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Unit One

I. Mind the pronunciation of the following words:

performance, consumption, advantage, microelectronic, function,
reduction, directly, coupling, advert, array, attainable, ultimately, universally,
interaction, solution, impetus, substrate, typically, technique, intellectual,
reliability

II. Memorize words and word combinations:

1) reliability - HamifHICTB;

2) performance - pobo4a XxapakTepHCTHKa;
3) to give rise to - BUKIMKAaTH; PUBOJUTH;
4) to predict - mporHo3yBaTu

5) to shrink (shrank, shrunk) - ckopo4dyBaTrch, 3MEHIITYBaTHCh;
6) unaided eye - He030pO€EHE OKO;

7 coupling - 3’eTHaHHS;

8) attainable - TOCSIKHUIA;

9) manifold - B 6araro pa3zis;

10) to handle - kepyBaTy; MaTH cIipaBy;

11) to concern - LiIKaBUTH; TypOyBaTy;

12) ultimately - y kiHIi KiHIIiB;

13) technique - MeToA, TEXHIYHUNA TPUITOM;

14) junction - 3’e€qHaHHS; Iepexia (p-m);
15) a junction transistor - IJIacKWd TPaH3UCTOP, TPAH3UCTOP 3
P-TI IEPEXO0IOM;

16) gate - 3aTBOp, KJIallaH; JIOTIYHHIA €IIEMEHT;
17) array - MacuB; MHOYKHHA;

18) mode - MeToz, 3aci0; peXUM; BUT;

19) to respond - pearyBaTH; n-peakiis, BiAMOBi/Ib;
20) hearing-aid - cixyxoBuii IpuUCTpiii;

21) point - CyTb, IiJIb; 3aMUTAHHS; TOYKA; MICIIE;
22) planar - TuTackwif; MIOIIMHHANH.



II1. Main terms to be learnt:

1) electronic technology - TeXHOJOTsI €IeKTPOHHUX MPHIAIiB;
2) capacitor - KOHJIEHCaTOoD;

3) substrate - miakIaaKa;

4) charge carrier - HOCI# 3apsizy.

ELECTRONICS AND MICROELECTRONICS

The intensive effort of electronics to increase the reliability and
performance of its products while reducing their size and cost has led to the
results that hardly anyone would have dared to predict.

The evolution of electronic technology is sometimes called a
revolution. As a result smaller and smaller electronic components perform
increasingly complex electronic functions at ever higher speeds. Then a
quantitative change in technology has given rise to qualitative change in
human capabilities. It all began with the development of the transistor.

The first transistors had no striking advantage in size over the
smallest vacuum tubes and they were more costly. The only great advantage
the transistor had over the best tubes was exceedingly low power
consumption. Besides they promised greater reliability and longer life.

With the invention of the transistor all essential circuit functions
could be carried out inside solid bodies.

Early transistors were actually enormous on the scale at which
electronic events take place, and therefore they were very slow. They could
respond at a rate of a few million times a second; this was fast enough to
serve in radio and hearing- aid circuits but it was not enough for high-speed
computers or for microwave communication systems.

It was in fact, the effort to reduce the size of transistors so that they
could operate at higher speed that gave rise to the whole technology of
microelectronics.

Microelectronic technology has shrunk transistors and other circuit
elements to dimensions almost invisible to unaided eye. The point of this
extraordinary miniaturization is to make circuits long - lasting, low in cost
and capable of performing functions at extremely high speeds. It is known
that the speed of response depends primarily on the size of transistor: the
smaller the transistor, the taster it is.

The second performance benefit resulting from microelectronics
stems directly from the reduction of distances between circuit components. If



a circuit is to operate a few billion times a second the conductors that tie the
circuits together must be measured in fractions of an inch. The
microelectronic technology makes close coupling attainable.

There are four principal devices found in electronic circuits: resistors,
capacitors, diodes and transistors. Each device has a particular role in
controlling the flow of electrons so that the completed circuit performs some
desired function.

During the past decade the performance of electronic systems
increased manifold by the use of ever larger numbers of components and they
continue to evolve. The overall reliability of the electronic system is
universally related to the number of individual components. The more
components and interactions, the less reliable the system.

The development of rockets and space vehicles provided the final
impetus to study the problem. It was microelectronics development that
solved the problem. The advent of microelectronic circuits has not, for the
most part, changed the nature of the basic functional units: microelectronic
devices are also made up of transistors, resistors, capacitors, and similar
components. The major difference is that all these elements and their
interconnections are now fabricated on a single substrate in a single series of
operations.

The development of microelectronics depended on the invention of
techniques for making the various functional units on or in a crystal of
semiconductor materials. Several kinds of microelectronic transistors have
been developed. It was in bipolar transistors were charge carriers of both
polarities are involved. They are also known as junction transistors. The npn
and pnp transistors make up the class of devices called junction transistor.
The term refers to the three materials employed in its construction and is
abbreviated MOSFET.

The first generation of commercially produced microelectronic
devices are now referred to as small-scale integrated circuits (SSI). They
included a few gates. The circuitry defining a logic array had to be provided
by external conductors.

A large-scale integrated circuit (LSI) contains tens of thousands of
elements, yet each element is so small that the complete circuit is typically
less than a quarter of an inch on a side. Integrated circuits are evolving from
large scale to very- large-scale (VLSI) and wafer-scale integration (WSI).
The change in scale can be measured by counting the number of transistors
that can be fitted onto a chip.



Continued evolution of microcomputer demands further increases in
packing density.

The evolution of microwave integrated circuits began with the
development of planar transmission lines.

Microelectronic technique continues to displace other modes. As the
limit of optical resolution has been reached, new lithographic and fabrication
techniques are required.

So electronics has extended man’s intellectual power,
microelectronics extends that power still further.

Exercises:
I. Give Ukrainian equivalents to English ones:
an increasing size, a slowly operating device, achieved results,
commercially produced device, a low-powered transmitter, man-made
change, semiconductor device fabrication, a much faster change, widely
accepted unit.

I1. Give English equivalents to Ukrainian ones:

1) 3011bLIYBaTH HAlIHHICTh €NEKTPOHHUX NPUIIAMIB;

2) HHU3bKa BUTPATa CHEPTii;

3) 3MEHILEHHS BIICTAHI MK €JIEMEHTAMHU CXEMH;

4) XapaKTEePUCTUKU €TIEKTPOHHUX CHCTEM MOKPAILUINCH B
Oararo pa3sis;

5) MOSIBA MIKPOEICKTPOHHUX CXEM:

6) MIKPOEJICKTPOHHI MPWIIAIN CKIATAIOTHCS 3;

7) JIOKJIaJIaTH BEIUKHUX 3YCHJIb;

8) €KOHOMIYHA BUT0J1a;

9) TPAH3UCTOP 3 P-N MEPEXOIOM;

10) MaciTaOyBaHHS;

11) pearyBaTy Ha CUTHAJI,

12) CTBOPHTH IIIJIHHE 3’ €THAHHS KOMITOHEHTIB JIAHITIOTA.

III. Choose the key sentences from the text, write them out of the
text and translate.

IV. Find the part of the text containing the information about
advantages of transistors over vacuum tubes, translate this passage.



V. Look through the text containing the information about

advantages of transistors over vacuum tubes, translate this passage.

1)
2)

3)
4)
)

6)
7)
8)

9)

VI. Answer the following questions:

To what did intensive development of electronics lead to?

What were the advantages of the first transistors over the best
vacuum tubes?

Why is the size of transistors of prime importance?

What is the point of extraordinary miniaturization?

What is the second performance benefit resulting from
microelectronics?

What are the principal devices of electronic circuits?

What does the overall reliability of electronic circuits depend upon?
What were the most important facts for development of
microelectronics?

Why couldn't early transistors satisfy the needs of the growing high-
speed computer industry and microwave communication system?

10) What is the major difference between electronic systems and

microelectronic devices?

VII. Make a short written summary of the text.



Unit Two
I. Mind the pronunciation of the following words:
exhibit, vulnerability, suitable, available, dominant, crystalline,
alternately, essentially, occur, perfection, uniformity, concentration,
commercial, water vapour, durable, strategy, specification, requirement,
stringent, intrinsic, refinement, inherently, gallium arsenide.

II. Memorize words and word combinations:

1) to exhibit - BusBIATH;

2) vulnerability - ypa3nuBicTs;

3) processability - MOKIHBiCTb 0OPOOKH;

4) available - gocTynHuil, npuaaTHU;

5) scaling - MmacmTabyBaHHS;

6) time delay - THM4YacoBa 3aTpUMKa;

7) net - Mepexa; cxema; JaHwor; network - cxema,
JIAHITIOT; MEPeIKa;

8) to recognize the immense importance - BU3HaTH
BEJIMYE3HY BOKIIUBICTH;

9) purity - uncToTa; 0e3 JOMIIIOK;

10) perfection - 3aBepIieHiCcTh; 6€310TaHHICTB;

11) intrinsic - MpUTaMaHHUH;
intrinsic semiconductor - BIaCHHIA HAMiBIIPOBITHYK;

12) extrinsic - JOMIIIKOBHIA;

13) dopant - geryrounii JOMIIIOK;
14) to dope - nerysaru;

15) doping - neryBaHHs;

16) stringent - CTpOTHIA, TOUHHIA;

17) refinement - y10CKOHANICHHS, OUUIIICHHS;

18) net effect - unctuii edekr;

19) to make a great contribution - BHOCUTH BETUKH BHECOK;
20) wafer - HamiBIMPOBITHUKOBA TUTACTHHA, TIJIaTa;

21) attributable - xapakTepHUii, IPUYETHUH;

22) performance of circuit - mapameTpu cxemu.



SEMICONDUCTING MATERIALS ENGINEERING PROGRESS

In microelectronics, the steady reduction of IC feature sizes, has
focused the attention of technologists on newer materials which exhibit
characteristics such as low contact resistance, reduced vulnerability to
electromigration, and processability at low temperatures.

Over the years, the device size has been reduced tremendously,
Improvements available in materials technology have allowed integration of
more and more devices on the same chip, resulting in increased area.
According to the theory of scaling, the smaller dimensions of a MOS
transistor should enhance its speed.

However, for large circuits, the time delays associated with the
interconnections can play a significant role in determining the performance of
the circuit.

As the minimum feature size is made smaller, the area of cross
section of the interconnection also reduces. At the same time a higher
integration level allows the chip area to increase, causing the lengths of the
interconnections to increase. The net effect of this "scaling of
interconnections" is reflected into an appreciable RC time delay.

Thus, as the chip area is increased and other device-related
dimensions are decreased the interconnection time delay becomes significant
compared to the device time delay and dominates the chip performance.
These are dominant factors limiting device performance.

