Chapter 2
Previous Works on Automatic Analog IC
Sizing

2.1 Analog IC Sizing Automation: An Historical
Perspective

Historically, automatic analog IC sizing has been implemented using two different
approaches, namely knowledge-based and optimization-based approaches [1],
illustrated in Fig. 2.1. Knowledge-based approaches systematize the design using a
design plan derived from expert knowledge. In these early strategies, a plan is built
with design equations and a design strategy to produce the device sizes that meet
the performance requirements. In [2], the designer expertise is captured in a design
plan where all design equations are explicitly solved during the definition of the
plan. Once the topology is selected, the plan is executed for the given specifications
and produces a first design. In [3] the same overall strategy is used, but defines the
circuits hierarchically, with a design plan for each sub-block. It also adds back-
tracking with design-reuse methodologies to recover from failed designs. A slightly
different approach is found in [4—7], where designer’s knowledge captured in expert
systems using artificial intelligence techniques. The main advantage of knowledge-
based approaches is the short execution time. However, deriving the plan is hard
and time-consuming, it requires constant maintenance to keep it up to date with
technological evolution, and also, the results are not optimal, suitable only as a
first-cut-design.

Aiming for optimality, the next generations of sizing tools apply optimization
techniques to analog IC sizing. Optimization-based sizing tools come in many
flavors, but they can be generally classified into two main subclasses:
equation-based and simulation-based circuit optimization, from the bulk methods
used to evaluate circuit’s performance. Equation-based methods use analytic design
equations, whereas simulation-based use a circuit simulator to relate the circuit’s
performance figures with the design variables. While the first take advantage of fast
execution time, the development and maintenance of the equations are costly, in
addition the lack of accuracy in the evaluation of the circuits’ performance greatly
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Fig. 2.1 Automatic circuit sizing approaches. a Knowledge-based. b Optimization-based

penalizes this approach. To tackle the accuracy issue, simulation-based evaluation
takes advantage of the circuit simulator, e.g., SPICE [8], to provide accurate per-
formance figures. The cost of this approach is obviously execution time, but with
the computation resources available today, quasi-optimal solutions can be obtained
with acceptable execution timeframes [9].

In the current state-of-the-art, optimization-based is the most common approach
to automatic sizing at circuit level, and some flavors of it are already integrated and
available in the toolkits provided by most EDA providers, like the circuit optimizer
feature of Cadence’s Virtuoso Custom Design Platform GXL [10], Synopsys Titan
ADX [11] or MunEDA-GNO [12]. Nevertheless, for system level, design plans or
knowledge-based tool are still around [9]. The following sections will overview the
most preeminent methods in analog integrated circuit sizing and the latest devel-
opments in the area.

2.2 Optimization-Based Circuit Sizing

The critical points in optimization-based approaches are the optimization tech-
niques employed and the methods used to evaluate the circuit’s performance.
Sect. 2.2.1 overviews the first and Sect. 2.2.2 the second.

2.2.1 Optimization Techniques Applied to Analog Circuit
Sizing

Different optimization techniques are used for analog IC sizing and optimization,
both deterministic and stochastic. In equation-based methods, as the analytic
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equations that relate the circuit’s performance figures to the design variables are
known, is possible to use classical optimization methods. By using the circuit
simulator, methods that take advantage of some properties of the models, e.g.,
quadric or geometric programming cannot be used, leading, to stochastic heuristic
optimization techniques.

Early approaches to simulation-based automatic sizing used local optimization
around a “good” solution, where simulated annealing (SA) [13] was the most
common optimization technique used. SA mimics the annealing of material under
slow cooling to minimize the internal energy, as the name suggests. In DELIGTH.
SPICE the optimization algorithm (phase I-II-IIT method of feasible directions) is
used to perform local optimization around a user provided starting point.
Kuo-Hsuan et al. [14] and FASY [15, 16] use equations to derive an approximate
solution, and then use SA to optimize the design. Likewise, Cheng et al. [17] also
uses SA with a good starting point, but considers the transistor bias conditions to
constrain the problem. FRIDGE [18] aims for general applicability approach by
using an annealing-like optimization without any restriction to the starting point,
whereas Castro-Lopez et al. [19] use SA followed by a deterministic method for
fine-tuning to perform the optimization.

