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Problem Statement

Simulating digital circuits is an important task and should be conducted as
early as possible in the design process. Contemporary tools mainly use two
approaches of simulating such circuits: On the one hand analog simulators yield
highly accurate results but are slow, on the other hand digital simulators are
fast, but hide a lot of details. An approach that combines the advantages of both
methods would be desirable. This approach should especially work for complex
gates and cover the respective effects governing such gates, in particular the so
called Charlie effect [1].
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Expected Result

The aim of this thesis is to develop a tool using a new simulation approach.
This approach treats analog signals as lists of transitions that are characterized
by a small set of parameters. From these parameters, i.e., buy summing up
the respective transitions, the analog signal traces can be calculated. Upon
propagation through the circuits the transition parameters are supposed to be
changed according to the changes the analog signals experience. The target of
the analyses in this thesis will be a two-input gate, more specifically a NORGate.
At first a large number of SPICE [2] simulations shall be executed to establish
a relationship between input and output parameters. Using this relationship,
the propagation of a transition through a NOR-Gate can be simulated with very
low computational effort. One of the main concerns, however, is modelling the
Charlie effect [1]. This effect causes output transitions to speed up or slow down
(depending on the transition polarity) if the time difference between the input
transitions of both inputs is small.
In the end, the following questions shall be answered: Can the tool accurately
model the Charlie effect? How accurate are the simulations in comparison to
SPICE? What is the speed difference between the tool and SPICE/commercial
digital tools?
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Methods
• Literature Review
– Information will be gathered about existing approaches for modelling
multi-input gates.
• Simulation
– A variety of circuits has to be systematically simulated in SPICE to
gather data for the succeeding step.
• Modelling
– Based on the retrieved data, a model will be generated that allows
an accurate description of the analog behaviour at very limited computational effort.
• Analysis
– The built model is compared to SPICE simulations and the commercial digital timing tool QuestaSim.
• Evaluation
– Research questions, especially concerning the accuracy and performance compared to other simulation approaches, will be answered.

Several iterations of the steps Simulation, Modelling and Analysis will be
applied until no further progress in model accuracy is achievable.
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State of the Art

Contemporary tools like SPICE [2], use highly sophisticated analog models like
BSIM [3] to simulate circuits. SPICE yields accurate results while consuming a
lot of time and computational effort. In this thesis it is considered the golden
standard against which any other simulation method must be measured in terms
of simulation accuracy.
On the other hand digital simulators enhanced with characteristic delay behaviours operate on high abstraction levels. The delay of a cell is estimated from
SPICE simulations across varying input slopes and output loads [4]. The tabulated results are used to parameterize pure or inertial delay channels [5, 6]. The
pure delay channel simply adds a constant delay to a transition propagating a
cell. In addition to that, the inertial delay channel also removes transitions that
are too close to each other. This approach uses less resources but approximates
signals by zero time transitions, providing no information about the shape of
the signal. Although the run time effort is considerably lower than SPICE, the
characterisation effort should not be underestimated.
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Alternative methods situated in between these two established approaches
have already been proposed in literature. One approach is to perform a seriesparallel reduction of the transistors in a gate and treat it as an inverter [7].
Another approach called MCSM (multi-port current source model) [8] refines
current source models to accurately handle multiple ports at the same time.
In this thesis we aim to improve accuracy with negligible additional effort.
Based on the tool developed in [9].
The approach developed in this thesis is situated in-between these two established approaches. In particular a small amount of resources should be used,
while providing a reasonable amount of information about the shape of the signal. Similar to the second approach a significant amount of characterisation
effort has to be conducted.
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Relevance to the Master programme Computer Engineering

This thesis aims to improve the efficiency of simulating digital circuits and is
therefore relevant to courses concerned with developing such circuits. These
courses include:
• 182.754 & 182.755 Advanced Digital Design
• 182.700 & 182.701 HW/SW Codesign
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