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Abstract Algs is widely used in organic light emitting diodesLEDs) as emission and
electron transport layer. Commercial Alg normally used in the fabrication of OLEDSs. hist
study nano sized Algwas synthesized using a co-precipitation methadl ianwas purified
using temperature gradient sublimation. The;Algs then used to fabricate a simple two layer
OLED with a device structure: ITO/NPB/AIESCOs:Al. The electroluminescence (EL)
spectrum of the device consisted of a broadbanil avinaximum at ~520 nm and was similar
to the photoluminescence (PL) spectrum observenh filoe synthesized Adgpowder. The
luminance [)—current densityJ)—voltage ¥) characteristics of the device showed a turn on
voltage of ~ 2V, which was lower than the curreansity of the device fabricated using the
commercial Alg. The external quantum efficien€yeqe) and the power conversion efficiency
(np) of the device were 1% and 2 Im/W, respectively.

1. Introduction

Since its first report in 1987 by Tang and Van $Iyk], tris-(8-hydroxy-quinoline) aluminium (Adj

has been used in organic light emitting devicesEDg$) both as a green light emitting material and an
electron transporting layer (ETL). An OLED deviaansists of an electroluminescent (EL) medium of
thin organic layers (<0.2 um) sandwiched betweendlgctrodes. Some organic layers transport holes
and others electrons. When a potential differescapplied between the anode and the cathode the
holes and electrons will migrate towards the oppbsicharged electrode. Holes and electrons will
then be transferred to the emitting material fogniightly bound excitons which emit photons upon
relaxation. These photons are then capable of egrdpm the device architecture through the
transparent anode and out the glass substrate.

In this study we have synthesized nano-sizeds; Abg use in fabricating OLEDs by thermal
evaporation process. Thermal evaporation utilizgg wacuum and direct heating of materials to
deposit nanoscale layers of material onto a desstdsbtrate and is an ideal technique for the
deposition of organic small molecules due to thee ficontrol and relatively gentle method of
deposition. A description of this method and th@lsmecessary are presented.

In this study Alg was used as both the ETL and emitting layer (EML)}the OLED, while
commercial N,N'-di(naphthalen-1-yl)-N,N'-diphenyéd#izidine (NBP) was used as the hole
transporting layer (HTL). Indium tin oxide (ITO) ated onto a glass substrate was used as the anode,
while the Al:CsCO; top electrode was used as the cathode. The deVategated using the
synthesized Alg are compared with those fabricated using the caowially available Alg.
Furthermore, the current-voltage-luminance charesties were also measured and the external
guantum and power efficiencies of the two deviagescampared.
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2. Experimental

2.1 Synthesis and purification of Algs

Algs phosphor powder was synthesized using the cogitation method. 0.625g of 8-
hydroxyquinoline (8-Hq) was added to a mixture & il H,O and 6.5 ml of glacial acetic acid. The
mixture was stirred for 15 minutes. 0.5 g of Al(NOwas added to 20 ml of @ and this mixture was
also stirred for 15 minutes. The AI(NJ@ solution was added drop wise to the 8-Hq solutiaiin
vigorous stirring. The resulting brown solution vaisred for 15 minutes. 5 ml of N&@H was added
drop wise to the solution while stirring vigorouslk yellow green precipitate was formed. The
precipitate was filtered and washed 8 times wistilted water. The precipitate was dried in an oven
overnight at 80°C. After drying, the precipitatesaground to get a fine powder. The powder was
dissolved in 10 ml acetone and left to recrystalizair at room temperature.

During purification of Alg, three quartz tubes (segments) were used. Thbss tere placed in
an outer quartz tube. 0.394 g of raw material veasléd in the first segment. The outer quartz tube
was sealed with quartz wool to prevent any solidsfentering the vacuum pumps. The tube was
connected to a roughing pump and turbo molecularpand was evacuated to a pressure of 2% 10
Torr. The second segment was heated to 150 °C mif0tes. The first segment was heated to 50 °C
above this temperature and segment three was heated °C below this temperature, yielding a
temperature gradient of 100 °C over the segmeriis. Setup was left for 24 hours. After that the
heaters were switched off and the system was atlde@ir cool back to room temperature. Impurities
were left in the first segment and had a dark braeslor, while the purified Alg crystals were
collected in the second segment (bright yellow Qol&imost no material was present in the third
segment. Segment two was harvested for purifiectmahtand 0.140 grams (35.53%) of the material
was yielded. The impurities yielded almost 15% &80 of the raw material was lost during the
purification.

2.2 Fabrication of OLEDs

Glass substrates precoated with an indium tin ofi@i®) anode (sheet resistance ~Qf3q) were
degreased in detergent and de-ionized water, agahetl with ultrasonic baths of acetone and
isopropanol consecutively for 15 minutes each. $tlestrates were then exposed to an ultraviolet-
ozone ambient for 15 minutes immediately beforalilog into a high vacuum thermal evaporation
system (base pressure ~ 3 x' brr). All the organic and metal layers were déggassuccessively
without breaking the vacuum. The device structuresisted of ITO/NPB/AlgCsCO;:Al layers and
they are shown in figure 1. The NPB and Algyers were 50 nm thick each, the,C8; layer was
1nm and the Al layer was 80 nm thick.

