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Abstract; Damage effects and thermal evolution characteristics induced by space high-energy parti-
cles to spacecraft electronic devices are directly related to the safe operation of spacecraft and on-or-
bit tasks. In this paper, self-constructed femtosecond pulsed laser irradiation system, laser induced
damage effect data acquisition system, data write-read system and infrared thermal imaging system
were used to carry out different laser output frequencies and different areas of irradiated ferromagnet-
ic random access memory (FRAM). Under the conditions, experiments were carried out to obtain
the steady-state temperature field of the irradiated surface of the FRAM and the time of transient fail-
ure and permanent failure of the FRAM, and damage effect and thermal evolution on the FRAM were
observed. The data were processed by MATLAB software. The temperature distribution of the thermal
evolution process in different areas of the laser irradiated FRAM was obtained. The results show that the

laser pulse output power is approximately the same under the conditions of femtosecond pulsed laser
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irradiation, the lower the laser pulse output frequency, the longer the moment of permanent damage

induced, the longer the nonlinear growth; with the laser output frequency increasing, the effect of

the laser on the FRAM, induced by the high-energy charged particles generated by the laser ioniza-

tion memory medium mainly destroys the spontaneous polarization of the ferroelectrics, and gradually

transforms into the damage induced by thermal radiation and thermal stress. When the maximum

temperature produced by the laser on the surface of the device is close to the highest working temper-

ature of the memory, the time of permanent damage will be significantly prolonged. Through the cal-

culation of the regression parameters and the hypothesis test, the fitting relationship between the

maximum radiation temperature and the laser output frequency of laser irradiation area 1 and area 2

is given, under the condition that the confidence degree 1 — o is 95%.
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Fig. 1 Block diagram of femtosecond pulsed laser
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Fig.3 FRAM write and read system block diagram
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Fig.5 Irradiation areas of FRAM irradiated by pulsed laser.

(a) Irradiation area 1. (b) Irradiation area 2.
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Fig. 6 Screenshot of the serial port monitor at the time of the first error and permanent damage of the FRAM when the pulsed laser is

irradiated with the output recurrence frequency of 500 Hz. (a) First error. (b) Permanent damage.
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Fig.7 Distribution image of three-dimensional temperature field at the instant of transient damage when the pulsed laser is irra-
diated with the output recurrence frequency of 500 Hz for the first and second regions respectively. (a) Irradiation area

1. (b) Irradiation area 2.
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Fig. 8 Isotherm plot of the two-dimensional temperature field at the instant of transient damage when the pulsed laser is irradia-

ted with the output recurrence frequency of 500 Hz for the area 1 and area 2 respectively. (a) Irradiation area 1. (b) Ir-

radiation area 2.
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Fig. 9 Horizontal and vertical distribution of the highest tem-
perature point of transient damage moment when the
pulsed laser is irradiated with the output recurrence
frequency of 500 Hz for the area 1 and area 2 respec-

tively. (a) Irradiation area 1. (b) Irradiation area 2.
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Fig. 10  Four typical error conditions when reading FRAM data. (a) Single event reversal. (b) Single event latch-up. (¢) Sin-

gle event latch-up. (d) Single event latch-up.
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Tab.2 Different laser output frequency and corresponding average laser output power, highest infrared radiation temperature
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Fig. 11 Curve of the fitting relationship between the maxi-

mum temperature of the central temperature field
and the laser output recurrence frequency under dif-

ferent irradiation areas
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Fig. 12 Time-history plots of the maximum temperature and

the laser output frequency of the central temperature
field under different irradiation areas. (a) Irradia-

tion area 1. (b) Irradiation area 2.
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