HISTORICAL NOTE

Ancient Gold

Gold, one of the first metals worked by
man, has remained one of the most pre-
cious substances throughout the history
of civilization on Earth.

Gold readily became important to early
humans because it was found as a free
metal in alluvial deposits, requiring no
complex separation or smelting tech-
niques. It could be easily worked, even
with primitive instruments, into jewelry
or ornaments.

Working with gold helped the devel-
opment of metallurgical techniques later

used for metals more difficult to work.
Gold could be hammered into a desired
form; it could be melted and poured into
a mold, where it would harden into a
new shape. Later, people learned they
could melt gold out of rock—smelting—
even when they could not find pure
lumps of gold.

Gold is found over widespread areas of
the Earth, mostly in low concentrations,
often occurring as a trace constituent in
copper and lead ores. When found in
high concentrations, gold is often a free
metal associated with silver.

As a result of weathering and microbial
action in gold ores in natural deposits,
gold accumulates in downstream de-

posits. Since gold does not easily dissolve
in solution, the more soluble components
of ore, such as the carbonates, are dis-
solved and carried away. Less soluble but
lighter material is washed away as a fine
suspension, while insoluble hard miner-
als, such as quartz, remain behind with
gold and are frequently associated with
many surface deposits.

Since gold is soft and malleable, weath-
ered lumps are easily rounded and
squashed, but not broken. As the ore
erodes, gold flecks find their way down-
hill to accumulate with quartz gravels
and sand. Because gold is about six times
more dense than most rock, it settles to
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the bottom of gravel beds in streams,
coming to rest in hollows.

The washing of gold ore can be seen in
Egyptian monuments from the First
Dynasty, 2900 B.C. The well-known myth
of the Argonauts and the Golden Fleece
probably refers to a raid on miners in
modern-day Armenia who were using
sheepskins to catch fragments of gold
(1200 B.C.) while washing river sands,
much as certain current gold-washing
techniques use rough cloth or blankets.

By the fourth millennium B.C. gold
was sought extensively by fledgling civi-
lizations in Persia, India, Arabia, Asia
Minor, Caucasia, the Balkans, and parts
of Africa. The greatest sources of gold in
the ancient world were the more than 100
mines in the Nubian Desert operated by
the Egyptians. Slaves and captives
worked these mines, producing the
largest amounts of gold used in the
ancient world. The Turin gold map, a
papyrus in the Egyptian Museum in
Turin, indicates the locations of some of
these mines. Gold mining, however, was
a jealously guarded state monopoly. The
Nubian mines produced the wealth on
which the power base of successive
Egyptian rulers rested.

As a metal, gold has many desirable
material properties. The noblest (most
inert) of the metallic elements, gold does
not corrode or tarnish, keeping its luster
and brilliant yellow color in environ-
ments that would harm other metals.

Pure gold and many gold alloys are
nonmagnetic. (Exceptions are an alloy of
gold with manganese, which is somewhat
magnetic, and some alloys with cobalt,
iron, or nickel, which are ferromagnetic.)
Gold is also a good conductor of heat and
electricity. Its chemical symbol, Au, is
derived from the Latin name for gold,
aurum.

Despite refining techniques, platinum
group inclusions are often found in
ancient gold, as are other impurities.
Contaminants, though, often made the
gold superior for other uses. Gold is usu-
ally alloyed with other metals to harden
or color it. Most gold used in coinage and
jewelry is alloyed because the pure metal
is too soft and wears too easily.

The proportion of gold in an object is
expressed in parts per 24, or karats, so
that 14-karat gold is 14/24 pure gold.
Another measurement is “fineness,” or
parts per thousand; gold coins formerly
minted in the United States were 0.900
fine.

Gold is so malleable that it can be beat-
en to a thickness of three millionths of an
inch (0.075 um) to form semitransparent
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ANNOUNCEMENT AND CALL FOR PAPERS

The conference is the eleventh in a series organized to bring together active
researchers in the field of advanced metalization for IC applications.