Other widely used class of optimization methods are genetic algorithms
(GAs) [20]. The principle of the GA is to mimic natural evolution where new
solution vectors are obtained from the current population by the application of the
genetic operators of mutation and crossover. Barros et al. [21, 22] presents a circuit
sizing optimization supported by a GA where the evaluations of the populations
was made using a both the circuit simulator and a support vector machine (SVM).
Alpaydin et al. [23] use hybridization of evolutionary and annealing optimization,
where the circuits’ performance figures are computed using a blend of equations
and simulations. Given the affinity evolutionary algorithms have with parallel
implementations, in Santos-Tavares [24], MAELSTROM [25] and ANACONDA
[26] the time to simulate the population reduced by a parallel mechanism that shares
the evaluation load among multiple computers.

A different approach to circuit sizing optimization that also employs evolu-
tionary methods is to simultaneously generate the circuit topologies (the arrange-
ment of the devices) and the device sizes. Koza [27], Sripramong [28], and more
recently Hongying [29] proposed a design methodology able to create new
topologies by exploring the immense possibilities starting from low abstraction
level. Small elementary blocks are connected bottom-up to each other to form a new
topology. Various fundamental entities can be applied, such as, single transistors,
elementary building blocks or node connections. However, these approaches are
met with great skepticism, as designers are suspicious of the generated structures,
because they often differ too much from the well-known analog circuit structures.

Swarm intelligence algorithms [30] can also be found in the literature applied to
analog circuit sizing. The fundament of swarm intelligence algorithms is to use
many simple agents that lead an intelligent global behavior, like the one observed in
many insect hives. From these methods, the most common are the ant colony
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optimization (ACO), which was successfully applied in [31, 32], and particle swarm
optimization (PSO) that can be found in [33-35].

Circuit sizing is in its essence a multi-objective multi constraint problem, and the
designer often explores the tradeoff among contradictory performance measures, for
example, minimizing power consumption while maximizing bandwidth, or maxi-
mizing gain and minimizing area of an amplifier, therefore, the usage of
multi-objective optimization techniques is becoming more common. When con-
sidering multiple objectives the output is not one solution, but a set of optimal
tradeoff solutions, usually referred as Pareto optimal front (POF). Given the mul-
tiple elements already present in both evolutionary and swarm intelligence algo-
rithms, these are the natural candidates to implement such approach. In MOJITO
[36] the evolutionary multi-objective methods are applied, respectively, to circuit
sizing and both sizing and topology exploration, whereas in [35] the particle swarm
optimization is explored in both single and multi-objective approaches. A different
approach is taken by Pradhan and Vemuri in [37], where the multi-objective sim-
ulated annealing (MOSA) is used.

Instead of executing sizing on-the-fly, in some approaches the non-dominated
solutions are generated using the previously mentioned multi-objective optimiza-
tion methods or variations of them for the most relevant tradeoff (prior to the design
task) and then, the suitable solution is selected from the already sized solutions
[38—41].

2.2.2 Circuit’s Performance Evaluation

As stated, in terms of evaluation methods, the two main subclasses are
equation-based and simulation-based evaluation. As both have advantages and
disadvantages, hybrid solutions considering both approaches are also common.

2.2.2.1 Equation-Based

In the equation-based approaches different optimization techniques are used. The
optimization in OPASYN [42] is done using steepest descent, whereas in STAIC
[43], a successive solution refinements technique is used. OPTIMAN [44] uses SA
applied to analytical models created automatically by ISAAC [45]. DONALD [46]
is an interactive design space exploration tool that assists the designer during circuit
sizing by automatic analytical manipulations of the circuit equations. Maulik et al.
[47, 48] define the sizing problem as a constrained nonlinear optimization problem
using spice models and DC operating point constraints, solving it using sequential
quadratic programming. Matsukawa et al. [49] design AX and pipeline analog to
digital converters solving via convex optimization the equations that relate the
performance of the converter to the size of the components. In ASTRX/OBLX [50]
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a SA optimization is performed on a cost function defined by equations for dc
operation point, and small signal asymptotic waveform evaluation (AWE). This
evaluation technique is also used in DARWIN [51].

