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A fluorescent chemical sensor platform, integrating an organic light-emitting dé@t&D)
light-source with a fluorescent probe, is demonstrated for a subsecond-fast oxygen sensor. The
integration results in strong light coupling and negligible heating of the sensor film or analyte. The
potentialin vivo operation of compact, stand-alone, battery-powered, OLED-based miniaturized
sensor arrays for chemical and biological applications is discussed0@ American Institute of
Physics. [DOI: 10.1063/1.1518154

The structural integration of a fluorescent sensor filmlow-voltage® miniaturized® and flexible light source$;
with its light source is highly desirable for the developmentgreen OLEDs with an external quantum efficienepy,,
of miniaturized sensor arrays. It would address the need for-18%’ and blue OLEDs withze~5.7%" have been re-
miniaturized devices in medical and environmental testingported.
high-throughput drug discovery, and detection of inorganic  The integration strategy described in this letter is based
gases, volatile organic compounds, pathogens, warfaren depositing the sensor film, a fluorescent dye embedded in
agents, andh vivo biological compounds, and organisms. In @ matrix, on one side of a transparent substrate, and the
general, fluorescence-basétio)chemical sensors require OLED on the other side. Figure 1 shows an envisioned array
three components: A fluorescing sensing eleniém fluo- of such sensors. The sensing film is fully exposed to the
rescence of which probes the analyta light source that gaseous or liquid analyte, while the OLED is sealed from it.
excites the sensing element, and a photodetector. Current
light sources such as lasers or inorganic light-emitting diode< TS
either cannot be integrated with the other components due 1 Substrate
size, geometrical, or operational constraints, or they involve Transparent (ITO) Anode o
intricate integration procedurédn addition, the heat gener- Hole Transport Layer (HTL) 3
ated can damage the sensor or analyte. This letter describ_, Emitting Layer J

. X ectron Transport Layer (ETL) ?
an integrated fluorescence-based oxygen sensor, which col Cathode
bines a fluorescent_ dye and an organic light-emitting devic:OLED,F'_"°!e,§:g|';°ci'if‘;s;§{;g; '
(OLED) in a very simple design. As shown below, such op- Photodiode or CCD
timized sensors result in negligible heating of the sensor filnr detector {arra
or analyte, and could lead to applications in medi¢aip-)
chemical, and environmental diagnostics at a molecula
level, where microarray technology is required for high-
throughput analysis and imagifg.

OLEDs have dramatically improved over the past
decadé® and commercial products incorporating them have
begun to emergé.They are inherently advantageous as
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Hull HU6 7RX, UK. FIG. 1. Schematic of the proposed integrated fluorescence-based high-
9Author to whom correspondence should be addressed; electronic mailensity chemical sensor array. The detector can be a CCD or set of photo-
shinar@ameslab.gov diodes that collect the light signal and transmit the resulting electrical signal
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In this geometry, the sensor film is on one side of the OLED J
array while the photodetector array is on the other side anc
monitors the fluorescence passittgough the array. This
“back-detection mode” is highly advantageous for integra-
tion in general, andn vivo operation in particular. It can be
accomplished using either transparent OLEDs, several
OLED pixels in an array(where the fluorescence passing
through the gaps between the pixels is monitpred

OLED arrays were fabricated by vacuum evaporation of 8
the organic layers on indium tin oxide coated glass. They_l-
were based on blue-emitting 4;&is-(2,2 -diphenylvinyl)- o
1,1'-biphenyl (DPVBI)!® or blue-emitting perylene-doped
4,4 -bis(9-carbazolyl) biphenyiPe:CBR.1>* The OLEDs
were prepared as a matrix array of1.5 mm diameter Al
disk electrodes evaporated onto the organic layers. Wavelength (nm)

The oxygen sensor film was based on rutheniunt4sis FIG. 2. (1) PL, (2) PL excitation, and3) absorption spectra of the Ripp

diphenyl-1,10-phenanthrolinehloride [Ru(dpp ] dye,“‘le dye immobilized within a sol—-gel matrix, measured in &# The EL of
Ru complexes are used as oxygen-sensitive dyes; the detddve DPVBi and(5) the EL of CBP OLEDs.

