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Fig. 1. Standby power supply current of FeRAM vs

total ionizing dose under different working conditions.
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Fig. 2. Power supply current of FeRAM vs total ion-

izing dose.
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Fig. 3. Leakage current of FeRAM vs total ionizing dose.
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Fig. 4. Sketch of leakage path of the FeRAM.
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output low voltage.

R1NZHRSHERIRET G 2, SLIRERE
W AZI S BAACA K, BT DTS AF s/, H
RAR AR J5L BR] T BE A2 # A I PP v 2 b S 5 v R T
AR KA ) SR AF IS, AT R R
I, 5 A i e R 2 R A 1 R, B
IR B R E G 0. T AT H s B, R
i e ARG, H NV TETT AR PR
SE 1 AR R R RIS, R SR
AR A NMOS & & 5 T R, BT LA [ A2/,
R FEAZR SN AL

166101-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

¥ 12 ZF R Acta Phys. Sin.

Vol. 67, No. 16 (2018) 166101

#*1 FeRAM R ZSHR AT S A2 1L
Table 1. The change of AC parameters before and after radiation.

taa/ns tcg/ns tog/ns tow /ns twp/ns tpw/ns taw/ns
0 krad(Si) 18 51 7 54 2 4 75
250 krad(Si) 18 56 10 51 2 3 72

3.2 %Co y KR TFiHREBRMHALLE

W 7R R, AE AR RS I AR T AT,
HL A RS B 25 7 2 T 6 P U o 77 8 1 18
#an, I H AR AE 200 krad(Si) 7245 T4k H BRI
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Fig. 7. Power supply current of FeERAM vs total ion-

izing dose under electron radiation.
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Abstract

Ferroelectric random access memory (FeRAM) has superior features such as low power consumption, short write
access time, low voltage, high tolerance to radiation. Data about the total ionizing dose (TID) radiation effects of FeERAM
have not been rich in the literature so far. Experimental study of the ionizing radiation effect of FeRAM is carried out
based on Co-60 y rays and 2 MeV electrons. And the TID radiation damages to the FeRAM in the dynamic biased,
static biased and unbiased case are studied. The direct current and alternating current parameters are tested by J-750.
The test results indicate that the stored information about the memory cell has no change before failure, the ferroelectric
capacitors are still able to hold the data. Accordingly, the TID failure of the FeRAM should be mainly ascribed to the
poor TID hardness of the peripheral complementary metal oxide semiconductor circuits. Besides, three types of electric
fields from three working conditions can result in different generation and recombination rates of electronhole pairs.
For static biased case, the internal electric field in the FeRAM is constant. It can lead to high net production of the
electronhole pairs and a great number of trapped charges. Hence the radiation damage in the static biased case is most
serious. With the increase of the total radiation dose, the electrical parameters of FeRAM have different degradations.
Part of the parameters that can be detected by J-750, may lapse before they are detected online. Standby current,
operating power supply current, leakage current and output low voltage are radiationsensitive parameters of FeRAM
through analyzing the test data. And, other parameters, which have slight changes, have small effect on the degradation
of the device. Furthermore, the electron accelerator is used in electron irradiation experiment. By comparing the results
of the two kinds of radiation tests, it is discovered that the electrons tend to cause lighter TID degradation than Co-60
v rays because of the high density of electrons in the electron irradiation environment and low net production rate
of electronhole pairs. In addition, the electrons have weaker penetration than Co-60 y rays due to low energy. The
device packaging, the upper metal layers can also influence the experimental result of electron irradiation. The above
conclusions provide a reference value for the total dose effect of FeRAM and will be of great significance for studying the
radiation hardening of FeRAM.
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