In GPCAD [52] a posynomial circuit model is optimized using geometrical
programming (GP), the execution time is in the order of few seconds, but the
general application of posynomial models is difficult and the time to derive the
model for new circuits is still high. To reduce the long time dispended in model
development several automatic techniques were proposed, in [53, 54] Gielen et al.
provide a good overview on symbolic analysis applied to analog ICs. However,
some design characteristics are still not easy to extract automatically in terms of
analytical expressions with sufficient accuracy. Kuo-Hsuan et al. [14] revisited the
posynomial modeling recently, surpassing the accuracy issue by introducing an
additional step, where local optimization using SA and a circuit simulator is per-
formed. The same strategy is applied in FASY [15, 16] were analytical expressions
are solved to generate an initial solution and a simulation-based optimization is
performed to fine tune the solution.

The equation-based methods’ strong point is the short evaluation time, making
them, like the knowledge-based approaches, extremely suited to derive first-cut
designs. The main drawback is that, despite the advances in symbolic analysis, not
all design characteristics can be easily captured by analytic equations, making the
generalization of the method to different circuits very difficult. In addition, the
approximations introduced in the equations yield low accuracy designs especially
for complex circuits, requiring additional work to ensure that the circuit really meets
the specifications.

2.2.2.2 Simulation-Based

With the availability of computing resources, simulation-based optimization gained
ground, being the most common approach found in recent approaches.
In DELIGTH.SPICE [55] the optimization algorithm (phase I-II-III method of
feasible directions) is used to perform local design optimization around a user
provided starting point.

FRIDGE [18] on the other hand aims for global optimality by using an
annealing-like optimization without any restriction to the starting point. However,
to restrict the dimensionality of the problem the user still must provide the range for
the optimization variables. In MAELSTROM [25] and ANACONDA [26] the
evaluation time is reduced by a parallel mechanism that shares the evaluation load
among multiple computer. Given the affinity evolutionary algorithms have with
parallel implementations, it was the base technique chosen in MAELSTROM,
however and because the success that SA has demonstrated in many implementa-
tions, the authors’ option was to use parallel re-combinative simulated annealing
(PRSA). In ANACONDA the approach is similar, but instead of the PRSA it is
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applied a variation of pattern search algorithms, named by the authors as stochastic
pattern search.

Generality and easy-and-accurate model (the circuit netlist) are the strong points
of simulation-based techniques. However, the execution time is large for complex
circuits (~ 100 variables) and prohibitive at system level, and, without the proper
constraints the algorithm may not converge to a good result. Some heuristic
schemes exist to automate the process of defining the constraints [56]. However,
automatic constraint defining mechanisms are not integrated in sizing tools and
their application is somewhat circuit class specific. Being the high execution time
the weaker point of this approach, some techniques had been proposed to cope with
it. As stated before, Kuo-Hsuan et al. [14] and FASY [15, 16] use equation-based
techniques to derive an approximate solution, and then use simulation within a SA
optimization kernel to optimize the design. Cheng et al. [17] use the transistor bias
conditions to constrain the problem and instead of solving the circuit by finding
transistor sizes, the problem is solved by finding the bias of the transistors. The
transistor sizes are then derived from the bias point using electric simulation.
In MAELSTROM [25] and ANACONDA [26] the evaluation time is reduced by a
parallel mechanism that share the evaluation load among multiple computers.

To handle complex circuit where the simulation is too expensive, [57] takes a
hierarchical approach where equations are used for system level evaluation, while
the circuit simulator is used for block level. The sizing flow is neither top-down of
bottom-up, but concurrent optimization of both system and block level.

