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Fig. 1. Schematic structure of the STT assisted VCMA-
MTJ device.
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Fig. 2. Schematic illustration of the VCMA effect.
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Fig. 3. Illustration of magnetization dynamics when STT assisted VCMA-MTJ switches from P state to AP state.
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Fig. 4. llustration of magnetization dynamics when STT assisted VCMA-MTJ switches from AP state to P state.
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Abstract

As one of the key components in the non-volatile full adder (NV-FA), spin transfer torque assisted voltage
controlled magnetic anisotropy magnetic tunnel junction (STT assisted VCMA-MTJ) will possess superior
development prospects in internet of things, artificial intelligence and other fields due to its fast switching
speed, low power consumption and good stability. However, with the downscaling of magnetic tunnel junction
(MTJ) and the improvement of chip integration, the effects of process deviation on the performances of MTJ
device as well as NV-FA circuit become more and more important. Based on the magnetization dynamics of
STT assisted VCMA-MTJ, a new electrical model of STT assisted VCMA-MTJ, in which the effects of the film
growth variation and the etching variation are taken into account, is established to study the effects of the
above deviations on the performances of MTJ device and NV-FA circuit. It is shown that the MTJ state fails to
be switched under the free layer thickness deviation vy = 6% or the oxide layer thickness deviation 7, =
0.7%. The sensing margin (SM) is reduced by 17.5% as the tunnel magnetoresistance ratio deviation § increases
to 30%. The writing error rate can be effectively reduced by increasing V;,, and increasing Vi, when writing ‘0’
or reducing V}, when writing ‘1’ in the NV-FA circuit. The output error rate can also be effectively reduced by

increasing the driving voltage of logical operation Vgq.

Keywords: magnetic tunnel junction, spin transfer torque, voltage controlled magnetic anisotropy magnetic,

process deviation
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* Project supported by the National Natural Science Foundation of China (Grant Nos. 61006059, 61774012, 61901010),
Natural Science Foundation of Beijing, China (Grant Nos. 4143059, 4192014, 4204092), Beijing Municipal Education
Committee Project, China (Grant No. KM201710005027), Postdoctoral Science Foundation of Beijing, China (Grant No.
2015Z7-11), China Postdoctoral Science Foundation (Grant Nos. 2015M580951, 2019M650404), and Beijing Future Chip
Technology High-tech Innovation Center Scientific Research Fund, China (Grant No. KYJJ2016008).

1 Corresponding author. E-mail: wrzhang@bjut.edu.cn

107501-13


http://doi.org/10.7498/aps.71.20211700
http://doi.org/10.7498/aps.71.20211700
mailto:wrzhang@bjut.edu.cn
mailto:wrzhang@bjut.edu.cn
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

	1 引　言
	2 STT辅助VCMA-MTJ磁化动力学研究
	2.1 P态到AP态的切换
	2.2 AP态到P态的切换

	3 基于工艺偏差的STT辅助VCMA-MTJ电学模型
	3.1 薄膜生长工艺偏差的影响
	3.2 刻蚀工艺偏差的影响

	4 STT辅助VCMA-MTJ电学模型在NV-FA中的应用
	4.1 工艺偏差对NV-FA写入功能的影响
	4.2 工艺偏差对NV-FA逻辑运算结果输出功能的影响

	5 结　论

