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Introduction    Remote monitoring of biomedical information from humans and animals
requires satisfying many constraints simultaneously. Among these constraints are: (1)
size, (2) weight, (3) power consumption, (4) reliability and (5) cost. Most of these
constraints can be satisfied by applying techniques developed for microminiaturized
packaging of electronic circuits for defense-related systems. These techniques use a
small ceramic substrate similar in function to a printed circuit board. Upon this substrate
is placed chip devices such as transistors, diodes, capacitors, and integrated circuits
which are then interconnected to form a functioning circuit. By using this approach,
complex circuits can be built inexpensively and within reasonable size constraints.

In order to illustrate what can be accomplished by using the techniques of hybrid
fabrication, the development of an eight-channel Biomultiplexer package is discussed.
This eight-channel Biomultiplexer, when coupled to a small, lightweight transmitter,
forms a very useful biomedical tool. With this tool it is now possible to achieve remote
monitoring and virtually real time analysis on a host of body function signals.

Hybrid circuitry was thought to be an interim technique useful for providing
microminiaturized circuits until the need for hybrid circuitry could be completely
eliminated by the advancement of monolithic technology. The consensus now is that
hybrid technology provides a capability to, produce circuits of such diversity as to never
be replaced entirely by monolithics. Again, the Biomultiplexer combines analog and
digital circuitry to accomplish its functional mission. The present state-of-the-art in
monolithic circuitry could not be called upon to solve the same function. In addition, the
relatively small number of Biomultiplexers needed by the existing market would



preclude the use of monolithic techniques by cost considerations alone. It is with this
reasoning in mind that the following information is presented. Not that the
Biomultiplexer is, in itself, an earth-shaking achievement, but that the techniques used in
its fabrication and design can be used to further advance the utilization of electronics in
the field of biomedical telemetering.

Hybrid Methodology    Figure 1 shows what is being done to increase the density of
electronic packaging. Most of the devices consumed today come in “standard” packages.
There axe DIP’s (dual-in-line packages), the TO series, and a host of others too
numerous to mention. These packaging techniques serve but one function - to provide
electrical connection from the chip to the outside world so that the devices may be
mounted in PC boards, etc.

Fig. 1 - Size Reduction by Hybrid Methodology.

The chip (die) itself occupies only a very small portion of the volume alloted to discrete
packaged devices. To conserve space, the individual packages are discarded and many
chips are mounted on a common ceramic substrate. This provides a dramatic reduction in
volume while providing an increase in reliability. Performance can be tested at the
breadboard level since there is a close correlation between the hybrid unit and the
breadboard. This cannot be said for the monolith circuit, since paracitics found in a
monolithic circuit often change performance drastically.

Another important consideration is that a wide spectrum of different circuit types can be
accommodated. Analog and digital circuits can be combined along with large valued
capacitance, an achievement not yet possible with monolithic technology. The low
operating frequency range of the Biomultiplexer would have to be accommodated by
direct coupling in monolithic technology. Such an approach would be contrary to many



applications in the biomedical field because of the high dc potentials found at many
points of origin of signals in the human system.

The Biomultiplexer    Work accomplished at UCLA led to the need for a small,
lightweight telemetering system for the transmission of electrical information such as
EEG (electro encephalogram), EOG (electro oculogram), EMG (electro myogram), and
EKG (electro cardiogram). Initially, these signals were to be supplied from an orbiting
chimpanzee in which the unit was to be surgically implanted. With the current interest in
monitoring the biological functions of humans, it was a natural step to apply the device
to this much more challenging area.

The electrical design was performed at UCLA using standard breadboarding techniques.
To reduce power consumption to a minimum, use was made of low-power OA’s for the
amplifying and signal conditioning analog portion. Currently, Fairchild FA735 low-
power amplifiers are used. Consideration is being given to using the later FA776
micropower amplifier because it is Internally compensated, has lower power dissipation,
and appears to have better noise characteristics than the FA735. Work is underway to
determine the desirability of changing over to the FA776.

