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. We study resistive switching memory phenomena in conducting polymer PEDOT PSS. In the same film,

. there are two types of memory behavior coexisting; namely, the switchable diode effect and write

. once read many memory. This is the first report on switchable diode phenomenon based on conducting

. organic materials. The effect was explained as charge trapping of PEDOT PSS film and movement of

: proton.The same PEDOT PSS device also exhibits write once read many memory (WORM) phenomenon
. which arises due to redox reaction that reduces PEDOT PSS and renders it non-conducting. The

. revelation of these two types of memory phenomena in PEDOT PSS highlights the remarkable

. versatility of this conducting conjugated polymer.

. Organic materials have been investigated intensely for memory applications due to their low cost, flexibility and
. versatility. Coupling with the two terminals resistive memory architecture, the organic resistive memory device
© offers simple structure and flexibility for applications such as RFID tag and data archives'. Various works have
: demonstrated interesting resistive memory phenomena in polymer and composites such as Dynamic Random
. access memory (DRAM)?, Static Random Access Memory (SRAM)?, Write Once Read Many Memory (WORM)*
. and Rewritable memory (FLASH)®. The mechanisms behind these memory phenomena are often complex and
. depend strongly on the top electrode materials or deposition condition; the mechanisms are normally suggested
* by first principle calculations®. There are various mechanisms suggested for resistive switching phenomena in
:organic materials namely, donor-acceptor charge transfer complex?®, charge trapping due to redox reaction’ and
. modulation of dopant in conjugated polymer® or electrode metal migration®'°.

In this work, we study resistive switching phenomena in conducting polymer poly (3,4-ethylene
. -dioxythiophene):poly(styrenesulfonate) (PEDOT:PSS) where poly styrenesulfonate acid PSS H provides doping
- for conjugated polymer poly (3,4-ethylene-dioxythiophene) PEDOT and makes it water dispersible. The WORM
© memory characteristic of PEDOT : PSS can be attributed to the modulation of dopant PSS H and redox reaction'".
. Recently, we have also shown that PSS H doped polyaniline (PANI) also demonstrated WORM memory charac-
. teristic'®. Alongside with WORM memory, PEDOT PSS has been investigated for applications such as rewritable
© memory/synapsis activities'>~'°. In most cases'*-"’, the role of PEDOT PSS was minor while memory function was
© driven by active electrodes such as Ag or metal oxide of Ti, Ta or Al In this work, we show that switchable diode
. effect can be observed in micrometer thick PEDOT PSS film through charge trapping and cation movement
. characteristics in the thick PEDOT PSS; these activities were originated from PSS phase separated regions within
. the PEDOT PSS film. Fundamentally, this switchable diode effect is very different from those observed in fer-
© roelectric diode, or metal oxide such as WO;, TiO, and SnO,'8-2!. Furthermore, WORM memory phenomenon
© was also observed in the same device configuration due to the redox reactions that reduces PEDOT* to PEDOT®.
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Figure 1. (a) Experimental set up configuration. (b) Continuous voltage sweep from 0V to —5V of pristine
PEDOT PSS film (c) long retention characteristic of the WORM device.