tion of oxygen is important for biomedicdk.g., glucose
sensing’) and environmental applicationi$:1® Ru(dpp is
photostable and its strong photoluminescefek), with a
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i) diative lifetime® und llisional hi emission collected through a band-pass filter. The inset
ps radiative fie |gn - undergoes coflisional qUeNCING oy, \vs the EL decay and the applied pulse. The sensor PL
by molecular oxygenS ) L 0
L . . decays with the expected lifetime ef2 us.
The thin-film oxygen sensors were prepared by immobi- The oxygen sensing measurements were performed us-
lizing Ru(dpp in a sol-gel matrix. First, R@pp was . Y9 9 P

blended with a sol, prepared from a methyltriethoxysilaneIng Pe:CBP OLEDs. Figure 4.Sh0WS the subsecqnd response
f the sensor to alternate 7 psi Ar and fws. The intensity

precursor mixed with water and ethanol. The doped sol Wag

- indi -
spin coated onto cleaned, silanized glass slides and then aglgdquenched by 72%; the sensor response indicates an uncer

) on )

at 70 °C. The resulting sensor films were optically transpar-t"’“myhOf ca.=1% in the oxygen c':gr?centfrat;]on.. | and bi

ent and crack free. _T e acute temperature sensitivity of chemical and bio-
logical sensors, as well as analytes, hampered the develop-

The measurements on the @pp sensor films excited ) )
by integrated DPVBi-based OLEDs were carried out in airment of working fluorescence-based integrated arrays. The

The OLEDSs were operated in a dc mode with a forward biadesults shqwn in Fig. 4 enable us to address this issug. They
of 15-20 V or in a pulsed mode. The PL and electrolumi-'Vére obtained a¥=16 V andI=30 uA (current density
nescencéEL) spectra were measured in the “front-detectiond~ 1.7 mA/cm’-), e, they produced a Joule power of
mode,” where the sensing layer and the photodetector are ofy -5 MW. This power is easily dissipated by the glass sub-
the same side of the OLED. The measurements on the oxyirate with negligible heating of the sensor film or analyte. At
gen sensors excited by the Pe:CBP OLEDs were performed
in a gas flow cell that was alternately flooded with oxygen or 0.15
argon; the sensor PL was monitored with either a Si photo- 204 20
diode or a photomultiplier tub&éPMT). Y N
Figure 2 presents thel) PL, (2) PL excitation, and3) T- 1y Blue OLED
absorption spectra of Rdpp immobilized in the sol—gel
matrix, and the normalized EL spectra @) blue DPVBI
and(5) violet-blue Pe:CBP OLEDs. The dye PL peaks at 601
nm. The EL strongly overlaps the Ripp) PL excitation and
absorption spectra, but there is little overlap between the E
and the sensor emission. To enhance the lifetime of OLED<&
biased to high brightness and exposed to air, the DPVBi& 51
OLEDs were operated at a pulsed bias of 28—31 V, with a<
pulse width of 1-7us and a repetition rate of 13—-120 kHz.
As expected, the pulsed and dc EL spectra were iderffical.
The ability to operate the OLED in a pulsed mode allows —————
us to explore its use in a PL lifetime-detection mode. This 0 2 4 6 8 10 12
mode overcomes drawbacks of intensit.y—based measure Time (usec)
ments, such as errors due to dye bleaching and changes in
excitation intensity, since quantifying the analyte via the PLFIG. 3. Time-resolved PL of the oxygen senssolid line) and blue EL of

et : : : : the DPVBIi OLED (dotted ling, both obtained through a 15 nm band-pass
lifetime does not require calibration. Moreover, detrlmentalfilter at 600 nm, from a 4.@s bias pulsédashed lingwith a repetition rate

sensor or analyte heating can be easily eliminated by redu9}=51.4 kHz. Inset; Time-resolved EL of the DPVBi blue OLEBolid
ing the duty cycle(see below. Figure 3 shows an applied line) generated by the bias pulédotted ling; v,=47 kHz
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1.2 — . - — deposited in close proximity on opposite sides of a common
Argon substrate, the OLED and sensor pixel size can be minimal,
1.0 T, o while still yielding measurable PL, creating a high-
3 . FAR informatioin density optoelectronic “nose.” Indeed, recent
& 087 . 7 developments in OLEDs confirm the feasibility of such mul-
& ] ) 1 tisensor microarray%® Therefore, this method should pro-
A 0.6+ ) H 7 vide an ideal compact excitation source for incorporation
N 1 : ] into microfluidic systems, biochip-based devices, and high-
E 0.4 . T throughput screening technologies, impacting the field of
9 Oxygen B ] combinatorial biochemical sensors.
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FIG. 4. Rudpp sensor response to Ar and, @s time. The Rpp was 9
excited by a blue Pe:CBP OLED, operated in a dc mode at 16 V; the injected
current wad =50 uA, and the brightness was1200 Cd/m. The PL of the 10
Ru(dpp saturated the Hamamatsu R928 PMT. The gas flow was 7 psi for

both Ar and Q.



