
amount of system resources they can allocate and the core must be configured to adhere to
these limitations.

The resources requested by the Endpoint are identified by the BAR settings within the
Endpoint configuration space. The user should verify that the resources requested in each
BAR can be allocated by the chipset. I/O BARs are especially limited so configuring a large
I/O BAR typically prevents the chipset from configuring the device. Generate a core that
implements a small amount of memory (approximately 2 KB) to identify if this is the root
cause.

The Class Code setting selected in the CORE Generator™ tool GUI can also affect
configuration. The Class Code informs the Chipset as to what type of device the Endpoint is.
Chipsets might expect a certain type of device to be plugged into the PCI Express slot and
configuration might fail if it reads an unexpected Class Code. The BIOS could be
configurable to work around this issue.

Using a link analyzer, it is possible to monitor the link traffic and possibly determine when
during the enumeration and configuration process problems occur.

Using a Link Analyzer to Debug Device Recognition Issues

In cases where the link is up (user_Ink_up = 1), but the device is not recognized by the
system, a link analyzer can help solve the issue. It is likely the FPGA is not responding
properly to some type of access. The link view can be used to analyze the traffic and see if
anything looks out of place.

To focus on the issue, it might be necessary to try different triggers. Here are some trigger
examples:

« Trigger on the first INIT_FC1 and/or UPDATE_FC in either direction. This allows the
analyzer to begin capture after link up.

« The first TLP normally transmitted to an Endpoint is the Set Slot Power Limit Message.
This usually occurs before Configuration traffic begins. This might be a good trigger
point.

« Trigger on Configuration TLPs.
« Trigger on Memory Read or Memory Write TLPs.
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Data Transfer Failing Debug

Figure B-6 shows the flowchart for data transfer debug.

Link is Up (user_Ink_up = 1)
Device is recognized by system.
Data Transfers failing.

The most often cause of a system
freeze or hang is due to a

completion timeout occurring

on the host. This happens when

the host issues a non-posted
transaction (usually a memory

read) to the Endpoint and the
Endpoint's user application does

not properly respond. [

Is the system freezing or hanging? Ensure that completions are returne?

for all incoming Non-Posted traffic.

If user_Ink_up is toggling, it usually
means the physical link is marginal.

In these cases, the link can be
established but might then fail once
traffic begins to flow. Use ChipScope
Pro tool or probe user_Ink_up to a logic
analyzer and determine if it is toggling.

Link could be marginal and packets

Is use_Ink_up toggling?
—ne-uptogging are failing to pass LCRC check.

Errors are reported to the user
interface on the output cfg_dstatus[3:0].
This is a copy of the device status
register. Using ChipScope tool, monitor
this bus for errors.

Errors flagged by the core are due
to problems on the receive datapath.
Use a link analyzer if possible to
check incoming packets. See the
“Identifying Errors" section.

Fatal Error? Blue screen?
Other errors?

. Transmit
Receive Is the problem with receiving

or transmitting TLPs?

Do incoming packets appear

on the AXI receive interface? Do outgoing packets arrive

at destination?

If read or write transactions do not

appear on the axi interface, it means
that most likely the incoming packet
did not hit a BAR. Verify incoming
TLP addresses against BAR
allocation.

If completion packets fail to reach their
destination, ensure the packet
contained the correct requester ID as
captured from the original
Non-Posted TLP.

A memory write that misses a BAR
results in a Non-Fatal error message.
A non-posted transaction that misses a
BAR results in a Completion with
UR status.

If other packets fail, ensure the address
targeted is valid.

X1310¢

Figure B-6: Data Transfer Debug Flow Diagram
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Identifying Errors

See Abnormal Conditions in Chapter 3 for information about how the Slave side and Master
side of the AXI Bridge for PCI Express handle abnormal conditions.

Next Steps

If the debug suggestions listed previously do not resolve the issue, open a support case or
visit the Xilinx User Community forums to have the appropriate Xilinx expert assist with the
issue.

To create a technical support case in WebCase, see the Xilinx website at:

www.xilinx.com/support/clearexpress/websupport.htm

Items to include when opening a case:

o Detailed description of the issue and results of the steps listed above.

o ChipScope tool VCD captures taken in the steps above.
To discuss possible solutions, use the Xilinx User Community:

forums.xilinx.com/xInx/

Interface Debug

AXl4-Lite Interfaces

Read from a register that does not have all Os as a default to verify that the interface is
functional. Output s_axi_arready asserts when the read address is valid and output
s_axi_rvalid asserts when the read data/response is valid. If the interface is
unresponsive ensure that the following conditions are met.

e Theaxi_ctl_aclkand axi_ctl_aclk_out clock inputs are connected and
toggling.
« The interface is not being held in reset, and axi_aresetn is an active-Low reset.

« Ensure that the main core clocks are toggling and that the enables are also asserted.

« Has a simulation been run? Verify in simulation and/or a ChipScope tool capture that
the waveform is correct for accessing the AXI4-Lite interface.
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Additional Resources

Xilinx Resources

For support resources such as Answers, Documentation, Downloads, and Forums, see the
Xilinx Support website at:

www.xilinx.com/support.

For a glossary of technical terms used in Xilinx documentation, see:

www.xilinx.com/company/terms.htm.

References

This section provides links to supplemental material useful to this document:

1. Xilinx AXI Reference Guide (UG761)

2. Virtex-6 FPGA Integrated Block for PCl Express User Guide (UG671)

3. Spartan-6 FPGA Integrated Endpoint Block for PCl Express User Guide (UG672)
4. 7 Series FPGAs Integrated Block for PCI Express Product Guide (PG054)

5. 7 Series FPGAs GTX/GTH Transceivers User Guide (UG476)

6. AMBA AXI4-Stream Protocol Specification

7

8

PCI-SIG® Specifications
Vivado Design Suite Migration Methodology Guide (UG911)
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Revision History

The following table shows the revision history for this document.

Date Version Revision

07/25/12 1.0 Initial Xilinx release. This release is for core version 1.04.a
with ISE Design Suite 14.2 and Vivado Design Suite 2012.2.
This document replaces DS820, LogiCORE IP AXI Bridge for
PCI Express Data Sheet.

10/16/12 11 » Updated core v1.05a, ISE Design Suite 14.3, and Vivado
Design Suite 2012.3.

» Added Chapter 4, Customizing and Generating the Core.
» Major updates to PCle Clock Integration.

» Added Unsupported Request to Upstream Traffic and
Clock Frequencies.

12/18/12 1.2 » Updated core v1.06a, ISE Design Suite 14.4, and Vivado
Design Suite 2012.4.

» Updated Chapter 4, Customizing and Generating the
Core.

» Updated Chapter 5, Constraining the Core.
» Added Appendix B, Debugging.
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