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Leading-edge analysis technology integrated with Allegro
Hybrid solver

O Y AT 0 OO

US005504423A
United States Patent [ (1] Patent Number: 5,504,423
Fang 451 Date of Patent: Apr. 2, 1996

METHOD FOR MODELING INTERACTIONS
IN MULTILAYERED ELECTRONIC

PACKAGING STRUCTURES
1 , * The patented mode

120 ’26130 R 20 ’1=1—"kf 125 decomposition algorithm

) e - T e allows users to solve large

) I g [oetinemoc package and board designs
N \ — + with good accuracy and

) N — performance
122 v, V7, L=yl ““““*4123 .
[ B £ LA, « Good for both time- and
parallel-plate mode frequency- domain simulations
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Leading-edge analysis technology integrated with Allegro
3D EM field solvers

Full-Wave (FW) Quasi-Static (QS) Static (S)
VXE:—jwa VXE:@ VxE=0
ja)gE+j VxH=1J VxH=1J
( )= p V()= p V-lE)=p
'(ﬂﬁ)=0 V(e )=0 V(e )=0
S RLGC RC
Large ELECTRICALLY Small

Explicit FEM solvers for FW, QS, and S for different application needs
Low-frequency stabilizer in FW engine

Latest Krylov model order reduction for fast and accurate frequency sweep
Super memory-efficient matrix solver

Latest multi-grid technologies to handle huge models
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Leading-edge analysis technology integrated with Allegro
3D thermal solver

a(k GT)+3 s +Q(k gj+Q—ng
ox\_“ox) oey\ oy) oz\ ‘oz ot

« Steady-state and transient heat conduction with
convection and radiation BCs

* Finite element method with adaptive meshing,
model order reduction, and multi-grid
method solver




Leading-edge analysis technology integrated with Allegro
3D adaptive meshing for consistent accuracy

Red = 3D-EM
\ Blue = Measurement |
031 %,
RFIC Band Pass Filter N
« 2spiral inductors . P
e 13 mim caps ‘ -'
* Refine mesh based on solutions from o\ Red=3DEM
. R Blue'="Measurement

previous mesh NN \

« Elements with higher solution errors
are refined

* Used in EM and thermal solvers : :
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Leading-edge analysis technology integrated with Allegro
Patented impulse response generation

US008694568B2

a» United States Patent (10 Patent No.: US 8,694,568 B2
Liet al. 45) Date of Patent: Apr. 8, 2014
(54) METHOD FOR CALCULATING CAUSAT,
IMPULSE RESPONSE FROM A
BAND-LIMITED SPECTRUM o Original
200 S Amplutide -—- ‘I:;I‘ore compens;ation
o _ _ Al ercmnalon
Receive a Spectrum Signal F(f) \L 1 \ I o v """ B R “_‘\\_
l 201 0.8 ""'\I\J\/ SR Y R __u_ﬁ_""-
06 YA SEN VA N S —
Extrapolate the Spectrum Signal F(f) 3\ \ Al .\}\
l 202 04 7 1 | T 410
02 | I
Calculate System Impulse Response f(t) 1 01_ - [ | ] | : ‘
200 400 600 800 1000 1200 1400 1600 1800 2000
l 203 Frequency (MHz)
Obtain Causal System Impulse Response F({} \k
} 20 « The patented method generates a passive and
e e esonsa F) N casual time-domain impulse response from
l 208 band-limited spectrum data
Compensate Spectrum F'() > « Spectrum of the time-domain impulse response is
! 208 almost identical to the original data
o ompensatea spscm |~ » This method is in time-domain simulations of
207

S-parameters in Sigrity® tools
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Leading-edge analysis technology integrated with Allegro
Fast channel simulation for DDR4

» Fast SSN channel characterization 'ﬂmm
— Ability to run millions of bits C
. . L. . Controller PCB
 Jitter and noise injection
: : o . M
* AMI modeling for adaptive equalization i Memory2

