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Fig. 1. Cross sections of different energy neutrons interacting with various nuclear atoms in semiconductor: (a) Cross sections of B

and Si isotopes, the neutron energy interval is 10 '—1 MeV; (b) cross sections of “N, 160, 27Al, 2Si and W, the neutron energy in-

terval is 1-150 MeV.

KR FRE R LB 1150 Me VIO, Hy & 1 a] ],
b 5 0B 1y S UL R T AL R, Rl
Lt e T 5 2881, 2TAL, ISOW Y e AR T B v
SAFEY L, E M K ERE X THRE T EH
TR0, WA i 0B, #oh X T g
FEMAHL N 5 | FE A

XFF 180 nm DL E TZHFRG, —MIAK S
o R A RN OB RER A T Rg b
T BRI AR B EE (BPSG)2. it T 5 /N T 2 g ok
RHETFRo, HOAHMHS BPSG #3. (H2,
AR B R R | B2 DL SR R
il 38 AN 2 e R S AR OB i AR R T R
4t SEE R0 A Al g i = B g (1914,

M, QKLY T 2 MCU =20 T ] Sk
BRI A2 T o (NEF iR s T4
T8 4, s H T SR — N E R R R K
S REPFREER Y, M meV 3| GeV, Bt
bR E S RET T, L, HiS & SEE Bl
AT & A 0L X RS T R+
WA SEE, —MiA N &K 10 MeV LA I & 6E
FFE L 5 —FEACH 1—10 MeV H ¥ BTk A
AL 2% FERRXT TAORG T R G, N HE
1 MeV LU BT 5amk 17, xR, TEC62396-2
FE T H T4 B g b U5 ORI T
HAEd TR L BABE 14 MeV D-T 75 18, Hirr,
A bR P B R R TR, 2
R KA h+ SEE M fEdk st HE#R T I8
(CSNS) Ay 5 i A T A5 AR 3R A e b5
TFRERS T SEE WF58 B

A% SCH) B ECR R TR 9 45 R (CSNS-
BL09) % 65 nm T. 2§ MCU #4717 KA1
SEE MIRW5E. SutmEnt, It 7R F REE
H S8 65 nm MCU ki 72500 22 5.

2 MCU %7 L5

2.1 MKEE

DX G R FEM AL AR 23 7] (TT) 19 Tiva C &
G, A5 TM4 C1294 NCPDT, HEA LU
TRFAE 1]

1) 65 nm HAME & ALY AR E T2

2) s N EE L ARM Cortex-M4 N4, 1 MB
INAT. 6 kB HLURT T g S A7Aid 2 Al 256 kB
SRV BEE RS (SRAM);

3) S AMERCE B A AME S 45 TR

A YD 1 s DK Sy AR 3208 S A
(DUT), Mhizdh 256 kB F L SRAM Hif 64 kB.
S T HERR S e rh T R T A R, SR
FXF S A 2R AT T I S4B . 8 Tk — 2 A %
MCU A Z5H9 15 8., SLHETOT AL UGE 7 #4711
REE TR0, 45 R EVIZHK 65 nm MCU
5 2 H A R, MG 2 B A Al S 36 TR B 24y
7 pm.

2.2 iERRIR

CSN'S J2& 1] FH Jn 8 2% i 3k ot ¥ 2% o g e p= A
R PR R s, Hi i F YRR 100 kW,
ASH R F i ERE R 1.6 GeVIO-2U, AR SZI 7F

238502-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

Y] 32 2 3R Acta Phys. Sin. Vol. 68, No. 23 (2019) 238502

95 L (BL-09) F#E4T, A0 BT+ A 7 m)
46° AL R A& A b S g A dn 5, AT EE A
MFRRIE A, ol b a5 0. B2k
PRI A T B R FRERE, MR R PR Tz
FEp iR as . o oRacE oA (VIR 1Y
HFRETE, SR CATI A A T 5 MeV LU
TREX T RERE, BISAE RS S E R A — B

10—11 L

10-12

s /n-cm—2.p-1

10-13 L -=— X2 (BL09)
—o— JIXZH(BLO9+2 mm Cd)

10—14

10-8 10-6 10-4 102 100 102

K2 SiRRL T REE

Fig. 2. Neutron spectrum of the experiments.

