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ost people might not
- have noficed, but a guiet

revolution is taking place
all arcund us. That revolution is in
the area of sensor technology, and
the result is a whole new brigade of
advanced, highly-integrated smart
sensors. And while that revolution
might be “quiet,” progress In this
area Is nothing short of astounding,
with sensor technoiogies develop-
ing at such a rapid rate that new
advances are taking place almost
daity. '

Sensors, Technology, and Us. The
latest and most dramatic advances
have been focused around the new
micromachined thin-fiim sensors.
Those include light sensors, pressure
sensors, accelerometers, filt sensors,
resistance femperature detectors
(RT1Ds), anemometers, and a host of
gas and chemical sensor amays.
Just how will these developmenis
affect our professional and personal
livas? Wel, industial process and
control systemns are diready benefit-

ing from smart-sensor technology.
Advanced micro sensors have also
moved info the medical field, pro-
ducing many new diagnostic sen-
sors ranging from silicon micro-
probes that can interface with a
patient’s nervous system to portable
blocd-chemistry analysis systems.
The technology is making it possible
to place complete systems on a sin-
gle chip, and fo place complete
chemical laboratories in the palm of
your hand.

Automobiles will alse benefit
from the new smart-sensor on-
slaught. Presently, there are about
20 sensors used in the average new
car, and the number is growing.
Many of the new micromachined
automotive sensors will provide
additional convenience and safety
features based on new smarf-sen-
sor technology. Those could include
failed-brake sensors, wheel-speed
sensors, fire-pressure sensors. rate
gyros for anti-skid braking, oil-
degradation sensors, and new

- emission sensors.

The above just scraiches the sur-

face of what is now or soon will be

possible. Let's look at some of the
details.

Micromachining. Much of this new
sensor revolution s based on the
advantages of micromachining
and thinfitm-deposition techniques
found in the semiconductor industry.
Until recently, much of the work has
centered on the bufk micromachin-
ing process. That technology in-
volves using chernicals to machine
pits or holes and structures into bulk
sificon at the wafer level. Buik
micromachining has been well
suited for pressure sensors and
accelerometers,

However, a newer, and very
promising technology used in
advanced sensor manufaciuring is
the surface-micromachining: pro-
cess. Surface micromachining in-
volves depositing layers onto a sub-
strate of siicon and seleciivity eteh-
ing fhose deposited layers to form
structures. Surface micromachining




Fig. 1. The new Burr-Brown OPT 2021211 series
optical detectors incorporate a large surface
Pphotodiode, an op-amp with an internal feedback
resistor, and a compensation capacitor.
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Fig. 2. The TSL-230, from Texas Instruments, can convert light intensity to a digital-compatible
pulse train, providing a simple, low-cost means of getting light-

as small gs 1-2 micrometers.
Surface micromachining takes
far less siicon real astate than the
bulk micromachining process; the
geomeftries are smaller because
the efching folerances are much
fighter, and you oniy have etch one
side of the wafer as opposed to
two sides in the bulk-micromachin-
ing process. The surface-microma-
chining process can reduce the
size on the order of 11,5 and reduce
the surface area on the order of
00 @8 compared to bulk machin-
ing. Another great advantage to

system. A block diagram of that device is shown here.

Fig. 3. In this capacitive acceleration sensor, the
cenler layer forms a seismic mass that is sus-
pended by two cantilever beams and located
symmetrically between two plates, which act as
electrodes. As the mass moves under accelera-
tion, it changes the position between the plates
and therefore causes a change in capacitance.

creates smalier, more intricate, and
more precisely patterned structures
since it takes advantage of pho-
folithegraphy used in making small
ICs. Using that technology, it is possi-
ble fo form tiny beams, masses, and
other small structures with features

surface micromachining is that the
electronic signal conditioning and
the sensor can be combined on
the same die or substrate; that is an
important factor in keeping signat
Infegrity and reducing nolse.
Surface micromachining prormises
to reduce costs, size, and heat gen-
erafion and incregse endurance
and reliability.

Several major manufacturers,
including Motorola, have been
actively developing surface micro-
machined sensors, Cne area In
which they have dready gained a
market presence is in consumer
motion detectors, With the advan-
fages it offers, and as other high-vol-
ume applications become prach-
cal, it is likely that surface microma-
chining will largely replace the bulk-
machining process.

