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Abstract

This paper introduces a complete methodology for
retargeting of transistor-level circuitsto different sets
of specifications. By careful integration of the device
sizing and layout generation tasks, fully functional
designs are generated in a few minutes of CPU time.
The methodology isillustrated viathe retargeting of a
fully-differential Miller-compensated two-stage oper-
ational amplifier for anew set of specifications.

1. Introduction
As chip complexity increases and compressed prod-
uct 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 a chip in a shrinking
development cycle liesin the extensive reuse of intel-
lectual property (IP) modules. While alot of progress
has been made in the digital arenain recent years[1],
the specific characteristics of analogue design makes
the development of flexible analogue IP modules a
much more difficult task [2].
To contribute to the solution of this problem this paper
proposes a retargeting for reusability methodology
for analogue 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 spec-
ificationsin 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. Previous
approaches to these problems are reviewed and the
selected implementation techniques are described.
Finally, Section 5 gives a practical example of retar-
geting of afully-differential operational amplifier toa
different set of specs.

2. Retar geting methodol ogy
The proposed retargeting methodology relies on the
previous existence of ablock netlist, layout templates
for the block at hand, and, optionally, some tuning
strategies in the form of design constraints for such

block. Retargeting of a given block for a new set of
specificationsis performed using the iterative mecha-

nismillustrated in Fig.1.
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Figure 1. Retargeting cycle.

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 constraints, optimization-based sizing using elec-
trical simulation, and constraints from the existing
layout templ ates.

Resulting device sizes are instantiated on the layout
template. Although the layout should be correct by
construction, design rules are checked. Layout para-
sitics are extracted and the circuit performances vali-
dated through electrical simulation. In case, some
specs are not met, validation information is fed back
to the size tuning engine to perform a new iteration.
Usually, a single iteration of the retargeting method-
ology is sufficient because: (a) the use of a simula-
tion-based approach in the size tuning process
guarantees accuracy of the predicted performances;
and, (b) the inclusion of layout constraints and para-
sitic estimations in the tuning procedure since the
very first iteration minimizes performance deviations
on the extracted layouts.



New methodologies are easier to introduce in existing
design flows and designers” acceptanceisimproved if
they are aready familiar with significant parts of it.
For this reason, a basic philosophy behind the imple-
mentation of the proposed methodology has been to
rely on existing commercial tools as much as possi-
ble. In particular, many tools of the Cadence Design
Framework |1 environment have been used: Virtuoso
Parameterized Cells, SKILL language, design rule
checker, layout versus schematic tools, electrical sim-
ulator. The only methodology step for which a new
tool was required wasfor 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
procedures [3],[4]. Obvioudly, they incorporate
designer’s expertise on the layout of a given cir-
cuit and the instantiation for some specific sizes
is very fast. Their main drawbacks are their
smaller flexibility and the relatively high cost of
the template/procedure generation for each block.
» Approaches based on formulating the layout
generation as an optimization problem [5]-[7].
In principle, they are fully general. Their main
drawbacks are their considerably higher compu-
tational cost and their inability to include design-
ers’ expertise. Consequently, they are hardly
accepted and none has reached a commercial sta-
tus.
Taking into account that our objective is to build cir-
cuit-specific layout generators and that reuse of
designers’ expertiseisamajor concern we have opted
for aparameterized template approach. To palliate the
flexibility problem a complete hierarchical parame-
terization has been pursued together with a strong
coupling with the tuning procedures. The template
development cost has been reduced by a strong hier-
archical decomposition that allows the reuse of sub-
cell layout templates in larger cell templates and by
using appropriate structures.
The parameterized layout templates have been built
using the Virtuoso Parameterized Cells and the
SKILL language [8]. The use of a common commer-
cia framework improves the designers” acceptance.
In addition, although the layout instantiation process
is fully automatic, the layout is generated within the
commercial tool and, therefore, the designer may per-
form 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 a deep hierarchical decompo-
sition and a careful cell planning. Parameterized lay-

out templates are first built for single devices and
small numbers of them (i.e. aset of matching transis-
tors). These basic structures are used to build more
complex parameterized subcells, proceeding up the
hierarchy until the layout template for the objective
block is obtained. During this constructive process
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
accommodated. Parameterization of the interconnec-
tions does not only consider the design rules but also
the current densities 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 [9] is a convenient one.
The parameterization is eased because metal lines
corresponding to drains, sources and gates are avail-
able at both sides of the guard ring, thus, making eas-
ier the interconnection of this group of transistors
with others and its parameterization. In addition, 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 afully-parameterized layout tem-
plate able to accommodate very different device sizes
requires much more effort than the creation of afull-
custom layout for asized circuit, typically about afac-
tor 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 develop-
ment cost of the layout template is largely compen-
sated through its repetitive use.



4. Sizetuning
Design parameters must be appropriately changed to
meet the new design specifications. The design spec-
ifications should be considered here in a wide sense,
including restrictions on the performance of acircuit,
and/or design objectives. The meaning of these two
termsisclear if we consider, for example, an amplifier
whose specifications could be: DC-gain > 70dB; gain-
bandwidth product > 5MHz; phase margin >
60degrees; input-equivalent noise < 3mV, with mini-
mum power consumption and occupation area.
Restrictions are those specifications that include ine-
qualities, and objectives those whose intention is to
maximize or to minimize some figure. Observe that
the definition of the specifications introduces a char-
acter of subordination of the objectives in respect to
the restrictions that must be considered in the formu-
lation of the sizing problem. We will denote accept-
ability regions those within the multidimensional
design space where all design restrictions are met.
Basically two kinds of approaches have been formu-
lated to the sizing problem: knowledge-based and
optimization-based. Knowledge-based approaches
capture designers” expertise in the form of some kind
of design plans [10],[11]. Knowledge addition is a
costly effort, necessary for each particular circuit and
not always reusable.
Optimization-based approaches have become much
more popular [12]-[17]. They formulate circuit sizing
as a constrained optimization problem. Returning to
the previous example, the formulation of this would
be:

minimize pow(x), area(x)

O
0 4 ,(x)>70dB

0 GB(x) > 5SMH 1
subjected to J (x) z ( )

0 PM(x)>60°

E N, (x) <3uVv

where the vector x” = {x|,x,,...,x,} represents a
point of the multidimensional space of design param-
eters. The optimization process is an iterative proce-
dure, design parameters being updated at each
iteration until an equilibrium point is reached. The
degree of compliance of restrictions and design objec-
tives at each iteration is quantified through the use of
acost function.