Figure 2 shows the energy level diagram of thei¢abed OLED device [2]. A barrier for electron
injection is commonly present at the metal-orgaroatact when the work function of the metal is
larger than the lowest unoccupied molecular orlfiteIMO) of the organic materials, the use of a low
work function metal is highly desirable to facitéathe injection of electrons. By adding sub-
monolayer amounts of LiF or g€30; between the cathode and ETL, the work functiothef metal
can be decreased dramatically [3]. Electrons geetied from the cathode (Al:g30s) into the Alg
layer, which acts as the ETL. The hole-injectingitect requires a metal of high work function to
match the highest occupied molecular orbital (HOM®he organic hole transporting layer. This
contact must also be transparent to permit liglexibthe device in an effective manner. Most OLEDs
rely on the transparent and conductive indium kide (ITO) as the anodic material to facilitate the
hole-injection. The work function of ITO rangestiat.5 to 5.0 eV [4] and is strongly dependant on
the methods of surface treatment. Treatment of ¢l&@s substrates using UV-ozone substantially
increases its work function and also enhances theihjection from the ITO anode into the HTL.
Holes are simultaneously injected from the anod®jlinto the NPB layer, which acts as a hole
transporting layer. The Alglayer acts as the emissive layer and electron-tedembination takes



place just next to the interface betweenz; and NPB on the Algside. During recombination photo
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Figure = Schematic illustration of th Figure 2 Energy level diagram of the fabricat
device structure. OLED.

2.3 Characterization

The averaggarticle size of the samples westimated from the XRD data recordeing a Bruker Dt
Advance Diffractometer equipped with a Cu Kource.Luminance [)—current density J)—voltage
(V) measurements were conducted in ambient conditisisg an Agilent 4155C semiconduc
parameter analyzer and a Newport -UV photodeteair. The luminance of the OLEDs w
calibrated using a Konica Minolta -100 luminance meter assuming a Lambertian emigsadtern.
Electroluminescence (EL) spectra wrecordedising an Ocean Optics Jaz spectromi

3. Results

The crystallanity of the Algpowders was deternmed by XRD and the spectruisi shown infigure 3.
The peaks are in agreement witte data reported by Mao et al [S¢onfirming that the emical
compund we synthesized wiagleed Ali. The standard data available on various XRD datbéor
Alg; does not match with the sam, because the standard data that was repbyt8dchylor et. a [6]
in 1973 was for tris(quinolin-&lato)titanium(lll} (Tigs) and not for Alg. There is therefore a
mismatch between theandard da referenced in JCPDS 26-1550 with the Alsample prepared in
this study. Peaks marked with arsteril (*) are not yet identified at present. The averageghasize
determined by using Schrerrer’'s equation was fdarizk 40 + 4 nn
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Figure 3 XRD spectra of Al; after recrystalized in acetone.



A potential difference of 4 V was applied to the EIb. at a constant current of 400 pA and the
electroluminescence (EL) of the device was measufrbd device's EL was compared to a device
fabricated with commercial AlgThe normalized EL curves are shown in figure dthBlevices show
emission at 520 nm. This emission is consistenh wlite photoluminescence (PL) data reported
previously [7] for nano sized Adlgpowder.
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Figure 4: The EL spectra of commercial and syniteski
Algs, both are showing a broad emission peak with amax at 520 nm.

Figure 5 compares the-J-V characteristics of OLED devices fabricated using $kinthesized and
commercial Alg. Both devices were found to have a turn on voltége ® V. The current density of
the device fabricated using the commercialAl@s higher than that of the one fabricated with th
synthesized Alg3. The luminance of the commercilg; Alevice was 1.5x more intense than that of
the synthesized Algdevice. The luminance of both devices dropped ¢d/@f at 10 V, pointing to a
complete breakdown of the device. The external tumarefficiency feqe) and power conversion
efficiency ¢p) were calculated based on the methods recommeif@ivgst et al [8] and the plots of
nece andyp versus luminance are shown in figure 6. Both devighow a maximumge of just above
1%. This is consistent with othgkqe values reported for devices fabricated with comiaérklqs
[9]. Thenp value at 100 cd/fpwhich is an important luminance level for disptgvices, was about
2.5 Im/W for the commercial Algdevice and it dropped to 2 Im/W for the synthesi2dgs device.
This is an indication that the synthesized Alayer degrades faster, especially under high getta
This might be due to some impurities like hydroxyaqline and Al-O compounds which were
probably still present in the Adepven after purification.
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Figure 5:L-J-V characteristics of the OLEDSs. FigurenBee andyp as a function of luminance

for the two devices.



4. Conclusion

Algs; powder was successfully synthesized using therecigitation method. The XRD measurements
confirmed that Alg with an average particle size of 40 £ 4 nm wagh®sized successfully. Both
devices’ normalized EL spectra showed emission28t im and this corresponds with reported PL
results. Both devices have a turn on voltage of. ZMe synthesized Algdevice has lower current
density, luminance angb values compared to the commercial Adigvice. These lower values are an
indication that the synthesized Allyer degrades faster, especially under highdgaget. The reason
for the degradation could be due to residual infgrithat could not be removed by purification. The
neqe andyp can be increased by using Algist as ETL and using a host like4'-bis(9H-carbazol-9-
yl)biphenyl (CBP) doped with a green dopant like(2-phenylpyridine)iridium (Ir(ppy)3).
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