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Abstract— Statistical analysis is generally seen as the next EDA 
technology for timing and power sign-off. Research into this field 
has seen significant activity started about five years ago. 
Recently, interest appears to have fallen off somewhat. Also, 
while a lot of focus has been put on research fundamentals, 
extremely few applications in industry have been reported so far. 
Therefore, a group including Infineon Technologies as a leading 
semiconductor IDM and various universities and research 
institutes, as well as an EDA provider has tackled key challenges 
to enable statistical design in industry in a publicly funded 
project called “Sigma65”.  Sigma65 strives to provide key 
foundations to allow a change from traditional deterministic 
design methods to future design methods driven by statistical 
considerations. The project starts with statistical modeling and 
optimization of library components and ranges to statistical 
techniques for designing ICs on gate level and higher levels. In 
this paper, we present some results of this project, demonstrating 
how the interaction between industrial perspective, research 
institutions and EDA provider enables solutions which are 
applicable already in the near future. After an overview of the 
industrial perspective of the current situation in dealing with 
variations recent results on both statistical timing and power 
analysis will be given. In addition, recent research advances on 
fast yield estimation concerning parametric timing yield will be 
given. 

Keywords: Simulation, digital IC design, statistical timing 
analysis, statistical power analysis 

I.  INTRODUCTION 

Circuit performances such as delay and leakage depend on 
the process parameters, supply voltage and temperature (PVT). 
For every new process generation, increasing process variations 
(certainly relative to their nominal values and partly also 
absolutely) and also an increasing sensitivity of performances 
to these variations can be observed [4]. This calls for new 
methodologies of modeling and analyzing the impact of PVT 
variations on circuit performances. On this foundation, 
advanced optimization methods can then be developed. 

These variations are classified into global and local 
variations. Global variations affect each device on a die equally 

and only vary from die to die. Traditionally, these variations 
used to be well captured by corner cases. Different sets of 
process parameters are used to define slow and fast corners. A 
circuit is then designed such that the timing constraints are met 
in all corners. However, it becomes increasingly difficult to 
find a small number of adequate corners. Some effects that 
appear in recent process generations, such as the inverted 
temperature effect, demonstrate that the extreme values of 
circuit performance may not appear at the standard slow and 
fast corners. The increasing number of varying parameters 
results in a higher complexity of finding the correct corners – 
experimental data show e.g. that each dimension of different 
metal layers vary independently; therefore a thorough analysis 
needs to include a number of corners that is exponential in the 
number of metal layers. Different cells of the same design can 
have a different slow/fast corner possibly leading to a different 
corner for each cell. Additionally, it is already near to 
impossible for current designs to fulfill all requirements for 
these extreme corners as they are overly pessimistic. 
The second class is local variations which affect each device on 
a die independently. The classical corner-based design 
methodology cannot handle the effects of local variations. Such 
variations are currently being considered in industrial design 
flows by the introduction of on-chip variation (OCV) factors. 
The basic concept is to increase the computed delay of a data 
path by an empirically determined OCV factor and decrease the 
delay of the corresponding clock path for a setup-time check, 
and vice versa for a hold-time check. However, this approach 
results in a proportional increase of the delay with the length of 
the path even though the local variations cancel out for longer 
paths. Thus, the OCV approach introduces even more 
pessimism into the design. Furthermore, the empirical 
determination of OCV factors is very tricky. If data and clock 
paths share some components, then a common path pessimism 
removal technique is applied. Meanwhile, some tool vendors 
offer the option to define OCV factors specifically depending 
on the length of paths and also their geometric extension on a 
die. Various IDMs started to evaluate or use such concepts. 
However, it appears that such advanced OCV concepts tend to 
end up as one complex band-aid attached on top of another 
insufficient band-aid. As shown in Fig. 1, an industrial 
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comparison of timing-path arrival times reported by classical 
STA with OCV shows considerable deviations from highly 
accurate SSTA reference results.  

 

 

Figure 1.  Relative deviation (in %) of timing-path arrival times reported by 
STA + OCV compared to highly accurate SSTA. 

