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Printed circuit board (PCB) design plays a vital role in the production of radio-electronic
devices. While there are several CAD systems available to automate the process, they often
fail to consider the scheme topology. To address this, a high-quality automatic system for
tracing printed circuit boards is needed. This involves several steps, including the placement
of components on the board, the creation of topometric lines, determining the intersection of
graph edges with topometric lines, and tracing connections through crosspoints.The creation
of topometric lines involves adding additional edges to the graph that connect the outputs of
neighboring components. This results in a model consisting of a topological part (connections
graph and topometric lines) and a geometrical part (footprints). To facilitate the integration of
these parts, a topometric model of a component is introduced. The implementation of a database
to store these models is crucial for CAD systems. The database should include information about
the package type, geometrical size, conductors' drawing, topology, production rules, and setup
scripts for topological lines. Storing production rules in conjunctive-disjunctive form allows for
efficient processing and smaller data volume.The topometric database should contain records
for each type of IC package, including the package type, footprint image, cycle of the graph,
geometrical bindings, production rules, and initialization script for additional poles.To use the
IC package topometric models database, the user selects the package type for each element of
the circuit. The corresponding record is loaded from the database, including the geometrical
and topometric model, which is then copied into the local project base. Additional cases can be
initialized and rules for forming conductors under the package can be edited. The application
of these rules determines the ability to carry out connections under the package.The author
suggests that this approach, utilizing an expert system, can be used for automatic routing of
printed circuit boards using a topological approach
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Czaooe C. O. baza oanux monomempuunux mooeneii naxemis IC i3 npasunamu 6ueooy

Jusaiin opykosanux niam (PCB) gidiepac saxciugy ponv y upobHuymei padioenreKmpoHHux
npucmpois. Xoua icnye dexinvka cucmem CAIIP 0ns asmomamuzayii npoyecy, 60HU YaACmMo He
8PAX0B8YIOMb MONON02iI0 cxemu. [ns eupiuients yici npobnemu HeobXiona AKiCHA agmoMamuyHa
cucmema mpacyeanhs Opykosanux niam. Lle éxnouac Kinbka Kpokis, 30kpema po3miuyeHHsl KoM-
HOHeHmMI8 Ha Oowlyi, CMEOPeHH sl MONOMEMPUYHUX TiHIl, GU3HAYEHHS nepemuny pebep zpaga
3 TMONOMEeMPUYHUMY JTHIAMU WA 8i0Cmedicents 3 cOHanb uepe3 mouku nepemuny. Cmeopenus
monomempu4Hux JiHitl nepedbaiac 000asanta 000amrkosux pebep 00 epaghika, aKi 3 €OHyIOMb
BUXOOU CYCIOHIX KoMnoHenmis. []e npu3600ums 00 moeo, wo MoOeib CKAAOAEMbCS 3 MONON02IY-
HOI yacmunu (2paghux 36 ’s13Kie ma monomempuyni ninii) i ceomempuunoi wacmunu. Ll{o6 nonee-
wumu inmezpayito yux 4acmuH, 6600UMbCA MONOMEMpUYHA MOOenb Komnonenma. Peanizayis
basu danux 0na 30epicanHa yux mooenel mae eupiuianvre snavenns 0aa cucmem CAIIP. basa
OaHUX NOBUHHA MIcmumu iHopMayiro nPo mMun YNaKoeKu, eOMempuyHi posmipu, KpecieHHs
NpOBIOHUKIE, MONON02II0, NPABUNLA BUGODY MA CYEHAPIT HANAWMYBAHHS MONONO2IYHUX NiHill. 30e-
Pi2aHHs NPAsUL 8UB00Y V KOH TOHKMUBHO-0i3 TOHKMUBHIL hopmi 3abe3neyye eghekmusny oopooKy
ma meHwul obcsae oanux. Tonomempuuna 6as3a OaHUX MA€ MICMUMU 3aNUCU OJisL KOHCHO20 MUNY
ynaxoexu IC, exnouarouu mun ynakogku, 300padiceHts giooumxa, yuxka epagixa, ceomempuyni
npug ’sa3Ku, npasuia eueody ma cyenapiu iniyianizayii o1s dodamxogux nomocie. [1Jo6 euxo-
pucmogysamu 6a3y danux monomempuunux moodenei ynaxoexu IC, kopucmysay eubupac mun
VNAKOGKU OJIs1 KOJICHO20 eneMenma cxemu. Bionogionuu sanuc 3aeanmasicyemscsi 3 6asu OaHux,
BKIIOYAIOUY 2eOMEMPUTHY MA MONOMEMPULHY MOO€Nb, AKA NOMIM KONIIOEMbCA 8 TOKANbHY 0a3)
npoexmy. Moxcha iniyianizyeamu 000amKosi Keticu ma peoazyeamu npasuia opmyeants npo-
BIOHUKIG Ni0 naxkem. 3acmocy8ants Yux nPasuil BUSHAUAEC MOJICIUGICIb BUKOHAHHS 3'€OHAHD NiO
nakemom. Aemop npunyckac, wjo yei nioxio, wo 6UKOPUCMOBYE eKCHEePMHY CUCIEMY, MOlCe
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oymu guxopucmanuii 0 AGMOMAMUYHOI Mapupymusayii OpyKo8aHux niam 3 6UKOPUCTAHHAM
MONONOCIYHO20 NIOXOOY

