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Experimental study on the total ionizing dose effects of nonvolatile RRAM
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Abstract [Background] As an indispensable part of spacecraft electronic systems, memory device is required to
have good radiation resistance in aerospace applications . Resistive random access memory (RRAM) is a new type of
non-volatile semiconductor memory with excellent performance, but little attention has been paid on its radiation
effect research. [Purpose] This study aims to investigate the failure mechanism of RRAM total ionizing dose effects.
[Methods] First of all, on the basis of theoretical analysis, combined with the results of “Co v irradiation test. The
total ionizing dose effect failure mechanism of a single metal-oxide-semiconductor field-effect transistor (MOSFET)
in RRAM was analyzed. Two hypotheses on the failure mechanism of the device were put forward. Then, irradiation
experiments were carried out on devices with different initial data written, and the data reading function and static
operating current of the memory under different cumulative doses were measured. [Results & Conclusions] The
experimental results obtained by statistics verify the correctness of the hypothesis. The radiation sensitive unit of
RRAM is the memory array, and the failure of the RRAM reading function is caused by the leakage current generated
by the MOSFET under irradiation, which changes the level output state of the reading circuit.
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Table 1 Characteristic parameters of MB85AS4M device
H5% Characteristic i 7RAE Typical value
%3 & Capacity 4 Mbits(524 288 wordsx8 bits)
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‘5 2% 1% Write cache 256 775 256 Bytes
TAEMI# Working frequency 5 MHz
o 2 5 N\ X E Number of data repeated words 1.2x10°7%/F-7F5 1.2x10° Times/byte
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5 NHLL: 1.3 mA Write current: 1.3 mA
2 H LY/ 0.2 mA Read current: 0.2 mA
FRASHIR - 10 PA Quiescent current: 10 pA
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Fig.3 Block diagram of MB85AS4MT device circuit structure
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Fig.4 Leakage current generated in gate oxygen and field oxygen under the effect of total dose
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0 0 0
1 0 0
2 22 25
3 40 38
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Fig.8 Variation of data rollover rate with cumulative dose
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