In order to increase the performance of simulator-based circuit optimizers,
surrogate-based evaluation is maturing as an alternative technique to avoid the
costly simulations [58, 59]. In such approaches, the global accuracy of the simulator
is traded by the speed of applying the surrogate model for performance estimation.
These models are automatically generated which eases design and maintenance,
however tuning the model accuracy can be complicated, which makes them hard to
use in a generalized form.

Alpaydin et al. [23] use a neural-fuzzy model combined with an evolutionary
optimization strategy where some of the AC performance metrics are computed
using an equation-based approach. De Bernardinis et al. [60] use a learning tool
based in SVM to represent the performance space of analog circuits. The perfor-
mance space is modeled using the knowledge acquired from a training set via
circuit simulation. Wolfe et al. [61] present a performance macro-model based in a
neural network. This model once constructed, is used to replace the SPICE simu-
lation during the sizing of analog circuits, increasing the efficiency of the perfor-
mance parameter estimates’ computation. The training and validation data sets are
constructed with discrete points, sampled over the design space. The work explores
several sampling methodologies to adaptively improve model quality and applies a
sizing rules methodology in order to reduce the design space and ensure the correct
operation of analog circuits. Barros et al. [21, 22] present a cell-level sizing and
optimization approach based on SVMs and evolutionary strategies. The SVM is
used to dynamically model performance space and identify the feasible design
space regions while at the same time the evolutionary techniques are looking for the
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global optimum. The evaluation is still done with HSPICE to ensure accuracy, but
the number of evaluation is reduced by using the SVM to prune the candidate
solutions, in [62] the approach is generalized for multi-objective.

2.2.3 Commercial Solutions

The EDA industry closely follows the main trends in academia and R&D work-
groups, focusing on the lower level of abstraction levels dealing with device sizing
and layout description levels. Synopsys titan ADX (originally Magna’s) takes an
equation-based approach. To overcome the issues with equations, namely the
non-generality and the difficulty to derive them, an automated procedure is used to
extract the circuit models without user inputs. To ensure accuracy of the models, the
automatic procedure uses a circuit simulator. While this automatic procedure solve
the problems related to time to design and maintain the models, model accuracy is
still an issue, limiting the applicability of the approach to high-performance designs.
In the high-end of Cadence products (Virtuoso-GXL), automatic IC optimization is
provided with 4 alternative optimization methods that can be used with the simu-
lator. In this approach accuracy is ensured, but the limitative single-objective
optimization and the hard-to-use constraint handling together with the long simu-
lation time for real industrial designs, are the main deterrent for generalized use.

2.3 Robust Circuit Optimization

With the evolution of the fabrication processes, new challenges to analog IC design
automation arisen, namely the need for circuits that are robust to the variability in
both fabrication process and environment. The variability in IC design comes from
the environment (voltage, temperature) variations, die-to-die variations that affect
all devices identically, and intra-die variations that affect each device differently.

Process variation has been around since the early design processes, but the
reiterated reduction in devices’ sizes increases the effects of process variation
because: transistors may be shrinking, but atoms do not. On large devices some
displaced atoms do not cause a significant performance shift, but for small devices
the performance shift must be accounted if the vast majority of the design are to
meet specifications after fabrication [63].

The environment parameters are usually defined by a lower and upper bound,
while the process variation parameters are random variables defined by some
probability distribution function (commonly a Gaussian with zero mean).
Environment and die-to-die variations are commonly handled using process, volt-
age and temperature (PVT) corners, while intra-die variations are handled using
Monte Carlo (MC) analysis. However, both comprehensive PVT corners and MC
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Fig. 2.2 Nominal simulation-based circuit sizing and optimization

require many additional circuit simulations and are inadequate to be used inside the
optimization loop.