Knrwwuosi cnoea: monomempuuna mooenv, npasuid 6usody, NpPOEKmyB8aHHs OpPYKOBAHOL
naamu, niaHapHull epag.

Introduction. An important role at production of radio-electronic devices plays
the design of printed circuit boards. There is a lot of CAD systems for such purpose
allowing to automate the process (Altium Designer [1], Eagle [2] OrCAD, TopoR [3],
Proteus[4], and others[5]), however all of them still badly consider scheme topology,
even TopoR, so the problem of development of qualitative automatic system of trace of
printed circuit boards still requires attention. For the purposes of synthesis of the draw-
ing of conducting tracks of printed circuit boards approach with use of the topological
drawing of the graph corresponding to connections in the scheme can be applied. At the
same time it is important to know how edges of flat parts of the graph in the drawing
will pass. Thus the following actions should be made for carrying out connections of flat
constructs (for example, radio components) [5, 6]:

¢ placing of elements on the printed circuit board;

¢ Dbuilding of so-called topometric lines;

e determination of intersection of edges of the graph with topometric lines;

e actually tracing connections through crosspoints.

The stage of building of topometric lines includes creation of the additional edges of
the graph connecting outputs of the next radio components [7]. Therefore as a result we
will receive the model consisting of a topological part (connections graph + topometric
lines) and a geometrical part (footprints). For approval of those parts it is necessary to
introduce the interface named as topometric model of a component. Now we will con-
sider as it is possible to define a concept of topometric model. For this purpose author
introduce such assumptions:

For any electronic component one can draw around its area in which there will be
geometrical drawing of conductors of a component, and outside — the topological draw-
ing of the electrical circuit graph.

Places of intersection by conductors of this area will serve as poles — junctions with
the graph of schemes. In most cases poles match signal connect pads of a component.

These poles on the one hand are connected in a cycle of the graph; on the other hand
have a binding to coordinates concerning a component and form topometric model of
a component.

Let's notice that in terms of topology the form of a cycle is not something essen-
tial, but it is possible to select a rectangular form which will allow to appropriate to
poles of topometric model attributes of position of South, North, West, East concern-
ing the center and to simplify an algorithm of carrying out topometric lines to the
"opposite" party in a cycle, and between components. Also it is necessary to notice
that it is not always correct to reduce topometric model to a projection of contacts
on perimeter. For example in case of passing of tracks between outputs of the large-
scale integrated circuit it is necessary to enter additional poles in places of intersec-
tion of perimeter.

Types of packages of the base construct

The base types of package used in electronics are:

— DIP package. Construction of DIP package means through hole mounting. That
is its outputs are present at all layers of the printed circuit board. As a rule, lead spacing
allows at least one track between next.
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— SOIC package. Buildings of SOIC are used for superficial mounting, i.e. they
and their conductors are present at one layer of the printed circuit board. The distance
between side outputs most often a little will also not allow to carry out tracks between
signal connect pads. But it is possible to bring conductors on top or from below pay-
ments and also on other layers.