PAPERS ARE SOLICITED on topics in the deposition, processing, applications, and all

aspects of conventional metalization:

Metalization science

Deposition chemistry and kinetics

Fundamental surface chemistry

Thermodynamic calculations of metal systems

Precursor development for CVD Cu, Al, TiN,
and others

Nucleation and adhesion studies

Process modeling

Chemical mechanical polishing
Metal polishing

Oxide polishing

Process modeling

Deposition methods

CVD deposition

Laser-induced CVD

Physical deposition (collimation, ion-beam
conversion, etc.)

Electrochemical or chemical techniques
(electroless, spin-on, etc.)

CVD reactor design enhancements

Selective deposition of metals and silicides

Diffusion barriers
Film/substrate interactions
Electrical characterization
Film properties

Novel deposition techniques

Process integration
Contact and via fill processing (W, Al, others)
Patterning and etchback techniques
Planarization methods (polishing,

etchback, etc.)
Reliability/performance issues
Process control/manutacturability

Advanced structures and applications

Copper and other low resistivity interconnects

Alternative techniques to W, Al, Cu, and TiN

Cladding of gates, junctions, or interconnects

Silicide issues (thermal stability, junction
leakage, etc.)

Etch barriers

Metalization for nonconventional
microelectronics processes
Micromechanics

Sensors and actuators

Abstracts are due June 17, 1994. Send abstracts (at least 500 words, with additional
figures) to Roc Blumenthal, Motorola, Inc., APRDL, K10, 3501 Ed Bluestein Bivd., Austin, TX
78721. Include author's name, affiliation, mailing address, and phone and fax numbers on abstract.

For an announcement: Call (510) 642-4151, fax (510) 643-8683, e-mail
course@garnet.berkeley.edu, or write to Continuing Education in Engineering, University
Extension, University of California, 2223 Fulton St., Berkeley, CA 94720.
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gold sheets that transmit green light. One
ounce of gold can be beaten so flat and
thin that it covers 300 ft2 (30 m?). No other
metal can be hammered so thin.

Gold leaf has been used since antiquity
to decorate such materials as wood, glass,
bronze, plaster, ceramics, and textiles.
Such a decorative coating is desirable not
only for its beauty, but because it pro-
vides durable protection and retains its
luster.

To make gold leaf, craftsmen poured
melted gold into an ingot, which they
rolled to a thickness of about 0.0015 inch
(or 37.5 pm). This sheet would be cut into
two-inch (5 cm) squares which were
interleaved with sheets of vellum or
parchment, wrapped in a sheepskin, and
hammered on a stone block until the gold
spread out to a thickness of 0.0004 inch
(10 pm). The thin sheets were removed
from the packet with wooden pincers,
placed on a leather pad, and quartered
again.

This process of cutting, interleaving,
and hammering was repeated until the
gold was reduced to the desired thick-
ness. The final sheets of gold leaf were so
delicate they could be positioned by a
slight breath.

Homer mentions the hammering of
gold leaf in The Odyssey, and Pliny the
Elder describes the technique in greater
detail. Modern methods differ very little
from the ancient ones, although it is now
possible to create gold leaf by electrolytic
deposition, cathode sputtering, or vac-
uum vaporization.

Since ancient times gold has been one
of the most readily acceptable forms of
currency. In the 7th century B.C. the kings
of Lydia in Western Asia were confident
enough of their refining ability that they
issued coins guaranteed for purity and
weight. A royal stamp on the coins
assured the trading community of their
value.

Gold also has a great many modern
uses, ranging from dentistry, to ceramics,
to electronics. Later uses of gold will be
the subject of a future Historical Note.

