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THIN FILMS OF GLASS A N D  THEIR APPLICATION 
BIOMEDICAL SENSORS* 
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Department of Electrical Engineering, Stanford University, Stanford, California, U.S.A. 

Abstract--Thin films of glass are attractive as a means for protecting integrated circuits for use 
in biological systems and are especially suitable for use with biomedical sensors. They offer 
advantages over polymer films since they can be deposited in thin, uniform layers and can be 
photoengraved using conventional techniques. This paper first reviews the requirements for 
film quality in using thin glassy films in these applications and then reviews the techniques 
available for film deposition. One technique which has been found especially suitable for 
biomedical work is described in detail, and the characterization of the resulting films is 
discussed. 

Films of silicon dioxide and silicon nitride 0"2--0" 3 /zm thick have exhibited adequate 
adhesion and continuity for use with sensors fabricated using integrated circuit technology. 
Furthermore, they have provided excellent corrosion protection for unencapsulated transistors 
implanted in the brain for periods of 4 months. Such glassy films also provide good electrical 
insulation for applied voltages less than 1 V; however, when higher voltages are present, thicker 
films are required to avoid excessive leakage currents. Applications to specific sensors are 
considered. 

TO 

1. INTRODUCTION 

THE APPLICATION of integrated circuit tech- 
nology to problems in biomedical instrumenta- 
tion promises significant improvements in such 
systems and is being pursued by a rapidly 
increasing number of workers. Improvements in 
reliability and cost are already evident in a 
number of biomedical systems. However, from 
the standpoint of gaining a better understanding 
of biological systems, new technology is most 
important when it allows experiments to be 
performed which have been difficult or impos- 
sible in the past. Since biomedical sensors are the 
most frequent factor determining whether or not 
a given measurement is possible, some important 
advances can be expected as new technology is 
applied in this area. Integrated circuit technology 
is especially applicable to sensors because the 
precise dimensional control possible lends itself 
well to the small sizes required in many such 
transducer applications. 

The ability to deposit thin films of glass is 

particularly important in biomedical applica- 
tions both as a potential means for passivating 
devices intended for use in the body and, 
especially, as a means for insulating the sensor 
itself. It is the purpose of this paper to discuss the 
potential problems and requirements on film 
quality in using thin glassy films in these 
applications, and to review the techniques 
available for film deposition. One technique 
which has been found especially suitable for 
biomedical work will be described in detail, and 
the characterization of the resulting films will be 
discussed. The paper is intended for engineers 
who are interested in applying new technology 
to biomedical instrumentation and for physio- 
logists interested in the techniques required for 
sensor fabrication. 

2. APPLICATION TO BIOMEDICAL SENSORS 

The study of insulating films continues to be 
an important area in biomaterials research. In 
the past, this research has dealt primarily with 
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materials for use as encapsulations for various 
implanted packages and for prosthetic devices. 
The function of these insulating films has been to 
shield the implanted object against the corrosive 
effects of body fluids and, sometimes, to provide 
electrical insulation as well. Corrosion problems 
have been especially severe, and many polymers 
such as polyurethane, polyethylene, polystyrene 
and others are extensively degraded (LEvI~, 
1968). Nevertheless, materials such as poly- 
tetrafluoroethylene, polyvinyl chloride, and 
certain of the polysiloxanes (silicones) have been 
successfully employed in a wide variety of 
implant applications (HALPERN, 1968). The 
silicones have been especially important because 
of the inability of the body to attack these 
materials. The medical-grade silicones cause as 
little tissue reaction as any material known, and 
furthermore, their bulk electrical properties, 
including a volume resistivity of about l0 t4 
ohm-cm, do not appear to degrade seriously with 
long term exposure to saline solutions (ROBB, 
1968; BRALEY, 1968 ; WroTE, 1969). 

When one looks at biomedical sensors, several 
new problems arise. The sensor must, by defini- 
tion, contact the biological environment in some 
way in order to monitor the physiological event 
under investigation. Often only part of the total 
sensor area is active while the rest of the trans- 
ducer must be insulated from the body fluids 
present. In the case of bio-electrodes, the 
recording or stimulating area must be exposed 
while the remainder of the electrode is electrically 
insulated from the extraceUular fluid. In the case 
of strain or pressure sensors, the encapsulation 
must provide electrochemical integrity without 
significantly affecting the mechanical properties 
of the strain sensitive element. In the case of 
solid-state miniature temperature sensors, any 
encapsulation must present a very low thermal 
impedance between the active transducer area 
and the body. 

