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Agenda

« Whatis PCle ¢

o System Level View
o PCle data transfer protocol

« PCle system architecture
 PCle with FPGAS

o Hard IP with Altera/Xilinx FPGAs
o SoftIP (PLDA)
o External PCle PHY (Gennum)
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System Level View

Interconnection

Top-down tree hierarchy
PCI/PCle configuration space
Profocol
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Interconnection

e Serial interconnection
« Dual uni-directional

« Lane, Link, Port

e Scalable Device A Device B

o Genl 2.5/ Gen2 5.0/ Gen3 8.0 GT/s
o Number of lanesin FPGAS: x1, x2, x4, x8

e Genl/28bl10b
e Gen3d 128b/130b

evi10 Image taken from “Introduction to PCI Express” Link ~*



Tree hierarchy

« Top-down tree hierarchy with single host
« 3 types of devices: Root Complex, Endpoint, Switch

« Point-to-point connection between devices without sideband
signalling

« 2 types of ports: downstream/upstream cPU *

« Configuration space

PCl Exprass )\ PC! Express N
Endpoint Root '—k Memory )

PCI Bridge _/.' g\_ _/,
BCLPCI X % PCl Express
PCl Exprass PCIl Express

Switch

]
= =

PCIl Exprass

Image taken from “Introduction to PCI Express”
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PCle Configuration space

« Similar to PCI conf space — binary compatible for
first 256 bytes

« Defines device(system) capabilities

« Clearly identifies device in the system
o Device ID
o Vendor ID
o Function ID
o All above

« and defines memory space allocated to device.

evi10



PCle transter protocol

« Transaction categories

 Protocol

* Implementation of the protocol
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Iransaction categories

Configuration — move downstream
Memory — address based routing
IO — address based routing
Message — ID based routing
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Iransaction lypes

Transaction Type

Non-Posted or Posted

Memory Read Non-Posted
Memory Write Posted

Memory Read Lock Non-Posted
IO Read Non-Posted
IO Write Non-Posted
Configuration Read (Type 0 and Type 1) Non-Posted
Configuration Write (Type 0 and Type 1) Non-Posted
Message Posted

evI10 Table taken from “PCI Express System Architecture”




Non-posted read
transactions

MRd, IORd,
CfgRdO0, CfgRd1

—

Requester

f—
CplID or Cpl

Legend:
MRd = Memory Read Request

IORd = IO Read Request

CfgRd0 = Type 0 Configuration Read Request

CfgRd1 = Type 1 Configuration Read Request

CplD = Completion with data for normal completion of MRd, IORd, CfgRd0, CfgRd1
Cpl = Completion without data for error completion of MRd, IORd, CfgRd0, CfgRd1

evI10 Image taken from “PCI Express System Architecture”



Non-Posted write
transactions

IOWr, CfgWrQ, Cfg\Wr1

—

Requester

f—
Cpl

Legend:
IOWr = 10 Write Request

CfgWr0 = Type 0 Configuration Write Request
CfgWr1 = Type 1 Configuration Write Request
Cpl = Completion without data for normal or error completion of IOWr, Cfg\Wr0, CfgWr1

evI10 Image taken from “PCI Express System Architecture”



Posted Memory Write
transactions

Requester

Legend:
MWr = Memory Write Request. No completions for this transaction

evI10 Image taken from “PCI Express System Architecture”



Posted Message
transactions

Msg, MsgD

—

Requester

Legend:
Msg = Message Request without data

MsgD = Message Request with data

evI10 Image taken from “PCI Express System Architecture”



PCle Device Layers

« 3layer protocol

« Each layer split into
TX and RX parts

e Ensuresreliable data
fransmission between
devices

PCI Express Device A

Device Core

!

PCI Express Core
o obqgicdnierface. «

&

o0
—
>

°
L]
A
X

Link

PCl Express Device B

Device Core

-

L 4

PCI Express Core

b« LOQIG IRIELIECE, o |,
Xy o

evI10 Image taken from “PCI Express System Architecture”




Physical Layer

« Contains all the necessary digital and analog
Circuits

 Link initialization and training
o Link width

Link data rate

Lane reversal

Polarity inversion

Bit lock per lane

Symbol lock per lane

Lane-to-lane deskew

O O O O O O
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Data Link layer

« Reliable transport of TLPs from one device to
another across the link
» |t's done by using DLL packets:

o TLP acknowledgement
o Flow conftrol
o Power Management
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Transaction layer

* |t turns user application data or completion data
info PCle fransaction — TLP

 Header + Payload + ECRC
« used in FPGAs IPs

PCI Express Device A PCI Express Device B
‘ Device Core ‘ ‘ Device Core ‘
PCI Express Core PCI Express Core
Logic Interface Logic Interface

¥ Transaction Layer il [
Received

niEl Il Transaction Layer

Transmitted
Data Link Layer

Data Link Layer

Physical Layer

Physical Layer

Link

evi10 Image taken from “PCI Express System Architecture”
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Flow control

Transmitter

Buffer space

available\
TLP

[n—

\|VC Buffer

— 1

Flow Control DLLP (FCx)

Image taken from “PCI Express System Architecture”




Flow control — posted
transaction

1a Requ 2a Request
|
Requester
h ACK

ACK returned for good reception of Request or Completion
MAK retured for error reception of Request or Completion

evI10 Image taken from “PCI Express System Architecture”



Flow control — non-posted
transaction

uest
db ACK 3b. ACK J
Requester

pletlun da. Cnmplehﬂn

ACK retumned for good reception of Request or Completion
MNAK retumed for error reception of Request or Completion

evI10 Image taken from “PCI Express System Architecture”



