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F 1 BESE
Table 1. Parameters of devices under test.
i SRAMT.Z AT A HtHs LU (core) /V ERIPA
1# 65 nm- i CY7 C1663 KV18 8 Mb x 18 1.8 BGA, 815
24 14 nm FinFET — 8 Mb x 16 0.8 BGA, {3

457 1 1219 (HERZ FinFET #8447 i ia F# ik
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Neutron Source, CSNS) 24t (1) 9& B 115 - Uit
(B HPP R E > 10 MeV 1, it REE A5
1.6 GeV), £%f 14 nm FinFET T.2; K% SRAM
165 nm 1 T2 SRAM, fli R IESK | i 4
TSR % b s 0y HARSS & T, et
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LN FENLIE, 4G R A X P i YOk 40 A | DR
LT R S

2 ERSK

2.1 NI EMR RS

B SRR 1 s, TP esEiEee
TR, AT EXT I A F ST F AL B [,
LT R, thF AR R A e e R . B
PR, XF 14880, P I E MR SR RE
A0 25 B A R X T 248845, 28l
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Fig. 1. Experimental setup (neutron beam channel is loca-
ted behind the test board, and aligned with the device un-
der test).
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Fig. 2. Neutron energy spectrum of the experimental ter-

minal.
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Fig. 3. Comparison of neutron (E > 10 MeV) SEU cross
section of 65 nm planar and 14 nm FinFET SRAM devices.
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Fig. 4. Comparison of thermal neutron SEU cross section of
65 nm planar and 14 nm FinFET SRAM devices.
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Fig. 5. Relationship between LET value and energy of (a) Li

ion and (b) He ion in silicon material.

=

(=}
&

|

=

10—104

SEU cross section/cm?-bit—!

10-1 —T T T T

0 10 20 30 40 50
LET/MeV-cm?mg~!

%l 6 14 nm FinFET SRAM 5 B L 40 45 R

Fig. 6. Heavy ion experiment results of 14 nm FinFET
SRAM.
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7. SRAM g1 MBU HBIXTEE, 05 T #0h -+
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Fig. 7. Comparison of neutron MBU ratio of 65 nm planar
and 14 nm FinFET SRAM devices (using the full spectrum
in Fig. 2).
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B /)N, SRAM g4 (1) 52 S X a] B sk N, S35
& 7 th MBU MR8k

& 8 14 nm FinFET SRAM M & [ 43 #F  (a) 8 VI 1f
(b) 74 IX 15
Fig. 8. Reverse analysis of 14 nm FinFET SRAM: (a) Cross

section; (b) memory area image.
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Fig. 9. Reverse analysis of 65 nm SRAM: (a) Cross section;

(b) memory area image.

3.3 BFFHEITE

FeF BRI A M R, S A B
65 nm 1.25 SRAM A H 6 )2 4w 2k, Ko
SJEMER Cu. £ MO MR BHEEZ Z L W 2E
MIFEAE. T 305 BAOR, I 3R o x y
RAFRCE S R AR SE. op g R v )

# 2 14 nm FinFET SRAM Al 65 nm SRAM Y770 BT R <R SIX S50
Table 2.  Memory cell size and SV parameters for the 14 nm FinFET SRAM and 65 nm SRAM devices.

TERRATC T/

R/

HEFLETH(H/

T FIHIK I /om S P s e /C
pm X pm pm X pm MeV-cm?mg
14 nm FinFET SRAM 0.37 x 0.18 0.08 x 0.03 45 0.1 0.05
65 nm SRAM 1.0 x 0.5 0.20 x 0.19 450 0.22 (18 1019)
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Fig. 10. 14 MeV and 1600 MeV neutron induced secondary particle distribution in the device SV (W material in the device model is

replaced by silica).
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Fig. 11. 14 MeV and 1600 MeV neutron induced secondary particle distribution in the device SV (real device model).
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WAL FEH p, He, Si, O FHiT.

B 12 #E— 45 T 14 MeV #1 1600 MeV H
FAERHE R A = 1) — ok 719 LET {H5 51
3. & 13 24 14 MeV il 1600 MeV H 1 7£ %
PFREBUX AP AR fr. AT e 1) YOk e R A
XA LET ., SR MIUR GRS TR %)
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AJikZ) 22 MeV-cm?mg 5 2) e 76 R IX
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Range of secondary ions in the SV /um
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KT LET 5 72

Fig. 12. The LET value and range of secondary particles
generated by 14 MeV and 1600 MeV neutrons in the device
SV.
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Fig. 13. The deposition charge of 14 MeV and 1600 MeV

neutrons in the device SV.
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Abstract

Based on the wide-spectrum neutron beam (covering thermal neutrons and E > 10 MeV neutrons, with
maximum energy of 1.6 GeV) provided by the China Spallation Neutron Source (CSNS), this paper focuses on
the single event effect study of 14 nm FinFET large-capacity SRAM and 65 nm planar process SRAM device,
using combined techniques of irradiation experiment, reverse analysis, and Monte-Carlo neutron transport
simulation. The aim is to reveal the effect of integrated circuit process changing on the sensitivity of neutron
induced single-bit and multiple-bit upsets (MBU), and to analyze the inner mechanisms, including the
distribution of secondary particles in the sensitive volume, the characteristics of deposited charges, etc.

The results show that compared with the 65 nm device, single event upset (SEU) cross section of the 14 nm
FinFET device, induced by F > 10 MeV neutrons, is reduced by about 40 times, while the MBU ratio increases
from 2.2% to 7.6%, which is due to the reduction of sensitive volume size of the 14 nm FinFET device (80 nm
x 30 nm X 45 nm), pitch, and critical charge (0.05 fC). The main forms of MBU are double-bit upset, triple-bit
upset and quadruple-bit upset. Unlike the phenomenon that the 65 nm device is immune to thermal neutrons,
the use of the B element near MO in the 14 nm FinFET device causes it to present the thermal neutron
sensitivity to a certain extent. The SEU cross section induced by thermal neutrons is about 4.8 times smaller
than that induced by £ > 10 MeV neutrons.

Based on the device cross-section and memory area images obtained from the reverse analysis, a device
model is established and neutron transport simulation based on Geant4 toolkit is carried out. The E > 10 MeV
neutrons result in abundant secondary particle distribution in the sensitive volume of the device, covering n, p
into even W. The neutron energy and presence or absence of the W plug near the sensitive volume have an
importantinfluence on the type and probability of secondary particles in the sensitive volume. The analysis and
calculations show that a large number of high-Z secondary particles with long range and large LET values
generated by high-energy neutrons in the sensitive volume of the device are the inducement of MBU, and SEUs
mainly result from the contribution of light ions such as p, He, and Si.

Keywords: FinFET, neutron, single event upset, nuclear reaction
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