The polymers mentioned above are difficult to 
apply in thin (less than 2 t~m) coatings, and the 
areas coated cannot be accurately controlled. On 
the other hand, the materials silicon dioxide 
(fused quartz) and silicon nitride have excellent 

electrical and chemical properties, and in 
addition can be deposited in thin, uniform films 
which can then be etched using the planar 
photoengraving process (WARNER and 
FORDEMWALT, 1965) to achieve precise dimen- 
sional control. These insulating films are 
transparent in the visible and infra-red, possess 
good mechanical properties and a very low 
thermal impedance, and are inert in saline 
solutions. They are therefore attractive from the 
standpoint of sensor fabrication. Moreover, 
silicon dioxide and silicon nitride are utilized in 
the fabrication of integrated circuits and can be 
expected to play an important and necessary role 
in future transducers fabricated using integrated 
circuit technology. 

3. FILM REQUIREMENTS 

3.1 Mechanical requirements 

Thin insulating films for use with biomedical 
sensors should meet a number of requirements, of 
which the mechanical requirements of con- 
tinuity and adherence are two of the most 
important. The deposited film should form a 
continuous coating over the sensor surface, 
and should maintain its integrity over small 
steps in this surface. Since the film should be 
thin enough that the mechanical properties of 
the sensor are unaffected by its presence, the 
deposition technique should not be of the line-of- 
sight variety. In addition, the adhesion of the 
deposited film to the substrate must permit 
normal handling, implantation, and use in vivo. 

3.2 Chemical requirements 

Since the insulating film must contact the 
biological environment in these applications, one 
prime requirement is that the film be inert in 
biological fluids and produce a minimum of 
tissue reaction due to its long-term presence. 
Secondly, long-term exposure to biological fluids 
must not cause chemical changes in the film 
structure--the film must be stable over time. In 
addition, the corrosive environment of the body 
must be masked from vulnerable portions of the 
sensor by the film. 
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3.3 Electrical requirements 

The deposited film should prevent stray 
electrical leakage from the sensor into the 
surrounding fluid or tissue. In addition, the film 
should preserve the electrical integrity of the 
sensor in vivo, preventing d.c. leakage along the 
transducer surface. The dielectric constant of the 
film should not be degraded in these applications 
so that a.e. isolation can be maintained where 
required. 

3.4 Other requirements 

Two other requirements should be mentioned. 
First, the deposition temperature should be as 
low as possible consistent with obtaining a high 
quality film. The deposition process should not 
degrade the sensor in any way, and therefore, the 
material deposited and the associated deposition 
process must be compatible with all of the sensor 
materials used. For example, with integrated 
circuit sensors having gold metalization a low 
deposition temperature is especially important 
due to the low silicon-gold eutectic (375~ 

A second requirement is cost. There are 
significant differences in the costs of various 
deposition techniques and one need not always 
sacrifice quality for an inexpensive system. These 
considerations will be discussed in the next 
section. 

4. DEPOSITION TECHNIQUES 

There are several techniques by which thin 
glassy films may be deposited, and these tech- 
niques may be generally classed as pyrolytic 
(vapour deposition), vacuum evaporation, and 
sputtering. Pyrolytic methods are based on the 
thermal decomposition of various silicon com- 
pounds. Differences among the different tech- 
niques arise in how the decomposition energy is 
applied and what compound is decomposed. The 
simplest of these methods is the thermal oxida- 
tion of silane to obtain silicon dioxide (KERN and 
HELM, 1970; BURGER and DONOVAN, 1967). Film 
growth rate is a function of both the silane and 
oxygen flow rates and the substrate temperature. 
Although some deposition occurs at room 
temperature, substrate temperatures of 300~ or 

higher are necessary to obtain high quality films. 
Since the deposition does not rely on line-of- 
sight techniques, the continuity of the films 
produced is good. Deposition temperatures are 
low, and the system is the least expensive of any 
of the techniques known. Its prime disadvantage 
is a lack of flexibility in that it is restricted to the 
silicon-oxygen glasses and that exact film com- 
position may be difficult to reproduce. Other 
pyrolytic techniques (BURGER and DONOVAN, 
1967) which operate on the decomposition of 
certain alkoxysilanes require minimum substrate 
temperatures above 600~ and will not be 
considered further for the present biomedical 
applications. 