Results and Discussion

Original resistance state and Write Once Read Many Memory. The current voltage (I-V) character-
istic collected using metal probe as top electrode in the Au-PEDOT PSS-Au configuration was shown in Fig. 1a.
Originally, the film was in its high conducting state with Ohmic behavior. Figure 1b shows the I-V sweep from
0V to —5V which exhibits a hysteresis where current transits from high conducting state to low conducting
state which is similar with [-V hysteresis of PANI PSS'? and PEDOT PSS observed by Bhansali et al.?2. After this
sweep, read voltage at lower bias of 0.5V shows a low conducting state. The device was unable to resume to the
conducting pristine state by applying higher negative or positive bias. The result indicates a write once read many
memory phenomenon where the pristine state can be written, but the written state cannot be erased. The long
retention of the write once read many memory is shown in Fig. 1¢ where conducting state of the pristine film
(ON state) and film after applying —5V (OFF state) can be maintained for more than 5000 s with no degradation;
the states were read at —0.5 V. The retention was monitored again after 3 months and shows no change as shown
in supplementary information Fig. S1. The write once read many memory mechanism in PEDOT PSS has been
attributed to redox reactions that reduce PEDOT* to PEDOT® in the bulk film'!. We recorded optical image of
the pristine PEDOT PSS film and after biasing —5V as shown in Fig. S2a. The region biased by —5V showed a
darker color compared with pristine region which implies the occurance of electrochemical reduction. It is noted
that the dark region is not due to mechanical means such as probing process but due to electrical biasing at —5V.
We did not observe the black region after biasing 5 V. Raman spectroscopy is a convenient and powerful tool to
investigate electronic properties of conducting polymer after biasing. Intensities of Raman peak at 1267 cm™!
and band shape near 1450 cm ™! can be useful indicator of doping and dedoping of PEDOT PSS*. Subsequent
investigation of the dark area by Raman spectroscopy showed the disappearance of Raman peak at 1267 cm ™! and
shoulder peak at 1400 cm ™' (Fig. S2b) after biasing — 5 V; this fact further indicates that the biased area has been
reduced”?. Furthermore, as shown in Fig. S3, current density peak at —2V in Fig. 1b is sensitive to the rate of
voltage sweep. As the sweep speed is increased, the current density level at —2V will increase which suggests that
the electrochemical reactions play an important role.

Switchable diode memory effect. The switchable diode effect arose only after negative voltage sweep in
Fig. 1b where original high conducting state (pristine state) at low bias (—1V or —0.5V) was suppressed irre-
versibly. To correlate these two effects, we applied voltage sweep from —1V to 1V and from —5V to 5V to the
pristine film independently. We show in Fig. 2a, the I-V characteristic of the pristine film after voltage sweeping
from —1V to 1V and voltage sweeping from —5V to 5V. As seen from Fig. 2a, the I-V characteristic has Ohmic
conduction at low bias (0.5V) when voltage was swept from —1V to 1V; however sweeping from —5V to 5V
indicates bistable hysteresis and almost zero current at low bias (0.5V). Zooming in very low voltage regime
(—50mV to 50mV), we observe that for voltage sweep from —1V to 1V, the I-V curve exhibits Ohmic properties

SCIENTIFICREPORTS | 6:19594 | DOI: 10.1038/srep19594 2



www.nature.com/scientificreports/

2
—_ .
~
£
S o0 1
< i
0 4 2
c 2
Ul i '
"E' g-so mv I 50 mv
5 4 : Prisintine film I-V sweep from -5V to 5V
o @ Pristine film I-V sweep from -1V to 1V
-6 -4 -2 0 2 4 6
Voltage (V)
0.2 ! L ! n
— —i— Applied 5V
g —&— Applied -5V
<
=0
7]
c
[
[a]
-t
=
[
E
=
3 024
A 0 1
Voltage (V)

Figure 2. (a) Continuous voltage sweep from —1V to 1V and —5V to 5V applying on pristine film
independently (b) Voltage sweep at low bias (—1.5V to 1.5V) after applying voltage on the device by 5V or
—5V.

with the I-V curve crosses axis origin while after voltage sweep from —5 to 5V, the I-V curve does not cross axis
origin as shown in inset of Fig. 2a. As seen from Fig. 2a, the switchable diode effect arises after biasing from —5V
to 5 V. Continuous voltage sweep from —5 to 5V indicates two current peaks at positive and negative bias regime
which are the characteristics of negative differential resistance (NDR). The NDR is often observed in trap/detrap
resistive switching device?® or molecular junction with redox centers®. For better representation, we measured
I-V at low voltage (from —1.5V to 1.5 V) after writing with 0.1 s duration rectangular pulse of —5V and 5V; the
switchable diode effect was observed as shown in Fig. 2b. After applying voltage to the device by 5V or =5V,
reversing of rectification can be seen by small reading voltage sweep from —1.5V to 1.5V with rectification ratio
of 10 and 3.5 for pulse of 5V and — 5V, respectively.

