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s the innovator in telecommunications testing systems, Hekimian
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•Test fixture programming
•Algorithm design

A
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enough for your ideas to look good
on paper; they have to be put to the
test. You will work side-by-side with other
professionals who are comm itted to being

the best in their area of specialization, and
follow a project through from inception to
production.
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a comprehensive benefits package and a
superb location in the Washington, D.C.
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The Confidence to Coininunicate
Once upon a time, in a building of
Hokiestone called Williams Hall, an English professor stood before his fledgling
freshman class. He peered through his
glasses and said "whether you are an
engineer, a businessman or whatever,
your ability to communicate will be your
most critical job skill." I was sitting
toward the back of the class, trying to
finish a letter to my girlfriend as he said
this. After all, why should I worry about
job skills? That was four years away.
However, a year later I was in my own
office, acquired with the help of the cooperative education program. An important memo needed to be sent to a shift
foreman. One of his men neglected to
wear a dust mask while working with
asbestos ; since he couldn't see the asbestos dust, he did not think it was a
problem. I quickly wrote a memo and
approached my boss with the document.
"Too wordy, untactful, this has to be
rewritten" - it wasn't quite up to his
standards. After rejecting three versions
and several of his own corrections, he let
me in on his secret: "Find another memo,
similar to the one you want to write and
revise it to fit this situation." This method
was popular with many of the technical
professionals, not because it resulted in
quality communication, but because most
were scared to write.
These professionals don't like to write;
they never fully developed the confidence
and skill to communicate through writing. Consistant format may aid a memo's
effectiveness. However, simply copying
and switching a few words can cause
important details to be neglected and
minor considerations to become major
points.
All engineers should be confident to
express his or her ideas to other engineers

and management. Otherwise, the engineer's work is likely to be overlooked in
the hectic business world.
Confidence is half the battle in another
valuable form of business communication, speaking. Few, if any engineers will
be able to avoid oral presentation of their
work; ask a friend who co-oped or interned a for a summer.
Last summer, I worked on a three
month research project. On the second to
last day of work, the vice president of the
division asked me to give a presentation
of the project. After the jitters were gone,
and I realized that I knew the material,
the presentation went well. That presentation is what my supervisor and the
vice president will remember when they
see my job application.
My engineering education cannot be
given much credit for the success of that
presentation or blame for the failure of
the earlier memo. Such matters are outside the realm of thermodynamics and
mechanics . Some engineering departments believe that these skills will be
acquired as a student completes the degree. Some departments require classes in
public speaking and technical writing. I
wish mine did. These skills will likely
have more direct effects on my success as
an an engineer than my engineering
skills. And I do not trust engineering professors to teach writing any more than I
trust english teachers to teach engineering. With the change to semesters approaching, the school should consider a
communications requirement for all engineering degrees and this requirement
should include public speaking and technical writing.
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Gallium Arsenide: Its Production, Litnitations,
and Applications
2. A resistivity of at least 10,000,000 ohm-cm that will not
degrade
3. A high degree of crystal perfection

Deborah A. Baum

To manufacture GaAs in such a way that it can be used by the
electronics industry, it is necessary to complete three major
processing steps:

Spurred by the need for improved high frequency communications equipment and faster integrated circuits (ICs), research
into gallium arsenide (GaAs) may lead to its widespread application in the electronic devices of the future. Five times faster
at processing bits of data than silicon, GaAs certainly is looked
upon as a "wonder material." However, problems and limitations do exist with GaAs. GaAs is an unstable compound at
higher temperatures, thus limiting its production and potential uses. Furthermore, with capital investment costs so high
for companies interested in manufacturing GaAs, and the fact
that the market is so undefined, the future of GaAs is shaky.
But certainly, GaAs does mark "another" new beginning in the
electronics industry, and all aspects of GaAs certainly should be
studied.

1. Transformation of starting materials to GaAs melt
2. Growth of oriented crystals from the melt
3. Preparation of GaAs wafers

Each step will be discussed separately.
Transformation of Starting Materials: (l)
As stated earlier, the starting materials are elemental gallium and arsenic, each of at least 99.9999 percent purity. The
formation of GaAs, however, from these two compounds is
complicated by the fact that Ga and As have highly different
vapor pressures.
The melting point of GaAs is 1238 C. At this temperature,
the reaction
Ga + As .-.- GaAs
is highly exothermic and violent. Therefore, it must be carried
out slowly and in a controlled environment. Furthermore,
GaAs should be held at approximately one atmosphere. This
pressure can be maintained by conducting the reaction in a
sealed tube. The best technique, although batch and slow, is to
have a large excess of arsenic at this lower temperature (figure

RAW MATERIALS
The raw materials required for most methods of GaAs
production are gallium (Ga), and arsenic (As), at 99.9999
percent purity. Gallium is a byproduct of the aluminum and
zinc industries. Gallium is sold by companies such as Noah
Chemicals, Powell Metals and Chemicals, United Mineral and
Chemicals, and Rhone-Poulenc.
Arsenic can be obtained as a byproduct from the treatment
of copper, lead, cobalt, and gold ores, by the reduction of
arsenic trioxide with charcoal, or by the direct smelting of
arsenopyrite or loellingite. Arsenic is sold by companies such
as Powell Metals and Chemicals Division, and United Mineral
and Chemical Corporation.

1).

The sealed tube is made of quartz; the boats are made of
quartz but preferably lined with pyrolytic graphite to minimize
contamination.
To operate, one boat is charged with gallium, the other with
arsenic. The rube is evacuated, sealed, and heated to the desired
temperature. Then arsenic vapor slowly diffuses to the gallium, thus starting the slow, controlled conversion to GaAs.
With a starting charge of 500 grams, polycrystalline ingots of
25-75 millimeters in diameter can be obtained.

