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1. Introduction

Power Integrity (PI) as a concept was introduceckise years ago to describe the design goals and
methodologies of power delivery network on a systlat includes chips, packages, and boards.
Unlike signal integrity (Sl) analysis, power intégranalyzes phenomena on power delivery paths
from battery to active devices through boards aaxkages.

Silicon

Package

Board(s)

Taking this idea to the next level is to providecanbined methodology for PCB, IC package and IC
design, while addressing 10 as well as core powdéively. Next to such a framework, the essential
piece to this is the development and integratiom &D EM field solver that is able to generate
electrical models for passive SiP interconnect wpkcial focus on the kind of large structures that
power and ground nets usually are built of. Sucto@ has been implemented by Agilent and
Cadence, while receiving feedback and validaticulte from Numonyx and MC2.

2. 3D EM Tool Development and Integration

2.1 Introduction

This part summarizes the activities carried oupat of Task 3.1 “3D EM tool development and
integration” of WP3.
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-| « Net based selection
- - 'Cookie’ cut

« S-Parameter Model

The work of Task 3.1 can be split in 3 main acdiat

The first is the development of the “EM front-endadmnle”. The objective of this is to address the
need of extraction and transfer of the necessasigdealata available in the Cadence SiP platform
into the 3D EM simulator.

The second are the enhancements to the 3D EMsSuier needed to handle typical SiP designs.

Third, to finalize the integration in the SiP ptath, there is the back-annotation of the EM S-
parameter model back to the SiP platform.

The validation of the 3D EM tool is subject of Degliable 4.3. Only some representative results are
shown here.

Finally, we summarize the EM model generation waokie in support of Task 3.5 “EDA platform
validation and model correlation on a completeays{iIC+PKG+PCB).

The partners that have been mainly involved in thisivity are CADENCE and AGILENT.
NUMONYX and MC2 are involved for the validation thfe EM field solver and the SiP platform.

In the following, a detailed description of thefdient activities is given.

2.2 EM front-end module

A net driven selection and export to the 3D EM datian environment is available from the
SiP Layout Platform through the front end moduksated in the context of this task.

The flow through the front end tool is as follows:

1. Choose a set of export rules optimizes for the ENUktion at hand (define new rule sets if
needed)

2. Select the nets of interest based on the distimdtesween:
» RF Signal Nets which are the actual nets of interes
= RF Ground Nets that have significant impact onkibleavior of these RF Signal Nets

3. Limit the layer stack to a subset of drawing layexdd ref. plane definitions, and define
solder ball properties.

4. The cutter feature allows to limit the simulati@nthe area define by the signals of interest.

5. Select the components and component pins connetiietselected nets that need to be
considered for the EM simulation.
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6. Next build the ports for EM simulation automatigalising the defined pin list.
7. Export the design subset to the EM simulation emrirent.

The figures below illustrate this export operatising the example design provided by Numonyx.
The setup window allows choosing the export rutastiie export of design data. A set of nets that
need simulation are selected in the Select Geometigow.

dingDiagram.016058J 5ip Project; C:fuse Eila

File Edit Elev\; Add  Display  Satup ghapé Logic Place Route  Anakeze manufa;ture VBepnrts Tools gFMndule Export To ADS  Help cadence
s ia - e & P 3 i
UEWd iR elHohA BBgFsoR o 228y 4@ idd6G&

MR_P A M Pl e (ef £2 dk

F Layout GXL: B

TS/

Export Options

Export Setting Sample Mediun Sstting v a

- x|

Layer Select| 31 Cookie Culter | 4) Componert/Fin Select | 5] Pots |

Selection Description

[Signal viaType =square.
Ground viaType square.
Signal and Ground arche

) Trace 5

i)

Selectable Met Fool Signal Mets

20 ~
A1 =: Add >

E_A0
Al =
B_A2

3

B_A

< Remove

Resest reload 411

13 = Add Al >

9 <-Remove All

[B_DVSS
415 Add =

A18 <- Remave

s Add Al

=
]
=
=
@
=
2
=
=
=
fr

423 <-Remove All

226 [Dinclude ll unnamed nets
b =

(@ &l Avvallable Nets
O Pick Nets

[ Filter Mets with Wildeards
|

3] Cutter Nat Ready 5] Parts Mot Ready
| 4] Compaonent/Fins Mot Ready

Loaoking in skill directory: c:/home/mbruntauéds./miami/build/obj.win32/mom_algpch_int/source/skill 15,7
Loading 5kill file: eemom ini
Loading axlcore. okt

2
tomentum Allearo Integration (Version 3.1.0)
2 |Command > i
5 =
E Rl
&
3 2
Idke ] 158667, 520250 [P) (&) GEN pREl

Figure 3 - Setup and selection Ul of front end mode
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| 1) Trave Select | 2] Layer Select | 3] Cookie Cuter | 4) Component/Fin Select | ) Fors|

Layer Pool Layers Lsed In Simulation —
CONDUCTOR/FLASHT Inivite Ground Top v|
CONDUCTOR/DDRT )
CONDUCTOR/M
CONDUCTOR/MZ e
CONDUCTOR M3 COMDUCTOR/FLASHI
EAD R COMDUCTOR/DDRT

COMDLICTOR/MT

COMDUCTOR/MZ

COMDUCTOR/M2

COMDUCTOR/M4

Add Al
<~ Remave 4l

< i | &
< - 15| ke Ground Bottom v !

Packaie Informatinr

4dd package pin laper information
AddBGA solderball dats 1 UM):  Diameter (30000 | Heighl [20000 |

1) Traces Ready 3) Cutter Mot Ready 5] Parts Mot Rieady
PIESEERESEE  4) Component/Pins Not Ready

Figure 4 - Define the layer stack, reference planemnd pin/solder balls

In the Layer Select tab of the selection window tiser can remove certain layers from the
simulation, add infinite plane reference layers dafine the properties of package pins (soldespall
as these objects are not completely defined inbiel&Sip database.

In a third step the volume around the selectedasigets and a cutout from the ground nets is
defined in the Cookie Cutter tab.

| 1) Trave Select | 2) Layer Select | 3 Cookiz Culter | 4) Component/Fin Select | ) Fors|

Biuild Cookie Cutter
Clzar/Reuse the existing cookie cutter shape
Build & rew cookie cutter around the signal rets

Irital shape: —————————————(}—
ul conves hul bounding box
Expansion distance (UM}, [25000 |

Display fine width [UM]: 20.00 ]

Edit Cookie Cutter

Move vettices and sides
Click cuttsr polyaon to star, riaht clisk Dore to firish

Edit boundary by diawing new sides

Click cubter palygan to stan right click Dane to finish

Uze Cookie Cutter on

(& RF Ground Nets only
O RF Signal and FIF Ground Nets

] Tracss Ready ) Ciiter Fread 5] Ports Mot Ready

4) Component/Fin: Naot Ready

Figure 5 - Defining the cutter region
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The Component/Pin selection tab now allows selgctivat pins of the components that the user
wants to consider in the EM simulation.

B Select Geometry and Place Ports E]\EIEI

__1'] Trace Se\‘ect__:__-Z:].L_._a_yt_ar Select 1 ij__c.uc;kwe Cutter | 4) Component/Fin Select | 5] f?mts:

Select Components for Export to A0S
Awailsblz Selected

D1
Piccase

<- Remove

Add Al ->

<- Remove All

] Filter vsing iideards |

|

Select Component Pins for Export ta ADS and Port Generation
Ayailable Selected

[ Group by
companent | D1.A1

D1.a3
&> Jlrive
Package.Ad

Add All > Package.B3
< Remavedl | | PackaosB4

Filter Pins by: (5 8l Selected Nets ) Signal Nets ) AF Ground Nets
[T Filter wsing ‘whildeards

|

5| Purts Mot Fleady

Figure 6 - Select the set of component pins for ENimulation

In a final step of the selection process the adfhdlsimulation ports are created automatically.

B Select Geometry and Place Poris g‘ilgl

| 1) Trace Select | é] Laper Select 1 3) Caokle Cutter 14 Component/Pin Se\ectrirs]rr’;ﬂ'ts |

Autoplace Ports

Clear all existing ports
AutaPlace Create ports fior the selected ping Do not add negative ref. pins

Port List
| = |
& Port number:
& Port name: B_A0.D1.40
& Port impedance: [50.000 + 0.000) Ohm
& Port Type: Mon-calibrated
& Deembedding offsst N&
== Pasitive Reference Pins
= Pin: D1.40
% Onnet: B_AD
& Pin position (xy) = [-1451.16:3631.98)
“ % Mamentum Fin position (xy) = [-1451.16:3631.98)
-~ & Layer Name: CONDUCTOR/DDA
-] Meaative Reference Ping
# MICT Port 002 B_AD.Package.bd
WIET Port 003 : B_A1.D1.41
| & WIET Part 004 : B_A1.Package B4 ||

[CAdd ] (ool ] [E& ]

k3

Werify ports

Port verification and (reJnumbering:  HEHRESEsd

Figure 7 - Definition of the EM simulation ports based pin, component and ref. plane info

Sufficient selection information is now presentetport the simulation data on the nets of interest
from inside the SiP tool. The properties of bondewj chip stacks, spacers, interposers are
automatically transported to the EM simulation eowment by the export command.
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[Esport 1o 03| i
N

Select Traces ...

Expart Expart All
Excpart All Az ...

State L4
Export Selectsd

Export Selected As

Figure 8 - Final export step extract the design dat necessary to do an EM simulation

In the EM simulation environment the results of éx@ort can be viewed.

d

Figure 9 - Snapshot of an exported signal subsetdide the EM simulation environment

2.3 3D EM field solver development

The EM field solver development work was bundledsabtask 3.1.2 “Advanced meshing and
solving”. Before a layout is sent to the EM fieloh\&er, a pre-processing step is carried out. Tiep s
prepares the layout in such a way that the newulayepresentation, after pre-processing, is
optimally tuned for efficient and accurate EM siatidns. This involves two aspects: layout healing
and layout simplification.
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Layout healing merges points and lines in very elpsoximity. Its main purpose is to correct
numerical issues in the layout that obstruct tleaiwon of a high-quality conformal mesh. The figure
below illustrates the types of layout problems theit corrected with layout healing. This involved
eliminating small gaps in the layout, resolving atignment of layout objects on different layers or
eliminating small angle features. Problems likes tl@ally can make the EM simulation and meshing

very in-efficient.
y
“ -

(a) small gaps (b) stacked vias (c) acute angles

Figure 10 - Types of layout problems that get correted with layout healing.