« Bathtub curve and eye generation
* DQ mask and BER measurement and report

Log BER
0 T
|
o '@% ______________ [T
|
- 4 - fr —————————————— LT TEpER g i
[ |
o -4-----—------- e
-5 1+- B
i |
- AL - S RnC TR 7 O
& - e U R
e p 1244 ,
| 444 o ___
Lk h ; { |
§ ] S S b -------—----LL__
i |/ |
-05 0 05
4.2.2 Worst Case Summary Bit Feriod (LI
v D Do Min Min Max Dvfax Bdax Min Min Min Bdax Min Blax
Measursment 65}1{3 Q Compliance | Jitter margin | Noise_margin tDOS2D0 tDQS2D0Q BC tDO2DQ VIHL_AC TAIPW | SlewRate Mask | SlewRate Mask | SlewRate AC Swing | SlewRate AC Swing
Mask (ps) (mv) (ps) (ps) (ps) (mV) (ps) (Vins) (Vins) (Vins) (Vins)
Waorst Value 134.923 166.916 -33.1392 6.60106 13.2021 460.832 306.02 3.20676 432514 3.05877 42416
Bx Signal z i = 5 o p = 5 4 :
(Waveform) DO6 D4 DO7 DQ3 All Signals | DO4 DO6 D06 Do4 DO DO4
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Leading-edge analysis technology integrated with Allegro
Parallel computing

 Threads model o : .
* Distributed computing with MPI

— Multiple concurrent thread and OpenMP to leverage server
farm capacity
— OpenMP

e Distributed

— Message Passing Interface (MPI)

Multi-thread/OpenMP Multi-thread/OpenMP
MasterThry—\ /—\
MPI Multi-thread/OpenMP MPI Multi-thread/OpenMP MPI

PO — ™

Master Thread
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Leading-edge analysis technology integrated with Allegro

Transistor models = behavior model

 Industry’s most advanced tool for
converting transistor models to
power-aware IBIS

 Convenient GUI verifies conversion
accuracy

« Simulation speed-up makes full bus
simulations practical; this would
otherwise take weeks

* Optional IBIS plus model provides
additional level of accuracy

pad_pad

@ Raty

Built-in simulation check
compares transistor to IBIS

frent (4) GND Current

002 +

0015+

!
! ! ! Transistor !
B i R w/ lcomposite |-

i | wlo [composite] |

Impact of pre-driver current
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Leading-edge analysis technology integrated with Allegro
S-parameter - SPICE macro model

14 .
RFM model !
L i ‘RPﬂ:‘H‘SPrEE""E"""
CPU time for TD simulation (s) Black: SPDSIM
1200
1076
1000
800 17— Much faster
691
600 Time (ns)
M S-param
400 TD simulation using BBS
)2 circuit model runs faster
200
79.2
12 34 22.5
0
casel case3 case? cased
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Leading-edge analysis technology integrated with Allegro
Multi-physics simulations

/ PowerDC

DC Current Analysis Current density is an Heat Transfer Analysis ..
Current Density input for heat Temperature

transfer analysis

Iteration

Temperature is an
input for DC current

analysis
Both electrical resistance and leakage Joule and component
power dissipation increase at heating will change
higher t t o .
\ \gher temperatures temperature distribution

* The first integrated and automated electrical/thermal co-simulation tool to
help designers meet the new design challenge
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Leading-edge analysis technology integrated with Allegro

Thermal-RC extraction

Physical
Design

Finite Element Model

V'kVT +Q = pc%—-lt-
KT M1 )

dt

* One-time thermal-RC extraction
« Multiple transient analyses with a
circuit simulator

Patent
Pending

Thermal-RC
Circuit

o=

Ry
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Agenda

* Leading-edge analysis
technology integrated with
Allegro

Industry-leading workflows

Direct interface with Allegro®/APD/SiP
Many useful model setup wizards
Many SI/P1 utilities

Automated signoff report generation

[- Industry-renowned workflow ]

v
v
v
v
v
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 Complete SI/PI/EMI solutions
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Meticulous implementation
Industry-leading workflows

Multi-Board/Package E/T Co-Simulation

W'orkflow; Powers]

Workspace

@

Create Mew Multi-Board/Package Workspace

Load Existing Multi-Board/Package Workspace

Simulation Mode

@

Enable E/T Co-Simulation Mode

Layout Blocks

@

Add a Block on Schematic View
Select a Block on Schematic View
Attach a Layout for Selected Block

Initial Setup for Loaded Block

Analysis Setup for Loaded Block

Electrical

Thermal

Constraints Setup for Loaded Block

Save Setup for Loaded Block

Connections between Blocks

Select two Blocks on Schematic View
Add a Connection

Simulation

Results and Report

© @

Muodel Extraction

44 ><|

: | Noise Coupling Analysis

<

EMC/EMI Simulation {Radiation)