Building transaction

Information in core section of TLP comes
from Software Layer / Device Core

Bit transmit direction ﬂ

A

Start | [CETUSHES o der Data ECRC LCRC End
Number

& & 1 t & b
I

Created by Transaction Layer

Appended by Data Link Layer

Appended by PHY Layer

evI10 Image taken from “PCI Express System Architecture”



Information in core section of TLP is
sent to Software Layer / Device Core

_Bit receive direction ‘ ‘
A

Sequznce

Start Header Data ECRC LCC E.d
Ni:mber

h " .
I

Stripped by Transaction Layer

Stripped by Data Link Layer

Stripped by PHY Layer

evI10 Image taken from “PCI Express System Architecture”



Example




CPU MRd targeting an Endpoint

Processor Processor

vrall____FsB i

Root Complex

Requester:

-Step 1: Root Complex {requester\
initiates Memory Read Request (MRd)
-5Step 4- Root Complex receives CplD DDR

— SDRAM

MRd# I 4 CpD

Switch A
Mﬁdw . @
r Gpl
Swicn o ] [E0RORE
. ¢
MRd-lr l+co

Completer:

— -Step 2: Endpoint (completer)
receives MRd
-Step 3: Endpoint returns
Completion with data (CplD)

v 1.0 Image taken from “PCI Express System Architecture”




CPU MWr targeting Endpoint

Processor Processor

Requester:
-Step 1: Root Complex {n&u:qure:s’[:ari]lm""Illb
initiates Memory Write Request (MWr) Root Complex SDR
o SDRAM
MWr¥ I

Switch A

MWrw +

Switch B
> ¢

MW T.

I Completer:
- Step 2: Endpoint (completer) receives MWr

Image taken from “PCI Express System Architecture”




Endpoint MRd targeting system memory

Processor Processor

Completer:
-Step 2: Root Complex (co mpIE:t-e-:’T""'

receives MRd
-5tep 3: Root Complex retums
Completion with data (CplD)

i DDR
SDRAM

Requester:
'—H—Step 1: Endpoint {requester)

initiates Memory Read Request (MRd)

-5tep 4: Endpoint receives CplD

Tmmge taker from - PCT EXpress Systent ATcitttecture




Packet constraints

Maximum Payload Size (MPS)

o default 128 Bytes
o least denominator of all devices in the tree

Maximum Read Request Size (MRRS)
o Defined by RC

Maximum Payload/ Read req. size 4 kB

o defined by spec
o No 4kB boundary crossing allowed

Example: Intel x&68 : MPS=256B, MRRS=512B
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HEADER description

 Little endian
« 3DW or 4DW ( Double Word — 4 bytes)

+0 +1 +2 +3
o] ol | el el 2 ]l sl Lol ol
Heeéder
Data Byte 0 :
Data Payload
(Optional) -
i ; Data Byte N-1
31 : TLP Digest: (Optional) -

evi.0 Image taken from “Introduction to PCI Express”



HEADER - base part

 Fmt - size of the header, is there payload ¢
 Length —in DW

 EP - Poisoned

« TC - Traffic class

« TD - TLP digest — ECRC field

« Aftr —status (success, aborted)

+0 +1 +2 +3
?B|54|3|E|1|ﬂTE|5|43|2|1|I}?BE|43|E1|ﬂ?|ﬂ|5|4|3|2|1|l]
1
R|Fmt| Type |R| TC R EEMHFI : Length

evi.0 Image taken from “Introduction to PCI Express”



HEADER Memory Request

 TAG - Number of outstanding request

« Requester ID

Byte 4 »

Byte 8 »=

evi10

Reguester ID
( 8 )
70 4:0 2:0
Bus Mumber Device Function

Type R

TG

Length

Requester ID

Image taken from “Introduction to PCI Express”

Number Number



HEADER Completion

« TAG - Number of outstanding request Requesier D
 Requester ID

[ )
70 4:0 2:0

Bus Mumber Device Function
Number Number

+0 +1 +2 +3
TE|5 4|3|E|1|I:}?E|E|43|2|1|ﬂ?ﬂﬁ4:—]|2 1|l}?|ﬂ|5|4|3|2|1|ﬂ
E'!p'tl':'lﬂ':" TIE 1
R |Fmt| Type |R| TC R |p|p|atr| R Length
4 = . B !
Byt Completer ID Cur=nt c ! Byte Count
1
Byte 8 :
Requester ID Tag R| Lower Address

evi.0 Image taken from “Introduction to PCI Express” o



PCle System Architecture

 Switches

o Extend interconnection possibilities

o DMA

o Performance improvement functions
o Non Transparent Bridging

« Extending distance

o Bus re-drivers
o Copper and optical cables
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* Non Transparent Bridging (NTB)

 Virtual Partitioning
* Multicasting
« DMA

 Failover

evi10

PCle switches

UP: Upstream port
OPF: Downstream Port

PCIFCI
Broge S Foot Complex
PCI s
| |
PCIACI PCHRCI ‘\
Bridge Bndge e
PCle
Switch
oe op
ue
PCle Endpoint
Switch
()] DE opP op
Endpoint Endpoint Endpoint Endpoint

Image taken from IDT documentation




NTB + Virtual Partitioning

Root Complex 1 Root Complex 2
Address Address
i Domain 2
Domain 1 Upstream Port omain Upstream Port
PES24NT3 PESZ24NT3
Downstream NTE port Downstream
oot po NTB port port
Endpoint Endpoint
NTB Addregs domain

oevi10 e



Cabling

« Copper cables
« Optical cables
« Cable re-drivers(repeaters)

evi10

www.idt.com




PCle with FPGAs

« Technology overview:
o Hard IP — Altera and Xilinx
o Soft IP - PLDA
o External PHY — Gennum PCle to local bus bridge

