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Problem Statement

A Typical Organizational goals

V Advance technology . . . Do it fast and do it cheap
V Avoid overdesign

A EDA simulation tools used in a piecemeal
approach

V Can validate PCle® specifications but may not result
In the most optimal design of link

V' Design for one measurement can off set the other one
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Problem Statement

A PCle 3.0 compliance

requires multiple N Vel

specifications to be met: oo/ o~

V Time-domain measurements

like rise/fall times, p-p e /
amplitudes, mor = \/T\
V Channel loss-budgeting = -
V High-capacity simulations like
eye diagrams and BER % -
* — g
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ISIG
Problem Statement
A Traditional approach: Scnematc | Smulaon o
V Design, simulate, and inspect the Greate cireuit |} Simulate
results by examining waveforms or i
measurements | JSreae

Inspect results

A Convergence to desired results is time-consuming

V Repetitive process of simulation and inspection for multiple test
conditions

V Attempt to achieve desired result in one simulation may change the
results of other simulation i Requires trials to converge
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Problem Statement

A Design when implemented on IC/PCB/Package may not be
optimal

V A slight variation in sensitive component can cause the measurement
to go out of range. Such components need higher tolerances.

V An insensitive component may have been unnecessarily provided a
high tolerance, thereby, increasing the cost of manufacturing.
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“® Need for a Systematic Method

Pre-created
circuits
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Simulation IP
-AMI
- IBIS
-PCle 3.0 measurements
- Channel variants
- Layout templates

PCB/Package layout
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Analysis for optimal and

reliable design

Import
measurements

Run Sensitivity

Identify sensitive
components

Run Nested
sweeps
on sensitive
components

Inspect solution
space and
get valid ranges
of
parameters

Run
Monte-Carlo

Fill Layout
Templates
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Set tolerances:

A

Aigh for more sensitive
Aow for less sensitive

NO

Is yield YES
good
enough?

Run Jitter
Analysis on
extreme corners

YES

Is Eye/BER ok ?
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™ Simulation IP
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™ Simulation IP

A Configurable I/O models

V IBIS models including generic AMI dlls that can be
characterized as per hardware measurements

F  DESGN

BREAKOUTY

BREAKOUTZ

LT

BREAKOUTZ2

CTY 2

A B DNz

bufferModelnverting | PCIE3_RX_TERK

A M
bufferModelNoninvert| PCIES_RX_TERK
M B poed_x Amillodel
training_size 1000
process Typ
POEI_RX_TERM peak_amplfier |3
o0 A fiter_on True
3 085 onr dcgain P
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Simulation IP
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Simulation IP

A Via models for different configurations

V Blind-_____
L1-~~~--‘;.--’

V Buried === _————
L3- I

,,LEr“

V PTH--""" LE- 1

LE
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A HCSL to LVDS/LVPECL (Sweeping receiver)

Simulation IP
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Selected Models

Default Selection

LVDS INFUT_PLUS
HCSL INFUT1
LYPECL
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™ Simulation IP

A Custom measurements for Clock PCI Express CEM 2.0

Table 2-1: REFCLK DC Specifications and AC Timing Requirements

Symbol Parameter Y simip | Falling_Edge_rate| Overshoot| Rise_Edge Rate] Undershoof] Y-Cro33-|V.Cross.m|V Cross) ., o Vrb_rise tVrb
L median | edian_75f | _median
1 7.582892+009 76548224009 1.50417-007 | 1.40449¢-007 | 9.96808¢-009
Rising Edge Risina Edae Rat 1 7.58292e+009 7.654342+009 1.30417e-007 | 1.20449¢-007 | 9.98308¢-009
Rate Ising Edge Rate 1 | 7.58293e+009 7.654836+009 7104176-007 | 1.004436-007 | 8 963086-009
‘ 1 7.58159e+009 7 653642+009 9.04168e-008 | 8.04487e-008 | 9.968082-009
Falling Edge .
Rate Falling Edge Rate 1 7.58162e+008 7 653668+00% 7.041686-008 | 6.04487e-008 | 9.968086-00%
1 7.531668+009 7.65368:+009 5.04163¢-008 | 4.04487¢-008 | 9.96808¢-009
ViH Differential Input High Voltage 1 205172 0853279 |13 1275 1375
Vie Differential Input Low Voltage 1 205149 0853053 |13 1.225 1.375
v Absolut - tvolt 1 205127 0852826 |13 1225 1.375
CROSS solute crossing point voltage 1 205105 0852598 |13 1275 1375
Variation of Vcross over all rising 1 2.05082 0852372 |13 1.225 1.375
\/cROSS DELTA
clock edges 1 2.0506 0.852145 |13 1.225 1.375
Vre Ring-back Voltage Margin 1 2.05149 0853053 |13 1228 1.375
- - 1 205127 0852826 |13 1228 1.375
TstasLe Time before Vre is allowed 1 205105 1857598 |13 1775 1375
TPERIOD AVG Average Clock Period Accuracy 1 2.05082 0852372 |13 1225 1375
— . 1 2.0506 0.852145 |13 1.225 1.375
Absolute Period (including Jitter
( g 1 2.05037 0.851918 |13 1.228 1.375
TPERIOD ABS and Spread Spectrum
modulation)
TccuITTER Cycle to Cycle jitter 150 ps 2
VMax Absolute Max input voltage +1.15 V 1,7
VMIN Absolute Min input voltage -0.3 A 1,8
Duty Cycle Duty Cycle 40 60 % 2
Rise-Fall Rising edge rate (REFCLK+) to
. falling edge rate (REFCLK-) 20 % 1,14
Matching .
matching
Zcbe Clock source DC impedance 40 60 Q 1,11
PCI-SIG Developers Conference Copyright © 2012, PCI-SIG, All Rights Reserved 17
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Pre-created Measurements