Performance is the obvious goal of VLSI; reliability is a more subtle
one. Therefore, new materials are required for VLSI interconnections.

The design of any machine or a device has always been limited by
the materials available. The problem in question was that materials could be
designed and tailored for any new structures.

Semiconductors are used in a wide variety of solid-state devices
including transistors, integrated circuits, diodes, photodiodes and light-
emitting diodes.

The intrinsic semiconductor properties of Germanium and Silicon
alone have shown chemical and electrical properties suitable for electronic
devices operating near room temperature.

Germanium and silicon were the first semiconductor materials in
common use.

A great contribution to the study of semiconductor physics has been
made by the prominent Soviet scientist A.F.Yoffe. Academician Yoffe and
his coworkers started a systematic research in the field of semiconductors.



Right after World War II, physicists John Bardeen, Walter Brattain
and William Shockley, and many other scientists, turned full time to
semiconductor research. Research was centered on the two simplest
semiconductors - germanium and silicon.

In new experiments designed to test the new theory they discovered
an entirely new physical phenomenon - the transistor effect W. Shockley
patented the junction transistor. Junction transistors are essentially solid-state
devices having three layers of alternately negative or positive type
semiconductor material.

The early history of modem semiconductor technology went back
when J. Bardeen and W.H. Brattain observed transistor action through point
contacts applied to poly-crystalline germanium. It was realized that transistor
action occurred within the single grains of polycrystalline material.

G.K. Teal originally recognized the immense importance of single-
crystal semiconductor materials. He was the first to define chemical purity,
high degree of crystal perfection and uniformity of structure as well as
controlled chemical composition (i.e. donor or acceptor concentration) of the
single-crystal material as an essential foundation for semiconductor products.

The next decade witnessed an ingermanium and the "universal"
semiconductor material, silicon. Silicon gradually gained favour over
germanium as the "universal" semiconductor material.

Silicon has been the backbone of the semiconductor industry since
the inception of commercial transistors and other solid-state devices.

The dominant role of silicon as a material for microelectronic circuits
is attributable in large part to the properties of its oxide.

If a wafer of silicon is heated in an atmosphere of oxygen or water
vapour, a film of silicon oxide forms on its surface. The film considered is
hard and durable and adheres well. It makes an excellent insulator. The
silicon dioxide is particularly important in the fabrication of integrated
circuits because it can act as a mask for selective introduction of dopants.

However, although the silicon wafer clearly is a fundamental
ingredient in the fabrication of an integrated circuit, the silicon materials
specification may not be critical element in developing a successful new IC
product strategy.

Large-scale integration (LSI) of devices has put great demands on
electronic-grade single-crystal material The semiconductor industry now
requires high purity and minimum point-defects concentration in silicon in
order to improve the component yield per silicon wafer.
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These requirements have become increasingly stringent as the
technology changes from large-scale integration (LSI) to very large-scale
integration (VLSI) and very high speed integrated circuits (VHSIC).

The yield (or circuit performance) of a device and the intrinsic and
extrinsic materials properties of silicon are interdependent. The silicon wafer
substrate must be practically detect-free when the active device density
maybe as high as 10° to 10° per chip.

To increase further the speed of semiconductor devices requires not
only refinements in present designs and fabrication techniques, but also new
materials that are inherently superior to materials presently being used, like
germanium and silicon. New material is gallium arsenide.

Gallium arsenide has a much higher electron mobility than
germanium and silicon. But, the difficulty of producing gallium arsenide of
sufficient purity has limited its application.

Yet, gallium arsenide is far from perfection. So scientists are now
working at the development of better materials and devices.

Exercises:

I. Give Ukrainian equivalents to English ones:

time delay, net effect, intrinsic semiconductor, density, rectification,
perfection, the silicon wafer, single crystal material, solid-state device,
device-related dimension, the problem in question, material could be
designed and tailored for any structures, the intrinsic semiconductor
properties, requirements are stringent, inherently superior to materials being
used, to determine the performance of the circuit.

IL. Choose the key sentences from the text, write them out of the
text and translate them.

III. Find the part of the text concerning the information about
the early history of modern semiconductor technology.

IV. Answer the questions:
1) What would you say about the steady reduction of IC feature sizes?
2) What has allowed the integration of more and more devices on the
same chip?
3) What does higher integration level allow?
4) What are the dominant factors limiting device performance?
5) What limits the design of any machine?
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6) Who has made a great contribution to the study of semiconductor
physics?

7) What would you say about polycrystalline materials?

8) What is essential foundation for semiconductor products?

9) What can you say about the application of gallium arsenide?

V. Make a short written summary of the text.

Unit Three

I. Mind the pronunciation of the following words:
insulator, process, circuit, semiconductor, tight, available, ordinary,
generate, similar, requirement, vapor, conductor, technique, characterize,

variety, thermal

I1. Memorize words and word-combinations:

1)
2)
3)
4)
S)
6)
7)
8)
9)
10)
11)
12)
13)
14)

wafer - riacrana;

lattice - pemriTka (KpHCTalivHa);

insulator - TieNeKTPUK;

expenditure of energy - BUTpaTu eHeprii;
voltage - Hanpyra;

valence band - BaneHTHa 30Ha, 3B’ SI30K;
conducting band - 30Ha ( cMyra ) MPOBITHOCTI;
intrinsic semiconductor - HaiBIPOBITHUK 3 JOMIIIKaMH;
pure silicon - 4ncTHI KpEeMHiH;

to pose a problem - CTBOpPIOBAaTH TPy THOIIII;

to diffuse - po3munsaTy;

interior - BHYTPIIIHIH;

adjacent - cyMiXHHH, CyCiTHIN;

vacancy - IycToTa, BiJIbHE MiClle, IPOITYCK.

PROBLEMS IN MICROELECTRONIC CIRCUIT TECHNOLOGY

The manufacture of silicon microcircuits consists of a number of
carefully controlled processes, all of which have to be performed to well-
defined specifications.

Processing a "wafer" of silicon, a substrate on which the
microelectronic circuits are made, is not a simple technological process. In
order to understand how transistors and other circuit elements can be made
from silicon it is necessary to consider the physical nature of semiconductor

materials.
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In a conductor current is known to be carried by electrons that are
free to flow through the lattice of the substance. In an insulator all the
electrons are tightly bound to atoms or molecules and hence none are
available to serve as a carrier of electric charge.

The situation in a semiconductor is intermediate between the two:
free charge carriers are not ordinarily present, but they can be generated with
a modest I expenditure of energy.

Semiconductors are similar to insulators in that they have their lower
bands completely filled. The semiconductor will conduct if more than a
certain voltage is applied. At voltages in excess of this critical voltage, the
electrons are raised from the top of the band 1 (the valence band) to the
bottom of band 2 (the conducting band). Below this critical voltage the
semiconductor material acts as an insulator. Semiconductors such as that
described above are called intrinsic semiconductors - they are pure materials
(for example silicon or germanium). It should be noted that a crystal of pure
silicon is a poor conductor of electricity. Thus, conductivity poses a problem.

Several other requirements are imposed on materials. The basic
demand appears to be conductivity because it can substantially improve the
resistance and delay times for VLSI.

The improvement of conductivity has been made in several ways.
Most semiconductor devices are known to be made by introducing controlled
numbers of impurity atoms into a crystal, the process called doping.

Two independent lines of development are considered to lead to
microscopic technique that produced the present integrated circuits. One
involves the semiconductor technology; the other is a film technology.

Let us consider the former one, first. To improve the semiconductor
crystal the impurities known as dopants are added to the silicon to produce a
special type of conductivity, characterized by either positive (p-type) charge
carriers or negative (n-type) ones. The dopants are diffused into
semiconductor crystals at high temperature. In the furnace the crystals are
surrounded by vapour containing atoms of the desired dopant. These atoms
enter the crystal by substituting for the semiconductor atoms at regular sites
in the crystal lattice and move into the interior of the crystal by jumping from
one site to an adjacent vacancy.

Exercises:

I. Find in the text English equivalents to the following Ukrainian
words and word-combinations, and write them out:
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00pobka mimkiagku, ¢izudHa TPUPOJA HAMIBIPOBIIHUKIB, UITKO
BU3HAYCHI IMapaMeTpH, KPUCTA YHCTOTO KPEMHIIO, TIOTaHWH IPOBIiIHUK,
MPOBITHICTh, CXeMa, TICHO TIOB’S3aHUM 3, BUIBHI HOCIT 3apsmiB,
HaITIBIIPOBITHUKH 3 TOMIITKAMH, TAKUM YHHOM, OIIip, IIO3UTHBHO 3apsKEHI
Hocil.

II. Choose the key-sentences from the text, write them out and
translate.

III. Find the part of the text containing the information about a
crystal of pure silicon.

IV. Prepare a dialogue on the text using words from it.

V. Answer the following questions:

1) What could you say about the manufacture of silicon
microcircuits?

2) What is the physical nature of semiconductor materials?

3) When does the semiconductor material act as an insulator?

4) When does the semiconductor conduct?

5) What could you say about a crystal of pure silicon?

6) Why is conductivity one of the basic requirements imposed on
materials?

7 Can you name one of the ways to improve conductivity?

8) What do we call impurities added to silicon?

VI. Make a short written summary of the text.
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Unit Four
I. Mind the pronunciation of the following words:
dope, apply, liquid, region, area, temperature, various, precise,
surface, ultraviolet, diode, sequence, beneficial, significant, property,
strength, accurate, expose, procedures, organic, prevent, radiation, frequency.

I1. Memorize words and word-combinations:

1) deficiency - HemomiK, BiICyTHICTB;

2) merely - TiNBKY;

3) pentavalent element - I’ ATUBaJIEHTHUI €JIEMEHT;

4) trivalent element - TpLOXBaJICHTHHH €IEMEHT;

5) protective layer - 3axucHui map;

6) to etch - TpaBuTH;

7) to delineate - BCTaHOBIIIOBATH PO3Mip, KOHTYP;

8) photosensitive compound - ¢poTo YyTIUBHIA MaTepial;

9) to dissolve - po3unHATH;

10) coated wafer - 1eroBana migKiIaaKa;

11) acid - kucInora;

12) harmful - mwkiguBMiL;

13) thermal warping - TepMOKONHMBaHHS, CTPUOKH;

14) minority carrier lifetime - yac icHyBaHHSI HEOCHOBHHUX
HOCIIB.