MANUFACTURE OF GaAs
The electronics industry is the largest consumer of GaAs.
The industry has three major requirements: (6)
1. A large supply of reproducible, large surface area
substrates

(~ ,,
t t t t t
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Figure 1. Gallium arsenide synthesis
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Growth of Single Crystals from the Melt: (1,2,3,6)
The material obtained from the GaAs synthesis is polycrystalline. The electronics industry needs a single crystal orientation for its wafers. There are many processes that can be used
for crystal growth. However, the following four growth
parameters must be followed to get good results. (1, 2)

1240-126a°C
~

::l

1. Control of the arsenic vapor pressure-optimum tem-

perature is 617 C
2. Maintenance of the growth cross-section so that growth
occurs with minimum strain
3. Not letting the GaAs wet the container edges
4. Keeping the GaAs interfaces as flat as possible to get
best crystal orientation
The choice of a technique will depend on the cost of the system,
and the amount of imperfections that are allowable.
The technique by which most GaAs crystals are made today
is the Horizontal Bridgman (HB) technique. Here, the polycrystalline GaAs is melted in a long boat (figure 2 ). The
gradient freeze technique is employed: a seed crystal is inserted
in one end of the boat and gradient cooling is applied slowly to
crystallize the material in one direction. The seed is used to
establish the desired orientation. Commercially this step is
combined with the synthesis step because of costs; it is easily
automated and requires minimum supervision. However,
because of contact between the melt and the boat, the HB
technique produces more imperfections than other processes.
Ingots' c 500 grams in a D-shape can be formed; these can be
sliced i1 ') wafers.
A tee \ique that yields a lower dislocation density, but with
a highe ·apital investment cost, is the liquid encapsulated
Czochra. i (LEC) technique. With this technique, a melt, for
example, vf ten kilograms can be contained in a graphite
crucible and kept molten (figure 3). A cap layer of an inert
liquid, such as boron trioxide, covers the melt to prevent the
decomposition of GaAs. A seed crystal is inserted into the melt
until the end of the crystal is molten. Then it is slowly withdrawn and rotated. With LEC, three-inch diameter ingots of
ten kilogram mass can be grown.

Wafer Preparation: (1)
The electronics industry needs wafers of GaAs, not ingots of
GaAs. To make wafers, the ingots are sliced approximately
0.025 inches thick. The wafer is the most common way for the
electronics industry to purchase GaAs. As a point of interest,
each three-inch diameter ingot of ten kilogram mass grown by
the LEC technique provides 2900 square inches of substrate
area.
EXISTING AND POTENTIAL USES
To use GaAs in the semiconductor/ electronics industry, one
must note that when GaAs is heated, either directly or indirectly, it dissociates and gives off GaAs vapor. This fact limits
their use in circuits that may have a temperature above 420 C.
GaAs has been used since the 1960s in microwave devices
and light emitting diodes (LEDs). The cost was high because
no inexpensive way to reproduce the material was known.
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Figure 2. Horizontal Bridgman technique

Now, with the technology getting more improved, more
GaAs is available. Because the electron mobility for GaAs is
five times that of silicon, GaAs has great potential in high rate
switching operations in ICs. Thus GaAs is moving into large
scale integration (LSI) and very large scale integration (VLSI).
Also, because of the great potential of GaAs, the U.S. Government is putting a lot of money into research for use in military
products, lasers, and microwaves. Finally, an up-and-coming
use for GaAs wafers is as photovoltaic (solar) cells.
MARKET FOR GaAs
The situation with the GaAs market is a "technological
catch-22." As soon as the market develops, the price for GaAs
will fall. However, as soon as the price falls, the market will
take shape. One estimate, which appears unrealistic, is that the
market will reach $5.6 billion by 1992. But no one knows for
sure because of the newness of the market. No one wants to
invest money into capital investment when the market is not
well defined.
The problem is that GaAs is, in some markets, in competition with silicon. And since research and development for
GaAs is only two percent of that of silicon, it is doubtful that
GaAs can continue to try to compete. GaAs efforts should be
focused upon areas where it performs unique services such as
in microwaves, low noise GaAs field-effect transistors (FETs),
and opto-electronics.
COSTOFGaAs
To estimate the cost of a GaAs wafer, it is necessary to
evaluate on a per ingot basis and report all costs in 1984
dollars. The cost for labor and energy for the growth, sawing,
and polishing is $2875. Therefore, the total cost is $6875. With
2900 square inches of substrate per ingot, the cost is $2.40 per
square inch. Including a yield factor of 50 percent for growth,
slice preparation, and electronic qualification, the final cost
will thus be $4.80 per square inch. With makeup by the producer, the average commercial price is $6.15 per square inch.
Thus, a typical cost to a consumer for a GaAs wafer of three
inches diameter is $43.50.
As a last note, it should be recognized that the above is only a
rough estimate, and that the price of a GaAs wafer will vary
with the dislocation density, any doping agents added, and the
size.
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CONCLUSION
Gallium arsenide certainly could lead the world into an age
of "new" electronics, because of its potentially useful properties. However, for this to occur, some very large problems
associated with the properties of GaAs and even its market
must be investigated further. Only time will tell what impact
this compound will have on the face of the electronics industry.

