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« Sufficient disorder produces localized states (P. W. Anderson)

V(x) E
U |_| |_| Gaussian DOS of
Localized states
Random potential DOS
X

2/19 Changhee Lee, SNU, Korea




Organic Semiconductor

Narrow band width and hopping transport EE 4541.617A
2009. 1%t Semester

» Weak van der Waals interaction between molecules
- Each molecule keep its molecular levels independent of surrounding matrix in solid
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1. Impurities
2. Structural Defects
3. Geminate pairs = Coulomb trap.
4. Self-trapping
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1. The trap states are first filled, usually at low temperatures, to prevent a fast escape.
* photogeneration of charge carriers: produces simultaneously both types of charge carriers
« electrical injection

2. The trapped charge carriers are released in a controlled way.

« optically stimulated current (OSC): trapped charge carriers are detrapped by interaction with light and the resulting
current is recorded as a function of the wavelength of the light. But there is a restriction due to optical selection rules.

« thermally stimulated currents (TSC): the trapped charge carriers are released by heating up the sample with a linear
temperature ramp, while the stimulated current is recorded as function of temperature. This directly yields the required activation
energies for the charge transport independent of any selection rules.

« thermally stimulated luminescence (TSL): To overcome the problem of the unknown temperature dependence of the
mobility, the luminescence due to radiative recombination is recorded. Such luminescence is most probably related to
recombination of geminate pairs.

*TSL and TSC are therefore complementary techniques. Each carrier, which recombines and produces a TSL
signal, will lower the TSC signal and vice versa each not recombining carrier enhances the TSC signal. Thus, if
possible, TSL and TSC should be recorded simultaneously.

« photo-induced absorption (P1A):

« electroabsorption: knowledge about the internal field strength produced by trapped charge carriers

« time-of-flight (TOF) techniques and I-V characteristics in the space charge limited current (SCLC) regime:
information on the charge carrier mobility

« impedance spectroscopy: information on trap depth and trap energy distributions.
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) TPD

Doping reduces carrier mobility

— ) Rubrene-doped TPD and affects I-V-EL characteristics.
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If an energy distribution of the trap states exists, TSC and TSL spectra are a complicated convolution of contributions from

different traps at different energies. To demerge the information, fractional techniques have to be applied.
« The shallowest occupied traps mainly determine the initial rise of a TSC/TSL signal.

« If a previously fractional heating process up to a specific temperature T, already has emptied the shallowest traps, the next

deeper lying occupied traps determine the initial rise (Fig. 4a).

* The whole trap spectrum can be scanned by a stepwise increase of the pre-heating temperature T,
different main runs is a measure for the released charge in the respective T, interval.

* Each released charge per T, interval can be related to the activation energy obtained from the initial rise. This yields an image

of the density of occupied states.

(Fig. 4b). The area between
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Fig. 4 Basic principle of fractional TSC/ TSL technique: (a) Basic cycle consisting of pre-release and
main run, (b) different main runs for different T, temperatures of the pre-run; spectra are only schemati-

cally.
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Fig. ¢  Companson of expenimentally denved activa- Fig. 7 Density of occupied states {DOOS) as deter-
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The nature of such isolated TSC peaks is related either to impurity defects or structural defects.
« hole transport materials (a-NPD or 1-NaphDATA) show a more discrete trap spectrum
* Alg3 reveals a broad distribution of trap states.
* An essential difference between the HTMs and Alq3 is the anisotropic molecular structure of the HTMs compared to a more
globular appearance of Alq3.
- HTMs: preferred orientations during layer growth allowing specific orbital overlap to dominate.
- Alq3: globular shape allows a variety of energetically and structurally different neighborhoods
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Different batches of Alq3 from different suppliers yield different TSC peaks.
- presence of specific impurities or different Alq3 conformations?
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Fig. 20 TSC spectra of a-NPD single layer de-
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Fig. 11 Effect of Rubrene doping on the TSC Fig. 12 Photoluminescence spectra of Rubrene

and TSL spectra of Algs. The Rubrene concen doped Alg; for different Rubrene concentrations as

tration was vared belween 0 and 5%. indicated.
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