Layout simplification replaces polygons by neadgntical polygons with fewer vertexes. Its main
purpose is making the generation of a conformalhmoemtaining the least edges possible. Layout
simplification may also create higher quality meshs it removes many small segments.

After : much reduced rl.nbE:rf vertices
e L

Figure 11 - The layout simplification reduces the nmber of vertices in the rounded artwork, typically found in
board, package or SiP layouts

The pre-processed layout is than sent to the EM &elver. The solver meshes the structure so that
Maxwell's equations can be solved. Within the ptgjehe core meshing algorithms have been
upgraded to make use of state-of-the-art geoméproaessing approaches.

The EM field solver has been extended to accounthe presence of the wire bonds. Each wire
bond is passed to the solver as a sequence oin@éigments with properties attached like radius,
conductivity, net name, etc.

The mesher identifies the proper position of theevsonds and the location of the contacts with the

rest of the circuit, e.g. the package fingers erghds. Each wire bond adds 1 additional unknown to
the EM interaction matrix. This unknown allows deteing the amplitude of the current which is
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flowing through the wire bond. Because the wire dsorare now an integral part of the EM
interaction matrix, an S-parameter model is obthiloe the overall circuit.

A lumped series RL impedance is obtained as etattmodel for the wire. The electrical model
includes the resistance R and inductance L of the as calculated from the geometry and the
material parameters. The model further includesitb&ual inductance M between the wires and the
mutual inductance with a ground plane in the salbstiThe ground planes in the substrate stack are
automatically taken into account so that wires t@ separated by an infinite ground plane are
automatically uncoupled. Skin effect (yielding ahmer resistance and a lower internal inductance as
frequency increases) is included when a wire malteith conductivity is specified.

S-parameters

TOTALS
Nr of Freguencies :-13
Process size : 78.06 MB
200 | ‘ | : User Time : Oh Oml2s
1E3 1E4 1E5 1E6 1E7 1E8 1E9 Elapsed Time = Oh U,m ?S

Figure 12 - Example with typical wire bond profilesfrom Cadence SiP environment

2.4 Finalize tool development

The EM field solver integration and validation wonlas bundled as subtask 3.1.3 “Finalize tool
development”. With the above subtask accomplistiael,entire flow can be completed. The flow
encompasses the export of selected nets from tH& Platform to the EM field solver, the
corresponding EM model generation and the back4{atina of that model to the platform so that it
can be incorporated into a further analysis. Thegration between the SiP Platform and the EM
field solver has been tested for a BGA packagewhbhyx.

The test-case used in Numonyx is a 10.5 x 13 xtdBGA with 165 balls that contain two stacked
devices: a 512Mbit Flash memory plus a 512Mbit RAMe package substrate is composed by four
metal layers. The outer layers are mainly dedicttesignals routing, the inner layers are dedicated
to power and ground nets. A more detailed desonptan be found in the Milestone M3.8 report.
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Figure 13 - BGA package

The EM field solver provides a model for the B_DV@@ower and B_VSS ground plane which is
used in the Power Integrity (PI) analysis tool sxd@énce’s SiP platform.

The flow starts in the SiP platform where the naestion is made of what will be exported to
Agilent’'s EM field solver. The selection in this axple is straightforward. Two nets and all
associated pins will be transferred.

1) Trace Select ‘ 2] Layer Select I 3] Cookie Cutter I 4] Component/Pin Select I 5] F'orts|
Selectable Met Paal Signal Nets
A0 B_DWCCO
a1 T BDVSS
A2
¥ -
o4 <- Remove
A5
A6 Add Al -
A7
ﬁg <- Remove Al
Al0
A1
A2
813 RF Ground Mets
A4
e
hiE Add -
A7
A19
w2 Add All -
A22
523 <- Remove Al
A24
425
A25 [T Include all unnamed nets
ADY i

Figure 14 - Net Selection in the SiP platform
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37 pins (balls and pads) are associated with ghexgon. A 3D view of the exported layout is shown
below.

Figure 15 - 3D view of the layout simulated by th&M field solver

The EM field solver doesn’t group (short) similangtogether by default as this is a low frequency
approximation that is only valid when the electridstance between the pins is small. In the model
that was generated, each pin corresponds with par&@neter port. Consequently, a 37x37 S-
parameter model for this power/ground plane stractvas generated, valid from DC up to 10 GHz.

This model is passed back to the SiP platform tjincan interconnect model file (IML).

[ Allegro Tools | Help

Import preferences

Import Allegro layout

Allegro Mets...
Convert Strip< -»5lot...

Create IML file for design

Figure 16 - Back-annotation of the EM model to the&SiP platform through IML file

The figure above shows the “Allegro Tools” menuttpeovides the interface between the Cadence
SiP (Allegro) platform and the Agilent EM simulaticenvironment. The “Create IML file for
design” item allows the users to generate an ioterect model file in an easy way. It starts from an
existing EM simulation result for the current designd writes out the IML file to a user selected
filename.
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The IML file is using the Touchstone S-parametkr fiormat with a type 2 S-Parameter Model File
Header as supported by the Cadence SiP environmbist.header format allows transferring the
multi-port net results correctly from the solvettihe Cadence SiP platform.

3 BondingDiegrem_ 016058 =3_5_DVSS 8 DVCCQiml-Xemacs 2LA (pach 21 “Educationa! Televion” C\Program = (===

Help |

|

Figure 17 - IML file header

In the Cadence PI flow a model in the Cadence dewie model language) format is required. The
model needs to be a Package Device model with eirsuli definition with nodes representing the
power/ground pins. In the Cadence PI flow it's ploiesto select the option "Reuse previously
extracted dml model” as shown in Figure 18. Theresfced model file will be checked if the
subcircuit definition matches to the current destigtabase. If the database matches to the dml
model, it is marked as valid model and will be usedalculate the impedance profile in frequency
domain or the voltage ripple in time domain.

= Power Integrity Simulation Option Parameters |

—aimulation Type Simulation Parameters
(@ Impedance analysis in frequency domain. Lower Frequency:{1 KHz
v oltage ripple-analysis intime domain. Upper Frequency: |1 GHz
DML model extraction only. Sweep Scale: Log A

AL todel Option

¥ Reuse previously extracted dmi model.

Mode Type: [amow Band

The extracte e re-loaded from:

Paifi flent/PI_dml/BondingDiagram_016056.)_adfi_B_DVSS_B_DVCCQPLdm| _Browse

ok | cancal Help
|

Figure 18 — Cadence Pl Simulation Options Parametdiorm

To be able to use the iml model file provided bg EM solver in the Cadence PI flow it has to be
converted to a package device dml file with théatrigumber and order of subcircuit nodes.
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The following actions describe how to convert the model provided by the EM solver to a valid
dml model.

First step is to use the standard S-Parameter th Biviverter provided with the Cadence SPB tool
installation.
In a UNIX shell the command to be entered is:

ts2dml "modelname.iml”

The resulting file "'modelname.iml.dml” file woul@ed to be modified to match the required format
for the Cadence PI flow.

A wrapper program, written in SKILL is used to cenivthe ‘'modelname.iml.dml” file into a file
called "modelnamePl.dml" that has the required simtax and the right subcircuit calls and nodes
so that the Cadence PI flow will accept this drd &s a valid dml model to calculate and display th
impedance profile or voltage ripple.

In addition in the Cadence PI flow it is possilbdecombine ports of power and ground pins in so
called port groups together. The resulting subdiriouthe dml file will have only one node of each
port group defined. Although grouping of ports rdyomeaningful for low frequencies if ports are
next to each other the wrapper program will mottiy dml file in a way that the subcircuit will have
only one node for each port group. The nodes ofstiteircuit having nodes for each power and
ground port will be mapped to the right port grawgule.

The following example will illustrate the mappingn i more detail. The subcircuit
BondingDiagram_016058J_adfi B_DVSS B_DVCCQ is defined with 5 nodes. The design has 37
B DVCC and B _DVSS pins in total as shown with 37 de® in the subcircuit
BondingDiagram_016058J_adfi B_DVSS B_DVCCQ 37Port D ata. The 37 pins are grouped
together in 5 different port groups. In the subgirc  call
XBondingDiagram_016058J_adfi B_DVSS_B_DVCCQ_37Port each of the 37 nodes have to be
mapped to one of the 5 port group nodes. If we katake port groupp ACKAGE-N3-Referenc¢hat
contains the 4 B_DVSS pins at the package compdiremts 34 — 37 in Figure ) the nodes 34-37 in
the subcircuit callxBondingDiagram 016058J adfi B DVSS B DVCCQ 37Port are all named with
the port group NnodeACKAGE-N3-Reference .

".subckt BondingDiagram_016058J_adfi B DVSS_B_DVCCQ PACKAGE-N3-Reference D1-
VSSQ3-2 D1-VDDQ-4 PACKAGE-M4-1 D1-VDDQ3-3

XBondingDiagram_016058J adfi B DVSS B _DVCCQ_37Port D1-vDDQ-4 D1-vDDQ3-3 D1-VDDQ3-
3 D1-vDDQ3-3 D1-vDDQ3-3 D1-vDDQ3-3 D1-vDDQ3-3 D1-VD DQ3-3 D1-vDDQ3-3 D1-vDDQ3-3
D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ 3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-
VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-
VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 D1-VSSQ3-2 PACKAGE-M4-1 PACKAGE-M4-1
PACKAGE-M4-1 PACKAGE-M4-1 PACKAGE-N3-Reference PACKAGE-N3-Reference PACKAGE-N  3-
Reference PACKAGE-N3-Reference
BondingDiagram_016058J adfi B DVSS B _DVCCQ_37Port_D ata

.subckt  BondingDiagram_016058J_adfi B_ DVSS B DVCCQ_37Port D ata 123456789

101112 1314151617 18 19 20 21 22 23 24 25 26 27 282930313233 34 35 36
37

Which of the port group ports have to be used eghbcircuit call and in which sequence can be
read out of the design database.
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If no port groups were used in the design the weappould also create a valid dml model file
without the need to map nodes.

Another option in the Cadence PI flow is to addrtival Capacitors™ to the design as seen in Figure .
These capacitors would be placed and connectedet@dwer ground nets and would need to be
included into the extracted netlist having portsiodes in the model file.

This feature would allow making feasibility studieghich capacitor would have to be placed at
which location to finally get an acceptable impeskaprofile or maximum voltage ripple.