PROBLEMS IN MICROELECTRONIC CIRCUIT TECHNOLOGY
(continuation)

Silicon crystals may be doped with different elements. Suppose
silicon is doped with boron. Each atom inserted in the silicon lattice creates a
deficiency of one electron, a state that is called a hole. A hole also remains
associated with an impurity atom under ordinary circumstances but can
become mobile in response to an applied voltage. The hole is not a real
particle, of course, but merely the absence of an electron at a position where
one would be found in a pure lattice of silicon atoms.

Nevertheless the hole has a positive electric charge and can carry
electric current The hole moves through the lattice in much the same way that
the bubble moves through a liquid médium. An adjacent atom transfers an
electron to the impurity atom, "filling" the hole there but creating a new one
in its own cloud of electrons; the process is then repeated, so that the hole is
passed along from atom to atom.

15



Silicon doped with phosphorus or another pentavalent element is
called an n-type semiconductor. Doping with boron or another trivalent
element gives rise to a p-type semiconductor. Impurities may be introduced
by the diffusion process. At each diffusion step in which n-type or p-type
regions are to be created in certain areas, the adjacent areas are protected by
surface layer of silicon dioxide, which effectively blocks the passage of
impurity atoms. This protective layer is created very simply by exposing the
silicon wafer at high temperature to an oxidizing atmosphere. The silicon
dioxide is then etched away in conformity with a sequence of masks that
accurately delineates multiplicity of n-type and p-type regions.

To define the microscopic regions that are exposed to diffusion in
various stages of the process, extremely precise photolithographic procedures
have been developed. The surface of the silicon dioxide is coated with a
photosensitive organic compound that polymerizes wherever it is struck by
ultraviolet radiation and that can be dissolved and washed away everywhere
else, By the use of a high- resolution photographic mask the desired
configurations can thus be transferred to the coated wafer. In areas where the
mask prevents the ultraviolet radiation from reaching the organic coating the
coating is removed. An etching acid can then attack the silicon dioxide layer
and leave the underlying silicon exposed to diffusion.

A transistor can be made by adding a third doped region to a diode so
that, for example, a p-type region is said to be sandwiched between two n-
type regions. One of the n-doped areas is called the emitter and the other, the
collector; the p- region between them is the base.

The transistor described is called an n-p-n transistor. There may be p-
n-p transistors. The terms are likely to denote the sequence of doped regions
in the silicon.

The first transistor structures were formed by alloying or diffusion in
bulk single-crystal Ge or Si, but with the development of "planar technology"
in the early 1960’s the possibility of forming high frequency transistors and
integrated circuits using epitaxial semiconductor films was realized.

The success of silicon in microelectronics is believed to be largely
attributed to excellent properties of SiO, interface and ease of thermal
oxidation of silicon. The recent years have seen considerable interest in the
subject of oxygen and its precipitates in silicon. It has now been established
that their presence can have a variety of effects, harmful as well as beneficial.
Oxygen concentration is known to influence many silicon wafer properties,
such as wafer strength, resistance to thermal warping, minority carrier
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lifetime, and instability in resistivity. Oxidation is widely used to create
insulating areas.

However many phenomena happen not to be understood at present.
An important aspect of the oxidation process is its low cost. Several hundred
wafers can be oxidized simultaneously in a single operation.

Exercises:
I. Find in the text English equivalents to the following Ukrainian
words and word-combination, and write them out:
JipKa, BIJICYTHICTh €JCKTPOHA, MIiAKIIAAKa, JOMIIIKH, MPOIEC
mudysii, pi3Hi eTamM, 0araTo YHCEIbHICTh, TOYHHH, 3amoOiraTH,
BUIIPOMiHIOBaY, KOJIEKTOP, HECTIHKICTh, MUTOMUH OMip.

II. Choose the key-sentences from the text, write them out and
translate.

I11. Find the part of the text containing the information about the
role of the holes in the conduction process.

IV. Prepare a dialogue on the text using words from it.

V. Answer the following questions:
1) What is a hole like?
2) Can the hole carry electric current?
3) What is called an n-type semiconductor?
4) What is called an p-type semiconductor?
5) What may be introduce by the diffusion process?
6) What is called an n-p-n transistor?
7) What is widely used to create insulating areas?
8) What could you say about oxidation?

VI. Make a short written summary of the text
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Unit Five
I. Mind the pronunciation of the following words:
industry, wavelength, sputtering, cracking, anodization, oxidation,

I1. Memorize words and word combinations:

1) to range - KOJIMBATUCS B MeXaXx;

2) deposition - ocaJKeHHS;

3) sputtering - po3MUITIOBaHHS;

4) to enable - maBatm 3mory;

5) outline - 06puc, KOHTYP;

6) etching - TpaBieHHs, TpaBipyBaHHS;
7) species - pi3sHOBHUI;

8) volatile - eHeprozanexHuii;

9) malfunction - HEeKOpeKTHE CIpPALIOBaHHs, aBapiHUI PEKUM;
10) die - kpucra;

11) intricate - CKJIaJHUM, 3aILTy TaHUH;
12) to stack - HakOU4yBaTH;

13) mask - mab10H, MacCKyIOUHiA Iap;

14) to pose - CTBOPIOBATH TPY/THOIIII;
15) to be due to - Oyt HaciAKOM.

Problems in Microelectronic Circuit technology
(continuation)

Even before the invention of the transistor the electronic industry had
studied the properties of thin film of metallic and insulating materials. Such
films range in thickness from a fraction of a micron, or less than a
wavelength of light, to several microns.

The techniques for the deposition of thin films are numerous and
include the following methods: evaporation, sputtering, anodization,
radiation, polymerization, chemical reduction, thermal reduction of oxidation
and electrophoresis. The first three are the major techniques used in
integrated thin film circuit construction and are also applicable to silicon
integrated circuitry and device work. These methods singly or in combination
enable a variety of resistive, insulating and constructive materials to be laid
down onto a suitable substrate.

The two most important processes for the deposition of thin films are
chemical-vapour deposition and evaporation. The film technology has proved
to provide precise dimensions.
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In the fabrication of a typical large-scale integrated circuit there are
more thin-film steps than diffusion steps. Therefore thin-film technology is
probably more critical to the overall yield and performance of the circuit than
the diffusion and oxidation steps are. A thin film happens even to be
employed to select the areas on a wafer that are to be oxidized.

For VLSI structures several other requirements are imposed on
interconnection materials by the fabrication technology.

The deposition of layers is followed by shaping operations, such as
etching, to form the required outlines. Alternatively, the film can be deposited
through a mask onto the substrate to define the outlines directly. In this way
many identical thin-film devices can be made on a single sheet of material,
which then are cut apart to yield individual devices.

Plasma etching, which is expected to play an important role in
manufacture of semiconductor and other devices requiring fine-line
lithography, involves the use of a glow discharge to generate reactive species
from relatively inert molecular gases. These reactive species combine
chemically with certain solid materials to form volatile compounds, which
are then removed by vacuum pumping system.

This plasma-etching process has been shown to have important
advantages in terms of cost, cleanliness, fine-line resolution, and potential for
production line automation.

Additionally, the inside of a water-fabrication must be extremely
clean and orderly: a single particle happens to cause a defect that will result
in the malfunction of a circuit. The larger the die, the greater the chance for a
defect.

The structure of an integrated circuit is sure to be complex both in the
topology of its surface and in its internal composition. Each element of such a
device has intricate three-dimensional architecture that must be reproduced
exactly in every circuit. The structure is made up of many layers, each of
which is a detailed pattern. Some of the layers lie within the silicon wafer and
others are stacked on the top. The manufacturing process consists in forming
the sequence of layers precisely in accordance with the plan of the circuit
designer.

Increasing interest in submicron layer now poses new problems. New
developments in materials arc believed to be due to new manufacturing forms
and vice versa.

Integrated circuit technology is evolving so rapid that even a period
as short as six months can produce a significant change.
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Exercises:

I. Find in the text English equivalents to the following Ukrainian
words and word-combinations and write them out:

YacTKa, CIOJyKa, TOHKA IUTIBKA, HAABENIMKAa iHTErpajbHa CcXema,
OKHCJICHHS, BAKYyMHAa CHUCT€Ma HACOCIB, OXaWHWH, MOBEPXHs, IIap(IuiacT),
TOYHO, HABIIAKHW, 3arabHUA BUXIA(MPOMYKINi), TIIIOYHN Ta30BUH pPO3psI,
MIPHIITAT, TUTa3MOBE TPABIICHHS.

I1I. Choose the key sentences from the text, write them out.

III. Find the part of the text containing the information about the
techniques for the deposition of thin films.

IV. Prepare a dialogue on the text, using words from it.

V. Answer the following questions:
1) What is the range of thickness for thin films in IC?
2) What methods of thin film deposition are there?
3) Which of them can be used in silicon integrated industry?
4) What is the deposition of layers followed by?
5) How can identical thin-film devices be made?
6) A glow discharge is involved by plasma etching, isn't it?
7) What does the chance for a wafer defect depend on?
8) What can you say about the structure of an integrated circuits?
9) What are new developments in materials connected with?

VI. Make a short written summary of the text.
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Unit Six
I. Mind the pronunciation of the following words:
heart, inevitably, circuit, routine, service, feasible, horizon, bipolar,
versatility, technique, acquiring, temporarily, crucial, feature, architecture,
capability, throughout, various, widen.

I1. Memorize words and word combinations:

1) inevitably - 6e3nepedno;

2) power supply - OJI0K >KHBJICHHS;

3) inferior - ripmmii;

4) range - JiamasoH;

5) feasible - sxaxTuBHiA;

6) security - HaTilHICTh, Oe3IeKa;

7) to devise - mpuIyMyBaTH, BHHAXOIUTH;
8) word - ¢710B0 (KOMIL.);

9) flexibility - rHy4KiCTB;

10) no longer - Gibie He;

11) to acquire - oep>KyBaTH, Ha0yBaTH;
12) temporarily - THMYacoBo;

13) resident - BIIaCTHBUI;

14) to scan - CKaHyBaTH;

15) intelligence - indopmaris;

16) troubleshooting - BUABIEHHS MOITKOIKEHb;
17) obstacle - mepemkona;

18) crucial - BUpiabHAMA, KPUTHIHHH;

19) provision - 3a0e3Me4YCHHSI.

MICROPROCESSORS: A BRAIN TO THE HARDWARE

The microprocessor forms the heart of a microcomputer. By taking
advantage of the knowledge and concepts gained in mainframe and
minicomputer applications better and more sophisticated microprocessors are
beginning to emerge.

They are now appearing in many types of equipment and their field
of application will inevitably widen.

The very first microprocessors were fabricated using PMOS (p-
channel metal-oxide-semiconductor structure) technology. These were,
however, relatively slow devices principally because "holes” in the p-type
material have a low mobility. Later, improved technology permitted
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microprocessors to be constructed using n-type MOS and these
microprocessors are almost as fast as normal minicomputers with speeds of
three or four microseconds per instruction. Some microprocessors are now
made using CMOS (complementary metal-oxide- semiconductor structure).

