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MOdelling and CHAracterization for SiP Signal and Power
Integrity Analisys
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The MOCHA project work plan was organized in foumjar Work Packages, called as WP1, WP2, WP3 and
WP4, according with the different technical fielts be addressed. However, they were not developed
separately, but many interdependencies and intengotxisted among the tasks of different work pgels.

The main objective of WP1 was the development cfusable modelling methodology for extracting a
reliable model of IC power networks to be useddower integrity analysis. During the first yeare ttWP1
activities were focused on two main task&fide-frequency-range passive power networks mo(Edisk1.1)
and ‘Core switching activity model{Task1.2). The first one was devoted to the deédinitof the most
suitable wide-frequency-range model of the IC powelivery networks, while the second one aimed at
extrapolating the “switching activity” model of I€ore. In summary, in the first task a cascade oifpked
basic cells was defined to model the 1/O powerdailribution. This model was completely validatecbugh

on wafer measurements (both unbiased and biasejltbas allowed also extrapolating the model patarse
These measurements were performed on a wide freguange (some MHz to 10GHz) for every considered
test-case (internal and external memories). InTémk 1.2 the procedure for extracting by simulatitre IC
core switching activity current was finalized taget with the design of a test board (denominatedCEM
board) which, after a thorough analysis, was caeidl more suitable than alternative commercialtEols

for the measurement of the switching current. Dutime second working year the activities of WP1ewer
focused on the: Task 1.810del Validatior) and Task 1.4Characterization board designWithin the Task
1.3 two main activities were carried out: a) use designed EMC-board for extracting by measurertient
IC core switching activity model and correlate ttesults with those of the simulations obtained he t
Task1.2; b) perform power noise measurements adaroc application board and correlate the resuitts

the ones obtained by a simulation test-bench thatl the power integrity model finalized in Task&rid
Task1.2. Both validation activities were carried on the two selected test-cases (a NOR Flash nyeamat

a LPDDR memory) with very good results that con@dnthe approach used for the power integrity
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Integrated Board: on the top from left to right: Module 1, Module 2, Module 3, Module 4. On the bottonfrom
left to right: Switching activity currents model validation, Power rail model validation.

Page 1 of 4



TP Yad 't
NFOEFIR 2" Periodic Report

e —
SEVENTH FRAMEWORK
PROGRAMME

modelling. In the Task 1.4 a characterization bagnech was flexible, practical and easy to usegpehdent

(as much as possible) from the hardware specétitof each die being analyzed, was designed and
manufactured. This platform, callethtegrated Board”, was composed of four modules, and implemented
(i) the methodology defined in the Task 1.1 to measS-parameters characteristics of the die poaits;-(ii)

the circuitry to measure the die supply currentindd and validated in the Task 1.2; (iii) the ditcy
necessary to perform the I/O buffer measurememtisi¢iad to the extraction of therdg model; and (iv) a
calibration board used for calibration purposes &mdde-embed the characteristics of the test fextur
structures inserted in the platform. The Integrdteard is based on the MOCHA-SI mother-board, ages

in the WP4 of MOCHA project. Up to 550MHz of workjrirequency is supported. The measurement results
of Integrated Board platform were fully validatéoigether with the obtained models.

As regards the activity of WP2, it was devotedh® development of accurate and efficient modeldigital

ICs input and output buffers. The obtained modeaistrovercome the current limitations of the extptitate-
of-the-art models in reproducing the behavior aferé devices with enhanced features and allowing to
provide good predictions for large fluctuationstioé supply voltage. Besides, they must be obtagitnbr
from simulation or from actual measurement cardgation a real board. During the first Year of thejgct,

the research mainly focused on the selection ofrthst suitable model
structure allowing to represent the nonlinear dyicahbehaviour of the _
I/O buffers of a digital memory; on the procedusethe computation of =3
model parameters from either the simulation of distor-level models | - ~
of devices and the real measurements carried oattest board and on Mpilog, Macromodeling via
the implementation of model equations in differenmmercial EDA Parametric |dentification
tools [1, 2]. Also, a systematic assessment of abeuracy and the of LDgic Gates (Ver. 5.3)
efficiency of the proposed enhanced models obtaifredn the
simulation of the detailed transistor-level modefsthe MOCHA test

