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MOdelling and CHAracterization for SiP Signal and P ower 
Integrity Analisys  

 
The MOCHA project work plan was organized in four major Work Packages, called as WP1, WP2, 
WP3 and WP4, according with the different technical fields to be addressed. However, they were 
not developed separately, but many interdependencies and interactions existed among the tasks of 
different work packages.   
The main objective of WP1 was the development of a suitable modelling methodology for the 
extraction of a reliable model of IC power delivery networks for power and signal integrity analyses, 
with the aim of overcoming the current limitations of state-of-the-art commercial EDA tools. The 
WP1 activities were focused on four main tasks: during the first year, the Task 1.1 (Wide-
frequency-range passive power networks model) and the Task 1.2 (Core switching activity model); 
during the second year the Task 1.3 (Model Validation) and the Task 1.4 (Characterization board 
design). Task 1.1 was devoted to the definition of a wide-frequency-range model of the IC power 
networks. Briefly speaking, two classes of model structures were assumed for the modelling of the 
different possible power delivery networks within a digital memory IC. In particular, a cascade 
connection of lumped basic cells (see Figure 2) was defined to model the I/O power rail 
distribution, and a single lumped equivalent was assumed for the core power supply network. The 
proposed models that considered also the cross coupling among the different power structures (e.g., 
core vs. I/O), were completely validated through on-wafer measurements carried out on two test 
cases, i.e., a proprietary and a third party memories (both the unbiased and biased cases were 
considered).  
 

 
 

Figure 2 - Model structure assumed for the I/O power supply rail. ZS=R+sL; ZP=1/sC;  CB = I/O (buffer) capacitance. 
 

The measurements, performed on a wide frequency range (some MHz to 10GHz) for the considered 
test-cases, demonstrated that: (i) the obtained responses turned out to have a very simple behaviour 
up to frequencies as large as 10GHz and are free from the resonant effects, (ii) the passive power 
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delivery network of a memory chip can be effectively represented by simplified lumped circuit 
equivalents, (iii) the model parameters can be obtained from a set of 2-port scattering responses. In 
the representation of Figure 2, the power rail considered between two non-consecutive pairs of 
VDDQ/VSSQ pads (P1 and P2) is a cascade of three-port networks (each defined between 
consecutive pairs of VDDQ/VSSQ pads, or to any other reference plane of interest). The model 
adopted for each three-port block consists of a series impedance (Zs) between consecutive VDDQ 
pads, a VDDQ to VSSQ shunt impedance (Zp), a capacitance (CB) mimicking the dominant 
capacitive effect that the I/O buffer circuit imposes on the power rail and, for generality, an extra 
impedance was considered for representing the interference between the power rail and the die 
substrate. 

It is worth noticing that the frequency range considered (some MHz to 10GHz) has been selected to 
allow for the modelling of next generation memory devices (for example LPDDR2) and that the 
behaviour of the obtained models was validated through a comparison with the measurements for 
the overall frequency range, with a very good agreement. Concerning the core power supply and 
cross coupling (core vs. I/O) models, the model assumed for such networks was either simplified T 
or Y equivalent circuits or purely black-box equivalents based on real rational approximations. 
These different model structures are considered to assess their possible strengths and limitations for 
the problem at hand and to provide the users with a selection of models with different complexity 
and accuracy levels. The measurements confirmed that the core power rail structure has a dominant 
capacitive behaviour, while the cross coupling effect can be considered negligible.  