Vacuum evaporation of silicon monoxide 
(YORK, 1963) to deposit silicon dioxide-like films 
has been employed in some laboratories; how- 
ever, when substrate temperatures less than 
600~ are used, the resulting films contain large 
amounts of elemental silicon. The porosity and 
poor electrical characteristics of such films limit 
their usefulness for biomedical sensors. 

Radio-frequency sputtering (BURGER and 
DONOVAN, 1967; FRANK and MOBERG, 1970) 
utilizes an electrical discharge set up between 
parallel electrodes in a bell jar containing a low 
pressure of inert gas such as argon. The ionized 
gas atoms bombard the target material, and the 
target atoms, in turn, are knocked out to be 
deposited on the substrate. A wide variety of 
materials can be sputtered, and, hence, these 
systems allow great versatility. Substrate tem- 
peratures are low and film quality, under the 
proper deposition conditions, is high. However, 
the deposition process can damage integrated 
devices (especially MOS), and sputtering is a 
relatively sophisticated process requiring a great 
deal of empirical effort to define the proper 
deposition conditions. The apparatus is also 
relatively expensive. 

One further technique which we have found 
especially well adapted to meeting the film 
requirements for biomedical sensors is the radio- 
frequency glow-discharge technique (SWANS et 
al., 1967; JOYCE et al., 1967). In the glow dis- 
charge method, film deposition is achieved by 
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the decomposition of the appropriate gases in a 
radio-frequency excited glow-discharge plasma. 
The resulting films are of  high quality and the 
film composition is easily controlled. Using the 
glow discharge technique a variety of insulating 
materials can be deposited. Furthermore, the 
system is relatively inexpensive to build and is 
easy to operate. Because we feel this technique is 
well suited for biomedical applications and 
because we have had extensive experience with it, 
this technique will be described in detail in the 
next section. The characteristics of the resulting 
films are then discussed in Section 6. 

5. GLOW-DISCHARGE DEPOSITION 
OF INSULATING FILMS 

A number of different types of insulating films 
can be formed using the glow-discharge method 
by suitable selection of the reactant gases. As 
illustrative examples, we consider the deposition 
of silicon dioxide and silicon nitride films. Both 
of these glassy materials have been successfully 
utilized for protection of biomedical sensors in 
our laboratory. To form silicon dioxide, two 
gases are used--silane* (Sill4) and nitrous oxide 
(N20). Silicon nitride is obtained by using 
ammonia (NH3) in place of nitrous oxide. The 
reactant gases are fed into a continuously 
pumped bell jar. The sample to be coated 
(substrate) is placed inside the bell jar. Surround- 
ing the bell jar is a coil that is used to produce the 
radio-frequency field which decomposes the 
gases. The decomposed gases react in the glow- 
discharge plasma and are deposited onto the 
substrate. As will be shown below, the film 
properties are dependent on (1) the relative 
amounts of silane and nitrous oxide (or am- 
monia) in the bell jar, (2) the substrate tempera- 
ture during the deposition, and (3) the applied 
r.f. power. The manner in which these deposition 
parameters are controlled is discussed in detail 
in the next section. 

5.1 System description 
A diagram and photograph of the system used 

for the glow discharge deposition of  thin films 
are shown in Fig. 1. The 2-in. (5-cm) dia. bell jar 
is made of high purity quartz. The base plate, 
valves and gas connections are of stainless steel. 
The substrate is supported on a graphite 
pedestal which also acts as a substrate heater. 
The nichrome wire heater is potted inside the 
pedestal and is powered by a variable a.c. supply. 
The a.c. field of the heater has negligible effect on 
the characteristics of the plasma. 

The substrate temperature is monitored by a 
chromel-alumel thermocouple imbedded in the 
pedestal at a point just below the top surface. 
Any temperature difference between the thermo- 
couple reading and the actual substrate tempera- 
ture was neglected. After stabilization the 
thermal drift was less than 2~ per hour. 

