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I. Project Summary:

Project Title: Molecular Oxygen Sensor Utilizing Fluorescent Quenching Effect
Project Members:
Jeremy Goodman (uE)
Samuel Shin (EE)
Project Description:
Tris(4,7‐diphenyl‐1,10‐phenanthroline)ruthenium(II) dichloride complex,
commonly known as Ru(dpp), is a chemical label that changes fluorescent
properties in the presence of varying concentrations of molecular oxygen. As the
partial pressure of oxygen in the ambient changes, the intensity and lifetime of the
fluorescent effect will also change and can be measured using a sensitive
photodiode device (sensitive enough to measure 6μsec lifetimes). The Ru(dpp)
compound can be introduced into a silicone polymer matrix which creates a stable,
workable material that is permeable to oxygen and can be coated onto various types
of substrates (in this case, a silicon photodiode). The applied film can then be
excited using a specific wavelength of light (455nm royal blue light), which in turn
emits another wavelength (613nm light). This emitted wavelength will be recorded
using our photodiode.
A PIN‐photodiode (P+ doped well in an intrinsic n‐type wafer with an n+
backside implant) will be created to record the Ru(dpp) emitted wavelength
intensity and lifetime. The photodiode, in order to have efficient recording, will be
designed specifically to sense the wavelength emitted, using a thin‐film filter to
remove most of the background noise as well as the excitation wavelength (which
will be generated using an LED). The complete design for the photodiode will
include the base device along with Fuji‐film’s color mosaic RED which will filter out
all wavelengths but the red spectrum (absorb excitation λ of 455nm and transmit
emission λ of 613nm).
Once the Ru(dpp) polymer is created and the photodiode is tested and
functional, the sample construction can begin. The Ru(dpp) polymer will be applied
to the surface of the filtered‐photodiode, coating a thin film of the substance to
minimize noise and maximize excitation illumination uniformity.
A closed test chamber will be constructed which secures the photodiode to a
filter/amplifier recording station to monitor the output signal. The closed chamber
will be purged with nitrogen gas, removing all traces of other gases from inside the
chamber. A known quantity of oxygen will then be pumped into the system. An LED
tuned to the excitation wavelength will then be pulsed at a small lifetime above the
sample in order to uniformly illuminate the Ru(dpp) polymer. The Ru(dpp)
polymer will then emit a separate wavelength with an intensity/lifetime associated
with the partial pressure of oxygen in the system. This emitted wave will be
recorded by the photodiode which will output a signal that is filtered/amplified by
external circuitry. The final intensity and lifetime of the emission will be recorded,
signifying the change corresponding to that particular partial pressure of oxygen.
This procedure will then be repeated for a different partial pressure of oxygen.
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II. Technical Review Agenda:
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III. Technical Review:
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IV. Concept Generation:

Level 0

Input: LED Excitation Energy, % Oxygen
Fed through‐ O2 sensoring device
Output: Filtered, Amplified Output Signal
Module
Inputs
Outputs
Functionality

Oxygen Sensor Device
‐ Led Excitation Energy
‐ % Oxygen
‐ Filtered/Amplified Photodiode Signals
LED output energy coupled with certain percent of oxygen
causes Oxygen‐sensitive film to give off energy through
fuorescence. Energy is gathered by photodiode which outputs a
signal that is filtered and amplified by conditioning circuitry.
conditioned signal is output to an oscilloscope display.
Signal reference system records LED drive signal and excitation
energy to compare with O2 sensor output.
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Level‐1

Module
Inputs
Outputs
Functionality

LED Pulsing Circuit
‐ Square‐wave Signal
‐ Light energy (λE); λ = 455nm
To receive a square‐wave signal from a source at a specified
amplitude/duration and emit light energy of maximum power
at a wavelength of 455nm.

Module
Inputs

Ru(dpp) Thin Film
‐ Excitation energy from LED (λ=455nm)
‐ % O2 in ambient (from flow meter, driven by user
control)
‐ Fluorescent energy (λmax = 613nm)
To absorb light energy from LED and emit fluorescent energy.
The fluorescent signal intensity and lifetime will be a function
of p[O2] in ambient.

Outputs
Functionality

Module
Inputs
Outputs
Functionality

Photodiode Detection
‐ Fluorescent energy from Ru(dpp) Thin Film
‐ Current signal
Optical filter coating absorbs LED energy and transmits
fluorescent energy to photodiode. Photonic energy is
converted to current and leaves the device via backside
contact.

Module
Inputs
Outputs
Functionality

Signal Conditioning
‐ Output current from the photodiode
‐ Filtered/Amplified (conditioned) output voltage
Convert photo‐current to voltage. Filter noise and amplify
signal to a easily‐measureable level
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Level 2 – LED Pulsing Circuit

Module
Input
Output
Functionality

Signal Filtering
Signal with a fixed pulse width
Filtered signal
To perform filtering to attenuate unwanted noise.

Module
Input
Output
Functionality

Gain Circuitry
Filtered Signal
Amplified Signal
To amplify the filtered circuit. Current plan is to exhibit a gain of about 100.

Module
Input
Output
Functionality

Activate LED
Filtered and Amplified Signal
Light with wavelength around 455 nm
To take the amplified signal and use it to activate the LED with a fixed
wavelength.
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Level 2 – LED Signal to Ru(dpp) Polymer

Module
Inputs
Outputs
Functionality

Ru(dpp) Thin Film
‐ Excitation energy from LED
‐ %O2 in ambient
‐ Fluorescent energy emitted from Ru(dpp)
‐ Excitation energy from LED (residual)
Ru(dpp) polymer absorbs LED‐emission energy to trigger
fluorescent excitation. Fluorescent excitation combined with
%O2 in ambient generates emission of fluorescent energy.
Total output: excited fluorescent energy and residual energy
from LED.
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Level 2 – Energy to Photodiode

Module
Inputs
Outputs
Functionality

Energy to Photodiode
‐ Excitation energy from LED
‐ %O2 in ambient
‐ Fluorescent energy emitted from Ru(dpp)
‐ Excitation energy from LED (residual)
Ru(dpp) polymer absorbs LED‐emission energy to trigger
fluorescent excitation. Fluorescent excitation combined with
%O2 in ambient generates emission of fluorescent energy.
Total output: excited fluorescent energy and residual energy
from LED.
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Level 2 – Detection to Output

Module
Input
Output
Functionality

Current to Voltage Converter
Current vs. Time output signal
Voltage signal
To convert from current to voltage via an op amp configuration.

Module
Input
Output
Functionality

Filtering Circuit
Converted Voltage Signal
Filtered Voltage signal
To filter out the voltage signal.

Module
Input
Output
Functionality

Gain Circuitry
Filtered Voltage Signal
Amplified and Filtered Voltage Signal
To take the filtered signal and amplify for visual observation.
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Appendix A: Concept Screening Matrix:
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Appendix B: Concept Selection Matrix:
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Appendix C: Specifications:
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Appendix D: Customer Needs:
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Appendix E: MSD Project Timeline:
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