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Fig. 1. AFM surface morphology of HfO, thin films deposited under different oxygen partial pressure:

(a) 2%; (b) 4%; (c) 6%.

XA TRV o0 TR 26 A T il 2% 1) S A 4 TS 3R A T
T X BT fe ik (XPS) Wik 19, I XPS K3
FAE BT % 1 AL A W (0 A0 22 RS WA AR IE
PLC 1s g bnrtE. 2 (a) A1 (b) A [R50 461
TEACE T O 1s 5 HF 4f 19 XPS Bli. ME 2 (a)
ATLLE H, O 1s 1 XPS B R m Bl & i A
VLT, 7T 529.8 eV FIUEST N T A4 J@ 45 3 45 &
(R T, AT 531.2 eV [0 B T S8 A5 v G

B DX B I AR S ks S B 7. 7EIE 2 (b) i, HE [ 4f7 o
5 Af5 ;5 W LT 16.8 eV AT18.5 eV. I XA
fry e A (T AR HEAT THEE, FE 2%, 4% LA K 6% oy
JERIZME T, AT 529.8 eV AL S T 1) & 43
9 53%, 55% M1 58%, B H 4> K nmE . O
5Af IET B8 1.41, 1.44 1154, X5 B
F ) % I AR AR R R I, BT ) % T ) SR AR
FEXE .

057301-2


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 67, No. 5 (2018) 057301

O 1s Lattice Non-lattice (a)
oxygen oxygen
2%
wn
h=]
g
s
=
o
<
~
2z 4%
i
5}
2
=i
=
6%
1 n 1 n 1 n 1 n 1

526 528 530 532 534
Binding energy/eV

(b)

ar4f  Hf 4f7p HF 4fs
%

wn
=
=}
=
8
-
@
~
>
£
Z 4%
Q
9
=]
=
m
1 " 1 " 1 " 1 "
14 16 18 20 22

Binding energy/eV

K2 AR KX T HIO, HIRK (a) O 1s A (b) Hf 4f ) XPS &1

Fig. 2. XPS spectra of the elements O 1s (a) and Hf 4f (b) in the HfO. films deposited at different oxygen partial pressure.
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Fig. 3. (a) Typical bipolar resistive switching I-V curves of Ni/HfO, /TiN devices deposited under different oxygen partial
pressure; (b) Viet and Vieset distributions for Ni/HfO; /TiN devices deposited under different oxygen partial pressure.
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Abstract

The HfO,-based resistive random access memory (RRAM) has been extensively investigated as one of the emerging
nonvolatile memory (NVM) candidates due to its excellent memory performance and compatibility with CMOS process.
In this study, the influences of deposition ambient, especially the oxygen partial pressure during thin film sputtering,
on the resistive switching characteristics are discussed in detail for possible nonvolatile memory applications. The
Ni/HfO,/TiN RRAMs are fabricated, and the HfO,, films with different oxygen content are deposited by a radio frequency
magnetron sputtering at room temperature under different oxygen partial pressures. The oxygen partial pressures in
the sputter deposition process are 2%, 4% and 6% relative to engineer oxygen content in the HfO, film. Current-
voltage (I-V') measurements, X-ray photoelectron spectroscopy, and atomic force microscopy are performed to explain
the possible nature of the stable resistive switching phenomenon. Through the current-voltage measurement, typical
resistive switching behavior is observed in Ni/HfO, /TiN device cells. It is found that with the increase of the oxygen
partial pressure during the preparation of HfO, films, the stoichiometric ratio of O in the film is improved, the root mean
square (RMS) of the surface roughness of the film slightly decreases due to the slower deposition rate under a higher
oxygen partial pressure, and the high resistance state (HRS) current decreases. In addition, by controlling the oxygen
content of the device, the endurance performance of the device is improved, which reaches up to 10% under a 6% oxygen
partial pressure. The HfO, films prepared at a higher oxygen partial pressure supply enough oxygen ions to preserve
the switching effect. As the oxygen partial pressure increases, the uniformity of the switching voltage is improved,
which can be attributed to the fact that better oxidation prevents the point defects (oxygen vacancies) from aggregating
into extended defects. Through the linear fitting and temperature test, it is found that the conduction mechanism of
Ni/HfO, /TiN RRAM device cells in low resistance state is an ohmic conduction mechanism, while in high resistance
state it is a Schottky emission mechanism. The interface between TE and the oxide layer (HfO,) is expected to influence
the resistive switching phenomenon. The activation energy of the device is investigated based on the Arrhenius plots in
HRS. A switching model is proposed according to the theory of oxygen vacancy conductive filament. Furthermore, the

self-compliance behavior is found and explained.

Keywords: resistive random access memory, HfO,, thin film, oxygen partial pressure, resistive switching

mechanism

PACS: 73.40.Qv, 72.80.Ga, 71.30.+h DOI: 10.7498/aps.67.20172194

* Project supported by the National Key Research and Development Program of China (Grant No. 2017YFB0405600) and
the Tianjin Natural Science Foundation, China (Grant Nos. 17JCYBJC16100, 17JCZDJC31700).

1 Corresponding author. E-mail: fwang75@163.com

i Corresponding author. E-mail: kailiang zhang@163.com

057301-7


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.67.20172194

	1引    言
	2实  验
	3结果与讨论
	3.1 氧化铪薄膜的表征
	Fig 1
	Fig 2

	3.2 Ni/HfOx/TiN阻变存储单元的电学 特性
	Fig 3
	Fig 4

	3.3 机理分析
	Fig 5
	Fig 6
	Fig 7


	4结    论
	References
	Abstract

