Fabrication of Wearable Heart Monitor Using Organic Amplifier
Circuit
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An aging population has led to a high demand for easy, inexpensive access to
healthcare. We demonstrate the functionality of a wearable heart monitor that can benefit
this situation. While modern sensors are typically rigid and silicon-based, our device
utilizes an aluminum electrode deposited on polyvinylidene fluoride (PVDF) film
interfaced with a Pseudo-CMOS amplifier circuit to detect pulse signals. This yields a
thin, flexible system that can be worn comfortably on an individual’s wrist to monitor for
heart failure, heart disease, and safe exercise. The device is interfaced with a wireless
module to allow for real time transmission and processing via Bluetooth. The Pseudo-
CMOS circuit permits over 10x amplification of pulse signals and minimizes effects from
electronic noise. Since the organic materials are soluble, the device can be manufactured
inexpensively on large areas via inkjet printing. The large amplification gain and ease of
fabrication provide additional applications in the fabrication of monitoring systems,
flexible displays, and other biosensors, which allows for the realization of cyber-physical
systems on a large scale.



& MARY

CHARTERED 1693

NAKATANI FOUNDATION

for advancement of measuring technologies in biomedical engineering

WILLIAM Hana Warner,'%° Takafumi Uemura,® Masahiro Sugiyama,®> Mayasa Kondo,? Tsuyoshi Sekitani? ¢ A PR A

Potential of Wearable Devices

* Internet of Things (loT): network of cyber-
physical devices
- Increased demand for medical access
and health monitoring systems due to
aging population
- Remote heart rate monitoring to identify
heart failure, cardiovascular disease, and
safe exercise!ll
* Organic electronics key to developing loT
- Printable for large area, inexpensive
fabrication
- Soft material = flexible, stretchable
- ldeal for use in medical devices!?!

Organic electronics have many applications including flexible displays,
monitoring systems, e-skins, and biosensors

Advantages of Organic Amplifier

* Pseudo-CMOS organic amplifier: amplifies
signals before processing
- Eliminates noise amplification, making
biosignals (LV-mV scale) easier to detect
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By changing location of amplification, biosignals become
less noisy easier to detect

 Easier fabrication, can make adjustments
post-manufacture

* Completely flexible device vs. conventional
rigid, silicon-based technology!3!
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Signal Detection with Pressure Sensor

* Detect pulse with aluminum electrode
deposited on piezoelectric film (PVDF)

* Need high signal-to-noise ratio (SNR) to amplify
without destroying signal

- Achieved SNR = 6-10x for sensor area larger

Pressure sensor during (a) noise and (b) signal detection. It is worn
than 140 mm x 175 mm on the wrist for noninvasive measurements.

* Sighals measured by securing sensor to wrist
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improved. (e) Frequency decomposition of sensor signal. Low frequency
pulse signal is amplified while higher frequency noise remains constant.
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Data Transmission & Processing

* Integrated sensor with Pseudo-CMOS circuit
and wireless module
 Effectively measured pulse signals
- Large signal amplification observed
- Clipping when secured with pressure

- Can measure signals without securing
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Real-time measurement of heart rate with device

(a) ) .10*Heart Rate (Pressure on Sensor) (b)4000 Heart Rate (No Pressure on Sensor)
| | | | | | h c;m" |
3 | | | ? 3800 ) / [ | | |
S i | | | s { { | | “)
‘ \ ‘ | ‘ |
2 i i | - 23600 | | I | | | !
— | ‘ — ‘ | |
: S oo R W ek o
L \ \ \
2 1 -93400 r\\ll"\w‘u’ﬂ“ '/ ”‘ ﬁ‘n’ Q”\ ‘\ \“ r ﬁ‘\ \W I \; ‘w \‘U’W \; ‘M MU ~\ ‘
N N ( ”“lh \W (U l m\ I wm, ,;\ Il M" \'h”‘ ~~ M‘ LIl "
0 a0 f YT TAN TEEYT Y I
f“\: | U “ W W
q O R WL L R W W ed b L L L |
0 05 1 15 2 25 3 35 0 1 2 3 4
Time (s) Time (s)

Heart rate measurement (a) with and (b) without applying pressure
to the sensor surface.

Conclusion

* Demonstrated application of organic
electronics to wrist-based heart-monitoring
* Created flexible, wearable device that
detects and amplifies pulse for easy
transmission and analysis
Future Work
* Optimize impedance to eliminate clipping
* Optimize sensor area and orientation
* Eliminate motion artifacts
* Apply to other biosensors
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