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Abstract
This paper introduces a complete methodology for
retargeting of analogue blocks to different sets of specifi-
cations. By careful integration of the size tuning of devices
and layout generation tasks, fully functional designs are
generated in a few minutes of CPU time.

1. Introduction

As chip complexity increases and compressed product
development cycles relentlessly scale time-to-market
pressures, designers must accomplish more ambitious
objectives in less time. For an increasing number of
designers, the secret to quickly building highly integrated
systems on achip in ashrinking development cycleliesin
the extensive reuse of intellectual property (1P) modules.
While alot of progress has been made in the digital arena
in recent years[1], the specific characteristics of analogue
design makes the development of flexible analogue 1P
modules a much more difficult task.

To contribute to the solution of this problem this paper
proposes a retargeting for reusability methodology for
anal ogue blocks able to provide working designs for each
new set of specifications. The objective of this methodol-
ogy is not to get the optimum design but to get a design
which accomplishes the required specifications in the
shortest time.

The methodology is discussed in Section 2. Sections 3
and 4 are devoted to its two main components: the layout
generator and the size tuning tool. Finally, Section 5 gives
a practical example of retargeting of a fully-differential
operational amplifier to a different set of specs.

2. Retar geting methodology

The proposed retargeting methodology relies on the
previous existence of a block netlist, layout templates for
the block at hand, and, optionally, some tuning strategies
in the form of design constraints for such block. Retarget-
ing of agiven block for anew set of specificationsis per-
formed using the iterative mechanismiillustrated in Fig.1.

Given a new set of specifications, device sizes are
tuned to achieve such specifications. Size tuning is based
on an appropriate combination of design rules and con-
straints, optimization-based sizing using electrical simula-
tion, and constraints from the existing layout templates.
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Figure 1. Retargeting cycle.

Resulting device sizes are instantiated on the layout
template. Although the layout should be correct by con-
struction, design rules are checked. Layout parasitics are
extracted and the circuit performances validated through
electrical simulation. In case, some specs are not met, val-
idation information isfed back to the size tuning engineto
perform a new iteration.

Usualy, asingle iteration of the retargeting methodol-
ogy issufficient because: (a) the use of asimulation-based
approach in the size tuning process guarantees accuracy of
the predicted performances; and, (b) the inclusion of lay-
out constraints and parasitic estimationsin the tuning pro-
cedure since the very first iteration minimizes
performance deviations on the extracted layouts.

New methodologies are easier to introduce in existing
design flows and designers’ acceptance is improved if
they are aready familiar with significant parts of it. For
this reason, a basi ¢ philosophy behind the implementation
of the proposed methodology has been to rely on existing
commercial tools as much as possible. In particular, many
tools of the Cadence Design Framework Il environment
have been used: Virtuoso Parameterized Cells, SKILL
language, design rule checker, layout versus schematic
tools, electrical simulator. The only methodology step for
which a new tool was required was for performing tuning
of device sizes.



3. Layout generation

Basically two kinds of approaches have been reported
to automatically generate layouts of analogue blocks:

» Approaches based on capturing the knowledge of
expert designersin the form of templates or proce-
dures [2],[3]. Obviously, they incorporate designer’s
expertise on the layout of a given circuit and the
instantiation for some specific sizesis very fast. Their
main drawbacks are their smaller flexibility and the
relatively high cost of the template/procedure genera-
tion for each block.

» Approaches based on formulating the layout gen-
eration as an optimization problem [4]-[6]. In prin-
ciple, they are fully general. Their main drawbacks
are their considerably higher computational cost and
their inability to include designers” expertise. Conse-
quently, they are hardly accepted and none has
reached acommercia status.

Taking into account that our objective is to build cir-
cuit-specific layout generators and that reuse of designers’
expertise isamajor concern we have opted for a parame-
terized template approach. To palliate the flexibility prob-
lem a complete hierarchical parameterization has been
pursued together with a strong coupling with the tuning
procedures. The template development cost has been
reduced by a strong hierarchica decomposition that
allows the reuse of subcell layout templatesin larger cell
templates and by using appropriate structures.

