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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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. Dondt ot her st as=md
operating above 5GT/s?

AYes, however é

VHow many reference the Ho

V How many are designed to be the primary bus
Interconnect of a PCB?

V How many do not have equalization built into the
receiver?

A PCI Express at 5GT/s have these characteristics
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** 5GT/s Cable WG Goals 1

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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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

PCI-SIG Developers Conference Copyright © 2010, PCI-SIG, All Rights Reserved 6



PCI ¢ PCI >

=“ 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 unique to
the cabled form factor.

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

A Sideband Changes
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o ) EXPRESS
Jitter Budget

A From the 5GT/s Jitter Contribution | Max Dj (ps) | Tj at BER 10" (ps)
Specification for PCle, - 30 50
the table shows the T > —
allocated jitter R 50 a0
bUdgetS. Linear Total Tj: 231.6

Root Sum Square (R53) Total Tj: | 200
. MNotes:
A RJ components are {. RSS equationfor BER 1072 Tj= 3 [)j + 14.069* \/ZT

broken into the
transmitter, receiver,
and what iIs induced
from the reference
clock.

V Budget for RefCLK is
3.1ps

PCI-SIG Developers Conference Copyright © 2010, PCI-SIG, All Rights Reserved

Table 4-5 from the CEM r2.0 specification.
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- T Jltter Calculations for PoI>>
“ Reference Clock

A The delay of the
arriving clock
Information creates

a. differentlal jitter —=| TxLateh Fx Latch |—=
seen between -
components and Is [ Ty = Terspon Deey Dot J
allocated in the link | : -
budget. ” e “ .
- . Figure 4-49: Common Refelk Rx Architecture
A The cable increased

_ From the PCI Express Base
this term from 12ns Specification Rev 2.0

to up to 70ns.
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=“ Testing of 5 Motherboards
RMS jitter with 70ns REFCLK Delay

14

12

10

Flot Al

& 8 ot rea | EW5MHz
3 5MHz, 70ns |
5 n N . maMHz
5 6 8MHz, 70ns

4 ||

|
2
D T T T T
System System?2 System3 System4 Systems

System

Systems are all over with regard to jitter. The problem is made 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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1
100E+6

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

Bottom function and
plot are with max
cable phase delay of
70ns. Jitter
amplification region
greatly increased and
more low frequency
passed by transfer
function
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Phase jitter amplitude spectra
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#lHigh Frequency Phase Jitter
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Phase Jitter with 12ns Delay

AArtificial clock waveform analysis
Al2ns Phase delay per CEM spec.
ARMS |jitter calculated to be 2.987ps

1Low Frequency Phase Jitter
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#lHigh Frequency Phase Jitter

aghitude [z)

Frequency (MHz)
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Phase Jitter with 70ns Delay

AArtificial clock waveform analysis
A70ns Phase delay per CEM spec.
ARMS |itter calculated to be 5.798ps

ILow Frequency Phase Jitter -

Note that the LF jitter is increasing as

cable delay increases
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*&__ Look at Varying the Phase expricss

f SIG

Delay on a Clock Sample

System2 data with Varying Phase delays

-
=]

:

Jitter (RMS)

12 20 30 40 50 &0 70
Phase Delay

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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Reference Clock Modulation

ASeveral PCBO6s have cl ocks
PCI Express specification of 0.5% down-spread

V Green and White are compliant systems
V Red is over-clocked by using center spread modulation

V II_3Iu_te IS center spread and spread amplitude is double the
imi

peeriod_plot_dell7400_L.kxt ==
period_plot_gigabyte_epc35cds3r_3.bxk m
period_plot_inteldx3abt_2,kxt m
waveform Graph PCleClockMSIMotherboard3Interval_Short.txt N

100.5E+6 - -

100.4E+6 -

100.36+6 -

100.2E+6 -

Iy i ;

100, 1E+6 - “ ' I
- - L Lh L = | I.. I.‘! ", L L —
e X A7 N W g Mg R T A\, TR
£ 99.9E+6-fl _ L' e

_ ™ \ A N
99,BE+6 - HlL' - : T ""lq .
1k u, J

99.7E+6 - '