The bell jar is evacuated by means of a rotary 
vacuum pump and the pressure in the bell is 
monitored with an NRC type 501 thermocouple 
vacuum gauge.I" A Lepel+ + Model T5N, 5 kW 
radio-frequency oscillator supplies current to a 
four turn copper coil which surrounds the bell 
jar. The amount of r.f. power applied to the 
plasma is adjusted by varying the oscillator 
current. The position of the coil is varied to 
localize the plasma in the region above the 
substrate. 

The silane, ammonia and nitrous oxide gases 
were purchased from the Matheson Companyw 
with purities of 99.9, 99-99 and 98.5 per cent, 
respectively. The reactant gases enter the bell 
jar at the top and flow downward over the 
substrate. Precision needle valves are used to 
control the flow rates of the gases, and the flows 
are measured using manometer-type flow meters. 
These meters are made of  glass and the mano- 
meter legs are filled with Dow-CorninglL 
silicone oil (type 705)--a liquid that has a very 
low vapour pressure and which does not react 

* Silane is spontaneously combustible in air and care should be taken to evacuate all of the gas lines prior to the 
deposition. 

t National Research Corp., Newton, Mass. 
++ Lepel High Frequency Labs, New York, N.Y. 
w Matheson Gas Produets Co., Newark, California. 
[t Dow-Corning Company, Midland, Michigan. 



K'Ic~. l(b). The radio-frequency glow disci~arge system for thin film deposition. 
(a) System diagram. 
(b) Photograph of the system used. 
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FIG. 4. Corrosion protection offered by thin films of glass deposited over conventional bipolar transistors. 

(a) Unprotected transistor after 3 month subdural implantation. 
(b) Transistor protected by 0" 3 ~m of deposited silicon dioxide after 4 month subdural implantation. 
(c) Unprotected device after 15 h in physiological saline at 57~ 
(d) Transistor protected with 0.2 ~m of deposited silicon nitride after 100 h in physiological saline at 

57~ 
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chemically with the gases used. Due to the 
attendant difficulties in handling pure silane and 
ammonia, the flow rates of these gases could not 
be calibrated directly. Therefore, the flowmeters 
were calibrated using argon, nitrogen, oxygen, 
and nitrous oxide. Using appropriate correction 

factors for differences in viscosity, calibration 
curves for silane and ammonia were obtained. In 
the discussion that follows, the plasma gas 
composition is expressed in terms of percentage 
volumetric flow rates of the gases. The total flow 
rate was 100 cm3/min in all cases. 
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5.2 Effect of deposition parameters 
The effects of  substrate temperature and gas 

composition (per cent silane) on film composition 
are clearly observed in the dielectric constant 
and infrared absorption spectra for these 
deposited films. The dielectric constants of  the 
silicon dioxide films, prepared using various 
silane flow rates and substrate temperatures, 
were obtained by measuring the capacitance of  
metal-insulator-semiconductor structures hav- 
ing a known insulator thickness. The dielectric 
films were deposited on 0.01 ohm-cm, n-type 
silicon and aluminum dots (area = 7.3 x 10 -4 
cm 2) were used as the metal electrodes. Approxi- 
mately 15 capacitors were measured for each 
dielectric sample at a frequency of  100 kHz. 
Se/ected capacitors were measured between 
10 Hz and 1 MHz to check for any variation in 
dielectric constant with frequency. None was 
observed. 

The relative dielectric constant of  the de- 
posited silicon dioxide film is shown in Fig. 2 as a 
function of  the silane concentration (expressed as 
a percentage of the total volumetric flow rate of 
100 cm3/min). The relative dielectric constant, 
~,, changes from 3.8 to 6.0 as the silane flow 
rate is varied between 8" 5 and 26 per cent. This 
increase in ~, is attributed to an increase in the 
amount of elemental silicon in the deposited film 
at the higher silane flow rates. At 8-5 per cent 
silane, the deposited silicon dioxide film has a 
relative dielectric constant equal to 3" 8 which is 
similar to the value of  3 .4-3 .85 reported for 
thermally-grown silicon dioxide (BURGER, 1967). 