Optical Sensors. A number of new
integrated thin-film sensors and
arrays have already hit the market-
place. The new Burr-Brown OPT

intensity information into a digital

202/211 series optical detectors
incorporate a large surface photo-
diode. an op-amp with an infernal
feedback resistor, and @ compen-
sation capacitor all buitt inté an 8-
pin mini-dip package (see Fig. 1.
The IC converts the photodiode’s
current output into a voltage while
preserving a high acecuracy since
the detector is placed in cilose
proximity to the op-amp electron-
ics. Generdlly, the size of a photodi-
ode and fhe speed of an amplifier
determine the speed of an optical
system. With a large photodiode
and an infegrated ampilifier close
by. good speed and accuracy dare
possible. Optical filters can be
placed ahead of the detector to
create any desired passband.
Amaong other things, the OPT 202
can be used to create a low-cost
Infegrated photometer that can
operate from a single 9-volt battery,

A new high-accuracy, wide-
dynamic-range light-to-frequency
converter chip from Texas Instru-
ments, the TSL-230, can convert light
intensity fo a digital-compatible
pulse frain, providing a simple, low-
cost means of getting light-intensity
information into a digital system. The
highly integrated chip, a block dia-
gram of which Is shown.in Fig. 2, con-
sists of @ 100-unit, multiplexed, pho-
todiode array. The current output of
the array is passed 1o a diode-isola-
fion circuit that buffers the oufput
and keeps the photodiode array’s
bias near zero. Next, the signal s
passed to a curent-to-frequency
converter. The TSL-230 eliminates the
need for an A/D converter, since the
direct conversion to frequency is
done right on the chip. The T5L-230
has two sets of digitally-programma-
ble inputs to control sensitivity and
scaling of the output. The 8-pin, 5-
volt mini-dip is directly compatible
with any microconirolier or comput-
er. The applications for the light to
frequency converter are enormous
and Include such things os warter
furbulence sensing. chemical analy-
sis, and process control, Chemical
diagnostic applications range from
smoke and gas defection o body-
chemistry analysis. The new TSL-230
has aiready been put in widespread
use by General Electric o measure
water clarity in its new Profile series
dishwashers,

MO} SIU0N28E] 'gRG 1 Amenter

+a
=y

T




_7

‘kiectronics Now, January 1998

-
N

SIGNAL CONDITIONER

Vi
_ELEMENT
u

SENSOR

QUTRUT

Fig. 4. The capacitive accelerometer's integrated signal-conditioning electronics output an analog

signal that is proportional to the acceleration.
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Fig

. 5. In the new advanced hot-film anemometer sensor, a small platinum RTD is thermally isolat-

ed at the center of a thin membrane to keep it from affecting a larger RTD on the silicon frame.

Recent advances in chemical/
optical micromachining have
made it possible to fabricate optical
components out of silicon 1o creafe
an optical “bench’ on a chip. Micro
lenses, fresnel lenses, tunable fiters,
beam splitters, photodetectors.
lasers, and LEDs can afl be fabricat-
ed ond combined fogether on a

chip as needed for a parficuiar
application. Micro lenses have been
built down o one-third of a milime-
ter or 0.013 inches across. Applica-
tions for the” micto-optical "banch”
include holography and inferferom-
efry. The “micro-bench” is exiremely
strong and rigid for is size. and
because it does not have the mass

Fig. 6. Just as with its traditional counterparts,
the micromachined gas sensor works by measur-
ing changes in conductivity in a sificon-dioxide
layer caused by the presence of a chemical gas.

of large optical mounfs and fables,
viorations dampen out guickly.

Pressure Sensors. Motorola, a
leader in semiconductor technolo-
gy. has created the MPX-2000 series
of pressure sensors, which use a
piezo-resistive sirain-gauge ion im-
ptanted on @ thin silicen diaphragm.
The highly integrated MPX-2000 also
contains electonic signal condition-
ing and aufo-calibration, all on the
same chip. Excitation current is
passed longitudinally through the
piezo resistor. The pressure that stress-
es the diaphragm is applied ot a
fight angle to the current flow. That
stress establishes an electric field in
the piezo-resisior that is sensed as
an output voltage. Since the strain
gauge is an internal part of the sili-
con digphragm. there are no
adverse femperature effects due fo
differences in thermal expansion,
a commaon problem among older
pressure sensors, These pressure sen-
sors are available in three fypes:
gouge, absolute, and differential.

