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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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= Key Contributors

A National Instruments: Lee Mohrmann
A Cable working group members
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** Topics

A Creating the 5GT/s Cable Specification

V Clocking over longer distances
V Lossy Interconnects
V Limitations

A Other Cabled Implementation Considerations
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** 5GT/s Cable WG Goals '

A Extend the PCI Express 2.0 specification in the
cabled environment

V Reuse as much of the existing infrastructure as
possible

V Maximize interoperability

V Provide cost effective solution
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Limitations

A PCI Express at 5GT/s have limitations:

V Primary bus interconnect of a PCB
V Host PC clock

V Cable losses

V Cable equalization and detection
V Receiver equalization

A PCI Express at 5GT/s have these limitations
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e EXPRESS
Reuse Goals

A Use PCI Express devices as specified in the
base specification

A Utilize existing cables and interconnect schemes

A Use existing methodologies for qualification of
cables
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Maximize Interoperability

A Design each end of the link with a standard
methodology

A Allow as many systems to work as possible

A Minimize any requirements that are unigue to
the cabled form factor.

V Components that differ much from the base
specification will be costly

PCI-SIG Developers Conference Copyright © 2011, PCI-SIG, All Rights Reserved 8



PCI ¢ PCI >
EXPRESS

T e
Minimize any cost additions

A Unique cables

V Bulk wire
V Active devices
V Labor intensive assembly options

A New and Unique Sideband Circuits
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Prlmarx Areas of Interest
A Clocking

V Refclk jitter
I Phase/Transport Delay

A Signal Integrity
V Entire Interconnect Functionality
V Cable specifications

A Jitter Link Budgeting
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porf Jltter Calculations for PoI>
“ Reference Clock

A The delay of the
arriving clock
Information creates

a differential jitter S B ) = e po
seen between 7 4

components and Is [ Ty = Trarpori ey Dot J
allocated in the link ~ — =
bud 0 et. e (e) N e 26

Figure 4-49: Common Refelk Rx Architecture

A The cable increased From the PCI Express Base
this term from 12n to Specification Rev 2.0
up to ~70ns.
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" motherboard (2008 data)

14

— Testing of 5 recent

RMS jitter with 70ns REFCLK Delay
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Jitter (RMS)

5MHz and 8MHz systems are general pretty close with 12ns Transport Delay
However, in some cases the large transport delays dramatically increase the
jitter calculation

RX PLL filter

8 1—— - |ESMHz
SMHz, 70ns |,
[ | = I mEMHz
8MHz, 70ns
||
[ |
System System?2 System3 System4 Systems
System

Systems are all over with regard to jitter. The problem becomes worse when the
transport delays for cables are used. Note that none meet the base specification
assumption of 3.1ps of RMS jitter.
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Transfer Function

Top function and plot are
CEM/Base Spec T1=12ns
phase delay

KHz oscillations due to SSC

Bottom function and
plot are with max
cable phase delay of
T1=70ns. Jitter
amplification region
greatly increased and
more low frequency
passed by transfer
function
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Phase Delay Comparison

After Transfer Functio-

Phase jitter amplitude spectra Before Transfer Functn
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Phase jitter with 12ns delay
#l Low Frequency Phase Jitter - X
e —— A Artificial clock waveform analysis

1E9-
0.E12-

12ns Phase delay per CEM spec.

A RMS jitter calculated to be
2.987ps

— — MEmEEE Yellow: REFCLK input
i Blue: LF

| Red: HF
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PCI-SIG tool showing same effects
on previous page
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Phase jitter with 70ns delay

# Low Frequency Phase Jitter

10.E5
IES-
1E9-

agnitude [z]

[ —— | -

—
.
0.E-3

Frequency (MHz)

PCI-SIG tool showing same effects
on previous page

Note the low frequency jitter increase
from bleed through .

Note that the LF jitter is increasing as
cable delay increases

PCI-SIG Developers Conference

A Artificial clock waveform analysis
A 70ns Phase delay per CEM spec.
A RMS jitter calculated to be 5.798ps

Yellow: REFCLK input
Blue: LF (osc move up w.r.t previous page)
Red: HF

# High Frequency Phase Jitter

agnitude [=]

Frequency (MHz)
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" LOOk at Varying the Phase i
Delay on a Clock Sample

System2 data with Varying Phase delays

10

Jitter (RMS)

40 50 &0

70
Phase Delay

A Longer cables are not worse

A A sample of data from a 5GT/s capable system shows that the jitter does not

consistently increase with transport delay (cable length). Some components of
the spectral content are amplified while others are minimized due to this delay.

A 12ns corresponds to the 5GT/s Base specification jitter assumptions
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e Clocking Resolution & =i

Imgllcatlons

vV

A For cabled application, the clock solution must
e better than what Is required for system
noards due to the larger transport delay.

A Analysis of the clock was swept over the delay
range from 12ns to ~70ns to look for the worst
case value.

V LF jitter increases with increasing cable length

V A cabled port has unknown phase delay to the system
designer.

A Based on test data, the clock reference for the
cable may need to be isolated from the clock
reference of the host system.
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Jitter Budget

A Rj components are broken into the transmitter, receiver,
and what is induced from the reference clock.