Experimental data is given in Fig. 2 for 
substrate temperatures of  250~ and 400~ 
Within the limits of  experimental error (15-20 
per cent), the relative dielectric constant is 
independent of the deposition temperature. Since 
most of the film properties are functions of 
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temperature, the lack of any change in ~r with 
temperature was an unexpected result. A possible 
explanation for this temperature independence 
may be that there are two compensating effects 
due to a simultaneous change in the film density 
and silicon content. Evidence for the latter 
change is seen in the infrared spectra shown in 
Fig. 3. As the substrate temperature increases 
from 200 to 400~ the peak at 11 "3 t~m dis- 
appears, indicating a decrease in the amount of 
excess silicon in the film (PLISK~ and L E ~ N ,  
1965). From the slope of e, vs. per cent silane 
(Fig. 2), it is seen that the lower the silicon 
content of the film, the smaller the value of ~r. 
However, the dielectric constant increases with 
an increase in film density as shown by the 
Clausius-Mosotti equation (KITTEL, 1956-), and 
thus, at a constant silane flow rate, these two 
effects can compensate to yield a dielectric 
constant that is independent of substrate 
temperature. The third variable, applied r.f. 
power was constant for all experiments reported 
here. 

Similar effects are observed for silicon nitride 
films. The variations of the dielectric constant 
and infra-red absorption with s/lane flow rate 
are given in the literature (SwArcN et al., 1967). 

In general, a substrate temperature of at least 
275~ is recommended when high quality glass 
films are desired. Furthermore, to avoid the 
partial conversion of the s/I/con nitride films to 
silicon dioxide a deposition temperature of 275 ~ 
300~ should be used. 

6. FILM CHARACTERIZATION 

6.1 Mechanical properties 

The requirements placed on deposited di- 
electric films for use in biomedical sensors were 
given in Section 3. The first requirement, 
continuity, is satisfied by all glow-discharge 
deposited films. Film deposition occurs on all 
exposed surfaces, and film continuity over 
surface irregularities has been repeatedly demon- 
strated by corrosion studies both in vitro and in 
vivo. These studies are discussed below. 

The adherence of glow discharge deposited 
films of silicon dioxide and silicon nitride to 

silicon is excellent. The films are hard and could 
not be scratched with the sharp tip of a pair of 
metal tweezers. Films up to 0.9 t~m thick were 
deposited without cracking. Thermal cycling in 
hydrogen or either wet or dry nitrogen has in no 
way altered the adherence or film appearance for 
temperatures up to 700~ 

The adherence of glassy films of the type 
described here to metals is generally proportional 
to the strength of the metal-oxygen bonds 
formed (CtYrctoNOrIAM, 1965), and this bond 
strength is related to the free energy of formation 
of the metal oxide. Thin glassy films do not 
adhere well to the more noble metals, which do 
not form oxides readily. However, we have 
observed in connection with the insulation of 
gold microelectrodes (WISE et al., 1970) for 
neurological studies that as long as the width 
of the metalization is less than about 30 /zm, 
adherence is adequate. The use of more extensive 
areas of noble metals should be avoided where 
possible. 

tn order to test the continuity, adherence, and 
corrosion protection of these thin films of glass 
in vivo, films of silicon dioxide and silicon 
nitride were glow-discharge deposited on silicon 
substrates containing double-diffused n-p-n 
transistors. The substrate dimensions were 
typically 3 • 1.5 • 0-2 mm. The transistors 
had aluminum contacts, and unprotected alumin- 
um is known to be rapidly corroded by physio- 
logical saline. The substrates were carefully 
slipped beneath the dura of adult rabbits and 
were left chronically implanted for periods of 
from 3 to 4 months. They were then removed and 
cleaned. In all cases, film adhesion and contin- 
uity were adequate. Furthermore, none of the 
protected transistors showed any significant 
change in any electrical characteristic as a result 
of the implantation period. The glass deposition 
process did not alter the electrical characteristics 
of any of the transistors used. 

6.2 Chemical properties 

The materials silicon dioxide (fused quartz) 
and silicon nitride are generally accepted as inert 
in the body, and no evidence of any reaction with 
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body fluids has been observed. The films are 
chemically stable, and have provided excellent 
corrosion protection for solid state devices both 
in chronic implant situations and under simula- 
ted conditions in physiological saline. Figure 4a 
shows an unprotected bipolar transistor after a 3 
month chronic implantation beneath the dura as 
described above. The aluminum metalization is 
severely corroded while the remaining device 
materials, silicon and silicon dioxide, are un- 
affected. Figure 4b shows a similar device, 
protected by a 0.3 /~m-thick film of deposited 
silicon dioxide, after an implantation period of 
four months. The aluminum was not attacked; 
however, numerous small circles (1-5/zm dia.) 
appear on the surface where the deposited film 
has pulled free of the substrate. This is believed 
to have occurred primarily during removal and 
cleaning of thesample. No corrosion in vivo is 
observed at such sites, indicating film continuity. 
Figure 4c shows the results of accelerated aging 
at 57~ in physiological saline for an unprotec- 
ted device. The sample was aged for 15 h and 
the aluminum metalization has almost entirely 
disappeared. Figure 4d shows a device aged 100 h 
at 57~ in the same solution. This device was 
protected with a 0.2 tzm thick film of silicon 
nitride glass and there is no evidence of any 
corrosion. Similar results have been achieved 
with silicon dioxide films. 