[ Single-ended drivers ]

cases have been assessed, thus confirming thgtssef the proposed [ Single-ended receivers |
methodology. During the second Year, the activitpaentrated on (i)
the generation of models from real measured daa, from transient [ Differential drivers ]

voltage and current measurements carried out abtifgut port of a
digital buffer connected to a distributed load apérating as in normal
condition [2], and on (ii) the development of a setnodeling routines providing a useful tool fasigners
and allowing to generate device models for recentog technologies. The measurements have beaaccarr
out on the same test boards developed in WP1. &t pesign of the boards has been in fact decided fo
optimizing the efforts and leading to a common abtarization platform. The last part of the acyiitcused

on (iii) the development of a procedure for tha@stion of a selection of the characteristics digital buffer
suggested by IBIS (Input/Output Buffer InformatiSpecification, [3]) from the proposed enhanced r®de
The extraction procedure has been implementedervitiog modelling tool developed during the project.
The tool, that is freely available for downloadrfraéhe official MOCHA websitdttp://www.mocha.polito.jt
provides a step-by-step modelling procedure thadeguthe users to generate the models of digitakcds
(see the screenshot on the right). To spread tbemation on the MOCHA activities on WP2, the ongpi
results of the second Year has been published]iarj@ presented in the 2009 and 2010 European IBIS
summit meetings.

As regards the WP3, it focused on the developmietwaEDA tools: a 3D EM field solver by Agilent dra

SiP Platform by Cadence, supporting design andieation power integrity analysis. During the firgear,
Agilent mainly worked on the “EM front-end moduleiwhose objectives were to address the need of
extraction and transfer of the necessary desiga aeailable in the Cadence SiP platform into theE3®
simulator. The second year had the following obyest (i) the 3D EM field solver development. Its
validation is part of WP4; (ii) the field solvertagration in the SiP platform; (iii) the generatiohthe
necessary EM models to validate the SiP analysifgoin. In order to accomplish the first objectithe
work was completed in the area of the layout paeessing; the mesh algorithms were refined to medu
efficient meshes; the EM solver technology needadddel the true 3D parts (i.e. the bond wires) added
into the solver; and an export link to back-anretat model to the SiP platform was put in placéh\Whese
additions the second objective, the entire flomjlddbe completed. The flow encompasses the exgort o
selected nets from the SI/PI platform to the ENdfigolver, the corresponding EM model generatioah the
back-annotation of that model to the platform sat tih can be incorporated into a further analy3ise
integration between the SiP Platform and the ENM fs®lver was tested for a SiP BGA package of Nuron
(see the picture on the left).
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Finally, the third objective was accomplished by
generating the necessary EM models to validateStRe
analysis platform. Multiple EM models were genedlate
in support of the EDA platform validation and model
correlation on a complete system (IC + PKG + PGR).
EM model was generated for the SiP design as aewhol
As of Cadence’'s part, the first year efforts were
concentrated on the development of new power iityegr
simulation strategies for the first half, joined Wwegrking

on integrating Mpilog 10 buffer model into the
simulation environment. As for defining a power lgtaes
strategy, it became quite clear that @tlb IC core as
well as 10 buffers need to be addressed; (ii) sithaihs need to be run in both time and frequency
domain. While the 10 buffer behavior is well understood awith Mpilog a comprehensive model is
available, core power modeling requires a highgre of abstraction due to the large number oftsaors
involved. The three methods research has been gingento are: (ilMeasurement; (ii) Full chip static
timing analysis (mostly applicable to memory onlfii) Equivalent current source methodhile

the first two are obvious, the equivalent currenirse method abstracts core circuitry into a lichiteimber