(3) Knight,J.R. et al. "The Preparation of High Purity GaAs
by Vapour Phase Epitaxial Growth." Solid State Electronics, vol. 8, 1964, p.178.
(4) McKetta,J., Editor. Encyclopedia of Chemical Technology, Third Edition, vols. 1and11. New York: J. Wiley
and Sons, 1978.
(5) Mendel,J.T. "GaAs -A Technological Catch-22." Microwave Journal, vol. 24, March 1981, pp. 24-32.
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(7) OPD Chemical Buyers' Directory. 1984.
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(8) Post, C.T. "GaAs: Silicon's New Competition." Iron Age,
vol. 225, Nov. 1, 1982, pp. 51-52.
(9) Taylor, D.M., et al. "GaAs Review: Past, Present and
Future." IEE Proceedings, vol. 127, part I, no 5, October
1980, pp. 266-9.
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Figure 3. Czochra/ski technique
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Debbie Baum, from Pennsville, New Jersey, graduated this
past June in Chemical Engineering. She is currently working
for Tennessee Eastman in Kingsport. At Tech she was active
in many student groups including the American Institute of
Chemical Engineers, Tau Beta Pi and the Student Engineers'
Council.

page 5

The Small Scale Production and Recent
Therapeutic Applications of Monoclonal Antibodies

Mark Eiteman

INTRODUCTION
When a foreign cell invades the human body, certain cell
"markers" 6 on the foreign cell surface are recognized as being
different from the recipient's own "markers". These foreign
markers thus serve as antigens against which the human
immune system responds by making antibodies, highly specific
protein molecules that bind tightly to the foreign cell markers.
Because of an antibody's specificity, scientists believed that
they might provide a means to distinguish not only between
foreign cells and human cells but also between different human
cells - such as between normal cells and cancerous cells. Until
recently, however, scientists were unable to prepare and propagate a pure culture of a specific antibody. In 1975 the development of hybridoma technology enabled the preparation of a
continuing pure source of various antibodies from a single
clone. These monoclonal antibodies are researched in great
detail and appear to have many applications for the benefit of
man.

their surface antigen receptor immunoglobulins of the same
antigenic specificity as the secreted antibodies." By binding
avidin covalently with the antigen they were able to attach this
complex to B cells, which in turn made selective fusion of B
cells to biotin-linked myeloma cells possible. They claim fusion
frequencies of 1/100 - 1/10, or "4000 - 5000 times the
frequencies obtained with polyethyleneglycol."
Another method of cell fusion mentioned 14 is using a high
voltage electric field with electrophoresis under microscopic
observation. This procedure has the disadvantages of only
being able to fuse very limited numbers, and still the specific
antibody-producing B-cell is not distinguished from those not
producing the desired antibody.
Figure 1

A)

PRODUCTION
The small scale production of monoclonal antibodies may be
summarized in figure 1. 6 A laboratory mouse (A) is inoculated
with a pure culture of an antigen, such as the cell membranes of
cancer cells, for which antibodies are desired. The foreign
markers on those membranes induce the B lymphocytes, cells
dedicated to the production of antibodies, to produce an antibody specific for that antigen. The B lymphocytes (B) are
isolated from the mouse and then fused with myeloma cells,
malignant bone marrow tumor cells which can be maintained
indefinitely in culture.
Only a few basic procedures for fusing cells exist. Tanguchi
et al2 1 fused cells by removing the spleen from mice innoculated intraperitoneally (within the abdominal cavity), and mixing the spleen cells with myeloma cells using polyethylene
glycol 1540 at a final concentration of 50% . After suspension
in a hypoxanthin-aminopterin-thymidine medium the cells
are plated. Mice are usually inoculated several times at three
week intervals. 19 Three days before fusing, as a rule, the mice
are inoculated with a booster. Ronco et al19 reported collecting
spleen cells and fusing with myeloma cells in a 10: 1 ratio, using
30% polyethyleneglycol. Lo et al1 4 noted that fusion by polyethyleneglycol has poor efficiency and randomness. Their
method of fusing is based on the fact that "B cells express on
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The successfully fused cells (C) are called hybridomas, and
have the advantageous property of indefinite growth in culture. They are then plated onto a selective medium (D) where
some of the hybridoma secrete the desired antibody (E). The
culture must be plated to isolate a single colony, and this clone
may then be put in culture (F) indefinitely as a source of the
specific monoclonal antibody. A similar method of monoclonal
antibody production is to inoculate mice with already formed
hybridoma cells. 2 Such a procedure induces the formation of
ascite tumors containing a high level of monoclonal antibodies.
The process must still go through the inefficient step of fusion.
The procedure of selective plating hybridomas to determine
which colony produces the desired antibody appears to be the
standard method. The inefficiency in the initial preparation
steps is balanced by the fact that once properly prepared,
hybridoma culture can be propagated and form antibody
indefinitely.
APPLICATION
Cancer