Figure 2 shows the schematic representative of the analog amplifier channel. Clearly, the
significant number of components around each amplffier to make an internally
compensated amplifier, with its need for fewer components, an attractive alternate.
Table I lists some of the salient characteristics of the overall analog amplifier. Particular
attention should be given to the requirement for subaudio response of the amplifier. This
requirement forces the designer to use large valued capacitors which are undesirable
from a micro-miniaturization standpoint.

Figure 3 illustrates the translation process for a very simple circuit. The entire circuit
undergoes this type of translation to be placed in hybrid form. Depending on the
complexity this process may take one or two days or up to a full week for very complex
circuits. The entire process from schematic to hybrid circuit typically ranges from four to
five weeks. Two of the major holdups are obtaining chip devices and substrates if they
have some unique shape.

Translation of the analog amplifier to a hybrid unit begins with making artwork 50:1.
Figure 4 shows the geometrical representation of the schematic shown in Figure 2. The
50:1 size is necessary to obtain resistors of the proper accuracies. Conductive pads are
used for mounting the chip devices. The composite mask is then used to prepare the
individual masks which form a mask set. These are also at 5 0: 1, and are cut from
rubylith on a light table.



Fig. 2 - Biomultiplexer Analog Channel Schematic.

Table I
TABLE OF ANALOG AMPLIFIER ELECTRICAL PARAMETERS

Bandwidth (3 db) 0. 5 to 100 Hz
Input Impedance >30 megohms
Common Mode Rejection > 100 db
Gain 1000 nominal (adjustable)
Dynamic Range 3 microvolts to 5 millivolts (gain = 1000)
Noise Figure <2 microvolts p-p (referred to input shorted

with 50K ohms)



Fig. 3 - Translation of a Circuit to a Geometrical Representation.

Fig. 4 - Biomultiplexer Analog Channel Layout.

The mask set contains a mask for the conductor paths and one mask for each of the
different resistor ink ranges used. For the analog amplifier, there is a total of four
different masks - one for the conductor path, and one each for the 1K ohm per square, the
10K ohm per square, and the 10 megohm per square resistance ink ranges required.
Figures 5 through 8 show the mask set. The 50:1 masks are reduced 1:1 for use in
printing of the substrate by the thick film hybrid process.



Fig. 5 - Amplifier Substrate With Conductor Paths.

Fig. 6 - 10K Ohm Per Square Resister Pattern Added.



Fig. 7 - 100K Ohm Per Square Resistor Pattern Added.

Fig. 8 - 10 Meg Ohm Per Square Resistor Pattern Added

Screens are then made using the 1:1 masks which allow the ink to pass through the
screen and be deposited on the substrate. The conductor ink is deposited on the substrate,
dried and fired first, since this ink is fired at a higher temperature than resistor inks. Each
resistor is printed and air dried one at a time prior to a final firing. The overall amplifier
substrate size is 0.34 x 0.54inchesandcontains 11 components.



The next step is to check the substrate resistors for proper tolerances using a probe set
coupled to an ohmmeter. The components are then mounted, and the circuit is ready for
tolerancing. Figure 4 shows the substrate with all the chip devices attached. Wirebonding
is used to interconnect the chip devices.

Tolerancing for the amplifier substrate is accomplished dynamically. The circuit is
operated at the laser resistor trim station, and the resistors are trimmed to obtain the
proper operation of the circuit. This is by far the most desirable technique since proper
circuit operation is assured. An alternate technique often used in the past is to trim the
resistors to proper value at the unattached die level and then assemble and test to assure
proper operation. The latter approach is seldom used now, since a much higher yield can
be obtained by dynamic circuit tolerancing.

Multiplexer Subassembly    We can now turn our attention to the multiplexer
Subassembly. A circular substrate was used because of end item application. The actual
multiplexer circuitry was placed at the center of the circular substrate. Figure 9 shows
the layout of the circular ceramic substrate mother board. Only conductive paths are used
since most of the chip devices that are mounted on it are digital. The timing RC time
constant was devised by using both chip capacitors and resistors. The chip resistors can
be trimmed for the proper timing interval.