of current sources. The reason for extending sitiams commonly done in time domain into frequency
domain is due to the nature of the power integritgblem itself and follows the very simple ideadefining
‘good power integrity’ as the actual impedancehef power delivery path for a given frequency rabgimg
equal or less the impedance profile required fdiveleng enough current at a maximum voltage drepro
that same frequency range. While problems at vigity fiequencies (GHz-range and above) of the impegla
profile of the power delivery path can only be fixen the die (die capacitance and power/grouns)radwer
frequency issues (several hundred MHz up to the @iHge) need to be fixed on the IC package (e.g wi
bond inductance). The second year's efforts werestijncspent on integrating the previously defined
specification into the Cadence Allegro SiP desidgifprm and to verify the system. This resultedain
prototype version of the Cadence Allegro SiP Poimgzgrity tool. From all that has been learned when
consuming data from various inputs and performialtidation and comparison with measurements, afist
enhancements and future improvements to the phatf@ve been defined. While two test cases have been
set-up for verification, the more demanding oftilve (the DDR case) has been picked to correlatelaiion
results with measurements. Since there is a veod gaatch between simulation results and measuresment
the concept of the platform and the models has pemren.

As regards the WP4, at the beginning MC2-technelgarried out a deep bibliographic survey in otder
identify the best approaches for device characttom at high frequencies. This work was aimed at
validating by measurements two simulation platforthe 3D EM solver developed by Agilent and the SiP
Power Integrity tool developed by Cadence. To agimm the first objective, two dedicated boards ever
designed and developed by MC2-Technologies. Theliwards (picture in the left side) containedagpBD
physical structures of package and boards, whidesdtond board (picture in the centre) allowedatoycout
characterization measurements on a BGA packagetppet designed and manufactured by Numonyx. These
boards were probed thanks to microwave probes apWDR/TDT measurement with high accuracy.
Agilent built up simulation test benches to prodsgaaulation waveforms that could be directly cantet
with the TDR and TDT measurement ones, obtainingrg good agreement (picture in the right side} tha
confirmed definitively the high accuracy of the EM tool. From this validation step Agilent got & lof
learning’s for further fine tuning the accuracy3d EM tool simulation results.

Without GND plane
With grid GND plane
With full GND plane
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Finally a measurement platform was developed is Work package to allow the characterization ohhig
speed SiP devices and use the measurement resuitdidate the Cadence SiP Power Integrity toohe T
designed board, calledMOCHA-SI Platform” , is a general purpose board that allows usersettonn
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signal integrity measurements on SiP devices ugb@MHz of working frequency. It covers the upcoming
applications of memory systems, especially the dhasuse LPDDR. The platform is composed of a main
board (see the picture on the left) that hosts lanXiFPGA memory
controller and a small board (i.e. the so callednory module) where the
DUT is mounted. The memory module is plugged on rifen board
through two QTE connectors. A lot of studies thitowgjmulations and
literature researchers were carried out by Numorgnd MC2-
technologies to finalize the best state-of-art @ign specifications. The
measurements were carried out on a double stackagdased of the two
test cases considered within the WP1 and WP2: 126 Numonyx
NOR Flash memory in 90nm technology (66MHz) and &#2Mb
LPDDR third party device (133MHz). The laboratoegults have shown
good performances of platform and hence the qualftydesign was
confirmed as well. Finally, as already anticipated,set of the MOCHA-SI platform signal integrity
measurement results were also used for validatiegQadence SiP Power Integrity platform. The pétur
below on the left shows an example of crosstaldyaigaand the very good agreement achieved between
simulation and measurement results.
The outcomes of the MOCHA project are expectedugely improve the SiP design verification, reducing
R - S the time to market for every complex
combination of non volatile memory,
high speed volatle memory and
pnController. The capability to develop
complex SiP solutions, ready to go in
mass production, is going to become a
key factor for successful
semiconductor companies involved in
today’s memory market. Since most
SiP devices are developed to address
| the handsets market segments (Low-
end-Phone, Entry-Feature-Phone, Full-
Feature-Phone and High-end/Smartphone), the MOCHtputs will especially affect the design cycles in
this area. The innovative simulation models and BEDdls as well as the measurement approaches geeklo
and validated within the MOCHA project will be slyreexploited to speed up the overall design and
verification analyses, without derogating in accyrat all.
More detailed information about the MOCHA projedfjextives and results, as well as papers and public
deliverable reports, can be found on the publicsitelvww.mocha.polito.it
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