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Highlights： 

1) Memory device based on double heterojunctions enables 

fully-electrical operation. 

2) The C60/Pentacene sole heterojunction shows large built-in field. 

3) The double heterojunctions suppress the large built-in field. 

 

Abstract 

An organic ambipolar charge trapping non-volatile memory device is 

proposed based on tris(8-hydroxy quinoline) aluminum(Alq3)/ 

                  



fullerene(C60)/pentacene double heterojunctions. The double 

heterojunctions were analyzed and compared with the sole 

heterojunction. Even though the Alq3/pentacene sole heterojunction 

shows a negative threshold voltage shift for programming under 

negative biasing, light illumination is required to efficiently erase. In 

contrast, for C60/pentacene sole heterojunction, the negative shift of 

threshold voltage is observed even with a positive erasing voltage. 

By combining the two trapping layers, a large memory window with 

fully-electrical programming and erasing is obtained. The efficient 

programming and erasing of the double heterojunctions structure are 

analyzed, sufficient electrons can be injected that enables the 

electrical erasing, and the negative shift of the threshold voltage 

under positive erasing voltage for the C60/pentacene structure is 

suppressed due to the suppression of the large built-in potential for 

the sole heterojunction, which can be verified by a large positive 

shift for the pentacene/C60/pentacene double heterojunctions. 

Key words: non-volatile memory, heterojunction, ambipolar charge 

trapping, built-in field 

 

1. Introduction 

With the rapid development of the semiconductor industry and 

information technology, non-volatile memory emerges as a 

                  



promising and important branch for information storage and 

exchange. Since S. M. Sze et al. proposed the thin film floating gate 

non-volatile memory based on field effect transistor configuration 

[1], diverse non-volatile memories based on field effect transistor 

configuration have been developed, such as the nano-particle 

floating gate memory [2, 3], single-electron memory cell [4], Silicon 

Oxide Nitride Oxide Silicon (SONOS) memory [5, 6], ferroelectric 

memory [7], and so forth. The most representative application of the 

non-volatile memory lies in the Flash memory, where the industrial 

applications have been envisioned. For this application, traditional 

floating gate memory has been applied at the early state using 

semiconductor or metal floating gate as the charge storage layer [8], 

where SONOS is an ameliorated device using nitride as the charge 

trapping layer, therefore, it potentially enables higher charge storage 

capability, and it gradually becomes the mainstream of Flash 

memory [9]. With the scale-down of the floating gate memory and 

thus improved integration density, single-electron memory has also 

been proposed using nanocrystal as the charge trapping layer, thus 

the Coulomb blockade effect is obtained, which supports single 

electron storage, and this type of memory shows potential 

applications [10]. Ferroelectric memory adopts ferroelectric 

materials to achieve different polarization properties and change the 

                  



memory states, which shows its advantage in high operating speed, 

and thus is an excellent substitute for the conventional non-volatile 

memory [11]. The non-volatile memory device has also been applied 

in other fields, such as in displays [12], in artificial synapse [13], in 

sensors [14], in radio-frequency identification tags [15], and in other 

portable electronic devices [16,17]. 

 For the typical non-volatile memories listed above, excepting for 

the ferroelectric memory that uses residual polarized charges under 

electric field to change the memory states, most of the non-volatile 

memories function by charges trapping and detrapping under the 

external gate bias or by other measurements such as the light 

illumination, which forms the binary current states of the 

non-volatile memory. In addition to the conventional inorganic 

non-volatile memory for high-speed applications, organic 

non-volatile memories have also been proposed, mainly focusing on 

low-cost, large-area fields with a low-processing-temperature that is 

compatible with flexible substrates. For organic non-volatile 

memory, the conventional device adopts metallic charge trapping 

layer [18], which is easy for stored charges leakage, or employs the 

electret memory configuration with dielectric charge trapping layer, 

which is always limited by the operation speed [19]. Semiconductor 

could also be applied as the charge trapping layer of organic 

                  



non-volatile memory cell, which can potentially provide moderate 

charge storage capability as well as higher operation speed. In one 

type of organic non-volatile memory, the organic semiconductor 

charge trapping layer is in direct contact with the active layer, which 

may enable to improve the memory performance due to the 

elimination of tunneling layer. However, there may be heterojunction 

effect, where the Fermi levels alignment causes the band bending 

and the built-in field that hinders or facilitates the injection of the 

carriers from the active layer to the charge trapping layer. The band 

bending and the built-in field caused by the energy level alignment 

has also been proved in organic heterojunctions, such as in 

Copper (II) 