KEVIN J. ANDERSON
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See p. 83 in this issue.
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resenting new releases that will enhance
any materials science library...

forthcoming . . . INTERMETALLIC COMPOUNDS

Volume I: Principles / Volume 2: Practice

Edited by J.H. Westbrook, Brookline Technologies, Ballston Spa, NY, and
R.L. Fleischer, Rensselaer Polytechnic Institute, Troy, NY

Since the appearance of Intermetallic Compounds in 1967, edited by J.H. Westbrook, there have been considerable advances in
our knowledge of this unique family of materials. Consisting of two companion volumes, this timely work will provide state-of-
the-art assessments of theory, experiment and practice covering the activity that has taken place in the past thirty years. Volume
I covers the principles of intermetallic compounds, i.e., the physics and chemistry behind the structures and properties of these
materials. Volume 2 addresses the applications of these unique compounds which behave in a way that can be best described
as halfway between metals and ceramics. The practical uses of intermetallics are diverse, ranging from aerospace to semiconductor
devices and dental amalgams. Each volume is served by an extensive bibliography of more than 7000 references with complete
subject, author and compound indices. The editors have assembled a team of experts from 15 countries giving you the best
information possible.

Volume |, Section Headings: Bonding and Stability e Crystal Structures ® Defect Structures  Formation and Constitution ® Kinetics and
Phase Transformations ® Property of Fundamentals
Volume 2, Section Headings: Structural Applications  Electro-Magnetic Applications ® Chemical and Metallurgical Applications ®
Miscellaneous Applications

May 1994 ® Two-Volume Set ® 0-471-94219-7 ® |,900 pp. (tent.)

Special Pre-Publication Price: $595.00 (available through April 30, 1994)
For additional information on this two-volume set, please contact: Beth Schacht, John Wiley & Sons (212) 850-6678,

PULSED LASER DEPOSITION PLASTICS
OF THIN FILMS Microstructure, Properties, and Applications,
Edited by Douglas B. Chrisey and Graham K. Hubler, Second Edition

Naval Research Laboratory, Washington, DC N.J. Mills, University of Birmingham, England
This book highlights the unique new deposition technique of In the second edition, the presentation has been re-ordered to
pulsed laser deposition, a process which is a breakthrough in support learning on practically oriented materials-engineering
materials processing. Containing 25 chapters organized into 1) courses. Major new sections have been added on materials
fundamental and practical aspects of the technique, and 2) selection and on the three case studies in design. There are
coverage of 12 current application topics, this book gives a global questions for each chapter to test the reader’s understanding. A
and realistic review of pulsed laser deposition, including an over- particular feature of the book is the high level of illustration
view of what is required to set up and begin research, as well as throughout, with many detailed micrographs and photographs.
each author’s view on “future directions; that is, where progress 1993 © 0-470-22132-1 ® 373 pp. ® $49.95
is expected to have the greatest future payoffs. Halsted Press, an imprint of John Wiley & Sons, Inc.

June 1994 © 0-471-59218-8 ® 704 pp. (tent.) ® $84.95 (tent.) -
— HEAT CONDUCTION
INORGANIC MATERIALS Second Edition
Edited by Duncan W. Bruce, University of Sheffield, England, M. Necati Ozisik, North Carolina State University,
and Dermot O’Hare, University of Oxford, England Raleigh
Inorganic Materials covers the area of metal-containing liquid This new edition of the leading text/reference in conduction heat
crystals—a fast-developing area within the much larger field of transfer has been updated to include all important developments
liquid crystals research. Each chapter provides an introduction to that have occurred in the field in the past decade. So as to more
the subject under discussion and then develops the field to offer fully address the needs of professionals and students seeking
the readers state-ofthe-art views including many illustrative solutions to heat conduction problems, it has been expanded to
examples. Written by an international group of researchers, the include more practical applications and “real world” examples than
nine chapters cover such important topics as inorganic super- its predecessor. At the same time, there is a heightened emphasis
conductors, magnetic materials, biogenic inorganic materials, poly- on the use of the mathematical techniques needed to develop
meric compounds, liquid crystals and precutsors for electronic exact, approximate, and numerical solutions for a broad class of
materials. heat conduction problems.
1993 © 0-471-92889-5 ® 450 pp. * $99.00 1993 @ 0-471-53256-8 ® 689 pp. ® $79.95
JOHN WILEY & SONS, INC Examine any title free
605 Third Avenue, New York, NY [0158-0012 Jor 15 days!

To order by phone: (800) 879-4539 ® To order by fax: (201) 302-2300
Prices subject to change and may be slightly higher outside USA.
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