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Disclaimer

Presentation Disclaimer: All opinions, judgments, recommendations, etc.
that are presented herein are the opinions of the presenter of the material
and do not necessarily reflect the opinions of the PCI-SIG®.
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Presentation Outline

= Why would you need a PCle 3.0 repeater
= Enter Real World Signal Integrity

= What are the Requirements?

= A Proof of Principle Example
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“ Why a PCle Repeater? o

= Currently, a PCle 3.0 repeater Is outside the
specification
v'Is 20 inches FR-4 w/ 2 connectors really worst case?
— Base spec may not cover all practical applications

v 8Gbps introduces new levels of complexity

— Path loss is greater at 8Gbps compared to previous
generations

v Equalization, as a result, is more complicated

— PCle 3.0 specification introduces complicated negotiation
between root complex and endpoint
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Enter The Laws of Physics
g More S|gna| Integnty *As frequency increases, this: N Loss vs. Frequency
CirCUitry needed to A. 1 B Crossover ~ 1 GHz
compensate losses at -Becomes this:
8Gbps A B :
v' Real world applications do not - T
change path length 1_ — rotal Resistve Loss
requirements 57 bicectic Loss
v Losses significantly more s o milvace, Frs
complicated at 8Gbps

Frequency [GHz]

12m ”high performance” twinax cable
i 2 ‘ I

250Mb/s 1Gbps 3Gbps 5Gbps 7Gbps 9Gbps
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"~ PCI Express Overview

= Topology based on point-to-point serial links

Each link is composed of a number (1 to 32) of
Independent lanes

v Each lane has independent differential transmit and receive
channels (full duplex)

= Communication uses encapsulated packets
PCI Express 1.x and 2.x deployed
PCI Express 3.0 emerging

Specs for each PCle generation per lane

Clock Speed Transfer Rate Overhead Data Rate

1.x 1.25GHz 2.5 GT/s 20% 250 MB/s  8b/10b Coding
20 25GHz 5GT/s 20% 500 MB/s  8b/10b Coding
3.0 4 GHz 8 GT/s ~1.5% 1 GB/s 128b/130b Coding
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" PCle Physical Layer Overview

= PCle specs define main hub as “root complex”

and downstream device as “end point”

Synchronous

100MHz Reference Clock

Root Complex

Transmit Pair

VV._ VY

(motherboard)

Receive Pair

AA

Down Stream

»
»

Up Stream

Block diagram of a “x1”

(“by 1”7 or “single lane”) link
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End Point
(add-in card)
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PCle Physical Layer Overview

Initial State or

Directed by

Data Link Layer \
Detect

1

Polling ‘

Loopback

/ /‘
L

Configuration

l

Main State Diagram for Link Training and Status State Machine

(PCle Base Specification, Rev. 3.0, Version 1.0, Figure 4-22)
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Link Training and Status State Machine
(LTSSM) is implemented at the root
complex and the end point

Normal operating states are:

v
v

v

v

Detect — find lanes with receivers

Polling — send/receive training sequences
(establish bit lock and symbol lock)

Configuration — negotiate data rate and set up
link composed of detected lanes

L O — normal operational state

Other States:

v

N N NN

LOs, L1, L2 — low power “sleep” states
Recovery — change speed, re-establish lock
Loopback — Test state

— handles hot plugging, etc.

Disabled — configured link can be “put on hold”
with disabled state
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PCle Physmal Layer
Relevant Details & Requwemeh
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** PCle “Electrical Idle” o

Electrical Idle — “The state of the output driver in which both
lines, D+ and D-, are driven to the DC common mode
voltage.”

