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• Organic Light Emitting Diodes (OLED) are electronic devices that behave similarly to semiconductors, but are made out of organic
material containing Carbon

• The magnetoresistive effect (OMAR) is a currently unexplained property by many organic electronic components, wherein the 
conductive/resistive properties of the component are significantly influenced by magnetic fields

• We researched OLEDs hoping to ascertain the origins of this effect using x-ray photoelectron spectroscopy (XPS)

Why OLEDs?
• They use less energy because they do not require background illumination to operate
• They can be made thin and flexible
• They have a wide viewing angle
• They are inexpensive to fabricate

OLED Structure
• An OLED is a organic layer, “sandwiched” between a metal 

cathode and a transparent anode where the light shines out 
• The organic layer that we researched was Alq3, but other 

materials can be used
• Alq3 is a molecule where Oxygen and Nitrogen are bonded to 

a central Aluminum atom with exterior carbon and hydrogen

How OLEDs work

1. An excited electron leaves the cathode. Simultaneously, an 
electron enters the anode, leaving a hole where it used to be. 

2. The electron moves toward the anode and the hole moves 
toward the cathode.

3. The electron “falls” into the hole as they pass.
4. This recombination of the electron and hole causes the 

electron to lose energy, which emits light as a photon.

How OLEDs are made
Substrate Substrate

• OLEDs are made by heating up the organic material so that it 
evaporates and rises onto the substrate

• The crucible holding the material can be heated either 
a) by wrapping it in wire and running current 

through it or 
b) by directing an electron beam to strike it

• The e-beam method leads to x-ray exposure

Organic Magnetoresistance (OMAR)

• Organic Magnetoresistance is when OLEDs and other organic 
electronic devices are run in a magnetic field, their electrical resistance 
changes

• OLEDs that have had x-ray exposure show a significantly larger 
magnetoresistance

• Alq3 devices show a negative change in resistance, meaning the 
resistance decreases

X-Ray Photoelectron Spectroscopy (XPS)
• XPS can be used to find molecular structure
• XPS exposes the material to x-rays causing 

electrons to be ejected
• The electrons from different elements have a 

different velocities which can be used to 
calculate the binding energy binding them to 
the molecule

• The XPS machine counts the electrons that 
are ejected and also records their binding 
energy

What we were looking for
• One theory suggests that electron beam exposure causes damage to the molecular structure of Alq3 resulting in increased 

OMAR.
• To explore this we compared exposed samples of Alq3 to unexposed samples using XPS.
• If electron beam exposure causes damage to the molecular structure of Alq3 we would expect to see fewer bonds in our 

exposed sample compared to our unexposed sample. In addition we would expect the x-ray exposure from the XPS unit to 
cause similar damage to both samples as they are examined.

• Following the model of Hsu et al. we examined three specific types of bonds.

How we looked

Carbon-Hydrogen bonds

Carbon-Nitrogen/Carbon-Oxygen bonds

Carbon-Carbon bonds

Our XPS outputs looked like 
this.

The different binding energies 
of the bonds* we examined 
allowed us to dissect our XPS 
output like this

*Carbon-Nitrogen and 
Carbon-Oxygen bonds have 
similar binding energies so we 
combined these to C-X

• The area under each curve relates to the number of bonds of that type. 
• If the molecular structure of the Alq3 is damaged by electron beam exposure we would expect to see relatively smaller area 

under one or more of the curves for our exposed sample compared to our unexposed sample.
• Further, we would expect to see the area under one or more of the curves to decrease for both samples as XPS exposure 

increases.

C-H

C-X

C-C

What we saw
We graphed the relative area under each curve against XPS exposure for both the unexposed and exposed Alq3 samples.
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Our graphs don’t indicate any 
consistent decline in the area under 
any of the curves. Instead of indicating 
significant declines in the number of 
bonds of a specific type, our graphs 
suggest an erratic pattern of bonds 
breaking and reforming. While this is 
not impossible, the lack of a 
distinguishable pattern and the radical 
changes that occur make this very 
improbable.

Why didn’t we see what we expected to see
The graph at the right is from an article by Hsu et al. on Alq3. This graph shows data 
from a unit similar to our XPS unit. In the Hsu experiment Alq3 was thermally 
deposited onto a Silicon substrate at a rate of 0.25 Å per minute. 
Hsu et al. claim that after 5 seconds of deposition three distinct peaks are visible at 
the energy levels for Carbon-Nitrogen/Carbon-Oxygen, Carbon-Hydrogen, and 
Carbon-Carbon bonds. The data taken after 5 seconds of deposition is shown, 
enlarged, on the far right. While two peaks are clearly visible, the third 
(corresponding to Carbon-Carbon bonds) is not as apparent. 
In addition, at a deposition rate of 0.25 Å per minute, the layer of Alq3 deposited 
would be about 0.021 Å thick. Given that the atomic radius of a single Aluminum 
atom is greater than 1 Å, the Hsu data would seem to indicate an interaction between 
the small quantity of deposited Alq3 and the Silicon substrate, rather than a property 
of the Alq3 itself.

http://www.techradar.com/news/phone-and-communications/mobile-phones/lg-
confirms-flexible-oled-will-appear-before-end-of-year-1160136

http://www.cstf.kyushu-u.ac.jp

http://en.wikipedia.org/wiki/X-ray_photoelectron_spectroscopy

Mermer et al. - Review (2005)

Hsu et al. – Applied Physical Letters (2004)
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