 Vendor documents — app notes, ref designs,
Linux/Win device drivers

« Simulation — Endpoint/Root port

evi10



Xilinx Hard IP solution

User backend protocol same for all devices

o Spartan -6
o Virtex-5
o Virtex -6
o Virtex-7

Xilinx Local Link (LL) Protocol and ARM AXI
For new designs: use AXI
Most of the Xilinx PCle app notes uses LL

evi10



Xilinx Hard IP interface

« External world: gt, clk, rst — (example x1 needs 7

wires)
« CLK/RST/Monitoring

o TLP TXif

o TLP RXif

« CFGIif

« MSG/INT if

evi10
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PCle LL protocol

« TLP packets are mapped on 32/64/128 bit TRN buses

tm_dk | . J [ [ |
+0 +1 +2 +3 : ! | | ,
7 ﬁ|5 4|3‘2|1|D 7 6|5|4 3|2|1|D 7|6 5‘4 3|2 1|{} ?|5‘5|4 3|2|1|0 trm_tdfs3 00] e e |
Fmit T|E ! ! ' [
— —_— 1 1 1
Byte 4 = Requester ID Tag La%gw 15&5’” : ! : :
Byte 8 = Address[31:2] R tm_tram_n }*’ "'u:
| 1 1 i
1 1 1 ]
Byte 12 = Data 0 tm_teof_n T : . : .
Byte 16 = Data 1 ! : : ¥ !
i I 1
Byte 20 > Data 2 s A : 74 !
1 i I 1
1
Byte 24 > TLP Digest 1m_1ds|_rdy_n\j :L i :
I I i 1
+0 +1 +2 +3 +d +5 +6 +7
[63:56] [55:48] [47-40] [39:32] [31:24] [23:16] [15:8] [7:0]
Byta 0 » H';”}}'I wpe || T | msva [T[E|atr| R Length Requester ID Tag Lﬂ'ﬁEDﬂmBE‘""
Byte 8 » Araress[31:2] R Data 0
Byte 16 Data 1 Data 2
7
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trm_ ol i_| ] ] | | o] 1 _l_i

| | | | | | |

tm_td[63:0] i _::l:nn: » HORZ ]lE-nna T A :':I,IE-.l-:rJ-.r ; :-.l-:r.l-_';:ﬂg-.l-:r» DATAS ::E:I’E :}: —— :l:'
| | | | | | | | |
tmtsofni N | | | | | |
| | | | | | | |

| | | | | | ] |
m_eoin T . .
| | | | | | | | |
tm_frem_n : L ' ' ' 1!1 .'I’r 1
i i i i i i i K 0

ot r

e e — : ro
SECIC R S U NN S SR S S R
! ! ! ! ! ! ! ! !
trn_fBrc_asc no | | | | | | | |
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Xilinx simulation
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How to design with Xilinx
PCle Hard IP

« Application notes
« Reference designs

« CORE Gen Programmable IO (PIO)
hardware/simulation examples
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XAPP 1052

» Block DMA in Streaming mode
* No CplD transaction re-ordering

2o

L]

o
o

| PCle Endpoint Core

:

!

Interface

£ £
F P
.4 (1T}
[ =
E &®
by E
[+ (=]
g <
3 ¥
Target

|

COMPLETION TUPs

Control’Status Registers




XAPP 1052

« GUI for Win(VisualBasic)
« GUl for Linux (Glade)

e Driver for Win/Linux

evi10



evi10

thmd_app

File

XBMD  Read CFG Read BMD View BMD log

Megotiated Link Width = X1
Negotiated Link Speed = GEML

Fun Count {1-1M) Iterations Left

S XILINX

1 o
. Xilinx ABMD
START Performance Demo
Write Transfer ParameLers: Read Transfer Parameters:
Write | Read

Whte TLP Size 32 Read TLPF Size 32

[DWORDS) (DWORDS)

TLP's to Transfer 32 «| TLPs To Transfer |32

Wirite TLP Pattern (8 hex values) FEEDEBEEF

Bytes to Transfer 403G
Wnte Results:
Bytes Tansfemed:
Mbps
Status Vald Write Pattem

Read TLP Pattem (8 hex values) |FEECQBEEF

Bytes to Transfer 4095
Read Results:
Bytes Transferred:
Mbps
Ctatus Valid Read Pattem

XBMD Performance Demo Ready




XAPP1052
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trn_tdst_rdy n a 0
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trn_tsrc_dsc_n 1 1
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B
4] i I A S T Y Il ol
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XAPP1052 - performance

* Infel Nehalem 5540 platform
 Fedora 14, 2.35. PAE kernel

« Genl, x4, PCle LeCroy analyser
« DMA config

o Host configures (MWr) DMA engine — around 370 ns between 1DW writes
o Host checks DMA status: MRd (1DW) to CpID (1DW) response time — around 40 ns

 DMA operation:

o DMA MRd(15) -> CpID response time around 2.76 us
o DMA MRd(8™) -> CplID response time around 3.82 us
o DMA MWr -> around 750-800 MB/s (Genl,
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Block DMA: Host <-> DDR2
« Jungo Win device driver

C# GUI

evi10

XAPP 859

ML555 GUI Application

— Scans PCI System

— Allocates Host System Memory Buffer
— Initializes Buffer Contents
— Displays Buffer Contents
— Provides Read and Write Access
to Endpoint Register File

CPU

I

Root Complex

Host System Memory

Virtex-5 FPGA

for PCI Express

Endpoint Block Plus Wrapper

! !