The speed and logic density of CMOS are inferior to n-type MOS but
the process does have some significant advantages. First of all, it has a low
power consumption since power is only consumed when a logic element
changes a state. Secondly, it can operate over a wide voltage range. As a
result, electronics based on CMOS can operate successfully with "noisy"
power supplies and the low consumption makes it quite feasible to use a
simple battery to maintain the security of supply for several weeks.

The only cloud on the CMOS horizon comes from a new
development of the normal bipolar circuit. A new semiconductor
configuration called integrated injection logic (IIL) has been devised which
eliminates the need for any resistors, capacitors or transistor isolation. This
enables an extremely compact logic circuit to be formed, which has a low
power consumption while maintaining the normal speed of transistor-
transistor logic (TTL).

The key features to consider in any microprocessor are: word length:
architecture: speed; programming flexibility, etc. Microprocessors are
structured for fixed word length or for modular expansion by a parallel
combination of building-block chips.

The versatility of the microprocessor has altered the entire
architecture of modem computer systems. No longer is the processing of
information carried out only in the computer's central processing unit. Today
there is a trend towards distributing more processing capability throughout a
computer system, with various areas.

Distributing microprocessing is a technique in which the main
microprocessor of the PC directs other microprocessors throughout the PC
system to perform specific functions for it and report their status.

New forms of 1/O are also acquiring sophisticated capabilities with
distributed microprocessing. These "intelligent" I/O modules perform some
of the calculations formerly done by the main microprocessor, store
information temporarily, and do other functions under the direction of the
main microprocessor.

Some remote I/O modules have microprocessors resident in the
modules. Remote I/0O modules use the resident microprocessors to shorten the
effective scan time. However, with independent intelligence in the I/O, if
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something happens to the PC, the /O module might already have acted on
misinformation. A trend that is beginning to emerge in microprocessor design
is the incorporation of troubleshooting aids.

Provisions are being made in the architecture. Whereas early
developments were concerned with implementation of simple architectures
with fundamental concepts and operations, the technology has now advanced
to the point where significantly more sophisticated hardware can be (and is
being) implemented in current and future microprocessor generations.

The major obstacle to designing an effective distributed-processing
system is the difficulty involved in writing the system's software, which must
enable tie various elements of the network to operate and interact efficiently.

There is a crucial need for easy methods of documenting programs
and changes made to them.

Programmability can be obtained in microprocessors on one of two
levels. A very detailed level of control is provided at the micro — instruction
level. These micro - instructions may be used to obtain a macro, or machine-
language, instruction set, which is then used to write control programs for
microprocessor. New machine- language instructions may be defined by
coding new microroutines. In this way an instruction set can be tailored to an
application. Control programs can also be written in microcode. This
provides increased execution speed and more detailed control at the expense
of more difficult programming.

Today microprocessors are designed with communications in mind,
so it is possible to link these processors together in a network. It is attractive
for a number of reasons.

Exercises:

I. Find in the text English equivalents to the following Ukrainian
words and word-combinations and write them out:

TOJIOBHU KOMIT IOTEp, 00JIaHAHHS, TIepeBara, CIIOKUBaHHS SHEepTii,
JOTiYHA CXeMa, TEHJCHINS, aKyMyJSaToOp, PO3MOAUL,  YCKIIaTHCHHUIA,
XapakTepHa puca, CHCIlialbHO TPUCTOCOBAHUMA, MeEpexka, IepemIkoaa,
0arato0iYHICTh, apXITEKTypa, CHCTEMHE IPOTpaMHE 3a0e3MeUCHHS.

II. Choose the key sentences from the text, write them out and
translate.

III. Find the part of the text containing the information about
distributing microprocessing.
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IV. Prepare a dialogue on the text, using words from it.

V. Answer the following questions:
1) What is the field of applications of microprocessors?
2) What are the advantages and disadvantages of CMOS technology?
3) What can eliminate the need for any resistors, capacitors or transistor
isolation?
4) What is a new trend in the architecture of modem computer systems?
5) How were I/O modules changed with distributed microprocessing?
6) What prevents to design an effective distributed-processing system?
7) What are micro-instructions used for?
8) How can control programs be written?

VI. Make a short written summary of the text.

Unit Seven
I. Mind the pronunciation of the following words:
capacity, sufficient, intermediate, digital, destination, signifying,
identical, characteristics, column, accessible, assigned, circulating, previous,
challenged array, succeeded, oxide, erasable, laboratories, options.

II. Memorize words and word-combinations:

storage - 3amam’ AITOBYBaHHS, 30epiraHHs, HAKOITMIyBaHHS.
retrieval - monryku

storage device - 3anaM’ ITOBYIOUYHIA TPUCTPiit

storage capacity - eMHICTb ITaM’ SITi

digital information - udposa iHdpopmaris

random-access memory - 311 3 70BiIbHOIO BUOIPKOTO
serial-access memory - 3I1 3 mociTiJOBHOIO BUOIPKOIO
ferrite-core memory - mam’siTh Ha (PEPUTOBUX CEPIACTHUKAX

PN B L=

DEVELOPMENTS IN ELECTRONIC MEMORIES
Storage devices or memories must have capacities sufficient not only
for intermediate results but also for the input and output data and the
programs.
Once prepared a program can be reused any number of times, which
involves remembering.
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Computers can "remember" and "recall” and virtually unlimited is the
capacity of computers to remember (that is to store information). Associated
with the capacity of remembering is the capacity of recalling.

In the context of electronics, "memory" (or, in British usage, "store")
usually refers to a device for storing digital information. Storage ("write")
and retrieval ("read") operations are completely under electronic control.

The most widely used digital memories are read/write memories, the
term signifying that they perform read and write operations at an identical or
similar rate.

Of primary importance to characteristics for memories are storage
capacity and speed of operation (defined in terms of access time). Access
time is simply the time it takes to read or write at any storage location.

The demand for fast access and large capacity has grown constantly.

A prime distinction between memories is the manner in which
information is stored (written) and accessed (read). Random-access memories
involve column and row matrices, which allow information to be stored in
any cell and accessed in approximately the same time. By contrast, "serial
access" means that information is stored in column order and access time
depends on the storage location selected.

Random-access memories can complete read and write operations in
specified minimum period known as the cycle time, Serial-access and block-
access memories have a variable and relatively large access time after which
the data-transfer rate is constant. The data-transfer rate is the rate at which
information is transferred to or from sequential storage positions.

The smallest block of information accessible in a memory system can
be a single bit (represented by O or 1), a larger group of bits such as a byte or
character (usually eight or nine bits), or a word (12 to 64 bits depending on
the particular system).

Most memories are location-addressable, which means that a desired
bit, byte or word has a specified address or physical location to which it is
assigned.

Of prime interest to a reader will be the knowledge of the
development of memories.

One of the first electronic memories was a circulating delay line, a
signal transmission device in which the output, properly amplified and
shaped, was fed back into the input. Although it was economical, it had the
inherent drawback of serial access: the greater the capacity, the longer the
average access time. What was really needed was selective access to any
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stored data in a time that was both as short as possible and independent of the
data address or any previous access. This is known as random access, so
named to emphasize the total freedom of accessing. The first random-access
memories (RAM’s) were electrostatic storage tubes.

In the early 1950's the core memory replaced these early devices,
providing a solution to the need for random access that truly fired the
emerging computer industry.

The core memory has become the main internal computer memory
and was used universally until challenged recently by semiconductor
memories. Typical arc memories with 1 million words of 30 to 60 bits each,
randomly accessible in 1 microsecond, The core memory has also been
extended to very large capacities, of the order of 100 million words.

In the 1950’s and 1960's electronic memories were arrays of cores, or
rings, of ferrite material a millimeter or less in diameter, strung by thousands
on a grid of wires. Ferrite-core memories have now been largely succeeded in
new designs by semiconductor memories that provide faster data access,
smaller physical size and lower power consumption, and all at significantly
lower cost.

Exercises:

I. Find in the text English equivalents to the following Ukrainian
words and word-combinations and write them out:

MPOMiXHI pPE3yJbTaTH; BUMOTH 0 IIBUAKOTO JIOCTYIY 1 BEITUKOI
€MHOCTI; 3MaTHICTh  BiATBOPIOBAHHSA, noB’s;3aHa 31 31aTHICTIO
3amaM’ ITOBYBATH; Y 1€l TaM’ SITi € HeTOIIKH, TPUTAMaHHI TUIBKH 1H; 1aM’ ITh
HAa MarHiTHUX CEepACYHUKAX 3aMiHWIA Ii paHHI MPUCTPOI; I O3HAYAE IO
notpiOHuii 6it, OGaiiT abo ciOBO Mae 3a3HaueHy ajpecy; NpPUCTpill it
mepeaadl CHTHaMy; sKi 3a0e3medyroTh OUThIT IMBUAKY BHOIPKY TaHHUX,
MEHIINH (Bi3UUHUE po3Mip 1 HIDKYMH DPIBEHb CIIOKUBAHHS EHEPrii; 4uM
OiJIbIlIa EMHICTH TUM JOBIIMK Yac BHOIPKH.

II. Choose the key-sentences from the text, write them out and
translate.

III. Find the part of the text containing the information about the
types of information blocks accessible in a memory system.
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IV. Prepare a dialogue on the text using words from it.

V. Answer the following questions:

1) What is a storage device?

2) What are the most important characteristics of memory?

3) What is a prime destination between memories?

4) What is the difference between random-access memory and
serial-access memory?

5) What are the blocks of information accessible in a memory
system called?

6) What were the first electronic memories like?

7) What were their drawbacks?

8) What was the advantage of the core memory?

Unit Eight

I. Mind the pronunciation of the following words:

purpose, integrated, installed, bubbles, tunnel, junction, versatile,
further, half, binary, rectangular, simultaneous, hierarchy, conjunction,
desirable solution, steadily, cryoelectronic, extremely, emergence.

I1. Memorize words and word-combinations:

1) memory cells - KOMipKH mam’ 4Ti;

2) magnetic bubble - nHIIHAPUYHUI MarHITHUH TOMEH;

3) superconducting tunnel-junction devices - cynepnpoBinHi
HPUCTPOI 3 TYHEJIbHUM IIEPEX0I0M;

4) read/write memory - onepaTHBHA TaM’SITh 3 3YUTYBAHHSM 1
3aIlUCOM;

5) read-only memory - mocTiliHa Iam’ ATh;

6) binary bit - aBiliKOBHil po3psiz;

7) binary-coded address - agpeca y ABIIKOBOMY KOZi;

8) target - minb, 3aBOAHHS, TUIaH;

9) option - BapiaHT, 3aMiHHHK, BHOID;

10) in conjunction with - pazom;

11) charge-coupled device - mpucTpiii 3 3apsSAOBUM 3B’ I3KOM;

12) performance - po6oTa, BAKOHaHHSI.
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DEVELOPMENTS IN ELECTRONIC MEMORIES
(continuation)

In the early 1970’s semiconductor memory cells that served the same
purpose as cores were developed, and integrated memory circuits began to be
installed as the main computer memory.