=Electrical Idle is used in throughout PCI Express

v' REQUIREMENT: Devices targeted for PCI Express must
support electrical idle — i.e., outputs must have the ability to
“float” to a common-mode voltage (both differential outputs at the
same voltage)

v REQUIREMENT: Inputs must be able to detect Electrical Idle
(e.g., LOS) and automatically set the outputs to Electrical Idle
(i.e., automatically “mute” outputs when LOS is detected)
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“Detect” State — Receiver Detect

= First thing that happens when a PCle device is powered
up:

v “Transmitter performs a Receiver Detection sequence on all un-
configured lanes”
— PCle Base Specification, Rev. 3.0, Version 1.0, Pg. 250

= Transmitter generates common-mode Vvoltage step on
both differential outputs (up to 600mV)

= Receiver detect based on rise time of resulting waveform

v" The Receiver is not present if the rise time is dictated by the
transmitter impedance, the capacitance of the interconnect and
series capacitor.

v" The Receiver is present if the rise time dictated by the above plus
the Receiver termination.
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Root Complex
(motherboard)

'Recejver Detect

= Repeater device must be transparent to Receiver Detect

TX Lane O N
»RX0
TX Lane 1 N
»RX1
TX Lane N .
»RX N

Repeater

TXO
TX1

TXN

Lane O
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Lane 1

Lané N

RX0

rRx1End Point
(add-in card)

RX'N

v Repeater TX’s perform Receiver Detect on End Point

— Triggered by detection of electrical idle at RX

v Repeater then sets RX common-mode impedance:
— High (>50k ohms) to indicate no receiver on this lane
— Low (<60 ohms) to indicate there is a receiver on this lane
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“Beacon”

= Beacon — “An optional 30kHz - 500Mhz in-band signal
used to exit the L2 Link power management state”

v' Beacon is a signal sent by a Downstream component to start the
exit from an L2 state.

v" The Beacon is a DC balanced signal of periodic arbitrary data,
which is required to contain some pulse widths < 2 ns but no
larger than 16 pus.

v" The maximum time between qualifying pulses (2 ns < x < 16 us)
can be no longer than16 us.

v" When any Bridge and/or Switch receives a Beacon at a
Downstream Port, that component must propagate a Beacon
wakeup indication Upstream.
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“Beacon’ Requirements

4 REQUIREMENT: Any device targeted for PCl Express must support

detection of low-frequency PCle “Beacon” signals at the receiver
Inputs

— 2ns to 16us wide pulses must be “passed on” to the outputs

4 REQUIREMENT: Output transmitters must be able to “pass-on” the
beacon signals that are detected by the receiver inputs.

Note: This simply means that the device must be able to receive and
transmit low-frequency (as low as 30kHz) signals. Synchronous

devices can over-sample (just looks like a lot of ones or zeros in a
row).

.

oo ] N S e
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Dynamic Data Rate Negotiation

= All PCle devices start out communication at PCle 1.x
data rates (2.5Gbps)

= PCle devices “advertise” their data rate capabilities using
bits located in symbol 4 of the Training Sequence
packets that they exchange periodically

= |f both ends agree, the data rate can be moved to
5.0Gbps or 8.0Gbps. If there is any interruption in the

data, both ends go back to 2.5Gbps and re-negotiate the
data rate.

4 REQUIREMENT: Any device targeted for PCI Express 3.0 must support dynamic
data rate changing between 2.5Gbps, 5.0Gbps, and 8.0Gbps.
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De-EmQhasis

4 REQUIREMENT: Any device targeted for PCI Express must support de-emphasis
levels of -3.5dB (for 2.5Gbps), -3.5dB or -6.0dB (for 5.0Gbps), and dynamic de-
emphasis negotiation (for 8.0Gbps)

= Possible options to meet requirement:

v’ Pre-set repeater EQ and PE settings to optimize channel and allow
auto-negotiation to proceed across repeater

v Detect pre-emphasis changes from PCle 3.0 transmitter and make
corresponding PE changes on repeater outputs

v Full implementation of dynamic PE/EQ logic, so that PCle 3.0
repeater inputs look like fully compliant PCle 3.0 receiver and
repeater outputs look like fully compliant PCle 3.0 transmitter.
repeater receives and processes PCle messages to decode
requests for PE setting changes
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Spread-Spectrum

