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““ Disclaimer

ne information in this presentation refers
pecifications still in the development process.

Nis presentation reflects the current thinking

of various PCI-SIG® workgroups, but all
material Is subject to change before the
specifications are released.
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= Overview

A PCle® 4.0 motivations and assumptions
A Choice of data rate
A

Channel Pathfinding studies
V CEM connector
V Channel improvements
V Channel HVM simulations
A Silicon Pathfinding studies
V Tx/Rx specifications
V Die-pad cap mitigation
A Specification update
V Reorganization of electrical section
V' Design collateral to be included

A Next steps for PCle 4.0
A PCle 3.0 ECRs
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%_PCIe 4.0 Motivations and e
Assumptions

A Looking forward we continue to see a requirement to
Increase /O bandwidth

V Graphics, Networking, Storage
A Motivations for PCle 2.x->3.0 apply equally for 3.0->4.0

A Given the eco- system impact of a new generation
O2x increase in delivered &

A Highly desirable to extend PCle 3.0 infrastructure and
PHY architecture for another generation

V' Moving to a new infrastructure such as electrical or optical
waveguides breaks backwards compatibility

V Highly desirable to preserve current usage models

V With incremental improvements 3.0 PHY architecture is capable
of significantly higher data rates
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EXPRESS

" EWGO6s Anal ysi s

A PHY assumed to have similar EQ solution to 3.0

A Silicon performance assumed to scale with data rate
V Jitter performance, Return loss, Tx bandwidth
V This assumption is currently being refined

A Evaluate CEM channels to determine maximum
data rate

V Two data rates 16GT/s and 24GT/s initially considered
V Determine channel topology limiters
V Evaluate mitigation techniques
V Investigate component improvements
A Conclusion from pathfinding work

V Existing CEM topologies do not support 24GT/s
V 16GT/s is the PCle 4.0 data rate
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=“ Channel Topologies

A Target max length PCle 3.0 server channel is
~200 with 1 or 2 connec

A Pathfinding for 16GT/s shows ~12-1 4 0 wi t I
2 connectors possible

A Even with reduced channel length mitigation is
required
V Improvements to the CEM connector launch
V Clean up via transitions
V Minimize crosstalk
V Center channel impedance ~850hm
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= Client Topology

Bottom-side microstrip route
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package
Root package
Socket CEM connector
| :‘/
| —=
[Motherboard ] ___ L
LT )
< Swept length -
30mil pair-pair space -
1=
8
. . . =
Top-side microstrip route AcleHn card s
package
Root package
Socket CEM connector
| :‘/
| T : L1 =
[ Motherboard _||L
Swvept length || |- |
Break-out Swept length
5mil pair-pair space 30mil pair-pair space

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved

PCI =

EXPRESS



PCI ¢ PCI >
EXPRESS

*'
Server 2-connector Topology

aclLen {10-3 0

rsrLen {10-3 0
mbLen { 4D 0 &tyipline,

0.015 LossTan,
"mﬁ 70,85,100 ohms ;ICAP

Stripline route assumed as this has worst via stubs
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CEM Connector Improvements

A Existing CEM connector has three problems for
16GT/s signaling

V Insertion loss increase at 8GHz
V Return loss at 8GHz
V Significant peak in FEXT at 8GHz

A Significant improvements can be made by
changing footprint
V Improves the launch into the connector structure

A Under review by connector vendors
V Goal is to minimize cost impact
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Possible Performance
Improvement

Current CEM connector
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Touchstone files: Left_ports: Right_ports:

PCIE_Connector High Loss 051811.s2413,14,15,16,17,18]1,2,3,4,5,6]

Cascaded touchstones

Rx<-Tx ports = ((9,10),(3,4)).((9,10),(1,2)),((9,10),(5,6))

[1,2,3,4,5,6]

[7.8,9,10,11,12]

bl | (9,10),(3.4)
= FXT1 (9,10),{1,2)
= FXT2 (9,10).(5.6)
= = sum_aggr

== RxRL (2,10},(9,10)
= TXRL (3,4),(3,4)
—— IL Phase Delay

Improved CEM connector
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5 kaNH-dl 6dB |
O pkRxRL=-11.6dB
O pkTxRL=-11.9dB|

)

N Touchstone files:
1 pcie_conn_modell_case5.512p

Rx=-Tx ports = [[(9,10),(3.4)].0{9,100,(1,2)1.[(%,10)(5.6)]]

lel0

Phase delay sec

— L

(9.10),(3.4)