=] Power Integrity |
General I For Information |

—hlet Information |

Parameters
FPower Met: E_DVCCa j Graund Hets IE_DVSS Edit e |
Woliage: 18
. = Excitation Source
Ripple Tolerance: 1o % j

klax deita cutrent: |5 g

Target Impedance: B0 mOhim Edit

rt Decoupling Capacitors

Madel Name Capacitance EZR ESL Fregquency Yirtuallnstant |
1 1 uF 10 mahm 50 pH £2.5079 MegHz 140 —j
e 100 nF 10 mDh 50 pH 11763 MegHz 230 ]
v
]| Lot
A Mogel | Edit Model | Delete Model Assigh Modal
Close Analyze Report Hide | Help |

Figure 19 — Virtual Decoupling Capacitors

Currently these virtual capacitors won't be passethe EM solver and therefor aren’t included in
the model subcircuit of the EM solver model. Thatlsy a design with virtual capacitors can’t be
used in a flow with the EM solver from Agilent. Wsaevould have to delete the virtual decoupling
capacitors before using the wrapper program.

It may be considered in a next step to include a&figual Capacitors™ in the design in the EM solver
extraction as well.

2.5EM field solver validation

As a result of WP4, Task 4.2, MC2 delivered a diedlareport about the measurements that were
carried out in support of the validation of the Eiéld solver. Time domain measurements
(TDR/TDT) have been carried by MC2. Agilent genedateM models for the structures and
compared TDR/TDT circuit simulations with the me&saents.

Overall, a good to excellent agreement was obtanvbdt validates the solver development work of
WP3. The validation did not lead to specific enleaments of the EM field solver; however it
allowed illustrating the importance of a properupetf the EM simulation. We refer to D4.3 for
further details on this activity.
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Highlights and key learning’s from this activityedisted below.

» A proper description of the substrate stack isiatu€or example, modeling the package cannot
be done in isolation from the board it is mounted ©he PCB substrate is needed to properly
model the signal’s transition into the package.

» Conductor traces can be modeled more efficientl2@dsheets but this introduces a significant
error (10-20%) on the characteristic impedance angpagation factor for typical trace
dimensions found in today’s boards and packagesn8@eling is required!

« The EM front-end allows a selective transfer ofsnit the field solver. Special care must be
taken to include (enough of) the nets that willgahe return path current. Leaving the latter out
of the selection will change the current’s retuathpand consequently the resulting model.

* Understanding the port definition for the EM sol®rcrucial to interpret and use the resulting
EM model in a circuit simulator. The voltage atedfic trace port, provided by the circuit
simulator, is relative to the absolute (circuit slator) ground. The EM port definition requires a
proper specification of where that reference is@ne in the physical layout. The reference will
often be located at a nearby power or ground ne. réturn path current will flow back to the
source through this reference.

* The mesh created by the EM field solver must beyjaake to model the current and charge
distribution. Coarse meshing of the power/grourahgs allows speeding up the EM simulations
but it reduces the accuracy of modeling the repath current. At higher frequencies, the latter
tends to concentrate under the signal trace. Therlap extraction’ and ‘layer precedence’
features turn out to be very important for an aataibut still efficient modeling.

Some representative validation results are shoviowbeA dedicated board has been designed and
processed by MC2-technologies. This board has simsphpes in order to enable and simplify

without ambiguity the simulations results achieugd Agilent technologies. A second SiP test

sample provided by Numonyx and processed by STddlectronics embeds passive interconnect
patterns typically used in SiP package systemseTdomain measurements (TDR/TDT) have been
carried by MC2-technologies.

The dedicated test board contains 10 mm long GSIB®& with variable spacing.

Figure 20 — GSGSG Lines on Dedicated Test Board

With the GSGSG probes, 4-port TDR/TDT measuremesgie done. The figures below illustrate
the good match between measurements and simulations
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Figure 21 —TDR/TDT results

Another dedicated test board structure investigdiescoupling between lines at one side of the
board with a meander line at the back side of trerdh

TDT TDT
5 cross 9 cross

voitege, In volt
4
Y
Voitege, In vai

ST VREF
V1
Ture, npsec
V4

Mcasured - dashed line
Simulated - full line + circles

Figure 22 — Meander lines: layout and TDT results

The test sample provided by Numonyx embeds pagsieeconnect patterns typically used in SiP
package systems. Only passives structures arenpregt lines, via holes, bumps and wire bonds.
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All the lines are interconnected with a ground platove the lines (the grey square) through wire
bonds. 16 connections were selected to be thectuddjthe study.

EE R R R
EEEEEREE R
EEEEEERERER N |
TEEEEEEREEER

-
.
.
L
L
-
.
-
.
L
L
L

EE R E RN E RN EERER
EE R EEEERRER R
T EEREEEREREEEREREREYR.

Figure 23 — SiP Test Sample

The complete design, including all the nets, wasufated as a whole. This ensures that the coupling
effects with all neighbor nets are taken into actou

e NE@ 566660 0
s ol

Figure 24 — 3D Visualization of the Simulated Paclge

A representative result of the comparison betwdeR/TDT measurements and simulations for two
connectors (2 and 15) is shown below

- Via holes

Trace (L=700pm)

Trace (L=7500pm).

Wire bounding

Figure 25 — Connector 2
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Via hole
Connector 15—
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— Wire bounding

Figure 26 — Connector 15
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Figure 27 — TDR/TDT Simulation and Measurement fromConnector 2 to Connector 15

2.6EM model generation for final platform validation

For the final validation of the complete signakeigtity platform several EM simulation models have
been created with the Agilent 3D EM solver:

1. model of the entire Numonyx SiP design;

2. models for the signals of interest and the supgstesn of the memory module board that
was used to mount the SiP package during the measuts;

3. model of VDDQF supply net on the main measuremeatd

For the creation of the SiP model we could usedineeloped EDA platform directly. For the two

measurement boards, this was not the case. Wedeedert from Gerber files exported by another
EDA tool what complicated the EM model extractietup significantly.

Page 19 of 53



hn N t‘u A 216732 — MOCHA
D& TR Deliverable Report

2.6.1EM model generation for the memory SiP design

The complete Numonyx SiP design BondingDiagram_B8880vas exported from the Cadence SiP
layout platform into the Agilent 3D EM solver torwgiruct a full S-parameter model of this physical
structure through the export Ul.

This BGA package design uses a 4 layer substrate@mtains a NOR and a DDR device stacked on
top of each other. It has 165 external package (swisler balls) and the 164 die pads of the chips a
connected with 164 bonding wires to the packagelingnfingers. The 3D EM simulation includes
this entire structure in a single 329 port simolati

Based on the EM solver validation experiments regabin M4.5, we defined a physical cross-
section with an additional perfect ground layer &f}4 dielectric layer below the actual package
solder balls just like the layer structure usedh®s/upper layers in the memory module PCB. This is
needed to accurately model the behavior of the neduBGA on a PCB. A 3D visualization of the
simulated structure is shown in Figure 2828. Greglhiepresentation of the substrate cross-section
of the simulated SiP design is shown in Figure 299.

The EM simulation of this SiP structure really reegs the full featured 3D EM solver developed in
the Mocha project context. The layout simplificatiand mesh generation technology are crucial to
minimize the complexity of the simulation. The nefed the native integration of the bondwire
capability is obvious given the 164 bonding wineshe design. The final method of moments based
3D EM simulation had the following simulation staits:

1. Simulation for model from DC to 10GHz

2. Layout preprocessing and meshing take less thamidtes

3. EM system size of 222387 unknowns

4. The simulation converges after 77 automatically seimo frequencies from the adaptive
frequency selection algorithm
Process size of the EM solve process is 40293.88 MB
Total simulation time was 165.5 hours on an 16-¢amex machine

a. 10 hours was needed for the first frequency point

b. 2 hours for each new frequency point that followed
7. Completed EM model requires over 600 MB and prosBcult to handle for circuit

simulation due this large size.

oo
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Figure 28 - Visualization of the simulated SiP BGAlesign with the stacked NOR and DDR device
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Figure 29 - Cross section definition of the SiP suitrate used in EM simulation

From this overall EM model, two sub-models havenbéerived for use in the simulation test
benches in the Cadence SiP simulation platform. @odel for each packaged die, limited to the
nets of interest for the switching behavior: théadéhe strobe, the clock nets and the supply afets

these chips. The overall S-parameter model waanmgked for the ports associated with these nets at
a discrete set of frequencies while the other pnsained open. These models were exported in iml

files for use in the Cadence SiP platform.
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* For the DDR device the exported iml model contaivesnets: B_CLK, B_CLK_N, B_DQI0-
15], B_DLQS, B_ULQS, B_DVCC, B_DVCCQ, B_DVSS.
* For the NOR device the exported iml model contdhes nets: WAIT, FCLK, DQJ[0-15],
VCCQ, F1VCC, VSS.
A complication during the model extraction for t@adence SiP platform was the selection of
discrete sampling frequencies. These frequencied tebe selected sufficiently dense to allow the
transient simulator to create the transfer fun&i@md remain sparse enough to keep the size
sufficiently small. We found that a sequence of:, 2Q samples per decade from1MHz to 1GHz and
a linear spacing of 0.1GHz up to 10GHz worked wwth the Cadence Spectre simulator for the SiP
models. Ideally the EM simulator should be guidgdtlie circuit simulator for the frequencies it
needs.

2.6.2EM model generation for the memory module board design

This piggy back board used for mounting the SiRgieduring measurements is the first of the two
boards that we need EM models for in order to camplae measurements with simulations. The
design measures 90 mm x 110 mm and has 18 metialtizayers. The design of the board is
constructed in such a way that the data and cosigokls for the NOR and DDR devices are on 5
separate impedance controlled stripline layers witground layer placed above and below. All
supply nets have been assigned to individual nkeyals which combined with the many decoupling
capacitors provide a low impedance supply systanthi® SiP module under test. The outer layers of
the board are the mounting layers for the surfaceinhdevices. All pads there have very short
connections from the mounting pads to the innegraunnect layers. Non-used area on the outer
layers is filled metal attached to the B_VSS net.

The combination of the size of the board, the nundiemetal layers and the 843 pins make a
complete full-wave EM simulation of this board up 10 GHz impossible to realize with a
reasonable amount of resources. We expect suclmalasion to need hundreds of simulation
frequencies in the EM simulator to converge and tha resulting model grows into tens of
gigabytes of S-parameter data.

We decided, given the quality of the supply systemd the stripline architecture for all the othetsne
to create three EM models of parts of the desigme @r the signal nets of interest of the DDR
device, one for the signal nets of interest forNl@R device and one lower frequency model for the
entire supply system. For the signal nets modeth®fdesigns we assumed an ideal supply system
around the signal traces, while the supply systesdehignored all the signal nets in the system and
used a reduced pin count for supply and ground qrinthe various connectors.