In the Task 1.2 the procedure for extracting by simulations the IC core switching activity current 
was finalized together with the design of two innovative test boards (one for each test-case) 
denominated “EMC-boards” . After a thorough analysis, this approach was considered more 
suitable than alternative commercial solutions for the measurement of the switching current. The 
two boards share the same design approach that consists on a daughterboard holding the die under 
test, which is then plugged into a motherboard – denominated Flash Fast Interface Board (FFIB) – 
which is based on a field programmable gate array (FPGA) that was programmed to drive a 
memory chip. The memory die was assembled directly on the developed daughterboard PCB board 
– denominated Memory Module (MM). The die was glued to the MM and bonded, with gold bond-
wires, to the MM bond-fingers. The transient current of the VDD/VSS power rail activity was 
obtained via the indirect measurement of the voltage drop over a 1Ω resistor that was mounted in 
series with the ground pad of the power rail. This method “1Ω current probe method (defined in the 
IEC 61967-4 Standard)”, following the standard for the measurement of the conducted emission of 
ICs in the range from dc to 1GHz,  has been selected among a limited number of possible 
alternative techniques, since it is simple to implement and has been proven to demonstrate accurate 
results in practical applications. In Figure 3 are shown the main elements used or developed under 
this task. 

 

Figure 3 – From left to right: FFIB motherboard; NOR EMC-board; LPDDR EMC-board; 1 Ω current probe as defined 
in the IEC 61967-4 Standard. 
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The current probe was used to acquire the IVSS current while the DUT was working in its operative 
conditions (both for NOR and LPDDR test-cases). The picture of Figure 4 shows, on the left, the 
current signal (CH1, in yellow) acquired during the first 2 seconds of the sequence, together with 
three debug signals (CH2, 3 and 4) that identify the three steps measured for the NOR test-cases. 
On the right of Figure 4 four cycles of the LPDDR memory are shown, including the activity of the 
DQ0 signal (used as qualitative information on the memory synchronization). 
 

 
Figure 4 – On the left are three step sequence acquisition measured for the NOR; on the right are four cycles of the 
LPDDR switching activity current. 

In order to validate the simulation and measurement results, a comparison was performed for both 
test-cases. In Figure 5 an example of comparison between the simulation current (left side) and the 
measured one (right side), related to the burst working mode of NOR Flash memory, has been 
reported. 

 
Figure 5 - Burst read correlation simulation (left) vs measurement (right). 

 

It is worth noticing that while on one side a qualitative agreement was obtained between simulation 
and measurement (dc value, the maximum peak of the current, etc), on the other side a perfect 
correlation could not be extrapolated due to some limitations of full-chip simulations.  
In fact, full-chip simulations introduce intrinsically some simplifications in the modelling (usage of 
look up tables for active devices in substitution of spice models, lack of parasitic capacitance for 
every internal node and resistance of every internal rail) in order to speed up the simulation time. 
However, despite these constraints related to simulation methodology, the obtained results can be 
considered more than acceptable and anyway suitable to be used whenever the correspondent 
measurement models are not available.  
Inside the Task 1.3, in order to validate the whole power integrity model, composed of the ones 
extracted in Task 1.1 and Task 1.2 respectively, simultaneous switching output (SSO) time domain 
measurements were carried out and compared with simulation results for both NOR and LPDDR 
test cases. The validation boards used for the two test-cases were designed in a way to clearly 
analyze the impact of developed power integrity model on the power noise as well as on the output 
signals. The measurement setup, shown in Figure 6, performed the acquisition of the I/O buffer 
output voltage of all buffers as the buffer inputs are switching in a controlled way by the firmware 
loaded into the FPGA. Figure 7 presents an example of the measured voltage on NOR I/O buffer 
output bond-fingers (after de-embedding the oscilloscope channel) and in the Figure 8 are the 



                                          

216732 – MOCHA 

           Final Publishable Summary               Project Final Report 

                                                                         

Page 5 of 16 
 

LPDDR ones. Also, the measurement of the I/O buffer supply voltage (VDDQ/VSSQ) and of the IC 
core supply voltage (VDD/VSS) was measured in a synchronized way with the output voltage of 
one I/O buffer. This was to observe the influence on the supply voltages of the switching activity of 
the IC internal circuits. To analyze the worst case scenario, the I/O buffer outputs were programmed 
to switch all in a synchronous way. 
 

 
Figure 6 - From left to right: Image of the measurement workbench, while probing an I/O buffer output of the external 
MM; Image of the developed oscilloscope probe, with an in-series SMD resistor mounted before the RF probe. 

 

Figure 7 - Time domain voltages of the DQ/VSS ports and VDDQ/VSSQ, at the tip of the oscilloscope probe, for the 
NOR memory. 