= PCle devices must support a limited version of spread-spectrum

= The spread spectrum data needs to be repeated from input to
output or regenerated at output

14(s)

o ."r\'ll
— g ' | Channel
- . ;'I

bt
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Tx Latch | Rx Latch —=
AN / f’l\
L
2=
T, = Transport Delay Delta — CDR
A
Tx PLL |= Refclk > RxPLL | Hy(s)
Xy(s) Xq(s)
A-0568

Figure 4-89: Common Refclk Rx Architecture
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Dynamic Equaliza
Negotiation

(More Details)
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" PCle 3.0 De- Emphasis Negotlatlon

= Physical layer hardware design guarantees a bit error
ration (BER) of 10 or better at 8Gbps (worst-case)

= Dynamic de-emphasis/equalization is a “fine-tuning”
process that improves the BER to 10-12 or better

= “Fine-tuning” is independently done on each lane and in
each direction
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“pCle 3.0 De-Emphasis Negotiation

Downstream Port

TS1: EC = 01, Value C1

TS1: EC =01, Value C1 1

TS1: EC = 10, Value C1

TS1: EC = 10, Value C1

TS1: EC = 10, Value C1'

T51: EC =10, Value C1"

T51: EC =10, Value C1"

TS1:EC = 11, Value C2'

TS1: EC = 11, Value C2"

T51: EC = 11, Value C2"

T51: EC = 00, Value C1"

TS2'es followed by IDL
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2.5 GT/s data rate — Speed change Upstream Port Phase 0: EQ TS2 Ordered Sets send from
negoliation Exchange Presels
for 8.0 GT/s data rate Downstream Port to Upstream Port.
S ol kb
| 8.0 GT/s data rate — Equalization
o —— . ____{TS1:EC =00, Value C2
| | I
—_— ST TTTTTTTIPTSTEC =01, Vaiue G2 :
‘______h__:__‘“—————-.- e Phase 1: Both sides exchange TS1 Ordered Sets
[e=sss=s======g to establish an operational Link. EIEOS sent *
 TTT—— | TS1'EC=01, Value G2
- |
e Phase 2: Upstream Port requests Downstream Port
T 1s1EC= 10, Valle T to set its Transmitter's coefficients/presets.
-~ The Downstream Port may send an EIEOS, based
T on the Upstream Port's request.
I Upstream Port sends EIEOS *
- _EL_____:___:'_ TS1-EC = 11, Value C2 Pha_se 3: Doqutream Por_t _requests Upstream qut to
f— set its Transmitter's coefficients/presets to have its
e e incoming Link meet the electrical requirements.
— The Upstream Port may send an EIEOS, based on the
T } Downstream Port's request.
e | TSHEC=11. Value C2 Downstream Port sends EIEOS *
—
. ——TS1:EC=11,ValueC2"
. ™ tstEc=11,vawecy EQualization Complete
(R —tee
-~ TST"EC =00, Value C2 Post Equalization: LTSSM goes through
L _ 6.0 GTis data rate Recovery.RcvrLock, Recovery.RcvrCfg, and
— -
0 T52%s followed by IDL Recovery.ldle to LO. EIEOS sent **
* every 32 TS1 Ordered Sets. ** every 32 TS1/TS2 Ordered
. . Sets.
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PCle 3.0 De-Emphasis Negotiation

Timing (Phases 2 and 3):

= Coefficient change request are transmitted
continuously for 1us or until coefficient
evaluation is completed

= 500ns for transmitter to respond to request for
new de-emphasis coefficient settings

v Valid response is “requested coefficients are not
possible”

= 2ms Is maximum time from request for new
coefficients to completion of coefficient
evaluation.
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- Implementing a PCle Repeater (1)

= Full compliance with PCle Base Specification,
Rev. 3.0

v’ Features

— 1/O pair facing root complex would emulate all end-point
functions.