V Time-domain

V Eye Mask

-] Custom °
1_Trf_Min_Spec Spec’s Minimum Rise or Fall
2_Trf_Win J| Winimum Rise and Fall time in eacy cycle
3 Vpp_Min_Spec Minimum Peak to Peak Spec
4 WTx_pZp Differential Peak to Peak Output Voltage

5 Vpp_Max_3pec

Maximum Peak o Peak

6 Eye Min_Spec

R eye min spec

6 Rx_Eve J| Winimum eye width in cycle

T_WRx_Min_Spec Min Spec onV_Rx peak-to-peak voltage

T _WRx_p2p J| V_Rx peak-to-peak vottage, by cycle

T WTx_pZp J| V_Tx peak-to-peak voltage, by cycle

8 Teye Min_Spec Minimum TX Eye Width Spec

8 Tx_Eye 7| Winimum TX Eye Width (per cycle, may contain jiter)
9 Loss Ratio JIV _Rx_p2p/V Tx_p2p - a measure of channel lnss

Measured Canister to HDD 1Mbits (black) 1kbits (blue) 6Gbps AMI
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. > Y H
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Simulation IP

A Pre-created Lane topology with

V Parameterized elements for sweeps of ami-
parameters, channels, and vias

V Compliance patterns
V Jitter injection

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

A Filling layout templates for layout constraints

V Impedance-control decides the trace width and
differential spacing

V Amount of crosstalk that can be handled decides
edge to edge air gap between traces of adjacent
pairs

V Amount of common-mode that can be handled
decides skew between two legs of a lane

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

A Layout templates: Impedance tolerance

fﬁ Set Topology Constraints o=l @
Max Parallel I Wiring ] User—Def ined ] Signal Integrity ] U=sage
Switch-Settle ’ Prop Delay ‘ Impedance Rel Prop Delay l Diff Pair
Exi=sting Rules
From To Target Type Tolerance
| DOUTP2 . 1 DINP2 .3 100 ohm Z%OHHS 20
Pins-/Tees Rule Editing
NHame U=age
From: DOUTF2 .1
ALL-ALL -
CTX 1.1 UNSFPEC To: DINP2 .3
CTE_ 1.2 UNSFEC E—
CTX 2.1 UNSPEC Add |
CTH_2.2 UNSFEC |= . -
DINB2 3 IN Target : [100 ohn Modify ]
DINP2 .4 IN Delete |
DOUTFZ .1 ouT ) "
DOUTP2 . 2 OUT Type: #Ohms v
ES3 .1 UNSPEC . %
FS3 3 TNSPEC Tolerance: 20
ES4.1 UNSPEC ~
[ Cancel
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% Simulation IP

A Layout templates: Micro-strip/Stripline Diff-pair
spacing/width

ﬁ' Set Topeoloegy Constraints EI =1 @ |
Ea' Set Topology Constraints = @ ||z
Hax Parallel Wiring U==r—Dle=f ined Signal Integrity T=age
Switch—Settle Frop Delaw Inpedance FE=]1 FProp Delaw Diff Fair

Differential Values

Primary Gap: [5.00 MIT
Line Width: [5.00 MIT
Hecl: Gap: ||

Heck Width: |
Coupled Tolerance (+): |D .10 MIL
Coupled Tolerance (—): |EI .10 MIL

Minimum Line Spacing: |

Gather Control: | Include -

Hax Uncoupled Length: |
Static Phase Tol: [10. 00 MIT Type: |Length |
Deynamic Pha=se Tol | Twpe: |Dela*_:,r vl

Pha== Hax ILength: |

 apply Gemeel __melp
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Simulation IP

A Pre-created Link topology to verify crosstalk effects
A Layout templates: Skew inter and intra-lanes and

convert to routing schedules
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Simulation IP