In the 1980°s new memory technologies involving magnetic bubbles,
superconducting tunnel-junction devices and devices accessed by laser beams
or electron beams come into play.

Semiconductor memories are extremely versatile and highly
compatible with other electronic devices in both small and large systems and
have much potential for further improvement in performance and cost. They
are expected to dominate the electronic-memory market for at least another
decade.

The most widely used form of electronic memory is the random-
access read/write memory (RAM) fabricated in the form of a single large-
scale- integrated memory chip capable of storing as many as 65.000 bits in an
area less than half a centimeter on a side.

A number of individual circuits, each storing one binary bit, are
organized in a rectangular array. Access to the location of a single bit is
provided by a binary- coded address presented as an input to address
decoders that select one row and one column for a read or write operation.
Only the storage element at the intersection of the selected row and column is
the target for the reading or writing of one bit of information. A read/write
control signal determines which of the two operations is to be performed. The
memory array can be designed with a single input-output line for the transfer
of data or with several parallel lines for the simultaneous input or output of
four, eight or more bits.

Different categories of semiconductor memories and specific data
storage applications where they find primary use provide system engineers
with a wide range of options. In general, metal-oxide semiconductor (MOS),
erasable- programmable read only memories (EPROM's) are extensively used
in micro-and minicomputer applications.

Many laboratories are looking for new options. Thus computers
today use a hierarchy of large-capacity, relatively slow mechanically
accessed memories in conjunction with fast electronically accessed memories
of relatively small capacity. It would be highly desirable to fill the gap by
some device of sufficient capacity and speed.
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Candidates for gap-filling memories include metal-oxide
semiconductor (MOS) random-access memories (RAM's) made by large-
scale integration (LSI); magnetic bubble devices based on cylindrical
domains of magnetization; electron beam-addressed memories; and optical
memories based on lasers, holography, and electrooptical effects, charge-
coupled devices (CCD).

Radically new technologies still at an early laboratory stage, are
aimed at a more ideal solution than today's hierarchy.

One can foresee the development of cryoelectronic memories with
extremely high component densities operating at speeds 10 to 100 times
faster than today's fastest electronic memories.

Researchers now are looking forward to light particles — photons —
which will permit the performance to be made a thousand times faster. This
would mean that in the future we can expect the emergence of photon
computers and that computations will be done by means of light.

Any radical improvement in memory technology will ultimately
greatly affect our way of life, as previous innovations have shown.

Exercises:

I. Find in the text English equivalents to the following Ukrainian
words and word-combinations, and write them out:

IHTETpaJIbHI 3aram’ ITOBYBaJIbHI CXEMH, TMOYHHAIOTH MiSTH, MalOTh
BETUKWKM TIOTEHINAN [JI1 TOJANBIIOT0 BIOCKOHAJICHHI B  poOOTi,
HamiBnpoBigaukoBi 311 Hag3BHUailHO pi3HOOIYHI, THYYKI 1 Iy)KE€ CXOXKI 3
IHIIAMHA ~ €JICKTPOHHUMHE TIPUCTPOSMH, 3amam’ STOBYBaJIbHUA TPUCTPId 3
BIJTHOCHO MAaJIOI0 €MHICTIO, 3amam’ ATOBYIOUMH TPHCTPId 3 JOBUIBHOIO
BHOIPKOIO Ha HAIMBIPOBIMHUKAX CTPYKTYPH METAI-OKCHI, BUCOKHUA CTYIiHBb
iHTerpamii, NpUCTPOi HA UWIIHAPUYHUX MAaTHITHUX JOMEHaX, MOXKHA
nepe0avYuTH PO3BUTOK KPIOGIECKTPOHHUX 3araM’ SITOBYFOUNX MTPUCTPOIB.

II. Choose the key-sentences from the text, write them out and
translate.

I1I. Find the part of the text containing the information about the

most widely used form of electronic memory - the random-access read /
write memory.
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IV. Prepare a dialogue on the text using words from it.

V. Answer the following questions:
1) When were semiconductor memory cells developed?
2) When did new memory technologies come into play?
3) What can you tell about semiconductor memories?
4) In what way is access to the location of a single bit provided?
5) What options of semiconductor memories do you know?
6) What speeds do cryoelectronic memories operate at?
7) What could you tell about the emergence of photon computers?

Supplementary Texts

Who’s Liable for Insecure Networks?

It’s no news to IT administrators that security vulnerabilities expose
networked computers to worms, viruses, and other dangers, but when techie
jargon such as Code Red and Trojan horse make headlines, the problem is no
longer relegated to the company's "computer guys". Such stories typically
focus on the hackers rather than the insecure hosts that facilitated the
intrusion.

Given computers' integral role in modem life, however, we can no
longer tolerate negligent security. We must define standards of care and
develop processes for recovering damages from those who fail to act
reasonably in securing networked computers.

We face the critical task of assessing responsibilities, defining duties,
and assigning liabilities in a digital environment that cultivates both
traditional and neoteric relationships, conduct, and consequences.

Negligence Claims and Network Security

Negligence is primarily a civil law concept intended to address
grievances between people and to encourage socially responsible behavior.
Victims of cyberattacks are likely to seek compensation for losses in civil
rather than criminal court because hackers can masquerade anonymously and
deep pockets are plentiful. Further, unlike criminal prosecutions or breach-of-
contract claims, Internet-related claims don't need to identify the miscreant or
establish a prior contractual relationship under a negligence theory of
liability. Finally, many hackers are juvenile offenders unlikely to be
prosecuted under federal computer crime law. Specifically, negligence claims
may be potent if the victim can show that the "insecure" party:
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1) had a duty to use reasonable care in securing its computer systems;

2) breached that duty by failing to employ adequate security;

3) was a reasonably recognizable cause of actual damages.

Identifying situations in which an insecure network was used as a
launch point to compromise data or disrupt operations is relatively easy, but
there is no basis for claiming negligence unless the party that failed to secure
the networked computer had a duty to do so.

Imposing a Duty to Secure Computers
Foreseeability of harm-the knowledge, real or implied, that a person's
actions will result in harm to another -is a fundamental element that courts
require in deciding whether a duty exists. Other instrumental factors that
courts traditionally weigh include the socioeconomic impact of losses and
reasonable expectations that a party in the best position to implement and
maintain security will do so.

Foreseeability of Harm

Time, location, and predictable relationships limit the number of
foreseeable victims in the physical world. However, everyone online is but
one click away from a reasonably perceived risk—the pool of plaintiffs could
thus include all users connected to a network.

For example, to say that a company hosting a Web site has a duty to
protect a user from harm as a result of a computer intrusion means that the
company must follow a standard of conduct to protect others on the network
against foreseeable risks - namely, it must use reasonable care in adequately
securing its computer systems.

The computing community knows that hackers seek unauthorized
entry. Software vendors' actions in posting patches, issuing prerelease
warnings, and responding to widespread security alerts show tacit knowledge
that these products are routinely exploited and have sustained damage.

Internet service providers arguably possess the same awareness of
intrusion methods and potential victims. Just as software vulnerabilities are a
common target, so too are poorly configured networks and servers. ISPs need
not be "hacker monitors," but they should have imputed knowledge of the
reasonably perceived risk that an intruder will try to use their network to
harm customers.

It's reasonable to expect that companies hosting Web sites should
anticipate misconduct in the form of attempted intrusions. Regardless of the

31



specific measures a company fails to take to protect its own proprietary data
or information assets, its general lack of computer security can result in
damage to other Internet entities. A grocery store owes a duty of care to
protect its patrons. If the store owner fails to take security precautions such as
mounting surveillance cameras, hiring a security guard, or installing lights in
the parking lot, a customer who is injured in an attack would file a lawsuit
before the swelling had begun to go down. Likewise, an Internet company
that sets up a Web server without configuring for security should be held
accountable for damages that its online patrons suffer, such as identity theft.

Socioeconomic Impact

The costs associated with insecure computers on the Internet weigh
heavily in favor of assigning a duty to secure systems. The direct and indirect
costs of distributed denial-of-service attacks and other compromises are
substantial—for example, network sites can lose up to $80,000 per hour
during downtime. Whereas holding vendors accountable for every bug and
vulnerability is unreasonable, shifting the losses associated with negligently
designed software to users is equally untenable.

Imposing a duty thus creates an economic incentive to render higher
quality products. Lemon laws protect consumers from defective motor
vehicles, yet no comparable regime exists for "unsafe" software products. As
experts such as Bruce Schneier have pointed out, vendors have no economic
incentive to use a higher degree of care in securing their products until they
are held liable for negligent security- instead, they can continue focusing on
speed, features, and options.

As networks evolve, the danger of false victimization claims will
grow. For example, the added functionality that is at the forefront of system
design comes with a vulnerability cost—the appliances and other devices
being made with programmable computer chips and Internet accessibility are
a case in point Until due care is properly assigned, there can be little
expectation of security in the complex digital environments of the future.

Finally, assigning a duty to secure to vendors, service providers,
companies with a Web presence, and users distributes the risk of loss among
those who employ the technology. This policy recognizes that no single entity
is responsible for the security of the entire Internet, but each should be
responsible for an identifiable part.

Insofar as users are the driving force behind electronic commerce,
they should be held to a reasonable standard in preventing the ill effects of
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their online activities where security measures are readily available and not
overly burdensome. For example, those who neglect to update antivirus
software should be held accountable if a hacker uses their machine to launch
distributed denial of service attacks against a commercial Web site.

Reasonable expectations of security

Another factor in imposing duty is the degree of reliance an injured
party places on another's actions. For example, when you make an online
purchase, you expect the merchant to be aware that your credit card number
1s not for public distribution, that it will protect this fiduciary data, and that it
has the ability to implement appropriate safeguards. The merchant may not be
using reasonable care if it stores your credit card information unencrypted on
its Web server and the data is subsequently stolen.

Reasonable expectations of security are created in various ways and
help determine who is entitled to protection. Industry customs are one way to
measure the objective reasonableness of a victim's expectations of care.
Widely disseminated bulletins and company security policies and procedures
represent generally agreed- upon methods to assess security and protect
systems. In this way, duty may thus arise from information-security best
practices that shape users' expectations.