2.3 K08
a7 B EAY, S A O S FL O AR T TR
— K, WA 3(a) Fras. o MR B 48 1k 28 2

FRE F

8.95 m., fLIEN 2 em MFLIA 5] H 22 S RRILE F.

KA b 85 5 T Bk, 8 i
2 mm JEE WA R R] E FRR R X AN
[ 4 B S5 T 175 & 1) SEE 22 5 B A 3 A dherh 7-%6f
65 nm MCU SEE RysM. EARSCHEAN T

1) M, A& b7, RIFE S S FLAL B
2 mm JE 57 WO DLW 3R - LT A R R Y
0.5 eV LI F T,

2) XA, b, BigI b s S
DUT.

Kl 3(b) FEL 3(c) 43 AP SE 50 3 s, Horp
& 3(b) Wi & T 4R IR (6 4 X)),
&l 3(c) AR E. MR s, RIX) 64 kB
PG BT S A TS | B2 RO LR, B
BAEH 0 xA5 A5 A5 A5R2A. J4 52641 X ] — A4~
DA, A TR]— A3 2R 40 7 = T A0 OE it e
(5 V) FHEAT, B2 4R R E] 2 3 1, I3 s ] 1) B
410 h.

3 #XR5i%

PIZHSEG ) HARI ) T B (SBU), RIE
DA L. Hor, P2 LRI SBU 16 1K,
Xf BRI E] SBU 63 ¥k HREIE 2 25 H I 3L
AR B R T REE, ISR B 0.5 eV DAL fE

2 cmiBFHFL

/3 65 nm MCU b 4R I (a) DUT 5 LA XA 5 5 (b) 3% 2 mm S48 5 A I X L 3 1815 (c) TR 4 77

I X 7 ]

Fig. 3. 65 nm MCU neutron test site: (a) The device under test and the 2 cm ejection hole; (b) with 2 mm cadmium shielding;

(c) without cadmium shielding.
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Table 1. The experiment data in two irradiations.
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Fig. 4. The LET values and ranges of secondary particles

from thermal neutrons interacting with 1°B.
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Fig. 5. The sketch of thermal neutron interacting with B
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Atmospheric neutron single event effect in 65 nm
microcontroller units by using CSNS-BL09"
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Abstract

The 65 nm-microcontroller units (MCUs) are being widely used in critical terrestrial tests, and the risk
from atmospheric neutron becomes more and more serious. The spallation neutron source contains broad energy
spectrum, which is different from the mono-energetic neutron sources, and is the most ideal irradiation source
for atmospheric neutron single event effect (SEE). Benefiting from China Spallation Neutron Source (CSNS),
the atmospheric neutron SEE in 65 nm-MCUs is tested for the first time at the CSNS 9" beam line in China.
The beam line is locatedin the 46° direction along the proton hitting the target, and the neutron spectrum is
achieved to range from meV to 1.6 GeV. The test is conducted in two conditions in order to investigate the
influence of thermal neutron. One is that the thermal neutrons are shielded with a 2-mm-thick cadmium slat at
the beam ejection hole, and the other is not. The detected effects are single bit upset (SBU) events. 16 SBU
events are detected when 5.3363 x 10!7 protons hit the tungsten target without the thermal neutron, and 63
SBU events are recorded in the condition of 7.2131 x 10 protons striking the target and thermal neutrons
included. Comparing with the high energy neutron (>1 MeV), the SBU events caused by thermal neutron
contribute about 65% of the number of total upset events. The test results preliminarily illustrate that the
thermal neutrons dominate the 65 nm MCU reliability.

Keywords: 65 nm, thermal neutron, China Spallation Neutron Source, single event effect
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