Within optimization-based systems we can distin-
guish between equation-based approaches [13],[14]
and simulation-based ones[12],[15]-[17]. Theformer
ones use equations to predict circuit performances at
each iteration of the optimization process. 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 equations, therefore, yield-
ing suboptimal  solutions.  Simulation-based
approaches are intrinsically open: any circuit which
can be simulated can be immediately sized, and the
predicted performances have the accuracy of the elec-
trical simulator used. The price to pay is a higher
computational cost.

Therearebasically two alternativesfor theimplemen-
tation of the iterative process:

« Deterministic incremental techniques, where
updating requires information on the cost func-
tion and on their derivatives. An important disad-
vantage isthat only changes of design parameters
that make the value of the cost function decrease
are permitted - the optimization process is
quickly trapped in a loca minimum of the cost
function, so the utility of these techniques con-
centrates on the fine tuning of suboptimal sizings.

» Statistical techniques, where design parameters
are varied randomly and hence it does not require
information on the derivatives of the cost func-
tion. The main advantage of the statistical tech-
niques in respect to the deterministic ones is the
capability to escape from local minima, thanksto
a nonzero probability of accepting movements
that increase the cost function. The priceto pay is
alarger computational cost.

We have opted for an optimization-based system
based on simulation [15]. This guarantees the accu-
racy of the predicted performances during the retar-
geting process. The implemented approach is a two-
step one: in the first one statistical optimization tech-
niques are applied while deterministic ones are
applied in the second step. A proper formulation of
the cost function, and the adjustment of the movement
generator to the nature of the analog synthesis drasti-
cally decreases the computational cost.

To enable the addition of designers” expertise on tun-
ing procedures for a specific block a mechanism has
been developed which allows the user to establish
design constraints which are considered in the optimi-
zation process.

In general, the design space for a given circuit con-
tains severa acceptability regions and each point in
these regions is associated to different values of the
design aobjectives. The instantiation of such solutions
of the design space in the layout template yields lay-
out instances of different quality. Aslayout quality is
also amajor concern, an evaluation of such quality is
performed at each iteration and contributesto the con-
trol of the evolution of the optimization process. This
evaluation of layout quality includes from simple size
deviations with respect to an ideal instantiation of the
layout template to more complex relationships based
on the study of the particular layout template. Parasit-
ics estimations are also included in this evaluation.



5. A retar geting example

The methodology presented in this paper will beillus-
trated via the retargeting of the fully-differential
Miller-compensated two-stage amplifier in Fig. 3 for
adifferent set of specifications. The circuit was origi-
nally designed for the set of specificationsin Table 1.
The design of the original circuit served to develop
some circuit-specific design constraints (i.e., relation-
ships of design parameters to ensure enough current
in the current sources of the folded-cascode amplifier
in the first stage to drive the transistors under maxi-
mum slew-rate conditions).

Specs | Simulated | Units
Ag >80 87.8 dB
GBW >35 35.1 MHz
PM >45 47.2 o
0os >5 53 \Y
power | minimize | 1.73e-3 wW

Table 1. Specs of original design.
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Figure 3. Fully-differential operational amplifier.
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The sized circuit was used as a reference to build a
layout template, whose instantiation for the device
sizesin this reference design is shown in Fig. 4. The
cell layout was planned to allow a maximum degree
of flexibility to the component devices to accommo-
date the needed new sizesin acell retargeting process.
Then, the circuit was retargeted to the set of specifica-
tionsin the first columns in Table 2. To illustrate the
importance of including the evaluation of the layout
quality during the size tuning process, two retargeting
experienceswere carried out. In thefirst 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.5. The
extracted layout met the specifications but, as can be
observed, the layout density has largely been deterio-
rated.

In the second retargeting experience the impact on the
layout quality wasincluded in the cost function guid-
ing the optimization process. As can be observed in
the instantiation of the sizesin the layout template in
Fig. 6, the layout quality and the area efficiency are

Figure 4. Instantiation of original design.
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Figure 5. Instantiation of the retargeted design
without evaluation of impact on layout quality.

much better (both layouts in Fig. 5 and Fig. 6 have
been captured with the same resolution, 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 methodology
was needed. The total 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



Specs | Simulated | Units

Ag >85 875 dB
GBW >100 100.2 MHz
PM >50 50.4 o]
oS >5 5.01 V

power | minimize | 1.93e-3 W

Table 2. Specs of retargeted design and simulation of the
resulting extracted layout
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Figure 6. Instantiation of the retargeted design with
evaluation of impact on layout quality.

whilethe rest was spent on layout instantiation, DRC,
extraction, LVS and final simulation.

6. Conclusions
Lack of flexibility of analogue IP blocks limit their
applicability in application scenarios demanding high
circuit performances. Through the introduction of a
retargeting methodology for transistor level circuits,
this paper has tried to contribute in making flexible
analogue IP blocks aredlity.
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