The silicon dioxide films are easily photo- 
engraved using photoresist as an etch mask and 
hydrofluoric acid buffered with ammonium 
bifluoride as the etchant. Dimensions are com- 
monly held to • /zm. Silicon nitride films are 
more difficult to etch but photoengraving is still 
possible using phosphoric acid as the etchant 
(StrINgeR et aL, 1968). 

6.3 Electrical properties 

Organic polymers, including the silicones, are 
not noted for their resistance to moisture 
penetration. Based on measured vapour trans- 
mission rates, even polyvinylidene chloride, one 
of the least permeable organic materials, can 
transmit enough moisture to result in serious 
leakage currents along the surface of a coated 

device within minutes of exposure to an aqueous 
environment (WHITE, 1969). Since such surface 
leakage has not been observed in practice, White 
has proposed that the primary function of these 
organic coatings in preventing surface leakage is 
to prevent moisture from adsorbing or condens- 
ing on the surface rather than to block all 
permeation. Furthermore, it is noted (WroTE, 
1969) that silicone coatings must be at least 
10/zm thick to prevent serious leakage. 

To test the electrical properties of glow dis- 
charge deposited films of silicon dioxide and 
silicon nitride, d.c. leakage measurements have 
been conducted under both dry and wet environ- 
ments. The metal-insulator-silicon capacitors 
used for the dielectric constant measurements 
were utilized for dry d.c. conduction tests. 
Current flow through the film was measured 
with a Keithley Model 610A electrometer, while 
d.c. bias was applied to the capacitor with a 
variable supply. The d.c. conduction was found 
to be dependent on the deposition conditions. 
For either silicon dioxide or silicon nitride 
deposited at 400~ using a silane flow less than 
23 per cent, typical conduction with • V 
applied is 10-8 A/cm 2. This leakage is sufficiently 
small that the operation of a typical integrated 
circuit transistor with an exposed area of 
approximately 10 -4 cm 2 would not be affected. 
At silane flow rates greater than 23 per cent, the 
deposited dielectric films became excessively 
leaky. These films are such that the current varies 
as the square root of the applied voltage, and 
this dependence indicates that these films 
contain a high density of electron traps (SzE, 
1967). 

To more closely simulate conditions found in 
the body, two additional conduction tests were 
made. First, the leakage through films of silicon 
dioxide and silicon nitride deposited on silicon 
was measured using the experimental apparatus 
shown in Fig. 5a. The saline electrolyte forms one 
electrode, while the silicon substrate acts as the 
other contact. Measured leakage on the samples 
varied appreciably from sample to sample and 
increased with time. The data presented in Fig. 
5b summarize the results for two typical samples. 
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FIG. 5. Electrical properties of deposited films of silicon dioxide and silicon nitride. All measurements 
were performed at 24~ 

(a) Experimental apparatus used. 
(b) Leakage current through the film as a function of the applied electric field. 

The silicon dioxide and silicon nitride film 
thicknesses were 0.33/zm and 0.2 tzm respective- 
ly. The deposition temperature was 300~ and 
the silane percentages used were 11 and 20 per 
cent, respectively. Film growth rates under these 
conditions are 7.5 nm and 3.3 nm per minute 
respectively. 