The applications of monoclonal antibodies to cancer are
broad. For example, using monoclonal antibodies that adhere
to alpha fetoprotein, doctors are able to use a blood test to
determine if patients have liver cancer.s Liver cancerous cells
produce high levels of this protein, which is normally not
produced in humans afer birth.
In addition to detecting a cancer in its early stages, monoclonal antibodies may help actually cure cancer. One of the most
promising utilizations of monoclonal antibodies is to couple a
toxic antibody to a cancer cell antigen, thus in effect poisoning
the cancer cell celss unscathed. Such antibodies are referred to
as immunotoxins. Recent research at U.C.L.A. has centered
around the Corynebacterium diphtheriae toxin; a single molecule can kill a human cell in one day.6 Scientists found that this
toxin could be cleaved into two segments, the A-chain and the
B-chain. The B-chain accounts solely for the method of attachment to a human cell. In contrast, the A-chain accounts for
the actual poisonous consequences: inactivation of the elongation factor enzyme (EF-2). Neither chain was able to cause
inactivation inside the cell alone, however. By attaching the
A-chain to an antibody against general tumor-associated antigens via a cross-linking agent, scientists were able to prepare a
specialized "killer" antibody which inhibited protein synthesis
in colorectal carcinoma cells. Because the B-chain was removed, the immunotoxin was unable to bind to the surface of
normal cells. However, the toxicity of immunotoxins for target
cells varied greatly, leading scientists to believe a different
mechanism was taking place. Researchers studying the cell
membrane showed that large proteins are carried into the cell
by an invagination process, forming a membrane bound vesicle
containing the engulfed protein. In the case of the diphtheria
toxin, part of the B-chain originally clipped off aided the
toxin's passage across the vesicle membrane into the cytoplasm. By recombinant DNA techniques, again at U.C.L.A., a
molecule with a shortened B-chain was synthesized, enabling
the immunotoxin to leave the vesicle and act inside the cytoplasm. Research conducted by Michael Bernhard of the
National Cancer Institute 6 shows tumor regression but not
tumor eradication through the use of immunotoxins. In
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general, scientists seem reluctant to treat human patients
directly yet, primarily because of the safety factor of using such
highly poisonous compounds.
Dillman and Royston 7 note leukaemias treated with monoclonal antibodies show immediate decrease in circulating
cancer cell number. However, once the monoclonal antibody
leaves the system, the leukaemia count returns to pretreatment levels or higher. Antibodies used in passive therapy,
where cell lysis is a result of activating the host immune
system, shows partial success and only against inducible lymphoid tumors.7 However, fever, nausea, hypotension, vomiting, and even anaphylactic shock are recorded side effects.
They also note IgG antibodies are superior IgM antibodies
when antibody-dependent cell-mediated cytotoxicity is used as
therapy. In such a cytotoxicity, "effector cells" bind to an
antibody which then may attack the target cell, causing lysis.
Radioactive labelling, especially with Iodine, of a monoclonal antibody is an easy method of iocating a specific tumor,
more readily if the tumor is in the lymph system. 7 Once the
antibodies are administered to the patient, the antibody clearly
shows up as congregating around tumors. This appears robe
useful in removing cancer in its early stages. Attempts have
been made to prepare antibodies which initiate attack on the
diseased cells via the host's own already present immune
system. This goal and the genetic engineering ro aid this
preparation have been major areas of research.
Contraception

Recent studies ha,ve indicated that some human infertility
may arise from antibodies recognizing an antigen on the
sperm membrane and inhibiting fertilization of the female
egg. 15•is In addition, if eggs are fertilized with the antibodycovered sperm, they are less likely to attach the uterus. Evidence to support the claim that infertility relates to a immune
problem is that male or female animals immunized with different animal sperm results in their infertility. 1s U mil the
development of monoclonal antibody technology, no spermspecific antibody could be prepared because many sperm antigens are identical to antigens on other human cells. Recent
research has identified 40 clones secreting antibody ro sperm. 1s
One IgG antibody, MA-24, was shown to be sperm-specific,
binding to a intrinsic membrane glycoprotein. The number of
ova fertilized with antibody-sperm cells was 0-15 % compared
with 61-70 % for two controls. 1s Another sperm-specific
antibody reacted with the sperms and also with the seminal
plasma.17 Increased NaCl concentrations was shown tO increase significantly these antibody-sperms penetration into
ova.
A Novel Use

Clevenger and Epstein5 reported the use of monoclonal
antibodies to dissect and measure discrete antigens in the
nucleus that are cell cycle-dependent (eg, interphase, prophase). Deficiencies in early electron microscopy techniques
included insufficient electron density to discern smaller supramolecular organizations from other regions in the nucleus.
The scientists demonstrated the advantages of localizing
nuclear substructures using monoclonal antibodies linked and
fixed to 20-nm collodial gold particles. Under magnifications
of 10,000 to 26,000 gold particles were counted and the staining patterns noted. By determining the density and distribupage 7

tion, they interpreted the role several antigenic substructures
play in mitosis.
DISCUSSION
Most of the difficulties encountered with the use of monoclonal antibodies relate to the complexity of the immune system. For example, it is possible for the host organism to react
to monoclonal antibodies because the proteins were prepared
from mice, and mice proteins may themselves act as antigens.
In addition, the human lymph and circulatory systems are
complex media. Such molecules as altered immunotoxins may
behave differently from what would be expected due to a small
change inside the host. Therefore, monoclonal antibodies must
be looked at with cautious optimism. Certainly we are able to
produce pure cultures which bind to specific surface antigens,
but other cells may have this surface antigen, to the antibody
itself may introduce problems in the immune system. For
example, it may insensitize the host defense system, or it may
simply hinder a condition rather than eradicate it. Using
sperm-specific antibodies as a contraceptive introduces a possible problem of later infertility, and possible hormone imbalance. Such questions have simply not been addressed at this
stage in the research. This is one reason the direct practical
benefits have so far been limited.
However, from a research standpoint, monoclonal antibodies are an irreplaceable tool. They permit accurate pinpointing of target cells, and aid in our understanding of the
immune system. They also have provided a wealth of information about the surface of cell membranes and allowed scientists
to distinguish between otherwise similar cells. At this time,
research applications outweigh the practical applications.
Although the initial steps of production must be meticulous
and are thus time consuming, from the final product a continuing source of antibody is propagated. Thus the major difficulty
in the production is the time required to obtain the desired
product. It is not greatly advantageous to produce on a larger
scale, because the time required is not reduced, and some still
obtains the same purity of culture. Because of the plating
procedure, there is little problem with contamination: one
simply never plates hybridomas that are not useable.
For treatment of cancer (and other diseases that have had
research with monoclonal antibodies - e.g., diabetes) it is
advantageous to stimulate host's own immune system into
attacking the problem rather than relying on foreign agents
such as immunotoxins. Such a procedure decreased the possible negative consequences. As of yet, no outstanding breakthrough for this type of treatment has taken place.
CLOSING REMARKS
The research with monoclonal antibodies is still in its
infancy: development of hybridoma technology began only a
decade ago. Scientists now seem to be primarily cataloging the
different monoclonal antibodies prepared, and learning what
can be done with them, and what the limits are for their
applications. The applications of monoclonal antibodies are
still faced with many initial problems. These problems will
only be solved in time by a more complete understanding of the
immune system. At this point their most useful application
seems to be as a research curiosity, to aid in understanding the
functioning of the human body.
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Design and Construction of a Multiplexed Electrode
for Monitoring Evoked Responses in Cerebral Cortex