=—FxT1(9.10).(1,2)
=—FXT2 (9,10),(5,6)

= = sum_aggr
—SNR

Substantial improvement in IL, FEXT and RL by creating a true differential launch
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™ Modifications to Footprint

Possible CEM connector launch improvements
under consideration
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T Vel —
SMT Measurement Result

10 Measured SMT Insertion-Loss

—10k S R 8. " AN

vendor_A_SMT_casel s(1, 2).(3, 4)
vendor_A_S5MT_case0 s(1, 2),(1, 2)
vendor_A_SMT_casel s(1, 2),(3, 4)
vendor_A_SMT_casel s(1, 2).(1, 2)
vendor_A_SMT_case? s(1, 2).(3, 4)
vendor_A_SMT_case? s(1, 2).(1, 2) .
vendor_A_SMT_case3 s(1, 2),(3, 4)|--- \ ------------------------
vendor_A_SMT_case3 s(1, 2).(1, 2) :
vendor_B_5MT_case0 s(1, 2),(3, 4)
vendor_B_SMT_casel s(1, 2),{1, 2)
vendor_B_5MT_casel s(1, 2),(3, 4)

: vendor B _SMT _casel s(1, 2),(1, 2) :
......................... oo e ]

0.0 0.5 1.0 1.5
f - [Hz] 1e10

....................

30NN .....

Existing SMT connectors get close to the through hole-launch
Additional measurements in progress on improved footprints
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** PCB Etch Loss/Inch

Microstrip Stripline
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Channel performance is approximately proportional to PCB loss
Loss tangent is more significant at 16GT/s
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woi Loss Tangent Impact Eye =
Height

A Swept loss tangent form 0.01, 0.015, 0.025
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A Loss Tan of 0.025 was assumed for 8GT/s
A Changing to 0.015 is of medium risk/cost in future
AUsing to 0.015 increases SO

A Changing to 0.010 starts to have diminishing returns for the
cost
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eeg__ Bidir TDR of 2-connector &
Server Channel
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Connector transitions clearly visible in TDR data
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EXPRESS

¢ Via Stub Impact

A For 2-connector server channel there are 4 main vias

V' Two for main board to go to stripline and back up to AC cap
- 11 and 58 mills

\VV Two for the connectors
- 0 mills and 58 mills

A Worst combination can reduce the total routing length
by >30

£ Variability Chart for EH
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Tool Improvements Needed

A Channel response at >8GHz is affected by large
number of features in the channel

V Pre-layout evaluation of topology choices is a
complicated multi-dimensional problem

V Need to be able to quickly build and test many
different options

V Large number of HVM permutations need to be
evaluated to determine robustness of solution

A Seasim has been enhanced to allow EWG
members to efficiently evaluate these options

V Once validated this tool will be made available to the
PCI-SIG membership for 4.0 channel compliance
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““ Improvements to Seasim

A Addition of a GUI form based interface
V' Underlying config file interface to seasim is unchanged
V A simple form based dialogue tool added
V Tab based interface to group config controls by context
V Ability to save and load configurations
V Launch (and kill) seasim from GUI

A Touchstone channel modeling

V A set of touchstone files can be cascaded to form die-pad to die-pad
channel

V A vector of left hand and right hand ports define connections between
S-parameters

Rx port and set of Tx ports define step responses to be generated
Tx amplitude and Gaussian bandwidth can be specified
Addition of a PCle 4.0 include file for simulation conditions

< < <
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Allows whatif analysis on
the channel components by
changing the touchstone
files that are concatenated
together for the channel

>

Different analyses can be
selected as the channel is
Ot uned?o©

Either a pre-saved config
can be loaded or the pcie-
gend.inc for normal sim
conditions

The other tabs allow
simulation conditions to be
changed from the default
config
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Seasim Channel

5] Seasim-0.51 - client-channel.sea (root_dir: C:\hwhPCIE4  Gend-channels)

File Include

Main |S—Parameters | JitterfNoise-l Equalizers | Step Responses | Configuration | Sweep|

Use touchstone files Plot S-parameters
Plot TDR Flot Steps
Statistical Eye [ Measure EIEQS
Measure PS21TX ] Show plots
Job name