A Layout templates: Skew inter and intra-lanes
and convert to relative constraints

peie_gen3 |
Deloy Relative Delay
Type Objects Pin 2 Scope Delta:Tolerance Actasd Margin' | +1.
_mil mil

Dsn pcie_genl A |
MGip | = PCIE_INTRAPAIR (6) | Global 0 mil: 10 mil
Net PCIET N | Global 0 md 10 md =
Woi | PCEILP [Global [0 mk 10 md X 5
Net PCIE2_N | Global 0 md- 10 md g ] e 5t
Net PCIE2 P | Global 0 mi:10 mi X
Net PCIE3 N | Glotal 0 mid 10 md
Net pPCies P | Global 0 m:10 md
MGrp | & PCIE INTERPAIR (3) |Global 0 mil:3000 mil
Net PCIET P | Glotal 0 md-3000 mil
et PCIE2 P | Global 0 mil:3000 mil
Net PCIE3 P [Gilobal 0 mil 3000 mil
MGrp | &  PCIE_CLK_INTRAPAIR (2) |Global 0 mil:5 mil
Not |~ CORW |Giobal |0 mi:5 mil : .
Net CLK_ P iGioml 0 md-5 mil
Net CLK N |
Net ClK P 1
Net PCIET_N ‘
Net PCIE1 P
Net PCIE2_N
Net PCIE2_P
HNet PCIE3 N |
Net PCIE3_P - o

PCI-SIG Developers Conference

Copyright © 2012, PCI-SIG, All Rights Reserved

24



mof

= Agenda

A
A

A Systematic Simulation Methodology: System
Designer

v

A

v

A

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

25



PCI ¢
ISIG

System Designer

A IBIS/AMI model characterizes the hardened PHY
V PHY Designed to meet standard specifications

A Objective: To ensure PHY is able to drive channels
worse than specifications (for cheaper designs, post-
route cross-talks, and to build extra margins)

A Create solution-space of channel-variations with the
following parameters:

V Channel configurations

V Trace tolerances

V Via Types

V Package/PCB routing patterns

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

Systematic Simulation Methodology:
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System Designer

A Examples of Channel parameters:

V AC-Cap value, Trace impedance, Lane
spacing, Skews, Via-types, Channel-type

A Sweep each Channel parameter separately to
Inspect sensitivity per parameter:

V Run Channel Analysis and transient
simulation to obtain sensitivity of channel
parameters

A Run nested sweeps of identified sensitive
parameters

V Example Via-types, AC-Cap value

A Obtain the valid ranges of parameters within
which the specifications are met

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

Systematic Simulation Methodology:

Import
measurements

Run Sensitivity

Identify sensitive
components

Run
Nested sweeps
on
sensitive
components
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“se Systematic Simulation Methodology:
System Designer

A Run Monte-Carlo on the channel variants to
verify PCle 3.0 transient and high-capacity
simulation-measurements corresponding to the
min/typ/max buffer processes

A AC-Cap value, Trace impedance, Lane spacing,

Skews, and Via-types

@' Sweep Sampling
Sweep Sanpling

o @ sl

4 full sweep regquires 3125 simulation(s %S\-\reep Sampling

=N CR =

Swesp Coverage:

100
3125
1

Sweep Sampling
A4 full sweep requires

Sweep Coverage:
3.2%
100

3125

=zimulationi=s) .

Import Measurements

Run Sensitivity

Identify sensitive
components

Run
Nested sweeps
on sensitive
components

Inspect solution
space and
get valid ranges of
parameters

Run

Monte-Carlo

unt :
Random Humber Seed: |1

@' Sweep Sampling
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Sweep Sampling

Sweep Coverage:

A full syesp regquires

9375 simulationis).

te @ sl
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“se Systematic Simulation Methodology:
System Designer

A If the yield is low, control the most
sensitive parameter(s) by tightening L

tOIerance Set tolerances:

Run Sensitivit
i Migh for more sensitive
A ow for less sensitive

For example, if the yield comes outto ~ “eeive
be 80%, tighten the tolerance of more o et
sensitive components. e

components

AC-Cap and via are more sensitive in inspect solution

space and

thIS case. get valid ranges Is yield

of good
enough?

NO

parameters

Run
Monte-Carlo
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5 Systematic Simulation Methodology:

System Designer

A Inspect worst-case
combinations for jitter-
analysis to inspect margins

A Convert analyzed topologies
to Electrical Constraint Sets

V Map electrical quantities
to physical parameters,
Layout Templates

PCI-SIG Developers Conference

Import
measurements

Run Sensitivity

Identify sensitive
components

Set tolerances:

Aigh for more sensitive
Aow for less sensitive

A

Run Nested
sweeps
on sensitive
components

Inspect solution
space and
get valid ranges
of
parameters

Run
Monte-Carlo
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Is yield YES
good
enough?
Is Eye/BER ok ?

NO

Run Jitter
Analysis on
extreme corners

NO
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