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Organic spintronics

 Organic semiconductors consist of relatively light
elements.(For example, C, H, O, S, ..))
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Organic spintronics
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Motivation

- Comprehensive study of pure spin transport mechanism in
organic semiconductors with strong disorder

- Experimental investigation of characteristic spin-
transport parameters

/s = VDsxTs

Spin pum/p‘ing & \

inverse spin Hall effect ESR

(Electron spin resonance)

Charge transport



Conducting polymer PEDOT:PSS

PEDOT is doped with PSS.
* Dopant density:

Pssm ~1020-1021 /cm3

SO () - Carier: Hole of PEDOT

PEDOT J“( 7/( /k\\ TLS\( 7/4% * Resistivity
\_/

~1 Qcm (in-plane)
~103% Qcm (out-of-plane)
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Water based solution 'pln coating
of PEDOT: PSS




Conducting polymer PEDOT:PSS

 Nano-scale core-shell structure of PEDOT:PSS

Conducting PEDOT core Insulating PSS shell

Highly doped OSC with strong disorder



Spin pumping & ISHE measurement in
Py/PEDOT:PSS/Pt trilayers

S. Mizukami, et.al., PRB 66, 104413 (2002).
E. Saitoh, et.al., APL 88, 182509 (20086).
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The pure spin current through the PEDOT:PSS
Is detected as a voltage signal at the Pt layer.



Spin pumping & ISHE measurement in
Py/PEDOT:PSS/Pt trilayers
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PEDOT:PSS thickness dependence of VisHe

Js
A

Py | PEDOT:PSS Pt

Js(X)

Normalized VisHE
(arb units)

Js(0) Js(trE) - :
. T /15—120+4Onm
- 1D diffusion equation for trilayer O — 50 — 1 OO — 150 — 200
Spin absorption by the Pt PEDOT:PSS thickness (nm)

layer is considered.

Visue < Js(fpE) = Js(O)eXp(% [1 tanh( LPE ]

Spin diffusion length of PEDOT:PSS = 140 + 20 nm



Comprehensive study of spin transport

As = NDsX1s
Spin p{nping (ESR <pin resonance)
As = 140 nm

Charge transport



Charge transport measurement
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Charge transport measurement
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« Almost linear with T -1/4



Charge transport measurement
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f : numerical factor
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N(EFr): DOS at Er

. Almost linear with T -1/4 ¢: localization length
\. J

Variable range hopping (VRH) conduction



Einstein relation for VRH conduction

* Electron transport is dominated by tunneling process
between metallic localized states.

« Hopping probability (ecconductivity) is proportional to
the N(EF) of the localized states.

o = e’N(EF)Ds

G. Paasch, et. al., Synth. Met. 132 (2002) 97.




Einstein relation for VRH conduction

* Electron transport is dominated by tunneling process
between metallic localized states.
« Hopping probability (ecconductivity) is proportional to

the N(Er) of the localized states. [cf) Ds ~ 2x102 cm?/s ]

N(EF) = 1% 1018 [eV-lem3] for pure Cu and Ag

O = ezN(EF)Ds =g = 7x107 cm?/s

-

Cross section AFM )
- Characteristic temperature of hopping conduction R =
Ty = A
o ks N(Er) &
5

ii:luster: 10-20 nm *
Y AM. Nordes ot al, Adv.

N(EF) = 1x1018 [eV-1cm] Mater. (2007), 19, 1196.




Comprehensive study of spin transport

15 =\Dszs
/

Spin pumping ESR

AS — 140 nm (Electron spin resonance)

Charge transport
Ds = 7x103 cm?/s




ESR experiment of PEDOT:PSS film

PEDOTPSS | Spin lifetime for dc spin current
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ESR experiment of PEDOT:PSS film
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Comprehensive study of spin transport

is = VD XTs

. 1 N
Spin pumplng Charge transport ~ ESR
}vS 140 nm Ds = 7%x103 cm?/s (Electron spin resonance)
— / I =35 -<100 ns
Y

Z-Stransport o 28 ns

How is the relation between zstranspert gnd 77 2.



Comparison between zstransport gnd 7;

/pe = 140 nm, rs'™nsport = 28 ns

ESRZ{
Hopping process |<
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hopping length Ly, =

25 nm

Trapping process

T1: trapping state only
/Ty ~ 1/74%P

Tstransport:

o

NOW, 1/T§ransport ~ 1/T1 .
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trap and hopping process
1/T§ransport _ 1/7_§10p 4 1/T§rap

1/7_§ra,nsport ~ 1/7_§10p 4 1/T1
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Spin relaxation mostly occurs in the trapping process.



Spin transport and relaxation mechanism
in PEDOT:PSS

PEDOQOT-rich core
PSS insulating shell

~APe Ln=25nm < As=140 nm

- Spin angular momentum is almost preserved in the hopping event.
« Spin relaxation mostly occurs in the trapping process.

M. Kimata, et. al., PRB accepted.



Summary

- Comprehensive study of spin transport in highly doped
disordered polymer film PEDOT:PSS was performed.

As = VDsXTs
A
Spin pumpﬁ Charge transport\ ESR

As=140nm Ds=7x103 cm?/s 71T1=5-<100ns
— _/
—~

7:Stransport — 28 ns

Tstransport ~ T

PEDOT-rich core

 Spin relaxation mostly occurs in
| the trapping process.

- Spin angular momentum is
almost preserved in the hopping
~Lm event.

M. Kimata, et. al., PRB accepted.