User Application

8-Lane PCle
DMA Support

256 MB DDR2
SODIMM

f 1 f 1
Rengister File MIG DDR2
Controller
3
XCEVLX50T

Programmakble

Clock Source

MESD_Of_ D008
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Xilinx V6 Connectivity Kit

« PCle to XAUI
 PCle to parallel loopback
* VirtualFIFO based on DDR3 (MIG, SODIMM)

* Northwest Logic User Backend IP — Packet (SG)
DMA

oevi10 °



GUl

Software Hardware
@250 MHz @250 MHz @156.25 MHz @156.25 MHz
I - 54 54 64
o Packet xemi[
| 52C Data | Control | WR_Data RD_Data Data
= — - | with cRC |- - - o TX N §
g - — s2C_ctn Control Control Control
= » Y] —
; . e = —].c2s ot Control Control Control g E
= 5 2 7 - -
= al é o o4| c25_Data| Control | RD Data WR_Data xg;?n Data Fud
| 28 - =] il with CRC - (T
2l S Al | 2 | packet 64 84 | Muttiport 64 64
= ] - 'g .
S| og HIE 5|5 = Virtual
ag 2 E = 54 FIFO 54 e
2| =5 =15 S - - —————— :
s | 53 é g 8| s2c pata | control | WR_Data RD_Data |
= 2 E E o -— | Checker =28
g ge E £ % —] " s2C_ctd Control Control |~ = g:
Th
. o =
€ * 5 Control g2
E IE E | co2s o Control A [aenemor | £ _,I
& 3 ﬁ €25 Data| Control | RD_Data WR_Data |
% - ] ‘-qﬁdfh B4 ‘B4 -
= @250 MHz @250 MHz 4 @250 MHz
- Native
Register | - User Space 256 Interface | @400 MHz
Interface EE:giS’tEFS @:m MHz of DDR3 "‘+-"64 DORE3
Memory
t Confroller
—| Performance 256
Monitor
Xilinx 1P Third Party IP FPGA Logic
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Xilinx 56 Connectivity Kit

PCle to 1 Gb Eth

PCle to parallel loopback

VirtualFIFO based on DDR3 (MIG, Component)
Northwest Logic User Backend — Packet (SG) DMA

oevi10 °



- Software Hardware N
- PLEv4E
Talg,a o 'th'ﬂ’l HE”'E
Interface - > Eﬂl:‘l& M H@62.5 MHz
U g 1000BASE-X
sSer
______ | Data PCS E
I | DMAto PMA
1) PLBv46
e | E—-— MRS ™| _Staue L
| I Y || Packef 3';'4’“. dg;" 32-bit
| i : > $ | DMA | et | _Locallink | ooty ' w E
| | 4 o | (320t | @2 s Mz | @525 MHZ [ repmac "o £
Ethemet b4 f ) TEMAC to
| | Driver \}\ L%- § % E-ﬂ— ——— @125 MHz
: (Linux) | | _ ’ © Bridge
| | DMa 2 il = & User b !
V| R — — | Driver | £ = g a Status |
(Linux)| 3 5| |
W - g §
E g Rgg':g:er User Space Registers
Blockdata - % | Interface
{Lim) = - |
| i
ﬁ - —
|| 32-bit Virtual | MIG User
Streaming Interface
Interface L @E2.5 MHz
— @62.5 MHz| Laver '
E e aa— R ——
Integrated Blocks Xilinx 1P Third Party IP FPGA Logic On SPB05
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Altera Hard IP solution

« Target devices:

o Cyclone IV GX
o Arrial/ll GX
o Stratix ll/IV GX

« Similar to Xilinx in ferms of user intferface — TLP over

Avalon ST or User application with Avalon MM

o ST-streaming mode, for high performance designs
o MM -memory mapped, for SOPC builder, lower performance

« CvPCle - FPGA reconfiguration over PCle

o |I/O and PCle programmed faster than the rest of the core

evi10



Altera Megacore
Reference Designs

« Endpoint Reference Design

o PCle High Performance Reference Design (AN456) — Chained DMA, uses
internal RAM, binary win driver

o PCle to External Memory Reference Design (AN431) — Chained DMA, uses
DDR2/DDRS3, binary win driver

« Root Port Reference Design
« SOPC PIO

e Chained DMA documentation

o aqlso Linux device driver available

« BFM documentation

o Extensive simulation with Bus Functional Models

oevi10 °



Chaining DMA Root Complex
Memory
Endpoint Memo o
F N Read ﬂ"r_te
DCescriptor Descriptor
Table
Bwadon-MM Table
nterfaces
Avalon-5T
FEI Data

Express

DIMA Write DMA Read Hﬂllll_:llli
Function PC| Express oot e

) oot rt

Variation

OMA Control’Status Register

| OMAWrCntl [0x04) | Configuration

| DMA Rd Cntl (Dx10-1C) | cRU

[
|
RC Slawa
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SOPC Based Design

« SOPC Builder Based
« Genl, x4

« DMA

 Sim and HW

S0PC Builder Generated Endpoint

Syatem Interconnect Fabric
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AN431 - PCle to DDR3

Roat Coomplex Slave

DA Control’Status
Regisier

System side

Configuration

Spalon-5T
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DOR2 or DDR2 SDRAM

