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PACS: 61.82.Fk, 24.10.Lx, 95.75.-z, 14.20.Dh
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BIT4 rgoﬁg&}r BIT7
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(c)

1 (MTIEf) ESA SEU Monitor BRIH G (a) AT68166F; (b) AT60142F; (c) AT60142F &5 8 Rz Bl
Fig. 1. (color online) The photo of the detector element for ESA SEU Monitor: (a) AT68166F; (b) AT60142F;

(c) schematic of AT60142F-8 block of 512 k x 1.

Mother board

Daughter board

K2 (MTI#t) ESA SEU Monitor SE¥E

Fig. 2. (color online) The photo of ESA SEU Monitor.

206103-2


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

¥ 12 ZF R Acta Phys. Sin.

Vol. 65, No. 20 (2016) 206103

ESA SEU Monitor B il 5, d—HeBER . —
B b, B LUK TCP/IP £ 4Rk, BRI
155 cm x 5.2 em, WWE 2. FMk EFEEAFEL
gz 2 A1 EEPROM, Ay 4 Bk 1 200N 3%
56 v U B I R G s e, 5 b R R
JCZ A BRI KT 5 cm; EARLATLAT I 5% 22 1) 3
i TCP/IP W BUHAT AR, FM220 V LR8I HL
JEH 3 I AR PR AL 3.3 VI TAEHL K. Bk
TR, W R TT AL TS AR, R iA)
SRAM 5 AN f8 @ MK KT, fmIRBiE e s G, 15
14RO R AT R SE, Gt AR Bl R R AN
FERZHAE. 2% 0 2% L A% DO Fp 5N o B
R SO 2 0.2 1

2.2 RIEKEH

ESA SEU Monitor 5 & J- 54 T 20 SR 50 7E
HH ] JE T e R 70 e HI-13 £R 41 38 2% Bk 124
NE BT 6 LIFRE, & 141 73T ESA SEU
Monitor J & 358 Fride F i 08 85 1 Fh 2. fE R Ff
B ST T NS AU NGRS, A
$f 45° F160° PIFME L, LLIRTS B = A 2 LET {A.
R 5 ANBLELI B, B ECR T 100 U5 1
HEIBEIL x 107 /cm? B 1E4E R 1Sk B 4L
FHATIER AL .

®1 o OEETHRT RN BRI TR

Table 1. Ions used in heavy ion accelerator testing.

I Energy LET Range in silicon
on

/MeV /MeV-cm?-mg ! /pm
12¢ 78.5 1.76 123.4
g 117 4 90
35C1 157 13.16 45.1
63Cu 200 32.5 31.5
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Fig. 3. (color online) Comparison of SEU cross sec-
tions from domestic HI-13 and European facilities in
ESA SEU Monitor.
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Fig. 4. (color online) ESA SEU Monitor physical

bitmap for Cu ion irradiation with normal incidence.
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Fig. 5. (color online) Comparison of SEU cross sec-
tions from different international facilities in ESA SEU

Monitor.
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Fig. 6. (color online) Schematic of sensitive volume
geometrical model of ESA SEU Monitor.
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Fig. 7. (color online) Simulated heavy ion single event

upset cross section versus deposited energy.
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Fig. 8. (color online) Weibull-fit result based on
RADEF testing data and Monte Carlo calculation

result.
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Fig. 9. (color online) Comparison of simulated results
with two kinds of physics models for 139 MeV N ion.
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Fig. 11. (color online) SEU physical bitmap for different ions irradiation with the incidence angle of 60°:
(a) Cion, LET 1.7; (b) F ion, LET 4; (¢) Cl ion, LET 13.16.
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Fig. 13. (color online) Layout schematic of bit cell in
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Abstract

The new generation ESA SEU Monitor is first applied to beam verification of Beijing HI-13 Tandem accelerator
according to the popularization need of Europe Space Agency and at the desire of contrast of domestic acceleraor with
international accelerator. Heavy ion single event cross section of ESA SEU Monitor obtained at HI-13 is compared with
those from European facilities. Beam homogeneity is also analyzed based on the SEU physical bitmap. The accuracy
of heavy ion beam monitoring technique at HI-13 accelerator is verified. Through combining the heavy ion testing
result with the data from the other test sites, it can be observed that the differences between SEU cross sections with
different heavy ion energies of the same LET value can reach 1-3 orders of magnitude in the sub-threshold zone of
single event upset cross section curve below the direct ionization LET threshold. The geometrical structure, critical
charge and collection efficiency of sensitive volume are constructed on the basis of testing data and process information.
The physical mechanism of energy effect on single event upsets in ESA SEU Monitor is revealed through using the
Monte-Carlo calculation. Nuclear reactions between incident heavy ions and material atoms can account for single event
upsets below the direct ionization LET threshold. The differences in nuclear reaction type and cross section between
the diferent energy heavy ions and material atoms are the root cause of the difference among heavy ion SEU cross
sections with different energies at the same LET value. On the other hand, SEU bitmap nonuniformity among different
blocks in memory array and different orientation dices in ESA SEU Monitor is first reported when the heavy ion is
incident at a tilting angle at the low LET value. The analysis of device layout and calculation verification can account
for this phenomenon. The material of interlayer dielectric with the tilting ion passing through is different when heavy
ion reaches the sensitive volume of memory blocks with different data. This leads to the difference between efficient
LET values inside the sensitive volume for different data blocks. Eventually the sensitivity difference in single event
upset among blocks with different data occures. The applications of ESA SEU Monitor in beam calibrating, tuning of
domestic accelerator and single event effect test can be broadened further. Prediction method of space single event upset
rate including heavy ion energy dependence and special angular dependence based on full-physical simulation should be

developed in the future.

Keywords: ESA SEU Monitor, single event upset, energy dependence, angular dependence
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