1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecafluoro-29H,31H-

phthalocyanine (F16CuPc)/ Copper (II) Phthalocyanine (CuPc) 

heterojunction [20], in Zinc Phthalocyanine (ZnPc)/ fullerene (C60) 

heterojunction [21]. The band bending due to the Fermi-level 

alignment causes space charge regions that the charge accumulates 

at the heterojunction interface to form accumulation-type 

heterojunction, or charge depletes at the heterojunction interface to 

form depletion-type heterojunction. Due to the space charge region, 

there forms built-in field pointing from P-type region to N-type 

region. The hindering effect of the built-in field is demonstrated as a 

                  



smaller memory window or even suppression of the memory 

window, which will adversely affect the memory performance. 

 For the organic non-volatile memory employing semiconductors 

as the charge trapping layer, several parallel works have been 

demonstrated. Ref [22] shows an organic non-volatile memory based 

on P3HT nanofiber/F16CuPc thin layer heterojunction, a stable 

current ratio and long retention time are obtained, while the device 

with thick F16CuPc layer does not show hysteresis effect, which puts 

forward the rigid requirement on the film thickness. Ref [23] shows 

a non-volatile memory based on pentacene/Zinc oxide (ZnO) 

heterojunction, where the electrical characteristics vary with ZnO 

film thickness, also indicating the rigid requirement of ZnO film 

thickness to obtain a non-volatile memory. Ref [24] demonstrates the 

introduction of N-type 

𝑁,𝑁′-ditridecyl-3,4,9,10-perylenetetracarboxylic diimide between 

poly(2-vinyl naphthalene) and pentacene, which lowers the injection 

barrier of the carriers from pentacene due to the energy level 

alignment, and thus improves the memory characteristics, especially 

in terms of larger memory window. For the previous works, even 

though good memory characteristics have been obtained, the basic 

working principles of the heterojunction memory are not elucidated 

or unified, which needs further working on this aspect. 

                  



 In this article, the organic thin film transistor (OTFT) 

non-volatile memory based on double heterojunctions incorporating 

three organic semiconductor layers’ stacking is studied, where the 

basic principle that the heterojunction effect of a sole heterojunction 

is suppressed due to the interaction of the built-in electric fields 

between the two heterojunctions, is proposed in this article. The 

suppression of the heterojunction effect enables the improvement of 

the memory performance and enables fully-electrical operation. 

 

2. Experimental section 

 The fabrication process of the OTFT non-volatile memory is 

based on a bottom-gate, top-contact configuration. Initially, the 

heavily-doped silicon wafer substrates covered with 300 nm 

thermally oxidized silicon oxide (SiO2) layer were employed as the 

gate electrode and gate dielectric layer, respectively. The silicon 

substrates are N-type doped with arsenic, and the doping concentration is 

approximately 10
20

 cm
-3

. The 300 nm SiO2 layer is formed by dry 

oxidization method in oxygen atmosphere with high quality, which was 

deposited by the manufacturer. For the 6-inch silicon substrates, they 

were cut into 1.5 cm×1.5 cm slices. The substrates were cleaned by 

acetone, alcohol, and deionized water, respectively for 10 minutes 

and assisted by ultrasonic oscillation. Thereafter, the cleaned 

                  



substrates were heated in an oven in order to remove the organic 

residual and the moisture, and then the samples were treated with an 

ultraviolet/ozone surface cleaner. After that, 25 nm Alq3/65 nm 

C60/50 nm pentacene layers were deposited in sequence by thermal 

evaporation with a well-controlled evaporation rate. Alq3 is bought 

from TCI Shanghai Co., the purity is 98%, and the molecular weight is 

459.44. C60 is bought from Shanghai Aladdin Co., the purity is 99.9%, 

and the molecular weight is 720.64. Pentacene is bought from TCI 

Shanghai Co., which is purified by sublimation. The three organic 

semiconductors were used as received. For controlling the thicknesses of 

different organic layers, the crystal oscillator is used to monitor the film 

thickness during the deposition process, assisted by using step profiler to 

further check the actual thickness. For Alq3, the evaporation rate is 0.067 

nm/s at the evaporation temperature of 210 ºC. For C60, the evaporation 

rate is 0.17 nm/s at the evaporation temperature of 420 ºC. For pentacene, 

the evaporation rate is 0.13 nm/s at the evaporation temperature of 170 ºC. 