As process variations are forecast to get even worse for 
future process generations, it is vital to move on towards more 
realistic methods for their consideration in order to avoid the 
waste of area, power and engineering time. The aim should not 
be to gain smaller margins but to derive margin-less 
methodologies that are capable of capturing variation effects in 
a more realistic manner. An improvement in the corner-based 
method together with OCV might help in the near future but at 
the cost of more corners and more margins. But even with this 
extreme effort the risk of missing the real worst case can not be 
excluded completely. Therefore, the industry increasingly looks 
towards statistical design methods to provide a real 
breakthrough in dealing with process variations. 
The publicly funded project Sigma65 strives to provide key 
foundations to allow a change from traditional deterministic 
design methods to future design methods driven by statistical 
considerations. The project starts with statistical modeling and 
optimization of library components and will range to statistical 
techniques for designing ICs on gate level and higher levels.  
 

Following this brief description of the industrial perspective 
regarding the handling of variations, we now describe recent 
advances in statistical timing analysis considering waveforms. 
This is followed by an approach for fast yield estimation 
concerning parametric timing yield using Monte Carlo methods 
enhanced by Importance Sampling. We then give a brief 
overview of the industrial perspective considering leakage 
power variation, followed by the description of a new approach 
to statistical power estimation. 

II. TIMING ANALYSIS 
The consideration of the statistical nature of PVT variation 

for the delay computation leads to statistical static timing 
analysis (SSTA). The challenges mentioned above are clearly 
obvious to the vendors of EDA tools and first engines for 
SSTA are commercially available. However, such tools will 
always employ simplifications in order to analyze circuits in 

acceptable time. Thus, the results of these tools have to be 
evaluated before using them in a production design flow. 
Therefore, a reliable reference is needed for timing analysis. In 
the case of deterministic STA, this need can be addressed by a 
method based on stage-wise analog simulation. For SSTA, 
Monte Carlo analysis is usually proposed, but the size of most 
circuits inhibits this option due to runtime constraints. In the 
following, we propose a different solution, following a similar 
concept as for deterministic STA. In addition to the nominal 
simulation, the sensitivities to the process parameters are 
propagated through the circuit. Such a methodology is 
presented in the following. 

A. Significance of Exact Waveforms 
The miniaturization of integrated circuits results in a larger 

influence of effects that could be safely neglected for the 
timing analysis in previous process technology generations. 
Therefore, the models used for timing analysis are gradually 
advancing towards more complex implementations. Three 
major simplifications are used in traditional timing analysis, 
which will be addressed in this work: 1) modeling the driving 
gates by look-up tables dependent on slope and load; 2) 
abstracting the waveforms by arrival time and slope of a linear 
ramp; 3) reducing the load comprised of the gates in the fanout 
as well as the interconnect to a single capacitance in order to 
use the look-up tables. These three simplifications have yielded 
sufficient accuracy for previous process technologies. 

However, the influence of currently neglected effects has 
increased in recent process technologies and is forecast to 
increase further. Thus, these simplifications lead to 
unacceptable timing results. One major influence is the actual 
shape of the waveforms. Due to the increasing resistive 
behavior of interconnects the waveforms differ significantly 
from standard shapes leading to large errors in the delay of the 
gates [1]. To address this problem in static timing analysis, 
current source models of the driving cells have been proposed, 
e.g. [2]. These models are capable of considering the shape of 
the waveform but more complex effects like non-linear 
capacitances at the connected gate due to the Miller effect can 
only be approximated. The most accurate approach was 
published in [3], which used analog simulations of stages 
consisting of the driving gate and the interconnect and 
receiving gates at the output. Thus, the entire netlist including 
parasitics extracted from the layout can be considered by this 
approach. This approach will be used in the following as a 
nominal analysis and basis for the statistical analysis. 

