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MOdelling and CHAracterization for SiP Signal and Power 
Integrity Analisys 

 
The MOCHA project work plan is organized in four major Work Packages, called as WP1, WP2, 
WP3 and WP4, which define the different technical fields to be addressed. However, they are not 
developed separately, but several interactions are planned among them.    
As regards the WP1 activities during the first year, they were focused on two main tasks: “ Wide-
frequency-range passive power networks model”  (Task1.1) and “Core switching activity model”  
(Task1.2). The first one was devoted to the definition of the most suitable wide-frequency-range 
model of the IC power delivery networks, while the second one aimed at extrapolating the 
“switching activity”  model of IC core. To accomplish the objective of task1.1 an innovative 
approach based on both measurements and EM simulations has been proposed. The test cases 
considered in the study and defined among the partners are (i) a 512Mb NOR Flash memory in 
90nm technology, (ii) a 512Mb, 70nm technology, DDR external third party device, and (iii) an 
additional test chip, designed by Numonyx in 90nm, that has a Low Power DDR interface for I/O 
buffers with a clock frequency of 166MHz. It is worth noting that the latter test case was originally 
not required in the MOCHA work plan, but it has been included to stress the proposed methodology 
as well as to possibly contribute to the inclusion of a larger number of devices of interest.  

Starting from a CAD description of power rails, at the beginning a set of EM simulations were 
focused on the I/O power rails to understand the general behaviour of such a structures to select the 
most appropriate model representation. To this aim the following actions were arranged: i. to focus 
on the elementary cell of the power rails (they have an almost periodic structure); ii. to compute the 
set of network parameters and field distributions of the cell over the bandwidth [0-10GHz]. In order 
to comply with (i.), a simplified cell as a 4-port element composed of two metallic traces was 
defined, that mimics a couple of power-ground pads and their rails, and of metallic patches 
representing the output pads. With the simplified cell, the complete rail can be generated by 
cascading identical replicas of the cell itself. Moreover, EM simulation results revealed S-parameter 
characteristics with a smooth and regular behaviour that could be effectively reproduced via lumped 
circuit equivalents. For this reason the I/O power distribution has been defined with the cascaded 
connection of lumped basic cell. In order to confirm such a modelling approach and to define a 
procedure based on measurements for extracting model parameters, Partners decided to undertake a 
set of RF measurements on the test cases. Both on-wafer and on-board measurements (biased and 
unbiased) were carried out, substantially confirming the assumption done by simulation analysis.  

For the core power distribution network, which supplies the internal circuitry of the device, a lumped 
equivalent was assumed. These distribution networks have a limited number of external pads and, in 
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addition, the internal structure of the power rails cannot be described in terms of a limited number of 
topologies, as for the I/O power rails case, thus forcing a lumped characterization from S-parameter 
measurements, only. The same model structure was also assumed for the cross-talk model between 
the I/O and core power supply rails, even extracted by measurements. As regards the procedure to 
extract the switching activity model through simulation, for each operating condition of memory 
(Erase, Program and Read) the equivalent “switching activity”  current generator was extracted for 
the first test case. Since the core power supply pads are distributed along the rails and the core 
circuitry is composed of macro-blocks with different switching activities, each generator has been 
further exploded in a set of equivalent current generators related to main macro-blocks and 
connected to pads through a distributed ladder of rails’  parasitic resistances. In order to validate the 
core switching activity model, for the first test case an experimental test board (called as EMC-
board) has been designed and manufactured. It is a small board that hosts the device under test 
(DUT) without package (the electrical connections are realized by bonding wires only) and is 
plugged on a general purpose board that drives the device through a FPGA. The EMC-board for the 
second test case has been kept on hold because the Partners wanted firstly verify by actual 
measurements the correctness of design choices made with the first one. Concerning the WP1 
activities of the second Year, at the beginning, they will be concentrated on the validation of the 
overall power integrity model (power rails + core switching activity) through measurements on 
actual application boards, where a power noise is induced by IC device. Finally, the last part of the 
WP1 activities will be focused on the design of a characterization platform aimed at extracting by 
measurements the power integrity model of different ICs (proprietary and third parties), 
implementing the guidelines and requirements defined in the previous tasks.  

The activity of WP2 is devoted to the development of accurate and efficient models of digital ICs 
input and output buffers. The obtained models must overcome the current limitations of the existing 
state-of-the-art models in reproducing the behaviour of recent devices with enhanced features and 
allowing to provide good predictions for large fluctuations of the supply voltage. Besides, they must 
be obtained either from simulation or from actual measurement carried out on a real board. 

During the first Year, the activities of the first two tasks of WP2 were focused on the: 

� Definition of a general model representation suitable to the modelling of the enhanced 
features of recent devices (Task 2.1). Specifically, the partners involved in the project worked 
on model enhancement based on the existing state-of-the-art modelling methodologies [1, 2]. 
A theoretical analysis of the I/O buffer circuit behaviour was also performed with the 
objective of validating/tuning the proposed model structure and to define a procedure for 
model parameter estimation from either the simulation of the transistor-level models of 
devices and the actual measurements carried out on a real test board; 

� Validation of the proposed model structure (Task 2.2). A large and systematic set of 
simulation tests have been carried out to assess the accuracy and the efficiency of the buffer 
models estimated from the transistor-level models of some example test devices. The test 
cases considered in the study were the same three ones identified in the WP1. The efforts 
spent on these examples allowed the reseachers involved in this activity to tune the proposed 
model structures and modeling methodology, as well as defining the needed enhancements to 
be implemented during the second Year for additionally improving the accuracy against the 
transistor-level results. 

