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Nonvolatile organic field-effect transistor memory element with a polymeric
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Organic field-effect transistors with a polymeric electret as gate insulator and fullerenes as a
molecular semiconductor were fabricated. We observed an amplification of the drain—source current
I s 0N the order of 1Hupon applying a gate voltagg,. Reversing the gate voltagg, features large
metastable hysteresis in the transfer characteridicéV,) with a long retention time. The
observation of a switchable channel curréptis proposed to originate from charge storage in the
organic electret. As such, this device is a demonstration of an organic nonvolatile memory element
switchable with the gate voltage. ZD04 American Institute of Physid®Ol: 10.1063/1.1828236

A nonvolatile memory device has a structure of a metal-capacitor was demonstrat%dizlemory effect on OFETSs with
oxide-semiconductor field-effect transistoMOSFET) in an inorganic ferroelectric and an organic semiconductor,
which the conventional gate electrode is modified in a way tanamely, sexithiophenga6T), was reported‘? Recently,
enable temporary charge storage inside the Jg?iilaae time  OFETs based on organic “ferroelectric-like” insulators and
when the stored charge decreases to 50% of its initial valupentacene were demonstratéd Evidence on the presence
is defined as retention time. A long retention time is requireddf trapping states at the insulator/organic semiconductor in-
for nonvolatile memory devices. Using inorganic semicon-terface was also reportéd However, an OFET based non-
ductors like Si, this has been used in integrated circuits sinceolatile memory elements with an electret as gate insulator
the last four decadésTypically, there are two types of non- with a largeV, hysteresis and long retention time has not
volatile memory devices: floating gate devices and metalbeen realized as yet.
insulator-oxide-semiconductor devices. Recently, insulators In this letter, we report results on detailed studies of an
based on ferroelectric materials were utilized to fabricaté-channel OFET using fullerenes in combination with a
nonvolatile memory devices. polymeric electret as the gate insulator. A large hysteresis for

In organic electronics, much progress has been made fthe source—drain current upon variation of the gate voltage is
recent years in the development of FET based on organigPserved. This metastable effect is presumed to be due to
semiconductor§OFET).* There is much interest in research charge storage and polarization within the bulk of the gate
on OFETs with high mobility(w) utilizing the large field of diele_ctric and/or at the interface between the electret and
materials chemistry.. Although the highest mobilities re- Semiconductor. o , . .
ported inn-channel OFETY102-10" cm?/V s)* are still _ Th.e deylce fabrication starts with the etching of theiln-
lower than their inorganic counterparts, applications usin ium tn Ox'de(ITO.) on the glass sub_strate. Alter pgttermng
low-cost production and large-area coverage such as radiol€ TO and cleaning in the ultrasonic bath, polyvinyl alco-

frequency IDs, smart tags, textile integrated electronics, etcmc’II(PVf‘) as a;tolufblfoglggt(;et was sp(ijn cast. P\./A \c’j\’itfh a
OFET devices and “plastic chips” are very attracfiv@emi- olecular weight o was used, as received from

: : . Fluka Chemicals. The PVA was dissolved in distilled water
conduct!ng plastics pr_esent pamcular advantages of plé.‘s“gnd filtered using 0.2um filters and lyophilized and redis-
processing together with semiconductor properties. Solution- LT . .

. : solved again in distilled water. A 10 wt % ratio of a highly
processed, large-area printable OFETs have quite some po-

S o . viscous PVA solution gives a film thickness of 0.6 toufn
tential in future applications. In this sector, we want to ex-by spin coating at 1500 rpm. A methanofulleref@6]-
plore a prin_table memory eleme_nt with a polym_eric electretphenyl G1-butyric acid methyl estefPCBM) active layer of
as a gate dielectric for nonvolatile memory devices. _ 150 nm was spin coated on top of the PVA film from chlo-

Dodabalapuret al. have made an attempt to realize anpenzene solutiofB wt %) in argon atmosphere inside the
OFET with polarizable gate insulator which produces ﬂoat'glove box. The top source and drain electrode (2 nm
ing gate-like effectg.A.me.chanis_m for the shift of the was evaporated under vacuuf@x 106 mbay tr,lrough ,a
threshold voltagev; (Wh'Ch. IS def'ﬂed as gate voltage, .. shadow mask. All electrical characterization was carried out
where the free charge carrier density equals the trap dénsit

ft Vi deleti 4 Field-eff tyunder an inert argon environment inside the glove box sys-
arter applying a deple mg/g' was proposed. Field-eflect o, Keithley 236 and Keithley 2400 instruments were used
studies of OFETs with chemically modified gate dielectrics

h b d a shift it d bi . " >for the steady state current—voltage measurements. Surface
ave observed a shift i, due to bias stressingtlysteresis morphology and thickness of the dielectric and PCBM film

in the repeatgd cgpacitance—volta_ge measgrements in diffeere determined with a Digital Instrument 3100 atomic force
ent sweep directions of metal-OX|de-organ|c-sem|conductOf'nicroscope(AFM) and a Dektak surface profilometer.