To circumvent the amount of simulations required, worst case parameters sets or
worst case corners are often considered instead [64, 65]. Worst case corners are set
of values for the environment and process parameters, which are not controlled by
the designer, that lead to the worst values of circuit’s performances. However,
unlike digital cells where worst case corners do not depend on topology or device
sizes and are provided in the models by the foundry (e.g. Slow, Fast, etc.), analog
worst case sets do depend of the circuit’s topology and sizes of the devices [66].
Figures 2.2 and 2.3 illustrate the differences between nominal and variation-aware
circuit sizing and optimization.
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Fig. 2.3 Variation-aware automatic circuit sizing and optimization
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2.3.1 Worst-Case Optimization

A simple method to derive these worst case corners, which does not account for
intra-die variations, is for the designer to select the relevant worst case corners [21].
A more systematic approach is the “Fast PVT corner” described in [63] that
transforms the search for the worst case PVT corner in an explicit optimization
problem that minimizes the circuit performance in the PVT corner space. This worst
case corner is then considered during the circuit design. As the worst case corner
depends of the circuit sizing, regular updates may be needed.

Another approach is to find the worst case parameters sets accounting for
intra-die variations. One of such method is the “Sigma driven corners” [63]. The
algorithm to extract the parameters that correspond to a parametric yield of n X ¢
for a given performance target is outlined in Algorithm 2.1. First a MC sampling is
done (~ 100 points for 30), then the p.d.f. of the output is estimated using kernel
density estimates. The percentile of the p.d.f. is then used to derive the n x ¢
performance boundary. The last step is to find the process and environment
parameters that cause that performance values.

Algorithm 2.1 Sigma driven corner extraction [63]

Simulate 100 MC samples

Estimate p.d.f. of the circuit’s performance

1
2
3. Use the p.d.f. to determine performance bound
4

Find the corresponding process and environment parameters
Starting from the closest point in the sampling

Linear Worst Case distance design [67], assumes that in circuits already
designed for nominal conditions, i.e., typical values for temperature and voltage and
no process variation, most of the circuits’ performance figures can be accurately
linearized. It takes a deterministic circuit optimization approach, where the worst
case environment and process parameters are iteratively updated using a gradient
estimation. Then, at each iteration, the design variables are determined solving the
sizing optimization problem considering the latest worst case environment and
process parameter set. To increase the accuracy of the estimates, in [68] a quadratic
model replaces the linear model. Using the worst case distances concepts, in [69]
the bias-driven performance equations are derived to include variability for flexible
thin film transistors. A linear-solver is then used to optimize the bias point and look
up tables, which were obtained before the sizing task using the circuit simulator to
account for all transistor’s non-idealities, are used to obtain devices’ sizes from
their bias.

The above solutions provide a way to handle variability, but they work only over
the yield considering each to the circuit’s performances separately, and are not
adequate for handling the statistical yield (% of fabricated ICs that meet all spec-
ifications). On the other side, they provide a direct relation between the variability
of each performance with respect to the process and environment variability, that is
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extremely useful for the designers to understand which performances figures are
critical under variability.

A different approach is to handle yield considering full MC for the relevant
solutions and speed the process by avoid useless simulations of less promising
solutions. In [70], multiple levels of evaluation accuracy are considered simulta-
neously. For the initial evaluations only DC simulations are considered, in the next
levels other simulations are considered for nominal conditions, followed by PVT
corners, and finally, full MC.

This scheme allows global optimization where tentative designs are initially
evaluated using simplified (and faster) simulations, and as those tentative solutions
get closer to the solution more accurate evaluations are performed. To further
accelerate the optimization, a surface response model is generated on the fly, and is
used to generate new tentative solutions. A similar approach to efficiently use the
computational resources without compromising accuracy is taken in [71], where
evolutionary ordinal optimization is used. In ordinal optimization the exact values
for yield are not necessary, as long as tentative solutions are well sorted in terms of
performance. In this manner, the number of simulations executed to estimate the
yield is allocated efficiently to avoid unnecessary yield estimations of bad tentative
solutions and, accurately estimate the yield of the best candidates as the execution
progresses.

Despite the merit of the previously discussed approaches in handling variability,
they are still impractical for high-sigma design. High-sigma design take the amount
of simulations required to another level, a 6¢ design (approx. 2 error per billion
samples) requires billions of MC simulations for verification [63]. Specific methods
for high-sigma design have been proposed that reduce the amount of simulations to
practical levels [63, 72-74]. Yet, while extremely relevant for bit-cell and other
kind of highly redundant blocks that appear thousands of times in an IC, the
relevance of high-sigma design is reduced for analog IC design, as most analog
cells are not repeated hundreds of times in an IC. Eventually for some stricter
applications, 4-sigma design (1 error per 15 thousand samples [63]) might make
sense.