Link side

PCl Express

Memaory

Read
Descriptor
Table

Write
Ciescriphor|
Takde

Data

Root Port

CFU
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PLDA PCle IPs

XpressLite

o currently available at CERN

o Soft IP, Genl Endpoint only, x1/x2/x4

o Stratix GX, Stratix [| GX, and Arria GX support
o No S4GX, C4GX and A2GX Hard IP support

EZDMA2 Altera/Xilinx

o Support Hard IP inside Altera: Cyclone IV GX, Arria Il GX, and Stratix IV GX
o Hard IP inside Xilinx: Virtex-5/6, Spartan-é
o Same user/DMA interface as XpressLite

XpressRich —rich version
o Areyourich ¢

Northwest Logic ¢
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PLDA XpressLite

o Stratix GX, Stratix Il GX, and Arria GX support only
o No S$4GX, C4GX and A2GX Hard IP support

 Generated with JAVA GUI: Windows/Linux

« Synthesis: single VHDL/Verilog encrypted file
* ModelSim: pre-compiled lib (Win/Linux)

* Ncsim: protected lib (Linux)

« Testbench: RP emulation

« Device drivers, API, tools (C++ source available)

evi10



PLDA XpressLite

« Maximum 8 DMA channels with Scatter Gather

» Reference design:
o PCle Lite — Endpoint only
o Jdingle DMA engine — C2S(WR) + S2C(RD)
o Single target module — accepts WR/RD into SRAM/reaisters

Towards PCle Link Towards Application Layer

L

Reference Design

PCle Lite Core .
£ DMA
+ >/ FIFO )/

DA management
micdule

Internal
+ * SRAM

Slave management
meodule

Registers
—* hl LEDs
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External PCle chips -
Gennum

« TLP interface with simple framing signalling

« FPGA serial programming
o FPGA can be reprogramed without affecting PCle link

 GPIO interface/Interrupts

« |P (with DMA) provided for Altera and Xilinx
» Device drivers and Software DK provided

« Already used at CERN:

Open source IP for Xilinx device developed by CERN group
Wishbone

SG DMA

device driver

More info www.ohwr.org

O O O O O
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Gennum PHY + Spartané

o hitp://www.ohwr.org/projects/spec/wiki
« Opensource IP, SG DMA, device driver

R oo | ]n B ISPEC .. /[A)
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http://www.ohwr.org/projects/spec/wiki
http://www.ohwr.org/projects/spec/wiki

More information

e BOOKks:

o Introduction to PCI Express — CERN Library (hardcopy)
o PCIl Express standards — CERN Library — CDS.CERN.CH
o PCI Express System Architecture — mindshare.com (ebook+ hardcopy)

Introduction to PCI Express”

A Hardware and Software Developers Gui
Adam Wilen, Justin Schade and Ron Thornburg

PCI EXPRESS
SYSTEM
ARCHITECTURE

//7;7MINDSHARE

Ravi Budruk
Don Anderson

Tom Shanley

evi10



eda.support@cern.ch

PCle demos available on request
IDT PCle Switch dev. kit. coming soon
Evaluating EZDMAZ2 for Xilinx.

evi10



evi10

Extras



XAPP1052 DMA Config
WR

« Host configures (MWr) DMA engine — around 370 ns between
1DW writes

@ Waveform - DEV:1 MyDevice1 (XCEVLX240T) UNIT:0 MyILAD (ILA) :

Busisignal X o 900 905 910 915 920 925 930 935 940 945 950 955 960 965 970 975
| | | L | | | | | | | | | | | | |
o trn rd[63:0] 40000001(/40000001C] 0000000000000000 0000000000000000 0000000000000000 e
o trn rd 0 3 40000001 40000001 00000000 00000000 00000000
o trn rd 4 7 0000010F| 0000020F 00000000 0o0ooooon Qooooonoo
° trn rrem[7:0] ili] Lili} a1 0o 01 oo a1
@ trn rbar hi... TE TE 7F 7E 7F TE T
tro_rsof_n o (1] LJ LJ
tro_reofi_n 1 1 U I_I
tron_rdst_rdy n o (1] ’—‘ ’—‘
tro_rsrc_rdy n a a LJ I_J
tron_rsrc_dsc_n 1 1
BusMasterEn... a a
o trn td[63:0] 000000001 00000000¢] 0000000000000000
o trn_td 0_3 00000000| 00000000 00000000
o trn td 4 7 00000000| 00000000 00000000
o= trn_trem[7:0] 00 00 ao
trn_tsof n 1 1
trn_teof n 1 1
trn_tdst_rdy n i a
tro_tarc_rdy n 1 1
trn_tdst_dsc_n 1 1
trn_tsrc dsc_n 1 1
int_msi_en [ 0
int_n 1 1
int_assert n 1 1
int_rdv n 1 1
IR —T— Y T T A D L] T+
Waveform captured 21-Mar-2011 09:45:52 x: s13[4]+] o sss[4[b] -0 -6
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XAPP 1052 DMA Config
RD