A Budget for RefCLK is 3.1ps

Table 3-3: Total System Jitter Distribution (@ 5GT /s

Jitter Min Rj (ps) Dj (ps) Tj at BER 107" (ps) Tj at 10° samples (ps)
Contribution RMS Peak-to-Peak

Transmitter 1.4 30 497 433

Ref. Clock 3.1 0 43.6 295
Interconnect 0 58 58 58

Receiver 1.4 B0 79T 733
Linear Total Tj: 231 204

Root Sum Square (RSS) Total Tj: 199.75 182.97

Motes:

1. Long roundtrip delay from external cables has a negative impact on eye closure resulting from

CREFCLK phase jitter. This specification divides the jitter budget to accommodate for the impact of a

60 ns roundtrip delay from the interconnect.

2. RSS equation for BER 107* Tj= > Dj + 14069 *

3. RSS equation for 10" samples: T] = > Djn + 9.507*
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eef__ Performance of Link with g8

various cables

Eye Height- Cable Only

500
| | |

e Emwax %=1 Notice the decrease in eye height for longer cables
0 BE BE ' To extend cable reach, passive EQ was used
. 300 MEAFTE 3 elele
E % x LT atee —Limit
e % -
s 0 ' T e @ = & EyeHeights 3.5d8
& ] 1 1 1 | Eye Heights 6.0dB
=0 » /x}{\"”{\,\/ Mg ke % Eye Height C 3.5
150 1 [ [ | I ”-'Q I #* Eye Height C- 6.0
b AE 1 * o * >
100 - T = =
50
0

A The cables increase in length from left to right. Cables include
0.5m, 1m, 3m, 5m, and 7m. Most cables pass.

The cables at the far right are passively equalized cables with
values of 9dB, 6dB, and 3dB (right to left).

Notice that when the cables passively equalized, the smaller
transmitter de-emphasis value is better.
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ea__ Jitter Impact on the Cabled &
" Interconnect

step=ideal-step-bw8.0GHz
t

LAL=|V.00%,"V.100]

609.4mV

job=tes
txc=[0.834,-0.166]

993.8mV
o 359.7mV
[
586.5mV o b
@ s
> ts) 109.9mV
— o
179.2mV - c
o o
2 0
8 B 1300mv
-228.1mV Q Q
) )
= =
= =
-635.4mVv | ! | -389.6mV !
eh=668.0mV (ehc=668.0mV 0eh=1002.0mV) eh=112.4mV (ehc=109.9mV oeh=484.6mV)
ew=0.555UI (ewoff=0.027Ul ehoff=-0.048U1) ew=0.650UI (ewoff=0.000UI ehoff=-0.003UI)
lanes=1 nui=200 cb=6 lanes=1 nui= =
-1042.7mV70.2 01 0 01 02 03 04 05 06 07 08 09 1 11 1.2 -639.4mV anes=1 nui=200 cb=6

02 01 0 01 02 03 04 05 06 0.7 08 09 1 11 12

tp tpt alter_alt35

A The top left picture is the output of a ob-ste b et o et
transmitter with all jitter components added. ™™ ‘ | =
This eye has no De-emphasis and the eye ...

has collapsed 4mV due to jitter. ; .
A Upper right is a 7m cable without jitter § e

added, -3.5dB of equalization is applied. 2 | ———
A Lower right is the same cable with all jitter £ -

eh=0.0mV (ehc=0.0mV oeh=683.0mV) |

Sources applied_ ew=0.000Ul (ewoff=0.000Ul ehoff= OOODUI)

640.5mV lanes=1 nui=200 cb=6

0201 0 01 02 03 04 05 06 07 08 09 l 11 1.2
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ey Examples of Passively

Eg ualized Cables

step=step_tx_alter_alt36 step=step_| tx _alter_alt37
job=step_tx_alter alt36 _preset2 job=step_tx_altel alt37 _preset2
txc=[0.834,-0.166] txc=[0. 834 -0.166]

455.4mV 348.5mV 269.2mV

268.8mV 205.7mV

-291.2mV -222.8mV

1 . I
€h=200.0mV (ehc=198.5mV oeh=351.3mV)
ew=0.855UI (ewoff=0.003UI ehoff=0.020UI)
lanes=1 nui=200 ch=6
0201 0 01 02 03 04 05 06 07 08 09 1 11 1.2

I . I
eh=184.8mV (ehc=184.8mV oeh=386.3mV)
ew=0.865Ul| (ewoff=0.003UI ehoff=0.007Ul)
lanes=1 nui=200 ch=6
0201 0 01 02 0.3 0.4 05 06 07 08 09 1 11 12

7m, 3dB Cable 7m, 6dB Cable

-477.8mV -365.6mV -282.5mV

A 7m cables with 3, 6, and 9dB of passive
equalization, 3.5dB de-emphasis and no jitter
(above).

A 7m cable with 9dB of passive equalization and
6dB of de-emphasis (right).

A Larger de-emphasis values have a very
negative impact to passively equalized cables.
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step=step_tx_alter_alt38
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job=step_tx_alter It38p set2

txc=[0.834,-0.166]

7m, 9dB Cable

. 1
eh=143.4mV (ehc=132.4mV oeh=303.4mV)
ew=0.810UI (ewoff=-0.010UI ehoff=-0.180UI)
lanes=1 nui=200 ch=6
0201 0 01 02 03 04 05 06 07 08 09 1 L1 12

7m, 9dB Cable
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