<

Resonance Analysis

3DFEM Full-Wave Extraction

fed

Layout Setup

Load Layout File
Check Stackup
Select Mets

Simulation Setup

+" Enable 3DFEM-Fiy Mode
Gaenerate Porkis)

3DFEM Simulation Options

Frequency Setting
Solver Opkion
Mesh Conkrol
Solver Solution

Simulation

Skart Simulation

View Result

Metwork Parameter Display
Show Geometry 30 Yiew

Generate Model

Generate SPICE Model by BBS

Customize Workflow

54

 Various application-
specific workflows for

easy learning and usage
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Meticulous implementation
Direct interface with Allegro/APD/SIP

Q SPOLink ¥MNet Selection EI@ B Allegro Sigrity SI (SIP): SigrityTest.sip Project: D:.../from_Carlos =n| Wl <
File Edit View Add Display Setup 5Shape Logic Place Route Reports  Tools Help tédence
®nets to analyze .
s ) Initialize... c oy 3 123 ~F
@ Entire Design Al Selected 4 Model Browser...
@ Faad QE g % @ [% Model Assignment...
Available =Nets Selected ¥Mets Model Dumnp/Refresh...
x x E-_JQ B Preferences =
fg Probe... g
] i —\ —2 Xtalk Table... 5
A3PAD = -
SPDLink Preferences...
B34_319IM - Iz
P Trace Impedance/Coupling Check... o
FuDIM SPEED2000...
&
PD0OuT - . = PowerSL..
GHD & File Edit View Setup Tools Mede Window Help cadence =18 o
: — - 3D-EM... =
MATCH RY=N" AR AN e - Y hd Elakk e » ) g
BEYIM All Enabled Net(s) Y@=y | ke mom TR =3 AtractM... a
REWOUT | % = oo B8 08+ > [F & o Eige R @EIOe @0 mE PowerDC
RF1 AEE®CAA Ja0A
RF1PAD | [Warkflow: Powersi30-EM x f2 08 06 04 02 0 02 04 06 [08 1 s [laverSelection
7 e [ signalsTor
HX? v W SignalSMETALL
Ri33 £ sgnalsveraz [
Ri40 ¥ W SignalSMETAL3
R, 3 #) SignalsBOTTOM
HX4D_38 3DFEM Full-W; Extracti A
F‘x41 ull-Wave {f on A
F=RF1 Layout Setup ®
[SEASTN S Load Layout File
SCLE Check Stackup
choaT Select Mets
TEERM Simulation Setup @ |=
+ Enable IDFEM-FW Mode ol
Generate Port(s) 1
- |
! 3DFEM Simulation Options  (#) =l =
E‘ Frequency Settings wability 5
Solver Options 'I =
G s
_ CeeomawGptons ) [ 7000 10500 [Pl [ [ Genealedt | oOf [BEE ©
@
Start Simulation
View, Check, Process Result l:j .
N View Only Active Layer
Network Parameter Display i ° | b
e Seamless connection between
Show 3DFEM Field ®) Net Color ) Layer Color . .
— - layout and simulation tools
Load 3DFEM Field i @EEE@ [
Generate Model O] "
Layer Selection | Net Manager |
Ranarata COWCF hadal bae RRT
Ver: 12.0.8.04161 Mouse(mm): X: 0,769, ¥: -0.954 @ Ready
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Meticulous implementation
Many useful model setup wizards

e - Geometry Cutting Wizard

| Wi oy Metrom Layset

aaaaa ——— Ei)
Customize Workfl E | ~Dispiay Geometry Objects By
hhhhhh (@) tat Cotor () Lmyar Color

! o i - 0 o

Port wizard for automated port setup

Wizard for PCB fiber weaving and RFIC deep-
trenched isolation patterns

Sweeping manager for parametric sweep
Automated model cutting by polygon
Cut-stitch wizard for long signal lines

VRM setup wizard
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Meticulous implementation
Many useful SI/PI utilities

Marmal Vi |5

Mormal View

Mixed Mode

Differential Channel View
Total Crosstalk View

RLGC Y

—

« S2RLGC

« S>TDR/TDT
« Cascading

* De-embedding
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Meticulous implementation
Signoff report generation

Date: 13:34 November 15, 2013

. 1 General information
= 1.1 Spd file name and location
o 1.2 Board Stackup

» 1.3 Layout Top and Bottom Layer views

. 2 Simulation Setup

= 2.2 Thermal Setup
= 2.2.1 Amblent Setup
= 2.2.2 Tharmal Component Setup Table
= 2.2.3 PCBCompaonant Setup Tabla
= 2.2.4 PKG-Die Setup Table