George Sabol

Lateral geniculate body
Optic tract

INTRODUCTION
This paper introduces the reader to the human visual processing system, the fabrication techniques used to design a chip
capable of monitoring visually evoked brain signals, and the
theory of operation associated with the chip. In the past, all
improvements concerning visual activity have been related
strictly to the eye. Figure 1 shows that the eye is only the
beginning of the visual system.
The human image processing system can be divided into five
major parts: the eye, the optic nerves, the optic chiasm, the
lateral geniculate bodies, and the visual cortex. These individual parts and their relationships will be discussed briefly in the
following paragraphs.
The eye can be modeled as the receptor of the human visual
process. Images enter the eye through the iris and are focused
on the retinal tissue, which contains the rods and cones of the
eye. On the average, there are 140 rods and 6 cones per optic
nerve. The retina can be divided into two parts, the peripheral
retina and the central retina. Moving from the peripheral
region towards the central region, there are fewer rods and
cones per optic nerve. This has the effect of increasing visual
acuity in the central retina. At the center of the central retina,
the fovea, there is one cone per optic nerve, explaining why
there is high acuity in the central region of the eye and poor
acuity in the peripheral regions.
When an image appears on the retina, the rods and cones are
stimulated and send a signal to the optic nerve. Through the
mechanism of lateral inhibition, this signal is an edgeenhanced version of the visual input and is transmitted to the
optic chiasm. The purpose of the optic chiasm is to rejoin the
left and right halves of vision from each eye. No image processing is performed by the optic chiasm; it merely sorts visual data
for the brain.
Once the two halves of vision have been rejoined, the visual
information is relayed to the visual cortex by the lateral geniculate bodies. The function of the lateral geniculate body is to
produce fusion of vision and dissect the color information in
the visual scene. In the visual recognition system, lateral geniculate bodies can be thought of as an intermediate processing
station.
Final processing and recognition occurs in the visual cortex.
The ability of the visual system to detect the forms of objects,
brightness of the individual parts of objects, and shading is
accomplished in the visual cortex; it is primarily concerned
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Pretectal nuclei

Figure 1. Human Visual System

with the contrast in the visual scenes. It is believed that signals
leaving the lateral geniculate bodies are first relayed to region
17, where primary recognition occurs, and then move on to
regions 18 and 19, where more articulate processing tasks are
performed.
Implanting a chip in area 17 of the brain may provide clues
to the recognition processes. By implanting electrodes in both
areas 17 and 18, cross-correlation of results may lead to a better
understanding of image analysis.
BACKGROUND
To date, visual cortical research can be separated into three
eras. The first era consisted of work done by Hubel and Weisel.
Their data represented intracellular recordings of single cortical neurons, using a long tungsten electrode. This particular
method had three drawbacks. Since the electrode actually
entered the neuron, the collected data represented the injury
potential associated with entering the cortex; a second drawback in their method was that they could only monitor one
neuron at a time. Lastly, since Hubel and Weisel used anesthetized animals, the visual system was not operating normally.
Therefore, the collected data does not represent the nature of
data transformation within the cortex.
DeMott's work represents the second era. In an effort to
improve upon the Hubel and Weisel experiments, DeMott
used a multielectrode array (20 x 20) to record electrical signals
from the cortex without entering a neuron. The electrode array
used in DeMott' s experiments was assembled using 0.006 inch,
Engineers' Forum

insulated stainless steel wire. With the wires packed as closely
as possible, the outside diameter was approximately 0.25 mm.
The assembled wires were embedded in a smoothly filed
thermo-setting plastic so that the electrode array formed a flat
surface that could be placed against the cortex. The major
drawback associated with DeMott' s model is that the twenty by
twenty array required 400 lead wires. It is easy to see that as the
size of the array increases, management of data wires becomes
complex.
A third era can be characterized by the work done at the Air
Force Institute of Technology (AFIT). In order to circumvent
DeMott' s problem, AFIT designed a multiplexed mutielectrode brain array, as shown in figure 2. The array was chosen to
be four by four so that it was large enough to demonstrate the
electrode switching concept. The chip contained an array of
Junction Field Effect Transistors (JFETs) with all the row
leads tied together to form the gate connections for theJFETs.
The leads forming the columns of the array were the drain
connections to the JFETs. The sources of each JFET formed the
individual electrode connections, the JFETsource node residing under the aluminum pad on the silicon chip.
External logic controlled the actual multiplexing of the rows
of the array. During each clock cycle, only one of the four rows
(Rl-R4) can be enabled. Therefore only the JFETs in the
enabled row are biased to the "ON" state. When in the "ON"
state, the drain leads conduct and the associated electrode is
connected to its ouput line (Cl-C4) for storage. The Rl-R4
control voltages are stepped at 1000 gates per second, so that
each output line carries four sampled EEG signals in time
multiples, samples at 250 Hz.
Since the AFIT N x N multielectrode array only requires
(2N + N) lead wires, one wire for each row and column plus a
power and ground wire, it effectively solves the problem of
lead wire management experienced by DeMott. The chip may
be expanded into larger arrays as long as the sampling rate
does not exceed the maximum sampling rate of the chip, which
is 300 Hz.