Statistical Variations -- On top of the issues of 
deterministic timing analysis, one of the most prominent topics 
is the statistical variation of process parameters [4]. With 
increasing influence of random, local variations the corner-
based methods become increasingly pessimistic and chip area 
and power are wasted due to lack of better analysis tools [5]. 
Therefore, methods for statistical static timing analysis (SSTA) 
were proposed, considering the delays and arrival times as 
random variables [6]. However, the consideration of waveform 
variation in SSTA remains unclear. The aim of this work is to 
provide a methodology to determine the sensitivities of 
voltages at arbitrary points of the output waveform on process 
parameters. The methodology is presented in a path-based 
version as the influence of other approximations like the 



maximum computation in block-based analysis should be 
excluded for higher accuracy. The sensitivities allow the 
analysis of the waveform variation depending on the 
distributions of the process parameters. 

These sensitivities have to incorporate the correlation 
between process parameters. Process parameters of devices can 
be correlated if the devices are located in close vicinity. The 
arrival time at the input of a gate is then correlated to the 
process parameters of the gate itself. This correlation is 
considered in the proposed method using the representation of 
a weighted sum of process parameters for signal variation. 

B. Stage-wise analog Simulation 
The proposed methodology relies on the partitioning of a 

path into stages comprised of the driving gate, the entire 
interconnect and all connected receiving gates in the fan-out. 
Beginning from the input, each stage is simulated by a SPICE-
like simulator, which yields the nominal waveform for each 
stage. The next step is to determine the waveform variation 
around this nominal waveform resulting from a variation of the 
process parameters.  

The waveform variation is modeled as the variation of 
voltages of the waveform. These variations of the voltages are 
represented by a weighted sum of process parameters usually 
referred to as a canonical sum: 

u(t,p0 + δp) ≈ u(t,p0) + Σ χυ(t) δpυ                     (1) 

Wherein u(t,p0) is the nominal output waveform for the 
nominal case of process parameters p, χυ(t) are the sensitivities 
of the voltage at time t to the process parameter pυ, and δpυ are 
the variations of the process parameter pυ around the nominal 
value. 

The variation of the output waveform of one stage is 
divided into two contributions: 1) The variation caused by the 
variation of the process parameters of the stage itself and 2) the 
variation of the input waveform. In order to consider these two 
contributions, the sensitivities of the output voltage to the 
process parameters of the driving cell as well as the 
sensitivities of the output voltage to the input voltage have to 
be determined. The employed simulator can compute the 
required sensitivities during nominal simulation using adjoint 
network analysis. The two contributions are added to obtain the 
canonical sum as in (1) at the output of the stage. The path is 
traversed and the nominal output waveform of one stage is 
used as an input for the next stage. The canonical sums for all 
voltages of the waveform are also propagated towards the 
output of the path. 

One major obstacle is the fact that the main influence of 
parameter variation is a shift of the output waveform resulting 
in a large variation of the voltage and the voltage variation can 
exceed the linear region. Therefore, an expanded representation 
was developed, which separates the time shift from the voltage 
variation and propagates the canonical sum of the time shift 
separately. At the end of the path, the two contributions are 
added in order to obtain meaningful quantities like the variation 
of the arrival time.  

The validity of this approach relies on the linear assumption 
of the relationship between voltage/arrival time and process 
parameters. This linearity can be sufficiently assumed when 
separating the arrival time from the voltage variation as 
described above. 

C. Timing Results 
The proposed method was tested on extracted paths of an 

industrial design with all post-layout parasitics. In order to 
evaluate the accuracy of the sensitivities, a SPICE Monte Carlo 
simulation was performed and the standard deviation of the 
delay (σd) was compared to the σd resulting from the linear 
combination of process parameters according to the computed 
sensitivities. 

The variation of 4 global and 2 local parameters was 
obtained from the productive 90nm framework of a major 
IDM. Gaussian random variables are assumed for the process 
parameters, but the proposed method is not restricted to any 
particular distribution.  

Fig. 2 shows how the histogram of the Monte Carlo 
simulation matches the probability density function obtained by 
adding the Gaussian random variables according to the 
canonical sum at the output of a path. 

 

Figure 2.  Comparison of Monte Carlo histogram and Gaussian propability 
density function optained by the proposed method 

Table I shows the number of gates, the total size of the 
interconnect, the error in the delay, the runtime of the proposed 
method, and the runtime of the Monte Carlo analysis for 
different paths. 