» 2,25 PKG-BGA Setup Table
. 3 Results
» 3.1 Electrical Result Table

= 3.2 DC Analysis Block Diagram Result

PowerDC Simulation Report

« Automated and configurable
HTML report

Options
File =) .
General &} Change the 'Report’ options in PowerDC
File Manager
Save Options
Hotkeys —General Information
Layout =) Report template (* him): i_
Grid and Unit Notes:
View
Processing
Trace
Error Chedking
3D Layout View (~ —Sign Off Report Option
Display 5pd File Mame and Location Board Stackup Layout Top and Bottom Layer Views
Quality imulation Setup Result Table DC Analysis Block Diagram Result
Simulation (Basic) '\9 Via Information Plane Information Resistance Measurement
Automation Result Savings T Ty -

simulation (Advanced) (A

Set Ambient Temperature
Treat Pad As Shane

Max Mumber:

—Optional Plots

["1Power Loss Plot [ ] Temperature Piot

1=8A
Abbr_Vim1=VR..ND
S |vnom= 33 v 3 2
o AV =67.3mV
0 % (2.0%
Vout = 3.3V
+3.3V
u1
AV =76.4mV
(2.3%)

Note:
--—-IRdrop on net is calculated on Power net only.

-Setup can be edited in the blue numbers. After editing, si

Abbrivation info:
Abbr_¥rm1=YRM_YRM_3p3_+3.3¥_GND

Actual
Voltage(V) Current{A)

3.226 3

3.218 5

---—-IRdrop Simulated in the right table is IRdrop of both Power and GND net (if both nets are enabled).
-If a net has current flow from different sources, IRdrop i

IR Drop
Simulated

AV = T4.4mV(2.3%)

AV = 82.2mV(2.5%)

Specification Pass/Fail
+ 2 % _

3V, Fail_v
+ 2 % _

3V, Fail_v

Ej Vfia Current Plot D Heat Flux Plot
!j Conductivity Plot

D Fusion Current Density Plot

D Plane Current Density Plot
E] Pin Voltage /IRdrop Plot
E] Plane Power Density Plot D Mean Time To Failure Plot
l Pin Resistance Plot

[ voltage Distribution Plot

Display one plot for each power net and one plot for ground net

Layer Selection

[¥] signalgToP

[¥] signalsl 1

[¥] sigralsL2

[¥] signal¢éBoTTOM

—

Default

T 1 i -
|| Apply : ! Ok | Cancel§|
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Agenda

Layout checks
Model-based high-speed bus

simulation
N : Layout-based time-domain simulation
’ Leadmg ed.ge anaIySIS . v' Layout-based frequency-domain
technology integrated with TilEe

Decap placement optimization
High-speed bus simulation
Multi-board-package simulation
|OSSO

Chip-pkg-board co-simulation
EMI/EMC simulation
Electrical/thermal co-simulation
Package thermal parameters
extraction

RFIC passive component extraction
Different levels for different needs

Allegro

* Industry-renowned workflow

v
v
v
v
v
v
v
v

[- Complete SI/PI/EMI solutions]

— ®
20 © 2014 Cadence Design Systems, Inc. All rights reserved. C a d e n C e



Complete solutions
Cover broad SI/PI/EMI needs

Layout PDN design DC/AC check
— DC check
— AC check

Layout S| check
— Geometry-based physical check
— Simulation-based electrical check

PDN simulation

— DC simulation and signoff

— Electrical/thermal co-simulation

— AC frequency domain simulation and

optimization

— Chip/PKG/PCB co-simulation
Power-aware Sl simulations

— High-speed serial link simulation

— Parallel bus simulation
— Chip/PKG/board I0OSSO co-simulation

« EMI simulation
— Conductive EMI
— Radiative EMI
— EMC compliance check

« SI/PI/TI modeling
— RFIC passive component extraction
— Package thermal parameters extraction
— Electrical/thermal
— IBIS
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Allegro Sigrity Sl and Allegro PCB Editor
Integrated high-speed design and analysis

i Wi Sty 4 (P i S5 sl Progitl Ol e A0 reodinte =]
1 " Fage | ! Bems 5 aden
+ K 54 A BEan s R oWz laRlE o2 sl E
5 EE WE e BOGESE N DD B %K G