Accelerometers. Silicon micro-
machining has also permitfed the
development of various types of
piezoelectric and capacitive ac-
celerometers whose performance
closely matches that of more ex-
pensive servo accelerometers.
Micromachined capacitive ac-
celerometers are readily avdilable
to measure stafic phenomena, and
are idedlly suited to sensing the
slow-motion movement created
by building fiex and bridge move-
ments; their DC characieristic
makes them highly effective incli-
nometers as well,
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Fig. 7. A technology pioneered by Uni versity of Michigan researchers allows the creation of very
thin, precise films in a small area. The highly selective deposition process allows for a wide variety

of different sensitive films to be easily incorporated in a single device or in a cluster of sensors.,

SUBSTRATE

Fig. 8. This back-cell micro-electrochemical gas
sensor consists of a substrate material with an
opening across which a gas-permeable sensing
electrode is placed. The front side of the electrode
is coated with an electrolyte, and the gas diffuses
Jrom the back side.

Micromachined capacitive sen-
sors (see Fig. 3) are built of three lay-
ers of siicon and two of glass fused
together. The center layer forms the
seismic mass, which is suspended
by two cantilever beams. The seis-
mic mass is located symmetricatly
between two piates, which act as
electrodes. As the mass moves
under acceleration it changes the
position between the plates and
therefore causes a change in cap-
aclfance. A block diagram of the
infegrated signal-conditioning elec-
fronics is shown in Fig. 4. The output

produced by that circuifry is an
analog signal that is proportional
to the acceleration. Evenfuaily, the
high integration, low weight, and
low cost of such micromachined
accelerometers will most likely make
older. bulk-machined accelerome-
ters obsolete.

Tilt Sensors. In the past, tilt sensors
were electrolylic; as such, they
were slow to respond and suffered
from considerable “slosh’ noise”
due to moving liquid. However,
new, dual-axis fit sensors from
Crossbow Technologies make use
of the accelerometer technology
outiined in the previous section to
produce a digital filt sensor that
provides excellent accuracy and
frequency response. and can with-
stand 1000g shock forces. The new
digitai fiit sensor consists of two
micromachined accelerometers, o
temperature sensor. an A/D con-
verfer, and a microcontroller,

RTDs. Piatinum thin films over micro-
rnachined silicon are now the medi-
um of choice in the design of high-
performance resistance-temperg-
ture detectors (RTDs), anemome-
ters, and chemical gas ‘sensors.
Platinum-film micromachining has
also been applied fo the design of
surface acoustic-wave (SAW) sen-
sors, vibrating cantilevers, and micro
actuators. Plafinum wire and film

have long been recognized for their
near linecr resistance vs. tempera-
ture relationship and wide ternpera-
ture range. The ability to accurately
measure temperature by measuring
resistance is at the heart of many
fraditional and advanced RTDs.

Heat flow occurs whenever a
difference of temperature exists
between two points and continues
until those two points reach ther-
mal equilibrium e, the same tem-
. perature. If the temperature differ-
ence Is held constant, the thermal
fransport between two points is
also constant. Sensor design now
becomes o mafter of isclating o
particular heat-flow mechanism
and making the associated temn-
perature measurements sensitive
enough 1o observe changes in the
heat flow. The thermai-transport
balance equation is the focal point
of some new platinum-on-silicon
sensor designs.

Anemometfers generally incor-
porate ftwo RTDs. The temperature
of one RID is raised by resistive
heating while the other RTD Is held
at ambient room temperature. The
power needed to keep the tem-
perature difference constant is thus
a measure of heat loss due o con-
ductive flow.

To work well, the hot RTD must be
thermally isclated from the ambilent
RTD. That requirement has posed a
number of heal-flow-conirel and
packaging prablems. For example,
in the new advonced hot-film
anemometer sensor, a small plot-
inum RTD Is thermally sclated at the
centfer of a thin membrane fo keep
it from affecting a larger RTD on the
sificon frame (see Fg. §). That pro-
vides compensation for the femper-
ature of the fliow. The small heat
capacity of the heated structure
allows the sensor to respond rapidily
to aiflow changes. Using that same
basic platinum on sificon design, it is
alsc possible to create other types
of sensors.