From the measured data, it is evident that 
these thin films develop appreciable d.c. leakage 
when potentials of  a few volts are applied across 
them. Circuit tolerance of  such leakage is 
obviously a function of the configuration and 
devices used, but leakage greater than 10 - s  
A/cm 2 may be considered harmful to transistor 
performance. Thus, although satisfactory at 
biases less than 1 V, potentials in excess of  a few 

volts would result in excessive leakage currents 
which would prove harmful to both the circuit 
and, perhaps, to the physiological system. 
Leakage between parallel gold electrodes spaced 
50 /zm apart  o n  an insulating substrate and 
protected from a saline environment by 0 .3 / zm 
of silicon dioxide has not indicated any signifi- 
cant leakage along the substrate surface but 
rather conduction through the electrolyte. The 
a.c. properties of  these films are not degraded 
appreciably by the saline environment. 

7 .  S P E C I F I C  A P P L I C A T I O N S  

7.1 Microelectrode fabrication 
Thin layers of  glass have been used for many 

years as a means of insulating the metal micro- 
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l~o. 6. An extracellular microelectrode for use in neurophysiology insulated with a deposited film of 
silicon dioxide. 

electrodes and micropipettes in common use for 
recording biopotentials m neurophysiology 
(FRANK and BECKER, 1964). A disadvantage of 
the techniques used to fabricate these electrodes 
has been the inability to accurately control the 
size of the exposed recording sites. However, a 
recent approach (WISE, 1970) to electrode 
fabrication based on integrated circuit tech- 
nology promises to overcome this disadvantage 
and illustrates one important application of 
deposited insulating films. The structure is 
shown in Fig. 6. The gold electrode is supported 
on a silicon carrier and is insulated from the 
carrier by a film of thermally-grown silicon 
dioxide 1 /zm thick. The electrode is insulated 
from the extracellular electrolyte by a layer of 
glow-discharge deposited silicon dioxide, which 
is selectively removed from the electrode tips to 
precisely define the recording areas. Recording 
sites as small as 15/zm 2 have been achieved, and 
these electrodes have successfully isolated single 
units in cat auditory cortex. The use of deposited 
silicon dioxide films together with photoengrav- 
ing technology allows the mechanical and 
electrical characteristics of the electrodes to be 
designed for any given application. As with other 
integrated biomedical sensors under develop- 
ment, film deposition is an essential part of the 
fabrication sequence. 

7.2 Other sensors 

It has been known for some time that certain 
doped glasses exhibit membrane potentials 
which are selective to specific ions in a surround- 
ing electrolyte. These membranes have been 
studied extensively (EISENMAN, 1962; MOORE, 
1968) and have been used to measure ion 
concentrations in vivo. An example is boron 
doped glass, which is specific to sodium. Boron 
is a commonly used dopant in integrated circuit 
fabrication, and the development of small ion 
selective concentration monitors in close proxim- 
ity with metal microprobe arrays is a 
possibility. 

Sensors designed specifically for the measure- 
ment of arterial and venous pressure and consist- 
ing of diffused silicon resistors in a thin silicon 
diaphragm (TUFrE et al., 1962) promise to 
combined small size with stability and reliability 
in vivo. The resolution of 1 mm Hg pressure 
variations with diaphragms no larger than lmm 
in diameter requires a diaphragm thickness of 
about 4 /~m. A thin film of deposited silicon 
dioxide or silicon nitride over the resistors and 
other circuit elements present should protect and 
minimize any electrical surface leakage on these 
sensors without affecting their mechanical 
properties. Such diaphragm transducers are now 
being developed in our laboratory. 



THIN FILMS OF GLASS AND THEIR APPLICATION TO BIOMEDICAL SENSORS 349 

8. CONCLUSIONS 

Thin films o f  siJicon d ioxide  and  silicon ni t r ide  
are  an  i m p o r t a n t  pa r t  o f  in tegra ted  circui t  
t echnology  and  should  find wide appl ica t ion  as 
this  t echnology  is appl ied  to  the fabr ica t ion  o f  
b iomedica l  sensors.  Such films are  especial ly 
sui table  for  sensors since they can  be depos i ted  
in thin,  un i fo rm layers  and  can be cont ro l lab ly  
e tched using pho toengrav ing  techniques.  The  
requi rements  on film qual i ty  for  use in bio-  
medical  sensors have been discussed and  the 
avai lable  depos i t ion  techniques have been 
described.  One m e t h o d - - t h e  r.f. g low-discharge  
t e c h n i q u e - - h a s  been descr ibed in detail .  The  
mechanical  and  chemical  proper t ies  o f  th in  
(0 .3  /zm) depos i ted  sil icon d iox ide  and  sil icon 
n i t r ide  films have been found  to be acceptable  for 
sensor  use. The  d.c.  electr ical  leakage o f  such 
thin depos i ted  films can be excessive when 
app l ied  potent ia ls  exceed 1 V, however.  In  such 
appl ica t ions  th icker  films and  an  add i t iona l  
si l icone coa t ing  should  be used where possible  to  
minimize  leakage and  pro tec t  agains t  ab ra s ion  
in vivo. 
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P E L L I C U L E S  D E  V E R R E  M I N C E S  E T  L E U R  A P P L I C A T I O N  A D E S  
S E N S E U R S  B I O M I ~ D I C A U X  

