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Disclaimer

A 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®.

A The material included in this presentation
reflects current thinking of the presenter and
should not be evaluated as direction from the
PCI-SIG®.
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Overview

A This presentation looks at the challenges faced when implementing
a PCle 3.0 8GT/s solution.

A The revision 3.0 PCI Express Specification does more than just
double the banner data rate of the Revision 2.0 specification. PCle
3.0 fundamentally changes the physical layer transport and
iIntroduces new challenges for the PCI Express developer.

A PCle 8GT/s introduces concepts, such as dynamic equalisation
and 128b/130b encoding, that provide new challenges to
engineers looking to debug next-gen PCle systems.

A The presentation aims to show that the move to 8GT/s and the
128b/130b encoding method is not as scary as it first appears, when
you have a method of viewing and validating your design
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Background

A LeCroy has been a leading supplier of PCle test
tools since the beginning of PCI Express.

A However the move from 5GT/s to 8GT/s
presented new challenges

V Moving from 2.5GT/s to 5GT/s used the same coding
system and predominantly was a doubling of the
clock rate

V 8GT/s fundamentally changed the physical layer

INo O0standardd parts to adapt
I New test fixtures and toolsets had to be developed
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Background

A The presentation broadly follows the story of
how LeCroy developed its products in parallel
with the evolving specification for 8GT/s PCI
EXxpress.

V Challenges faced

V Techniques followed
V Solutions found

V Validation made.
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8GT/s is not just a speed bump

A New encoding method
V 128/130 instead of 8b/10b

A Alignment mechanism changed
VNo O6commado

A Electrical compensation required
V Eye Is closed at the receiver
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™" 128b / 130b Encoding

A 130 bit code called a block
A Physical layer uses a per lane block code

A Each block consists of a 2-bit block sync header
and 128-bit payload
A Valid Sync Headers include

V 01b : Ordered Set Block
V 10b : Data Block

A All lanes of a multi-lane link must transmit the
same sync header 2-bit Sync Header

4o 7€ 00 00 14 OE 00 00 0O 00 00 44 44 44 44 44 4 JI1E 00

44 f1E 00 0 14 OF OO 0O 0O OO OO 44 4 44 44 J1E 00
48 J1E 00 02 14 OF Aoas 44 44 4a J1E 00
45 J1E 00 03 14 CE 44 44 44 44 J1E 00
10,000 014 957 750 00000 014 366 000 00,000 014 374 0
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~" Block Alignment

During link training receivers must be able to
locate sync headers

EIEOS Ordered set is used to align blocks on the receive side
Block lock condition is acquired with EIEOS packet

Three possible receiver states

Unaligned i EIEOS is detected and receiver adjusts its
alignment to it A exit to aligned

Aligned 1 If SDS Ordered set is received move to locked, if not
align on next EIEOS

Locked i Expecting sync header for data transmission.
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Data Blocks

]
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A stream of symbol s def
consisting of é
Framing Tokens

Transaction Layer Packets ( TLPC
Data Link Layer Packets ( DLLPOGs:S

Data Is striped across all lanes
Can span block boundaries
No explicit end framing symbol
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Framing Tokens
DLLP
ARnSDPo Fr ami2ZhxSymbbloléng followed by DLLP
Information
TLP

ASTPO Fr amidniSgmbololdngamd imclsides the 12 bit
TLP sequence number A followed by TLP information

End of Data Stream

AEDSO0 Fr amidsgmbolsoddngamd indisates that the
next block will be an ordered set block
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T E le DLLP
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Example TLP

DLLP Update FC is 1st complete packet
within the block

— = TR

0000, 000 021 002 5

M 31 01 C1 Qg 40 08 00 o1
M 23 01 0A gOm 00 07 A3 01
RE A9 B7 0D BEON 20 0 22 0
"6 M E7 4E QUM OB 3E 04 01

FequesterlD |Tag Address 1stBE [LastBE LCRC
a0g:24:4 4 Q0ARZZZC 1100 | 0111 3 dwords 0xC10A0D4E ||0000. 000021 004 5

Followed by TLP Memory Write String
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TLP Length Field Protection

ALength field Protected

V A 4-bit CRC ( Frame CRC)

V' An even parity bit ( further protects the Frame CRC
and Length Field )

A All DWords in Length field must be transmitted

A No explicit end character A next framing symbol
comes next
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~" At the beginning

A Companies developing to the early spec started
with the PHY design and IP simulation

A Developing to early version of the specs resulted
In various companies being compliant with
different version of the spec

V Typically Self interoperate testing PHY-PHY
VNo O0standardod6 connectors

A What can you do to support developers when
HW does not exist
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Initial design flow

A Before silicon is developed a simulator is
typically used

A We needed to verify our toolset against IP
before silicon was developed

V Many different simulators
V Spec changes had to be supported
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™ Simulator Pass

A The idea is to take the results of HW simulation
and feed them into the protocol analyzer toolset

V Same tool to compare simulation with real world

Simulation
Simulator ﬁ> Output SimPASBE
Vectors
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" The next step

AWhen PHYO6s started to &
think about real world probing solutions

A The electrical characteristics of 8GT/s
significantly changed from sub 8GT/s speeds

V Completely new front end design
I Coding, framing, scrambling all changed

V Still need backwards compatible

A First step was to work around the de-embedding
process defined in the specification
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De-Embedding

A De-Embedding

V' The process of characterising the transmitters transmission path
so that the influence of the path on the transmitted signal can be
removed at the receiver/probing point

I C.f noise cancelling headphones for PCle TX
A Voltage and Timing budgets are so tight that de-
embedding is mandatory for 8GT/s transmitters
1 e

Clock M/_ 12 ////\ﬁ
Jun

CAfDIat Natd

-20
+1 A
-25 A tion =ait
@ w,
SoftPlot +Plus+ Measurement Management Software
35 a8 s22

Replica Channel ,_ ;“
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De-embedding

A De-embedding gives .
the user the ability to =
view their waveforms | i EEEE
as if the fixture was
not present.

A Fixture effect is
defined by user-

supplied S-parameter
file.
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De-embedding

A De-embedding gives | .
the user the ability to | =—
view their waveforms @ — . ETiT
as If the fixture was
not present.

A Fixture effect is
defined by user-

supplied S-parameter
file.
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'De Embedding gives 2 ideas

A Traditional methods for S Parameter calculation
very expensive

V Perhaps we can develop an alternative tool to
calculate S Parameters with less effort

I Sparg of a new idea

A The SMA connectors on the de-embedding
fixture provide a starting point to verify probing
technology
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X8 Dish for MidBus Probe

Test Board interface
for early
developers

Allows for connection
to PHY test platforms
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