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An organic non-volatile memory using photo-conductive gate dielectrics
Dao Hoa Thi, Murata laboratory

Introduction: Recently, there have been many researches on organivolatile transistor
memories. However, reducing programming/erasind=)(R/oltages is still the challenge to be
overcome. To reduce the P/E voltages, the ligmtisduced. This dissertation focuses on the orani
non-volatile memories using photo-conductive diglecpoly vinylcarbazole (PVK), with the expect
to reduce the P/E voltages by using light. As stddefore, PVK is a photo-conductive material. It
can generate charges under the light. By using PMKe transistor as a charge-generator layer under
the light, together with a charge trapping layeY,TOP, as a floating gate, memory effect can occur
in the transistor with the assistant of light il ptocesses.

Experiments. This research studied on three structures of memsiryg PVK. They are shown in
Fig. 1. Here, PVK, PVA, PVK:PCBM, and CYTOP layesere fabricated by using spin-coating
method. Pentacene and Au layers were fabricatachbyum evaporation deposition. Channel length
is 50 pm, and channel width is 2 mm.
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Fig. 1. Structure of devices in this researah| TO/PVK/CYTOP/Pentacene/Au,
b) ITO/PVK:PCBM/CYTOP/Pentacene/Au, and c) ITO/PVAIRYCBM/CYTOP/Pentacene/Au.

Results and discussions. The device of ITO/PVK/CYTOP/Pentacene/Au has typigatput and
transfer characteristics of an organic field effeansistor (OFET) (Fig. 2). In this case, PVK laye
plays double roles, one is the charge generatoroaedis the gate insulator. Output characteristics
reveal good contact between Au electrodes and pemea The linear and saturated regions are quite
clear. It has the threshold voltagér) of -11.49 V, the subthreshold swing of 2.04 Viade. The

2L o = is 1.7x10°
VVCi (VG _VTh)
cn/V.s where PVK’s capacitance is 5.65 nFicin this equationl. is the channel lengthy is the
channel width|p is the saturated drain currelt; is the gate voltagé/r is the threshold voltage.

saturated hole field-effect mobility calculated &&on equationy =

The shift between transfer curves in programederaded states reveals the memory effect in
the device (Fig.3). The device has the memory effétt a high on/off ratio of 8xTby applying the
P/E voltages of 10 V for 1 s, under a 62.1 mW/dight intensity of 365 nm wavelength. The
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current is measured under a drain voltagg 6f -5 V. The memory has long retention time aonddy
endurance characteristics under dark (Fig.4). Tkigce reveals the non-volatile memory behavior
with low P/E voltage.
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Fig. 2. a) Output and b) transfer characteristics of ITO/PVKIOP/Pentacene/Au.
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Fig. 3. Programmed and erased transfers. There is absttifteen programmed state and erased state. Higher
intensity is applied, larger shift is obtained.
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Fig. 4. a) Retention. b) Endurance characteristics of DB&sed on ITO/PVK/CYTOP/Pentacene/Au



Although the device using PVK as an insulator layas high on/off ratio, the required light
intensity is high. This phenomenon may be due ¢cstiort time of charge-separation in PVK.

To reduce the required light intensity, fullererezidative [6,6]-phenyl-g-butyric acid methyl
ester (PCBM) was added into the PVK layer in thpeex to create the charge separation, and hence,
improve the conduction of charge-generator layateurthe light. By adding PCBM to PVK with
molar ratio of 1:10 between PVK and PCBM, the reegiilight intensity is reduced, from 62.1
mW/cnt to 8.68 mWi/crA The shift between transfer curves in programmed erased states are
shown in Fig.5. To obtain the on/off ratio of 1%1the P/E voltages of +10 V is applied for 1 s unde
8.68 mW/cn light intensity (Fig.6).

Device with PVK:PCBM as an gate insulatd@ & 4.7 nF/cri) also shows good OFET
characteristics, with a saturated mobility of 6.@%tn?/V.s, a threshold voltage of -12.6 V, and a
subthreshold swing of 1.86 V/decade.