In addition to environment and fabrication variability, effects like well proximity
effects (WPE), shallow trench isolation (STI) stress effect, electromigration, hot
carrier injection (HCI), negative bias temperature instability (NBTI), positive bias
temperature instability (PBTI), among others, lead to aging effects that are
noticeable in the latest fabrication processes, where the behavior of the devices and
consequently the performance of the circuit degrades over time. With respect to this
issue, methods to simulate considering aging have been proposed, e.g., in [75] MC
circuit simulations (plus a surface model) are used to derive the failure distribution
through the lifetime of the circuit, and, in [76], quadratic worst case distances are
extended to account both for variation and aging effects.
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2.3.2 Commercial Solutions

The growth of the importance of variation effects, created a gap between what
traditional tools supported and what the analog designer needed. Taking that
opportunity, new commercial EDA solutions emerged to efficiently tackle the
variation-aware design. For example, fast PVT corners, sigma-driven corners and
high-sigma via sampling ordering are provided as commercial solutions by Solido
Design Solutions [77], whereas, MunEDA [11] delivers worst case distances using
linearized and quadratic models, and importance sampling, among other solutions.

Much has been achieved in this domain, still, there is a space for innovation in
variation-aware circuit sizing, first and foremost, variation-aware design still require
an agonizingly high number of circuit simulations to yield accurate results.

2.4 Layout-Aware Sizing

Another source of analog IC performance degradation are the parasitic devices
formed in the silicon implementation of the circuit [78]. Hence, the performance of
a circuit needs to be guaranteed post-layout in the presence of these layout para-
sitics, which prevent the circuit from realizing the estimated performance.

In the traditional flow, the layout generation task is only triggered when the
sizing task is complete. However, to achieve post-layout successful designs that
meet all specifications, time-consuming and non-systematic iterations between
these electrical and physical design phases are required. Without them, performance
overdesign results in wasted power and area, and if underestimated, the circuits’
post-layout performance can be compromised [79]. Furthermore, even the evalua-
tion of the circuit area or aspect ratio is practically impossible from the netlist alone,
which is especially critical for designs with geometric constraints, e.g. an upper
limit in the layout width, causing expensive redesigns. Thus, to address post-layout
performance degradation and geometric requirements earlier in the design flow, the,
so called, layout-aware or layout-driven design approaches include layout effects
during the sizing loop, as illustrated in Fig. 2.4. Table 2.1 summarizes some
state-of-the-art layout-aware sizing tools and their different ways of extracting
layout-parasitics, that are presented next.

Without actually generating the layout in real-time, in [37] device parasitic
effects are modeled by linear regression from a Pareto optimal surface, obtained by
sampling the design space and using a procedural generator to produce the layout
for each point, where each solution is aware of its specific layout induced effect. In
[80] the layout is also produced by a parameterized generator, where layout para-
sitics and devices sizes are passed to the precompiled symbolic performance model
that estimates the circuit performance for each sizing solution, attempting to avoid
circuit simulation. In [81] the parasitic effects are modeled in the circuit equations, a
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Fig. 2.4 Layout-aware automatic circuit sizing and optimization

template based layout generator is used to derive the parasitic equations that are
solve together with the performance equations using non-linear-programming.

In [83] the procedural generator is used during the execution of a design plan,
where part of the parasitic effects are estimated using analytical models, and other
part is accounted by setting the BSIM’s [90] parameters accordingly. Unlike pre-
vious approaches, in [82] the procedural generator is used to generate the layout but
inside the optimization loop. Likewise in [19, 85] both parasitic-aware and geo-
metrically constrained sizing are handled. Since the predefined layout template is
supported by a slicing tree and the block placement is fixed, area and shape opti-
mization are obtained by finding the number of fingers of MOS transistors that yield
desired geometric features. In addition, layout parasitic effects are extracted and
used during the circuit’s evaluation in the optimization loop. This extraction can be
done either using analytical equations and layout sampling or using complete 3D
geometric extraction models. In [86], a layout description script is also used in-loop
in a simulation-based scheme, where the evolutionary strategies algorithm and
simulated annealing are used to perform layout-aware optimization of one candidate
from the Pareto front.