Allegro Sigrity SI

No manual translation is
required to analyze selected
] signals from the physical board
or extract them into the
SigXplorer module. Analysis
results are reported in the
same constraint manager used
by Allegro PCB Editor.
Coupled differential pairs and
nets extended through discrete
components (x-nets) are
automatically identified,
analyzed, and/or extracted.
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Complete solutions
Geometry-based and simulation-based layout checks

d : 55 =N

S EHEROeeNED: I HE® O

Net GroupsNG1_J1 U0 U1 U 2= [From3J/1

Coupling 7

overlay in "t

layout -

[mats

Geometry-based

Simulation-based

T cowm,

Trace Impedance/Coupling Check S| Metrics Check i T

i

panent R comy

1!
|

=

Micro, individual, segment-level view

Macro, combined net-level, view

( coupling %, Q2 & mm ) (mv&ps)
Options Options

Check all nets
Check selected nets
Check nets in net groups

Level-1 simulation
Level-2 simulation
Level-3 simulation

Results

Coupling coefficient
Impedance
Trace reference

Summary & detailed tables
Expanded & collapsed plots

Layout overlay
Layout cross probing
HTML report

Results

Waveforms: Tx / Rx/ NEXT / FEXT

v_min & v_max
S| performance metrics

HTML report

mul active
| active
11 Ht

Rx/Tx/FEXT/NEXT
waveforms
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Complete solutions

Layout-based time-domain SI/PI simulation

« SPEED2000™ is industry’s only layout-based time-domain SI/PI tool
* Five major workflows available for SI/PI analysis at level-1 to level-3

Workflow 1
General Si
Simulation

Workflow 2
Trace Impedance/
Coupling Check

Workflow 3
S| Performance
Metrics Check

Workflow 4
DDR Simulation

Workflow 5
Time-domain PDN

Mainstream S
L1 2 far fast sim

Easy to setup;
Sim runs fast

Waveforms &
measurements

Geometry based

Trace impedance,
coupling &
reference check
for entire board or
net groups

Results tables;
Results plots;
Layout overlay;
Layout x-probing

Simulation based
L1A.2 for fast sim
.3 for non-ideal PDN

Loss, reflection,
xtalk check,
typically by net
groups

Waveforms;
Xtalk v_max &
V_min

Layout-based
DDR simulation
L1/L2 for fast sim
L3 for SS0

Mo s-parameter
model needed for
on-board DRAMs

Waveforms &
measurements

Simulation

Layout-based TD
PDN sim

PDN chip-pkg-
board co-sim with
-Voltus die mode
- XeiteP! 10 mode!

with die grid

Voltage / current
distributions;
dynamic noise
propagation
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Complete solutions
Different levels for different SI/PI/EMI needs

* Using Sigrity technology, SI/PI simulations can be done at
4 levels based on considerations of trace/via couplings
and non-ideal PDN

* Both layout-based and model-based solutions are
available

Tf'me. Level-3 SI/PI Analysis
consuming - Non-ideal PDN sim
- Return path discontinuity and DDR S50 effects

Level-2 S Analysis
- Coupled trace/via sim
- Crosstalk effects

ast &  Level-1 Sl Analysis [deal
easy - Single line/pair sim PDN
- loss and reflection effects
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Complete solutions
Layout-based frequency-domain SI/PI simulation

Market leader and product of choice where
power and signal integrity analysis is essential

Highly accurate modeling of IC package and
PCB structures

Single-ended and mixed-mode results and
post-processing

Adaptive frequency sampling and intelligent =

result storage Frequency domain SI, Pl and EMC
Supports component / circuit models with
unlimited terminals 72w

Unique capability for ensuring accuracy down
to DC with integrated PowerDC analysis

Targeted workflows to streamline setup
operations

Integration with full wave 3D EM solver
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Complete solutions
High-speed bus simulation

SystemSl| — Parallel Bus Analysis

SystemSlI — Serial Link Analysis

Simplified model connections with
Model Connection Protocol (MCP)
and block-wise editor

IBIS and SPICE-based power-
aware system-level modeling

Concurrent, comprehensive
simulation of both Sl and PI effects

Highly automated JEDEC-based
measurement, reporting, and
crossprobing capabilities for DDR
interfaces

Advanced channel simulation
engine for high-capacity serial link
simulation and BER analysis
Comprehensive, parameterized AMI

model library for modeling of
advanced SerDes equalization
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Complete solutions
0SSO