Note that, Alq3 shows high moisture/oxygen stability in ambient air, 

thus it could also function as a passivation layer deposited on SiO2 

layer. The reference device with 25 nm Alq3/50 nm Pentacene 

heterojunction structure was also fabricated in the same conditions. 

In addition, for reference devices without Alq3 passivation layer, a 

thin polystyrene (PS) layer was spin-coated on SiO2 layer, then 

                  



C60/pentacene heterojunction and pentacene/C60/pentacene double 

heterojunctions were also fabricated on the thin PS layer. PS is 

bought from Shanghai Aladdin Co., and the molecular weight is 

104.14. PS is dissolved in toluene to form a 3 mg/mL solution, and 

the spin-coating is carried out with a spin-coating speed of 3000 rpm 

for 30 s, resulting a deposited thickness of approximately 10 nm. 

The devices were accomplished by thermally evaporating a thick 

copper layer, the source and drain contacts were patterned by 

shadow masks, which defines a channel width/length ratio of 1500 

μm/100 μm. The copper layer thickness is approximately 133 nm, 

with an evaporation thickness of 0.2 nm/s at a heating current of 79 

A. The uniformity of the devices has also been checked by measuring 

different devices, and there are 20 samples on one substrate slice. For 

each structure, two slices were used. Therefore, there are 40 devices for 

each structure. The schematic view of the fabricated non-volatile 

memory device is shown in Fig. 1(a). All the electrical 

measurements were carried out by a Keithley 4200 SCS 

semiconductor parameter analyzer in ambient air.  

 

3. Results and discussion 

  The initial trail is based on a sole Alq3/pentacene heterojunction 

memory device without depositing C60 layer, where the hysteresis 

                  



property of the transfer characteristics at drain-source voltage Vds = 

-30 V is shown in Fig. 1(b). Initially, the threshold voltage of the 

memory device is -2.7 V, and after -120 V programming for 1 s, the 

threshold voltage shifts to -51.9 V, indicating a hysteresis window of 

49.2 V under -120 V programming. However, the erasing can only 

be accomplished by light illumination, which generates sufficient 

photogenerated carriers that recombine with the trapped holes in 

Alq3. In order to be efficiently erased, N-type organic 

semiconductors, such as C60, are supposed to be capable of 

efficiently erasing, which own large lowest unoccupied molecular 

orbital difference with pentacene that facilitate the electrons 

injection, and are good electron transporting layers. The introduction 

of C60 between pentacene and Alq3 built up double heterojunctions, 

which may benefit for charge injection. The output characteristics of 

the non-volatile memory based on double heterojunctions is shown 

in Fig. 1(c), where the linear and saturation regimes are well 

discriminated, indicating the field effect of the fabricated OTFT 

memory. Fig. 1(d) shows the transfer characteristics of the fabricated 

double heterojunctions device, where the ambipolar charge trapping 

of holes and electrons is demonstrated. This ambipolar charge 

trapping property is not obtained for the memory devices with a 

single heterojunction [22, 23]. In addition, the ambipolar transport 

                  



characteristics of a single transfer curve were also observed, 

indicating the efficient P-type transporting in pentacene, and 

efficient N-type transporting in C60, meaning that the built-in field 

between pentacene and C60 that hinders the negative charge from 

injecting from pentacene to C60, should be suppressed. In a reference 

device, for both of the initial and writing states, the ambipolar 

transport characteristics were demonstrated, while for the erasing 

state, the unipolar transport characteristics was demonstrated, 

indicating the suppression of the heterojunction effect by holes 

trapping, and the enhancement of the heterojunction effect by 

electrons reverse trapping. In fact, the trapping (writing) and reverse 

trapping (erasing) cause the changes of the band bending and the 

built-in field. For the transfer characteristics, the drain-source 

voltage is -30 V, therefore, the drain current follows the formula in 

saturation regime: 

2( )
2

ds i FE gs th

W
I C V V

L
 

                 (1) 

Where the W/L is channel width/length ratio, Ci is the gate 

capacitance per unit area, μFE is the field effect mobility, Vth is the 

threshold voltage, and Vgs is gate-source voltage. From this formula, 

the field effect mobility and the threshold voltage can be deduced. 

