


























Summary

Outstanding advantages of PCF/PCC mask-programmable
gate arrays are:

— Variable architecture allows over 90% of available gates
to be programmed to perform up to 60 different functions

— 24 different 1/Os and a range of pull-up/down resistors
can be programmed. This allows interfacing with most
other logic families

— The comprehensive Computer-Aided Design (CAD)
system dramatically reduces devclopment time and
allows the designer of the original logic circuit to retain
control of his own system throughout the final integra-
tion phase instead of relying on the expertise of a MOS
IC designer

— The same data basis (the network description) is used for
logic simulation, test pattern generation, cell placement,
automatic interconnection routeing and mask generation

— Designing is as easy as with standard SSI or MSI
— Design changes can be easily incorporated

— The network description is made from a computer-based
library of fully defined cell functions. The input/output
list, dynamic characteristics and topology list of the
input/output signals are part of the cell library macro
descriptions. The SIMON program simulates the overall
circuit, thoroughly tests it and allows modifications to
be made before any hardware is committed

— After functions of the network description have been
assigned to the array cell units and I/Os, by the PLACE
program, a routeing program INGATE automatically
specifies metallisation and contact mask patterns which
are in accordance with the network description and are
guaranteed to be correct for interconnecting bonding
pads, 1/Os, supply rails and cell transistors

— The final semi-custom logic IC protects proprietary
rights because it is very difficult to copy.

THE PCF/PCC FAMILY IN DETAIL
Cell unit

As shown in Fig.5, a gate array cell unit contains four
series-connected n-channel MOQOS transistors, four series-
connected p-channel MOS transistors, and eleven vertical
polysilicon interconnection strips above and below the
transistors. Each interconnection strip area can accom-
modate five completely independent horizontal rows of
CAD routed aluminium interconnections. On each side of
the transistors, there is a polysilicon feedthrough strip for
making connections across the cell unit or to other rows of
cell units. There are also two input/output feedthrough
strips. The substrates of the four p-channel MOS transistors
are connected to the positive supply bus (Vpp), and the

CMOS GATE ARRAYS

p-well of the four n-channel MOS transistors are con-
nected to the negative supply bus (Vgs). Contact points
are available for all sources, drains and gates and are auto-
matically connected as required when cell library functions
are allocated to the cell unit. The gates of the complemen-
tary transistors are not initially connected to each other so
that they can be connected to different potentials, This
allows transmission gates to be programmed so that packing
density and speed can be increased. Since each cell unit has
a maximum of two output strips, it cannot accommodate
more than two cell library functions.

I/0O periphery

The 1/O periphery consists of uncommitted bonding pads
with anti-static protection, and I/O cells consisting of
several uncommitted complementary pairs of MOS tran-
sistors. A pull-up/down resistor with a choice of eight
values can be assigned to each bonding pad. The [/O cells
can be assigned to the bonding pads and mask-programmed
as 3-state outputs, drivers, buffers, Schmitt triggers or
oscillators from the cell library. I/Os can be designated as
transceivers by combining a 3-state output with any input
stage. Bonding pads can also be assigned as direct inputs to
the cell units in the core of the gate array. This flexible
range of I/Os allows the final semi-custom circuit to inter-
face directly with most other logic families.

TABLE 1
Survey of PCF/PCC gate array facilities

type number: PCF.... or PCC.... 0330 0450 0700 1100 1700

2-input gate equivalents 330 448 704 1116 1728
cell units 165 224 352 558 864
rows of cell units 11 14 16 18 24
cell units per row 15 16 22 31 36

horizontal mask-programmable
interconnection strips (max):

above top row of cell units S S S 6 7
between cell units 10 9 10 13 14
below bottom row of cell units S N S 6 7
bonding pads 40 28 40 68 86
inputs/outputs (max) consisting of:
3-state 1/Os (max) 34 26 38 66 84
drivers (max) 38 14 22 66 84
buffers (max) 38 12 16 66 84
Schmitt-triggers (max) 34 8 10 66 84
pull-up/down resistors (max) 34 26 34 66 84
Packages

PCF/PCC gate arrays are available in a wide range of plastic
and ceramic packages as shown in Fig.6.
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DATA COMMUNICATIONS

The most popular form of frequency modulation is
frequency-shift keying, FSK, in which the carrier frequency
(operating at, say, 1700 Hz) is modulated +500 Hz to repre-
sent binary 1 or binary 0. Thus, a frequency of 1200 Hz
represents a zero. while a frequency of 2200 Hz represents
a binary 1. FSK techniques are generally quite suitable for
low speed devices like teleprinters and allow operation at
speeds as high as 1800 bits/s.