Figure 2. AFIT Chip Block Diagram
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NEW VPI MULTIELECTRODE ARRAY
Virginia Tech has designed a second generation version of
AFIT's brain chip. Unlike AFIT's multielectrode array, the
new chip will be constructed using MOSFET technology. Additionally, the clock and all the control logic will be internal to
the chip. A/D converters will also be onboard the multielectrode array. The block diagram is shown in figure 3.
The new chip is a four by four multielectrode array. Once the
chip operation is validated it will be a simple task to expand to
larger arrays. NMOS technology was used to fabricate the chip
because Enhancement mode Metal-Oxide-Semiconductor
Field-Effect Transistors (MOSFETs) are simple to fabricate,
thus insuring that all transistors are closely matched. This
bypasses one major problem that the AFIT chip encountered.
Because the characteristic curves associated with the AFIT'S
JFETs varied as much as an order of magnitude, the data was
unreliable.
The theory of multiplexing and overall operation of the
proposed chip is modeled after that of AFIT's multielectrode
array. A major difference is that all the control logic will be
fabricated internally on the chip, as opposed to externallty in
the AFIT design. The advantage is that the overall size of the
system will be reduced, making it easier to implant.
Another improvement on the brain chip will be the addition
of internal successive-approximation A/D converters. Each
column lead output will be connected to a 4 bit successiveapproximation A/D converter which will be clocked from an
internal clock. The advantage of using A/D converters is
two-fold. First, since the analog bioelectric signal will be digitized very close to its origin, the signal will be very clean and
crisp. Secondly, a digital signal is much easier to couple with
memory devices. Conceivably, it will be possible to provide a
signal to designate the end of the comparison process in the
A/D converter and latch the digital signals into memory units.
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This paper introduces the reader to the history of neurocortical research and the design for a second generation implantable multielectrode array for studying the visual system. Hopefully, the data obtained from the new chip will provide a better
understanding of the human visual system.
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The circuit described in this paper is designed using standard NMOS fabrication standards and consists of high-performance, low-noise A/D converters which digitize the neuron signals, outputting computer-compatible data. The control
circuitry drives the electrode banks as well as the A/D converters. The essential sub-systems present on the chip are the
A/D converter, the pass transistor electrode array and the
control circuitry for the converter and the array. The electrodes
themselves are aluminum plates.
The circuit used on the chip consists of a 4-by-4 array of
identical metal electrodes, each being 160 x 80 microns, and
each connected to the drain of individual, identical pass transistors. The schematic diagram of the electrodes is shown in
figure 4. Control is provided such that, at a particular instant of
time, only one row of 4 pass transistors are enable.
The voltage level of the signal capture by an electrode is on
the order of millivolts. The pass transistor connected to the
electrode must be able to provide a resolution of that order.
SPICE I simulation ensured that the pass transistor functioned
in that voltage range. Moreover, since brain signals have a
frequency rarely over 200 Hz, the frequency design criteria of
the pass transistor is not critical and the maximum number of
pass transistors activated by a single driver is only four.

George Sabol, from Flemington, New Jersey, graduated in
Electrical Engineering this past spring. While at Tech, he was
active in Kappa Sigma fraternity.
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An Examination of Possible Heavy Metal
Contamination in the Virginia Tech Duck Pond
Alica ]. Read

INTRODUCTION

RECOMMENDATIONS

In the past several years, the Virginia Tech Duck pond has
become increasingly polluted and unsightly. This study has
been performed in an effort to determine if heavy metal
contamination is a major contributor to the pollution problem.
If the levels of these contaminants are found in quantities that
are hazardous to public health, recommendations will be made
concerning possible solutions.
In order to determine the quantities of heavy metals entering the Duck Pond, samples were taken from the two branches
of Strouble's Creek that feed the pond. Additional samples
were taken from the Duck Pond and its outlet stream. The
twelve samples were tested in the Environmental Engineering
Lab. Marilyn Grender, an analytical chemist, used the Atomic
Absorption Spectrophotometer to determine the quantities of
zinc, copper, cadmium, nickel, chromium, and lead present.
My results, conclusions, and recommendations are presented in the following report.

The amount of heavy metals present in the Duck Pond is
insufficient to warrant any action at this time. I would note,
however, that the Duck Pond seems to have a large number of
problems that ex(end beyond the scope of this study. When
possible solutions to these larger problems are examined in the
future, their impact on the quantity of heavy metal contamination must be evaluated.

SUMMARY
The purpose of this study was to determine the possible
amounts and sources of heavy metal contamination in the
Virginia Tech Duck Pond. Recommendations were to be made
if the levels of these contaminants were found to be higher
than the accepted safe standards.
Six water samples were taken in and around the Duck Pond
and the town of Blacksburg. This was done in order to establish
inflow, outflow, and retainage of these contaminants and possible sources. Samples were taken during dry and wet weather.
The Atomic Absorption Spectrophotometer was used to test
for heavy metals. Zinc, chromium, and cadmium are the only
heavy metals found in detectable quantities. During both wet
and dry weather flows, the levels of these metals seem to
remain at or below the maximum safe standards set by the
National Technical Advisory Committee. Since the results of
this study indicate that no major problems exist due to heavy
metal contamination of the Duck Pond, the final recommendation is that nothing should be done at this time.

SAMPLING
Sample locations
Samples were taken at six different locations in and around
the Duck Pond (figure 1). In an effort to identify possible
sources of pollution, three of the samples were taken from the
east branch of Strouble's Creek. Sample SC#l was taken at the
corner of Church and Washington Streets. Just below the
police station, at the intersection of Draper's Road and
Washington Street, a second sample, SC#2, was taken. These
two samples are from different tributaries of Strouble's Creek
and they merge about one hundred yards downstream of the
second site.
Strouble's Creek goes underground before it reaches the
Virginia Tech campus, passing under the Drill Field and collecting campus storm drainage. It emerges on Greenhouse
Road just below Davidson Hall. The third East Strouble's
Creek sample, SC#3, was taken at that location.

