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Thermally stable poly(triphenylamine) (PTPA) synthesized 

by oxidative coupling reaction is used as the functional layers 

in memory devices, which exhibit non-volatile bistable 

resistive switching behavior with large ON/OFF ratio over 10 

5×108, long retention time exceeding 8×103 s and wide 

working temperature range of 30 K - 390 K. 

Taking full advantages of the low-cost, light-weight, optical 

transparency and mechanical flexibility, polymer memories are 

considered as a promising candidate to revolutionize the field of 15 

information storage technology.1-4 One of the major remaining 

issues that hinders the practical application of polymer memories 

is their thermal degradation, which may arise from the field-

induced oxidation of the organic semiconductors, changes in the 

crystal structure or the morphology of the thin films, or the 20 

peeling off of the functional layers from the substrates.5 The 

optimization of the memory performance, ON/OFF ratio in 

particular, has attracted equal attention from the academic 

communities.6 To be specific, large ON/OFF ratio between the 

high and low conductivities present great benefit as it not only 25 

enables the reliable retention of the device states, but also 

simplifies the periphery circuit to distinguish the stored 

information.7 

Great efforts have been devoted to make these happen. For 

instance, thermally stable aromatic polyimides and polyamides 30 

have been used to construct memory devices with excellent 

thermal and chemical stability.8 Several approaches, including the 

covalent attachment of carbon nano-materials into the polymer 

structures,9 inclusion of metal-containing species,10 and tuning of 

donor-acceptor interaction11 have also been proposed to enhance 35 

the performance of polymer based memory devices. However, it 

is still a pending challenge to achieve both the promising thermal 

stability, non-volatility and large ON/OFF ratio in a memory 

polymer simultaneously at the moment. In this contribution, we 

report the use of a thermally-stable conjugated polymer of 40 

triphenylamine (PTPA) to achieve large ON/OFF ratio in memory 

devices. Triphenylamine based macromolecules are selected 

because the unpaired electrons on the nitrogen atoms can be 

easily removed from the backbone to provide stable cationic 

conducting pathway,12 while the carbon-rich aromatic structure 45 

makes them thermally more stable.13  

Poly(triphenylamine) was synthesized through a one-step 

oxidative coupling of the TPA molecules with ferric chloride as 

the oxidizing agent (see Scheme S1 in ESI†). An illustrative 

dendrimeric structure of the as-received PTPA is shown in Figure 50 

1a. Other linear or branched structures of PTPA are also possible. 

Besides, the successful synthesis of PTPA is further confirmed by 

the 1H NMR, FTIR, EDX and elemental analysis (Figure S1 and 

S2). The bulky and three-dimensional triphenylamine units 

promise PTPA polymer good solubilities in many organic 55 

solvents including chlorobenzene, toluene, N,N-

dimethylformamide  and dimethyl sulfoxide. Nevertheless, 

thermogravimetric analysis and differential scanning calorimetry 

suggest that PTPA exhibits excellent thermal stability, as the 

polymer neither shows any glass transition until heating up to 60 

450 °C, nor decomposes until 588 °C (Figure S3). An optical 

band gap of the polymer, 3.07 eV (Eop), is estimated from the 

optical absorption edge of the UV-visible absorption spectrum 

(Figure S4). The electrochemical properties of the PTPA film is 

explored in the cyclic voltammetry measurement (Figure S5), 65 

and the highest occupied molecular orbital (HOMO) and lowest 

unoccupied molecular orbital (LUMO) energy levels are derived 

to be -5.27 eV and -2.20 eV, respectively. 

The resistive switching characteristics of the Ta/PTPA/Pt 

devices are shown in the current-voltage (I-V) curve of Figure 1b, 70 

which distinctly display bistable resistance states and non-volatile 

memory effect. At first, tantalum was used as top electrode to 

fabricate the capacitor-type devices. As estimated from Figure 1b, 

the initial resistance of the PTPA90 device is ~ 2.5×1010 Ω, which 

can be defined as the OFF state of a memory device. When the 75 

voltage is sweeping from 0 V to -0.55 V, an abrupt increase of the 

device current to the magnitude of the preset compliance current 

(CC, 10-2 A) is observed, indicating that the device has transited 

from the OFF to the ON state. This OFF to ON transition serves 

as the “Set” or “Write” process for a memory device, with an 80 

ON/OFF ratio of as high as 5×108. It is noteworthy that such a 

large ON/OFF ratio is beneficial for the differentiation of the 

stored information, and is useful to lower the misreading rate in 

practical applications. An even larger ON/OFF ratio can be 

achieved by further increasing the preset CC level (10-1 A), which 85 

also indicates the bipolar switching nature of the PTPA memory 

devices (Figure S6).2 The device stays at the ON state after 

removing the power supply, suggesting the non-volatile 

characteristic of the resistive switching of Ta/PTPA/Pt structure. 
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Fig. 1 (a) Possible molecular structure of PTPA and the schematic illustration of the Ta/DTPA/Pt memory device. (b) Room-temperature current-voltage 

characteristics and retention capability of the Ta/DTPA/Pt structured devices. 