A typical OFET structure is shown in Fig. 1 together
¥Electronic mail: birendra.singh@jku.at with the chemical structure of the PVA and PCBM. The
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FIG. 3. Transfer characteristics of the OFET witlh=80 V demonstrating
the nonvolatile organic memory device. Each measurement was carried out
with an integration time of 1's. Insetd? vs Vg plot for the tenth
Glass measurement.

© OFETs based on polycrystalline, evaporateg ftms show

similar behavior®

We observed a difference iidVys) plots while taking
the data by increasing and/or decreasing the gate voltages.
Data presented here are recorded when the gate voltage is
applied in descending mode with 1 s integration time. The
sequence of the measurement in Fig. 2 is labeled from 1 to
11. Transistor characteristics of the devices shows amplifica-

FIG. 1. Chemical structure ai&) PVA and(b) methanofullerengPCBM).
(c) schematic of the staggered mode nonvolatile memory OFET.

channel lengthL of the OFET is 65um and the channel
width W=1.4 mm. For the electret a thickneds 1.4 um,
dielectric constant,epya=5 and capacitance ofCpya
=3 nF/cn? were measured. This resultsddL ratio ~0.02, tion factors up to 1®with the gate on/off.
which is acceptable in order to avoid having the gate field The large hysteresis observed Wy is shown in the
screened by the source—drain contacts. Cr as a source—drdiansfer characteristiagys versusVyg cycling the gate volt-
electrode is chosen because Cr does not significantly diffusage (Fig. 3). All the OFET devices reported herein show a
into the organic semiconductor layer. sharp turn-on voltag¥,,, a voltage that is th&-intercept of
The transistor characteristitg(Vyo is shown in Fig. 2  the plot of /I ;s versusV,,. Initial cycles feature a negativ,,
featuring ann-channel FET®*" with electron accumulation Which develops into a stable hysteresis after few cycles, with
mode with applied positivéy and electron depletion mode & quadre_lt.ic turn-on around 0 V. This allows us to qalculate
with increasing negativ¥,,. A saturation ofl 4 with increas-  the mobility u from the /145 versusVj plot, as shown in the
ing Vs is obtained even when g, is applied. It is not yet  inset of Fig. 3.A value ofu=9x 1072 cn?/V s is obtained
clear as yet why FETs based on fullerenes have this “onusing Eq.(1):
behavior withV,=0 V. The substrate surface may play a
critical role in this effect; devices with substrates treated with lge= HWCoya
2L

_ 2
amines have also been found to be “on,” as he(Eig. 2).18 (Vo= V)" @

A u of around 10! cn?/V s is relatively high as com-

8 V= pared to the reports on PCBM devices using space charge
7] Lanen50V, 1 limited current§”' and field-effect studie¥ The origin of
- this improved mobility here is proposed to be the homoge-

5 __.--"" endd0 V., 2 neous film formation on top of the smooth electret PVA with

5- e ’ improved intermolecular transfer integral. We did not ob-
< 4 __' - ensenssens{ 30V, 3 serve any significant dependence of this mobility upon varia-
= o tion of the source-drain metal electrodes like calcium and
- ¥ . JEB— ! SV LiF/aluminium.

2 [—— [ R VA As presented in Fig. 3, the magnitude of the source—

1] a0V, 6 drain current 4 increases with an amplification of up to“.0

o] ';gx'; at Vy=~50 V with respect to the initial “off” state with/,

=0 V. However, the saturatdgs remain at high values even

when Vg reduces back td/;=0 V. In order to completely

deplete I4, one needs to apply a reverse voltage of
¢=—30 V. A large shift inV, by 14 V is observed when

FIG. 2. Transistor characteristics of an OFET with channel lenigth  measured for the second time with respect to the initial cycle.
=65 um, channel widthw=1.4 mm for differentV,. All measurements

were carried out at room temperature. The data shown here are taken ﬁ}ompa_red to the seco_nd _r_neasure_ment' the tenth measure-
descending/, mode from 50 to -50 V in steps of 10 V as labeled from 1 ment did not show a significant shift ;. Each measure-

to 11. The integration time is 1 s. ment was performed with a long integration time of 1 s with
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the temperature-dependent transfer characteristig¥,,)

are also in favor of the charge trapping mechant8iiow-
ever, a detailed study is required to locate the trapped
charges. Charging and discharging of PVA films is well
known?* and significant charge trapping in PVA-based poly-
mers was also reported by othérs.

In conclusion, we demonstrated an organic nonvolatile
memory device based on OFETs using a polymeric electret
as gate dielectric. The results indicate the metastable charg-

F 0 ing of the electret with an applied gate voltage resulting in
1 9

gs

V_ V]

very long retention times up to hours.
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FIG. 4. (a) Logarithmicl4s vs time (t) plot at V4=80 V for floating gate
(denoted byy=0 V), duringVy=50 V and floating gate sequentially show-
ing long retention time. The data were taken each 250 ms and every secon
data point is plotted(b) Switching response of the drain current, upon
application of gate voltage pulses with a pulse height of 50 V and a pulseg
duration of 40 s.
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