Unlike the similar phenomenon in ferroelectric diode'® where no NDR was observed, in this case the switch-
able diode effect is accompanied by two NDR regions. Furthermore, in Fig. 2b, the diode forward polarity is
opposite to the writing pulse polarity which is in contrast with the similar phenomenon in ferroelectric diode
where the diode forward direction follows the writing pulse polarity'®. It is the first time switchable diode effect
was observed in conducting polymer system such as PEDOT PSS.

The states retention and write/erase cycles were shown in Fig. 3. We recorded ON/OFF ratio and states reten-
tion at —1.7 V after writing 5V or —5V respectively for 60 seconds. ON and OFF state can be switched for more
than 50 times and resistive states can be maintained for more than 3000 seconds. The data lost in Fig. 3b repli-
cates the short term memory discussed largely in memristive systems such as WO; and SnO,'*?!. The short term
memory fits to category of organic static random access memory discussed in ref. 3. In static random access
memory, memory states can be retained for hours and eventually lost if device is not powered. Similar trend of
state retention was also observed in switchable diode of WO; and SnO,'*?!. The results are highly repeatable with
100% device yield for 20 tested junctions from different batches. The above retention and cycling results indicate
nonvolatility of this memory phenomenon. In Fig. $4, distribution of On state current and Off state current over
20 tested devices from different batches is shown. The On state and Off state current can be clearly distinguished.

To understand the working mechanism of this switchable diode memory phenomenon, the junction was
further tested in vacuum at 10~* torr; the I-V shape as shown in Fig. 4 is almost a straight line when voltage was
swept from —5 to 5 V. Compared with device tested in air, the lack of I-V nonlinearity and hysteresis suggests that
water molecules or oxygen traps in the film may have contributed to the observed switchable diode and bistable
switching. After testing in vacuum, the device was tested in air again; the voltage was swept from —5 to 5V and
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Figure 3. Cycling and retention characteristics of Au-PEDOT PSS-Au junction. (a) ON-OFF state cycling
(b) retention characteristics of the Junction.

the I-V shape returned completely to its original form as shown in Fig. 2a. Therefore, we deduce that the adsorbed
water molecules are possibly the main reason for switchable diode effect in Fig. 2a,b. Observation of I-V hysteresis
in some hygroscopic insulator field effect transistor device in humid air was reported and the phenomenon was
extinct when device was tested in N, gas?’. Similarly, adsorbed water molecules induced memory phenomenon
was also reported in carbon nanotube field effect devices?; in this scenario, I-V hysteresis was observed when
device was tested in air and extinct when it was done in vacuum.

We performed control experiments to validate this phenomenon. I-V response of Poly(4-styrenesulfonic acid)
(PSSH) was recorded. In Fig. S4a, the I-V sweep from —5V to 5V of PSSH is shown. Similar I-V shape with
Fig. 4b was observed in this PSSH system. Hence, we deduce that the observed switchable diode phenomenon
arises from the PSSH phase separated regions inside the film of PEDOT PSS. However, the unipolar I-V sweep
from 0V up to —15V of PSSH pristine film did not display hysteresis as shown in Fig. S4b; this fact suggests that
the WORM phenomenon observed in Fig. 1a is not related solely to the PSSH regions.

