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ABSTRACT

A novel pattern recognition tool has been developed to in-
terpret a given MIC/MMIC layout in terms of even com-
plex library components. This allows to go from layout to
the data needed for a schematic. It opens the way to auto-
mate design flow between different simulators via schem-
atic and netlist level.

INTRODUCTION

The common point of any kind of MIC/MMIC analysis and
design is the layout, whether electromagnetic simulation or
network theory-based analysis is used. As a step towards
design automation, commercial electromagnetic simulat-
ors are capable, for example, to read layouts in various
formats and then process this input by automatic gridding
etc. to generate the necessary start-up file for the EM sim-
ulator [1]–[4]. However, such automated processing to-
wards a netlist file or an equivalent schematic is not yet
available to the authors’ knowledge, when it comes to gen-
erating from the layout the necessary data for an analysis
using network theory-based CAD packages. The reason
for this is, that this requires the identification of geometric-
ally complex components and identify those in an existing
library of physic-oriented components, a foundry library,
etc. The widely used practice in the microwave designer
community is to manually segment a layout and associate
with each of the resulting components a library name or
electrical description. Note, that we are not describing here
the automated extraction of RLC circuit elements and cre-
ation of a spice netlist. Such RLC extraction is done on the
basis of computed electromagnetic results of a distributed
structure in order to allow an equivalent circuit represent-
ation. The paper presented here, does not use simulation
results, but pure pattern recognition to move from layout
to schematic.

PATTERN RECOGNITION

Based on previous work on a Design Assistant [5], that had
already limited pattern recognition features, the respect-
ive capabilities have now been upgraded and extended in
such a way, that not only elementary geometrical structures
can be recognized, but also geometrically complex phys-
ical components, as they can be seen in a MMIC layout.
An example for this is the recognition of spiral inductors
and MIM capacitors, and the association of these compon-
ents with the correct name of a library modul and with the
complete set of recognition parameters. In the following,
the main features of the recognition and identification al-
gorithm are outlined and demonstrated by an example.
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Fig. 1: The structure of pattern recognition
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As is state-of-the-art practice in pattern recognition, the
identification of structures of an image and the interpreta-
tion are performed in two phases. In the first phase, called
“low level processing”, the processing of the image and
the identification of elementary features are performed by
the generation of a segmentation. In the second phase, the
so-called “high level processing”, the content of the im-
age is appropriately interpreted [6, 7]. While elements of
low level processing have already been part of the tool de-
scribed in Ref. [5], the extension and further development
of the tool includes now the recognition of geometrically
complex structures as library components and the assign-
ment of individual parameters. In addition, the low level
phase has been suitably modified. Fig. 1 visualizes the in-
dividual steps of the pattern recognition outlined here.

The algorithm is organized in three hierarchical levels.
In the first level, layout geometry is partitioned in terms of
elementary structures, like rectangles and triangles, which
are still purely geometrical structures themselves. In or-
der to identify these elements as elementary physical cir-
cuit structures, like sections of microstrip lines and bends,
further interpretation is needed. We use for this the relative
arrangement and direction of the neighbouring elements,
which allows to associate features with the elements, like
ports and port directions. This is illustrated by an example
in Fig. 2.
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Fig. 2: Recognition of elementary structures

Based on this first step, a first symbolic descriptionof the
layout and a first classification are achieved. The result of
this first level is a segmented layout, characterized in terms
of elementary layout structures. This already can be used
as a basis for simulation with suitable simulators, as was
described in Ref. [5].

The second step or level of Fig. 1 consists in associating
and grouping elementary structures to form higher level
structures of intermediate complexity, like coupled strips
and coupled bends incorporating the electrical coupling ef-
fects between basic elements. Note, that this arranging and
grouping needs already some experience and expert know-
ledge implementation, but also needs to take into account
the capabilities of the simulator to be addressed. The re-
cognition of the outlined features is performed here by a di-

gital search scheme and is briefly described here by means
of a simple example (s. Fig. 3).

