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Fabrication Process And Etficiency Analysis of Organic Light-Emitting Diodes (OLEDs)

This project focuses on new simple solution routes to making of a
class of electronic device displays known as organic light-
emitting diodes (OLEDs). We investigate impact of design and
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Nhu Le* and J Effe ry L. C Offer composition on its ability to emit light. These results show that

the light emitted under photo excitation (photoluminescence)
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lation (electroluminescence) needs to be improved. The best re-
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. . . . 1. Clean Substrate Materials 2. Red OLED 3. Green OLED
Display technology 1s one of the markets that has developed significantly and has a strong impact on Green OLED
consumers and the teChnOIOgy indUStry such as TVs . SmartphoneS, and ComPUter monitors. One of the ’ N 3 g | .;-»'.‘ Single-La?'er l%e.(?LED Substrate and anode layer: FTO/glass and ITO/ Three Layer Substrate and anode layer: FTO/glass and ITO/plastic
current research topics in this industry of extensive interest is the development of new organic light- RS, o . OLED: Hole transport layer: PEDOT:PSS was added dropwise and | Photoluminescence Spectroscoples of Three Layer Green OLED st 10xand 5ms
. . . . . . . . . e A\ i b X Kapton tape to cover a side of the sample heated in 140°C for 5 minutes
emitting diodes or OLEDs. It Is d1.fferent thar.l LED, which c.annot display images by .1ts.elf and IS han.— Red Emissive Layer: A thin layer of [Ru (bpy)] Green Emissive layer: 6 mg of Bis[2-(4.6-diflurophenyl)
dled by a transparent LCD or liquid crystal display panel. Since an LCD does not emit 1its own light, 1t (BFy), polyvinyl solution was spread by a cotton ap- pyridinato-C2,N] (picolinato) iridium (III) 97% was dis-
. . 4 . . : plicator on the substrate. The substrate was heated at solved in 1ml of toluene. It was heated in 95°C for 5
results that the panel will be black without the backlighting provided by the LED. On the other hand, S 95C for 5 minutes. Thisstep was repeated for 3-4 e v
. . . . - ; . . X . ngle-Layer Re . o 4
OLEDs can emit its own light and display images. Its advanced characteristics are expected to be 1m- ’ times B Elcctron transport layer: 3mg of ZnO in Iml of ethanol or 1 £ 200n
. . . . . . . : R . Use Kapton tape to create small Interconnect/Cathode: A thin layer of Ga-In eutectic | [ & mg of polyethylenimine was added to 6.7ml of ZnO ink £ - . .
prOVed and contribute Wldely to dlsplay apphcatlons. This will hep to lower powcer Consum‘?tlona 11m- Cut FTO/glass and ITO/plastic in- areas (2 mm x2 mm) on was put on top of the emissive layer by using a sy- S B (concentration of 2.5mg/ml) . Then it was annealed at 50°C E Visible photoluminescence (left)
prOVe image display’ and lower COStS. HOWeVer, OLEDS are Challenglng tO fabrlcate. to small sizes the sample or to cover a side of ringe or silver epoxy was put on top in 95°C for 1 = | :' ’ & and 80°C, each step for 5 minutes = 1000 .and ele(':trO.lumill.e§C?nce at 8V
the sample Substrate and Anode hour it (7 Cathode: AgNW was heated in 200° or silver epoxy in 95°C . J (right) (picolinato iridium 97% on
Structure of Single-Layer _ for 1 h ITO sample)
Clean FTO with: Red OLED Substrate and anode layer: FTO/glass and ITO/plastic Three-Layer Green o 1 out - / " wf\__ —~ |
This research project seeks to simplifty OLED fabrication through simple solution-based routes. 1) 10% HCl in H,0 in 1 hour Three-Layer Red OLED Hole transport layer: PEDOT:PSS was added drop- OLED Attermnt with Peroveki
” : : . . AT C0 s wise and heated in 140°C in 5 minutes cmpt with Ferovskite: Wavelength (nm)
Ideally these new OLEDs will perform well at low voltage ranges and maintain good light emis- 2) Rinse with DI water ) | Red emissive laver Substrate and anode layer: FTO/glass and ITO/plastic
. . . . . . . - - - - , , | Cathode | . SR : . Diode: ITO/plastic, PEDOT:PSS, (picolinato) iridium (97%), ZnO and
sion intensity, as evaluated using techniques known as photoluminescence and electrolumines- 3) Sonicate in acetone in 45 minutes .3 mg of MEH-PPV was dissolved in 1 ml of DS ISR Hole transport layer: 0.2g of titanium isopropoxide was dis ‘ PR " DEDRERD) IR0
. . . 4) Dry with N, gas ol POTEIYEL solved in 2ml of absolute ethanol, then spin coat at 3000rpm gNW
cence spectroscopies. Results from single-layer OLED and three-layer OLED devices are ana- : oluene DGREEGRiSSEaER 2nd 20s. The layer was heated at 500°C in 30 minutes
Three-Layer Red OLED ' ' | Hole Transport Layer | - : :
| d —— Rulbpyls. PVA (80mg) was dissolved in 30 ml of Srdne Green emissive layer: Solution of Perovskite layer Photoluminescence Spectroscopies of Three-Layer Green
YzEqa. - boiling water, followed by dissolution of 35 mg . : :
Clean I'TO with: ’ . , (emitting at 510nm) was added dropwise and allowed to sit OLED 10x. 10ms
of [Ru(bpy);](BF,), in 3ml of PVA solution. Structure of Three-Layer .. 1. !
1) 10 minutes in acetone . : Green OLED g 4000
Electron transport layer Electron transport layer: 3 mg of ZnO in 1 ml of etha- . : .
: . o Electron transport layer: 72 mg of Spiro-ORAD was dis- o
2) 10 minutes in isopropanol alcohol (IPA) _ nol or 1 mg of polyethylenimine was added to 6.7 ml <olved in 1ml of chlorobenzene. soin coat at 3000rom and 3500 F - .
Single-Layer OLED Three-Layer OLED Hole Transport Laver RO/4 0 R’ Fconcentration of 2.5 mg/1 ml). Then it 20s. The layer was heated in 3 O,mri)nu tes in 95°C P ? 3000 Visible phot(?lumlnescence
. . . . Substrate and Anode 55 heated in 95°C for 10 minutes . ) . £ 2500 ( perovskite sample)
Caution: Cleaning ITO in aqueous HCI1 will wash away the an- Structure of Three-Layer ~ Cathode: AgNW was heated in 200°C for 2 hours or Satgl(—odien. £§é\lgrvslza§:$ated in 200°C for 2hours or silver E,: oo
Interconnect/Cathode ode layer Red OLED silver epoxy in 95°C for 1 hour Pory £ 1500
Electron Transport Layer (ETL) & 1000 The electroluminescence (EL) for
Emissive Layer Emissive Layer ED J_] L a three-layer green OLED only
Interconnect/Cathode Hole Transport Layer (HTL) III R e S lts 0 200 400 600 80D 1000 1200 lasted for around 1-3 seconds. It
Anode and substrate: FTO/Glass or Anode and substrate: FTO/Glass or ° u Wavelength {nm) did not last long enough to record
ITO/plastic ITO/plastic an EL spectrum

