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Fig. 1. Different chip architectures®”: (a) Von Neumann; (b) near memory computing; (c) in memory computing.
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Fig. 2. Diagram of data flow architecture and Al applications for the test chip.
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Fig. 3. Photo of the de-capped test chip.
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Fig. 4. Neutron spectrum applied in the irradiation test,
ANIS with the utilized spectrum during irradiation test,
and the JEDEC with the referred.
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Fig. 5. Photo of the irradiation worksite.
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Table 1.  Detected kinds of single event effect.
BRI e
SEU/MEM 30
SEU/COMP 2
SEU/MEM+COMP 1
Timeout 1
Process-killed 1
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Table 2. Single event effect in memory cell.
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Fig. 6. Vertical structure of the tested Al chip.
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Fig. 7. Diagram of affected cells by secondary particle.
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Fig. 8. Secondary particles of atmospheric neutron striking

silicon.

3.2 HEIREEM

IR R R, 7 1 MeV A BT BRI
oA 1.51x10%0 n-em 2 (FBL T, Wi 1 FiR, 47

fiff FRLOT B 2 AR BRORL AN IR B 30 UK, AR
JC I Az BORL TN IECH 2 IR, T R AR
BRI TR B 1R T b AR ShEE
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3, AT H AR BR300 K AT R R 3R 3 4
A £ Ty Rl B TG BB A0y AR T AR b T AR
R BAREE O O RT3 S 2% 5
1 MeV LA B RS Fil & 14.80 n-cm 2h )00,
H1 3R 3 AT, X TR A H R AL i ifi &
A7 fit B 0 B 152 2R 43 0 Ry o E SRR 4R R BT Y
10.34 f5F1 15.51 5. FHOX —HE 1Y FEJE R 2
EAFTTIRAER AL R, A8 s AE 0 e Y T
BUE IR T RS T, SEE AR ST
it B TC AR R T A BT,

o =n/F, (1)

©0=10°-0-n, (2)
A, o R RN A (cm?), n WEEEIRANER,
FRHFER (nem?), ¢ AR RFE (FIT), n N
EAEE T il (nem 2h?).

3 NIE|HITARN TR AR 1R
Table 3. Cross section and soft error rate of different

cells.

MR PURCFRUV AR /(10710 cm?)  BARRA /FIT
i 20.5 30.40
T 1.99 2.94
P 1.32 1.96

BEXT B A OB R 22 1 A7 B G UK T B A
%2 MG T AR T BRI SR RN A B 1T
PIAE 1, 8 HonEif: & ik, M 33.33%, 10 BT
B bRz, M 26.67%. & Z M T 50%,
X AR T 16 nm K HE/NRSE ALRG 5k T
BN, 22 BTG R ARSI A7 PSR AT A Bk
TRV [ T B S A AL Yang 45 24 iiH
T 14 MeV 7 AH F5H 14 nm FinFET T.2
SRAM HURL T840, $& H W % 18 2 H oo B GG (1752
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i), Takashi 45 25 18 1T 1—300 MeV HZH 1 FF
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Abstract

For the near-memory computing architecture Al chip manufactured by using 16 nm FinFET technology,
atmospheric neutron single event effect irradiation tests are conducted for the first time in China by using the
atmospheric neutron irradiation spectrometer (ANIS) at the China Spallation Neutron Source. During the
irradiation, the YOLOVSH algorithm neural network running on the AI chip is used for real-time detection of
target objects, including mice, keyboard, and luggage. The purpose of the test is to investigate the new single
event effect that may occur on near-memory computing architecture AI chip. Finally, at an accumulated
neutron fluence of 1.51x10!° n-cm™? (above 1 MeV), a total of 35 soft errors are detected in 5 categories.
Particularly noteworthy is the observation of a new finding, where both computing and memory units
experience single event effects simultaneously, which is different from the traditional von Neumann architecture
chips. Based on the single event effects that occur simultaneously in these two units, combined with Monte

Carlo simulation, a preliminary estimation is made of Neutron
the physical layout distance between the computing Secondary

unit and the memory unit on the chip. Furthermore, Ay i Si
suggestions are proposed to simultaneously reduce the =

risk of single event effect in multi cells. This study -Af(fgifﬁd
provides valuable reference and insights for further

exploring the single event effects in non-traditional von

Neumann architecture chips. Y vemory @Y Control (P Computing

Keywords: near memory computing, Al chip, spallation neutron source, atmospheric neutron, single event
effect
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