Initially, a threshold voltage of -10.5 V is obtained, after applying a 

-120 V programming voltage for 1 s, the threshold voltage shifts to 

                  



-40.3 V, indicating a hysteresis window of 29.8 V. When applying a 

positive erasing voltage of 120 V for 1 s, the threshold voltage 

positively shifts to 16.2 V, which demonstrates a hysteresis window 

of 26.7 V and thus a global hysteresis window of 56.5 V, indicating a 

fully-electrical driving non-volatile memory. Note that, the 

programming and erasing voltages of ±120 V are rather high, which can 

be reduced by decreasing the gate dielectric layer thickness, or adopting 

high-K dielectric. This can also maintain the ratio between the memory 

window and the programming voltage, which will be the further work. 

For the initial, programming and erasing states, the calculated field 

effect mobility is approximately 0.07 cm
2
/V•s. In addition, from the 

hysteresis curves, a memory ratio of approximately 5×10
3
 is 

obtained at the gate bias of -20 V from the contrast between the 

drain-source currents for programming and erasing states. Note that, 

for the electrical characterization, the central 9 devices of one slice were 

used, and therefore, 18 devices are needed to be measured in one 

structure. High repeatability with almost same memory window and 

memory ratio was obtained for the 18 devices by passivating the 

substrates and better controlling the thicknesses of each layer. 

 The charge trap density for the programming and erasing states 

can be obtained from the following formula: 
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C
N = i thV

q



                      (2) 

Where ΔVth is the threshold voltage shift, and q is the charge 

element. For the programming procedure, the memory window is 

29.8 V, thus the charge trap density is calculated to be 2.14×10
12

 

cm
-2

, while for the erasing procedure, the memory window is 56.5 V, 

and thus the charge trap density is approximately 4.06×10
12

 cm
-2

. 

 Due to the introduction of C60, the double heterojunctions are 

formed. In order to further study the heterojunction effect, a different 

kind of double heterojunctions incorporating C60 deposition prior to 

Alq3 deposition is fabricated, and the hysteresis property of this 

C60/Alq3/pentacene double heterojunctions is shown in Fig. 1(e). 

From the transfer curves, the -80 V programming causes a threshold 

voltage similar to the sole Alq3/Pentacene heterojunction, where it 

can only be partially erased even with a larger positive erasing 

voltage of 120 V, which inhibits the application of this 

C60/Alq3/pentacene double heterojunctions. 

 In order to further study the heterojunction effect in the 

non-volatile memory, C60/pentacene heterojunction and symmetric 

pentacene/C60/pentacene double heterojunctions structures were also 

fabricated and compared. For the sole C60/pentacene heterojunction, 

the typical transfer characteristics are shown as Fig. 2(a), with an 

initial threshold voltage of approximately -11.7 V, and interestingly, 

                  



when applying a positive gate bias of 120 V for 1 s, the threshold 

voltage negatively shifts to -19.4 V, instead of a positive threshold 

voltage shift under the positive gate bias. This can be explained as 

followings: due to the large Fermi levels difference of C60 and 

pentacene, there are electrons transferring from pentacene to C60, 

which cause the band bending and the built-in field pointing from 

pentacene to C60. When applying a positive voltage of 120 V, the 

strong built-in field can still drive the holes to inject from pentacene 

to C60, which overcomes the external electrical field. This 

elucidation is not suggested previously [22-24]. In fact, when 

applying the positive gate bias, the external electric field points from 

C60 to pentacene, which is opposite to the built-in field. With the 

external electric field, the space charge region shrinks, however, the 

built-in field is strong, which may inhibit the carriers from injecting 

under the external field. This can be verified by applying a -120 V 

gate bias on the same device, where the threshold voltage has shifted 

beyond the scope of the scanning regime (from 50 V to -60 V), 

indicating the combination effect of the external electric field and 

the built-in field. In contrast, for pentacene/C60/pentacene double 

heterojunctions structure, the initial threshold voltage is 

approximately -9.2 V, and after applying a positive gate bias of 120 

V, the threshold voltage shifts to approximately 35.1 V, indicating 

                  



the external gate bias dominates the trapping procedure, as show in 

Fig. 2 (b). As the carriers are initially injected from the top 

pentacene layer, the effect of the built-in field in the sole 

C60/pentacene heterojunction that hinders the charge injection has 

been partially suppressed. Note that, the memory state can only be 

partially erased at -120 V for 1 s, while it can be efficiently erased at 

-120 V for 10 s. 