Although the required light intensity is reducttk retention time of memory is not good. The
on current in this case decreases very quicklg(dfff s) due to discharge.
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Fig. 5. Programmed and erased transfer characteristics of Fig. 6. Retention time of OFET based on
ITO/PVK:PCBM/CYTOP/pentacene/Au ITO/PVK:PCBM/CYTOP/pentacene/Au compared to
ITO/PVKICYTOP/pentacen/Au

To prevent the discharge, a thin PVA layer was ddd® the transistor as a insulator layer.
The device with PVA (26 nm), and molar ratio of @ ietween PVK and PCBM, shows the good
OFET characteristicwith a threshold voltage of -9 V, a saturated mbbdf 1.9 x10? cnf/V.s, and a
subthreshold swing of 3.79 V/decade where the @sulcapacitance is 4.5 nF/enThere is large
shift between programmed transfer curve and eraedfer curve (Fig.7). This device shows a high
on/off ratio of 6.6x18 with the P/E voltages of +10 V applied for 1 sdana 8.68 mW/cflight
intensity. Long retention time and good enduraniaracteristics are demonstrated (Fig. 8). The
dependence of on and off currents on the P/E timed$/E voltages and on the light intensity were
investigated (Fig.9). To obtained the on/off raifal®, required P/E voltages are belal10 V, P/E



times are below 1 s and light intensity is belo&88aW/cnf. The on and off currents are measured at

the drain voltage of -5 V and gate voltage of 0 V.
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Fig. 7. Programmed and erased transfer characteristics.
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Fig. 8. a) Retention characteristic of OFET based on PN&/PVK:PCBM/CYTOP/Pentacene/Au, compared with the
retention time of OFET based on ITO/PVK:PCBM/CYT®entacene/Au. b) Endurance
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To understand the memory effect in above devidessanwitch devices of ITO/PVK/AU and
ITO/PVK:PCBM/Au were fabricated. The current deysibltage 0-v)
curves of these devices were investigated undediffierent wavelengths of light. The number of
photo-electrons according to the wavelength oftlighs calculated from thg-V data (Fig.9 and
Fig. 10). In both cases, the ratio beween the nurab@hoto-electrons and the number of coming
photons shows the maximum at the wavelength ofrBd0which is consistent with the maximum of
PVK's absorbance. To confirm, the on/off ratio of emory based on
ITO/PVA/PVK:PCBM/CYTOP/Pentacene/Au was measuredeunthe different wavelengths. The
dependence of on/off ratio on the wavelength dftliglso has the maximum at peak of the PVK
absorbance (at 340 nm) (Fig.11). The results odicate the roles of PVK and PCBM in these
memories.
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Fig. 10. Photoelectron/photon ratioes in device
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depending on wavelengths of light.
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Fig. 11 On/off ratio of device Fig. 12. Absorption specctra of PVK, PCBM, and

ITO/PVA/IPVK:PCBM/CYTOP/pentacene/Au depending on  pVK:PCBM blend film.
the wavelength of light.

The memory effect in transistors using PVK is ttuéhe charge generation of PVK under the
light. Photo-electrons are generated by effecighftlon PVK. Then, they are moved into the CYTOP
layer by electric field. These electrons are trapjpethe CYTOP layer, resulting in memory effect.
However, the required light intensity is quite highthe case of OFET memory using only PVK.
Adding PCBM into PVK layer can derease the requiigdtt intensity. Because PCBM and PVK have
different energy levels related to each other,dfuge, charge can transfer between two material
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molecules, making the charge separation easily.célemore photo-electrons can come to the
CYTORP layer, increasing the on/off ratio with lovigiht intensity.

Figure 13 describes the charge transfer
between PVK and PCBM when blend film is | ;.
under the light. Electrons in the valence band of ouK
PVK molecules are excited to the conduction PCBM
band of PVK molecules. These electrons relax| -8ev

to the conduction band of PCBM, making the / /Vz\t@i olev

-3.7eV

long time of charge separation.

Light

Fig. 13. Energy levels of PVK and PCBM

Conlusion. The memory based on PVK as a gate insulator shiogv®on-volatile behavior, but it
needs high light intensity. The memory using PVKBRCas gate insulator layer has high on/off ratio
with lower light intensity, but it has not long eetion time. The memory using PVK:PCBM and
using PVA insulator layer has high on/off ratiog%10) with low P/E voltages (+10 V) applied for 1
s under low light intensity (8.68 mW/éof 365 nm wavelength. It has good retention tand good
endurance, can be demonstrated with the assistdight The memory also can be used in photo-
applications and EPROM.