Gas Sensors. Some of the greatest
advantages in new sensor design
revolve around the sensing of gas
and chemical species using thin-
film micromachined technology,
Traditionally, gas sensors use-a heat-
ing wire that Is covered with an
insulating layer, which In furn Is cov-
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ered by a thin layer of fin dioxide,
When the tin-dioxide layer is heat-
ed (pby the interior wire), any reduc-
ing or oxidizing gasses present
react with the absorbed oxygen on
its surface and produce measur-
able changes in conductivity in
that layer. The conductivity is moni-
tored via a set of gold-plated elec-
trodes. That basic fechnique is used
for sensing hydrogen, carbon diox-
ide, methane, propane, and organ-
ic solvent vapors.

Figure 6 illustrates a microma-
chined sensor based on the same
principle, it uses Q micromachined

-.membrane with a thin-film  sus-

ronics Now, January 1998

E.

S

pended heater element. The gas
sensor consists of a micromachined
thinnad section of siicon, a heafing
circuit, an insulating silicon-dioxide
layer. and a tin-dioxide sensing layer.
The gas sensor infegrates separate
heating and temperature sensing
elements as slicon circuits in the sili-
con membrane. One of the chief
benefits offered here by thin-film
and micromachining technology is
that it allows operaiion at iower
temperatures, hence greatly re-
ducing power requirements. Older
gas-sensor fechnology consumed
15, fo 1 wait of power in lis heating
element.

One of the most recent develop-
ments in gas sensors, picneered by
University of Michigan resecrchers,
uses the idea of an integrated

' heater fo petform a post process

anneal on the thin fim, essendially
removing the film formation from the
IC process ifself. The integrated
heater is used under the CVD-buit
thin film as a local heat source,
which creates a small thermal mass.
This process allows the creation of
very thin, precise fims in @ smadl
areq; see Fig. 7. Heating the film fo
1000°C can be accomplished in mil-
liseconds due to the small area. The
highty selective deposifion process
allows for a wide variety of different
sengitive films to be easily incorpo-
rated In a single device or in a clus-
ter of sensors. One of the design
objectives was to create an inte-
arated cluster of sensors that can
combine femperature, gas, and
humidity sensing on a credit-card-
sized package that can be used by
froops in the fieid to monifor the
environment on a battiefield.

Fig.’9. In this hydrogen-palladium
deposited as a serpentine
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gas sensor, which is comprised of thick films, conductors are
pattern and connected as a Wheatstone bridge.

eural probe consists of bonding pads, highly integrated CMOS
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con substrate, and multi-shank iridium-oxide probe pins.

Teknetron has recently devel-
oped a back-cell micro-electro-
chemical gas sensor that consists of
a substrate material with an open-
ing across which @ gas-permeable
sensing electrode s placed. As
shown In Fig. 8, the front side of the
electrode is coated with an elec-
frolyte, and the gas diffuses from the
back side. The design is unique in
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fhat the material to be detected
can diffuse directly 1o the glectrode
without having fo bridge a iong lig-
uid path. The result is a linear
response-time that's an order of
magnitude faster than fraditional
electrochemical sensors. This new
micro design Is vastly superior to the
older electrochemical gas sensors
and uses a thick electrolyte iaver of
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Fig. 11, A molecular-engineered, cyclodextrin-coated surface acoustic-wave micro sensor,

Nafion film, which is suitable for
measuring a wide range of gasses,
including oxygen, carbon dioxide,
and carbon monoxide. Other new
devices, which make use of calcium
or ytirium-stabilized zirconium sen-
sors, work by detecting voltage or
current changes caused by gasses
in confact with the solid elecholyte.
Those types of sensors are used pri-
marily in fuelcombustion conirol
sysferns fo determine air/fuel ratios.
A new group of low-power hydro-
gen sensars relies on the solubifity of
hydrogen pafladium. Hydrogen mol-
ecules dissociate at the pallad-
um/metal surface, and afomic
hydrogen is absorbed unfil equilibri-
um is reached. That phenomena
can be measured as a change in
resistance in palladium. The new
experimental hydrogen sensor s
comprised of thick fims. Conductors
are deposited s a serpentine patf-
fermn and connecfed as a Wheat-
stone ridge. The thick film sensor is
prinfed with a palladium paste on
the first of four layers. The second
layer is a gas-sensitive layer deposit-
ed as four iIdentical serpentine pat-
terns; see Fig. 9. The third layer is four
individual segments that link the four
sonsor tegs, The fourth [ayer consists
of a twice printed passivation coat-
ing. Key features of the new hydro-
gen sensor are low cost, small size,
and reduced power consumption.
The target is to reduce power further
and incorporate signal conditioning
in the same package.