 In order to explain the anomalous phenomena of the 

C60/Pentacene sole heterojunction, the pentacene/C60/pentacene 

double heterojunctions, and the Alq3/C60/pentacene double 

heterojunctions, the energy diagrams of these heterojunctions are 

shown in Fig. 2(c), 2(d), and 2(e), respectively. Based on the 

references [25, 26], the estimated potential barrier of electrons for 

pentacene/C60 heterojunction is approximately 0.5 eV, while the estimated 

potential barrier of electrons for Alq3/C60 heterojunction is approximately 

0.6 eV. In addition, the precise band bending conditions cannot be assured, 

especially for C60 layer. Therefore, to be more accurate, at this stage, the 

band bending of C60 layer is not given. In Fig. 2(c), the chemical 

potential alignment results in the built-in field pointing from 

pentacene to C60, which drives the holes to inject from pentacene to 

C60, even with a positive gate bias. In contrast, as shown in Fig. 2(d), 

for the pentacene/C60/pentacene double heterojunctions, due to the 

                  



opposite built-in field directions of the two heterojunctions, they are 

partially counteracted, which is demonstrated as smaller band 

bending of both pentacene and C60. For Alq3/C60/pentacene double 

heterojunctions, the built-in field can be further suppressed, showing 

as less band bending in Fig. 2(e), the ambipolar transport 

characteristics of the transfer curves and the larger threshold voltage 

shift can thus be obtained. Therefore, the external gate bias 

dominates the operation procedures for the non-volatile memory 

based on double heterojunctions. The precise band bending data can 

be measured by ultraviolet photoelectronic spectroscopy (UPS). In 

addition, due to the reproducible memory window and memory ratio for 

different devices, the potential barrier heights variation can be negligible 

in the same run. 

 In the practical measurements, the write-read-erase-read (WRER) 

measurement is also carried out. In our measurements, more than 

100 cycles were tested. As mentioned above, the memory ratio of 

approximately 5×10
3
 is obtained at the gate bias of -20 V. Therefore, 

in WRER measurement, the setting parameters is shown as 

followings: the writing voltage is -120 V for 5 time intervals, the 

reading voltage is -20 V for 5 time intervals, and the erasing voltage 

is 120 V for 5 time intervals. In order to further analyze the WRER 

property, five cycles are chosen, as shown in Fig. 3(a). For the 

                  



reading current after -120 V programming, it is approximately 

-4×10
-9

 A, while for the reading current after 120 V erasing, it is 

approximately -5×10
-6

 A, indicating a reading current ratio of more 

than 10
3
. This reading current ratio is in accordance with the 

memory ratio mentioned above, and also consists with the previous 

works [22-24]. In order to show the aging characteristics, the 

endurance property is also given for 100 cycles, as shown in Fig. 

3(b). After -120 V programming, the low-level current increases 

from -3×10
-9

 A to less than -5×10
-9

 A, and then reduces again to 

approximately -3×10
-9

 A. In contrast, after 120 V erasing, the 

high-level current reduces from -6×10
-6

 A to approximately -2×10
-6

 

A, indicating a current ratio of more than 5×10
2
. This stable 

endurance property indicates the good device quality, and also 

indicates the possibility of a multi-level non-volatile memory device 

to further enlarge the storage capability. Another property index of 

the non-volatile memory device is the retention time, which is 

shown in Fig. 3(c). As shown from the retention curves, after 

applying 120 V for 1 s, the high-level current decreases rapidly from 

4×10
-6

 A to 2×10
-8

 A, indicating a 200 times reduction of the 

high-level current. In contrast, after applying -120 V gate bias for 1 s, 

the low-level current increases slightly from 2×10
-9

 A to 4×10
-9

 A. 

The remarkable reduction of the high-level current results in a short 

                  



retention time, where the high-level and low-level currents cannot be 

discriminated by approximately 30 hours. It is assumed that the 

rapid reduction of the high-level current is due to the rapid loss of 

the trapped electrons in C60, especially when C60 is in direct contact 

with pentacene and Alq3 from both sides. The retention time is only 

comparable with the previous work in [23], however, inferior to the 

previous works in [22] and [24]. 

