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Abstract

The metal-oxide-semiconductor field-effect transistor (MOSFET) and the parasitic bipolar transistor of domestic
complementary metal oxide semiconductor (CMOS) process are irradiated with °Coy rays to investigate the failure
mechanism of the mixed-signal ICs fabricated by deep submicron CMOS process, caused by total dose radiation. The
research results are as follows. 1) The parasitic sidewall and top corner regions contribute to the intra-device leakage.
2) The parasitic bipolar transistor of CMOS process is not sensitive to total dose radiation, which is very different from
the conventional bipolar transistor. Preliminary analysis suggests that the difference originates from the differences in
the structural and making process. 3) The total dose radiation damage to the parasitic bipolar transistors is not coupled
with the damage to the NMOS transistor in the same CMOS process. 4) Based on the above study, the radiation failure
mechanisms of the analog and digital module in mixed-signal ICs fabricated respectively by the domestic and commercial
CMOS process are investigated. Preliminary analysis suggests that the increase of off-leakage current of MOSFET is
responsible mainly for the increase in power consumption of digital module, and the insensitivity of bandgap voltage
reference to total dose radiation originates from the radiation resistance of the parasitic bipolar transistor which is the

important part of bandgap voltage reference in CMOS mixed-signal ICs.

Keywords: total dose radiation, NMOSFET, parasitic transistor, bandgap voltage reference
PACS: 61.80.Ed, 77.84.Bw, 85.30.Tv DOTI: 10.7498/aps.63.226101

* Project supported by the Foundation of National Laboratory of Analog Integrated Circuits, China (Grant No.
9140C090401120C09036).

1 Corresponding author. E-mail: luwu@ms.xjb.ac.cn

226101-8


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.63.226101

	1引 言
	2试验样品
	Table 1
	Fig 1
	Fig 2


	3实验设计
	Table 2

	4实验结果
	4.1 MOS晶体管总剂量辐射试验结果
	4.2 CMOS工艺中寄生双极晶体管试验 结果

	5机理分析
	5.1 金属氧化物场效应晶体管(MOSFET)总剂量损伤机理分析
	Fig 3
	Fig 4
	Fig 5
	Fig 6
	Fig 7

	5.2 寄生双极晶体管总剂量损伤机理分析
	5.3 混合信号集成电路损伤机理分析
	Table 3
	Fig 8


	6结 论
	References
	Abstract