 
Figure 8 - Time domain measurements for LPDDR memory: a) DQ signals switching simultaneously; b) 
VDDQ/VSSQ; c) VDD/VSS signals, when simultaneously acquired with the DQ7 signal. 
 

To assure the comparison measurement vs simulation as much accurate as possible the models of 
board loads were extracted in a reliable way by either simulations or measurements and inserted 
into the simulation test-bench. At this aim, a thorough activity of S-parameters extrapolation by RF 
measurements and EM simulations was carried out. Finally, the simulation test-benches for both 
test-cases were extrapolated and the correlation with the SSO measurement results was performed. 
At this aim different simulation blocks were identified and inserted in the test-benches. In Figure 9 
the I/O signal and the power noise comparison for the NOR Flash memory (left) and the LPDDR 
(right) are reported.  The simulations waveforms without power model are also shown to emphasize 
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its impact in improving the correlation. For completion the waveforms with switching activity 
model (SWA) from simulation and measurement are reported. 
 

 
Figure 9 - Benchmark between SSO simulation and measurement results for the NOR Flash memory (left) and the 
LPDDR (right). 
 
As can be observed, the power integrity model inserted in the simulation allows to clearly identify 
the value of the first and the second bouncing of the I/O signal for both low to high and high to low 
transitions, and fits well the VDDQ behaviour too. As a result, the developed power integrity model 
was considered validated.  
In the Task 1.4 a characterization board that was flexible, practical and easy to use, independent (as 
much as possible) from the hardware specificities of each die being analyzed, has been designed 
and manufactured. In this platform, denominated “Integrated Board” , composed by four memory 
modules, have been implemented (i) the methodology defined in the Task 1.1 to measure S-
parameters characteristics of the die power-rails, which formerly was based on on-wafer 
measurements and now it is performed through a dedicated board with an interface of SMA 
connectors – Module 1; (ii) the circuitry to measure the die supply currents while it was operating in 
different modes, defined and validated in the Task 1.2 – Module 2; (iii) the circuitry necessary to 
perform the I/O buffer measurements that led to the extraction of the Mπlog model – Module 3; and 
(iv) a calibration board used to calibrate and test the laboratory equipment used to perform the 
measurements on the other boards – Module 4. It is worth noticing that, in order to increase the 
flexibility, the devices under test are packaged (not bare-die or wafer) and directly plugged, through 
a highly efficient socket (in terms of parasitic values), into the Integrated Board. To de-embed the 
characteristics of the test fixture structures inserted in the platform, in order to retain only the S-
parameters of the die power-rails, the IC switching activity current and the I/O buffer characteristics, 
from the measurements, a set of dedicated test fixtures were designed and implemented on the 
calibration board. The Integrated board is based on the MOCHA-SI mother-board, developed within 
the WP4 of MOCHA project. Up to 550MHz of working frequency is supported. The Integrated 
Board platform has been completely validated through measurements and the obtained models were 
compared with the ones extrapolated in the Task 1.1 through on-wafer measurements and in the 
Task 1.2 through EMC-board measurements, with a very good agreement, as shown in Figure 10.  

I/O 

VDDQ 

I/O 

VDDQ 
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Figure 10 - Integrated Board: on the top, from left to right: Module 1, Module 2, Module 3 and Module 4. On the 
bottom, from left to right: Switching activity currents model validation, Power rail model validation. 
 
In the second work package WP2, the main objective was to explore an innovative approach for the 
modeling of IC buffers from both simulation and measurement that can be effectively applied to the 
characterization of proprietary and third party devices. The first part of the activity focused on the 
selection of the most suitable model structure allowing to represent the nonlinear dynamical 
behaviour of the I/O buffers of a digital memory; on the procedure for the computation of model 
parameters from device port responses and on the implementation of model equations in different 
commercial EDA tools. Also, a systematic assessment of the accuracy and the efficiency of the 
proposed enhanced models obtained from the simulation of the detailed transistor-level models of 
the MOCHA test cases have been assessed, thus confirming the strengths of the proposed 
methodology. Then the activity concentrated on the generation of models from real measured data 
and on the development of a set of modelling routines providing a useful tool for designers allowing 
to generate device models for recent device technologies.  