Sample was made following the procedure with green perovskite
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MEH-PPYV - (C15H2502), [Ru(bpy)3]2+ - C30H,,CLLN(Ru - H,0O Galn Eutectic -V Characteristics Curve of ThreelLayer Red OLED - .
Red Emissive Layer Red Emissive Layer Interconnect/Cathode 002 o
0.018 . BLO
I OCHj3 | 0016 i : : . : . . :
/3 B 0.014 . g The photoluminescence and electroluminescence spectra of single-layer red OLED devices can be measured. Visible light
- ?DE; : emission at low voltages from 3.5V-7V could be observed with the unaided eye under these conditions. However, electrolu-
S0 . £ o E o minescence spectra could not be recorded for three-layer red and green evices. Its photoluminescence spectrosco-
RG = 000 - pect ld not b ded for three-lay dand g OLED d Its photol pect
e 3 o 100 . . . . .
i on 0.006 . + o pies and light emission could be observed at very high voltages from 8-10V and only lasted for around 3 seconds. Thus The
R- */\(\/\CHS EEEE ... - | N electroluminescence of both single-layer OLED and three-layer OLED devices need to be improved.
CH3 : 0 ‘ 2‘ 4 B a 10 12 14 b o 200 400 600 800 1000 1700 200 400 - Il:lﬂl:::l-r o &00 1000 1200
Voltage (V) e o) e
PEDOT:PSS (Picolinato)iridium(III) - C,sH;cF4IrN;O, Zn0O ’
Hole Transport Layer Green Emissive Layer Electron Transport Layer Diode: FTO/glass, PEDOT:PSS, [Ru(bpy);]~,
b d Y P — p —— Y (ZnO+ polyethylenimine) and AgNW Diode: FTO/glass, [Ru(bpy)3]2+ and Ga-In Eutectic Diode: FTO/glass, MEH-PPV and Ga-In Eutectic V. Re fe rences
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Visible photoluminescence (left) and electroluminescence at 3.5V Visible photoluminescence (left) and electroluminescence at 8V
Improve Electron Transport Layer : : 2+ . 4) Junfene Wei. Chujun Zh Guoqi Ji, Yunfei Han, Irfan Ismail, H Li Luo, Junliang Y: Ch '
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