Unfortunately this test board has not been desigméte Cadence Allegro platform and the lack of a
high quality link for importing the structures ofterest in the 3D EM simulation environment was a
major handicap in creating the EM models. The imhpod EM simulation setup task which typically
takes less than an hour with the infrastructuregdesl in the Mocha project between the Cadence
SiP (Allegro Layout) platform and the Agilent 3D E&fimulator changed for this board into a very
slow and tedious manual process taking many dalgsyotit manipulation. For this board we needed
to start from the Gerber files used for the boadritation which are not generated with further
manipulation in an EDA tool mind. This created lotgroblems with the type and complexity of the
polygons that the EM tool received after import.iidhours of layout editing in Agilent's ADS
platform where needed to create the structureswheg viable for EM simulation. Gerber files also
don’t maintain the device and netlist informatiamdaan ad-hoc importer combining the pick and
place files and test pin netlist in IPC-D-356A fainwas created to translate this data from the
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manufacturing info into an ADS layout design. Fipahe cross-section definition of the board
structure needed manual translation and a lot ofualaverification to avoid setup errors.

(HITHER

Taotal thickness : about 3mm.

between DC and 10 GHz.

This simulation resulted in an EM system with &0t 24727 unknowns and required 64 adaptively
selected frequencies before the simulation condergayout preprocessing and meshing took less
than 1 minute. The first frequency point was solaéidr 42 minutes and every following frequency
point requires 7.5 minutes. The entire simulationshed in 8 hours 25minutes using 2 GB of
memory on a 16-core Linux machine. A densely sathptd S-parameter file of 86MB was passed

Thickness s | L Controlled
(um) ignal types AYErs Impedance
35 Pad , signals, ground 1
100
17.5 B VDD 2
100
17.5 B_\WVDD 3
50
17.5 B_VES 4
200
175 P 558 and 100
o LFDDRAM signal ohm
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17.5 B V55 &
200
175 7 55 and 100
LFDDRAM signal ahm
200
17.5 B_VSS g
200
17 5 o £5 and 100
U LFDDRAM signal ahm
200
17.5 B V55 10
100
17.5 VDDQF 11
g0
17.5 WDDF 12
100
17.5 WES 13
200
17.5 MOR signal 14 55 ohm
200
17.5 B_\VS5 5
200
17 5 NIOR signal 16 55 ohm
200
17.5 B VS5 Fi
100
35 Pad , signals, ground 18
29910
Through hole diamater - 250um Er =44 preper
Pad cuter layer and inner layer - 400um Er=44FR4

back to the Cadence SiP platform for further ciréanel simulation.
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Figure 30 - Board cross-section of memory modulest board

Figure 31 shows a 3D visualization of the DDR sigmets B_DQ[0-15], B_K, B_NK, B_LDQM,
B_LDQS, B_UDQM, B_UDQS with 65 pins which have besmulated with the 3D EM simulator
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Figure 31 - 3D visualization of the DDR signal netased for 3D EM simulation

Figure 32 shows a 3D visualization of the NOR slignreds DQ[0-15], KF, WAITF with a total of 55
pins which have been simulated with the 3D EM satar between DC and 10 GHz. The simulation
size was 23116 unknowns and converged after 51tiadbp selected frequencies. The first
frequency point is available after 16 minutes andrg following frequency point requires 4.5
minutes. The simulation finishes after 3 hours 26utes and needs 1.8 GB of memory on a 16-core
Linux machine. A densely sampled iml S-parameterdf 56MB was passed back to the Cadence
SiP platform for circuit level simulations.

:

Figure 32 - 3D visualization of the NOR device sigil nets used for 3D EM simulation
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Figure 33 - 3D visualization of simplified supply sucture of memory module board

The generation of an EM model for the board supplgtem is an order of magnitude more
complicated. Without simplification and port grongiwe need to create a single model with 477
pins for the nets B_VSS, B_VDDQ, B_VDD, VSS, VDDRdaVDDQF formed by 13 finite plane
structures littered with holes for the 833 throdmgte vias of the board of which 534 vias on supply
nets. This complexity is not realistic for the 3MEBolver we have currently available. Therefore we
simplified the port structure by grouping the B_V&%the QT connectors in groups of 3 or 4 and
keeping only a minimal number of other pins on eimaining devices. This reduced the number of
pins to 169. Furthermore we removed all non-supelg and closed all via holes in the finite planes
without a supply via going through to reduce thesimeomplexity. We modeled all the supply vias
by a lumped model and the finite planes as planeets without edge mesh. Figure 3333 shows this
simplified layout with just the supply shapes aoggy vias remaining.

Even with these simplifications, the simulation e#ns challenging. Not only because of the
problem size. In addition to that, the dynamicsthe system are high because the decoupling
capacitors cannot be included in the EM simulat©nly the latest development version of the EM
solver, available at the time of this validatioskais capable to run a sweep between DC and 1GHz
for about 25 frequencies of this design. The sithutasystem to solve has 140108 unknowns and it
takes 11 hours to get to the first point and 1@Quminutes for the next frequencies on a 16-core
Linux machine. The simulation needs 25 GB of mem@iyhough 25 frequency samples are not
sufficient to provide a converged, fine resolutfoeguency model capturing all the resonances, this
model was used as a first approximation for therdeapply system.
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The EM model does not include any of the decouptiagacitors on the board yet. To create a
complete supply model, we performed an additiomadud level simulation with the decoupling
capacitors attached to include them into the supptem model. The resulting simulation model
has 127 pins and was sampled at every 50 MHz fr@ntd1GHz. The resulting iml S-parameter
model was provided for use in the Cadence SiP aisghjatform.

Later in the validation process, we discovered thé supply model is not sufficiently dense
sampled when going to DC. Figure 3434 illustratesarty how at least one half turn in the S
parameter plane is missing between the DC pointtla@d®0 MHz for S11 of connector J23 pin Al.
Many other S-parameters show similar sample issndghe available interpolation techniques don’t
have enough information to fill the missing datae \AIso ran into an issue on the high frequency
side for transient simulations in the SiP platforhlere a physically consistent extension of the dat
is not easy to produce and brings the circuit sataulin problems.

/

s(,1)

\/

freq (0.0000Hz to 1.000GHz)
Figure 34 - S11 of connector J23 pin Al of net B_MDQ illustrates the missing low frequency sample piigem

2.6.3EM model generation for the main test board design

The main test board for the SiP testing is agaid&mayer PCB board with impedance controlled
striplines for all signal traces related to the 8iBdele. This board is equipped with a large cantro
FPGA and connectors for measurement and for magittie memory module board with the SiP.
This main board has a size of 120 mm x 150 mm awcdnaplicated interconnect structure with
nearly 3200 pins. We decided to perform simulatifmmghis board with circuit level models for the
stripline interconnections and assume the sup@iesy was close to ideal. The only exception was
the VDDQF supply net for the NOR device. This syppét is routed on the top and bottom layers of
the main board as just one single trace withoubudgling capacitors and we suspected EM related
issues with this net. To verify we created an EMdeidor this trace between DC and 5GHz in a
simplified board structure. We extracted the tra@@ a cookie cut of the top and bottom layer from
the board and ignored all other nets. The inneerlay and 17 are both ground planes for net VSS
which are considered ideal and are used as reefenthe VDDQF supply trace ports.

A 3D visualization of this structure is shown irgéie 3535. The EM simulation indeed revealed a
rather complicated behavior for this net. The satiah with 10434 unknowns needed 105 adaptive
frequency points to converge. The simulation fiegstafter 1hour 33 minutes on a 16-core Linux
machine.
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Figure 35 - simplified 3D view of the VDDQF net forEM simulation

Figure 3636 illustrates the complexity of the bebawef the VDDQF supply trace rather nicely. The
start near -8 dB is due to the 5 port model withgins of the net terminated at 50 Ohm. We see and
the overall behavior of a transmission line witeddout with a large number of surplus resonances.
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Figure 36 - S-parameter plot from the voltage reg@tor pin and the most distant pin of VDDQF from DCand 5
GHz

2.7Hand-off between Agilent and Cadence

2.7.1 Formats for the Model File Header
The supported header formats are S-Parameter, Spic®ML (Cadence propriatary device model
language) Model Files.
» S-Param
Two different header types are supported for Sdiles:

L Net List -----------
I NET062

I NET068

R Port List ----------
I Port 1 = U8-2

| Port 2 = U6-2

| Port 3=U7-2

| Port 4 = U10-2

|
| GNDNET NET014

I NETSLIST NET029, NET012
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I PCELLSLIST U1, U4, U6

2.
I GNDNET NETO014
I'NETSLIST NET029, NET019
I PCELLSLIST U3, U4
I'Port1=U3_1 NET029
'Port2=U1_2 NETO019
I'Port3=U4_1 NETO019
' Port4 = U6_2 NET029

In the first header type, the ports and nets atdoond to each other. So an implicit binding

is assumed. All nets and ports are traversed ségligrand first net is assumed to be

connected to first 2 ports, second net is assumdx tconnected to next 2 ports and so on.
The last net is assumed to be connected to aifkthaining ports.

In the second header type, the nets and portpanifisally bound to each other. No implicit
assumptions are made in this case and only theceéxpinding specified in the header is
honored.

GNDNET, NETSLIST and PCELLSLIST are solver spectiational parmeters. GNDNET
specifies the net to which all the ground pinshie tnodel should be connected. NETSLIST is
a comma separated list of nets which should beeatklieom the schematic when the model
gets assigned. PCELLSLIST is a comma separatedflisfdes of PCELLS which should be
deleted from the schematic when the model getgresi

» Spice
* GNDNET NET014
* NETSLIST TN-35
* PCELLSLIST U1, U3
* net TN-35
* port 12 'U1-11'
* port O2 'U2-7'
* net TN-33
* port 13 'U1-12'
* port O3 'U2-6'

In this header a net is specified on one line i net keyword and all ports connected to
this net are specified on the following lines witike port keyword. There is no implicit
assumption in Spice headers. Everuthing has tpdefged explicitly in the given format.

GNDNET, PCELLSLIST and NETSLIST have same meanind format as in case of S-
Param headers.