« MRd (1DW) to CplID (1DW) — around 40 ns

{8 Waveform - DEV:1 MyDevice1 (XCEVLX240T) UNIT:0 MylLAQ (ILA)

e x o P 7 Y T T 7 9 7 1 7 I N R T R A
o trn rd[63:0] |00000001(|00000000¢ 0000000000000000 Yool Ear. W 0000000000000000 =
o trn rd 0 3 00000001 | 00000000 00000000 Jbool GEs1. X 00000000
o trn rd 4 7 0038000F| 00000000 00000000 ozl waB1. X 00000000
o trn_rrem[7:0] 00 01 il o X 01
o~ trn_rbar hi... 7E TF 7F )4 7E ) TF

trn_rsof n i] 1 I_J

trn recf n 1 1

trn rdst rdy n 1] 1 |

trn_rsrc rdy n 0 1 l_

trn_rarc dsc n 1 1

BusMasterEn... 0 0
o trn_td[63:0] |00000000(|00380004C 0000000000000000 Waanl 0agooodon.. 000000000000000
o= trn_td 0_3 00000000| 00380004 00000000 a0l ¥ 0o3soona 0000a0ag
o trn td 4 7 00000000| 00000000 00000000 Jesol ¥ 00000000
o trn_trem[7:0] ao [as] oo

trn tsof n 1 1 \_J

trn_teof n 1 a ||

trn tdst rdy n 1] 0

trn_tsrc_rdy n 1 0 |

trn_tdst dsc n 1 1

trn_tsrc dsc o 1 1

int msi en 1] 0

int_n 1 1

int_assert n 1 1

int rdy n 1 1

=
[l 4] i I Teflalm] Telfalm] Tofal  Tuf | »]
evi1.0 Waveform captured 21-Mar-2011 14:07:43 X —afa]r] o 14]r] a0 -5




MRd to System Memory

« |Intel Nehalem 5540 platform
« MRdA(15") -> CplID response time around 2.76 us
« MRdA(8™) -> CpID response time around 3.82 us

po—
@ Waveform - DEV:1 MyDevice1 (XCEVLX240T) UNIT:0 MyILAO (ILA)

Bus/signal X 0 41:]5 4115 4125 4135 4145 41‘55 41|ﬁﬁ 41|?5 41‘35 41|95 42:]5 42‘15 42‘25 42‘35 42‘45 42‘55 42|ﬁ5 42‘?5 42‘35 42|95 43‘05 43‘15 43|25 43|35 43;15 43|55 43|ﬁ5 43|?5 43|85 43|95 44:]5 44I15 44|25 44|35 44;15 44‘55 1465 44|?5 44‘35 44‘95 45:]!
& trn_rd[63:0] 00000000¢ 43000010[3@( 0000000000000000
& trn_rd 0_3 00000000| 4R000010 :)@( 00000000
o trn_rd 4 7 00000000 00000080 Dﬁ( 00000oaa
@ trn_rrem[7:0] 01 00|01 01
@ trn_rbar hi... F TE[7F, iF
trn_rsof n 1 U_U H |_| U_
trn reof n 1 [l 1 I 1
trn_rdat_rdy n (1] 0
trn_rsrc_rdy_n 1 1) w
trn_rarc_dsc n 1 1
BusMasterEn. .. a 0
o tyn_td[63:0] [00000020:|00000000C[000... e 0000000000000000
o trn_td 0_3 00000020( 00000000)000... E{ 0000o0an
o tm td 4 7 280001FF| 00000000 (000 e 00000000
o trn_trem[7:0] oo o[0T, oo
ten_tsof n ] 1 [T
trn_teof_n 1 1 T
trn_tdst_rdy n (1] 0
trn_tsrc_rdy n a 1
trn_tdst_dsc n 1 1
trn_tsrc_dsc n 1 1
int_msi_en a 0
int_n 1 1
int_assert_n 1 1
int_rdy n 1 1
el w T [ellafn] ol afu] Tefq] L] To]

Waveform captured 21-Mar-2011 14:07-43 x| anaf«r] o assa[d[r] a0y aus




- MWr(32) Length [l terlD [Tag|[ Address  |[1st BE|Last BE] s Packet;. Time Delta Time Stamp
Jem 10:00000 [ 000:00:0 | 3 || E3100000 |[ 1111 | 0000 ||1 dword Packet #2630 | Libhas 104.000 ns |- 0000 . 000 000 104 5
- [Tag|[ Address _ |[1stBE | Last BE| s Packet;. Time Delta Time Stamp
Jem [ 0 || E3100000 |[ 1111 | 0000 ||[1 dword Packet #2641 | Lobhas 448.000 ns| 0000 . 000 000 000 5
MRd(32) [ Address ][ Staius | M : Time Delta Time Stamp
00:00000 0] 0 || E3100004 || SC |1 dword|[iiiien 7.336 ps | 0000 . 000 000 448 s