Amplitude modulation enables a modem to transmit and
receive the analog equivalents of binary 1s and Os. This
technique involves varying the amplitude of the line’s carrier
frequency. Several levels of amplitude modulation are pos-
sible, allowing twice as much data to be sent in the same
time frame. Both AM and FSK are quite suitable for data
transmission; FSK has a noise advantage over AM, but AM
allows more efficient use of the available bandwidth.

Phase modulation modems are generally described in
terms of the number of phase shifts generated, and operate
at speeds of 2000 bits/s and above. In this technique, the
transmitted signal is shifted a certain number of degrees
in response to the pattern of bits coming from the termi-
nal or computer. For example, in a 2-phase PM modem, if
the analog signal generated by the transmitting modem is
shifted 180°, a binary 1 (or O if desired) is indicated. If
there is no shift, then the signal will be interpreted as a
series of zeros (or ones) until such a shift is sensed. Gener-
ally, PM modems operate in four and eight phases, per-
mitting up to two or three times the data to be sent over
the line in the same bandwidth. Most 4800 and 9600-bits/s
modems use PM.

Conditioning and equalisation

As data in the form of analog signals are sent down the line
between modems, they suffer from the effects of envelope
delay and amplitude distortion. Signals of different fre-
quencies are delayed or attenuated by varying amounts as
they are transmitted. To compensate for these effects. two
techniques are employed: line conditioning and modem
equalisation,

Line conditioning is the process by which the telephone
company maintains the quality of a specific, privately
leased line to a certain standard of permissible delay dis-
tortion and signal attenuation. AT&T has two types of con-
ditioning referred to as C and D. There are five categories of
C conditioning (C1 to C5) and two categories of D condi-
tioning (D1 and D2). C conditioning tempts to equalise
the drop in signal voltage and envelope delay for all fre-
quenices transmitted: D conditioning controls the signal-to-
noise ratio and harmonic distortion. Both may be used on
the same communication channel.

Modem equalisation refers to compensation for ampli-
tude and envelope delay distortion of the line. Equalisa-
tion is seldom required in lower-speed modems attached to
a leased line, since minimum line conditioning is sufficient.

However, conditioning and equalisation are required when
higher speed modems (4.8k and 9.6k bits/s) are attached.
Modems used for high speed transmission over the dial-up
network must have equalisation, since it is never certain
exactly which unconditioned telephone line will be used.

Communication line sharing and modem sharing

When several input/output devices are required at one end
of a communication link, a multiplexer or modem sharing
unit, which enables these devices to share one communica-
tion line, can be used to reduce costs. Multiplexers take low
speed inputs from a number of terminals and combine them
into one high speed data stream for simultaneous transmis-
sion on a single channel. At the other end of the link, a
second multiplexer (actually a demultiplexer) reconverts
the high speed data stream into a series of low speed inputs
to the host computer. The channel is split into time slots
(time division multiplexing) or frequency bands (frequency
division multiplexing). Intelligent or statistical multiplexers
increase line utilisation by allocating time slots on the basis
of a line activity algorithm.

Modem sharing units enable multiple terminals to share
one modem. They are particularly valuable in networks
that require clusters of terminals at remote sites because the
number of modems and transmission lines are reduced.
Operation is polled half-duplex. Multiport modems can split
a high speed channel (e.g., 9600 bits/s) into various medium
speed channels (e.g., two 2400 bits/s and one 4800 bits/s),
thus permitting several medium speed terminals to share
a 9600bit/s line. A multiplexer is a device that performs
channel splitting; a lineplexer or biplexer splits 19.2k bit/s
data into two 9600 bit/s paths that can be transmitted over
two conditioned full-duplex channels. This eliminates the
need for a wideband channel to send and receive data at
19.2k bits/s. A port sharing unit connects to a commu-
nication controller or central processing unit port and
transmits or receives data from two to six terminals or
modems. Less costly than a multiplexer, it reduces the
number of controller ports in a polled terminal data com-
munications configuration and makes more efficient use
of connected ports.