TABLE I.  RESULTS FOR PATHS FROM AN INDUSTRIAL DESIGN 

#gates #res/#cap err σd rt Rt(MC) 
35 237/215        3% 923 s 614 · 103 s 
35 241/219        5% 927 s 608 · 103 s 
34 225/204        4% 907 s 536 · 103 s 
50 108/44         5% 1400 s 1.2 · 106 s 
 

It can be seen that the results of the proposed method are 
very close to analog simulation but with a speedup of 600 to 
800. Therefore, the proposed method is well suited as a highly 
accurate reference tool to analyze the accuracy of commercial 
tools as well as to perform a detailed analysis on a limited 
number of paths which have been identified as being critical by 



a less accurate tool. Further work could include the 
implementation of a block-based traversal of an entire circuit. 

III. RESEARCH ADVANCES ON FAST YIELD ESTIMATION 

For analog circuits yield estimation methods as well as 
yield optimization methods [7] are well established [8]. They 
cannot be applied directly to digital functional blocks, as the 
characteristics of the path delay needs to be taken into account. 
Due to the maximum calculation of the delay of convergent 
paths, the performance function is non-linear. This effect can 
cause non-Gaussian distributions. Additionally, the statistical 
variance of the delays is often negatively affected by operating 
conditions – especially the load. To estimate the parametric 
yield of a design in the relevant region above 95%, the 
estimation of mean value and variance is therefore not 
sufficient. Instead, the distribution of the delay has to be 
analyzed exactly at the boundary. In this region deterministic 
yield estimation methods have clear advantages compared to 
robust stochastic estimation methods like Monte Carlo. 
However, regarding digital functional blocks the consideration 
of the special shape of the performance functions is missing. 
This complicates the application of standard methods. 

Known deterministic and statistic yield estimation methods 
are adjusted to the challenge of digital design. Yield estimation 
methods are developed which can be applied first-time to 
digital circuit design handling the non-linear effects. The 
advantage of Monte Carlo methods over deterministic methods 
is that their convergence rate is independent of the number of 
statistical parameters. Please note that considering local 
variations, statistical parameters are introduced per device. But 
its simulation effort is increasing with accuracy. To enable fast 
yield estimation, Variation Reduction Techniques are used to 
develop new methods estimating the yield with same accuracy 
and less simulation effort compared to standard Monte Carlo 
method. 

One promising technique is using Importance Sampling 
Analysis with a Defensive Mixture Distribution [9]. It is used 
to enrich the numbers of samples around the specification 
boundary which is located at the boundary of the process 
distribution for high yield designs. This can be achieved by 
using an artificial distribution taking just half of the samples 
from the original process distribution and the other half from 
the process distribution shifted towards the specification 
boundary. Applying this technique to an inverter shows that the 
method is most efficient if the process distribution is shifted to 
a point on the specification boundary, the worst-case point. 
This splits the samples of the shifted distribution half and half 
in good and bad. The worst-case point is the one point on the 
specification boundary with closest distance to the mean value 
of the process distribution. 

To estimate the yield with a standard Monte Carlo method 
the percentage of the good samples fulfilling the specification 
is determined. Using Importance Sampling Techniques, the 
samples need to be weighted to correct the difference between 
the artificial distribution and the process distribution. The 
weighting increases the variance of the yield estimator as 
outliers contribute with high weights to the yield estimate. 
Estimating the percentage of the bad samples (100% - yield) 

contributing with small weights instead, showed an increase of 
estimation accuracy by up to 350%. 

