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ABSTRACT

This paper introduces a complete methodology for retargeting of
analog blocks to different sets of specifications, even to different
technology processes. By careful integration of the tuning pro-
cess of design parameters with layout generation, fully functional
designs are generated in a few minutes of CPU time.

1. INTRODUCTION

For an increasing number of designers, the secret to quickly
building highly integrated systems on a chip in a shrinking devel-
opment cycle lies in the extensive reuse of intellectual property
modules. While a lot of progress has been made in the digital
arena in recent years, the specific characteristics of analog design
makes the development of flexible analog modules a much more
difficult task.

To contribute to the solution of this problem, this paper pro-
poses a retargeting for reusability methodology for analog
blocks, able to provide working designs for each new set of spec-
ifications and/or for different technology processes. The objective
of this methodology is not to get the optimum design but to get a
design which meets the required specifications in the shortest
time. Parameterized layout templates have been used to address
different design specifications, together with a new methodology
to instantiate the template in any technology process, even from
different foundries. This is extremely important given the fast
pace of technology evolution. Design parameters are tuned to
each new set of specs (in the same or another technology process)
by combining electrical simulation with statistical and/or deter-
ministic optimization. The tuning engine is also able to handle
circuit-specific knowledge, previously introduced using a com-
mon programming language. Size tuning is also integrated with
the layout by concurrently estimating the quality of the instanti-
ated layout.

The proposed methodology is discussed in Section 2. Sec-
tions 3 and 4 are devoted to its two main components: the layout
generator and the size tuning tool. Finally, Section 5 illustrates
the retargeting of a fully-differential operational amplifier.

2. RETARGETING METHODOLOGY

The proposed retargeting methodology relies on the construction
of: a circuit topology description, technology-portable parameter-
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Figure 1. Retargeting cycle.

ized layout templates, and, possibly, some tuning strategies in the
form of design constraints. Retargeting of a given block for a new
set of specifications is performed using the iterative mechanism
illustrated in Fig.1.

Given a new set of specifications, device sizes must be tuned
to achieve such specifications. Size tuning is based on an appro-
priate combination of design rules and constraints, and optimiza-
tion-based sizing using electrical simulation. Resulting device
sizes are instantiated on the layout template. Layout parasitics are
extracted and the circuit performances validated through electri-
cal simulation. In case some specs are not met, validation infor-
mation is fed back to the size tuning engine to perform a new
iteration.

A single iteration of the retargeting methodology is usually
sufficient because of: (a) the use of a simulation-based approach
in the tuning procedure, which guarantees accuracy of the pre-
dicted performances; and, (b) the inclusion of layout constraints
and parasitic estimations in the tuning procedure.

3. GENERATION OF TECHNOLOGY-PORTABLE LAY-
OUT TEMPLATES

Basically, there are two groups of approaches to automated lay-
out of analog blocks: (a) those based on capturing expert knowl-
edge in the form of templates or procedures, and (b) those based
on its formulation as an optimization problem. Taking into
account that our objective is to build circuit-specific layout gener-
ators and that reuse of designers’ expertise is a major concern we
have opted for a parameterized template approach. Although its
main drawbacks are their smaller flexibility and the relatively
high cost of the template/procedure generation for each block,
this is a better approach for our objectives than that based on for-



mulating the layout generation as an optimization problem, where
computational cost is considerably higher and the addition of
designers” expertise is quite difficult. To palliate the flexibility
problem a complete hierarchical parameterization has been pur-
sued 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 subcell layout
templates in larger templates; and by using appropriate structures.

The construction of technology-portable parameterized lay-
out templates has been based on Parameterized Cells (pCells) and
the SKILL programming language, from the CADENCE frame-
work.

When parameterizing complex layout cells, factors such as
regularity, density and symmetries must be kept during the retar-
geting process. This has been achieved by relying on a deep hier-
archical decomposition and a careful cell planning. During this
constructive process much attention is paid to the complete
parameterization of cells, relative positions and interconnections,
so that, wide changes in device sizes can be accommodated.

The main problems arising when migrating from one tech-
nology (T1) to another (T2) are:
¢ Only the layers equally defined in T2 and T1 and, therefore,

playing the same role in both technologies are available in

T2.

e Off-grid problems, since the grid depends on the technology.

*  T1 may have layers T2 does not have. As a consequence of
this, if we are using, for example, metal-3 in T1, and the lay-
out is migrated to T2, where there is no metal-3 layer, then,
changes on the original layout have to be made. This means
that, if the original layout is not modified at all, the portabil-
ity will only be possible between similar technologies.