Reasonable expectations of security are also shaped by the
discrepancy in authority between the damaged party and the allegedly
"insecure" party. For example, landlords have a duty to secure common-use
areas over which they have control such as stairways, elevators, and lobbies.
Likewise, Internet service providers, which monitor and control network
traffic, could reasonably be relied on to prevent or mitigate distributed denial
of service damages by configuring their routers to block spoofed addresses
because customers are incapable of implementing such protection.

Reasonable expectations of security also can arise when one party
makes assurances or voluntarily assumes responsibility yet leaves another
party at greater risk. For example, if tenants forego putting deadlocks on their
doors because the landlord has installed an alarm system, and an intruder
enters the building undetected due to the system being incorrectly installed or
improperly maintained and injures a resident, the landlord would be
considered derelict in his standard of care.

Likewise, a software vendor may create a false sense of security in its
product by misrepresenting protections or implementing them carelessly,
thereby causing a user to eschew other safeguards. The vendor has thus
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assumed the duty to disseminate a reasonably secure product and left the user
in a more vulnerable position. Similarly, users should expect software to
function adequately and not leave them worse off—for example, by exposing
their entire system to intrusion.

Unless society takes steps to impose a duty on software vendors,
service providers, businesses with a Web presence, and users to secure
computer systems, we can expect continued responsibility shifting and
detrimental socioeconomic behavior. The scope of this duty should recognize
each party’s varying degrees of knowledge, control, and identifiable effect in
securing networked computers against injurious damages.

Physical Measurements

Physical variables associated with biomedical systems are measured
by a group of sensors known as physical sensors. Although many specific
physical variables can be measured in biomedical systems, these can be
categorized into a simple list. Sensors for these variables, whether they are
measuring biomedical systems or other systems, are essentially the same.
Thus, sensors of linear displacement can frequently be used equally well for
measuring the displacement of the heart muscle during the cardiac cycle or
the movement of a robot arm. There is, however, one notable exception
regarding the similarity of these sensors: the packaging of the sensor and
attachment to the system being measured. Although physical sensors used in
nonbiomedical applications need to be packaged so as to be protected from
their environment, few of these sensors have to deal with the harsh
environment of biologic tissue, especially with the mechanisms inherent in
this tissue for trying to eliminate the sensor as a foreign body. Another
notable exception to the similarity of sensors for measuring physical
quantities in biologic and nonbiologic systems are the sensors used for fluidic
measurements such as pressure and flow. Special needs for these
measurements in biologic systems have resulted in special sensors and
instrumentation systems for these measurements that can be quite different
from systems for measuring pressure and flow in nonbiologic environments.

We will attempt to review various examples of sensors used for
physical measurements in biologic systems. Although it would be beyond the
scope of this chapter to cover all these in detail, the principal sensors applied
for biologic measurements will be described. Each section will include a brief
description of the principle of operation of the sensor and the underlying
physical principles, examples of some of the more common forms of these
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sensors for application in biologic systems, methods of signal processing for
these sensors where appropriate, and important considerations for when the
sensor is applied.

Description of sensors

Linear and Angular Displacement Sensors

Variable Resistance Sensor.

One of the simplest sensors for measuring displacement is a variable
resistor similar to the volume control on an audio electronic device. The
resistance between two terminals on this device is related to the linear or
angular displacement of a sliding tap along a resistance element. Precision
devices are available that have a reproducible, linear relationship between
resistance and displacement. These devices can be connected in circuits that
measure resistance such as an ohmmeter or bridge, or they can be used as a
part of a circuit that provides a voltage that is proportional to the
displacement. Such circuits include the voltage divider or driving a known
constant current through the resistance and measuring the resulting voltage
across it. This sensor is simple and inexpensive and can be used for
measuring relatively large displacements.

Strain Gauge

Another displacement sensor based on an electrical resistance change
is the strain gauge. If a long narrow electrical conductor such as a piece of
metal foil or a fine gauge wire is stretched within its elastic limit, it will
increase in length and decrease in cross-sectional area.

Inductance Sensors

Mutual Inductance

The mutual inductance between two coils is related to many
geometric factors, one of which is the separation of the coils. Thus, one can
create a very simple displacement sensor by having two coils that are coaxial
but with different separation. By driving one coil with an ac signal and
measuring the voltage signal induced in the second coil, this voltage will be
related to how far apart the coils are from one another. When the coils are
close together, the mutual inductance will be high, and so a higher voltage
will be induced in the second coil; when the coils are more widely separated,
the mutual inductance will be lower as will the induced voltage. The
relationship between voltage and separation will be determined by specific
geometry of the coils and in general will not be a linear relationship with
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separation unless the change of displacement is relatively small.
Nevertheless, this is a simple method of measuring separation that works
reasonably well provided the coils remain coaxial. If there is movement of
the coils transverse to their axes, it is difficult to separate transverse
displacement from displacement along the axis.

Variable Reluctance

A variation on this sensor is the variable reluctance sensor wherein a
single coil or two coils remain fixed on a form which allows a high reluctance
slug to move into or out of the coil or coils along their axis. Since the position
of this core material determines the number of flux linkages through the coil
or coils, this can affect the self-inductance or mutual inductance of the coils.
In the case of the mutual inductance, this can be measured using the
technique described in the previous paragraph, whereas self-inductance
changes can be measured using various instrumentation circuits used for
measuring inductance. This method is also a simple method for measuring
displacements, but the characteristics are generally nonlinear, and the sensor
generally has only moderate precision.

Linear Variable Differential Transformer

By far the most frequently applied displacement transducer based
upon inductance is the linear variable differential transformer. This device is
essentially a three-coil variable reluctance transducer. The two secondary
coils are situated symmetrically about the primary coil and connected such
that the induced voltages in each secondary oppose each other. When the core
is located in the center of the structure equidistant from each secondary coil,
the voltage induced in each secondary will be the same. Since these voltages
oppose one another, the output voltage from the device will be zero. As the
core is moved closer to one or the other secondary coils, the voltages in each
coil will no longer be equal, and there will be an output voltage proportional
to the displacement of the core from the central, zero-voltage position.
Because of the symmetry of the structure, this voltage is linearly related to
the core displacement. When the core passes through the central, zero point,
the phase of the output voltage from the sensor changes by 180 degrees.
Thus, by measuring the phase angle as well as the voltage, one can determine
the position of the core.

36



Capacitive Sensors

Displacement sensors can be based upon measurements of
capacitance as well as inductance. The fundamental principle of operation is
the capacitance of a parallel plate capacitor. By moving one of the plates with
respect to the other, the capacitance will vary inversely with respect to the
plate separation. This will give a hyperbolic capacitance-displacement
characteristic. However, if the plate separation is maintained at a constant
value and the plates are displaced laterally with respect to one another so that
the area of overlap changes, this can produce a capacitance-displacement
characteristic that can be linear, depending on the shape of the actual plates.

The third way that a variable capacitance transducer can measure
displacement is by having a fixed parallel plate capacitor with a slab of
dielectric material having a dielectric constant different from that of air that
can slide between the plates. The effective dielectric constant for the
capacitor will depend on how much of the slab is between the plates and how
much of the region between the plates is occupied only by air. This, also, can
yield a transducer with linear characteristics.

The electronic circuitry used with variable capacitance transducers is
essentially the same as any other circuitry used to measure capacitance. As
with the inductance transducers, this circuit can take the form of a bridge
circuit or specific circuits that measure capacitive reactance.

Velocity Measurement

Velocity is the time derivative of displacement, and so all the
displacement transducers mentioned above can be used to measure velocity if
their signals are processed by passing them through a differentiator circuit.
There are, however, two additional methods that can be applied to measure
velocity directly.

Magnetic Induction

If a magnetic field that passes through a conducting coil varies with
time, a voltage is induced in that coil that is proportional to the time-varying
magnetic field. A simple way to apply this principle is to attach a small
permanent magnet to an object whose velocity is to be determined, and attach
a coil to a nearby structure that will serve as the reference against which the
velocity is to be measured. A voltage will be induced in this coil whenever
the structure containing the permanent magnet moves, and this voltage will
be related to the velocity of that movement. The exact relationship will be
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determined by the field distribution for the particular magnet and the
orientation of the magnet with respect.

Doppler Ultrasound

When the receiver of a signal in the form of a wave such as
electromagnetic radiation or sound is moving at a nonzero velocity with
respect to the emitter of that wave, the frequency of the wave perceived by
the receiver will be different than the frequency of the transmitter. This
frequency difference, known as the Doppler shift, is determined by the
relative velocity of the receiver with respect to the emitter. This principle can
be applied in biomedical applications as a Doppler velocimeter. A
piezoelectric transducer can be used as the ultrasound source with a similar
transducer as the receiver. When there is no relative movement between the
two transducers, the frequency of the signal at the receiver will be the same
as that at the emitter, but when there is relative motion, the frequency at the
receiver will be shifted.

The ultrasonic velocimeter can be applied in the same way that the
ultrasonic displacement sensor is used. In this case the electronic circuit
produces a continuous ultrasonic wave and, instead of detecting the transit
time of the signal, now detects the frequency difference between the
transmitted and received signals. This frequency difference can then be
converted into a signal proportional to the relative velocity between the two
transducers.

Medical Electronics
I

Progress in medical electronics was evident on a variety of clinical
and research fronts holding out the prospect of improved health care. One
noteworthy advance was in blood gas monitoring used to assess the
cardiovascular, respiratory, and metabolic performance of patients during
surgery and in emergency situations. It is now possible to do such monitoring
in real time with the PB3300 intra-arterial blood gas monitoring system

In the PB3300 system, special sensing fibers are part of a
microprocessor-based unit. The sensor contains three small optical fibers,
each about the diameter of a human hair, and a thermocouple in a
biocompatible package. The entire sensor is small enough to be inserted into
a radial artery through an arterial catheter less than 1 mm in diameter.
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Each optical fiber has at its tip a special fluorescent dye. The dye on
one fiber is sensitive to partial pressures of oxygen, to partial pressures of
carbon dioxide on another, and to hydrogen ion concentration on the third.
(Engineers at the National Institutes of Health developed the first probes of
this type.) The high-energy photons in light sent through the fibers by the
system are absorbed by the dyes. They then re-emit the light at a different
wavelength and intensity. Depending on the particular dye, the intensity of
the re-emitted light is changed by nearby concentrations of oxygen, carbon
dioxide, or hydrogen ions. This change is converted by the instrument to
readings of partial pressures of O,, CO2, and pH.