To apply the Importance Sampling yield estimation 
technique to a path of a digital circuit, the worst-case point 
needs to be calculated. This can be done with deterministic 
methods using WiCkeD [8]. The simulation effort of the 
deterministic worst-case point calculation is increasing with the 
number of statistical parameters. This is quickly consuming the 
benefit of the Importance Sampling method or even taking 
more simulation effort as the standard Monte Carlo yield 
estimation. Therefore, a method to approximate the worst-case 
point of the path delay has been developed. In a preparation 
step the worst-case points are predetermined for each inverter, 
NAND gate, NOR gate etc. In general, rising and falling edges 
have to be distinguished as their delays and therefore their 
worst-case points are different. Lacking any specification for 
the gate delays, worst-case points are calculated with a 3 sigma 
distance. The worst-case points of the gate delays are 
calculated once for a gate library. Based on this, the worst-case 
point of a path delay can be approximated by a liner 
combination summing up the worst-case points of the gate 
delays on the path. While simulations are necessary in the 
preparation step to calculate the worst-case points of the gate 
delays, the worst-case point of a path delay can be 
approximated without any simulation just by calculation. 
Applying the Importance Sampling method with an 
approximated worst-case point to a path with 3 inverters, a 
NOR and a NAND gate of an industrial design showed similar 
accuracy compared to the same experiment using calculated 
worst-case points. So the efficiency improvement of the 
Importance Sampling technique is maintained completely by 
using the worst-case point approximation. 

Applying the overall Importance Sampling approach to that 
path shows a 400% efficiency improvement over standard 
Monte Carlo yield estimation for a specification 3σ away from 
the mean of the process distribution. The efficiency is 
increasing exponentially with higher yields.  

IV. STATISTICAL LEAKAGE ANALYSIS 

 

Figure 3.  Comparison Monte Carlo simulation vs. log-linear leakage model 
for a  90nm inverter at 135°C 

As described above for timing analysis, leakage power also 
varies due to PVT variation. But there are significant 
differences between leakage power and timing. Firstly, the 
leakage power shows an extremely wide range of variation, as 
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it depends exponentially on some physical process parameters. 
Thus, it is less appealing to linearize around the nominal point. 
Experiments showed that the distribution of the leakage power 
can be approximated at first order by a log-normal distribution. 
However, for some cases, this assumption leads to inaccurate 
results. Fig. 3 shows a comparison of direct Monte Carlo 
simulation data versus a linearized logarithmic model for an 
inverter in 90nm technology at 135°C. For the log-normal 
leakage distribution used in the literature a simplified model to 
be valid, all points would need to be on a straight line. In the 
given case (and many other cases) however, obviously there is 
a significant deviation. A second order model shows a better 
approximation behavior, but for a correct modeling even higher 
order nonlinearities have to be taken into account. 

After the determination of the modeling parameters for 
single cells, the next challenging task is the analysis of the 
entire circuit. The leakage analysis in the nominal case is 
available meanwhile, what remains to be done is the extension 
of this analysis to include the variation effects, leading to a full 
Statistical Leakage Power Analysis (SLPA). First ideas along 
these lines are available, based on a combination of response 
surface models and Monte Carlo simulations. 

V. STATISTICAL POWER ESTIMATION 
Power dissipation of a digital system is composed of static 

and dynamic power dissipation. The static power dissipation 
corresponds to the leakage currents which flow through the 
system’s components in steady-state. The dynamic power 
dissipation depends on short-time cross currents and the power 
which is necessary to charge capacitances of devices and wires 
during signal changes. Both power contributions depend on 
process variations that influence the transistor parameters. 
Static power distributions can be estimated taking into 
consideration an in general nonlinear dependency between 
process parameters and leakage currents. If this dependency 
can be described by special polynomial forms, an analytical 
evaluation can be applied only in special cases [10, 11, 12]. An 
alternative is a Monte Carlo simulation applied on the response 
surface models which characterize the leakage current 
dependency on the parameter variations. 

Monte Carlo simulation could also be applied to carry out a 
statistical dynamic power analysis based on transistor level 
netlist descriptions using SPICE-like simulators. However, the 
required effort is in the case of larger systems beyond the 
accepted limits. Acceleration can be achieved replacing 
transistor level descriptions by behavioral models. Parameter 
variations influence both – transient behavior that affects 
charging and de-charging of capacitances and power which is 
necessary to load and de-load these capacitances. Thus, a 
method was developed to run Monte Carlo simulations using 
behavioral models and estimate dynamic (and also static) 
power in each simulation run [13]. VHDL was used to establish 
the behavioral models. The SAE J2748 standard [14] was 
applied to describe the parameter variations. 