VDD 10

O
=,
<
@
|0 Power and
P Signal Package PCB
|%V|V§ r'\-/lavl/jarle Interconnect Interconnect Interconnect
ode Model Model Model
Controller Chip PKG PCB
VRM
System-Level SSN/SSO

Power-aware
IBIS Model

Memory

wlll =

IEVNEREN|
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Complete solutions
EMI/EMC

an

— Far EM Field

A

166 thets

A E_theta

o B

J vzo

A E_phi

an

v

- -

EMC Compliance Check
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Power Aware Si
Option

* SIGR011 Broadband
SPICE®

* SIGR021 T2B™

* SIGR031 CAD Translators
* SIGR301 PowerSI™

* SIGR311 3D-EM

» SIGR401 SPEED2000™

* SIGR556 SystemSI™ —
PBAII

Serial Link SI Option

* SIGR011 Broadband SPICE
» SIGR021 T2B

* SIGR031 CAD Translators

* SIGR301 PowerSl|

* SIGR311 3D-EM

* SIGR506 SystemSI|—SLAII

Package Assessment and
Model Extraction Option

* SIGR031 CAD Translators

* SIGR201 PowerDC™

* SIGR311 3D-EM

* SIGR801 XtractiM™

Note: Each option is a single user license. Only one of the products listed in each option can be run at a time.
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Allegro Sigrity Pl and Allegro PCB Editor
Integrated design and power analysis

Allegro Sigrity Pi Base

Allegro pased editor tor .nro

Floorplanner DC Analysis Or.SIp

B Aiiegro Sigity Pl (PCBY Lab3.cutnuterd Project: DL/PL Basenestiog/PON,old ==os ) g AV 10 0 AllQ O 0
Fle EGt View Display Setyn Shape Logwc Pace Boute Apahyoe Jook el cadence | & w it b0 View Se ;
N Lo atipEaasaeR ol sasgal®m ion| 2 -D_‘“H:‘e' =
] i e @ e ELO e D@ e - 2
™ e = _= aa ]
Zld * Sigrity technology
i (G
: g ith o]
n ; with cross-probing
4 i
» to layout
-7 "
| .
5 e
1 e i
o W s
a{ 2 5 E [ e——r— =
. [ p——— s S
0| i e = o < o
€] o ) o P
1 5 v TCawodis Lo sdms ¥ Sl ik
!_:: . R———=—— Impestance st
o
o
i
é
(EH
Tesuls a0 Regear = VM Vesiage
VR Vollage
VAN Wamm  Ouipeltorinel Votage (V] Duipet Telermnce (] Ackel Current (8] el
VRM @73 13 2 nam R -1 [ B IETEEE (LI
| - 1o
O Allegro Constraint Manager (connected to Allegro Sigrity P (PCE) 16,64 [SGX_descont3 v2] - [Ekcirical Constrant Sets: Power bntegrity 1SGX_descan13 v2] | =" = i e e
P File fdit Qbjects [olumn Yiew Apalyze fudit Jools Window Help cidence = T * — = T
= ] @ it ks o fe i B B S A 3 e % A=, - N - .
! Warkaree! st D = Y
T T —————— ‘ Power FeaS|b|I|ty Editor
« Electrical Constraint Set - Ehpucs Same Layer te Layor Opposite | Undoeneath Packags |
' Type [S[ Hama | mil _s’“ L"m| Layor | Compomont |
O | |5 SGX_descontd v2
PICS 5 MY P _CSET
FIPR [=REET] 100008 180,008 I
Pl CAP_SMD NPOL_D 8603 0.90F 5 5
Prely CAP_SMD_NPOL_D 0603 0.0UF | 3 T . .
Fr
T M ——— * New unique constraint
P CAP_SMD_WPOL_0_CAP_0603_0.1UF 5 5 |
Pral CAP_SMD NPOL 0 CAP 8601 X2 BUF " .
Pl CAP_SMD_NPOL_0_060)_120PF | 1 i [} | T | d D C p fI
Pral CAP_SMD NPOL_1_CAP 0603 100PF 0 | rIVe n e a OW

+ | + [\ DeCap Template

MNumber of decaps that must be placed undemeath the component. (NUM_CAPS UNDER_COMP} DRC  SYNC

Constraint Manager
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Allegro Sigrity Pl and Allegro PCB Editor
Constraint Driven Power Integrity

Constraint-
Driven
PCB Layout

Develop
Constraints

Power Feasibility-Editor

N ——— &

1
I!
&
i
¢ |
|

PETT AT

BN | 0 Fin
Layout Designer ‘ S P! Engineer

» Can start as early as r ===  Can start at any stage
floor planning stage (e * Leverages setup and