The logic devices used were from the RCA 4000 series line. Still lower power may be
obtained from the new lower power 4000A line. We expect perhaps an order of
magnitude reduction in power by use of devices such as the new lower-power CMOS
line and the new lower-power OA’s such as the FA776.

The Biomultiplexer Subsystem    Figure 10 shows how the amplifiers are placed on the
ceramic mother board, After the amplifiers are cemented in place, they are wirebonded to
the mother board. This approach yields, in essence, a multilayer system at a fraction of
the tooling costs for a multilayer ceramic substrate. Naturally, if volume runs high
enough, a multilayer ceramic substrate may be economically desirable.

The finished assembly is 6.35 cm in diameter and about 0.97 cm thick. A circular
ceramic cover is placed over the unit to provide environmental protection. The
Biomultiplex assembly, less the cover, is shown in Figure 11. Power consumption is 480
microamperes at ±2.7V DC.

Solderable pads are provided at the periphery of the unit to allow for connection to
probes or sensors. Any number of attachment media, such as pins, are adaptable to this
packaging approach. Pins can be wedged in holes in the ceramic, for example, if many
reattachments axe anticipated.



Fig. 9 - Biomultiplexer Mother Substrate

Fig. 10 - Substrate on Substrate Packaging Scheme

Fig. 11 - Eight Amplifiers Assembled on Mother Substrate



Biotelemeter    The overall system block diagram is shown in Figure 12. The transmitter
itself was constructed utilizing a cordwood (3D) approach. Size could be reduced further
by using hybrid techniques here also, but time and cost considerations made the 3D
approach more desirable. Excellent performance of the system has been achieved with
close correlation between the breadboard unit and the miniaturized version.

Fig. 12 - Biomultiplexer/Transmitter Block Diagram

The Biotelemeter provides eight high quality channels of PAM information. The
sampling rate chosen was 256 pulses per second for the 100 Hz bandwidth. Sampling
rate is easily modified for any given application. The power consumption of the digital
multiplexer is directly proportional to the sampling rate. Thus, for any given application,
the sampling rate should be kept as low as possible, consistent with good signal
reproduction.

The present size of the transmitter is 2.5 cm x 1.25 cm x 1.25 cm. Power consumption of
the transmitter is variable, but can be as low as 180 microamperes at ±2.7v dc, which
yields a range of approximately 20 feet. A range of about 300 feet is possible by
increasing the current drain to 400 microamperes at ±2. 7v dc. The transmitter frequency
is 90 MHz.

Conclusions    The techniques developed for high-density, defense-related
microminiatruized electronic circuits are ideally suited for biomedical applications. A
Biomultiplexer has been fabricated utilizing these techniques, and has operational
characteristics almost identical to those of the breadboard unit. A later unit, which is
planned, should display an even further reduction in power consumption and better
performance. Devices of this nature are applicable to the biomedical field for the
monitoring of vital body functions while minimizing patient discomfort and increasing



the patient mobility. The application of the latest lowpower analog and digital devices
makes further power reductions feasible.

Summary    The applications of hybrid circuits to the medical field are relatively new.
Recent advances in low-power devices and knowledge obtained from medical personnel
have led to the development of an eight-channel hybrid thickfilm Biomultiplexer. Power
drain has been reduced dramatically at little or no sacrifice in performance. Typical
power drain is 480 microamperes at ±2.7v dc for the eight channels. A unique design
approach was taken to enchance the Biomultiplexer yield by using a “substrate on
substrate” fabrication technique. Tailoring of the unit was accomplished by laser
trimming the feedback resistor in the amplifier. Particular attention was given to the
noise characteristics of the IC chips used for the amplifiers. Noise performance tests
were conducted on the individual amplifier substrates prior to mounting them on the
circular ceramic mother board.

A medically-oriented telemetering system was constructed by connecting the hybrid
Biomultiplexer to an FM transmitter. The system is capable of transmitting biological
information such as EKG, EOG, EEG, etc. , to a remote receiver for monitoring
purposes. This allows the subject almost complete freedom of movement while providing
complete information on many vital biological functions.


