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U p d a t e

SciTECH Briefs
Microchips, Macro Resources 
When it comes to massive consumption
of resources in the name of product manu-
facturing, cars and large appliances come
to mind. But according to Eric Williams of
the United Nations University in Tokyo and
his colleagues, the impact of making
microchips is more than meets the eye.

Williams’ team used information from
a variety of public and private sources to
calculate the amounts of materials and
energy that go into producing a typical
2-g 32 MB DRAM chip and the energy con-
sumed by use over its lifetime (Environ.
Sci. Technol. 2002, 36, 5504–5510).

Each kilogram of input silicon requires
280 kg of ultrapure semiconductor-grade
chemicals to produce the final product.
Almost 19 g of raw silicon go into produc-
ing 2 g of defect-free single-crystal sili-
con wafer. A typical fabrication plant
uses 32 kg of water and 700 g of ultra-
pure elemental gases to process the sili-
con input for each 2-g chip.

Cleanrooms, furnaces, air condition-
ers, and ventilators use electricity to the
tune of 1.5 kWh/cm2 of input silicon. (One
cm2 of input silicon produces 0.16 g of
wafer material, or approximately 20 MB
of DRAM capacity.) Direct use of fossil fuels
adds 1 MJ/cm2 of input silicon to the
balance sheet. Nearly 25% of this energy
is used in the silicon purification process.
Chemical production in general adds anoth-

er 1.4 MJ/cm2. Assembling the actual chip
package consumes only 0.17 MJ/chip.

Not all of a processed wafer ends up
as a functioning microchip. Depending
on the complexity of the product and the
maturity of the technology used to produce
it, overall yield can vary between 16 and
94%. The authors estimate that an aver-
age of 75% of a 200-mm silicon wafer will
make it all the way through the process. 

After an average 32 MB DRAM chip
leaves the factory, it will work 3 h/day,
365 days/year in a home computer, using
1.4 kWh energy over its 4-year career.

The final tally: Our 2-g microchip has
used 1600 g of secondary fossil fuels and
72 g of chemicals on the journey from raw
materials to recycling yard. Transforming
high-entropy bulk chemicals to highly
ordered microchips requires 630 g of second-
ary materials to produce 1 g of final prod-
uct. Compare this with automobiles, where
the ratio of fossil fuels used in production
to the weight of final product is closer to

2:1, and that SUV in the driveway starts
to look positively ecofriendly. 

—Nancy K. McGuire ◆

How Combichem Is Felt
Carbon felt is a highly porous, clothlike
material made of woven carbon fibers and
used for a variety of industrial purposes,
including insulation. By chemically modi-
fying the surface of the fibers that comprise
these felts, a possible support for combi-
natorial chemistry can be produced that
has advantages over many standard resins
in surface area, strength, and solvent insen-
sitivity. In a recent paper (J. Org. Chem.
2002, 67, 8513–8518), researchers Estelle
Coulon and Jean Pinson of the University
of Paris created carbon felt analogues that
can be used as supports for chemical
reactions. Most notably, the conductivity
of the felts can facilitate electrochemical
cleavage of the synthesized material.

Coulon and Pinson created the carbon
felt analogues in the form of disks using
electrochemical reduction. After comple-
tion of the electrochemical attachment,
the disks were rinsed ultrasonically in sever-
al solvents, dried, and characterized.

The researchers then used these felts
to perform a variety of nucleophilic substi-
tution reactions typical to combinatorial
chemistry synthesis. They first substitut-
ed the benzylic halides with an aromatic
thiolate containing a terminal reactive
group (F, Cl, Br, CF3, or NO2). When the
reactive group was Cl or Br a Suzuki reac-
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F. Albert Cotton and colleagues at Texas
A&M University reported a class of
compounds containing metal–metal bonds
that have among the lowest ionization
energies that have been observed and, in
particular, a tungsten–tungsten mole-
cule that is more readily ionizable than
any other atom or molecule in known exis-
tence (Science 2002, 298, 1971–1974).
. . . Researchers at Götenborg Univer-
sity (Sweden) developed an automated