» DML
("2net.dml"
(PackagedDevice
(2net
(ESpice ".subckt 2net P1_A10 D1_43 P1_A11 D1_44

*net SIG_D1.43_TO_P1.A10
* port 0214 = P1-A10

* port 1214 = D1-43

*net SIG_D1.44_TO_P1.Al1
* port 0215 = P1-A11

* port 1215 = D1-44
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* GNDNET net6
* NETSLIST TN-35
* PCELLSLIST U1, U3

1)))

("9net.dml"

(PackagedDevice

(9net

(ESpice ".subckt 9net P1_D8 D1_23 D1_250 P1_AC36 D1_257 P1_AB32
P1 _AG31D1_289 D1_337 P1_AI22 D1_370 P1_AJ15D1_434 P1_AF4 P1_A10

D1_43 P1_AllD1_44
*

* GNDNET net14

* PCELLSLIST U1, U3

* NETSLIST netl

*net SIG_D1.23 TO_P1.D8

* port 0248 = P1-D8

* port 1248 = D1-23

*net SIG_D1.250_TO_P1.AC36
* port 182 = D1-250

* port 082 = P1-AC36

*net SIG_D1.257_TO_P1.AB32
* port 187 = D1-257

* port O87 = P1-AB32

*net SIG_D1.289 TO_P1.AG31
* port 0111 = P1-AG31

*port 1111 = D1-289

* net SIG_D1.337_TO_P1.AI22
* port 1169 = D1-337

* port 0169 = P1-Al22

*net SIG_D1.370_TO_P1.AJ15
* port 1238 = D1-370

* port 0238 = P1-AJ15

*net SIG_D1.434 TO_P1.AF4
* port 1361 = D1-434

* port 0361 = P1-AF4

*net SIG_D1.43 TO_P1.A10

* port 0214 = P1-A10

* port 1214 = D1-43

*net SIG_D1.44 TO_P1.All

* port 0215 = P1-Al1l

* port 1215 = D1-44

*

)))

A DML file is a collection of Spice Models. The foat of each model in a DML file is same as that
of a model in a Spice file. The only differenceinsthe way the parentheses are used to bundle
multiple models together.

Model Backannotation Mechanism

With the circuit extraction performed in the Agiteenvironment, Package Pl will not invoke user
selected field solver to extract equivalent cirdoit selected power nets and coupled ground nets,
wirebond, bump and ball pins, vias, fanout of decamd so on. The equivalent circuit extracted
needs be stored as DML or/and Spice format in Piking directory by default. User can also
change it to store in another location for latee.uS-parameter format can also be supported. It
should be pointed out that the center frequenayaofow band modeling is set in the Frequency field
of parameter form in Figure 37.
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— DML kModel Option
v Reusze previously extracted dml model, Maode Type: | Marrow Band ﬂ}
DML ‘wideband

The extracted dml madel will be re-loaded fram:

|5 Parameter
Path: ID:'anu:Ienc:e'anrk'xapd'\pdnﬁ.nalysis.rur'u"SSN_F‘KG_CDHH cap_part_rem: Browmzer |

Figure 37: Confirmation Report for the Reuse Option

Now Package PI will concentrate to connect equitadécuit with various elements, such as VRM
models, board and chip power supply circuits, denagels, die current profiles and sink excitations
into a whole TLSim circuit. The ESpice circuit uded TLSim simulation will be also exported and
saved in power integrity working directory pdnAnsb/run.

Once the TLSim circuit is build correctly, Pack&gewill pass it to TLSim engine for time-domain
or frequency-domain simulation, and output the ltemsi SigWave waveform. The target impedance
value and voltage ripple will be also displayedhwainalysis result in SigWave for reference. If the
provide equivalent circuit does not match the pometwork selected, an error message will be given
(Figure 38).

Allegro Package SIL EZ
"j The mude%ata in given dml File is ot walid,
L]

D wou wank to re-extrack ity

Figure 38: Confirmation Report for the Reuse Option

3User Interface

3.1 Menu
The package PI flow can be invoked via the folloggumenu item:
Analyze=»Power Integrity...
The main window for package PI solution is involesdFigure 39:
I [ S

~ Met Infarmation

Pararneters
Power Met: DD > | Ground Mets: IVSS Edit | —
Power Supply
“olkage: 1% —_—
= Excitation Source
Ripple Tolerance: |5 k4 'I _—

Max. delta current: ISA

Target Impedance: 20 mOhm Edit I

i Decouple Capacitors

rdodel Mame Capacitance ESF ESL Frequency “irtual /lnstant
capl 100 nF 10 miJhm 50 pH 71.1763 MegHz 0/0
4 L3
AddModel | EditModel |  Delete Madel Assign Model |
Cloze I Analpze | Fepart Hide | Help I

|D ecap C20p_withpkg selected.

Figure 39: Package Pl Main Window
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Parametersinvoke dialog to set up common parameters fodfsglver and 3-D modeling.

Power SupplyInvoke dialog to edit VRM and board power supplparcuit for co-design.
Excitation SourceInvoke dialog to manage and edit all excitatioarses used in design.

Analyze Perform time or frequency-domain analysis for cele power net.

Assign ModelPerform the signal model assignments.

Report Review and export decoupling capacitors used sigdefor selected or all power nets.

Hide Hide main form manually. Pl will hide and restamain form automatically for various
operations.

CloseClose the form and quit PI flow.

3.2 Power/Ground Net Information

As the first step, user should configure the poaret ground net information for analysis. It is User
responsibility to identify the power and groundseith right voltages via the following menu item
before analysisiogic =» Identify DC Nets ...

In this section, user can perform actions on tilewing item in main window as Figure 39.

Power NetAll power nets in design will be listed in dropvdo list, and user can select any one for
later analysis.

Ground Nets By default, all ground nets associated with selécpower net via decoupling
capacitors will be listed here. User can cliédit” button to invoke the ground net list editor form
to add into or delete them from list. These grouets will be used to identify which net a pin of
decoupling capacitor connects to when it is placed design. Note: The field solver should
determine which nets are used as reference autmathati

Voltage Display the voltage value for selected power net.

Ripple Tolerance The maximum voltage drop or spike noise that te&gh can tolerate (expressed
as a percentage of voltage).

Max. Delta Current The worst-case dynamic current that the powemilepotentially suffer. This
value will be replaced by the current (noises) fnamous die pins if have.

Target Impedance Display the target impedance the Package Pl cadplbased on the supply
voltage, tolerable ripple, and the worst-case dyonamarrent user specified. User can clidkdit”
button to review and modify the parameters forgamppedance.

3.3 Ground Net List Editor

When user places the virtual or instant decouptiapacitors into the design, he needs to specify
which ground net the pin of decoupling capacitayenects to, otherwise, the direct connection to
BGA or die pin will be used for simulation. By dafg all ground nets associated with selected
power net via existing decoupling capacitors inglesvill be taken into consideration automatically.
User can remove items from this list or add othreugd nets into this list manually.

User can review and modify the ground net lishis form as figure 40.
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W2 Waa
W3 [:% Wad
V2B Wah
V55 _>|
< = |
Reset Help
=]

Figure 40: Ground Net List Editor Form

Here are the detalil items in this form:

Power NetThe power net selected for analysis.

Available Gnd List All ground nets available for selection in desi@rouble click this list will
move the selected item into the selected list.

Selected Gnd ListAll ground nets selected for power net in des@ouble click this list will move
the selected item into the available list.

=» Move select ground nets in available list to delédist.

€ Remove selected ground nets from selected list.

OK Close the form.

ResetReset to default list for selected power net.gklund nets associated with selected power net
via existing decoupling capacitors in design wéltaken into consideration as default automatically

3.4 Target Impedance

The key parameter in a power deliver system istdinget impedance. The power deliver network
must deliver current at or near the target impeéeaaicall frequencies from DC to the highest
frequency of concern (often well into the microwavands). The target impedanZeéarget is
defined as the following formula:

Zmrgcr =
Dynamic Current
User can review and modify these parameters taneefie target impedance curve at concerned
frequency range as figure 41.

(Power Supply Voltage) X (Ripple Tolerance
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Fower Met: YOD
Yoltage: 1%
Ripple Tolerance: |5 4 j
b ax. delta cumrent: IE A,
Corner frequency: I'I GHz
Slope [dB/Decade):  |2.50
Lower Frequency: I'I KHz
|lpper Frequency: I'I GHz
T arget Impedance: 20 mid b
po | o

Figure 41: Target Impedance Editor Form

Here are the detail items for Target Impedancerpearars:

Power NetThe power net selected for analysis.

Voltage The supplied voltage from selected power net.

Ripple Tolerance The maximum voltage drop or spike noise that ta&gh can tolerate (expressed
as a percentage of voltage).

Max. Delta Current The worst-case dynamic current that the powemiepotentially suffer. This
value will be replaced by the current (noises) fnarious die pins if have.

Corner Frequency The frequency up to which the target impedano®nstant.

Slope (Db/DecadeYhe ramp-up of target impedance after the comsgpiency.

Lower Frequency The lower frequency range for analysis.

Upper Frequency The upper frequency range for analysis.

Target Impedance Display the target impedance the Package Pl cadpbésed on the supply
voltage, tolerable ripple, and the worst-case dynamrrent user specified.

Plot Generate a plot of the target impedance profitedisplay it in SigWave tool.

OK Close the form.

3.5 Power Supply

The co-design flow for power integrity is to deliibe power from VRMs to PCB Board, and then

to Package and Die ultimately. VRMs act as supplyntgs from which the power is delivered and

regulated, and the PCB supply equivalent subciraci$ as the transport line to deliver the power
supply to die.
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3.6 VRM Module
A voltage regulator module (VRM) converts one DQtage to another DC voltage. The VRM uses

a reference voltage and feedback loop to sensedlt@ge near the load, then adjusts the current
accordingly.

User can create new VRM model or browser existirogleh from design. Before the analysis, one
VRM can be provided to connect to package, bt itat required to place actual VRM in package
design, Package PI will connect the VRMs to packaigepackage pins automatically. Only in
special case the users want to analyze the resfimmehe noises only, they then can not provide
VRM module and ignore it.

By default, there is no VRM provided for Packagdl&Ww.

# Power Supplier Editor == x|

Power Met: VDD

WM Model | Supply SubCkt |

add | Remove | Test Edit_|
|

Figure 42: Power Supply VRM Model Form
# Cadence-Standard ¥R — =1 =l
Lzlew:
Lout RO
e AN
Model Marmne: I
Slew Inductance [Lelew]: I?E nH Calculate
Flat Reziztance [Rflat): |3D midhirn
Output Inductance [Lout): |4 nH
Output resistance [FRO): I‘I mOkm
Text Edit I Graph Rezponze
Hop_|

Figure 43: Power Supply VRM Module Editor Form
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Pl models the behavior of the VRM as a four-elen®#RtCE model, and provides a default VRM
model. Users can create new VRM models as fourater8PICE models, and also can load user-
defined, multi-phase VRMSs, as well as those pravible Cadence.

Here are the detail items for VRM module of powgoy editor form as figure 43:

Power Supplier For netSpecify the selected power net.

Voltage Specify the voltage value for power supply.