ChemfETs, or chemical field-
effect fransistors, are another new
type of gas sensor. A chemically
sensitive layer is placed onto fhe
gate of an FET. Palladium, which is
sensifive fo hydrogen and hydro-
carbons, is typically used as gate

- material, Thus the gates can be

altered to target different gasses
such as carbon monoxide and
methane. ChemFETs can sense
multiple species and could ultl-
mafely be produced cheaply. The
fimitations at present include poor
selectivity and membrane adhe-
sion. New research is also being
done on ISFETs, or ion-sensitive fisld
effect fransistors. LanmuirBlodgett
(1B) films or fotty acids that form o
monolayer when spread on water
are possible choices for.use gs ion-
sensitive gate layers for these new
FET gas sensors.

A research team in England hos
recently developed an amray of 12
tin dioxide gas sensors with remark-
able sensifivity. Each sensor in the
array s sightly different from the
other, and, using combinations of
the 12, researchers have been able
fo train the array o distinguish
betwsen several varieties of tobac-
co smoke, the aromas of five types
of alcohol, and a number of differ-
ent blends and roasts of coffee.
Classical pattern recognifion, algo-
rithms, or neurak-network fechniques
interpret the pattern of the sensors’
electrical resistance changes. This
surrogate “nose” must first be trained

Smart Sensors. Highly-integrated
and advanced smart sensors are a
hot topic in the control and process-
technclogy arena. That interest is
driven by the need fo communi-
cate information about processes or
environments within a distributed
control system. Infegration tech-
nologies have allowed these new
sensors fo become microsystems in
themselves, often incorporating sen-

sor, signal-conversion microproces-

sor, memnory, calibration, digital pro-

tocol, and communication features.
The resulf Is an advanced smart sen-
sor with appropriate decision-mak-
‘Ing capabillity that can act as g
stand dlone sensor and communi-
cate in a peerto-peer reiationship
with other sensors in a large process
or control subsystem, Smart sensors
generadlly incorporate a ROM that
stores the necessary information to
dilow the sensor to act as an infelli-
gent ncde in the system and to
identify and characterize itself over
a two or three wire system.

Already there are a number of
competing network protocols for
smart sensors. The Lontalk system
has been used in building automa-
tlon systerns as well as in automated
toll booths. The CAN protocol devel
oped by Bosch aufomotive is cur-
rently used in vehicle and industrial
control applications. Honeywell s
offering its SDS system. Control giant
Allen-Bradley Is marketing its Device
Net protocol sensor technology.
Dalias Semiconductor has intro-
duced its low-cost, tiny three-lead
DS52407P two-channel addressable
switch, which can be used to report
temperature, vibration, and alarm
activity in their Microlan distributed
network.

Medical Sensors. The medical
industry has embraced advanced
sensor technology and many appli-
cations are emerging. To date, the
most widely used medical micro
sensor has been the disposable
pressure sensor. Micro pressure sen-
sors have been used in a number

by exposing it fo specific concentra-
tion of known chemicals. The sensor
responses are then stored and later
compared with signals derived from
sniffs or samples of unknown but
 related gasses.
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of devices ranging from blood-
pressure monitors,  interuterine
pressure fransducers, infusion pump
monitors, as well as kidney-dialysis
machines.

The micro-miniaturization of
chemicatl sensors and insfrumerits is
bringing about a revolufion in instru-
mentction. Thinfilm and microma-
chining fechnologies, along with
advances in slicon semiconductor
circuitry, have resulfed in minia-
ture sensing devices whose perfor-
mance is equal fo and in many
cases better than their full size coun-
terparts. Miniafure rmassivety-parallel
sensing arrays with highly integrated

electronics may eventually replace
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full-sized laboratory instruments.