Synchronisation techniques

Four kinds of synchronisation—bit, character, block and
message —must be distinguished when using synchronous
transmission. Bit synchronisation is achieved through a
received clock signal which is coincident with the received
serial data stream. Most modems or ‘business machines’
(i.e., terminals) derive this clock by means of phase-locked
loops from the 0 to 1 and 1 to O transitions occurring in the
received data. This technique, called self-clocking, over-
comes the effect of propagation delay between distant
stations and the tendency of electronic circuits within the
modem to drift.
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Character synchronisation is accomplished by recog-
nising one or two ‘phasing’ characters, often called SYN
or sync characters. The receiver senses these SYN characters
and phases its receive logic to recognise, by bit count, the
beginning and end of each subsequent character. To ensure
character synchronisation throughout a message, SYN
sequences are sometimes inserted in the transmitted data
stream at 1 or 2-second intervals. This permits receiving
stations to verify that they are in sync.

Request for retransmission

Data-link control protocols include an error checking field
to allow the receiving station to validate the message.
When errors are detected, the receiving station issues a re-
quest for retransmission (ARQ). The two types of ARQs
are stop and wait and continuous. Each provides defined
methods for acknowledging correct (error-free) reception of
transmitted blocks of information.

When a connection is established in the stop and wait
ARQ, the transmitter sends one block and then stops.
Eventually, the receiver acquires that block, subjects the
block to an error check, and then sends an ACK control
character to the transmitter to acknowledge that the block
is correct, or a NAK control character to indicate an error.
If an ACK is returned, the transmitter sends the next block
in sequence. If a NAK is returned, that block is retrans-
mitted. Thus, the stop and wait mode involves periods of
idleness, including propagation delays between each block,
so that the line is not communicating nearly at its rated
capacity.

In continuous ARQ, the transmitter keeps sending one
block after another without stopping. The receiver and
transmitter retain individual counts of the blocks out-
standing and provide buffer storage to retain those blocks.
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DATA COMMUNICATIONS

Only when an erroneous block is detected does the receiver
tell the transmitter to resend that block and all subsequent
in-transit, but unacknowledged, blocks.

Standards and protection

The electrical, functional, and physical interface to data
terminal equipment provided by modems is compatible
with Electronics Industries Association (EIA) or Internatio-
nal Consultative Committee for Telephone and Telegraph
(CCITT) standards. Most commercial modems conform to
EIA RS-232, and plug-to-plug compatibility via a 25-pin
connector is ensured between modems and data terminal
equipment that subscribe to this standard. CCITT V.26 is
the electrical equivalent of RS-232-C, while V.24 is the U.S.
standard’s functional pin equivalent. CCITT V.35, a cur:
rent-mode, 34-pin connector interface standard for serial
data transmission up to 56k bits/s, is used by wideband
European modems and in the Bell System DDs Data Ser-
vice Unit at 56k bits/s. Military standard MIL-STD 188
is a U.S. government standard for military communications
equipment. An improved EIA functional standard, RS449,
was approved in November 1977. Although not yet imple-
mented in U.S. modems, it is being incorporated into mo-
dems used in Germany and in the CCITT V.36 modem.

Common carrier equipment on the switched telephone
network must be protected. A device called a data access
arrangement (DAA) limits the attached modem’s signaling
power to prevent it from exceeding the power level re-
strictions of the communication channel. In 1977, the FCC
ruled that modem manufacturers can incorporate equiva-
lent protective circuitry in their products, register them
with the FCC, and connect them directly to the telephone
network. DAAs are available from FCC-certified indepen-
dent suppliers and can be leased from the Bell System.
Modems rented from the Bell System or those used on
leased lines do not require a DAA.
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Progress in

SMPS magnetic component optimisation

L. P. M. BRACKE

The last ten years have seen considerable progress in the
development of the switched-mode power supply. Both
design methods and associated hardware have been refined
by experience and intensive development. These improve-
ments, especially in the understanding of the influence of
magnetic material and winding-conductor properties on
SMPS operation, ‘are reflected in the more straightforward
and complete design routines now available. The better
understanding that made for the improved design routines
has also resulted in improved core designs: the ETD range
of ferrite cores. Furthermore. lessons learned from experi-
ence in wound-component production have been applied to
the design of the associated hardware, especially the coil
former. The improved core and coil former, together with
specially-developed assembly hardware, form the ETD
system.

