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Abstract 
We have investigated the pristine alkali metal doping 

effect which is the Fermi level of alkali metal doped Alq3 

shifts toward the LUMO. In-situ measurements of 

synchrotron radiation photoelectron spectroscopy 

revealed that the interface dipole or bend bending in 

previous reports are not the pristine alkali metal doping 
effect 

 

 

1. Introduction 

 

To achieve high performance organic light emitting 
diodes (OLEDs), the reduction of carrier injection 

barrier from electrodes to organic layers is extremely 

important. For the reduction of electron injection 
barrier in metal doped organic materials, alkali metal, 

e.g., Li, Mg, Ca, K, and Cs, doped tris-(8-

hydroxyquinoline) aluminium (Alq3) in OLEDs has 
been intensively studied. However, there are still 

mutually disagreed and unanalyzed parts to elucidate 

the effect of alkali metal doping on organic material. 
In the view of energy level shift, it is reported that all 

the energy levels shifted in a semilogarithmic fashion 

with doping concentration, but the some articles 
reported the energy level shift with certain constant 

amount with doping concentration. Even more, some 

experiments and modeling studies discussed only 
energy level change of O 1s, N 1s and valence band 

without considering the movement of the energy level 

shift.[1-3] The tendency and origin of vacuum level 
shift of energy level shift from alkali metal doping in 

Alq3 is still controversial and the pristine alkali metal 

doping effect remains unanswered. In the present 
work, the electronic structure of alkali metal-doped 

Alq3 through co-deposition of alkali metal-Alq3 or 

lamination of alkali metal on  Alq3/Au substrate were 

in-situ examined using synchrotron radiation 
photoelectron spectroscopy (SRPES) and ultraviolet 

photoelectron spectroscopy at Pohang Light Source. 

 
 

2. Experimental  
 

In order to investigate energy band structure of Na-

doped Alq3, the Au with a thickness of 50 nm on Si 
wafer were loaded into a vacuum chamber with an 

electron analyzer at 4B1 beamline in the Pohang Light 

Source. Incident photon energy of 650 eV was used to 
obtain C 1s, O 1s, N 1s, Al 2p, and Na 2p. In the 

measurements of UPS secondary cut-off spectra and 

valence band spectra, He I excitation (21.2 eV) was 
used. Both SRPES and UPS spectra were monitored 

after in-situ co-deposition of Alq3 and Na on Au film 

as shown in Fig. 1. The sodium concentration in the 
Alq3 films was derived from a comparison of the 

relative intensities of the Na 2s and the Al 2p core-

level intensities. The doping ratio(RNa) of Na atom to 
Alq3 molecule was 0, 0.8, 2.7 and 3.4. The 

evaporation for material deposition was performed in 

a separately connected preparation chamber and core 
level spectra obtained in the main chamber at a base 

pressure of 8 x 10-10 Torr using incident photon energy 

of 650 eV. The onset of photoemission, corresponding 
to the vacuum level at the Na-doped Alq3 surface, was 

measured with a negative bias (- 20 V) on the sample 

to avoid the detector work function. The incident 
photon energy was calibrated with the core level 

spectrum of Au 4f. For exclusion of the photovoltaic 

effect, samples were kept in darkness during 
photoemission measurements. 
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Fig. 1. The structure for PES analysis: Alkali metal 
doped Alq3 on Au substrate. 

  

 

3. Results and discussion 
 

In Fig. 2 schematic energy level diagrams are 

presented through co-deposition method of alkali 

metal with organic materials and analysis of results in 
SRPES. This energy band diagrams show that the 

Fermi level of Na doped Alq3 are moved toward 

LUMO with Na doping. According to N 1s spectra of 
alkali metal doped Alq3, alkali metals were variously 

distributed at the pyridyl ring of a quinolinol ligand 

and served as a charge donor so that the LUMO state 
is filled and the N atoms of doped Alq3 have obtained 

additional charge. This means that charge-carrier 

concentration was increased with alkali metal co-
evaporation in Na doped Alq3. Thus, the band bending 

between undoped Alq3 and alkali metal doped Alq3 

can be describe by the result of Fermi level alignment 
causing the vacuum shift. The amount of donated 

charge increased in proportion to doping 

concentration but the capability of charge transfer 
from Na to Alq3 was saturated around RNa 3.0. RNa 3.0 

which are correspond to number of ligands of Alq3 is 

the maximum capability of doping concentration in 
one Alq3 molecule without alkali metal clusters and is 

also the maximum I-V characteristic. After RNa 3.0, 

the vacuum level shift because of alkali metal 
clustering as shown in large difference of LUMO 

position between pristine Alq3 and highly doped Alq3 

bring about high barrier of electron injection. 
While it was recognized earlier that electrons 

transfer from alkali metal to Alq3, it was considered 

that the origin of the electron injection barrier 
lowering is Fermi level shift by vacuum level by UPS 

results. However, the band bending mainly stems from 

the dipole moment induced by the electronic 
interaction between Alq3 and alkali metal and by 

surface normal components of absorbed alkali metal 

as shown in the entire energy level shift at RNa 3.4. 
The band bending, the formation of metal/organic 

interface, is not the pure alkali metal doping effect. 

We show that the pristine effect of alkali metal doping 
is not vacuum level shift but the n-type doping which 

is analogous to Fermi level shift to conduction band 
induced by the n-type doping in inorganic 

semiconductor. To our knowledge, this is the first 

report on pristine n-type doping effect by the co-
deposition experiment in alkali metal-Alq3 system. 

 

 
 

Fig. 2. Schematic band diagram of undoped and 

Na doped Alq3 layers on Au substrate with 
Na doping concentration.  

  

 

4. Summary 

 

In conclusion, Na doping effect on Alq3 was 
investigated using the in-situ measurements of UPS 

and SRPES. The band bending, the formation of 

metal/organic interface is not the pure alkali metal 
doping effect. N 1s spectra and the filled lowest 

unoccupied molecular orbital state in valence band 

spectra indicated that the charge transfer from Na 
atom to Alq3 increased with Na doping concentration 

in Alq3 without vacuum level shift. Therefore, it is 

considered that the genuine effect of Na doping in 
Alq3 is the formation of n-type doped organo-metallic 

complex by which the Fermi level shift to the 

conduction band edge.  
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