CONCLUSIONS
1. The heavy metals zinc, chromium, and cadmium are
present in detectable quantities, but these amounts do not
exceed standards established by the National Technical Advisory Committee.
2. Lead, copper, and nickel are not present in measurable
quantities. Additional research would be needed in order to
determine possible effects of these undetectable amounts.
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Figure 1. Detectable results of heavy metal tests, given in
mg/L. (D=dry weather, W=wet weather).
The west branch of Strouble's Creek also empties into the
Duck Pond. This branch drains the west side of campus and
part of the town of Blacksburg by an underground pipe. The
pipe resurfaces on Greenhouse Road below Derring Hall. The
sample, sew, was taken at the point where the pipe emerges.
The Duck Pond itself was also sampled. A location midway
down the side of the larger pond was used. The final sample
was made in the stream that outlets the pond. This was done in
order to study the pollutants that were draining from the pond.
Weather Conditions
Water samples were collected during dry weather conditions
in order to observe the base flow levels of heavy metals.
Sampling occurred four days after the end of a storm. Samples
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were also taken several hours atter a storm, at the same
locations. These were examined to determine the amounts of
heavy metals that were flushed from the watershed.
Sampling Procedures and Equipment
One sample was taken at each location duriqg both wet and
dry flows. Plastic bottles were used to hold the water for the
heavy metal test. Each bottle was almost completely filled and
then acidified with 2 ml of nitric acid (1:1 HNO). Heavy
metals in the water were held in solution because of the
resulting low pH. Equipment consisted of one plastic bottle for
each sample, examining gloves, a plastic syringe, and a bottle
of nitric acid.
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TESTING FOR HEAVY METALS IN SOLUTION
Background
A pollutant can be described as
"too much of any given contaminant such that it
renders the receiving water un-usable in its existing state for its desired best usage." [l]
In this study, samples were taken and tested in order to see if
heavy metals in solution were present in the Duck Pond in
quantities large enough to be considered pollutants. Each sample was tested for the presence of chromium, zinc, cadmium,
copper, nickel, and lead. Tests were conducted for these metals
because they are most often found in urban areas.
Description of Test
The Atomic Absorption Spectrophotometer was used to
perform the test. With this instrument, the water in the
sample is aspirated and the remaining metals are burned. The
emitted gases are analyzed by their respective wavelengths.
The type of wavelength and its intensity will vary with the
element and the quantity of the element present. The method
produces excellent results because of the instrument sensitivity. [2]
Description of the Elements
Most of the heavy elements sought in the Duck Pond and its
feeder streams are a result of urbanization. Significant health
problems for human and animal populations can result if the
quantities of these metals are large. One example of this is
chromium. Automobile chrome is the major urban source and,
in gaseous form, it is known to be carcinogenic. [3] There has
been no conclusive evidence of possible carcinogenic effects of
aqueous chromium, but the element has been shown to be toxic
when given to laboratory animals on a regular basis. [4]
Lead, from leaded gasolines, radiators, and other sources, is a
cumulative poison which apparently interferes with the brain
function. [5] Heart disease and respiratory problems have
been linked with high levels of cadmium. [6] Zinc stearate,
used in the manufacture of tires, is a major source of zinc. Zinc
and copper are both micronutrients that, in small amount,
encourage the growth of algal blooms. Copper is not usually
found in quantities harmful to humans, but evan small
amounts may be fatal to aquatic life if the water is soft and the
alkalinity is low. [7]
Because of the use of stainless steel and other nickelcontaining alloys in water systems, nickel is often found in
industrial and urban waste water. It is rarely found in natural
waters. [8] Nickel is not considered to be toxic to man, but
aquatic plants and several species of aquatic animals are adversely affected by its presence. [9]
Performance of the Test
By immediately acidifying the samples with nitric acid,
metals in solution in the sample remained in solution instead
of precipitating out. This made it possible to wait until all of
the samples had been collected before conducting the tests.
Engineers' Forum

Mrs. Marilyn Grender, an analytical chemist, performed the
tests in the Environmental Engineering Lab and provided a
listing of the results. See Appendix A.
Analysis of the Results
Only zinc, chromium, and cadmium were found in detectable
quantities. Figure 1 gives the quantities of these metals with
respect to the sample locations.
During base flow conditions, the amount of zinc flowing
into the Duck Pond was equal to the amount that was retained
plus the amount flowing out. This was not true during wet
weather conditions. After the storm, zinc apparently precipitated out of solution. This would account for the difference
between the inflow rate and the retainage and outflow rates.
For both wet and dry flow periods, the amount found in the
SC#2 sample was greater than that found in the SC#3 sample.
Further research would be necessary to determine the reason.
Both chromium and cadmium were found in slightly larger
quantities in base flow than in storm flow. Additional research
would be required in this area also.
WATER QUALITY STANDARDS VS RESULTS
For this study, I used the criteria for the heavy metal content
of water that were established by the report "Raw Water
Quality For Public Supplies" [10] for comparison purposes.
See Table 1. These criteria were set in 1968 by the National
Technical Advisory Committee in their report to the Secretary
of the Interior. Levels of cadmium, copper, and zinc in the
Duck Pond, its feeder streams, and its outlet were well below
the maximum acceptable levels established in the table. The
detection limit for lead is above the maximum safe level of the
element. It was, therefore, not possible to determine if the lead
content of the water was acceptable. Chromium levels were
equal to or less than the maximum level for most cases. The
stream that outlets the Duck Pond contained slightly more
than acceptable during dry weather, but less than the acceptable maximum during storm flow conditions. The relative
APPENDIX A. Results of Heavy Metal Tests. (D=dry
weather, W=wet weather).
Sample