 In order to improve the retention property, a thin PS tunneling 

layer is deposited on top of the Alq3/C60 heterojunction, and then 

pentacene layer is deposited. The structure of the device with PS 

tunneling layer is sketched as the inset of Fig. 4(a), where the thin 

PS layer is deposited above the Alq3/C60 heterojunction. Transfer 

characteristics of the fabricated devices are shown in Fig. 4(a), and a 

smaller hysteresis window is obtained. The obtained rapid increase 

of the low-level current might be due to the detrapping of the holes, 

as shown in Fig. 4(b). In contrast, when applying a positive gate bias 

of 120 V, the electrons are trapped, and the electrons trapping is 

comparatively stable. The low retention time is maybe due to the 

comparatively high conductivity of C60, which facilitates holes 

leakage. In addition, the much faster holes detrapping may also be 

due to the heterojunction effect. In fact, as shown in Fig. 4(c), for a 

reference device based on Alq3/C60 heterojunction using C60 as the 

                  



active layer, a negative programming voltage of -120 V results in a 

positive threshold voltage shift, instead of a negative threshold 

voltage shift under the negative gate bias, indicating the electrons 

trapping even with negative gate bias, which might be due to the 

built-in field of Alq3/C60 sole heterojunction. For this improved 

structure, the high-level and low-level currents cannot be 

discriminated by more than 100 hours, which are still far from the 

practical applications, and the working mechanism of the charge 

leakage needs to be further studied. Nevertheless, the double 

heterojunctions non-volatile memory device shows a prototype for 

realizing the ambipolar charge trapping and fully-electrical driving 

memory device, and the basic mechanism of the double 

heterojunctions memory is preliminarily demonstrated. 

 

4. Conclusions 

 The non-volatile memory devices based on Alq3/C60/pentacene 

double heterojunctions were fabricated and analyzed. Compared to 

the Alq3/pentacene sole heterojunction adopting light illumination 

erasing, the double heterojunctions enable a fully-electrical driving 

memory device, and the ambipolar charge trapping was achieved. 

From the analysis of the C60/pentacene sole heterojunction and the 

symmetric pentacene/C60/pentacene double heterojunctions, the 

                  



built-in field of the sole heterojunction is beneficial for holes 

injection while inhibiting the electrons injection. By suppressing the 

large built-in field adopting double heterojunctions, both of the holes 

and electrons injections can be achieved. The WRER property shows 

a large reading current ratio of approximately 10
3
, while during the 

100-cycle endurance test, the stable current ratio of more than 5×10
2
 

is obtained. The retention property is analyzed, where the fast 

electrons detrapping degrades the retention time. Even though 

improvement has been made to increase the retention time by 

introducing a thin PS tunneling layer, further work will be on the 

notable improvement of the retention time.  
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Figure 1: (a) schematic view of the fabricated bottom-gate, 

top-contact OTFT non-volatile memory device, (b) the hysteresis 

property of the sole Alq3/pentacene heterojunction at Vds = -30 V, (c) 

the output characteristics of the non-volatile memory based on the 

Alq3/C60/pentacene double heterojunctions, (d) the transfer 

characteristics of the non-volatile memory based on the 

Alq3/C60/pentacene double heterojunctions at Vds = -30 V, (e) the 

                  



hysteresis property of the C60/Alq3/pentacene double 

heterojunctions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  



 

 

 

Figure 2: (a) the non-volatile memory performance of C60/ pentacene 

sole heterojunction, (b) the non-volatile memory performance of 

pentacene/C60/pentacene double heterojunctions, (c) energy diagram 

of the C60/pentacene sole heterojunction, (d) energy diagram of 

pentacene/C60/pentacene double heterojunctions, and (e) energy 

diagram of Alq3/C60/pentacene double heterojunctions. 

 

 

 

 

 

 

                  



    

 

  

Figure 3: (a) Write-read-erase-read (WRER) property of the 

fabricated non-volatile memory, (b) endurance characteristics of the 

fabricated non-volatile memory with 100 cycles, (c) retention 

property of the fabricated device. 

                  



 

 

 

Figure 4: (a) the memory characteristics of the nonvolatile memory 

with PS tunneling layer on top of the Alq3/C60 heterojunction, (b) the 

retention property of the non-volatile memory with PS tunneling 

layer, (c) the memory characteristics for Alq3/C60 sole 

heterojunction. 

                  


