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1. Introduction

Metal-oxide-metal (M-O-M) based resistive randomcess
memory (RRAM) is proving to be front line runner a&s alternative
choice to replace conventional non-volatile mendeyices due to its
excellent scalability potential, good CMOS compititipand simple
structure [1-4]. High endurance (*}0low power consumption and
uniformity are extremely important requirements. rtiver, these
devices in cross-bar structure are advantageous3iorstacking.
However, materials that require high processingpenature are not
preferred for 3D technology. In our previous studgrmation
polarity dependent resistive switching memory witturrent
compliance of >500 pA was reported [5]. Howevee, éxtra step of
formation process will increase fabrication cost. this study,
formation free resistive switching properties oT&’Q/W memory
device in a cross-point structure fully fabricatddoom temperature
have been investigated for the first time. Robusse endurance of
>10 cycles with only 2.5 /100 pA is obtained. Theltibevel data
storage capability, narrow statistical distributioof memory
parameters which are technologically of immenseoirtgmce, read

switching uniformity with small set/reset (1.4/-1 ®ltage and large
memory window (HRS/LRS) of >100 is achieved. The seset
power of the memory device is calculated to be {®0and 120 pwW
respectively, which is low enough for power consugnhonvolatile
memory applications. The typical value of averagéase roughness
of tungsten BE in the cross-points is about 8 nrichvis higher than
that of the flat surface (~1 nm) memory device @yaly formation
is needed) [5]. This suggests that the rough sertdcBE helps to
concentrate the electric field which in turn faeites and controls the
filament formation. This results formation free amiform resistive
switching. To investigate the current conductionchamism, |-V
curve of the positive region is replotted in logrlecale and fitted
linearly (Fig. 6). Both LRS and HRS curves fit wittap controlled-
space charge limited conduction (TC-SCLC). Oxygeatawncies
might serve as trap sites. When positive voltagapglied on TE,
oxygen ions migrate toward TE leaving behind ¥@cancies and
form an Q rich layer near TE. The Ovracancy filament will form
which bring the device into LRS (Fig. 7 (a)). Ore thpplication of
negative voltage, the LQions repelled from TE and oxidize the
vacancy filament which results HRS (Fig. 7 (b))g.R (a) and (b)

endurance of >6xPOtimes and 85°C data retention are also show device-to-device cumulative probability pl6tHRS/LRS ratio
demonstrated. The underlying switching mechanisrauiscessfully and cycle-to-cycle and device-to-device set/resitage respectively.
explained with supporting electrical data. The acef roughness of The narrow distribution is achieved. Fig. 9 shows multilevel

bottom electrode and thickness of top electrodggulamportant role
to achieve formation free, unifrom and high-perfarmoe memory
device.

2. Experiment

At first, 200 nm thick tungsten (W) film was depesi by RF
sputter system on 4” SiBi wafer. Then 4x4im? size W bars as
bottom electrode (BE) were obtained by photolitgdgy and
subsequent etching methods. Another photolithograstep was
carried out to define the top electrode (TE) baréifboff method. A

high« TaOs film with a thickness of approximately 15 nm as L

switching material was deposited by electron-gwsiesy followed by
the deposition of Ir (40 nm) TE by rf sputter systd-inally, lift-off
was performed to obtain the final cross-point megnumvices.

3. Results and Discussion

Fig. 1 shows typical cross-sectional TEM image albricated
cross point resistive memory device. The thickreéssgaQ, and WQ
layers are 15 nm and 10 nm respectively. Fig. 2vshthe EDX
spectra of deposited stack layers. The presen@epafak at 0.52 keV
in TaQ, and WQ layers indicate the formation of Ta@nd WQ.
Fig. 3 shows the typical SIMS profile of Ta@m. Strong peak of