Cr

Zn

Cu

DSC#l
DSC#2
DSC#3
DSCW
DDP
DDO
WSC#l
WSC#2
WSC#3

0.007
0.016
0.014
0.021
0.011
0.024
0.010
0.077
0.048
0.028
0.008
0.010

<0.02

WDP
WDO

<0.05
0.05
<0.05
0.05
<0.05
0.06
<0.05
<0.05
<0.05
0.05
<0.05
<0.05

Det'n
limit

0.05

0.005

0.02

wscw

Cd

Ni

Pb
mg/L

0.006 <0.04
<0.005
0.007
<0.005
0.005
0.005
<0.005

<O.l

0.04

0.1

0.005
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importance of the high dry flow level of chromium is
unknown. Additional tests would be required to deter~ine if it
was a regular event or just an unusual fluctuation. The maximum safe level of nickel is not given in the table because nickel
is not considered to be harmful to man. Since any nickel in the
water was present in less than detectable quantities, it was not
possible to estimate the effect of the nickel on some of the
more sensitive aquatic organisms.
Surface Water Criteria
Substance
Permissive Criteria Desirable Criteria
Inorganic chemicals
(mg/L)
Absent
Cadmium
0.01
Chromium
(hexavalent)
Absent
0.05
Virtually Absent
1.0
Copper
Absent
Lead
0.05
Virtually Absent
Zinc
5

[6] Ibid.
[7] U.S. EPA, "Quality Criteria," pp. 54-55.
[8] American Society for Testing and Materials, Manual on
Water, 3rd ed. (Philadelphia: American Society for Testing
and Materials, 1969), p. 194.
[9] U.S. EPA, "Quality Criteria," pp. 105-106.
[10] Clark, "Water Supply," p. 261.
[11] Ibid., p. 246.

*edited
Source: "Raw Water Quality For Public Supplies," National
Technical Advisory Committee (a report to the U.S. Secretary
of the Interior, issued by the Federal Pollution Control Administration, April 1, 1968).
Table 1. Raw Surface Water Criteria for the tested substances.* [11]
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Alica Read, from Fairfax, Virginia, graduated this past spring
in Civil Engineering. She has been involved with the Society of
Women Engineers, the American Society of Civil
Engineers and the Baptist Student Union. Currently, she is
working for the Soil Conservation Service in Philippi, West
Virginia.

Predicting the Future
The Fourth Annual Honeywell Futurist Awards Competition officially began on October 1, 1985. Taking a look at
futurist predictions from the Buck Rogers era forty years ago,
the contest invites students to write about the future as they
envision now. They are asked to predict the most significant
developments in two of six technological areas and to indicate
how these changes will influence our society forty years from
now.
Ten winners will selected from among all the entries, by a
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panel of judges next January. Each of these winners receives
$2000, an all-expense-paid trip to the Honeywell Futurist
Awards Banquet in February, and a 1986 summer job offer
from Honeywell, Inc. One of these ten winners will also be
awarded a $10,000 total grand prize at the banquet.
Entry forms and official contest rules may be found on any of
the Contest posters found around campus. Here's your chance
to daydream and have it pay off!
DEADLINE: DECEMBER 31, 1985
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CIA ...

Many organizations
promise career opportunities on the cutting
edge of technology
... where you can
work with state-of-the art equipment on pro jects that will challenge
your intellectual curiosity. But the CIA can
offer more : the opportunity to play an important role in the creation
of the state of the art . . . to set the pace
for technological innovation.

·for stateof-the-art
technology

It is our role to lead the industry ir. creating technology to solve the pressing
problems our nation faces. And, if you
have the dedication to excellence and
technical talent we seek, you can be a
vital part of our technological
achievements.
We have positions available for the fol lowing individuals:

ENGINEERS
Logistics
Mechanical
Civil
Computer
Computer Systems
Electrical
Electro-Optical

Communications
Marine
Aerodynamics
Applications
Electronics
Optical

Satellite Communication
Computer Systems

SCIENTISTS
Optics
Photogrammetry
Mathematics
Applied Physics
Imagery

These positions require
Bachelor's, Master's, or
PhD degrees and U.S.
citizenship (both self and dependents).
You also must be able to meet our
physical and security requirements.

The Central Intelligence Agency offers
excellent advancement potential , educational assistance, and a truly professional
environment to individuals who want to
be involved in projects that reach far into
the future. You will enjoy living and working in the Washington, IJ.C. area, with all
the cultural, athletic, and historic attractions that Washington offers. Plus you will
be working in an area of the country that
is at the forefront of the high technology
industry.
If you would like to be considered for one
of these exceptional career opportunities,
send your resume to:
Washington Area
Recruitment Activity Center
Department S (N28)
P.O. Box 12406
Arlington , VA 22209-8406

PROGRAMMER/
ANALYSTS
Information Science
Data Communication

Central Intelligence Agency
The CIA is an Equal Opportunity Employer

See Your Future
Through the Eyes
of a Robot
Lisa Dickson does! She's helping
GE create tomorrow's robot systems. With "smart" robots that can
actually see, touch, and sense heat
or cold. ''Adaptive" robots that can
measure how well they're doing a
job, or reprogram themselves in
moments to take on new
assignments.

Sound like sci ti? It's as close as
your first career move. Because at
GE, we're already using robots like
these, for jobs that require decision
as much as precision.
When GE adds vision capability to
lasers and off line programming,
robotics takes a giant leap forward.
Just on the horizon are GE sightequipped robots that guide
themselves through intricate laser
welding. What next? Tactile sensor
pads to enhance GE robots with
super-human dexterity And
computer brains for "troubleshooting " robots whose thought
processes come close to human
intuition!
General Electric is an equal opportunity employer.

If you 're fascinated by robotics, the
new frontier is happening at GE.
We not only design, build and sell
robotic systems - we're using them
in bold, new ways. Robots are an
integral part of GE manufacturing
proceSSf3S, for everything from
lightbulbs to locomotives.
So consider your future through
the eyes of today's most exciting
technQlogies. If you 're that rare
individual whose excellence is
driven by the power of imagination,
you 'll find room with a view at GE

•
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If you can dream it
you can do it
A registered trademark of General Electric Company.