— LQFT package. LQFT packages are also used for superficial mounting. Lead
spacing usually does not allow to carry out between them tracks, however on other lay-
ers of a payment of a track it is possible to carry out freely.

— 3rd lead packages of through mounting. It's widespread kind of the building
including for transistors, mounting allows leading of the conductor from any party to
contact.

— SMD resistors, condensers, etc. This type of the package is used for a wide
number of the two-output components having the different geometrical sizes, what
influences mainly that how many it is possible to carry out lines in an interval between
contacts from mounting. To avoid loops in the graph, surely one can introduce addi-
tional poles.

From the above-stated classification one can see that at a stage of building of topo-
metric model there are two problems: a problem of creation of an algorithm and a prob-
lem of carrying out connections under the package of construct. And these two problems
are connected and for each class of constructs there can be the algorithm which, in turn,
depends on external parameters — such as thickness of the conductor, minimum admis-
sible conductor spacing, topology of the graph, package geometry. Thus, the author
comes to a conclusion about necessity of matching of the construct package type to an
algorithm of creation of topological model and a way of trace whithin.

Implementation of storage of set of constructs is important aspect of creation of
CAD for distributing of payments. Here at implementation of model of the database
there will be a need, first, to store including, topologic model of construct, i.e. a cycle
of the graph, secondly, information on an algorithm of processing of the model. At
first sight can seem that one can rigidly record in the program a certain set of algo-
rithms on connection of poles building for different topometric models, but it is not
quite right approach — databases of radio-electronic components are open systems
which are actively complemented and thus it will be ever possible to come it is impos-
sible to add new type of the package to a situation or to interfere with processing
already entered to base.

Record of the database may contain the following information:

— package type

— geometrical size

— drawing of a seat

— topology and its geometrical bindings

— production rules of carrying out contact lines

— script of setup of topological lines

Here production rules concerns how do connections under the package of the large-
scale integrated circuit proceeding from already carried out. They are in the form of a
set of Boolean functions

R; =1 (V) 1
Where R, = true, if poles i and j can be conduct and R; = false otherwise. v is a

vector of poles such that v =true, if the pole has a connection. It is obvious that if more
than two contacts connect, then it is possible to apply consistently production rules for
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these couples in the form of logical connection. It makes sense to store these rules R
in the database in conjunctive-disjunctive form. It will allow to store them not as line
expression, but numerical matrixes of the table of conjunctives and the table of conjunc-
tives in a binary look that occupies smaller data volume and can be processed quicker.

Topometric database of models content

Records in the database related to each type of an IC package should contain:

Package type;

Image of footprint;

A cycle of the graph on vertices (automation is possible);

Geometrical binding of the cycle's vertices;

Production rules (1) of the conductors overcrossing prohibiting to carry out in topo-
metric model. It can be made as directly and is automated proceeding from an opportu-
nity to calculate intersections of edges of the graph on its connectivity matrix;

The script initializing the provision of additional poles proceeding from external
parameters.

The item 5 could gain further development, for example, it can is possible to add
the additional text box containing a script of automation of creation of rules. This script
implies its execution during manual editing record of the database. It is also possible to
implement automatic generation of rules for typical cases of packages.

Usage of IC package topometric models database. As it was specified by the
author earlier it is going to use further the base of models of cases described above for
obtaining the drawing of printed circuit boards, using the procedure of laying of flat
sugraph of connections. At the same time several options of the most flat parts of the
graph of connections from which the most suitable is selected at trace along sugraph
edges turn out. It is necessary to take into account and geometry of cases of construct.
Therefore the typical operation algorithm with such database looks as follows:

— The user's selection of the kind of package for an element of the electric circuit.

— Loading record about this package from the database, including geometrical and
about topometric model of the package, copying it in local base of the project.

— Initialization of additional cases put of execution of a script.

— Editing by the user rules of forming of conductors under the case.

— Application of rules at a trace stage for definition of a possibility of carrying out
tracks under the package (if rules are not set, then it is supposed what under the package
of connection cannot be carried out).

Thus the approach to creation of the database assumed by the author using an ele-
ment of expert system can be used in application to automatic routing of printed circuit
boards using topological approach.
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