procedure for the simultaneous analysis
of large sets of heteronuclear correla-
tion spectra in NMR-based drug discov-
ery (J. Med. Chem. 2002, 45, 5649–5654).
. . . George Whitesides’ Harvard
(Cambridge, MA) laboratory recently
described a new method for fabricating
three-dimensional microfluidic channels
in poly(dimethylsiloxane) into complex
geometries such as knots, braids,
“basketweaves”, and spirals, which can
be generated over large areas (J. Am.
Chem. Soc. 2003, 125, 554–559). . . .
Chemists at the University of Michi-

gan (Ann Arbor) developed an optical
device for rapid detection of amine vapors
that might have use in environmental
and industrial monitoring as well as food
product quality control (Anal. Chem.
2003, 75, 332–340). . . . Researchers at
the University of Melbourne (Victoria,
Australia) described a novel one-step
sonochemical method producing nano-
sized polymer latex particles doped
with fluorescent and phosphorescent
materials that may have important appli-
cations as molecular probes (J. Am. Chem.
Soc. 2003, 125, 525–529). ◆
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tion could be performed, which forms
C–C bonds via palladium catalysis and is
often used to link ring structures. Subse-
quently, electrochemical cleavage was
performed and the final product, biphenyl
thiol, was released from the felt, avail-
able for further use and analysis.

The authors believe that electrochemi-
cal cleavage from carbon felts should be
applicable to a range of other chemical bond
types. Cleavage of products from solid
supports can be a major combichem stum-
bling block, so this could open up some
important opportunities. Furthermore, the
two scientists believe that carbon felts could

be useful in implementing electrochemical
steps into solid-phase synthetic pathways
(not just for cleavage), expanding the possi-
ble chemistry in this milieu. The biggest
challenge that they noted was the greater
need for control of the electronic potential
that affects the whole inside volume of
the highly porous carbon felts.

—Mark S. Lesney ◆

Strong, Flexible, and Pure
Attaining both strength and flexibility in
pure metals has seemed an impossible task.
Past attempts to strengthen a pure metal
have resulted in a material that is much
more likely to fracture when stretched.
However, Yinmin Wang and colleagues from
Johns Hopkins University in Baltimore

recently developed a successful plan for
creating a strong and flexible version of pure
copper by combining old-fashioned metal-
working techniques with modern nanotech-
nology (Nature 2002, 419, 912–915).

To achieve their goal, the researchers
started with a 1-in. cube of pure commer-
cial copper and dipped it into liquid
nitrogen for 3–5 min. After removing it,
the researchers rolled the copper flat, cool-
ing the sample between rolling passes, to
a final thickness of about 1 mm. This affect-
ed the metal’s microscopic crystals. The
severe rolling deformation created a high
density of dislocations, meaning atomic

planes had been moved out of
their proper position within the
crystal lattice. The cold temper-
atures kept these defects from
quickly moving back into their
original alignment.

Next, the copper was baked
for 3 min at 200 °C. “As they
heated up, the dislocations began
to disappear in a process called
recrystallization,“ Wang ex-
plained. “New, ultrafine crystal
grains formed that were almost
dislocation-free. The higher the
stored dislocation’s density after
rolling, the finer the grains
recrystallized during heating. In
our copper, these new grains
were only a couple of hundred
nanometers in size, several
hundred times smaller than the
original crystals, making the
copper much stronger than it
was in its original form.”

By carefully controlling the
temperature and timing when
they heated the metal, howev-

er, the Johns Hopkins engineers allowed
about 20–25% of the copper’s crystals to
grow to a larger size in a process of abnor-
mal, or nonuniform, grain growth. Accord-
ing to the researchers, this final mix of
ultrafine grains and larger ones is what
gave the new copper its coexisting high
strength and ductility.

Strong and flexible pure metals creat-
ed by this process could have applica-
tions in microelectromechanical systems,
for which suitable alloys might be both
more difficult to produce and more prone
to corrosion, and in biomedical devices,
in which a pure metal might be prefer-
able to alloys that could expose the body
to toxic metallic or nonmetallic elements.

—Christen L. Brownlee ◆
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