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Abstract: This paper reviews the international studies of the space radiation effects on MRAMs since the
emergence of the first commercial MRAM chip. Firstly, the results of the total ionizing dose effect (TID) testing,
the single event effect (SEE) testing on MRAM chips and the physical mechanism of the W/R errors caused by
the radiation effect are summarized and analyzed. Then, the radiation effects on the magnetic tunnel junction
(MTJ) is analyzed. Moreover, it is pointed out that the corresponding radiation hardening techniques should be
implemented for different types of radiation effects at various sensitive nodes such as the periphery circuits, the
storage cell, and the MTJs. Finally, some radiation hardening techniques for MRAM are introduced briefly from
the aspects of materials and processes.
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Table 1 Data of total ionizing dose resistance of MRAM Chips
o] HER 5 ¥ &/Mbit BN PLTIDfE /1/rad(Si) DR A SCHR
2007| Freescale | MR2A16A 4 90 nm CMOS =60 k i, “Coy, 25 rad(Si)/s [8]
2007| Freescale | MR2A16A 4 90 nm CMOS =40 k wEERR, “Coy, 25 rad(Siys | [8]
2008| Freescale | MR2A16A 4 90 nm CMOS =90k i, “Coy, 30 rad(Siys  |[9:15]
2010| Everspin | MROAOSB 1 0.13 pm CMOS =75k wEERR, “Coy, 25 rad(Siys | [16]
2017| Everspin | MROA08B 1 0.13 pm CMOS <30k #A, “Coy, 50 rad(Si)s | [17]
2017| Everspin | MR2A0SA 4 0.18 pm CMOS <120k #HAER, “Coy, 50 rad(Siys | [17]
2016| Everspin | MR4A08B 16 0.18 pm CMOS <65k #Am, “Coy, 50 rad(Si)/s | [18]
2018{ Everspin | MR2SRH10 1 — <40k i, “Coy, 78 rad(Siys | [19]
2018| Everspin | MR25RHI10 1 — <40k AR, HF A, 75 rad(Si)/s | [19]
2019| Avalanche | ASO0OSMA12A 8 55 nm CMOS =2M — [20]
2012| Aeroflex | UTSMR2MS 16 0.18 pm TSMC CMOS <75k —ChnlE FiD [11]
2012| Aeroflex | UTSMR2MS 16 0.18 pm TSMC CMOS =300 k —ChnlE 5D [11]
2012|Honeywell| HXNV0100 1 0.15 um SOI CMOS =1 M “Co y. X-ray [7]
2014|Honeywell| HXNV01600 16 0.15 um SOI CMOS =1 M - [12]
2014|Honeywell| HXNV06400 64 0.15 um SOI CMOS =1 M - [13]
2018|Honeywell| —(STT) 256 0.15 pm SOI CMOS =Z1M — [14]
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Fig. 1 Resistance drift model of transistor in memory cell
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Physical mechanism of TID-induced Read errors in
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Table 2 Data of single event effect resistance of MRAM Chips
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2013 | (4Mb MRAM) = 0 == = [23]
2017| MROAOSB =67.97 — — = [24]
2019 ASO0SMA12A — — — SEFI=60 [20]
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