The thermocouple measures blood temperature in the radial artery

which is then displayed along with the blood gas values.
Even the mundane task of taking a patient's temperature benefits from
modem technology. Introduced last year was a new tympanic or ear
thermometer that measures infrared heat generated by the eardrum and
surrounding tissue and displays the temperature in about 2 seconds.

Support For the Artificial Heart

In July, the Institute of Medicine, Washington, D.C., released a
report, "The Artificial Heart: Prototypes, Policies, and Patients" which calls
for the National Heart, Lung, and Blood Institute to continue research
contracts in artificial heart technology beyond their expiration. The
continuance, the report said, should be for an interim period to support work
on ventricular assist devices and the total artificial heart This institute is the
only U.S. government source of funds for artificial heart research.

In 1988 research contracts on the total artificial heart were suspended
after the institute decided the money would be better spent for research on
ventricular assist devices, which were further along in development. That
decision met strong resistance from congressional leaders and other officials
and was later rescinded.

The first model of the total artificial heart is not likely to be approved
by the U.S. Food and Drug Administration before the year 2005. Ventricular
assist devices should be available by the late 1990s. Clinical trials on a long-
term, fully implantable unit are scheduled to begin this year. Units are
typically implanted in the abdomen, connected to tubes through which the
blood is drawn from one of the heart's ventricles, and pumped into the
circulatory system.
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What complicates the funding issue is the uncertainty as to whether
the cost of a total artificial heart will ever fall into line with the benefit to the
patient.

Viewing the Brain at Work

Last year reports on the first images of the human brain as it
performs the simple task of recalling a word revealed some surprises. The
images showed that the recall process was going on in unexpected parts of
the brain, not just in the hippocampus.

In the experiments, 18 volunteers were seated with a positron
emission tomography (PET) scanner placed around their heads. Injected into
their bloodstreams was water with the oxygen molecule altered to make it a
positron emitter with a half-life of 123 seconds. It provides a marker of
regional cerebral blood flow.

When brain cells become active, they use more energy than usual.
The energy demands are met by increased blood flow in those brain regions
that are active. The increased concentrations of blood in those areas show up
on the PET scan as hot spots. Volunteers were presented first with a list of
about 15 words on a TV screen. After a few minutes, a list of 20 word
beginnings would appear on the screen in front of them, and they were asked
to complete the word beginnings by saying the first word that came to mind,
or by trying to complete the word beginning with a word from the studied
list.

The PET images showed that the automatic form of word completion
involved activity in the visual area in the back of tie brain and that conscious
recall involved activity in a spot in the frontal lobe of the brain and in the
hippocampus.

II

Some strides made in biomedical engineering last year that involved
both devices available for clinical applications and innovations still in the
research phase have profound implications for the practice of medicine and
the quality of life.

Among the many developments that occurred, here are a few that are
already changing the delivery of health care or are likely to do so in the near
future.

One important advance was the gathering of information about the
chemical composition of blood. Such information is essential for the
diagnosis of many clinical disorders. Conventional blood analyzers, which
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provide this information and are available in doctors' offices, clinics and
hospitals, test a sample of the patient's blood.

By this means, information is obtained only at discrete and infrequent
intervals. But under certain clinical circumstances, it is important to closely
follow changes in blood chemistry— either at frequent intervals or
continuously. During open heart surgery, for example, a device placed into
the arterial and venous lines of a heart-lung machine provides readings of
blood oxygen and carbon dioxide content, pH, and temperature. But no
device for direct measurement in a patient's artery had been available.

Now a new system is capable of measuring these parameters
continuously using an optical-fiber catheter inserted directly into an artery.
The device, approved for marketing by the Food and Drug Administration, is
usable over long periods of time. It could revolutionize the clinical
management of certain groups of patients. Other companies are expected to
develop similar devices.

The most critical element in any measurement system is the sensor.
This is especially important in the measurement of properties of a biological
sample since the living environment is extremely hostile to foreign materials.
Researchers for years have been seeking sensors that can be stable, sensitive,
highly specific, and long-lasting in the living environment. One important
need is a real-time glucose sensor that can be used in a closed-loop system for
automatic delivery of insulin to diabetics.

Recent advances in the application of polymer science to biosensors
appear to hold great promise. For example, polymers can be used to change
the way in which the sensing compound interacts with the molecule of
interest, such as glucose. Tightly coupling the sensing compound to the
sensor electrode increases its longevity. In addition, the properties of the
polymer can be adjusted to increase the rate at which glucose molecules
diffuse to the sensor, thereby increasing the sensitivity and the responsiveness
of the system.

Polymers may also be designed to increase specificity. For example,
they can be formed to filter out molecules above a certain size, thus making
the sensor specific only to smaller molecules. While still in the research
phase, these polymer materials are likely to transform the field of biosensors.

Contrast agents, which enhance X-ray images of internal body
structures, have been used in the clinical setting for decades. Recently
paramagnetic compounds have been used to improve magnetic resonance
images and now certain agents that show potential for enhancing ultrasound
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images are beginning to appear on the market. The contrast agent increases
reflection of the ultra-sound energy by creating an interface between the
living material and another element such as air. Reflection occurs at the
interface.

In practice, air bubbles, or particles containing air bubbles, are
injected into the blood stream. The bubbles create multiple reflections that
serve to enhance

the image. To design an effective contrast agent the air-containing
particle must be compatible with blood, must be excreted in a reasonable time
without harmful effects, and must remain in the system long enough to
produce the enhanced ultrasound image. A contrast agent using air-filled
human serum albumin particles was recently approved by the Food and Drug
Administration for clinical use. While intended at first to improve images of
anatomic structures in the heart, future applications of this and similar agents
could be used to improve measurements of perfusion to critical organs, such
as the coronary circulation.

One area of medical technology receiving a great deal of public
attention in recent years is the work being done on the artificial heart and
partial heat assist devices. These devices represent a prime example of
incremental progress through years of research and development, and show
how advanced technology from other fields can be applied to the solution of a
medical problem.

A new heart assist device, now undergoing clinical testing, contains a
miniature centrifugal pump incorporated into a catheter, which is inserted
through an artery into the left ventricle. Driven by a small external motor
connected to the pump by a mechanical Shaft, the device can assist the heart
by increasing blood flow markedly and so reducing heart work requirements.

Another development with a future is the use of the body's own parts
to augment the function of the failing heart muscle. Research in progress is
attempting to make skeletal muscle behave like heart muscle. The skeletal
muscle will contract in response to electrical stimulation and can be wrapped
around the heart or fashioned into an extra chamber to be used as an
additional pump.

Another important milestone in 1991 was a report by a committee of
the Institute of Medicine, Washington, D.C., which convened to evaluate the
artificial heart program of the National Heart, Lung, and Blood Institute,
Washington, D.C. The committee reaffirmed the need to continue developing
a total artificial heart, recognized the importance of both total artificial hearts
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and heart-assist devices in treating a large patient population, and
recommended that the institute continue the funding for such efforts.

Future Microprocessors

Cost, not technology, will be the greatest barrier to future chip
developments.

In 15 years, microprocessors will be racing at gigahertz speeds,
cashing in millions of transistors on a chip the size of your thumbnail. On it
will be a mile or so of stacked wiring laid with molecular precision.

The main challenge going forward will be to maximize the speed of
the interconnect-a dilemma with which PC vendors also grapple today, since
on-chip speeds are roughly five times as fast as chip-to-board speeds. Signal
propagation I delays across multiple metal layers will also be highly
problematic for chip designers.

In the future, more powerful chips will enable an abundance of PC -
applications, limited only by our imaginations. Already, microprocessors
allow such functions as handwriting recognition and language translation.
Still, there are obstacles to advancing chips. If technologies aren't the barrier,
then what is?

Cost Barriers

One obstacle to advancing microprocessor technology is the cost of
building a semiconductor-manufacturing facility (or fab), now over $1
billion. There are about 1,000 fabs today; the hundred or so that will be built
before 2012 will be even more costly. Yet such costs are nothing compared
with the price of bringing chips to market: Intel's first Pentium chip, for
example, cost over $5 billion to develop. Developing the chips of 2012, be
they of RISC or CISC architecture, may cost something like $10 billion.

In fact, Intel's Gordon Moore has identified the expense of chip
making as a limiting factor. Moore should know, since he first noted, in 1965,
the strategy of scaling down transistor size to create smaller, faster, more
functional chips cost- effectively (in a trend known since as Moore’s Law).
Hence, faster, smaller computers come out every year.

Visionaries could argue that there is no real barrier to chip
development and that if we use technology properly, it will enable much
more than improved productivity. Perhaps we can push the window open
further to realize any number of advances. Can tomorrow's technology be
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embraced to allow for greater advances in areas such as education and
cultural appreciation? Stranger things have happened— even in the
electronics industry.

The Silicon Architects

Trying to speed processing by minimizing signal propagation delay,
designers have effectively stacked metal lines of increasing length. Whereas
chips in the late eighties used only one metal layer, today's state-of-the-art
chips have four or five.

Though this stack will rapidly progress to eight or more layers,
eventually the metal's capacity to handle the signal will reach its limit, and
new methods will be necessary. The lines will likely consist of copper instead
of aluminum, because it is a better electrical conductor.

So instead of the isolating silicon-dioxide film to separate the lines,
fluorinated oxides will be deposited or spun on the wafer. This magical
combination of materials will reduce the wire's resistance/capacitance time
constant. By minimizing the metal's resistance and lowering the isolating
films of electric constant, chip will enable faster signals. Here is where the
choice of technologies becomes crucial.

Key Advances in Process Technologies

In the semiconductor industry, cost concerns and technology go hand
in hand There are a handful of process technologies used to make chips
today; wafer-processing steps monopolize the devices’ overall cost. At the
wafer level, processes currently used include lithography, ion implantation,
diffusion and oxidation, deposition, etching, cleaning, planarization, and
metrology.

Chip manufacturers begin the wafer process by purchasing the silicon
wafers is sizes of 100,125,150, and 200 millimeters. Pizza-size wafers (300
mm, or 12 inches) are expected to enter production after 1998 Development
of 400-mm (16- inch) wafers may also be under way, to a small extend.

Lithography drives this market: It is the imaging technique that
precisely patters as each circuit element, and it also requires the fab's most
expensive toolset. In this process, optical wafer steppers use precision optics
to focus a light wavelength of 365 nanometers, (soon to be 248 and ever sally
to be 193 nanometers) onto the wafer, which is coated with a light-sensitive
film, photoresist. The development of shorter wavelengths is heightening
demands on manufacturers of steppers, quartz, and other materials. Either
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etching or ion implantation comes next. Selective etching of the exposed
films creates the etching that will later be filled with metal. Ion implantation,
a completely different process, lets engineers precisely modify the chips
electrical characteristics by accelerating charged atoms (ions) in an electrical
field into the silicon surface

Diffusion and oxidation take place in 12-foot vertical tube reactors
holding hundreds of wafers. Technology is demanding a shift to fast-ramp
furnaces but the current method has essentially been mastered and is
effective.