The parameterized layout templates have been built
using the Virtuoso Parameterized Cells and the SKILL
language [7]. The use of a common commercia frame-
work improves the designers’ acceptance. In addition,
although the layout instantiation process is fully auto-
matic, the layout is generated within the commercial tool
and, therefore, the designer may perform any modification
he/she considers convenient.

When parameterizing complex layout cells, factors
such as regularity, density and symmetries must be kept
during the retargeting process. This has been achieved by
relying on adeep hierarchical decomposition and acareful
cell planning. Parameterized layout templates are first
built for single devices and small numbers of them (i.e. a
set of matching transistors). These basic structures are
used to build more complex parameterized subcells, pro-
ceeding up the hierarchy until the layout template for the
objective block is obtained. During this constructive pro-
cess much attention is paid to the complete parameteriza-
tion of cells, relative positions and interconnections, so
that, wide changes in device sizes can easily be accomo-
dated. Parameterization of the interconnections does not
only consider the design rules but aso the current densi-
ties that must be carried.

There are layout structures for transistors, capacitors
and resistors (and groups of them) more appropriate for
the parameterization process. For instance, for a group of
transistors with common sources and/or drains and/or

gates (i.e. current mirrors, differential pairs) the structure
in Fig. 2 [8] is a convenient one. The parameterization is
eased because metal lines corresponding to drains,
sources and gates are available at both sides of the guard
ring, thus, making easier the interconnection of this group
of transistorswith othersand its parameterization. In addi-
tion, the structure is a unidirectional common-centroid
arrangement, thus, improving transistor matching.
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Figure 2. Common-centroid structure for a cur-
rent mirror.

Two dimensional common-centroid arrangements have
also been used for transistors, resistors and capacitors to
improve matching considerations.

The construction of a fully-parameterized layout tem-
plate able to accommodate very different device sizes
requires much more effort than the creation of afull-cus-
tom layout for a sized circuit, typically about a factor of
five times more expensive. The instantiation of the layout
template for each new set of device sizes takes less than
one second of CPU time and requires no user interaction.
Therefore, the additional development cost of the layout
templateislargely compensated through its repetitive use.

4. Size tuning

Design parameters must be appropriately tuned to meet
the new design specifications: restrictions on the perfor-
mance of a circuit, and/or design objectives. Restrictions
are those specifications that include inequalities (i.e. DC-
gain > 70dB), and objectives those whose intention is to
maximize or to minimize some figure (i.e. minimum
power consumption). We will denote acceptability regions
those within the multidimensional design space where all
design restrictions are met.

Basically two kinds of approaches have been formu-
|ated to the sizing problem: knowledge-based and optimi-
zation-based. Knowledge-based approaches capture
designers” expertise in the form of some kind of design
plans[9],[10]. Knowledge addition is a costly effort, nec-
essary for each particular circuit and not always reusable.

Optimization-based approaches have become much
more popular [11]-[15]. The optimization process is an
iterative procedure, design parameters being updated at



each iteration until an equilibrium point is reached. The
degree of compliance of restrictions and design objectives
at each iteration is quantified through a cost function.

Within optimization-based systems we can distinguish
between equation-based approaches[11],[12] and ssimula-
tion-based ones [13]-[15]. The former ones use equations
to predict circuit performances. They are very efficient to
evaluate but they are usually closed systems: an important
effort is needed to generate such equations for each new
circuit. Moreover, they are usually approximated equa-
tions, therefore, yielding suboptimal solutions. Simula-
tion-based approaches are intrinsically open and the
predicted performances have the accuracy of the electrical
simulator used, at the price of ahigher computational cost.

There are basically two optimization alternatives:

» Deterministic techniques. An important disadvan-
tage is that only changes of design parameters that
decrease the cost function are permitted — the optimi-
zation process is quickly trapped in alocal minimum
of the cost function, so the utility of these techniques
concentrates on the fine tuning of suboptimal sizings.