Sommaire--Les pellicules de verre minces sont int6ressantes comme moyens de protection de 
cricuits int6gr6s employ6s dans les syst6mes biologiques et sont particuli6rement appropri6s ~t 
l'emploi avec les senseurs biom6dicaux. Ils offrent des avantages par rapport aux pellicules 
polym6riques car ils peuvent 6tre d6pos6s sons forme de couches minces, uniformes et peuvent 
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6tre photograv6es de fa~on classique. Cet article passe d'abord en revue les qualit6s de pellicule 
n6cessaires/t des pellicules de verre dans ces applications, puis les techniques disponibles pour 
la d6position de peUicule. On d6crit en d6tail une technique qui a 6t6 trouv6e 6tre particuli6re- 
ment appropri6e au travail biom6dical et l 'on discute la caract6risation des pellicules qui en 
r6sultent. 

Des pellicules de bioxyde de silicium et de nitrure de silicium de 0,2 h 0,3 ~m d'6paisseur ont 
montr6 une adh6sion et une continuit6 ad6quates pour l'emploi avec des senseurs fabriqu6s par la 
technologie de circuits int6gr6s. De plus ils ont offert une exceUente protection contre la corrosion 
de transistors non-encapsul6es implant6s dans le cerveau pendant des p6riodes de 4 tools. De 
telles pellicules de verre offrent 6galement une bonne isolation 61ectrique pour des tensions 
appliqu6es inf6rieures /t 1 V; cependant pour des tensions plus 61ev6es, des penicules plus 
6paisses sont n6cessaires pour 6viter des courants de fuite excessifs. On consid6re des applica- 
tions ~ des senseurs sp6cifiques. 

D O N N E  G L A S S F I L M E  U N D  I H R E  V E R W E N D U N G  F O R  

B I O M E D I Z I N I S C H E  M E S S F O H L E R  

Zusammenfassung--Dtinne Glassfilme besitzen als Mittel zum Schutz integrierter Schaltungen 
in biologischen Systemen eine Anziehungskraft und sind for Gebrauch mit biomedizinischen 
Messftihlem besonders geeignet. Sie bieten gegeniiber Polymerfilmen Vorteile, da sie in diinnen, 
gleichm/issigen Schichten abgelegt und in iiblichen Verfahren im Klischee hergestellt werden 
k6nnen. Dieser Bericht behandelt zun/ichst die Bedingungen tier Filmeigenschaft im Gebrauch 
von dtinnen Glassfilmen fiir diese Anwendungszwecke und behandelt dann die erhaltlichen 
Verfahren ftir Filmlagerung. Eine Technik, welche fiir biomedizinische Arbeit besonders geig- 
net gefunden wurde, wird in Einzelheiten beschrieben und die Charakterisierung der sich erge- 
benden Filme wird besprochen. Filme aus Siliziumdioxyd und 0,2-0,3 ~m dicken Siliziumnitrid 
haben ausreichende Adh/ision gezeigt und Best/indigkeit for Gebrauch mit Messf/ihlem, welche 
mit integrierter Schaltungstechnologie hergestellt waren. 

Dariiberhinaus haben sie ausgezeichneten Korrosionsschutz ftir ungekapselte, ins Gehim 
gepflanzte Transistoren for Dauem von 4 Monaten geboten. Diese Glassfilme geben auch 
gute elektrische Isolation for verwendete Spannungen von weniger als 1 V. Wenn allerdings 
h6nere Spannungen vorhanden sind, werden dickere Filme ben6tigt, um iiberm/issige 
Streustr~Sme zu vermeiden. Es werden Verwendungszwecke ftir spezifiscke Messfiihler in 
Betracht gezogen. 


