BALTAL Engineering: Isolated Electrocardiogram
Briaunna Austin (BME) and Brittany Batts (BME)
Advisor: Dr. O’ Brien
Biomedical Engineering Department, School of Engineering,
Mercer University, Macon, GA
Project Description
Currently, the Biomedical Engineering department at
Mercer University does not have a way for students to
study the electrical impulses of the heart using an electrocardiogram (ECG). Dr. O’ Brien, the client, has asked
the team to design and build a small ECG the students
can use in lab. The ECG built has to be isolated so the
students and the device are protected from any electrical
malfunctions that may occur. The final circuit must be
constructed onto a printed circuit board, and enclosed in
a case. Along with the final working device, the design
for the printed circuit board must be delivered so that
10 copies can be reproduced.

Design Specifications
1.Signal must be read with three disposable electrodes
2.Input voltage of 0.1 mV-5 mV must be amplified to 5v.
3.Must have an input frequency from 0.5 Hz to 150 Hz
4.Must minimize 60 Hz noise

Background
An electrocardiogram is a device used to measure the electrical impulse of
the heart. It works by picking up the electrical impulses of the heart through a
series of electrodes that are attached to the skin and then outputting that signal
on a graphical representation. The basic pattern of the output of the ECG is
shown in Figure 1.

5.Patient must be electrically isolated to at least 500 V
6.The final design must be 3”x3”x4” or smaller and enclosed.
7.The final design must be on printed circuit board
8.Design must be submitted in order to make 10 copies
9. The ECG signal must be displayed on an oscilloscope

Bread Board Construction

Printed Circuit Board Construction

The design for the ECG signal was constructed in main stages and tested
on a bread board provided in the Biomedical Instrumentation lab. The function generator was used to generate an input signal for testing purposes. The
device was chosen to be powered by a 9 V battery. Using a voltage divider
circuit, along with an OPA227 operational amplifier, the 9 V was split into
±4.5 V. An instrumentation amplifier, INA114, was then used to amplify the
signal’s gain by 10 V/V. An isolation chip, ISO124, was used to electrically
isolate the device. Since the ISO124’s only purpose is make an isolation barrier, its output should match the output of the INA114. After the isolation chip
was added to the circuit, the signal inputted came from electrodes. A passive
high pass filter was constructed to filter out any noise below 0.5 Hz. Then a
second gain stage was constructed using the operational amplifier OPA227 in
order to amplify the signal to 5 V.. A 2nd order low pass filter was constructed
to filter out noise above 150 Hz. A right leg driven system was then constructed in order to eliminate the 60 Hz power line noise. All testing was displayed
on an oscilloscope. Figures 4 and 5 show the schematic and construction of
the final design. Ultimately, final bread board construction yielded an acceptable ECG signal. Figure 6 shows the ECG signal at the end of the bread
board testing phase.

The final design for the ECG was constructed in Eagle Software. The printed circuit board was generated, then modified to 1.90”x 2.35” in order to fit the casing the
PCB will sit in. Tracings on the PCB were rearranged in Eagle until the board was
deemed acceptable to print. Figure 7 shows the PCB generated in Eagle. Once the circuit was printed, all the tracings on the PCB was tested for continuity. The continuity
testing was conducted using a digital multimeter (DMM). Figure 8 shows the final
printed circuit board. As with the bread board construction, the components were soldered onto the final PCB in main stages and tested for conditions specified in bread
board construction. Furthermore, continuity was tested after each stage. Figure 9
shows the PCB with all of the components soldered on. Each stage yielded similar results to that in the breadboard construction. Figure 10 shows the ECG signal from the
PCB. The signal was noisy as a result of the wires used for the electrodes; coaxial cables were then used the reduce some noise. Figure 11 shows the PCB signal with the
use of coaxial cables. Once the final ECG signal was deemed acceptable, the PCB was
encased in an ABS plastic casing.
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The ECG waveform generated by the heart is in the millivolt range. In
order for the signal to be readable, the signal has to be amplified to the Volt
range. This is typically done by using an instrumentation amplifier; this amplifier is constructed out of three operational amplifiers. An instrumentation amplifier is a device in which its gain can be easily changed by one resistor (Rgain).
Figure 2 shows the schematic for an instrumentation amplifier

When a patient is connected to the circuit, the body acts somewhat like an
antenna and will pick up noise from the power supplies in the room that ranges
between 50 to 60Hz. In order to eliminate this noise, a right leg driven system
is commonly implemented in biological signals. This works by feeding the interfering signal on the body, known as the common mode voltage, into an electrode connected to the right leg. The two operational amplifiers used in the circuit will invert the noise common to the two electrodes and then amplify it. As
a result, this noise is eliminated and the final signal is more accurate and readable. Figure 3 shows the schematic of aright leg driven system.

Results and Conclusion
The team was successful at meeting all the design criteria specified by the client in order to build a final working ECG
device. There were issues that the team ran into during the CDR stage. The battery had to be replaced multiple times
because it had to always be at max power to ensure that the isolation chip was powered. The isolation chip ISO124 operates at ±4.5 V, which is the maximum power outputted by the battery. The small PCB size brought on continuity issues that had to be fixed by making larger tracings. Soldering the components on the PCB took an immense amount of
time due to the previous lack of soldering skills. Furthermore, testing for the printed circuit phase was more difficult
than the bread board stage. To conclude, the team would recommend the use of rechargeable batteries, a larger PCB
size to increase tracing size, and printing done by a company that specializes in PCB for the final design. Figures 12-18
demonstrate the result after each main stages was built. The main stages, as specified in Bread Board Construction,
were the power supply, instrumentation amplifier INA114, isolation amplifier ISO124, high pass filter, second gain
stage, low pass filter, and right leg driven system.