[Tag|[  Address  |[1st BE|Last BE| e #Packet;. Time Delta Time Stamp
| 1| E3t00010 || 1111 [ 0000 |[1 dwozd Packet #2655 | [Lbhas 368.000 ns | D000 . 000 007 784 s
[Tag|[  Address  |[1st BE|Last BE| e #Packet;. Time Delta Time Stamp
| 2 || E31oo00c || 1111 [ 0000 |[1 dwozd Packet #2658 | Libhas 400.000 ns | D000 . 000 008 152 s
R terlD [Tag|[ Address  |[1st BE|Last BE| e #Packet;. Time Delta Time Stamp
10_00000 | oco0o:0 [ 3 || E3100024 || 1111 [ 0000 |1 dwoxd Packet #2661 | Labhas 368.000 ns | D000 . 000 008 552 s
MWr(32) [rR terlD [Tag|[ Address  |[1st BE|Last BE| e #Packet;. Time Delta Time Stamp
10:00000 | oco00:0 [ 0 || E3100020 |[ 1111 [ 0000 |1 dwozd Packet #2665 | e 336.000 ns | 0000 . 000 008 920 s
MWr(32) ngth (5 terlD [Tag|[ Address  |[1st BE|Last BE| e #Packet;. Time Delta Time Stamp
| oco00:0 [ 1 || E3100014 |[ 1111 [ 0000 |1 dwozd Packet #2668 | [Laibhas 368.000 ns | 0000 . 000 009 256 s
MWr(32) Length [ terlD [Tag|[ Address  |[1st BE|Last BE| e #Packet;. Time Delta Time Stamp
10:00000 | ocooo:0 [ 2 || E3100018 || 1111 [ 0000 ||1 dwozd Packet #2671 | Loibhas 368.000 ns | 0000 . 000 009 624 s
- MRd(32) [ terlD | CompleterlD [Tag| [ Address || Status | "Metrics . LinkTras |[Time Dafta Time Stamp
Sm 00:00000 || 000:07:0 | 040:00.0 |0 |[0] 0 |[ E2100010 || SC  ||1 dword ||t 2 1.912 us | 0000 . 000 009 992 5
- MRd(32) [R terlD | CompleterlD [Tag| Address |[ Staius | "Metrics . LinkTras |[Time Dafta Time Stamp
Sm 00:00000 || 000:07:0 | 040:0000 |0 |[0] 0 |[ E310000C || SC  ||1 dword ||t 2 1.696 us | 0000 . 000 011 904 s
- MRd(32) [R terlD | CompleterlD [Tag| [ Address || Status | "Metrics . LinkTras |[Time Delia Time Stamp
Sm 00:00000 || 000:07:0 | 040:00.0 |0 |[0] 0 |[ E2100024 || SC  ||1 dword ||t 2 1.704 us | 0000 . 000 013 600 5
- MRd(32) [R terlD | CompleterlD [Tag| [ Address || Status | "Metrics . LinkTras |[Time Delia Time Stamp
Sm 00:00000 || 000:07:0 | 040:0000 |0 |[0] 0 |[ E2100020 || SC  ||1 dword||iisies 2 1.904 us | 0000 . 000 015 304 5
- MRd(32) [R terlD | CompleterlD [Tag| [ Address || Status | "Metrics . LinkTras |[Time Delia Time Stamp
Sm 00:00000 || 000:07:0 | 040:00:0 | 0 \ | E3100014 || sC || dword||eEes 2 1.936 us | 0000 . 000 017 208 5
- MRd(32) [R terlD | CompleteriD | Address || Status | "Metrics . LinkTras |[Time Delia Time Stamp
Sm 00:00000 || 000:07:0 | 040:00:0 | 0 \ E3100018 || SC  ||1 dword ||t 2 1.800 s | 0000 . 000 019 144 5

[ - MWr(22) Length [l terlD [Tag|[ Address  |[1st BE|Last BE| M 0 #Pacl\eta Time Delta Time Stamp
2005 _| [ 10-00000 [ 000000 | 3 |[ E3100048 || 1111 | 0000 ||1 dword Packet #2712 | | 400.000 ns | 0000 . 000 020 944 s
" Link Tra MWr(32) Length [l terlD [Tag|[ Address  |[1st BE|Last BE] M trics J Packets |[Time Delta Time Stamp
2099 [ 000000 | 0 || E3100004 || 1111 | 0000 ||1 dword|| 0 ||Packet#2714 ][ iiekan 2 868.000 ns | 0000 . 000 021 344 s
" Split Tra R_ MRd(32) [R terlD_| CompleteriD |Tag\ Address _ |[ Stalus | 'M trics JF LinkTras | Time Delta Time Stamp
7 x4 00:00000 | o40:000 [ oocooo [ 1[0 | FFC00000 || SC |32 dwords | (Shes 3 36.000 ns | 0000 . 000 022 212 5
" Split Tra R_ - MRd(32) [R terlD | CompleterlD [Tag| [ Address || Staius | 'M trics JF LinkTras | Time Delta Time Stamp
8 <4 | 00:00000 || 040:000 | 000:000 | 2 | [ FFC00080 || SC (32 dwords | (ks 3 44.000 ns | 0000 . 000 022 248 5
" Split Tra R_ - MRd(32) [R terlD | CompleterlD [Tag| [ Address || Staius | 'M trics J LinkTras | Time Delta Time Stamp
9 <4 | 00:00000 || 040:000 | 000:000 | 3 ] [ FFC00100 || SC (32 dwords | (ks 2 36.000 ns | 0000 . 000 022 292 5
" Split Tra R_ MRd(32) [R terlD | CompleterlD [Tag| [ Address || Staius | ’M trics J LinkTras | Time Delta Time Stamp
10 x4 00.00000 | 040000 [ ooc000 | 4 | [ FFC00180 || SC  |(32 dwords | (Aukes 2 44.000 ns | 0000 . 000 022 328 5
" Split Tra R_ - MRd(32) [R terlD | CompleterlD [Tag| [ Address || Staius | ’M trics J LinkTras | Time Delta Time Stamp
1 <4 | 00.00000 || 040.000 | 000000 | 5 ] | FFC00200 || SC |32 dwords | (ks 2 36.000 ns | 0000 . 000 022 372 5
" Split Tra - MRd(32) [R terlD_| CompleteriD |Tag\ Address _ |[ Stalus | ’M trics J LinkTras | Time Delta Time Stamp
em 00.00000 || 040:000 | 000000 |6 ]/0 | FFC00280 || SC  ||32 dwords | (Shes 2 44.000 ns | 0000 . 000 022 408 5
T Split Tra 25 MRd(32) R terl D CompleterlD |Tag Address Status K . # LinkTras || Time Delta Time Stamp
R— M Metrics
13 x4 | I 00.00000 || 040000 | 000000 |7 lo| 0 Il FFC00300 || SC 132 dwords | (ke 2 36.000 ns | 0000 . 000 022 452 s
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XAPP 859 — Write