IMPROVED DESIGN ROUTINES

References 1 to 4 form a series of publications that presents
complete design routines for the magnetic components of
all common versions of SMPS. Part 1 of the Series (Ref.1)
covers most aspects of SMPS design, with emphasis on the
interaction between the electronic and magnetic aspects.
The basic electrical relationships are given for forward,
push-pull and flyback converters. Practical formulae are
given for inductance and effective-current values. Auxiliary
outputs and other special features are included in the
coverage. as are related control aspects. All treatments are
related to the magnetic design.

The data derived from Ref.l are used in Part 2 of the
Series (Ref.2) to select a suitable ferrite core for the trans-
former. Here, the magnetic and thermal properties of ferrite
cores are considered as they affect their suitability for a
given application. Initial selection of a suitable core is by

means of charts showing the limits of performance to be
expected at various frequencies. The optimum working
conditions for cores in various transformer types are
discussed, and a further chart enables this optimum to be
determined. Wound transformer thermal characteristics are
discussed, and formulae given for the losses in the core
itself. Together with expressions for the number of turns
required, Ref.2 allows the design of an SMPS transformer
to progress from the electrical requirements set forth in
Ref.1 to the mechanical design of ‘the windings themselves
discussed in Ref.3.

SELECTING THE CORRECT CORE

Most SMPS requirements can be satisfied by the range of
cores currently available (Ref.5). The preferred grade of
material for such high-frequency power applications is
Ferroxcube 3C8.

Core selection charts

Due to the wide variation in application conditions, the
selection charts have been designed to indicate the range of
operation of the cores. This is done by using areas of
throughput power as a function of frequency as shown in
Fig.1. These are effectively areas of good design, since both
boundaries represent the performance of a well-designed
transformer.

The upper boundary of each area corresponds to a trans-
former design operating at optimum flux density sweep,
with maximum use of the winding window, and Litz-wire
windings, for minimum a.c. resistance. The lower boundary
corresponds to a transformer design that also operates at
optimum flux density, but has optimised solid-wire windings
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Data converters for robotics

STEPHAN OHR*

The high level of interest in robotics technology is due to
the increased industrial manufacturing productivity it
promises. Despite popular fancy, the vast majority of com-
mercial robots are not the least bit anthropomorphic. No
matter how sophisticated, these machines are primarily in-
tended as intelligent aids to productivity. They simplify
many repetitive operations, such as component inspection,
bin sorting, and assembly, by putting them under micro-
processor control.

The designer of a robot control system has some tough
and challenging choices to make. He must determine what
he wants the system to do, what component parts it should
include, and how to build it within certain cost constraints.

With regard to data converters in particular, a $20 device
is not likely to significantly affect the price of a robot as-
sembly costing from $10000 to $50000. The same data
converter, however, will have a more substantial impact in
a machine tool selling in the $500 to $1000 range.

In this article, we intend to look at some of the typical
functions performed by industrial robots and examine some
of the most obvious systems and components used for ac-
complishing these tasks. And for those areas which may be
cost sensitive, we will propose some potentially useful
alternatives.

THE BASIC CONTROL LOOP

Robots are typically required to perform two types of
tasks: those involving some sort of sensing, and those in-
volving some sort of locomotion. It doesn’t matter whether
the robot arm holds a drill, an arc welder, or a spray painter.
The basic two-step operation is the same: the robot must
sense, or ‘see’, the object or location it needs to work on,
and then it must move to that object or location. There is,

* Formerly with Signetics Corporation.

naturally, a feedback loop, in which the robot asks itself,
‘How close am 1?°, but this will always be some variation on
sensing/seeing. The corrective action, of course, will be
some variation on locomotion.

The design engineer can use various approaches to devel-
oping the systems that accomplish the two main tasks. For
sensing systems, the approaches would include non~ontact
visual systems, such as camera-based intelligent inspectors
or laser-based optical scanners; contact systems, such as
pressure or temperature sensors; and those in between, such
as infrared scanners. For locomotion systems, the ap-
proaches would include those systems that involve some
sort of rotational movement, such as elbow and wrist joint
controllers, and those that involve linear positioning, such
as microprocessor-controlled lathes or drill presses.