* First order analysis data from rest of team
directly on layout « Signoff capable

* Analyze, edit, detailed analysis
re-analyze flow desired required

» DeCap placement
guidance and DRC

Design Engineer

B ° Can start with either
W BoM or schematic
» Apply PI feasibility
studies for DeCap

selection and PI
constraint definition
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Complete solutions
Decoupling capacitor optimization

Automated positioning and selection of
EMI decoupling capacitors

» Automated DeCap optimization of N X i ORI W
placement and value selection s S
 Multiple objectives: performance, cost, ==============
area. number Voo = L. cEe L]

’ HEEREREEENENEN

* Device impedance and EMI resonance
checking

* DeCap loop inductance analysis to : : : : : :
identify poorly mounted caps S N s POV ¥ N NN N S

* Device per-pin inductance checking ,,,,,,,,, ,,,,,,, ,,,,,,,,,,
and display = = n : :

1 1 o : 1 1
111 St ER N B . SR I
1 1 [ 1 1

1 1 3 1 3 1
e Ay =
I I R !

0 — L e — —
ano 400 500 600 700 ano 400 1a00

Red _ NO EMI CapS Freguency (MHz) _ .
Blue — 1 cap; Green — 3 caps (adence



Complete solutions
Multi-board-package SI/PI simulations

e Industry’s first layout-based
multi-board-package
simulation flow

Board + 2 PKG

Multi-board

. Connection Manager , -
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Complete solutions
Extraction of package thermal parameters

'} Present

Thermal Analysis Resulks - = Theta-J4

Thermal Analysis Results -> Theta-JB

Theta-IM4 | Theta-J6 | Theta-IC | 2-Resistor CTM | DELPHI CTM | MCP-J4 | MCP-IM4 | MCP-1B |
? Loaded

Still &ir Junction-to-fmbiest Thermal Parameters

Theta-Ja [CA]
14,9486

Pai] T [Tl PziaJB [T
0.0277034 8.12

Theta-14 | Theta-1a § Theta-I8§ Ths
(%) Present Loaded
Junction-To-Board Thermal Resistance

Theta-JB [T
3.22546

Thermal Analysis Resulks - = Theta-1C

Theta-14 | Theta-JMa | Theta-J8 | Theta-IC

(%) Present Loaded

Junction-To-Cage Thermal Resiztance

Theta-JChop [Chw
0.0886636

Thermal Analysis Results -= 2-Resistar CTM

Theta-34 | Theta-IMa | Thets-18 | Theta-JC IZ—Resistor CTMIDELPHI CTM | MCP-34 | MCP-JMA | MCP-J6 |

beta-1MA

/8 Theta-IMA |Th a- )6 ‘Theta-][ |Z-RES\5tDr CTH [ DELPHI CTH | MCP-34 | MCP-JM4A | MOP-J6

(=} Present Loaded
) Farced Convestion.Junctioreta-4mbient Thermal i
2Resistor CTH 4ir Speed (mfs] Theta-IMé [CAw] PaiIMT [T PsiIME [C)
ThetaCtop [CAW] | Thetal8 [CAW] | SiPNotg 0 14.9486 00277034 8.12 145
0.0996686 8.22546 1 12.9457 00275125 8.07926 \
2 [y 122224 0.026079 7.98021 14
Theta JCTop 3 11.747 0.0263717 7.87262 \
2135
[% Junction = s \
Hode 5
Ew 25 \\
Theta-JB
heta. . \
Board Hode " SD DIS 1‘ V1II5il (Z‘UQ‘S 3 38
elacity (mJs]
Thermal Analysis Results -= DELPHI CTM }
Theta-JA | Theta-JMA | Theta-J6 | Theta-IC | 2-Resistor CTMI DELPHI CTM | MCP-34 | MCP-JMA | MCP-JB
%) Present Loaded
DELPHI Compact Thermal Model
Optimum walues of thermal links [CA) Top Inner Top Outer
Junction Top Inner Top Outer Side Bottam Outer Bottom [nner
Junction N/A 0.100007 N/A NA& N/A 8.59441
Top Inner 0. 100001 A N/A M8 N/A M A
Top Outer N/A M A, H/A 0100576 0101073 780477
Side N/A M, 0.100576 MAA 0.10085%4 M,
Biattom Outer H/A N, 0.101073 0100854 H/A N, Junction Side
Bottam Inner 8.59441 Ak 7.80477 MNAA N/A AL