VRM Model Name All VRM models current used to supply power asgdd in the list field. And
the VRM model currently edited is also displayed.

Add Create a new VRM model or select an existing VRdel from standard model browser form
into list.

RemoveRemove a VRM from current used list.

Text Edit Bring up a text editor to edit the selected VRMdalo

Graph ResponseSee the impedance curve resulting from the cordigan of the VRM. PI
simulates the VRM and displays the results in Sig&Va

Slew Inductance (Lslew)Rate at which the VRM can react to changes ineciri-or example, a
VRM may take 15 microseconds to slew the curreamhfB- to 20- amps.

Flat Resistance (Rflat)Equivalent series resistance of the capacitorishassociated with the VRM.
Output Inductance (Lout) Cable or pin parasitic inductance of connectirgg\fiRM to the board.
Output Resistance (RO)Sense resistance between the VRM and the load.

Calculate Bring up the VRM input inductance calculation form

3.7 Power Supplier Subcircuit

The power supplier subcircuit acts as transportanetwork to deliver the power from VRM
modules to package. Users can extract the powegdisugubcircuit by measurement tools ot thru
analysis. The VRM is concatenated with supply ¢ifr@and then connects to package model on BGA
pins. Any inconsistent nodes on board subcircuitlehavith package model will be shorted to other
port.

The package Pl provides the capabilities to comedgethe external subcircuit for board power
delivery. Today, it is user’s responsibility to prde such subcircuit to Package PIl. Package PI will
ignore it and continue if no such subcircuit avaliga

Notes In future new PCB PI flow, we will provide funoti to extract such subcircuit for power
delivery. For now, user can create one in manualynodified the tlsim subcircuit stored in current
PI simulation.

The power supplier subcircuit consists of two safmelements: the subcircuit definition itself and
the pin mapping file. After the separate subciréiletand the pin mapping file are loaded, userdnee
to specify the mapping from package pins to subdifmorts. Pl will try to match them automatically
based on the component name and pin number.
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=181 ]

Power et WDD

VRM Model  Supply SubCkt |

Plane5ubckitd odel

sdd> |  Remove | Text Edit |

SubCkE Browser

III External Help |
|

Figure 44: Power Supply Board Module Editor Form

Here are the detail items for power supplier suodireditor form as figure 44 by clicking “SubCkt
Browser” button from Dml Model Browser. At the saitime, the subcircuit can also be obtained
from external file through “External” button.

# Power Supply Subckt Connec - |EI|5|
Fower Met: vDD
SubClt Marne: FlaneSubckitodel Text Edit |
Package <--» Board Mapping: Supplier Component; IU'I j
Met Mame Ball 4 apping Board Fin I Board Port |
WDD AGT3 Lo 11 287500412500 | ~ | =287500v 412500 9 ~| =
VDD AGT4 Lo |11 A287500 437500 | ~ | =287500437500_9 ~
W55 AGT2 Lo 111.GndBoard * | GndBoard <
W55 AG1E {3 |11 .GndBoard * | GndBoard -
| _lJ

0K I Cahcel I Help |
[

Figure 45: Power Supplier Board Subcircuit Connectbn Form

Power NetSpecify the selected power net.

Subckt Name All available subcircuits have been loaded intorent design are listed in the drop-
down field. User can select one to deliver powgrdokage for selected power net.

SubCkt Browser Load external subcircuit definition file and pirapping file into design.

Text Edit Bring up a text editor to edit selected subcircuit

Supplier ComponentOptional information to specify where the subctcomes from.
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Package<—-> Board Mapping User can use this grid to match package pins @&mdopins and then
to subcircuit ports.

3.8 Current Excitation/Noise Source

The co-design flow for power integrity is to sinkreent from boards to packages, and then to dies.
The sink current acts as the excitation sources ravige sources for package power integrity
impedance and voltage ripple analysis. The exoitagburce can be constant current, Gaussian pulse,
train pulse, switching current profile for IC, aher format sources in future.

All excitation sources will be managed and edite@xcitation source form as figure 46, 47 and 48.
These excitation sources can be referred as dientuprofile and pin sink current later. Only
constant, Gaussian pulse, train pulse and currefitepare currently supported by PI.

Import User can import excitation sources from previosstyed ASCII text file.

Export User can export all excitation sources into an A&t file for later use.

3.8.1Gaussian Pulse Source
All Gaussian pulse sources will be listed and editdhis form as figure 46.
=15

Excitation | Current Profile I

Excitation Mame:

Ampltude: [Ta i

pl

Drelay Time: Tne A

“fidth: 1ns

Add | Remave |

Cancel | Impart | Export Help
[ ]

Figure 46: Gaussian Pulse Excitation Source EditoForm

Here are the detail items for Gaussian pulse dxaitgource editor form:

Excitation Name All available Gaussian pulse excitations are diste the list field. And the
excitation current edited is also displayed.

Add Create a new Gaussian pulse excitation and adtbithe list for edition.

RemoveRemove an excitation from the list.

Amplitude Gaussian pulse amplitude value.

Delay Time Gaussian pulse delay time.

Width Gaussian pulse width.

The curve for selected Gaussian pulse is alsoalisdlwith the given parameters.

3.8.2 Pulse Source
All pulse sources will be listed and editor in tfasm as figure 47.
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Excitation | Curent Profike |
Excitation Mame:
|§1 It % alue: % ID A i
Final alue: |1 A Final Period

Drelay Time: I‘I nz
Rise Time: |2 hg

Fall Time: 2nz

width: |1 0ng
Period Time: |2U ng
0k Td =T Width TF
Add | Remove |
Cancel | Import | Export Help

[ ]

Figure 47: Pulse Excitation Source Editor Form

Here are the detail items for train pulse excitasource editor form:
Excitation Name All available pulse excitations are listed in tist field. And the excitation current
edited is also displayed.

Add Create a new pulse excitation and add it intdigtiéor edition.
RemoveRemove an excitation from the list.

Init Value The initial value for pulse.

Final Value The amplitude value for pulse.

Delay Time pulse delay time.

Rise/Fall Time pulse rise/fall time.

Width pulse width.

Period pulse period time.

The curve for selected pulse is also displayed thighgiven parameters.

3.8.3 Import Current Profile

All current profiles from ICs will be listed and it in this form as figure 48.
- Excitation Editor o ] =4
Excitation  Current Profile |

Excitation Mame: Pir Nur: 1}

[EET

VAN

2.00

113
i

/

E.95

Add | Remove I tax Current: 9.0504 &

Ok I Cancel | Import I Export | Help
[

Figure 48: Switching Current Profile Excitation Source Editor Form
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Here are the detail items for current profile exiwitn source editor form:

Excitation Name All available current profile excitations are &dt in the list field. And the
excitation current edited is also displayed.

Add Load a new current profile excitation from extdraad add it into the list for edition. This file
can be derived from VoltageStorm or IC manufacturer

RemoveRemove an excitation from the list.

Pin Num Display total pin number for selected current peof

Pin List All pins with sink current in current profile wibe listed for selection. User can select pins
to display the curves and their maximum currenti@al

Max Current The maximum current value for selected pins irtiade.

The curves for all selected pins are also displayittal the given parameters.

3.9 Power and ground rail network (On-Die Information)

Before extraction and analysis, users should cardigthe corresponding on-die information,
including the current profile, series capacitancel aesistance, or subcircuit, these information
normally are provided by IC manufacturer or IC siation tool.

Here are the detail parameters user can edit aefdp:

Filter Component name filter pattern.

Select All Select all components in the list for later opers.

Port Group Assign pin group information for selected compdeeRefer to the later section for
more detail.

Component List All dies and package components connected totselgower net will be listed in
this list.

& Power Integrity

General  Port Infarmation |

- Components -

Filter: I" Select All | PnrtGroupl

BGA

r~ Die Information:

Current Profile: Idie1_cur 'I
' Mone

(o Capacitance:|4.? nF
Resiztance: I'leEIhm

" SubCkt: | Edit |

Figure 49: On-Die information

Current Profile Switching current profile from IC.
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None No On-die subckt information.

CapacitanceOn-die seres capacitance value.

Resistance On-die series resistance value. The on-die sedapacitance and resistance can acts as
simplified die circuit. For more complicated usefided subcircuit, user can import it through
below field.

Subckt an ESpice chip subcircuit model. User can usefigid to import more complicated user-
defined subcircuit.

Edit Edit ESpice chip subcircuit model.

A Spice subcircuit model from chip can be used tuleh the die on selected power net. This chip
subcircuit is extracted by IC manufacturer or I@lgsis tools.

The chip subcircuit consists of two separate elémédhe subcircuit definition itself and the pin
mapping file. After the separate subcircuit filedathe pin mapping file are loaded, users need to
specify the mapping from die pins to chip portswitl try to match them automatically based on the
pin, pad and port name.

Here are the detail items for chip subcircuit edftom as figure 50, which is similar to the board
subcircuit connection:

# Die Subcircuit Connection -0 x|
Equivalent Subcircuit For Die:  DIE Power Net: YDD
SubCkt | DieFulsubckiModel =l Browser .. > | TewtEdt |

Dig <--> Chip Mapping:

Met name Die pin | M apping I Chip Pad | Chip Part I
YOD 192 Lo I - e
YOD 198 Lo 12 M [ -
W55 195 Lo Moo7? - | MO07 -
W55 2 Lo - | MO0S -

-
o | 3

ieb_|
[ |noos

Figure 50: Chip Subcircuit Editor Form

Chip Subcircuit For Die Display the selected die.

Power Net: Display the power net name.

SubCkt The chip subcircuit name from die. All availablei subcircuits have been loaded into
current design are listed in the drop-down field.

Browser...> Load external subcircuit definition file and pirapping file into design.

Text Edit Bring up a text editor to edit selected subcircuit

Die €-> Chip Mapping User can use this grid to match die pins to clmg pnd then to chip ports.

3.10 Port Information

Before analysis, user need to specify the packadedg pin port type, excitation current and group
information in figure 51. In package PI, the poyeé and group defined through 3-D Modeling will
be overwritten by the settings in Port Group fosrfigure 51.
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Firi I ame Fort Type E xcitation Group |
BGAAT Source Reference &
BGAAZ Source Feference |
BGAAT Source Reference
BGA BT Source Reference
BGABZ Source Reference
BGAET Source Reference
BGA C10 Source Reference
BGAE2 Source Reference
BG4 ES Source Reference
BG4 F1 Source Reference
BG4 H10 Source Reference
BG4 13 Source Reference
BG4 18 Source Reference
BGA.JZ2 Source Reference
BGAJY Source Reference
DIET.1 Sink CurrentProfile 4
DIET.11 Sink CurrentProfile 4
DIET.14 Sink CurrentProfile 4
DIEZ 1 Open - ]
DIEZ T Open - ]
DIEZ18 Open - -
4 | |

Figure 51: Assign package and die pin port informabn

Note: In figure 51, the status of port type field fae ghins is incorrect and can be editable.