The switchable diode effect in Fig. 2a,b cannot be explained by voltage modulating injection barrier discussed
in various publications'®!® because the diode forward direction is antiparallel with applied voltage direction. We
propose the following mechanism based on hole trapping and cation movements as discussed by Xie et al.?*. The
trapping of holes are possibly induced by redox reaction (electrolysis) of the adsorbed water in the film since
PEDOT PSS is a hygroscopic material. The non-crossing to axis origin of IV curve after voltage sweeping from
—5V to 5V shown in Fig. 2a inset indicated the presence of cation movements. When —5V poling voltage is
applied on top electrode, holes injected from bottom electrode will be trapped at the interface and protons H' will
be transported to cathode. The charges are trapped and protons are transported via the water molecules within
the PEDOT PSS film through Grotthus mechanism where protons will be transported from one water molecule
to another water molecule through Hydrogen bonding™. It is noteworthy that electrolysis of water in the film?!
and the acidic PSS H in PEDOT PSS film are the possible sources of protons. At small voltage sweep from —1.5V
to 0V (applied to top electrode), trapped holes hinder further injection which results in reverse- bias-like I-V in
Fig. 2b. When voltage is swept from 0V to 1.5V, holes will be injected from anode and trapped holes are extracted
at the cathode; this results in forward-bias- like I-V in Fig. 2b. The above discussed charge transport events
occurred in the PSSH phase separation regions of PEDOT PSS film as revealed by control experiment Fig. S3a.

The reason for the moderate retention in Fig. 3b is possibly due to relaxation of trapped holes. Similarly, relax-
ation of accumulated oxygen vacancy was also proposed as the possible reason for short retention time in switch-
able diode in WO;'. A similar scenario was also employed to explain symmetrical NDR and switchable diode in
TiO, as discussed by Du et al.>2. We also note similar I-V characteristic observed in water- redox based memory
device of metal organic framework (MOF)* and hydrated/Nickel decorated DNA**. However, in those systems
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Figure 4. (a) -V measurement at 10~*torr (b) I-V measurement in air immediately after taking out the sample
from vacuum.

(MOF and DNA), coexistence with WORM memory can hardly be achieved. Therefore, the coexistence of switch-
able diode and WORM memory in PEDOT PSS is a unique culmination of this class of memory material.

Conclusion
In this work, we study the memory phenomena in PEDOT PSS. In the same film, there are two memory effects
coexisted, namely the switchable diode effect and write once read many times memory. Originally, the pristine
state of the device is in its high conducting state with Ohmic behaviour. After reduction voltage of —5V, the
junction switches to OFF state with low conduction and pristine state cannot be set back to high conducting state
even after applying high positive or negative voltage. The drop in conduction is due to redox reaction that reduces
PEDOT™ to PEDOTY in the bulk film. After the film was reduced, the switchable diode arose. The switchable
diode was explained due to the trapping of holes and proton transport in PEDOT PSS film under redox reaction
of adsorbed water in the film. The switchable diode effect was originated from PSS H phase separated regions in
the PEDOT PSS film.

The presented results broaden and deepen the understanding of memory phenomena in PEDOT PSS and
extend further its applications in electronics and ionics devices including WORM nonvolatile memory, ionic
diode and synapsis activity!*>-37,

Methods
PEDOT PSS with 0.5wt% PEDOT and 0.8 wt% PSS was purchased from Sigma Aldrich under code name 483095
Aldrich. The dark blue solution was filtered through 0.5 pm PTFE membrane to produce more homogenous
solution; after that it was dilated in HCI and Deionized water for 1 day to further purify. The 6 pl solution was
then drop-casted on gold coated Si substrate with 2nm Ti adhesion layer to achieve a maximum 5 pm thick
film with dark blue color; the standard deviation of measured thickness is about 1.71 pm. The film thickness
was determined by surface profiler meter. The film was dried in air at about 60% humidity without heating. The
Poly(4-styrenesulfonic acid) film (thickness of 60 pm) in control experiment was casted on Au substrate from
18 wt% in water solution purchased from Sigma Alrich under code name 561223 Alrich. The Deionized (DI)
water in control experiment was obtained from Millipore system.