This is a logical point at which to review the basic func-
tions of robotics system design. The basic control model is
the same — almost regardless of the sophistication of the
machine. Whether we focus on the dazzling strength and
flexibility of Cincinnati Milacron’s T-3 (Fig.1), or on the
routine, but still sophisticated, operations of a Rowe Inter-
national dollar bill changer, the system model is consistent.

Invariably, for the sense/seeing function, sensors/trans-
ducers produce an analog voltage as the first input. This
voltage is typically conditioned or amplified, and fed to an
analog-to-digital converter. The digital code produced is
then given to a microprocessor which compares that code
with the code information in its memory instruction set
and look-up table. In the control loop, or locomotive task,
the microprocessor feeds an instruction code to a digital-to-
analog converter which translates the digital code back into
an analog voltage. This voltage, in turn, can be used to dic-
tate a variety of industrial operations, from motor speed to
arc welding temperature to linear position.
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Réseaux de portes CMOS — une logique sur mesure a portée de la
main

Cet article dérit une nouvelle gamme de réseaux de porte CMOS au
silicium. Cette gamme bénéficie d’un progiciel de CAO complet qui
permet aux concepteurs de systémes logiques de controler égale-
ment la conception du circuit intégré. Cet article donne également
des détails sur la structure interne des réseaux ainsi qu’une descrip-
tion du progiciel de CAO et des caractéristiques de fonctionnement.

Transmission de données

Parallélement a ’augmentation du nombre des ordinateurs en service
ainsi que de leur vitesse et de leur volume dc travail, il s’est avéré
de plus en plus nécessaire de transmettre les données produites en
des lieux plus nombreux et sur des distances plus longues. Divers
éléments, dispositifs, techniques et systémecs ainsi que diverses
normes et procédures, sont inhérents au processus de transmission
des données. Leur bonne compréhension peut aider les utilisateurs
de linformatique a tirer pleinement parti des systémes de trans-
mission actuellement disponibles.

Le détecteur magnétorésistif

Un petit dispositif permettant de détecter les variations d’un champ
magnétique. Développement récent dans la mesure des variations de
champs magnétiques, le détecteur magnétorésistif (MRS) est une
alternative intéressantc aux détecteurs plus classiques a effet Hall.
Ce dispositif comprend quatre barrettes en permalloy disposées en
pont de Wheatstone dont la sortie fournit unc mesurc du champ
magnétique dominant. Etant donné que méme d’infimes mouve-
ments de composants mobiles dans des machines pcuvent engen-
drer des modifications mesurables du champ magnétique, le MRS
peut étre utilisé comme détecteur de position sensible dans des
équipcments d’instrumentation et de régulation et dans des sys-
témes d’allumage électronique.

Circulateurs et isolateurs pour la réduction de I'intermodulation
dans les émetteurs

Les circulateurs et les isolateurs sont extrémement efficaces pour
réduire l'intermodulation entre des émetteurs utilisant des fré-
quences trés proches. Ils sont particulicrement utiles lorsque les
produits de I'intermodulation tombent dans des zones du spectre
de fréquence éliminées par kilohertz et non pas par mégahertz
des fréquences requises. Cet article décrit Ic fonctionnement des
circulateurs/isolateurs, examine leurs applications dans les systémes
d’émission et propose certaines recommandations pratiques.

Une radio f.m. compléte sur une puce

Cet article décrit un nouveau systéme de réception f.m. super-
hétérodyne presque entiérement intégré qui n’cxige qu’une bobine
externe et quelques condensateurs céramiques peu coliteux. Outre
des informations de conception approfondies, on trouvera une pré-
sentation de plusieurs récepteurs complets ainsi qu’une sélection
d’amplificateurs audio adaptés.

Progrés dans I'optimisation des composants magnétiques SMPS

La conception des transformateurs et inductances pour les alimenta-
tions i découpage est désormais bien comprise. Les méthodes de
conception publiées vont dans le sens de performances prévisibles et
d’une optimisation nette de la conception. L’cxpérience acquisc
lors de I’élaboration de ces méthodes a été appliquée a la conception
des noyaux en ferrite eux-mémes. Le résultat cst une nouvelle
gamme de matériel — noyaux, mandrins et accessoires de montage —
le systéme ETD.