All package and die pins connected to the seleateder net will be listed here. In Pl, the port type
for all of the BGA pins are set as Source type @atacally and un-editable. If the excitation isrfro
on-die current profile, then the port type and &twmn can not be changed. If the port type is Qpen
then the port will not be extracted by any quaatistsolver. For example, the extracted dml model
will not have the pins for DIE2 as shown in figle.

You can sort, search, or manipulate data in thanoos of the port grid using right mouse button.
The available options vary from the column headber gght-click on.

3.10.1 Port type

The port types for pins can be one of open, sinksource. All package pins are forced to be source
pins and user can not change it. All die pins aneslered to be sink pins by default. User can
change it to source if necessary, especially inc8ge, some die pins act as source to providegelta
If the sink excitation current of sink pins are@ehen they actually acts as open type.

3.10.2 Port excitation

In additional to assign switching current profile die, users can also specify the constant, Gaussia
or train pulse excitation for each sink pin dirgctf a die has been assigned with a current @pofil
all pins of this die can read excitation curreranifr this die current file automatically and the
excitation field will be marked as “From Component”

All Gaussian and train pulse excitation sourcesliated in drop-down list and user can select from
the list or assign constant current for pins diyect

A warning message will be prompted once the totatemt (noise) from various die pins is
exceeding the pre-defined worst-case dynamic curren
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3.10.3 Import/export of port configurations
The port information including the pin name, pompd, port group and excitation source can be
imported and exported from external files.

3.10.4 Port Group

In order to improve the extraction and simulati@nfprmance, users need to group the sink pins and
source pins on package and die as a Multi-portRP@t. grouping gives user the capability of setting
up a partition-based extraction by enclosing poftsource and sink pins in a specified portion of
your design. This eliminates the limitation of hayito extract the entire design with each pin
identified. User can group the sink and sourcepimelow figure 52.

—

— Selection Area

Campaonent List Met List
1 Yoo
Cz
DIET
DIEZ

— Port Group Azzighment

Group Filter: I" VI Mew Group: I vI

Fir Marme Fin Group Fin Mame Fin Group

BEA.AL Feference “ BG4 AR Left “

BGA.DT Refersnce ] BGAAS Left

BGAETD Reference = | |BGAAID Left

BGA.F10 Feference = BGA.B4 Left

BGA.GZ Reference oo BGABS Left

BG4 GS Reference — | |BGAR3S Left

R4 H1 Referenre g BGA.C1 Left

1 B |  —— |eGace Left |
ak I Cancel | Apply Help |

Figure 52: Sink and Source Pin Group Editor Form

Here are the detalil items in this form.

Component List All pins belong to selected components in thisvigl be considered to be grouped.
Net List All pins connected to selected nets in this ligkt e considered to be grouped.

Group Filter Pin group name filter pattern on available list.

Available List All pins belong to selected components and comaetd selected nets and those
names match the filter pattern will be listed hienelater selection and group. Double-click thist li
will move selected item into selected list.

Selected ListAll pins selected are moved from available listl disted here for new grouping.
Double-click this list will remove the selected prom this list.

New Group Assign new group hame for selected pins.

All & Select all pins in available list for new groupmea

< Remove pins in selected list from new group name.

-> Select pins in available list for new group name.

< All Remove all pins in selected list from new groumea
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Apply Make pin grouping effective immediately.

OK Accept all pin grouping information and close tham.

CancelDiscard all pin grouping information and close thim.

Users can select sink and source pins in canvas elotly by rectangle in mouse and then click

left mouse button. All pins users selected will bmoved from available list into the selected list
grouping process.

Companent List Met List

~ Port Group Assighment

Group Filter: ® ha New Group: I 'I

Fin Narne: Pin Group Pin Mame Pin Group

BGAAGT2Z
BGAAGT3

Figure 53: Port Group in Allegro Canvas

3.11 Decoupling Capacitor Information

Pl accurately models the VRM, decoupling capacit@gstem powers and reference nets to
determine the impedance of the power delivery sysend uses SigWave to present the curves to
describe the impedance as a function of frequemacyolbage ripple as function of time. Any place
where the power deliver system impedance or voltguge exceeds the target impedance or voltage
ripple can be corrected by placing decoupling céwpesc whose resonant frequencies effectively
lower the system impedance to within the allowahlget impedance or voltage ripple. What user
does is to place selected decaps, change dc-netgore-extract model and see the impedance and
voltage ripple fit.

The decoupling capacitor information contains a ksbeet with corresponding parameters for
analysis as figure 54.

 Decouple Capacitors
Model M

m 103821GHz  |o/0
Component Lisk

Graph Response

capd7lp

4

Add Maodel Edit Model Delete badel I Aszzign Model |

Figure 54: Decoupling Capacitor Worksheet

When you select any row in the worksheet and rajjk, the context popup menu lets you choose
among different operations as figure 54.

Place Virtual Place virtual decoupling capacitors with selecigthal model and other parameters.
Component List Display a text report containing all device com@ais found on a board with
associated locations for selected model.
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Graph ResponseGenerate single cap response waveform.

Add Model Create new or select an existing model via mod®hber and add it into the worksheet.
Edit Model Edit parameters for selected model.

Delete ModelDelete selected model from worksheet. All virtaad instant decoupling capacitors
placed for selected power net will be removed also.

By default, there will have no decap model avadatar any selected power net. User need click
“Add Model” button to add or browse specific deecapdel for selected power net

3.11.1 Decap Model Selection
User can create new decap model or browse anrexistodel via model browser and add it into
worksheet as figure 55. User can also import maoidets Allegro part library directly.

# Decoupling Capacitor Model ! - |01 =]
Miodel Hame: !npD_I]EEIE_'I 10p Browzer I

Cancel ModelEdi | Hep |

Figure 55: Decap Model Selection

Model Name The decap model name to be added into worksheet.

Browser User can click this button to invoke model browseselect an existing model. User can
also import model from Allegro part library diregtl

Model Edit User can invoke model editor form to change mpdeameters.

CancelDiscard model selection and close form.

OK accept model selection, add it into worksheet@dase form.

When a new name is entered into this field andkd& button, a new decap model with default
parameters will be created and stored into dethualtmodel filesdevices.dml

3.11.2 Decap Model Edit
User can edit decap model (ESpice and S-Paranastéigure 56.

B Decoupling Capacitor Model Editor o ] A
b adel M ame: capl00n
Capacitance; |1 00 nF
Intringic inductance [ESL]: IED pH E stimate |
Intrinzic Resistance [ESR]: |1D ki
Rezonant Freguency: |?1 1763 MegHz
Text Edit | Graph Response |
0k I Cancel | Help |

Figure 56: Decoupling Capacitor Model Edit Form
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Model Name The decap model to be edited.

CapacitanceThe nominal capacitance value specified in thegenodel. User can leave it blank or
enter an estimated value if the capacitance forescomplex decap model is not available, such as n-
terminal and S-parameter model.

Intrinsic Inductance (ESL) Estimated intrinsic inductance of a surface modintapacitor
computed from its height parameters. Intrinsic otdnce computations do not account for the
capacitor's mounting characteristics. User can dedvblank or enter an estimated value if the
capacitance for some complex decap model is nataéle such as n-terminal and S-parameter
model.

Estimate User can experiment with different capacitor thiegs setting.

Intrinsic Resistance (ESR)Impedance value at resonance for decapl modet. ¢dseleave it blank

or enter an estimated value if the capacitancedare complex decap model is not available, such as
n-terminal and S-parameter model.

Resonant FrequencyComputed resonant frequency based on capacitamttentinsic inductance
value for decap model. User can leave it blanknberean estimated value if the capacitance for some
complex decap model is not available, such as mie and S-parameter model. For S-param
model, the resonant frequency point can be extlaote at the lowest value for S11 or S22. It has
the same frequency point for the S21/S12 for tgbdst value.

Graph ResponseGenerate a single capacitor response wave ankhyisin SigWave.

Text Edit Edit the selected decap model via ASCII editor.

OK Accept modification and close form. The decap rhotdi#l be stored in default dml files,
“devices.dml”.

Cancel Discard modification and close form.

3.12 Canvas Operation

P1 will provide context-sensitive popup menu foeusuring various actions. The user can do the
operations on the VDecap for decoupling capacitod &Port for probe. User can do some
operations on the pins of virtual decap and praiéip canvas on power/ground net.

Here are some menus available for various contexts:

TN s

Dane
Shaw Farm

Shiow Elemelﬁ]=I

Shaow Result

i 21 p

Yhecap Move

— YDecap Remave

WDecap Clearal

Yhecap Report

WPort Find
WPart Place

||||||||||||||||| ““”HIIIIIIIIHHH |||| TS

WRart Clearall

Cross Probe

Snap tao 4

IHHIHHJ;» |

FIRTRLY
CHLELEL b
LELLELREETT
LELLELEELE]
[RRERRRARRY]

Figure 57: Menu for R|ght Click Button on One Vdecep in AIIegro Canvas
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Show Form This command can invoke the hid main form.

Show ElementUser can show the detail information for pickeeneént as regularshow elemenit
command.

Show ResultUser can show the analyzed result by openingriag/zed .sim SigWave file.

VDecap MoveUser can move the placed virtual decoupling capato another location pin by pin.
VDecap ReMoveUser can delete the selected virtual decouplipgciéor.

VDecap ClearAll User can delete all of the virtual decoupling @ioas placed on the selected
power net.

VDecap ReportUser can get the information for the selectecuairdecoupling capacitor as figure
58.

Il ¥irtual decoupling capacitor report =]
File Close Help

Virtual decoupling capacitors report

A e e e
e e e e e

Drawing : 55N _PEG _conflcap port_remove . mcmn
Software Version : 16.2a043
DatesTine : Thu Jun 19 16:49:46 2008
Reference Designator: vCl
Decoupling Hodel : capl
Pin Information:
FPin Location Layer Het
1 (—865.6 -E012.8) VLD YLD
2 (-1362.4 -5001.5) VS5 Ki=i=t

Figure 58: Vdecap Report on Allegro Canvas
User can place various probe ports in canvas dyrecbutput voltage ripple and impedance value in
specific locations. The probe port is a specifiechporary component with 1-pin package but no
decap model assigned. The probe port acts as ¢oast for analysis, and will be float in tlsim
subcircuit to generate output during simulatione Tiser needs to place the probe port before model

extraction. The operation menu for one vritual grplort is as figure 59.
= )

General I Part Infarmation I

r— Met [nfarmatian
Poveer Met: oD

Woltage: 1

Ripple Tolerance: |5 4
Max. delta current:  |500 ma

Target Impedance: 200 mOkm E

Show Form

Showe Elermnent — Decouple Capacitars

Show Resul: Model Name ]
YDecap Clearsll == C20p_withpka
1 100 nF
VDecap Fepork — cap il
WPort Find —
WPork Place
WPork Move
VPork Remotve
WPort Clearal =
Cross Probe = q
= Snap ko ———————— =
— — = &dd Model | Edit Model

Figure 59: Menu for Right Click Button on One VPoFt in Allegro Canvas
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Vport Place User can place one virtual probe port at any lonatn power/ground net.