99, 6E-+6 \

05 SE6 - B , i T ol

99'4E+6_| I 1 1 I I I I 1 1 I I I I 1 I I I I

a 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 SS00 6000 6500 7000 7500 8000 8500 9000

Sample
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Vendor A

Vendor B
Vendor C
Vendor D
Vendor E
Vendor F
Vendor G
Vendor H
Vendor |

Vendor J
Vendor K
VendorL

VendorM
VendorM
VendorP
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Total Number of
Systems Tested

N AP O, NOITDNOOEFEPEFEPDNEDND

Number of Systems
Meeting Specification

2

N Wk, WEFEL, MO NDMNDNPEPPERPDNEO
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Clock Survey Results

Ve

A68% of the systems meet the
specification in their default state by
either being down-spread or having
a non-spread clock. Two of these
systems had the ability to change
the SSC setting in the BIOS.

ASeveral vendors have mixed
results, so adapter suppliers can not
necessarily recommend a specific
brand of motherboard/system.

*Note that most vendors have a small sample set so
this can not be considered representative of any
particular brand.
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ey Clocking Resolution & =oib-

Imp_)llcatlons

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

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

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 isolated from the clock
reference of the host system.
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Cables and Signal Integrity
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Cables

A SDD21 for 3, 5, 7m cables (typcial)

A The bottom curve matches the 2.5GT/s
specification.
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. Performance of Link with &
Varlous Cables

Eye Height- Cable Only

bbb dbadts:
1 oo e o e [ x. X
! ! *, "6 3 ‘. . ! ! - |

& . - o

%x %%%§E§¥§§ & e |1 T
| - [A]ALA | '¥'>< | I | [ | | 11 & Eye Heights 3.54B
.X. | KK ] x— Eve Heights 6.0dB
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[ [ [ [ | - # Eye Height C- 6.0

361 * = =
-Dil - .‘.

AThe cables increase in length from left to right. Cables include 0.5m, 1m, 3m, 5m,
and 7m. This graph indicates that most cables pass.

AThe cables at the far right are passively equalized cables with values of 9dB,
6dB, and 3dB (right to left).
AThis was preliminary data to check the performance of the cabled system. Jitter
components were not added for this simulation data.
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eat_ Performance of Link with

Various Cables
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# Eye Heights 3.5dB
A EyeHeights 6.0dB
® EyeHeight C3.5
# EyeHeight C- 6.0

ANotice that when the cables passively equalized, the smaller transmitter
de-emphasis value is better.
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e _ Jitter Impact on the Cabled &=
" Interconnect

LAL=|V.00%,"V.100]
step=ideal-step-bw8.0GHz

job=test 609.4mV
txc=[0.834,-0.166]
993.8mV i ‘ =1 Qea
! Q=-2== Q=7
= Q=-3 —10"-12
@ 359.7mV
s
586.5mV o )
a §
> =) 109.9mV
3 @
179.2mV i -
5] 5]
8 2]
8 5 1300mv
-228.1mV Q =L
2 %)
e =
== ==
-635.4mV ! -389.6mV !
€h=668.0mV (ehc=668.0mV 0eh=1002.0mV) eh=112.4mV (ehc=109.9mV oeh=484.6mV)
ew=0.555Ul (ewoff=0.027UI ehoff=-0.048UlI) ew=0.650Ul (ewoff=0.000UI ehoff=-0.003UI)
lanes=1 nui=200 cb=6 lanes=1 nui=200 cb=6
L04ZTMY 55701 0 01 0.2 03 04 05 06 07 0.8 09 1 11 12 -639.4mV

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

step=step_tx_alter_alt35
job=step_tx_alter_alt35_preset2
txc=[0.834,-0.1661]

AThe top left picture is the output of a transmitter
with all jitter components added. This eye has no

De-emphasis and the eye has collapsed 4mV due

to jitter. Fo L,
AUpper right is a 7m cable with no jitter added, S o -
-3.5dB of equalization is applied. 2

ALower right is the same cable with all jitter : oot oehetms o)

H ew=0.000UI (ewoff= O 000Ul ehoff=0. OODUI)
sources applied. Jans~1 nui=200 cbe

-640.5my 02-01 0 01 02 03 04 05 0.6 0.7 0.8 09 l 11 12
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ey Examples of Passively

Eguallzed 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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