Finally, in [84] the designer knowledge is embedded in a set of placement and
routing matching, symmetry and proximity constraints, as well as geometric and
electrical performance constraints. Then, a deterministic nonlinear optimization
algorithm is used to determine the device sizes. In each iteration, the floorplan is
exhaustively explored by enumeration [91], and then the best placement, selected
based on some performance criteria, is routed and considered for post-layout
simulation.

Layout-aware/Layout-inclusive sizing tools target a design process that avoids
time consuming iterations, by bringing layout-related data into the sizing process.
However, both complete automatic layout generation and accurate parasitic
extraction are still time consuming and hard to setup operations [79]. The time cost
appears either in the processing time, when using custom automatic layout
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generator plus layout extraction inside the sizing optimization loop [84], or in the
design time of circuit specific template-based [19, 85] or procedural generators
[37, 79, 82, 83] with parasitic estimation.

2.5 Summary of the Automatic Circuit Sizing Approaches

In this survey, the most significant automatic analog IC sizing tools were presented
to provide a better understanding of its advantages and shortcomings. The variety of
existing tools and techniques covering several aspects of analog design are sum-
marized in Table 2.2, highlighting the benefits and pitfalls of the main methods to
automate analog IC sizing, and the sizing tools surveyed are summarized in
Table 2.3.

The following paragraphs frame the most relevant aspects of the
simulation-based multi-objective optimization approach developed in this work,
faced with the techniques found in the surveyed state-of-the-art methodologies.

Table 2.2 Summary of advantages and shortcomings of the techniques applied to circuit sizing

tools

Knowledge-based

Optimization-based

Equations Simulator Models
IDAC [2] OPASYN [42] Kuo-Hsuan [14] Alpaydin [23]
OASYS [3] STAIC [43] FASY [15, 16] De Bernardinis
BLADES [4] Kuo-Hsuan [14] ASTRX/OBLX [60]
CAMP [5] OPTIMAN [44] [50] Wolfe [61]
ISAID [6, 7] DONALD [46] DARWIN [51] Barros [21, 22]
ASTRX/OBLX [50] DELIGTH.SPICE
DARWIN [51] [55]
GPCAD [52] Cheng [17]
Doboli [92] FRIDGE [18]
Matsukawa [49] MAELSTROM
[25]
ANACONDA
[26]

Castro-Lopez [19]

(+) Fast execution time
(+) Expert knowledge

(+) Fast execution time
(+) Use of expert
knowledge

(+) Automatic symbolic
analysis

(+) Models are
easy to develop
(++) Accurate and
flexible

(+) can be
accurate
(+) can be
flexible

(—) Expert knowledge is
difficult to capture
(—) Not optimal

(—) Difficult derivation of
some equations

(—) Simplifications lead
to lack of accuracy

(=) Long
execution time
(=) Limited to
cell-level

(—) Accuracy is
hard to predict
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Circuit Evaluation In the tool that implements the proposed techniques, AIDA,
the evaluation of the circuits is done using the circuit simulator. In equation-based
systems the usage of classical optimization methods is possible, however, the
accuracy of the models and the derivation of such equations strong limits its
applicability. Besides the accuracy ensured in the evaluation, the generality of the
approach is increased and the setup time required to introduce new circuits is
decreased, as the circuit simulator is part of the traditional design flow anyway. The
price for these advantages is paid with a significantly increase in the evaluation
time, and also, the relation between the performance figures and the design vari-
ables becomes unknown, making the usage of classic optimization methods
inappropriate.