VPort Find User can search for virtual probe port throughrthme and P1 will zoom to the selected
items and highlight then.

VPort Move User can move the placed virtual probe port teokbcation on power/ground net.
VPort Remove User can delete the selected virtual probe port.

VPort ClearAll User can delete all of the virtual VPorts placedlte selected power net.

3.13 Extraction and Analysis

In this section, user can now perform the voltagple analysis in time domain or target impedance
analysis in frequency domain and check the resuigWave.

After user has configured all corresponding paransefor field solver, optional VRMs, group
various sink and source ports, and place all nacgssrtual and instant decoupling capacitors into
design, PI will call user-selected field solveretxtract the equivalent subcircuit for selected powe
and reference nets, and then establish a fullitifeuTLSim simulation engine in time or frequency
domain, and display the analysis result in SigWalsers can place new capacitors, refine existing
capacitors, or replace the virtual capacitors ingiant capacitors and then re-run the analysis for
correction.

# Power Integrity Simulation Option Parameters !IEI E |
— Simulation Type Simulation Parameters
¢ |Impedance analyziz in frequency domain, Lawer Frequency: |-| KHz
" “oltage rpple analysiz in time domain. Upper Frequency: |-| GHz
" DML model extraction only. Sweep Scale; Lag -

| Linear |
DML Model Option —
¥ Reuse previously extracted drml model. Mode Type: |Marrow Band

The extracted dml model will be re-loaded from:

Path: ID:"\Eadence'\wark"\apd"\pdnﬁ.nalysis.run.-’SSN_F'KG_Can'I cap_port_reme Browszer |

(] I Cancel Help
||

Figure 60: Simulation Parameters Options Form

User can click theAnalysis button in main form for extraction and analysiadahe following
analysis types will be prompted for user selection:
= |mpedance analysis in frequency domain

= Voltage ripple analysis in time domain
= DML model extraction only

When user selects ttmpedance analysis in frequency domain Package Pl will perform
successive circuit build and TLSim simulation iaqfuency domain. The user can change the lower
and upper frequency range for frequency domain lsitiom as figure 60. The target impedance and
impedance curves of group ports will be viewed igV&ave. When optioWoltage ripple analysis

in time domain is selected, Package PI will perform successikaitibuild and TLSim simulation

in time domain. The user can set the duration &me resolution time for simulation and display as
figure 61.
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# Power Integrity Simulation Option Parameters !EI |
— Simulation Type Simulation Parameters
{ Impedance analysis in frequency domain, Diuration Tirme: |25 hs
f+ ‘“Yoltage ripple analysis in time domair. Fezolution Time:  (NEERN j
= DML model extraction only. Default
Tp=
~ DML Maodel Option 2ps
[~ Feuse previously extracted dml model. Mods Type: INa”.;. 155:3
20pz
The extracted dml model will be ztared ta: B0p=
100p=
Path: ID:"\Cadence'\wnrk'\apd\pdn&nal}lsix.run.fSSN_F'KG_cu:unf'I cap_park_remi 2|:||:|E3
B00p=
Tns
Ok I Cancel 2nz
ay L
| | 10ns

Figure 61: Voltage Ripple Analysis in Time Domain

4 SiP platform test plan

For the final validation of the complete signalegtity platform several test benches have been
created using the Cadence Signal Xplorer tool SigXp

The plan was to create one test bench for simglatie NOR signals and another for the DDR
signals.

The parts and models required to build up theltesthes is shown in Figure 6262.

Parts
Module ‘SiP

NORIC
Models I
=]
transmission &
@ : — S-Parameter S-Parameter = ED_
i lines = Spectre or Spectre or T %
Spice Spice = da

Figure 62 - Parts and models for the NOR and DDR &t benches

The parts and models in detail are:

4. IBIS device model of the Xilinx Virtexs5 FPGA includy package model.
The model was created with /O models assignedins pequired for NOR and DDR
simulations only.

5. Lossy transmission line elements and via modelsgustandard elements provided by the
Cadence Sl tools. The parameters like line widith langth of the transmission line elements
were provided by Agilent.
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6. Connector model provided by the vendor in the CedeDML (device model language)
format.

7. S-Parameter models of the Memory Module extractethb 3D field solver from Agilent.
A model for the NOR and DDR signals of interesipeagively and a model of the Memory
Module supply system.

8. S-Parameter models of the Memory SiP design exiday the 3D field solver from Agilent.
A model for the NOR and LPDDR signals of interesspectively including the supply
system.

9. MPilog models for the DDR and NOR driver pins.

10.Power rail model representing the load for the Méinodels

11.Because the power supply net VDDQF on the mothedwas routed with narrow long
traces a model for this net was extracted by théi@D solver from Agilent too.

4.1 DDR test bench and simulation results

The DDR test bench has the same structure. FPG# dl©Oone side, transmission line and via
elements modeling the main board interconnectittresMemory Module signal model in the middle
and the SiP model on the other side and MPilog tsdde the DDR 1/Os. A model for the power

supply on the main board isn’'t required as the pasveealized with plane layers. Also the Memory
Module supply can be considered as nearly idedl wiwer ground planes and many decoupling
capacitors. The DDR test bench used in simulatiorget the following results is shown in Figure
63.

Main board

interconnects \ Memory Module
==L signals

o
T

X

IW&W&VMH-T“MH]lliliilljll”“ll'%“(.”{{!n

MPilog [/Os

i

el
i

FPGA 1/Os

Figure 63 - DDR test bench

The first simulation vs. measurement result isasstalk simulation shown in figure 64. Victim net
is the B_DQ3 signal in high state probed on thennfmiard. All other B_DQ nets are switching at
the same time.
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Crosstalk simulation and measurement results

Main Board
T 6T [70

i I "“‘ ‘ ‘\"“""\""“"‘\ |‘"|‘“'|""|""""'\‘""“"\“"“"‘\""_
2 - {,\' f.i\ ‘ ' ) j :& A ﬁi @ | |
q ; LN VS o VO L P 7 | N\ O
M P e g P
AT NANRN
S S I \ 1l 1 /-
| f \ [ ! l \ |
o | | . | 1]
131 I I O I
VRV VR /| *J( \f
_Lf / i\f A j 1 X
: i | \ \ | iy g | \ \ \

L
100

B_DQ3 simulared

B_DQ5 simulared

B_DQ3 measured

B_DQ5 measured ‘

Figure 64 - Crosstalk simulation and measurement ults; B_DQ3 high; all other B_DQ signals switching

Similar to the NOR test bench crosstalk resulthigl overshoot of the simulated signals is slightly
larger than the measured one. The overshoot inskate shows a nearly perfect match between

simulation and measurement. Also the crosstalk ob@3 shows a very good correlation between
simulation and measurement results.

The crosstalk simulation results with B_DQ3 in Istate probed on the main board are shown in

figure 65.

Crosstalk simulation and measurement results
Main Board

Valage [V]
i
T

0.05
Time [ug]

B_DQ3 simulated

B_DQS simulated

B_DG3 measu

Figure 65 - Crosstalk simulation and measurement lts; B_DQ3 low; all other B_DQ signals switching

The correlation between simulation and measurenseas good as described for B_DQ3 in high

state.

The same simulation but with the signals probati@tMemory Module are shown in figure 66.
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Crosstalk simulation and measurement results
Memory Module

Volage [V]

/| VR
. )
4 {
| ,
|
\'\ ‘

| 1 | | |
,:A Tl P70 f"'*.-w-‘ Y

Iaa V¥aal il Al "“4" g

Cond . L gl ‘
k'vva g'vr"- “ PN &(\ W !a‘

[\

T
0 0.01 0.0z 003 0.04 0.05 0.05 0.07 0.08 0.09 01

Time [us]

B_DO1 simulared. B_DQ3 simulated B_DQ3 measured B_DQlmeasured

Figure 66 - Crosstalk simulation and measurement lts; B_DQ3 low; all other B_DQ signals switching

The crosstalk amplitude at B_DQ3 is again matchiegy well between simulation and
measurement. The difference of the switching sighdDQ5 between simulation and measurement
is probed on the Memory Module slightly larger. fdhés again a larger overshoot high of the
simulated curve. The difference on the overshoat is insignificant. Both simulation and
measurement show a ringing in the rising and fglledges. The measured curve shows larger
ringing.

In addition a bit pattern provided by Numonyx wasidated on the B_DQ nets to obtain eye
diagrams. Theoretically for eye diagram simulatianigarge number of bits have to be simulated to
cover a broad frequency range. Transient simulatespecially on these large test cases are slow.
Running the bit pattern on the DDR testcase 10nsaofient results per hour were obtained. The
simulation was run several days to get the tramse=ults covering 700ns transient time.

The simulated bit patterns from 0 to 700ns probeth@ main board are shown in figure 67. The
same bit pattern was applied to all B_DQ signals.
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Bit pattern simulation
Ilzin Board
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Figure 67 - Bit pattern simulated on B_DQ signals

This bit pattern simulation displayed in eye diagnaode is shown in figure 68.

Eye diagrams of B DQ) signals
Wain Board

Valtage [V]

B_DQO B.DQ2
B_DQ8 B_DQS
B_DQLS

B_DQ4 B_DQS B.DOS B_DG7
B_DQ12 B_DQI3

Figure 68 - Eye diagrams of B_DQ signals probed @he main board

There are other techniques like channel analysystatistical approaches available to analyze the
interconnection behavior for long bit pattern mearsoad frequency range.

These analyses weren'’t yet performed but it shbelghossible to perform them on the Mocha test
benches too.

4.2 Summary

Proof has been found that all relevant kinds of edould have been used in the SiP platform to
create test benches, as well as to be netlistediemdated with the Spectre simulator. Signal pathe
spawning from a main board through a memory modnte SiP were modeled and simulated. It was
shown that the simulation results match very wethe measurements.
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