Convertisseurs de données pour la robotique

Dans la mesure ou ils réunissent les fonctions de détection, dc
traitement numérique des données et de locomotion, la plupart
des robots industriels partagent une architecture similaire pour
’essentiel. Les différences majeures qui affectent le coat résident
dans la vitesse, la résolution et la souplesse d’emploi. La spécifica-
tion des fonctions corrcctes de détection et de locomotion, par
rapport a la tiche prévue du robot, a une influence déterminante
sur le choix des convertisseurs A/N et N/A et sur le rapport cout/
performances final.

ABSTRACTS

Redes de puertas CMOS —el camino mds rapido hacia la logica
semi-custom

Este articulo describe una nueva familia de redes de puertas CMOS
de silicio. Esta familia esti soportada por una colecciéon de
programas de ficil manejo para diseio ayudado por ordenador,
que permite a los disenadores de sistemas logicos mantcner un
control del disefio del circuito integrado. Se dan detalles dc la
estructura interna de las redes junto con una descripcion de la
coleccion de programas y de los datos dc funcionamiento.

Comunicacion de datos

Con el aumento del numero de ordenadores en uso y de la velocidad
y volumen de sus salidas, ha aumentado la necesidad de transmitir
sus salidas a mas puntos y a mayores distancias. Inherente al proceso
de comunicacién de datos existen diversos elementos, dispositivos,
técnicas y sistemas, asi como estindares y procedimientos, cuya
comprension puede ayudar a los usuarios dc los servicios de ordena-
dor a conocer los sistemas de comunicaciones disponibles actual-
mente.

El sensor magnetoresistivo — un dispositivo sensitivo para detectar
variaciones de campo magnético

El sensor magnctoresistivo (MRS) es un desarrollo reciente quc mide
variaciones de campo magnético, y proporciona una atractiva alter-
nativa a los sensores convencionales de efecto Hall. El dispositivo
contiene cuatro cintas permalloy dispuestas para formar un pucntc
de Wheatstone — la salida del cual proporciona una medida del
campo magnético. Ya que incluso un movimiento muy pequcfio de
los componentes que actuan en la maquinaria puede crear varia-
ciones medibles cn el campo magnético, el sensor magnetoresistivo
puede actuar como sensor de posicidn sensitivo cn instrumentacidn
y equipos de control y en sistemas electrénicos de ignicion.

Circuladores y aisladores para reducir la intermodulacién de trans-
misores

Los circuladores y aisladores son muy efectivos para reducir la inter-
modulacién entrc transmisores quc trabajan en frecuencias muy
cercanas. Son particularmente utiles cuando los productos de inter-
modulacién caen en zonas del espectro de frecuencia a una distancia
de las frecuencias decseadas del orden de los kilociclos mas que del
orden de los mcgacidos. Este articulo describe el funcionamiento
del circulador/aislador, se estudia su utilizacién en sistcmas de
transmision y sc dan algunas recomendaciones de operacion.

Radio f.m. completa en un chip

Este articulo describe un nuevo sistema superheterodino de recep-
cion de f.m. que csti casi totalmente intcgrado y sélo requiere una
bobina externa y algunos condensadores cerimicos baratos. Se da
la informacién detallada del disefio y sc presentan algunas radios
completas y una scleccidn de los amplificadores de audio adecuados.

Progresos en la optimizacion de componentes magnéticos para
fuentes de alimentacion conmutadas

El disefio de transformadores y choques para fuentes de alimenta-
cién conmutadas es ya bien conocido. Las rutinas de disefio publica-
das se hacen para un funcionamiento predecible y para una optimi-
zacidn del disenio sin complicaciones. Los conocimientos obtcnidos
a partir de la preparacion de estas rutinas han sido aplicados al
disefio de los propios nicleos de ferrita. El resultado es una nueva
gama de nuclcos, formadores de bobina y accesorios de montajec — el
sistema ETD.

Convertidores de datos para robdtica

Por el hecho de que combinan las funciones de sensado, procesado
digital de datos y locomocién, la mayoria de los robots industri-
ales tienen la arquitectura fundamentel similar. Las difcrencias
importantes que afectan al costo son: velocidad, resolucidén y
versatilidad. La correcta especificacion de las funciones de scnsado
y locomocion en relacifion con la tarca para la que ha sido disefiado
el robot, tiene una influencia decisiva en la seleccion de converti-
dores A/D y D/A y en la definitiva relacion costo/prestaciones.
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