A. Modeling Approach 
Non-Linear Delay and Power Models (NLDM, NLPM) 
describe the dependency of the delay, slope and power of each 
output signal of a digital cell with respect to the slope S of the 

switching input signals and the associated output load 
capacitance C. These dependencies are provided in the digital 
design flow by tables that characterize yi=fi(C,S,p0) where yi is 
either a delay, slope or power characterizing an input-to-
output transfer and p0 is a vector of n nominal real-valued 
parameters that influence delays, slopes and power. These 
nominal values are fixed for a given technology. Thus, the 
functions fi can be characterized with values at discrete data 
points (Ck,Sk). In the case of a statistical analysis the 
parameters can vary and are characterized by random 
variables. The dependency of delay, slope and power values 
on the parameters can be expressed in the first approximation 
using first order sensitivities: 
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At the beginning of each Monte Carlo run new Δpj are tossed 
up which results in a varied set of tables for slope, load and 
power characterizing fi(C,S,p0+Δp). 
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Figure 4.  VHDL Cell model structure for statistical power simulation 

For each input signal change the extended cell models (see 
Fig. 4) determine delay and slope of the affected output signal 
based on equation (2) using the pre-calculated, varied lookup 
tables. The required arguments S and C are provided in 
different ways: the load capacitance C is assumed to be 
constant in the current implementation and is therefore passed 
as generic parameter and the input slope S is carried together 
with the logic value in an overloaded signal data type. At the 
same time, a corresponding power value is determined from the 
tables and either applied to a global variable or passed to a 
post-processing step allowing to create a simplified waveform 
of the total current.  

B. Design FlowAspects 
Based on the standard NLDM/NLPM .lib file information, 

extended by parameter sensitivities, VHDL cell models and 
packages which store the delay, slope time and power 
information are uniquely created. For a system under 
investigation, load capacitances are determined based on the 
associated SPEF (Standard Parasitic Exchange Format) file 
information. Thus, cell models and the netlist to simulate a 
system are available. In the instantiation phase of each 



simulation run the parameter values can be determined based 
on their probability density functions. In this way, the Monte 
Carlo simulation runs only require to toss up parameter values 
at the beginning of a simulation (full arrow in Fig. 5). This is a 
time-saving procedure compared to a modification of the .lib 
files for each Monte Carlo simulation run (dashed arrow in Fig. 
5). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5.  Placement within the design flow 

C. Experiences with the Approach 
First experiences ware gained with a 32-bit multiplication unit 
which consists of about 1000 instances of 14 different cell 
types. SPICE-like and digital simulations were carried out in 
order to compare simulation effort and accuracy. 

TABLE II.   SIMULATION TIMES 

Simulation Time (abs) Time (rel) 

SPICE-like simulation 10 min 30000 

VHDL simulation (proposed model) 0.02 s 1 

Standard Verilog simulation  0.009 s 0.45 
 

The difference of the number of evaluated toggles of SPICE-
like simulation and VHDL simulation with the extended 
model was about 10 % for the example. 

VI. CONCLUSION 
The increasing relative variation of process parameters and 

increasing sensitivities to these parameter variations call for a 
statistical analysis of performance parameters. The two 
performance parameters delay and leakage have been 
addressed in this paper. For SSTA, a highly accurate reference 
was proposed. The statistical leakage power analysis is still in 
early stages but some first ideas seem to give an impression of 
the development directions to come. In this paper, we have 
presented statistical methods for timing and power analysis and 
simulation of digital blocks with thousands of gates. Innovative 
approaches for exact statistical modelling of library elements 
and connections are the basis of these methods.  