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 models provide a large 
improvement on the speed-up of the simulation of realistic structures and can be effectively 
obtained from both the simulation of transistor-level models of devices and real measurements 
carried out on a test board.  

Additional details on the research carried out, along with a selection of the obtained results, are 
reported below. 

Task 2.1, definition of a general model representation suitable to the modelling of the enhanced 
features of recent devices. 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 behavior was 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. Briefly, specking, the proposed models are defined by a two-piece mathematical relation that 
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can be easily estimated from transient voltage and current responses recorded at the device port. 
The readers should refer to the deliverables of the MOCHA project and the publications [2, 3] for 
additional details on the specific model structure and on the procedure for the estimation of model 
parameters.  

Task 2.2, validation of the proposed model structure. 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 of the MOCHA project. In Figure 11 is 
shown an example test structure considered to assess the performance of the models obtained for 
the first test case, i.e., the Flash NOR internal device.  

 

 
Figure 11. Realistic test case considered for the validation of the proposed enhanced models of the I/O ports. The values 
of elements composing the lumped RLC equivalents of the package structures are: R=200mΩ, L=10nH, C=0.5pF. 

Figure 12 collects a selection of the port voltage responses obtained by simulating the test structure 
of Fig. 11 and the Flash NOR test case via ELDO simulation and the different models involved in 
the comparison. A table collecting the information on the CPU time required to compute the curves 
in the figure is also included. From the previous Figure, it is worth noting that the proposed Mpilog 
models provide improved accuracy for both the functional signals like the output port voltage v1 
and the power supply fluctuations. The same comparison highlights that the IBIS models 
overestimate the under/over-shoots observed in the reference responses of the device and introduce 
large timing errors of the port voltage (e.g., see v1) computed during the state transition events. 
Furthermore, the IBIS prediction of the supply voltage fluctuations like the V(VDDQ) of Fig. 12 
incorporates spurious and faster dynamics. From the data of the Table in Fig. 12, it is clear that both 
the IBIS and the Mpilog models provide a large improvement on the speed-up of the simulation of 
realistic structures. Even if IBIS models are faster than the Mpilog ones, the two models can be 
simulated in some tens of seconds w.r.t the quite long simulation time required by the reference-
transistor level models of the devices. The differences between the simulation times of IBIS and 
Mpilog models do not certainly limit the application of Mpilog models for large and real simulation 
tests. 
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Figure 12. Figures on the accuracy and efficiency of the different models considered in the study. The different plots 
collects a selection of the functional and of the supply voltage responses of the test structure of Fig. 11 (see text for 
details). 

Task 2.3, Characterization board design. In this task, a sufficiently general test board is designed 
for the characterization of the ports of commercial ICs. Since the modeling procedure requires the 
measurements of the port voltage and current transient measurement, the board design implement 
the most appropriate solution for the indirect measurement of the port current. It is ought to remark 
that, in the first two work packages, the partners decided to spend additional efforts to start a 
systematic study aimed at optimizing the design of the different test boards that have been used 
within the MOCHA project. Specific attention was done for merging the possible different features 
required for both the buffer characterization (WP2) and the measurement of the switching activity 
(WP1) of digital memories. As an example, Fig. 13 shows the memory module that has been 
designed and used for the characterization of the Flash NOR test case with highlighted its main 
features (this is the same board already shown in Fig. 3 where additional information on the board 
feature is given). A similar board was designed for the second test case. As already outlined above, 
the first two modules designed in this task allow for: 
 

� The measurement of the core switching activity of the test cases. The time-domain 
measurement of the current flowing out of the VSS pins of the memory are measured by 
means of suitable current probes (e.g, see the 1-Ω probe tip in Fig. 3).  