By creating a “chemisiry lab on
a chip,” researchers will be able to
fruly create hand-held devices fo
diagnose patients’ diseases in the
doctor's office. To accomplish such
Herculean tasks, researchers are
using every trick in the thin film and
micromachining book.

|-8tat Corporation of Princeton,
NJ has developed a hand-held
blood-chemistry-analysis  system.
Conventionat blood-chemistry anal-
ysis involves drawing blood, sending
the samples fo a lab, and waifing
hours or days to get the resulis. The
new hand-held blood-andlysis in-
strument confains a series of car-
fridges. The instrument itself contains
ol the carfidge-inferface sensing
electronics, display. keyboard, and
actuators necessary to operate the
fluidic cornponents. Each carfridge
contains a siicon-based chemicad-
sensor chip, a seqled packet of cal-
ibration solution, and various fluid
channels and chambers molded
info the plastic carfridge. In opera-
tion, a sample of blood is infroduced
into a port in the cartridge and
inserfted into the Instrument. The
instrument punctures the sedt of the
calibration packet, causing the solu-
tion fo flow over the sensor chip.
Once calibration measurements
are made, the blood sample flows
over the chip in place of the cali-
bration solution. The insirument then
records and displays the measure-
ments. Measurements are made in
just a few minutes, making this Instru-
ment well sutted for emergency situ-
ations.

The University of Michigan at

Ann Arbor is focusing s efforts on
the development of an implanted
biomedical microprobe. The sificon
microprobe s designed to infer
face with the body’'s central ner-
vous system af a cellular level. If
inserfed in the brain, elecirodes
within the device can record elec-
tricad firing patterns of the neurons.
Effectively that would allow for
compensation of neural deficits
and could be used to help provide
control of natural or prosthetic

limbs in paralyzed patients. The

neural probe, shown in Fig. 10. con-
sists of bonding pads, highly infe-
grated CMOS circulitry over a sili-
con substrate, and muiti-shank iridi-
um-oxide probe pins. The micro-
probe device Is fabricated using
deep boron diffusion fechniques,
ond is typically 15-pm thick. The
active microprobe can be used for
recording activity at, and stimula-
fion of, a fissue site.

SAW Sensors. One of the most
popular chemical sensing devices is
the SAW, or surface acoustic-wave
sensor, A SAW sensor consisfs of O
piszoslectric film coated with @ thin
fim that aliows selective rejection or
retention of & specific species for @

variety of mixtures. After the thin-filrm

material has been applied fo the
piezo surace, a franscucer delivers
a surface acoustic wave of aknown
frequency. The thin-film coating acts
as molecular “flypaper”  that
increases the mass of the device if
ceriain gasses are present. That
causes the baseline frequency of
the surface acoustic wave to shift to
a new, lower constant level that is
correlated 1o the presence of a
selected sample.

For example, a modified SAW
sensor labeled the Enviro-SAW uses
a thin organic membrane for selec-
tive retention of PCBs. The front end
of thatt system consists of & sampling
device and a catfalytic filter fo
reduce the amount of noise infro-
duced by heavy organic com-
pounds, such as sludges and oils.
Integrated electronics for the SAW
sensor and data collection are con-
trofled by a laptop or deskfop per-
sonneal computer.

The new SAW sensing devices
need only 1, the sample volums
of a iaboratory GAS chromato-

graph and only 17,000 Of the amount
needed for immunoassay systfems.
Surface acoustic wave sensors can
be used for other types of appllca-
tions, such as monitoring hydrogen
gas levels.

Anocther recently created SAW
device is capaple of conducting
remote real-fime sensing of voldfile
organic compounds in air, wafer,
and possibly soils. That SAW device
refies on molecular self-assembly
technology, which aliows foxin sens-
ing molecules to seif-assemble so
that one end of the molecule covo-
lently bonds directty to a sensing
detector while the other end
extends as a bucket taillored fo tem-
porarily trap specific chemicals.
Chaonging the sze and polarity of
the bucket allows the miCro sensors
1o be chemicaly and structurally
funed fo optimize their sensitivity
and selectivity to specific toxins. The
buckets are constructed using
molecularengineered cyclodex-
trin, g component of starch that
fraps organic toxins but doesn’t
bind them. A molecular-engi-
neered, cyclodextrin-coated sur-
face acoustic-wave micro sensor is
shown in Fig. 11.