Bottom Inner Bottom Cuter
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Complete solutions
RFIC passive component extraction

Virtuoso® VirtuSoeslgcl:t)séa ol .spd 3DFEM
GUI Components file SNtz

Virtuoso GUI
3D View of spd Finite Element Mesh

o

e =

E/M Field

VEFD EM_LEF spd

""" S-parameter

1 p——
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Allegro Sigrity Pl Options

o i
- . ¥

#

Power Integrity Signoff

Package Assessment and
Model Extraction Option

* SIGR031 CAD Translators » SIGR031 CAD Translators
* SIGR051 OptimizePI * SIGR201 PowerDC

» SIGR201 PowerDC e SIGR311 3D-EM

* SIGR301 PowerSl * SIGR801 XtractIM

and Optimization Option

* SIGR311 3D-EM

Note: Each option is a single user license. Only one of the products listed in each option can be run at a time.
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Complete solutions
Chip/package/board co-analysis

Chip-Package-Board Varieties

Package

Pca

[ ]
[
h 4
oo o+ :
:\‘,—E b f‘/.
Package Model

Sigrity package model generation
— XtractiIM™ broadband SPICE format
— PowerSI® S-parameter format

Voltus™ die model generation
— Broadband SPICE format

— Frequency and time domains

— Single-port and N-port (up to 100s)

Sigrity MCP interface
— Model connection protocol
— Name- or location-based

Complete power integrity solutions
— Chip: Voltus solution + package model
— System: PowerDC™ technology + die model
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Complete solutions
Electrical/thermal co-analysis

Temperature
Map

|« Y\

éhip-PKG-PCB

Temperature
: . Power
Temperature : - Map

PowerDC
technology

Voltus tool Thermal Co-Simulation

* Thermal runaway
— Positive feedback among chip’s temperature, leakage, and power dissipation
— Temperature-dependent IR-drop and EM

* Thermal simulation in “Voltus tool + PowerDC technology”
— Voltus output: temperature and location-dependent “power map” file

— PowerDC technology computes detailed temperature distribution for chip-PKG-PCB
(T vs. time)

— Voltus tool reads back “temperature map” file for EMIR convergence

— Thermal view available in 2D/3D _ .
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Complete solutions
A success story

2011 DesignCon

12Gbps shown feasible

2014 CDNLive

12Gbps confirmed

2012 Sigrity
Acquisition

Methodology for Qualifying Design
Model Compliance with Channel Analysis
Censumption MGH Sweeps

Spec
Measurements

ul
R’E’-USS models ]
pre-characterized Channel Tolerances:
~Tight for more sensitive
T ~Loose for less sensitive
Extracted Channel

code
S-paramelers
Channe! traces/Vias
Spice

Pick Sensitive
AMI parameters

Is the solution Examine model
Variat

\erify against
Jitter variations

- SAS Expander Board

Magnitude [V]

i L
80 &0 -40 =20 0
Time [ps]

I i
20 40 =il a0

Simulated

Measured Hspice

eye height

80mv

78mv 83

eye width

56ps

58ps 61
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Summary

Fom  Geometry-based layout check 1« Level-3 simulation-based layout checl{:j::

by

Fom  Mainstream level-1 Sl simulation 10 Level-3 power-aware Sl simulation ‘:j::k

From - Parallel bus simulation

1o Serial link simulation

Fon PDNDCsimulation = PDN AC simulation = Decap optimization

Ffrom  Electrical simulation

Electrical / Thermal co-simulation

From Sl simulation fo

Pl simulation

SI/PI/EMI co-simulation

From  10OSSO / PDN PCB level simulation 0 Chip/Pkg/Board co-simulation H:j::

L

.

2

From  Pkg electrical model generation o Thermal pkg parameters generatinnfj::;

Fom BBS model extraction ©

RFIC passive component extraction

Fom  IBIS model generation

o AMI model generation

"
o
A
e

SystemS| X T2B M PowerDC
Broadband SPICE J OptimizePI

XtractiM T OrCAD PCB Sl
XcitePI 10-SS0 solution

Allegro Sigrity S| Base + options
Allegro Sigrity Pl Base + options

Cadence/Sigrity
IS
your single stop
SI/PI/EMI solutions
for
chip-package-board
analysis
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Single-stop SI/PI solution for chip-
package-board
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