� The measurements of port current and voltage for buffer modeling (e.g. the modeling of the 
DQ0 buffer in Fig. 13). The time-domain output voltage and current measurements can be 
done as shown in Fig. 13. In particular, the current is measured via the voltage drop on a 
series 10-50Ω SMD resistor (in the current design a 47Ω resistor is used). The SMA 
connector placed on the right of the SMD resistor can be used to connect a suitable load 
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(open, short, 50 Ω, transmission lines…) as suggested by the proposed modeling procedure. It 
is worth noting that the voltage across the resistor is measured via two test points and a set of 
two single-ended voltage probes, or (when available) via a differential voltage probe.   

 
Figure 13. Detailed view of the memory module designed for the first test case. The main features for the buffer 
characterization and the measurements of the switching activity of the memory are highlighted in the picture. 

In the last part of the activity, have been performed the validation tests on the second module of the 
“integrated board” that, as cited above, implements the same features employed and tested in the 
design of the previous boards. As an example, Figure 14 shows the results of a validation test. The 
boards developed in this task have been used to collect the port voltage and current waveforms 
required for both generating the models from real measured data and the validation signals. For the 
latter case, the memory is driven to operate as in normal condition with a shunt connection of two 
cables plugged into the SMA connector of Fig. 13. The two cables are an open ended coaxial cable 
(Z0=50Ω, L=2.6m) and a coaxial cable (Z0=50Ω, L=2m) terminated by a C=15pF capacitor. Figure 
14 shows the measured port voltage and current responses compared to the responses predicted by 
the different models considered in this study. From this first validation, the accuracy of the SPICE 
implementation of the model generated from measured responses is confirmed. Also, a very good 
agreement between all the model responses can be clearly appreciated.  

 
Figure 14. Port voltage and current responses of the DQ0 buffer for the second validation test (see text for details).  

Memory 

SMA for loads 

R (SMD) 
= 47Ω 

Voltage 
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The results on the detailed procedure for model estimation form real measured data have been 
published in [5]. 

Task 2.4, Complementary software generation. In this task, the 
state-of-the art Mpilog tool that was originally developed by 
the EMC Group of the Politecnico di Torino for the interactive 
generation of macromodels for the I/O ports of digital 
integrated circuits from the transistor-level description of 
devices has been extended to obtain the models developed in 
Task 2.1 and Task 2.2. Mpilog is a graphical application 
developed under MATLAB® R2007b. It is a 32-bit stand-alone 
application running on MATLAB-supported Microsoft 
Windows Systems. In addition, to complement the model 
generation from simulation data, a set of Matlab routines has 
been prepared for the model generation from real measured 
data via the procedure collected in Task 2.3. The tool (the 
current version is 5.3) is freely available for download from the 
website http://www.emc.polito.it (a link is also provided in the 
official MOCHA website http://www.mocha.polito.it). The tools provide a step-by-step modelling 
procedure that guides the users to generate the models of digital devices. 

Task 2.5, Flow extension to quick IBIS development. The last task of WP2 focused on the definition 
of the guidelines for the extraction of a selected subset of device characteristics required by the 
Input/output Buffer Information Specification [1] from the Mpilog models developed within the 
MOCHA project. The Mpilog tool has been suitably modified to automatically extract the IBIS 
data. The results on the validation of the extracted IBIS data have been presented at the 2010 
European IBIS Summit [6]. 

The third work package WP3 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 “EM front-end module”, whose 

objectives were to address the need of 
extraction and transfer of the 
necessary design data available in the 
Cadence SiP platform into the 3D EM 
simulator. The second year had the 
following objectives: (i) the 3D EM 
field solver development. Its 
validation is part of WP4; (ii) the field 
solver integration in the SiP platform; 
(iii) the generation of the necessary 
EM models to validate the SiP 
analysis platform. In order to 
accomplish the first objective: the 
work was completed in the area of the 

layout pre-processing; the mesh algorithms were refined to produce efficient meshes; the EM solver 
technology needed to model the true 3D parts (i.e. the bond wires) was added into the solver; and an 
export link to back-annotate the model to the SiP platform was put in place. With these additions 
the second objective, the entire flow, could be completed. The flow encompasses the export of 
selected nets from the SI/PI platform to the EM field solver, the corresponding EM model 
generation and the back-annotation of that model to the platform so that it can be incorporated into 



                                          

216732 – MOCHA 

           Final Publishable Summary               Project Final Report 

                                                                         

Page 12 of 16 
 

a further analysis. The integration between the SiP Platform and the EM field solver was tested for a 
SiP BGA package of Numonyx (see the picture on the left). Finally, the third objective was 
accomplished by generating the necessary EM models to validate the SiP analysis platform. 
Multiple EM models were generated in support of the EDA platform validation and model 
correlation on a complete system (IC + PKG + PCB).  

