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Multi-frequency Electrically Detected Magnetic Resonance Spectroscopy of PEDOT:PSS
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Introduction
	Polystyrene sulfonate doped poly(3,4-ethylenedioxythiophene) (PEDOT:PSS) is a transparent polymer blend with a much lower proton density compared to other conjugated polymers. The electrical properties of PEDOT:PSS are strongly temperature dependent: At room temperature, it is a purely Ohmic conductor with delocalized charge carrier states, whereas at 5 K, the material becomes an insulator, with conductivity present only when charge carriers are injected from appropriate electrodes and transport occurring through tunneling and hopping between localized states. In a previous electrically detected magnetic resonance (EDMR) study conducted at X-band, a narrow spin resonance line originating from pairs of weakly bound charge carrier was observed [1]. The narrow line width was attributed to weak inhomogenous broadening due to hyperfine interactions (HFI) between the charge carrier spins and the nuclear spins of hydrogen. However, the influence of line broadening due to weak, but non-negligable spin-orbit coupling (SOC) may have also played a role, yet a distinction between both contributions is only possible by comparing spectra measured at various excitation frequencies [2], ranging from the lower radio-frequency domain (100 MHz) to the quasi-optical (>100 GHz) range.[image: ]
Fig.1 Amplitude modulated continuous wave EDMR spectra of organic diodes made from polystyrene-sulfonate doped poly(3,4-ethylenedioxythiophe), measured at mm-wave frequencies at a temperature of 5 K. Measurements were done at the quasi-optical super-heterodyne spectrometer at the NHMFL (EMR Facility).



Experimental
	Continuous wave electrically detected magnetic resonance (EDMR) spectroscopy was performed in diodes made out of PEDOT:PSS layers sandwiched between Ca and ITO layers that served as electron and hole injectors, respectively.The experiments took place at 5K using NMR coils for frequencies between 100 MHz and 1 GHz, coplanar waveguide micro-resonators between 1 GHz and 20 GHz [2], and the quasi-optical super-heterodyne mm-wave spectrometer at the EMR facility of the NHMFL at frequencies of 120 GHz, 240 GHz, and 336 GHz.

Results and Discussion
	We observe a resonance line shape that can be described as a superposition of two Gaussian lines over the entire frequency range. The line has a FWHM of 0.3 mT at the lowest frequencies [1], but exhibits substantial broadening at higher frequencies, as shown in Fig.1. The FWHM for 120, 240, and 336 GHz is 2.9, 5.5, and 8.0 mT, respectively [2].

Conclusions
	The line width at low frequencies is completely governed by the unresolved HFI of charge carrier spins to the surrounding hydrogen nuclear spins. This line width is comparably small due to the low density of hydrogen nuclei. A substantial broadening due to SOC is obvious at mm-wave frequencies and leads to an overall line width that is approximately proportional to the excitation frequency [2].
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