— 1/0O pair facing end point would emulated full root-complex.
v Advantages

— No issues with spec compliance
v Concerns

— Complexity

— Latency

— Power
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- Implementing a PCle Repeater (2)

= Functional compatibility with Rev 3.0 1

v Features
— Pass all relevant signals between root complex and end point.
— Allow auto-negotiation to converge to 8 Gbps link.

— EXxecute receive-detect and emulate correct states back to root
complex

v Advantages
— Simplicity
— Low latency
— Low power
— Spread-spectrum clocking addressed by default

v Concerns

— Will auto-negotiation work properly? t Asynchronous Approach
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Asynchronous PCle 3.0 Repeater

RX CM Input Impedance Control:
High common mode impedance when no receiver detected

Electrical Idle Detect (LOS): Re_ceive Detect:
Initiates TX Receive Detect Drives RX CM input Impedance

Automatic Input Equalization Preset able Output Pre-Emphasis

RX,0’ TX,0
TXyLane 0, MEQN /| PE/ TX,Lane0, [ Rx,0
TX,0 ~ > S .
Loz HiZA,f"’—’
RXD Lane O PE TXDO' RXDO
2 AE RXp Lane 0
RXp0 [* - - Q D b | TXy0
S - LoZ Hi Z
Root Complex [ tanen, o P — Enld P(l)lnts
(motherboard) f« (ocato)r
remote
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AC Coupled AC Coupled
C=47uF C=4.7uF
Agilent J-BERT \ VSC7111 EV / 2,6,12, 24, or 30 inches
Pattern . Board o Amphenol XCEDE Backplane
Generator > AQ m=mmmmmmmmms -+ Y0 > Nelco 4000-13 —|
Error e <
b Y2 <-TEA2 T No PE or EQ
Deizeil A \ 50-ohm SMA Cables
AC Coupled AC Counled _
C=4TuF ouple .
! G240
A A
Oscilloscope

PE and EQ Enabled

Rate PE and/or EQ Maximum

(Gbps) Backplane (in)
8.0 31 PE only 24
8.0 31 Auto EQ only 24
8.0 31 PE & Manual EQ 48
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v Asynchronous Repeater expriess

Imglementatlon Detalls

= |nput automatic equalization (AEQ)

v Adapts to frequency-dependent path loss and/or TX de-
emphasis changes from root complex or end point

Electrical Idle Detection

v" Input LOS controlling output auto-mute
Output “dual-decay” pre-emphasis (P-E)

v" Pre-set to approximately compensate output channel
= Receive-Detect and RX-Detect Pass-thru

v" VSC7111 output detects RX presence in normal common mode
step/risetime sense method

v" Input common mode impedance raise when no RX.

Spread spectrum
v Spread spectrum edge timing automatically transmitted
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PCle 3.0 Regeater Demonstration

= PCle 3.0 test bench consisted of:
v Agilent PCle LTSSM Exerciser & 2 U4305A PCle Exercisers

v VSC7111EV board between root complex and end point
— auto-EQ, LOS with auto-mute, and receive detect pass-thru
v Approximately 25-in FR4 microstrip, 6 PCle board edge
connectors, 6-ft SMA coax cables, 6 sets of SMA connectors
= For all stress conditions tried, AEQ opened TX eye, auto-
negotiation converged, and error-free data.

U4305A PCle Exerciser & PCle LTSSM Exerciser
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Presentation Summary

= PCle 3.0 repeater Likely Needed in Situations

v 20 inches FR-4 w/ 2 connectors likely not worst case

— Some practical applications want coverage beyond base
spec

= Real World Signal Integrity Issues Understood

v' Signal Integrity issues are well-researched at 8Gbps
v Existing Technologies can be leveraged

= Solutions need to meet market requirements

= Results indicate that 8Gbps Sl solutions ready to
proliferate PCle 3.0 designs
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Thank you for attending the
PCI-SIG Developers Conference 2011.

For more information please go to
WWW.PCISIg.com
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