The results obtained in this study demonstrate that the proposed enhanced models offer improved 
accuracy for reproducing both the functional signals like the device output port voltage and the 
power supply fluctuations. Besides, it has been verified that the proposed models provide a large 
improvement on the speed-up of the simulation of realistic structures.  

To spread the information on the MOCHA activities, the obtained results have been published in [3, 
4] and presented in the international IBIS summit meeting [5]. 
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The WP2’s second Year activities, in the beginning, will be concentrated on the design of a test 
board for the application of the proposed modelling technique to the experimental characterization of 
devices (see Task 2.3). Then, the last part of the project will be focused on the generation of a 
software application in the Matlab environment for the model generation and on the definition of a 
detailed procedure for the extraction of the IBIS data from the proposed enhanced models (see Task 
2.4 and Task 2.5).   

As regards the WP3, it is focused on the development of two EDA tools: a 3D EM field solver by 
Agilent and a SiP Platform by Cadence, supporting design and verification power integrity analysis.   
During the first Year, Agilent mainly worked on the task “EM front-end module”  whose objectives 
were: 

1) Determine the EM requirements 
2) Process the planar metallization patterns, including EM-specific pre-processing 
3) Process the technology information, e.g. substrate stack, layout layers, electrical properties of 

materials 
4) Process the 3D features (e.g. bond wires, solder balls, chip stacks).  

The objective 1) was accomplished by delivering a report describing the specifications of the 
requirements of the 3D EM field solver. First, a high-level description of the SiP configurations is 
given. Based on this the 3D EM solver requirements with respect to input, output and with respect to 
the 3D EM solver performance and accuracy are given. No issues were encountered in meeting the 
milestone.  

To accomplish the objectives 2), 3) and 4), Agilent has worked on extracting the information needed 
for the EM simulation from the Cadence environment, which involves extracting different forms of 
information: technology, layout and 3D features (e.g. bonding wires). The extracted information is 
also processed so that it can be presented in an optimal form to the EM simulator. This work was 
largely finished in the first year. 

Work on the task “Advanced solving and Meshing”  has started in the first year, where particularly a 
focused effort was done on the meshing aspect. Based on the task “EM front-end module” , a good 
understanding was obtained on what the best meshing approach, where the goal is to reach the 
optimal efficiency of the simulation process while maintaining maximum accuracy. The objective 
and focus in the second year is primarily on the development of the simulation technology tuned to 
the specific needs to model SiP. New mesh algorithms will be combined with core efficiency 
improvements in the EM solver, leading to alpha and beta versions of the overall solution which will 
be validated on real-life test structures, where accuracy will be validated by comparing to measured 
data obtained by the MC2 partner in the project. 
The second partner, Cadence, involved in the WP3, has been mainly working on the task devoted to 
develop an EDA platform for carrying out reliable signal and power integrity analysis in the context 
of SiP design and verification, to enable reliability improvement and reduction of the overall 
design/manufacturing cycle. To this aim, new simulation strategies and solutions had to be analyzed 
for combining accurate and time-efficient signal integrity analysis with comprehensive system-level 
verification. A second task addressed during that period was to integrate the simulation models as 
proposed in WP1 and WP2 into this platform.  
The first task’s objective was accomplished by assessing the current status of Cadence’s SiP EDA 
platform with Numonyx and performing a gap analysis based on the requirements defined by 
Numonyx and the other project partners. From this, a specification has been written, presented and 
discussed with the other project members.   
For the second task’s objective, the IO macro model provided by POLITO had to be implemented in 
a language and a form the SiP EDA platform’s simulation engine, Cadence Spectre, could process.  
This has been done by translating the algorithms provided by POLITO into Spectre Verilog-A and 
adding wrappers and pin-port-mapping information required by the netlister of the system. Some 
work on setting up the first two test cases has been performed together with Numonyx. Objective 
and focus for the second year will be to provide a prototype of the new SiP platform that can be 
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evaluated by the other project members, especially by Numonyx, and to run a verification process of 
the prototype with data (real world design test cases) provided by Numonyx. Cadence will support 
Numonyx’s effort of setting up such test cases in the new SiP environment. Further, Cadence will 
finalize the work on the IO macro model in a way such that a library of all buffer models required 
for the test cases is made available for the new SiP platform. All IO macro models in this library will 
be done such that they can be handled, from a user perspective, the exact same way as traditional 
IBIS models. 
As regards the WP4 activities, they will start on January 2009 and will be focused on two major 
tasks: validating by measurement the simulation results of 3D EM field solver under development by 
Agilent and to make available a viable technique for carrying out accurate signal integrity 
measurements on SiPs. 
The results coming from MOCHA project are expected to hugely improve the SiP design 
verification, reducing the time to market for every complex combination of non volatile memory, 
high speed volatile memory and µController. 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 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 MOCHA outputs will 
especially affect the design cycles in this area. In fact, the innovative simulation models and EDA 
tools under development will be very helpful to speed up the overall design/verification analysis, 
without derogating in accuracy.      

Additional information on the MOCHA project can be found on the public website at link 
www.mocha.polito.it, where papers and public deliverable reports are published too. 
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