» Statistical techniques. The main advantage of the
statistical techniques is the capability to escape from
local minima, thanks to a nonzero probability of
accepting movements that increase the cost function.
The priceto pay isalarger computational cost.

We have opted for an optimization-based system based on
simulation [13]. The implemented approach is a two-step
one: inthefirst step statistical optimization techniques are
applied while deterministic ones are applied in the second.
A proper formulation of the cost function, and the adjust-
ment of the movement generator to the nature of the ana-
log synthesis drastically decreasesthe computational cost.
To enable the addition of designers’ expertise on tuning
procedures for a specific block a mechanism has been
developed which allows the user to establish design con-
straints, which are considered in the optimization process.
In general, the design space for a given circuit contains
several acceptability regions and each point in these
regions is associated to different values of the design
objectives. The instantiation of such solutions of the
design spacein the layout template yields layout instances
of different quality. Aslayout quality is also amajor con-
cern, an evaluation is performed at each iteration and con-
tributes to the control of the evolution of the optimization
process. This evaluation of layout quality includes from
simple size deviations with respect to an ideal instantia-
tion of the layout template to more complex relationships
based on the study of the particular layout template. Para-
sSitics estimations are also included in this evaluation.

5. A retar geting example

The methodology presented in this paper will be illus-
trated via the retargeting of the fully-differential Miller-
compensated two-stage amplifier in Fig. 3 for a different
set of specifications. The circuit was originally designed
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Figure 3. Fully-differential operational amplifier.

Table 1. Specs of original design.

Specs | Simulated | Units
Ay >80 87.8 dB
GBW >35 35.1 MHz
PM >45 47.2 0
0s >5 5.3 Y
power | minimize | 1.73e-3 W

for the set of specificationsin Table 1. The design of the
origina circuit served to develop some circuit-specific
design constraints (i.e., relationships of design parameters
to ensure enough current in the current sources of the
folded-cascode amplifier in thefirst stageto drive thetran-
sistors under maximum slew-rate conditions).

The sized circuit was also used as a reference to build
alayout template. The cell layout was planned to allow a
maximum flexibility to the component devices to accom-
modate the needed new sizesin a cell retargeting process.

Then, the circuit was retargeted to the set of specifica-
tionsin the first columnsin Table 2 in a 0.35um technol-
ogy. To illustrate the importance of including the
evaluation of the layout quality during the size tuning pro-
cess, two retargeting experiences were carried out. In the
first one, the only objective was to achieve the new set of
specifications. The instantiation of the resulting device
sizes in the layout template yielded the layout in Fig. 4.
The extracted layout met the specifications but, as can be
observed, thelayout density haslargely been deteriorated.

In the second retargeting experience the impact on the
layout quality was included in the cost function guiding
the optimization process. As can be observed in the
instantiation of the sizes in the layout template in Fig. 5,
the layout quality and the area efficiency are much better
(both layoutsin Fig. 4 and Fig. 5 have been captured with
the same resol ution, therefore, the figures show the actual
relative dimensions of both cells). The simulation results
of the extracted layout are shown in the third column in
Table 2. Notice that the specifications are also met in this
new retargeted design.

Only one iteration of the retargeting methodol ogy was
needed. Thetotal CPU time of the retargeting process was
5 minutes on a SUN Ultra 10 at 333 MHz. Four of them
were spent on the size tuning task while the rest was spent
on layout instantiation, DRC, extraction, LVS and final
simulation.
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Figure 4. Instantiation of the retargeted design
without evaluation of impact on layout quality.

Table 2. Specs and results of retargeted design.

Specs | Simulated | Units
Ap >85 87.5 dB
GBW | >100 100.2 MHz
PM >50 50.4 °
oS >5 5.01 V
power | minimize | 1.93e-3 W
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Figure 5. Instantiation of the retargeted design
with evaluation of impact on layout quality.

6. Conclusions

Lack of flexibility of analogue IP blocks limit their
applicability in application scenarios demanding high cir-

cuit performances. Through the introduction of aretarget-
ing methodology for transistor level circuits, this paper
has tried to contribute in making flexible analogue 1P
blocks areality.
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