We conducted transport measurement using Keithley 4200 semiconductor analyser using bended gold metal
probes with thickness of 300 um and curvature arc of 40 um pressing on the PEDOT PSS film as top electrode to
study the physics of the memory switching phenomena. This avoids the interference of sputtered electrodes on
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resistive switching of the film. The contact area was 0.00005 cm?. We note that such strategy was also employed to
study resistive switching in metal-organic framework?.

The film was characterized using micro Raman Spectroscopy with excitation laser wavelength of 488 nm,

before and after electrical biasing . Optical image of pristine region and —5V biased region was collected using
Olympus optical microscopy. All of the experiments were performed at room temperature condition and 60%
humidity.

References

1.

2.

10.
11.
12.
13.
14.
15.
16.

17.
. Choi, T, Lee, S., Choi, Y. J., Kiryukhin, V. & Cheong, S.-W. Switchable Ferroelectric Diode and Photovoltaic Effect in BiFeO3. Science

19.
20.
21.

22.
23.

24.
25.

26.
. Sandberg, H. G. O., Bicklund, T. G., Osterbacka, R. & Stubb, H. High-Performance All-Polymer Transistor Utilizing a Hygroscopic

28.
29.

30.
31.

32.
. Yoon, S. M., Warren, S. C. & Grzybowski, B. A. Storage of Electrical Information in Metal-Organic-Framework Memristors. Angew.

34.
35.
36.
37.

38.

Jinlan, G., Siden, J. & Nilsson, H.-E. Printed Electromagnetic Coupler With an Embedded Moisture Sensor for Ordinary Passive
RFID Tags. IEEE Electron Dev. Lett. 32, 1767-1769 (2011).

Ling, Q.-D. et al. A Dynamic Random Access Memory Based on a Conjugated Copolymer Containing Electron-Donor and
-Acceptor Moieties. Angew. Chem. Int. Ed. 118, 3013-3017 (2006).

. Liu, Y.-L. et al. Volatile Electrical Switching and Static Random Access Memory Effect in a Functional Polyimide Containing

Oxadiazole Moieties. Chem. Mater. 21, 3391-3399 (2009).

. Ling, Q.-D. et al. Polymer electronic memories: Materials, devices and mechanisms. Prog. Polym. Sci. 33, 917-978 (2008).
. Zhuang, X.-D. et al. Conjugated-Polymer-Functionalized Graphene Oxide: Synthesis and Nonvolatile Rewritable Memory Effect.

Adv. Mater. 22, 1731-1735 (2010).

. Cui, B.-B. et al. Tuning of resistive memory switching in electropolymerized metallopolymeric films. Chem. Sci. 6, 1308-1315

(2015).

. Koo, B., Baek, H. & Cho, J. Control over Memory Performance of Layer-by-Layer Assembled Metal Phthalocyanine Multilayers via

Molecular-Level Manipulation. Chem. Mater. 24, 1091-1099 (2012).

. Hu, B. et al. A Multilevel Memory Based on Proton-Doped Polyazomethine with an Excellent Uniformity in Resistive Switching. J.

Am. Chem. Soc. 134, 17408-17411 (2012).

. Ju, Y. C. et al. Resistance Random Access Memory Based on a Thin Film of CdS Nanocrystals Prepared via Colloidal Synthesis. Small

8, 2849-2855 (2012).

Kwan, W. L. et al. Direct observation of localized conduction pathways in photocross-linkable polymer memory. J. Appl. Phys. 105,
124516 (2009).

Moller, S., Perlov, C., Jackson, W., Taussig, C. & Forrest, S. R. A polymer/semiconductor write-once read-many-times memory.
Nature 426, 166-169 (2003).

Sim, R., Chan, M. Y., Wong, A. S. W. & Lee, P. S. Alternative resistive switching mechanism based on migration of charged counter-
ions within conductive polymers. Org. Electron. 12, 185-189 (2011).