»  Process parameters (resistances, capacitances, etc.) vary.

o The design rules are violated.

The proposed solution for creating technology-portable
parameterized cells is shown in Fig. 2 and proceeds as follows:
(1) starting from the graphical pCell environment in the initial
technology, the polygons are drawn and some basic commands
(stretch lines, repetitions, inherited parameters and inherited lay-
ers) to create the fundamental parameters (width, length, multi-
plicity, etc.) of the cell, are compiled together with the pCell to
generate its SKILL code; (2) then, using a generic design rule
database, the numerical coordinates of the cell (whose polygons

have been carefully planned to avoid the portability problems) are
substituted by generic coordinates; (3) finally, the modified code
is compiled back to a graphical pCell for each technology pro-
cess. The code calls back to a technology rule database when a
generic coordinate is read and takes from that database the value
of the coordinate. In this way, the cells are laid-out in different
technologies with no errors.

The construction of a fully-parameterized layout template
able to accommodate very different device sizes and technology
portable requires much more effort than the creation of a full-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 devel-
opment cost of the technology-portable layout template is largely
compensated through its repetitive use.

4. LAYOUT-CONSTRAINED SIZE TUNING

Design parameters must be appropriately tuned to meet the new
design specifications: restrictions on the performance of a circuit,
and/or design objectives. Restrictions are those specifications that
include inequalities (i.e. DC-gain > 70 dB) and design objectives
those whose intention is to maximize or to minimize some figure
(i.e. minimize power consumption).

Basically two kinds of approaches have been formulated to
the sizing problem: knowledge-based [1] and optimization-based
[2]-[4]. Optimization-based approaches have become much more
popular in recent years. The optimization process is an iterative
procedure, design parameters being updated at each iteration until
an equilibrium point is reached. Within optimization-based sys-
tems, simulation-based approaches are intrinsically open and the
predicted performances have the accuracy of the electrical simula-
tor used, at the price of a higher computational cost.

The degree of compliance of restrictions and design objectives at
each iteration is quantified through a cost function. Mathemati-
cally, the fulfillment of these groups of specifications can be for-
mulated as a constrained optimization problem with multiple
restrictions and objectives:

,1<i<P

minimize yoi( X)

1
subjected to yrk(x) > Yrk or yrk(x) < Yrk’l <k<R D

COMPILE TO

II- 62

PCStep = (peStepX = car(errset(0.9))
(pcRepeat = (pcRepeatX =
fix((0.3+(width+12.. 4)/(0 D))

. COMPILE TO (peStep = (peStepX = 0.9

. (pelndexY = 0)

& CODE for(pc].:dexx 0
(fix(pcRepeatX) - 1) nil

LAYOUT CODE

peStep(peStepX =

(pcRepeat = (pcRepeatX =
fix((A+(width+I-2*G)/(H+T)))))

(peStep = (peStepX = H+I))

Technology #2 3‘ LAYOUT (pelndexY = 0)

| oo pm

| ity Substitution of humerical
Technology #3 MODIFIED coordinates by generic

_ LAYOUT CODE
Figure 2. Portablhty Methodology.

GENERIC
DESIGN RULE|
> DATABASE

[ MODIFY THE |
] LAYOUT CODE

car(ermsei(H+1)))

coordinates



where x is the vector {x}, %), ..., Xy}, defining a multidimen-
sional design space, y,; stands for the value of the i-th design
objective; y,; are the values of the restriction-type specifications;
and Y, are the targeted values of such specifications. The cost
function in our implementation is defined in minimax sense:
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where R 4 (acceptability region) denotes the region of the param-
eter space where restrictions are met, w; is the weight associated
with the i-th design objective (a positive real number if y,; is posi-
tive and vice versa) and wy is the weight associated with the
restrictions that must be a real positive (alternatively negative) if
the restriction is of type < (alternatively 2). These weights are
used to give priority to the fulfillment of their associated specifi-
cations.

The implemented simulation-based approach is a two-step
one: in the first one, statistical optimization techniques (capable to
escape from local minima thanks to a nonzero probability of
accepting movements that increase the cost function at the price
of a larger CPU time), inspired on simulated annealing, are
applied, while deterministic ones (where the optimization process
is quickly trapped in a local minimum of the cost function) are
applied in the second [3].

Some innovative features in the generation and acceptance of
movements through the design parameter space allow to drasti-
cally reduce the computational cost: first exploration of the design
space using a coarse grid to determine the best regions for further
exploration, adaptive control of the temperature in the statistical
techniques, synchronization of movement amplitude in parameter
space with the temperature, etc.