Step response relative path step_responses

Base name for step

S-parameter relative path  S-parameters

# N Touchstone files

1 ([ ]|z |root Package

2 1 capsfcaps_shunt_0.15pF.s12p

3 1 |tcoil/tcoil-od108um.s12p

4 1 | pkg_etch/etch_pkg_sline_z80_loloss_0mm.s12p

5 1 |pkg_etch/etch_pkg_sline_z80_loless_10mm.s12p

6 1 |caps/caps_shunt_0.20pF.s12p

7 1 |socket/G34_skt.s38p

8 |[ ] |1 |Motherboard

9 1 | pinescape-via/4layer_pinescape_top2bot.s12p

10 1 | pcb_ustrip/etch_ustrip_s5_z70_hiloss_0.30inch.s12p

11 1 | pcb_ustrip/etch_ustrip_s30_z70_hiloss_0.00inch.s12p

12 [l 1
Unit interval in secs

nrh nctrinfatrh nctrin €20 =70 hilnee 1 ANinch o1
1/16e0 # Time in secs

Total number of channels 3

Setting:
Setting:
Setting:
Setting:
Setting:
Setting:
Setting:
Setting:
Setting:
Setting:
Setting:

isi_xtalk_ratio=2
write_prob=False
job_name=
write_log=True
adapt_DE=[]
#sweep_yfilters=[]
ps2itx_eqstep=False
step_path=step_responses
plugin=

Iti_step=

debug_level=0x0

# Disable DE adaptation

Setting: tstone_path=S-parameters

EOOE

range(1,7)
(1,34,7,8,11]

range(1,

1,7)
range(1,7)
range(1,7)
g

rannall 7

Output Ports
range(7,13)
range(7,13)
range(7,13)
range(7,13)
range(7,13)
range(7,13)
[20,22,23,26,27,30]

range(7,13)
range(7,13)
range(7,13)
rannal 7 17

# Ratio wpt to max ISI and Xtalk magnitude (divisible by 2 or 1)

 B0E

m
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= Client HVM Sweeps T

A At 16GT/s small changes in the channel have a big impact on eye opening

V An end-end reflection peaks and nulls when flight time changes by
62. 5ps or ~0.420

V Impedance variations between motherboard and add-in card introduce
low frequency reflections that interact with the adapted EQ solution

V Different root complex package responses vary significantly

V' Topology differences between top and bottom microstrip routing impact
reflections

V Different connector models impact channel reflections

A To capture solution space sensitivity channel parameters can be swept
using seasim

V' Set of component touchstone files built

V Seasim sweep capability allows large number of cases to be studied
- In this example ~15,000 cases tested
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eal_ Seasim HVM Sweep F-2

A Seasim can be used to
define HVM sweeps

A The channel model can be
swept to represent
manufacturing variations of
impedance or loss

A To consider the impact of
different PCB layout the
length of different channel
segments can be swept

A Seasim will launch jobs in

parallel then collect results
and plot them
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7| Seasim-0.51 - client-channel.sea (root_dir: C:\hwAPCIEA\Gend-channels) E'@

File Include

Main | S-Parameters | Jitter/Noise | Equalizers | Step Responses | Configuration | Sweep

s

# | S6 token (11} 01 02 03 04 05 06 o7 o8
1 I:‘ otherboars 1
2 1 tstone_ports, 11 0.00inch |0.10inch 0.20inch  0.30inch |0.40inch 0.50inch 0.60inch |0.70inch 0.80inch |~
3 2 tstone_ports, 12 1.00inch  4.00inch |10.00inch
4 3 |tstone_ports,10,11,12,14 270 z100
5 4 |tstone_ports,10,11,12,14 hiloss loloss
6| | Root Package
7 5 |tstone_poris,4 0mm 1mm 2Zmm 3mm 4mm
8 6 tstone_poris,5 10mm 15mm 20mm 23mm
9 7 tstone_ports,4,5 loloss hiloss
10 8 tstone_ports,4,5 280 z90
nll | P Fackade =
4 3
Sweep base name root-pkg-sweep2

Concurrent sims, jobs per sim 2

| Run sweep jobs |

| Kill running jobs |

| Check job status |

List of Sweep Groups for x axis  [5,6]

Dictionary of "variable":limit { 'sp_pk_il":-4, 'sp_pk_rxrl":-4, 'sp_pk_snr':20}
List of anded text filters for y axis []

Use sweep text for plot labels v

| Plot sweep results |

| Delete logs |




eeg__ Example Client Channel &
Simulation

PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 22