Zeng, E, Li, S., Yang, J., Pan, F. & Guo, D. Learning processes modulated by the interface effects in a Ti/conducting polymer/Ti
resistive switching cell. RSC Adv. 4, 14822-14828 (2014).

Li, S. et al. Synaptic plasticity and learning behaviours mimicked through Ag interface movement in an Ag/conducting polymer/Ta
memristive system. J. Mater. Chem. C 1, 5292-5298 (2013).

Mijung, K. & Ohyun, K. Unipolar Resistance Switching in Polymeric Resistance Random Access Memories. Jpn. J. Appl. Phys. 48,
06FD02 (2009).

Jeong, H. Y., Kim, J. Y., Yoon, T. H. & Choi, S. Y. Bipolar resistive switching characteristics of poly(3,4-ethylene-dioxythiophene):
Poly(styrenesulfonate) thin film. Curr. Appl Phys. 10, e46-e49 (2010).

Pershin, Y. V. & Di Ventra, M. Memory effects in complex materials and nanoscale systems. Adv. Phys. 60, 145-227 (2011).

324, 63-66 (2009).

Yang, R. et al. On-Demand Nanodevice with Electrical and Neuromorphic Multifunction Realized by Local Ion Migration. ACS
Nano 6,9515-9521 (2012).

Nieh, C. H., Lu, M. L., Weng, T. M. & Chen, Y. E. Resistive memory of single SnO2 nanowire based switchable diodes. Appl. Phys.
Lett. 104, 213501 (2014).

Yang, J. J., Borghetti, J., Murphy, D., Stewart, D. R. & Williams, R. S. A Family of Electronically Reconfigurable Nanodevices. Adv.
Mater. 21, 3754-3758 (2009).

Bhansali, U. S. et al. Metal-Free, Single-Polymer Device Exhibits Resistive Memory Effect. ACS Nano 7, 10518-10524 (2013).

Chia, P. et al. Injection-induced De-doping in a Conducting Polymer duringDevice Operation: Asymmetry in the Hole Injection
and Extraction Rates. Adv. Mater. 19, 4202-4207 (2007).

Pei, Q., Zuccarello, G., Ahlskog, M. & Inganis, O. Electrochromic and highly stable poly(3,4- ethylenedioxythiophene) switches
between opaque blue-black and transparent sky blue. Polymer 35, 1347-1351 (1994).

Tseng, R. J., Ouyang, J., Chu, C. W,, Huang, J. & Yang, Y. Nanoparticle-induced negative differential resistance and memory effect in
polymer bistable light-emitting device. Appl. Phys. Lett. 88, 123506 (2006).

Perrin, M. L. et al. Large negative differential conductance in single-molecule break junctions. Nature Nanotech. 9, 830-834 (2014).

Insulator. Adv. Mater. 16, 1112-1115 (2004).

Kim, W. et al. Hysteresis Caused by Water Molecules in Carbon Nanotube Field-Effect Transistors. Nano lett. 3, 193-198 (2003).
Xie, X. N. et al. New scenarios of charge transport in PEDT:PSS conducting polymer: From hole resonant tunneling to cationic
motion and relaxation. Org. Electron. 11, 1432-1438 (2010).

Agmon, N. The Grotthuss mechanism. Chem. Phys. Lett. 244, 456-462 (1995).

Ghosh, M., Gadkari, S. C. & Gupta, S. K. Redox reaction based negative differential resistance and bistability in nanoparticulate ZnO
films. J. Appl. Phys. 112, 024314 (2012).

Du, Y. et al. Symmetrical Negative Differential Resistance Behavior of a Resistive Switching Device. ACS Nano 6, 2517-2523 (2012).

Chem. Int. Ed. 53, 4437-4441 (2014).