As of Cadence’s part, the first year efforts were concentrated on the development of new power 
integrity simulation strategies for the first half, joined by working on integrating Mpilog IO buffer 
model into the simulation environment. As for defining a power analysis strategy, it became quite 
clear that (i) both IC core as well as IO buffers need to be addressed; (ii) simulations need to be run 
in both time and frequency domain. While the IO buffer behavior is well understood and with 

Mpilog a comprehensive model is available, core 
power modeling requires a higher degree of 
abstraction due to the large number of transistors 
involved. The three methods research has been 
converging into are: (i) Measurement; (ii) Full chip 
static timing analysis (mostly applicable to memory 
only); (iii) Equivalent current source method. 
While the first two are obvious, the equivalent 
current source method abstracts core circuitry into a 
limited number of current sources. The reason for 
extending simulations commonly done in time 

domain into frequency domain is due to the nature of the power integrity problem itself and follows 
the very simple idea of defining ‘good power integrity’ as the actual impedance of the power 
delivery path for a given frequency range being equal or less the impedance profile required for 
delivering enough current at a maximum voltage drop over that same frequency range. While 
problems at very high frequencies (GHz-range and above) of the impedance profile of the power 
delivery path can only be fixed on the die (die capacitance and power/ground rails), lower 
frequency issues (several hundred MHz up to the GHz range) need to be fixed on the IC package 
(e.g. wire bond inductance). The second year’s efforts were mostly spent on integrating the 
previously defined specification into the Cadence Allegro SiP design platform and to verify the 
system. This resulted in a prototype version of the Cadence Allegro SiP Power Integrity tool. From 
all that has been learned when consuming data from various inputs and performing validation and 
comparison with measurements, a list of enhancements and future improvements to the platform 
have been defined. While two test cases have been set-up for verification, the more demanding of 
the two (the DDR case) has been picked to correlate simulation results with measurements. Since 
there is a very good match between simulation results and measurements, the concept of the 
platform and the models has been proven. 
Finally, in the last work package WP4, the main objectives were: (i) to define the setup and perform 
the measurements aimed at validating the simulation results of 3D EM field solver developed by 
Agilent within the WP3; (ii) to design a test platform for carrying out accurate characterization 
measurements on high-speed SiP devices and to use a subset of results for validating the SiP Power 
Integrity tool developed by Cadence.  
MC2-technologies started the activity with a deep bibliographic survey in order to identify the best 
approaches for device characterization at high frequencies. At this scope, both contact and 
contactless techniques were investigated for carrying out reliable measurements. 
To accomplish the first objective, two dedicated boards were designed and developed by MC2-
Technologies. The first board (Figure 18) contained typical 3D physical structures of package and 
boards, while the second one (Figure 19) enabled characterization measurements on a BGA package 
prototype designed and manufactured by Numonyx. The first board was probed thanks to 
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microwave probes that allowed accurate calibration, while the second board was probed thanks to 
SMA connectors mounted on the test fixture (Figure 19) allowing TDR/TDT measurement with 
high accuracy.  
 
Agilent built up simulation test benches to produce simulation waveforms that could be directly 
correlated with the TDR and TDT measurement ones (Figure 20), obtaining a very good agreement 
(Figure 21) that confirmed definitively the high accuracy of the 3D EM tool. From this validation 
step Agilent got a lot of learning’s for further fine tuning the accuracy of 3D EM tool simulation 
results. 
 