A reverse sweeping voltage of 0.5 V can reprogram the device to 

the initial OFF state, serving as the “Reset” or “Erase” process of 5 

a rewritable memory. Therefore, binary digital data can be 

encoded as “0” and “1” in respect to the conductance (or 

resistance) response of the polymer device to the external electric 

field. The set voltage of the memory devices shows linear 

dependence on the PTPA film thickness (Figure S7), indicating 10 

the field-induced nature of the observed resistive switching 

behavior. The threshold switching field for the PTPA memory 

devices is estimated to be ~ 22 MV/m. Nevertheless, the reset 

voltages of all the devices remain almost constant, which 

suggests the Joule-heating induced resetting process in the 15 

polymer films. 

In order to address the reliability of the memory device, the 

endurance and retention performance were further examined in 

the TA/PTPA/Pt structure. Figure S8 displays the evolution of the 

resistance values of the well-resolved HRS and LRS in the first 20 

117 switching cycles, which were read at 0.1 V in each voltage 

sweeping. Although a slight fluctuation of the resistance in the 

ON or OFF state can be observed, the ON/OFF ratio is remained 

over 108 during the cyclic switching operation. The device 

resistance as a function of the retention time in both ON and OFF 25 

states is also shown in Figure 1b. No significant degradation of 

either state is observed until 8000 s after setting or resetting the 

device with a voltage pulse of -2 V/1 V, respectively, again 

confirming that both the polymer and the electrode/polymer 

interfaces are stable in ambient environment. It is expected that 30 

upon proper encapsulation, the performance of the Ta/PTPA/Pt 

device can be further improved.  

The thermal stability of the memory performance was also 

explored by monitoring the I-V characteristics of the PTPA90 

device under different temperatures in vacuum (Figure 2). 35 

Reproducible resistance switching between the ON and OFF 

states has been observed in the temperature range of 30 K to 390 

K, which is really rare in organic memory materials.14 Thus, the 

common thermal degradation problem of organic electronic 

devices has been avoided in the present thermally-stable 40 

triphenylamine polymer. The slightly reduced ON/OFF ratio 

along with the increase in the sampling temperature reveals that 

the ON state device behaves as a metallic conductor, while the 

OFF state device is a semiconductor (Figure S9). The decrease of 

the reset voltages, again, suggests that the switching behaviors of 45 

the PTPA devices are thermally activated (Figure S10). When 

the device was tested in air, only minor fluctuation in the 

switching voltage was observed (Figure S11).  

To better understand the electronic process occurring inside the 

thin film, computational studies on the charge density isocontour 50 

surface and molecular orbital energy levels of the triphenylamine 

(TPA) molecule were performed using the Gaussian 09 program 

package and density functional theory (DFT) calculations at the 

B3LYP/6-31G(d) level.15 As depicted in Figure 3, the absence of 

electron-accepting species in the TPA molecules leads to partial 55 

overlapping of and facile electron transition between the HOMO 

and LUMO on the arylamine unity of the polymer. Under the 

stimulation of external electric field, electrons excited from the 

HOMO into the LUMO of PTPA will get easily removed from 

polymer, resulting in a cationic conducting pathway in the thin 60 

 

Fig. 2 Temperature-dependent current-voltage characteristics of the 

Ta/PTPA90/Pt device. 

Page 3 of 4 ChemComm

C
he

m
C

om
m

A
cc

ep
te

d
M

an
us

cr
ip

t



 

This journal is © The Royal Society of Chemistry [year] Journal Name, [year], [vol], 00–00  |  3 

Fig.3 (Upper) Molecular orbitals and (lower) the plausible transition 

mechanism illustrated with the basic unit of PTPA. 

film and switching the device to the ON state.  The vacancy in the 

HOMO can be partially compensated by electrons from HOMO-1, 5 

which stabilizes the excited state of the polymer and leads to the 

non-volatile nature of the observed resistive switching in PTPA 

memory devices. 

By carrying out in-situ conductive atomic force microscopic 

(C-AFM) measurements, it is found that the resistive switching 10 

and thus the electron transfer processes in the ultra-smooth PTPA 

film (Figure 4a) shows interesting filamentary nature. Pristinely 

in the high resistance state, no obvious leakage current can be 

observed below 3 V (Figure 4b). When the applied voltage has 

been increased to -6 V, multiple conductive spots appear in C-15 

AFM map, which implies that the PTPA film undergoes electrical 

transition from the OFF state to the ON state (Figure 4c). The 

diameters of the conductive areas vary from about 30 nm to 50 

nm. By probing onto a single conductive spot, I-V characteristics 

demonstrating abrupt modulation similar to that of the 20 

Ta/PTPA/Pt devices is also observed (Figure 4d). As the location, 

size and numbers of the formed conductive filaments are random, 

minor fluctuation of the device resistance during cyclic switching 

operations, as shown in Figure S8, is therefore reasonable. 

In summary, thermally-stable poly(triphenylamine) has been 25 

synthesized for memory applications. The PTPA device exhibits 

excellent non-volatile bistable resistive switching behavior with 

long retention time over 8×103 s, superior ON/OFF ratio of 5×108 

and wide working temperature range of 30 K – 390 K. The 

excellent resistive switching behavior can be ascribed to the 30 

formation of localized cationic conducting pathways in the 

polymer films. 
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