Lee, H.-K. & Jin, M. H.-C. Negative differential resistance in hydrated deoxyribonucleic acid thin films mediated by diffusion-
limited water redox reactions. Appl. Phys. Lett. 97, 013306 (2010).

Cayre, O. ]., Chang, S. T. & Velev, O. D. Polyelectrolyte Diode: Nonlinear Current Response of a Junction between Aqueous Ionic
Gels. J. Am. Chem. Soc. 129, 10801-10806 (2007).

Zeng, F, Lu, S., Li, S., Li, X. & Pan, F. Frequency Selectivity in Pulse Responses of Pt/Poly(3-Hexylthiophene-2,5-Diyl)/Polyethylene
Oxide + Li*/Pt Hetero-Junction. PLoS ONE 9, €108316 (2014).

Josberger, E. E., Deng, Y., Sun, W,, Kautz, R. & Rolandi, M. Two-Terminal Protonic Devices with Synaptic-Like Short-Term
Depression and Device Memory. Adv. Mater. 26, 4986-4990 (2014).

Pan, L. et al. A Resistance-Switchable and Ferroelectric Metal-Organic Framework. J. Am. Chem. Soc. 136, 17477-17483 (2014).

SCIENTIFICREPORTS | 6:19594 | DOI: 10.1038/srep19594 6



www.nature.com/scientificreports/

Acknowledgements
The authors would like to acknowledge the funding support from NTU-A*Star Silicon Technologies Centre of
Excellence under the program grant no. 112 3510 0003.

Author Contributions
V.C.N. conducted the experiments, electrical measurements and Raman spectroscopy measurement. Both
authors wrote and commented on the manuscript. P.S.L. supervised the project and provided advises.

Additional Information
Supplementary information accompanies this paper at http://www.nature.com/srep

Competing financial interests: The authors declare no competing financial interests.

How to cite this article: Nguyen, V. C. and Lee, P. S. Resistive Switching Memory Phenomena in PEDOT PSS:
Coexistence of Switchable Diode Effect and Write Once Read Many Memory. Sci. Rep. 6, 19594; doi: 10.1038/
srep19594 (2016).

This work is licensed under a Creative Commons Attribution 4.0 International License. The images

G or other third party material in this article are included in the article’s Creative Commons license,
unless indicated otherwise in the credit line; if the material is not included under the Creative Commons license,
users will need to obtain permission from the license holder to reproduce the material. To view a copy of this
license, visit http://creativecommons.org/licenses/by/4.0/

SCIENTIFICREPORTS | 6:19594 | DOI: 10.1038/srep19594 7


http://www.nature.com/srep
http://creativecommons.org/licenses/by/4.0/

	Resistive Switching Memory Phenomena in PEDOT PSS: Coexistence of Switchable Diode Effect and Write Once Read Many Memory
	Introduction
	Results and Discussion
	Original resistance state and Write Once Read Many Memory
	Switchable diode memory effect

	Conclusion
	Methods
	Additional Information
	Acknowledgements
	References



 
    
       
          application/pdf
          
             
                Resistive Switching Memory Phenomena in PEDOT PSS: Coexistence of Switchable Diode Effect and Write Once Read Many Memory
            
         
          
             
                srep ,  (2015). doi:10.1038/srep19594
            
         
          
             
                Viet Cuong Nguyen
                Pooi See Lee
            
         
          doi:10.1038/srep19594
          
             
                Nature Publishing Group
            
         
          
             
                © 2015 Nature Publishing Group
            
         
      
       
          
      
       
          © 2015 Macmillan Publishers Limited
          10.1038/srep19594
          2045-2322
          
          Nature Publishing Group
          
             
                permissions@nature.com
            
         
          
             
                http://dx.doi.org/10.1038/srep19594
            
         
      
       
          
          
          
             
                doi:10.1038/srep19594
            
         
          
             
                srep ,  (2015). doi:10.1038/srep19594
            
         
          
          
      
       
       
          True
      
   