The developed methods have to extend regarding additional 
requirements of new process technologies. Furthermore, the 
methods will be improved for the application to larger digital 
blocks as well as to analog and mixed-signal circuits. The goal 

is the analysis of the whole integrated circuit and a sufficient 
estimation of the yield. For future development three major 
questions shall be stated here. Firstly, the interaction between 
timing and power is not properly addressed. This yields much 
optimization potential and should be used. Secondly, the 
variation aware implementation should be addressed. On one 
hand the process itself could be optimized but on the other 
hand the implementation could take the variations into account 
and thus reduce the overall impact of the variations on the 
circuit performance. Thirdly, the statistical analysis should be 
extended to higher levels of the design flow. A variation aware 
high level synthesis can further optimize the statistical behavior 
of the final implementation. With such tools the rising impact 
of variation in future process generation can be addressed - but 
without them it will be impossible to develop complex systems 
in the future. 

ACKNOWLEDGEMENT 
These activities are supported by the German Ministry of 

Education and Research (BMBF) within the project Sigma65 
(ID 01M3080). The content is the sole responsibility of the 
authors. 

REFERENCES  
[1] A. Korshak and J.-C. Lee, “An effective current source cell model for 

VDSM delay calculation,” in International Symposium on Quality 
Electronic Design, 2001. 

[2] R. C. Kezer. Characterization Guidelines for ECSM Timing Libraries. 
Silicon Integration Initiative, Inc., 9111 Jollyville Road, Austin TX 
78759, 2006. 

[3] J. Bargfrede and M. Mirbeth, “Statische Laufzeitanalyse digitaler 
Schaltungen mittels Analogsimulationen,“ in GME/ITG-Diskussions-
sitzung Entwicklung von Analogschaltungen mit CAE-Methoden, pp. 
137-141, VDE Verlag, 2006. 

[4] D. S. Boning, K. Balakrishnan, H. Cai, N. Drego, A. Farahanchi, K. M. 
Gettings, L. Daihyun, A. Somani, H. Taylor, D. Truque, and X. Xiaolin, 
“Variation,“ IEEE Transactions on Semiconductor Manufacturing, vol. 
21, pp. 63-71,  Feb. 2008 

[5] A. Srivastava, D. Sylvester, and D. Blaauw. Statistical Analysis and 
Optimization for VLSI: Timing and Power.  Springer Science+Business 
Media, 2005. 

[6] A. Agarwal, D. Blaauw, and V. Zolotov, “Statistical timing analysis for 
intra-die process variations with spatial correlations,“ in IEEE/ACM 
International Conference on Computer-Aided Design (ICCAD) 2003, 
pp. 900-907. 

[7] H. E. Graeb. Analog Design Centering and Sizing. Springer, 2007. 
[8] URL: http://www.muneda.com 
[9] T. C. Hesterberg, “Weighted Average Importance Sampling and 

Defensive Mixture Distributions, “ Technometrics, vol. 37, pp. 185-194, 
number 2, 1995. 

[10] X. Li, J. Le, and L. T. Pileggi, “Projection-based statistical analysis of 
full-chip leakage power with non-log-normal distributions,“ in 43rd 
ACM/IEEE Design Automation Conference 2006, pp. 103-108. 

[11] M. Zhang, M. Olbrich, D. Seider, M. Fredrichs, H. Kinzelbach, and E. 
Barke, “Ein Verfahren zur Analyse von Prozessschwankungen für 
nichtlineare Schaltungen mit nicht-Gauss-verteilten Parametern,“ in 
Zuverlässigkeit und Entwurf 2007, pp. 25-30. 

[12] C. Sohrmann, L. Muche, and J. Haase, “Accurate approximation to the 
probability of critical performance,“ in Zuverlässigkeit und Entwurf 
2008, pp. 93-97. 

[13] U. Eichler, J. Haase, R. Häußler and H. Kinzelbach, “Gate-level digital 
power simulation with varying technology parameters,“ in 
Semiconductor Conference SCD 2008. 

[14] SAE J2748 VHDL-AMS Statistical Packages. SAE Electronic Design 
Automation Standards Committee, October 2006. 

Timing 
+ Power 

Simulation

Netlist.lib
+ sensit.

Output 
loads

STA tool

SPEF

Data 
extraction

Timing
+ sensit.

Cell 
models

Power
+ sensit.

converter

Netlist

VHDL  
model 


	Main
	DATE09
	Front Matter
	Table of Contents
	Author Index



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