Fig. 3: Recognition of coupled bends in a spiral inductor

The recognition procedure of coupled bends summar-
ised and simplified is:

� Searching for corners with the same orientation
(using port directions)

� Testing for corner matching criteria (2D-sorting)

� Grouping by examination of corner sequence (effi-
cient implementation using binary search)

Figure 3 shows a part of a spiral inductor. As one can
see, there are five hatched corners with the same port direc-
tions. Following the above mentioned 3 steps, the system
recognizes the group as 4 coupled bends (s. dotted lines).

Following this second level segmentation and classific-
ation, a representation of the considered structure exists in
the form of a layout segmented into a level of grouped ele-
ments as outlined.

The third step and level now includes the so-called “high
level phase” with symbolic processing, in order to identify
complex components within the segmented layout. Fol-
lowing classification, the respective components are as-
signed symbolic names. This symbolic processing is again
a grouping of the low level entities, which satisfy certain
relations to form a more complex set. Fig. 4 illustrates the
3-step processing of Fig. 1 again by means of a simple ex-
ample, starting from layout and arriving at a Touchstone
format description containing the component name and the
physical parameters NS, L1, L2, L3, LN, W, S, WB, AB
and BE.
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By this identification the component is uniquely de-
scribed, given the fact, that the generated Touchstone de-
scription has a clear association with an existing CAD lib-
rary. This kind of automated Touchstone file generation
is considered as the basis to automatically move from one
layout to several network theory-based simulators and as-
sociated libraries. It will also allow to move between those
simulators if respective name conventions for library mod-
ules are agreed upon.

NS L1 L2 L3 LN

MRINDSBR 1 2 

W S WB AB BE

a) Layout

b) Segmented Layout (1)

c) Segmented Layout (2)

d) Layout Interpretation

Fig. 4: Recognition of spiral inductors

As a more complex example, the automated processing
of the layout of a MMIC low pass filter example is con-
sidered. This was made available by Dassault Electronique
in France as a test case [8]. Fig. 4a shows the layout of
the considered MMIC filter with the prober pads, ground-
ing structure at the chip edges and some other details re-
moved for the sake of simplification. Fig. 4b shows the
same layout following the first step of the algorithm depic-
ted in Fig. 1.

Figure 4a: Layout of MMIC test filter

Figure 4b: Segmented Layout (1)

The second level of processing with grouped elementary
structures is shown in Fig. 4c. Finally, the identification
of complex geometrical entities, like spiral inductors and
MIM capacitors, is visualized in Fig. 4d. The generated
Touchstone description, which allows to invoke a schem-
atic capture, is attached at the bottom of Fig. 4d.
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Figure 4c: Segmented Layout (2)

.

..
MRINDSBR 1 2 NS=18 L1=0.14 L2=0.155 L3=0.155 LN=0.016

W=0.01 S=0.006 WB=0.014 AB=90 BE=0.011
MBEND2 2 3 W=0.01
MLIN 3 4 W=0.01 L=0.087
MTEE 5 4 6 W1=0.01 W2=0.01 W3=0.01 
MLIN 6 7 W=0.01 L= 0.03
MTEE 7 9 8 W1=0.01 W2=0.07 W3=0.01 
MLIN 8 10 W=0.07 L=0.024 
TFC 10 11 W=0.07 L=0.07 CO=0.0 DO=0.0

(All dimensions in millimeters)

Figure 4d: Layout Interpretation including part of
the generated Touchstone file

Conclusion

An algorithm has been developed in the context of the
development of a Design Assistant for microwave CAD,
which allows to move directly from layout to a schematic
associated with library component modules via pattern re-
cognition without previous electrical simulation. This rep-
resents a new step towards microwave design automation,
towards the re-use of layouts for comperative investigation
with different simulators and towards the interoperability
of microwave design packages.
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