Optimization Algorithms AIDA uses a multi-objective multi-constraint opti-
mization based on evolutionary techniques. From the surveyed simulation-based
approaches the most common stochastic algorithms were based on simulation
annealing and evolutionary approaches, with some of the latest implementations
considering swarm intelligence methods (PSO and ACO). Besides, analog IC
design is characterized by highly constrained problems and many tradeoffs. In this
context, special relevance is given to multi-objective algorithms.

2.5.1 Contributions

The contributions that were described in Chap. 1 of this book are here revisited in
light of the techniques used in state-of-the-art in analog IC sizing automation.

First, in [93], a simple but effective method to model the analog IC sizing
optimization in multi-objective multi-constraint optimization using NSGA-II is
proposed. The model accounts for variability by considering worst case corners. In
the implemented tool, the worst case corners are selected by the designer. The main
advantage of this approach to handle variability is its simplicity. Besides, the usage
of corner sets is a common signoff practice in the industry. However, by delegating
to the designer the selection of the relevant corners, a place for human error is added
to the design flow. To automatically derive the worst case corners advanced
techniques like Fast PVT, sigma driven corners or WCD could be introduced in the
implementation. The relevance of true multi-objective analog IC sizing and opti-
mization is further explored in [94] where a VCO is optimized for both minimum
Phase-Noise and Power consumption, instead of the traditional optimization of the
figure-of-merit (FOM) that relate both objectives. In this work the obtained POF
contains more than 40 different solutions with performance that beat current
state-of-the-art oscillators and delivers the optimal tradeoffs to the designer.

As seen, the main drawback of using the circuit simulator is the increased
evaluation time, hence an effective usage of the simulations is mandatory. To
generate better tentative solutions, in [95-97] the Gradient Model, which is auto-
matically extracted using machine learning techniques, is used to add circuit
specific knowledge to the optimization. The Gradient Model, is embedded in the
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implementation of the genetic operators of the optimization kernel, increasing the
efficiency of the exploration of the search space.

While many algorithms have been used to approach analog IC sizing, a fair
comparison between approaches was not presented in the state-of-the-art.
Historically, both SA and GA have been used intensively, in this sense is natural to
consider both evolutionary and annealing approaches. Given the recent experiments
with swarm intelligence in this domain, and to broad the scope of the implemented
framework, this class of methods were also considered. From a brief perusal of the
multi-objectives implementations, the ideas like non-sorted domination or crowding
distance (further described in Chap. 4 of this book) presented in NSGA-II are
reused by several other methods. In terms of the swarm intelligence algorithms,
both ACO and PSO have been applied to circuit sizing. Because of MOPSO is
already found in the literature and the un-natural application to real valued problems
of the path finding ideas of the ACO, MOPSO was considered. In [98] these
stochastic approaches were experimented in for the sizing of oscillators.

In [87-89] and in Chap. 6 of this book is presented a methodology for automatic
layout-aware sizing of analog ICs that uses a built-in extractor to accurately compute
the impact of parasitic from both floorplan and early-stages of routing. The com-
putational efficiency is improved by avoiding the time-consuming detailed layout
generation needed by off-the-shelf tools for parasitic extraction [99]. Moreover,
prior knowledge of the circuit’s parasitics is not required, i.e., there is no need for
circuit specific equations or models as in [79]. The applicability of the approach is
demonstrated with post-layout performances attained for the circuits designed with
the developed layout-aware methodology, versus, the traditional optimization-based
sizing.

2.6 Conclusions

Although much has been accomplished in automatic design of analog circuits, the
fact is that automatic custom generators usable in industrial design environment are
just starting to gain ground. As seen, the evolution of the technology keeps creating
new challenges/opportunities for analog EDA researchers. In this survey, the most
significant analog IC sizing automation tools were presented and analyzed to
provide a better understanding of its advantages and shortcomings. The different
approaches were classified in terms of the techniques used and the most significant
aspects observed were the setup and the execution time, as well as the accuracy in
the evaluation of the solutions. The trends in optimization methods were also
surveyed, showing a predominance of the multi-objective approaches.

The presented study was used to help and frame the definition of the techniques
and strategies used in the development of AIDA, which is described in the next
chapters.
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