Deposition on films also takes place in reactors but with one wafer at
a time, a difference that bows down the fab process significantly. Without our
enormous advances in computer technology and software, the fab would be a
logistics nightmare; ironically, it depends on the very technology it enables.

Etching reactors are also single-wafer systems, selectively removing
films of aluminum, tungsten, silicon, polysilicon, silicon dioxide, and
photoresist, as well as a myriad of residues.

Cleaning occurs hundreds of times per wafer; astoundingly, a typical
fab uses an estimated 50 acre-feet of water daily, or an area the size of 15
football fields with a depth of 1 foot. This issue is usually a logistics
challenge, and it can be an economic hardship in countries without access to
cheap water. This process also uses enormous amounts of electricity.

Manufacturers can accomplish planarization (the production of flat
films) using a wet chemical and a mechanical polishing tool modified from
prime silicon polishers. This method is only now nearing widespread
acceptance in the semiconductor industry, because of issues of film
uniformity, equipment reliability, and competing technologies.

Finally, there is metrology. Simply put: If you can't measure a 0.1-
micron line, you don't know whether you have a 0.1-micron line. Metrology
checkpoints in the fab line go a long way toward ensuring precision. But with
these tools' costs rivaling those of the wafer steppers, you might prefer a
smart system to a technician peering into a fancy microscope.

Future Display Technology
Breakthroughs in plasma, CRTs, and LCDs will widen and
brighten our views
From the day that the first IBM PC arrived, we have peered at our
data on a vacuum-tube screen. While we readily assume that our futures will
be filled with inexpensive wall-size flat displays in our offices and homes, we
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re still a long way from affordable access to that kind of technology.

But if the road from here to there is long, it already is defined clearly
in the technologies we'll be relying on for displays in the next decade and
beyond. Thanks to the success of portable computers, flat-panel display
technology has advanced by leaps and bounds. Not to be left behind, the
familiar vacuum-tube display is changing with the times. There are also
exciting and exotic-technologies beginning to emerge from laboratories
around the world. It is still hard to know which technologies will be winners
in the end, but you certainly can count on the future being lighter, brighter,
thinner, and more affordable.

CRT: Still a long Shelf Life

The familiar CRT, or cathode ray tube, has been around in one form
or another for nearly 100 years. In a CRT, a stream of electrons is beamed
from one end of a vacuum tube to the other, where a layer of chemical
phosphors glows with different colors in response to the electrons. The
standard desktop monitor and the home television share the same
fundamental design principles, though they are implemented quite differently.

Home television designs favor image brightness and compact size,
while computer screens need to be engineered for higher resolution and sharp
images. It is difficult to make the image on a monitor as bright as television,
because the extra power required to drive the electron beam harder causes the
shadow mask—a perforated metal mask that defines the pixels we see on-
screen—to heat and deform, which hurts resolution and image quality. There
have been many changes in recent years that improved CRT monitor quality.
New materials such as invar for shadow masks have more thermal stability to
resist the effects of electron beam heat. Screen technologies such as aperture
grilles, black matrix masks, and Toshiba's Microfilter increase contrast and
color purity, and advances in antiglare coatings have improved image quality.
NEC's new CromaClear slot mask also has made CRT images noticeably
sharper and brighter.

We have not yet seen everything under the CRT sun, however. The
FCC finally has approved a plan that will let implementation of HDTV
proceed. This could create a convergence between the television and data
monitor markets, as HDTV specifications call for resolutions of up to 1,920
by 1,080 pixels, which is more than adequate for desktop data displays. Not
only does this work well with digitized video (especially DVD multimedia),
computer users also may appreciate the wider workspace offered by a 16:9
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ratio screen (compared with the now-standard 4:3 proportion). As a result,
desktop monitors may enjoy economies of scale in the consumer television
market also embraces HDTV and both types of designs can use the same
tubes. Is the interim, some makers are testing the waters with wide-aspect
radio displays.

LCD: The Next Desktop Standard?

LCDs have significant advantages over CRTs for the portable
market. They are lightweight and thin, and their power consumption is low
enough that they can be run from batteries. At they move to the desktop,
however, only the thin attribute provides a compelling advantage. Notebook
users will pay a premium for portability and put up with a small display, but
desktop users are loath to pay more for less than they can get with a CRT.

A number of important changes have occurred in the LCD market
that may after this situation. First and foremost, LCD manufacturers have
found ways to increase the yields of production lines, helping o drive down
display costs. According to some sources, the yield on 10.4-inch active-
matrix LCD panels is still as low as 60 to 70 percent, and production
improvements make it possible for yields of 80 to 85 percent to be
achievable.

Another change to note is that LCD production lines have been
designed to produce larger and larger sheets of glass, making it possible to
make more panels at a time, or fewer larger panels. We now have seen the
first 20-inch production units. There may be no limit to the size of LCDs.
Sharp has demonstrated a 40-inch- diagonal active-matrix screen with a
resolution of 800 by 600 pixels.

New films have been designed to concentrate the light behind an
LCD and diffuse it as it leaves the display. A number of different approaches
have been taken to increase viewing angles, including the use of thinner LCD
layers, high-tech optical films, and horizontal switching, in which the LCD
cells are arranged sideways in the panel.

The biggest problem with LCDs remains cost. An LCD for a desktop
system still costs four to eight times as much as an equivalent monitor based
on CRT technology. The problem gets worse as the screen size increases,
because production yields drop as the size of the panel and number of pixels
increase. It is possible that the prices will drop enough in the near future.
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Plasma: a Personal Theater

For really large flat-panel displays, a different technology has come
to the fore. Plasma panels have been around nearly as long as the PC. The
earliest were monochrome, with a rusty-red color to the pixels. They were
used in transportable computers and as large, high-resolution displays for
engineering workstations. Only in recent years were phosphors developed for
full-color displays, along with new fabrication techniques required to
accommodate the red, green, and blue phosphors.

A pixel in a plasma display works much like a familiar fluorescent
light: Electrically charged gas emits ultraviolet light, which then strikes and
excites phosphors emitting visible light. In some designs, the phosphors are at
the front surface of the cell, while others have the phosphors at the backhand
the front surface is transparent.

Here again, price is a limiting factor for the near term: Pixelink's 42 -
inch plasma display employs a Fujitsu panel and costs about $15,000. Over
time, the phosphors degrade and the screen will lose brightness. Current
panels are rated for 10,000 hours of use (or five years of 40—hour work
weeks), which translates into more than $1 per hour.

There are all sorts of other technologies just reaching the market, and
depending on how development progresses, any one of them could become a
major factor in the next generation of desktop displays. For example, a
number of companies have created micropanel displays. Instead of using
glass or plastic as a substrate, these designs create a display device right on a
semiconductor wafer employing more or less standard fabrication processes
that currently are used for memory chips and other computer components.
Many of these designs use liquid crystal technology, but some are based on
more exotic approaches such as ferro-electric liquid crystals or defraction
technology. Texas Instruments has also created its Digital Light Processing
technology, which uses microscopic mirrors on a chip to deflect light. These
micropanel designs have been used for head-mounted displays and image,
projectors, and they could also be utilized as the basis for small desktop rear-
projection displays to replace CRTs. At least one company-Fujitsu -has
discussed plans to create such a device before the end of 1996 targeted to be
about 5 inches deep and the sell for about 1.5 to 2 times the price of are
equivalent-size CRT monitor.
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CCD
CISC

CMOS
CRT
DVD
EPROM
FCC
HDTV

IC
IIL

IT
LSI

LCD
MOS
MOSFET
NEC

PC

PET
PMOS
RAM

RC
ROM

Abbreviations

charge-coupled devices - nmpunas 3 3aps10BUM 3B'I3KOM
complete-instruction-set computing moBHUI Habip KOMaH/
(apxiTekTypa mpormecopa)

complementary metal-oxide semiconductor structure
KOMITJIEMEHTaPHUHN METaJI0-OKCUIHUHN HAIiBIIPOBITHUK
cathode ray tube - enexTpoHHO-TIpOMEHEBa TpyOKa

digital video disc - undpoBuii Bigeo 1uck
erasable-programmable read only memories - mOCTiHHMIA
3amaM ITOBYIOUHIA TTPUCTPIiH, IO MPOTPaMy€EThCS Ta
CTHPAETHCS

Federal Communication Commission ®enepaiibHa KoMicist
3B's13Ky CLJTA

High Definition Television -Tene6adueHHs 3 BUCOKOIO
YiTKICTIO

integrated circuit - iHTerpajibHa cXemMa

integrated injection logic - iHTeTpaNbHi 1HXEKIiiHI JOT14HI
CXEeMHU

Information Technology - inpopmariiiai TexHOIOTIi
large-scale integrated circuit - iHTerpajpHa cXeMa 3 BEITUKOIO
CTYIIHHIO iHTeTpaii

Liquid Crystal Display pigKoKpucTaaInyHUN iHIAKATOD
(expan)

metal-oxide semiconductor - CTpyKTypa MeTaI-OKCH/I-
HamiBrpoBigauk (MOH ctpykTypa)
metal-oxide-semiconductor field-effect transistor -

MOH tpan3ucrop

kommaHis (CIJIA), sixa BupoOIisie mporecopu

personal computer - epcoHaJIBHUI KOMIT'IOTEP

positron emission tomography - Mo3uTpoHHa eMiciliHa
ToMorpadis

p-channel metal-oxide-semiconductor structure -

p- kananpHUH MOH - mpumnaz

random-access memory - 311 3 70BiEHOIO BUOIPKOTO

remote control - TUCTaHIiiHE yIpaBIiHHS
read-only memory - mocTiiiHa mam’ iTh
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RISC

SSI

TTL

VLSI
VHSIC

WSI

reduced instruction set computer THII apXiTeKTypH
MiKpomporecopa 31 CKOpOYEeHUM HaOOpOM KOMaH[
small-scale integrated circuit - iHTeTpajbHa cXeMa 3 MaJIOI0
CTYIIHHIO iHTeTrparii

transistor-transistor logic - TpaH3UCTOPHO - TPAH3UCTOPHI
JIOTiYHI CXEMH

veiy-large-scale integration - iHTerpaiist HAIBUCOKOTO PiBHA
very high speed integrated circuits - iHTerpajgpHa cxema 3
HaJBUCOKOIO IIBUIKICTIO Iii

wafer-scale integration - iHTerpauis y Macimradi minoi
IUTACTUHHU.
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