Done Signal to Register File —.

q\Start Signal from Register File
Eile gw..ﬁ}‘:?-fhm Dovica Wareforrn  Yindow Help \.
2@l g e e 2R \
: £ Weavnterm - DEVE0 MyDow
Bus Signal |
'E_Cl‘l_ltlttr ol o =
ut_dua_done 0
& trn_thut_av 77
o tzn_trem n 00| 00
ten_tdst_cdy n| 0| ©
ten_texcfwd n i1
ten_tzof n i 1
ten_teof n i 1
* trn td 000{000| 000CCO000 ‘
£d_dms_stace | O © s = { '
rd_dea_dcme of o / '."‘
ten_zazc_cdy n| 4 1 ) / ’,".
ten_x3of_n i 1 / //
ten_reof_n 1| /
o trn_rd mt,é /',' Ba000000E488F AL 3
/| /
- [’ k
Uniowe / |
‘- ~220 ns DDR2 Latency N Back-to-back 128-Byte Maximum -— Wait States
Payload Size Transfers s



XAPP 859 - Read

X8 512-Byte Read Request Packets
on TX TRN Interface

_ Done Signal to Register
/" File Interface

L

Register File

Read Latency ~840 ns

4 )
i Chipscope ProAnshyzer [Ern_interface_demo] '_ =101xl
Eile Yew JTAG Chain Desice  Tripger Selup 'ﬁﬁwl‘urrn Wirdow Halp f
=@lranizgeeelssR |
|: 5 Warterm - DEV:D MyDmacel (XCSVLES0N] UMITOMMLAB LA 0 o s e it o s [H
BusSignal K .ﬂ [B10 &0 I:'-Nﬂ 780 750 A0 &P0 60D 650 550 540 470 430 .38 350 310 -H'lll-ﬂ] A80 158 490 A0 3@ 1@

L ] 1 Ml 5=l Iw L 1 ] 1 ] ] | EELad| ] | |II o Do | | ]
wE_dma_stack o o | i =
wE_dmd_Semn ol o |I I

= trn_thul_av 7| 7 I 7 } i
& trn_trem m Fr| er E-m‘- FF 1'-1 )]
ten_tdst_cdy n| O 0 -I-""-
ceri_tarefud n il 1 \\
ton_taod_n 1 1 THLLIR
ten_teof_n 1 1 L
& trn bd poL{oos| oo GOOERE W0 DOEDDOD0 000D
|:|1_1_'.Il-|._.'||:n:: 0] i { - "'J . '!I
rd_dma_dome 3| o § %“:—L
ten_gass_edvn| 9 L W . ffj_”'__"_"_L" | I I I I “ | Il | 1 Il FH‘T
Lﬂn_mi?;- i 1 [ (TP NNT R e e e ey v e eeeer e reree rer e ne e veveeein
cen_reai i 1 | L IIIIIIIIIIIIIIIIIIIIIIIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIf/a
B u—n_rq,-" nLo{mo0 muuuumllwi_,_—l__—._'l
.I |I
ke i | /
Laioai .. [ __oou:_|
| ‘-. |
‘. Start Signal from "~ Roundtrip System “.. x64 84-Byte Completer Packets

on RX TRN Interface

XEGD_34 O70rog



Endpoint TB

Testbench Top Level {<iaration name=_testoenchi

Endpoint Example Desl —| PIPEInterconnection g Root Port BFM
.:-l,la_r_:::q namfmmpi!;: Module (xB) (altpcietn ofm_rp_top x3 plpenid)
chaining_pipentibv - ™| jaitpciers_pipe_phy) >

']

Chaining DMA
Teat Driver Moduls
{ahpdety bdn_drver_chaning)
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Root Port TB

Testbench Top-Level («esmon name-_testhench)

Root Port DUT
[«wariafion_names=_ example_rp_pipenib)

—
L

Root Port BFM
{altpeieth_bfm_drver_rp)

PIPE Interconnection
Module xB

[altpcierd_pipe_phy)

EP Model
(altpcieth bfm_ep example_chaining_pipen1b)
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AN456 — Chained DMA

Application Logic

evi10
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<var>_example _rp_pipenib.v

Root Port BFM Tasks and Shared Memory

Test Driver
(altpeietb_bfm_
driver_rp.w)

BFM Shared Memory
{altpcieth_bfm_shmem)

BFM ReadWrite Shared
Request Procedures
{altpcieth_bfm_rdwr)

BFM Configuration
Procedures
{akpciath_bfm_configure)

BFM Log Interface
{aftpeietbbfm_log)

BFM Request Interface
(altpcieth_bfm_req intf)

VC1 Avalon-5T Interface
(altpcieth_bfm_wentf_ast)

VCO Avalon-5T Interface
[altpcietb_bfm_wcntf_ast)

Avalon-5T
|
Config Bus
{altpoiet f_
cfig_samplev)
e
Avalon-5T

PCI Express
Root Port

Variation
(vanation_name.v)

PCI Express



Endianness

« 0Ox12345678

« Big-Endian stores the MSB at the lowest memory address. Little-Endian
stores the LSB atf the lowest memory address. The lowest memory
address of multi-byte data is considered the starting address of the
data. In Figure 1, the 32-bit hex value 0x12345678 is stored in memory
as follows for each Endian-architecture. The lowest memory address

Is represented in the leftmost position, Byte 00.
« http://en.wikipedia.org/wiki/Endianness

: Byte |Byte |Byte |Byte
Endian Order 00 01 02 03
Big Endian 12 |4 |ss |8

(LSB)
Little Endian 8 lsg |34 12
(LSB)
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