 
Figure 18 - board containing typical 3D physical 

structures of package and boards 

 
Figure 19 - board allowing to carry out 

characterization measurements on a BGA package 
prototype 
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Figure 20 - Agilent simulation test benches to produce 
simulation waveforms to validate the 3D EM solver. 
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Figure 21 - comparison between simulation and 

TDR measurement results carried out on the BGA 
prototype. 

 
Finally a measurement platform was developed in this work package to allow the characterization 
of high-speed SiP devices and use the measurement results to validate the Cadence SiP Power 
Integrity tool. The designed board, denominated ”MOCHA-SI Platform” , is a general purpose 
board that allows users to perform signal integrity measurements on SiP devices up to 550MHz of 
working frequency. It covers the upcoming applications of memory systems, especially the ones 
that use LPDDR. The platform is composed of a main board (Figure 22) that hosts a Xilinx FPGA 
memory controller and a small board (i.e. the so called memory module Figure 23) where the DUT 
is mounted. The memory module is plugged on the main board through two QTE connectors. A lot 
of studies through simulations and literature researchers were carried out by Numonyx and MC2-
technologies to finalize the best state-of-art of design specifications. The measurements were 
carried out on a double stacked composed of the two test cases considered within the WP1 and 
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WP2: the 512Mb Numonyx NOR Flash memory in 90nm technology (66MHz) and the 512Mb 
LPDDR third party device (133MHz).  The laboratory results have shown good performances of 
platform and hence the quality of design was confirmed as well. Furthermore, as already anticipated, 
a set of the MOCHA-SI platform signal integrity measurement results were also used for validating 
the Cadence SiP Power Integrity platform. The Figure 24 shows an example of crosstalk analysis 
and the very good agreement achieved between simulation and measurement results.  
 

 
Figure 22 - MOCHA-SI Platform main board.  

Figure 23 - MOCHA-SI Platform memory module. 
 

 

 
Figure 24 -  Example of crosstalk analysis between simulation and measurement.  

 
Finally, new low cost probing technique associated with amplifiers was designed (Figure 25) and 
explored within the WP4. These probes were based on SMA connectors but with high impedance 
configuration. Amplifiers have been designed in order to reach high sensitivity and allowing time 
domain measurement.  
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Figure 25 - MOCHA SI platform with the SMA probe 

developed connected to the oscilloscope. 
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Figure 26 - Comparison between clock signal 

measured with the Agilent 1134A active probe and 
the SMA probe developed in this project. 

 
For this probe development Agilent 1134A active probe has been taken as reference for comparing 
the waveform recorded with the developed one. Therefore as first step, a calibration was needed in 
order to adjust the delay by adjusting the skew on oscilloscope and the magnitude by adjusting the 
amplifier gain. Once completed the calibration, measurements have been carried out and compared 
with the waveforms recorded with the Agilent 1134A active probes having 6GHz bandwidth. Figure 
26 shows an example a clock measurement. As can be observed, both traces match fairly well 
meaning that performances reached by the SMA active probes developed are as high as already 
commercialized probes.  
As for the socio-economic impact and the wider societal implications of the project, it can be surely 
stated that the outcomes of MOCHA project are expected to hugely improve the SiP design 
verification cycle, 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’s memory market. This project could have a relevant 
impact above all on the telecommunication and consumer applications, such as cellular phones. In 
fact, 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 innovative simulation 
models, the EDA tools and the measurement approaches developed and validated within the 
MOCHA project will enable the design of cellular phones with ever more integrated features, with 
good peace of end-users. Moreover, potential failure issues will be investigated and overcome in 
simulation before the prototyping phase, reducing the time-to-market and increasing the cost-
efficiency as well as the development of new applications. Finally, due to the highly fruitful 
collaboration that was established between private companies and Academic institutions, a 
considerable number of presentations and scientific papers was prepared so that the research topics 
and results referring to this project can also have an impact on the scientific community that is 
interested in SiP design verification and signal integrity topics.  
 
More detailed information about the MOCHA project objectives and results, as well as papers and 
public deliverable reports, can be found on the public website www.mocha.polito.it.  
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