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I. Abstract

The major purpose of this project is to design and fabricate rpiniatur~
ized, portable external heart rate and ECG monitoring systems for prolonged
space missions.

The heart rate system has been designed and is being evaluated in
breadboard form. All electrical specifications for the system have been met
or exceeded in the breadboard model. The amplifier, oscillator and power
amplifier of the rate monitoring system are common to the ECG system,
therefore, the only major subsystem remaining to be designed and constructed

for the ECG monitoring system is the subcarrier oscillator-modulator.

II. Heart Rate System Design

The system proposed is shown in Figure 1. The overall system speci-
fications are as follows.
. 7
A. Input impedance > 10'Q

B. Microvolt sensitivity

C. Transmission distance: 10 feet reliability
(RF field strength > 20pv)

D. Volume < 1/4 inch’ (not including battery) with
maximum dimension < 2"

E. Power consumption less than 75u watt

F. Weight - not including battery - 10gms.

At this time, a breadboard system has been designed and is being
evaluated. The applicable system specificatidns have been met or exceeded

in this breadboard model. The test results obtained are as follows:
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A. Input impedance 2x107Q  to 1099

B. Sensitivity 100pv - RMS

C. Transmission distance > 10 feet - (at 10 feet, the
field strength is 35 - 50uv)

D. Power 40p watts from a 2.4 - 2. 8 volt source.
It is expected that the rest of the system speéifications (volume and
weight) will be satisfied by the finished prototype.

Detailed circuit and design information will be given in the following

sections.

III. Input Amplifier

The input amplifier consists of two differential amplifier stages fol-
lowed by three single stage amplifiers. The amplifier circuit diagram is
shown in Figure 2. Common mode negative feedback is applied between the
two differential stages to stabilize the D.C. operating point. The input stage
uses junction Field Effect Transistors with low 1/f noise characteristics
for high input impedance. The operating current level for each transistor is

0.9 A. The amplifier characteristics are as follows:

Voltage supply 2.4 - 2.8 volts
D.C. current O6pLA

Voltage gain _ 5000 (unloaded)
Bandwidth 90Hz

Noise ( referred to input) 10pV. RMS
Qutput voltage 2v peak-to-peak

maximum
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Operating temperature 25 - 50°C

In its present form, the amplifier requires one initial balance adjust-
ment and exhibits some stability problems with variation in supply voltage.
This unit is presently being modified using frequency lag compensation tech-

niques to overcome stability problems.

IV, Oscillator and Power Amplifier

The oscillator and power amplifier are shown in Figure 3. The oscil-
lator used is a standard Colpitts oscillator tuned to 67MHz. Attempts will be
made to use a crystal controlled oscillator for the prototype unit. The proto-
type model frequency will depend upon the availability of miniaturized crystals,
but will probably be 120MHz.

The power amplifier is a class C tuned doubler. R-C coupling with
the os cillatc-)'r is used in an effort to mini;nize the final unit volume. The out-
put tank is tuned to 134MHz but will be raised to 240MHz for the prototg;pe.
The total power required for the oscillator-amplifier is 10 milliwatts for con-
tinuous operation. The unit is operated in pulse mode by the application of a
positive triggering potential to the base of the 2N3663 in the oscillator sec-
tion. For the pulse mode of operation used in this unit, the average power

was decreased to 15 microwatts. At this level the field strength, measured

at a dipole placed 10 feet from the transmitter, was 35 - 50 pvolts.

V. Pulse Modulator

The modulator used in this system is a monostable multivibrator
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using complementary devices. Triggering of the multivibrator is accom-
plished by the 2N3117 transistor. Initially all transistors are cut off and stay
off until a positive pulse is applied to the base of the 2N3117. When a suffi-
cient pulse is applied, this transistor will conduct for the time the pulse is
present. The collector current produces a sufficient drop across the 68K®Q
resistor to force the 2N3638 into conduction, which causes the 2N2923 to con-
duct. At some time, set by the collector-base coupling circuit time constant,
the 2N2923 will cease to éonduct, allowing the 2N3638 to stop conduction. The
pulse width at the output of the multivibrator has been set to be 1. 25 milli-
seconds. This was chosen since it is short enough, cnsidering the normal
heart rate, to allow small duty cycle operétion yet long enough to allow the
oscillator and power amplifier to settle to a steady state operation after being

switched on.
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