Ta confirms formation of TaQ Fig. 4 shows the XPS spectra o

TaQ, film. The peaks corresponding to,0g 4f doublet with peak
binding energies of 26.70 eV (X&:4f;,) and 28.60 eV (T#®s4fs),)
with peak separation of 1.9 eV are observed. Addily, peaks
corresponding to metallic tantalum @yavith peak binding energies

of 21.77 eV (Ta4f,) and 23.74 eV (Ta4f) are also observed. The
peaks of T® along with T4 oxydation states in the XPS spectr

confirm the formation of oxygen difficient tantaluoxide (TaQ)

film. Fig. 4 shows 1000 consecutive current-voltélg¥) hysteresis
loops of cross-point memory device where the veltagyveep
direction is indicated by the arrows (1 4). No forming step was
needed to initiate the resistive switching. A smoglération voltage of
<2 V and current compliance of 100A are used. Excellent

fconcentrate

capability of cross-point memory device by limititige reset voltage
at -2.0, -2.5, -2.7 V which enable the three déferdata levels
corresponding to each reset voltage. This is duthdoincrease of
oxidized filament length with increasing the negativoltage. A
comparison of the I-V curves at RT and &5 presented in Fig. 10
shows the semiconducting behavior as the resistafideoth the
memory states decrease with increase of temperathie indicates
oxygen vacancy filament rather than the Ta metéilbenent. Fig 11
shows the excellent read endurance characterisiieéx1F cycles.
Fig. 12 shows the pulse endurance of®&&les with a small current
f 100 pA demonstrating the robustness of the mgrdevice. The
device was functional even after 1%kdycles. It is observed that the
thin (40 nm) TE has shown long ac endurance as amm the
thicker (120 nm) TE (not shown here), which will favorable for
nano-sized device in future. Good data retenti@ratteristics of > 3
hours at 88C are shown in Fig. 13.

4. Conclusion

Formation free cross-point resistive switching mematack of
Ir'TaO/W has shown low set/reset power, high uniformiong ac
endurance of >f0cycles in 1R configuration with a small current of
100 pA. The rough surface of BE helps to defeclie®, film and
the electric field which controls easilthe
formation/rupture of filament. Furthermore, goo@desndurance of
>6x1¢ times and data retention of >3 hours at %®5 are also
achieved. The device will be useful for nanoscalemory
applications.
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Fig. 2 EDX spectra of memor  Fig. 3 Typical SIMS Fig. 4 XPS spectra of (a) T¢, layet. The
device. The presence of O peakprofile of TaQ film. Peaks of Ta along with T4 oxydation
i states in the XPS spectra confirm the

in TaQ, and WQ layers indicate
formation of respective oxides. formation of oxygen difficient tantalum
oxide (Tag) film
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Fig. 1 HRTEM image of the cross
point resistive memory device in a
Ir/TaQ/W structure. The thickness
of high«TaQ, film is 15 nm and
device size is 4xgm?.
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Fig. 7 Schematic representation proposed
Voltage (V) switching mechanism based on filamentary
Fig. 6 Log-log plot of FV curve of poitive  model (a) low resistance state (LRS) occurs
voltage region fitted linearly. Both LRS and due to Q vacancy filament formation (b) high
HRS fitted to SCLC mechanis resistance state (HRS) obtained after filament

Voltage (V)

Fig. 5 Curren-voltage [-V) hysteresis
characteristics of Ir/Ta@N cross point
memory  device. Excellent reversible
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Fig. 8 Cumulative probability plotof (a)
HRS/LRS of as-deposited and annealed
samples and (b) set/reset voltage. Tight
distribution is obtained.

Fig. 9 Multilevel capability of memon
device by limiting the reset voltage. Three
data levels are obtained at reset voltage of -
2.0,-2.5 and-2.7 V.

Fig. 10 Comparison of -V curves a
RT and 85°C. The resistance of both
HRS and LRS decrease at°C.
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Fig. 11 Good read endurance 06.5x1C° Fig. 12 Excellent pulse enduranceof >1(° Fig. 13 Retention characteristicsof

@/E cycles with small pulse voltage of +/- 2.5 fabricated cross point memory device at
is obtained. The device was live after’10 85 °C. Both the memory states were
cycles indicating much higher endurance Mmaintained after 3 hours of testi
capability.

cycles at read voltage of 0.3V is achieve
with no obvious change in HRS and L.

-619-