The addition of designers” expertise on tuning procedures for
a specific block has also been enabled. Such knowledge takes the
form of arbitrary relationships between design parameters, and
artificial restrictions and/or design objectives, and can be
expressed using the full capabilities of the C programming lan-
guage. During the optimization process such relationships are
taken into account, and restrictions or design objectives handled
as in Eq. 2. From this point of view, our size tuning procedure is
an optimization-based system incorporating the appealing fea-
tures of knowledge-based ones.

In general, the design space for a given circuit contains sev-
eral acceptability regions and each point in these regions is asso-
ciated to different values of the design objectives. The
instantiation of such solutions of the design space in the layout

template yields layout instances of different quality. As this is a

major concern, a quality evaluation is performed at each iteration
and contributes to control the evolution of the optimization pro-
cess. This evaluation of layout quality is based on the study of the
particular layout template. It includes from individual constraints
based on pCell size variations with respect to a reference, to com-
posite constraints involving a number of pCells. To illustrate this
point, let us consider the partial template in Fig. 3, composed of 4
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Figure 3. An example of layout constraints.

pCells. Let us denote f ;2 function which returns the width of

the i-th pCell. That will depend on: the sizes of the devices com-
posing that pCell (or, in general, sizes of the pCells at lower hier-
archical levels), the possible variants for its implementation (i.e.,
the number of fingers in an interdigitized structure), technological
parameters, etc. If we take f | asa reference, an example of indi-

vidual constraint would be:

minimize abs(fl—fz) 3)
A simple example of a composite constraint would be:
minimize  abs[f} - (f3+ /)] @

Once formulated in this way, layout constraints establish
relationships between design parameters or constitute objective
functions that the optimization engine can handle like the restric-
tions and design objectives in Eq. 2. Relative weights can also be
used here to give priority to some layout constraints over others.

5. ARETARGETING EXAMPLE

The methodology presented in this paper will be illustrated via
the retargeting of the fully-differential Miller-compensated two-
stage amplifier in Fig. 4 for a different set of specifications. The
circuit was originally designed for the set of specifications in
Table 1. The design of the original 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 the first stage to drive the transistors
under maximum slew-rate conditions).

The sized circuit was also used as a reference to build a lay-
out template. The cell layout was planned to allow a maximum
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Figure 4. Fully-differential operational amplifier.

Table 1. Specs of original design.

Specs Simulated | Units
Ay >80 87.8 dB
GBW >35 351 MHz
PM >45 472 o
oS >5 53 \Y
power | minimize 1.73e-3 W




flexibility to the component devices to accommodate the needed
new sizes in a cell retargeting process. '
Then, the circuit was retargeted to the set of specifications in the
first two columns in Table 2. To illustrate the importance of
including the evaluation of the layout quality during the size tun-
ing process, two retargeting experiences were carried out. In the
first one, the only objective was to achieve the new set of specifi-
cations. The instantiation of the resulting device sizes in the lay-
out template yielded the layout in Fig. 5. The extracted layout met
the specifications but, as can be observed, the layout density has
largely 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. 6, the layout quality and the area efficiency
are much better (both layouts in Fig. 5 and Fig. 6 have been cap-
tured 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 min-
utes 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 instantia-
tion, DRC, extraction, LVS and final simulation.

As an example of retargeting to a different technology we
will consider the migration of the original design to a 0.5um tech-
nology of a different foundry. Table 3 shows the specifications in
the new technology. The instantiation of the devices sizes in the
technology-portable template yields the layout cell in Fig. 7. The
simulation of the extracted layout provides the simulated results
in the third column in Table 3.
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Figure 7. Instantiation of the retargeted design in a different

technology process.
Table 3. Specs and results of retargeted design.
Specs Simulated | Units
Ag >80 80.0 dB
GBW >50 527 MHz
PM >45 45.1 deg
oS >5 52 \Y
power | minimize 9.1e-4 W

6. CONCLUSIONS

Figure 5. Instantiation of the retargeted design without evalu-
ation of impact on layout quality.

Table 2. Specs and results of retargeted design in Fig. 6.

Specs Simulated | Units
Ay >85 87.5 dB
GBW >100 100.2 MHz
PM >50 50.4 deg
[ >5 5.01 v
power | minimize 1.93e-3 W

Figure 6. Instantiation of the retargeted design with evaluation

of impact on layout quality.

Lack of flexibility of analog blocks limit their applicability in
application scenarios demanding high circuit performances.
Through the introduction of a retargeting methodology for tran-
sistor level circuits, this paper has tried to contribute in making
flexible technology-portable analog blocks a reality.
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