Other Developments. A recently
developed glass mictochip seguen-
fially performs chermical reqctions
and capillary elecirophoresis. That
device, shown in the photo at the
beginning of this article, could pro-
vide faster, less-expensive, and
more-religble chemical analysis for
ervironmental monitoring, medical
diagnosis, and process control. That
postage-stamp sized sensor uses a
halr-like capiliary channel efched
info the gloss. using standard micro-
machining fechniques. The channels
are closed and formed into capillary
tubes by bonding a thin plate of
glass over the etched tubes.
Reservoirs for buffers, reagents and
waste are dlso bonded into the chip.
That type of sensor promises to
reduce the amounts of samples and
reagents corsumead, use less power,
and perform fasfer—chemicail sepa-
rations in the sensor can be carried
out in 150 ms—than before possible
using standard laboratory analy-
sis. It is also inexpensive to produce.
At Lawrence Livermore Lab, a
{Continued on page 50)




The ZAP PowerBike batteries are installed
under the crossbar, and twin electric molors
drive the rear wheels via friction.

The Zapino powered scooter folds for easy stor-
age and weighs under 75 pounds.

The Zap PowerBike shown here is fitted with a
“police package”

with the built-in charger takes from 2
K o 6 hours. The price is $1,495 and

includes an electronic hom as well
- as front and rear lights.

/7% Electric Bikes for the Police.

' Flectrically-assisted bikes are nof
only popular with pleasure ricers
: and commuters, buf are also used
i by police in several communities.
Bicycles are great for community
policing, working with juveniles, and
patroling parks; and they are often
the fastest way fo fravei through
city traffic. When stopped in con-
gested areas, they do not hiock
fraffic. Virluatlly silent, they allow the
officer to retain the element of sur-
prise.

Both ZAP Power Systems and
AeroEnvironment are marketing
slectric-powered “police pack-
ages” for bicycles. An officer of the
law can use both fhe electric
motor and pedal power when in @

Electronics Now, January 1998

8

hot pursuit or climbing a steep hill,
Just before arrving at the crime
scene, the officer could rest a few
minutes—letting the motor- do the
work—and get ready fo handle a
tense situaiion. Police packages
include flashing lights, sirens and
police markings. 4]

SENSORS
{continued from page 46)

“ powerful handheld instrument ca

Get your copy of the
CRYSTAL SET HANDBOOK

Go back o antiquity and build the
radios that your grandfather buit.
Build the “Quakers Oats” type rig,
wind coits that work and make it
Jook like the 192¢'s! Oniy $10.98
plus $4.00 for shipping and han-
dling. Ctaggk Inc., PO. Box 4089,
Farmingdale, NY 11735. USA
Funds ONLY! USA and Canada—
no foreign orders, Allow 6-8 weeks
for delivery.

MAQY

minigturized polymerase chain-
raaction instrument, or PCR. has
been created. The miniature PCR,
which is actually a miniature chem-
ical reactor, is machined from three.
components: a single siicon crys
tal, which acts as an efficient heat
sink: 'a low-stress silicon nifride, -
which acts as a chemical passivg-
tion layer and o window for viewing
the reaction with fluorescence’
detection: and doped palysilicon, :
which acts as a miniafure heate
Among other things, that new.
device could be use for forensic:
analysis, genstic engineering, clin
cal diagnostics, and environmental
contaminant/pathogen detection

Advances in  micromachininy
have created miniature gas chic
matographs or GC sensors, whic
create the basis for an amazing

3 0F.
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able of operating up to 20 fime
faster than its larger laborator
counterparts. In the past an
munoassay could fake up to 30 mi
utes o perform, while the miniafur
micro GC can complete the ex
same measurement in less than
minutes. '
A chemist at the University
Californic af Berkeley has consiru
ed a miniaturized electrophor
gel instrument, which at 25mm
50pm, is fifty fimes smailter than s
gels used in conventional ing
ments. This “gel on a chip,” whic
shown in the photograph af
beginning of fhis arficle, is th
step in building a micro che
analysis systern where DNA cd!
be put on a chip. ampfified, to
into a capillary array, detected
analyzed afl in one step. This §
chemistry on a chip at the m
level. : 7
As impressive as the adva
outlined here are, smarf-s
technology s still in the ermk
stages of its developrment.The.
for this exciting field is virtual
tted, and could well make
technologies and devices
heretofore have belonged
the realm of fantasy and s€
fiction.
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