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ABSTRACT
In the development of full color displays, based on OLEDs the emissions of different wavelengths are
required. We synthesized a blue organic electroluminescent material bis (2 methyl 8- quinolinolato) (triphenyl
siloxy) aluminum (III) (SAlq) and its electrical and optical properties were studied. The material exhibited high
photoluminescence (PL) and electroluminescence (EL). Photoluminescence (PL) spectra recorded at room
temperature revealed a broad blue emission peak at 490 nm along with a shoulder at 448 nm. The material was
characterized by UV-visible, photoluminescence, electroluminescence and IR spectroscopic methods. The Thermo
Gravimetric Analysis (TGA) revealed that the material is thermally stable upto 300 oC. From the absorbance cutoff
wavelength at 410 nm and Tauc relation, the optical band gap of the material was evaluated to be 3.1 eV. OLEDs
were fabricated in ITO/TPD/SAlq/LiF/Al configuration. The devices show typical non-linear diode I-V
characteristics under forward bias with the threshold voltage of 5V. The CIE chromaticity was also studied and the
coordinates were found to be independent of operating voltage.
1. INTRODUCTION
Since the first report on highly efficient organic light emitting diodes (OLEDs) by Tang and Van Slyke [1],
they have attracted much interest for their potential application in flat panel displays. The performance of OLEDs
has improved drastically during the last decade, through focused research efforts [2-10]. To achieve high quantum
yield in electroluminescence of the organic layer and to get a balanced charge injection, many fluorescent dyes and
charge transport materials have been developed. Using some very efficient dyes the energy of the incident light of a
shorter wavelength can be converted into a longer one. Using proper dyes, blue light can be converted into green or
red. In another way, a blue OLED alone has the potential to generate all the colors, while the converse: conversion
of green or red emission into blue, by the same method is not possible [26, 27]. Efforts are going on in the area of
colour tuning by molecular engineering, especially to achieve blue-light emission [11,12]. However, blue light
emitters in general have lower efficiencies than green or red emitters, because of their larger band gap energy, which
inhibits injection of electrons at cathode. Using the phosphorescent organomatellic dyes the EL efficiency can
tremendously be enhanced. FIrpic is the most popular blue emitting phosphorescent dye. Although all three principal
colors have been demonstrated in OLEDs, but only green and orange OLEDs currently have the abilities to meet the
requirements for commercial applications. Blue light-emitting diodes are still under development for commercial
use. A number of comprehensive reviews on blue organic electroluminescent materials are available [13,14].
Many complexes of 8-hydroxyquinoline such as Alq3, Znq2, Mgq2, Znmq2 and Beq2 have been studied as
emitters by many researchers [1,15,16]. In this report we have synthesized another 8-hydroxyquinoline derivative
bis (2-methyl 8-quinolinolato)(triphenyl siloxy) aluminium (SAlq). Thin films of SAlq were deposited by the
thermal evaporation in vacuum. These films were studied for their UV-visible optical absorption, luminescence, and
infrared spectroscopic properties. The band gap of the material was determined from the optical absorption
measurements. SAlq has been studied previously as hole blocking layers [17] and blue emitting host in the white
emitting devices [18-20]. In this report we have studied SAlq as self-blue light emitter for OLED applications.
Electroluminescent devices were fabricated in the bilayer TPD/SAlq configuration.
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2. EXPERIMENTAL AND DEVICE FABRICATION
The 8-hydroxyquinoline derivative bis (2 methyl 8- quinolinolato) (triphenyl siloxy) aluminium (SAlq) was
synthesized through a homogenous-phase reaction of 2-methyl 8-quinolinol (2 mole) with aluminum iso-propoxide
(1 mole) and triphenyl silanol (1 mole) at room temperature [20]. The product was filtered and dried for 1h at 90 oC
under vacuum and further purified by vacuum sublimation at a reduced pressure of about 5 x 10-5 Torr. The resultant
SAlq was obtained as a white powder. The chemical structure of SAlq is shown in Fig. 1. Devices were fabricated
on the ITO substrate by a vacuum deposition method. The indium tin oxide (ITO) coated glass substrates with a
sheet resistance of 20 Ω/, were patterned by photolithographic technique and were cleaned following a chemical
cleaning process with soap solution, followed by boiling in trichloroethylene and isopropyl alcohol and finally dried
under vacuum. The devices were fabricated in the configuration ITO/TPD(25nm)/SAlq(35 nm)/LiF(3 nm)/Al(150
nm). The thermal evaporation of organic materials was carried out in a diffusion pumped chamber at a base pressure
of 1x10-5 Torr. The hole transport layer (TPD) and emissive layer (SAlq) were deposited at a rate of 1-2 Å s -1, the
thin buffer layer of LiF (3 nm) was deposited at the rate of ~ 0.3 Å s –1, while Al was evaporated at the rate of 10 Å s
-1
.The thickness of all the thin films was measured using a HINDHIAC quartz crystal thickness monitor DTM –101.
After fabrication, the device was transferred to a glove box, which resulted in a brief exposure of the device to air.
The device was hermetically sealed in the glove box under dry nitrogen atmosphere and then was taken out.
Subsequently, all the electrical measurements were done in the ambient atmosphere. Fig. 2 shows the device
configuration. The current vs voltage characteristics were studied using a Keithley 617 electrometer interfaced with
a PC.
3. RESULT AND DISCUSSION
The UV- visible absorption spectra of the vacuum deposited SAlq thin film (300 nm) on quartz substrate
were studied in the wavelength region 200-800 nm using a Shimadzu UV-2401 PC spectrophotometer at room
temperature (Fig. 3). The absorption maximum occurs at 260 nm with a shoulder at 358 nm and the cutoff
wavelength at 410 nm. The optical band gap was determined from the optical absorption edge and using the Tauc
relation [21, 22]
Ahν = (hν – Eg) n
(1)
where n is 1/2 for allowed direct, 2 for allowed indirect, 3/2 for forbidden direct and 3 for forbidden indirect
transitions materials, A is the absorbance, Eg is the band gap corresponding to a particular absorption occurring in
the film, and hν is the photon energy. The direct optical band gap for SAlq, Eg was obtained from extrapolation of
the straight-line portion of the Absorbance2 vs hν plot to A = 0 (Fig. 4) as 3.1 eV.
SAlq showed bright blue photoluminescence when illuminated by a 400 nm light source. The
photoluminescence (PL) and electroluminescence (EL) spectra of SAlq are shown in Fig.3. The PL and EL were
recorded by using HR 2000 Ocean Optics Spectrometer, having a CCD array and fiber optic probe. The optical
transition responsible for the PL is due to a transition from the electron rich phenoxide ring (location of the highest
occupied molecular orbital, HOMO) to the electron deficient pyridyl ring (location of the lowest unoccupied
molecular orbital, LUMO) [23]. The electron-hole recombination taking place in the emitting layer leads to the
emission of a blue light with a maximum at λmax = 490 nm, which is 40 nm shorter than that of Alq3. It has been
reported that in Mq3 complexes (M = Al, Ga, In) the 8-hydroxoquinoline works as a bidentate ligand and form
chelate complexes with the central metals [24]. It is well known fact that as the co-valent nature of the metalnitrogen bonding in Mq3 complex is decreased, emission shifts to shorter wavelength [16, 25]. In SAlq the blue shift
can be attributed due to the reduction in the chelation of the complex compared to Alq3.
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Fig. 1. Bis (2methyl-8-quinolinolato)(triphenylsiloxy)

The perfect match of EL with the PL spectra at 490 nm indicates that the same excited species (singlet excitons) are
responsible for both processes. The exciton energy, determined as Eex (eV) = 1240/ λmax (nm) = 2.5 eV and the
optical band gap Eg = 3.1 eV, determined from the optical absorbance (Fig.3) suggest the exciton binding energy
[22] to be Ebind = Eg – Eex ~ 0.60 eV. An important observation has been made that the electroluminescence (EL)
peak position and the CIE coordinates of the device are independent of the operating voltage. The EL emission
stayed at 490 nm (Fig.5) and the CIE chromaticity coordinates stayed at (0.11, 0.19).
The thermal stability of the complex was determined by Thermo Gravimetric Analysis (TGA). Fig. 6 shows
the TGA and its first derivative curves for SAlq. It was recorded on a Mettler TA 3000 System at a scan rate of 10
o
C/min under nitrogen atmosphere. It is clear from the curve that the complex is thermally stable upto 300 oC and
the maximum weight loss occurs at about 455 oC.
Fig. 7 shows the current vs voltage characteristic of the EL device under forward bias. The forward bias
current was obtained when the ITO was a positive electrode and the Al as negative one. The characteristic shows
highly non-linear nature with ohmic conduction at low voltages and trap limited conduction at high voltages. The
current and luminescence increased steeply with the forward bias voltage. The current rises steeply above 5V
indicating the onset of light emission. The emission was uniform over the entire active area of the device pixel.

4. CONCLUSION
We have synthesized an aluminum complex SAlq and used it as an emitter in organic LED devices. It
exhibits good thermal stability upto 300oC. The position of PL and EL peaks at the same wavelength (490 nm)
indicates the involvement of the singlet exciton in both the processes. Also the chromaticity of the device was found
to be independent of the operating voltage and it shows the typical diode characteristics in forward bias. The results
confirm that SAlq could be used as an emissive source for OLED applications.
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