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Elucidation of radiation degradation mechanism to ultra-small semiconductor devices
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Abstract

For space equipment, the device trend is delayed because the equipment with satellite experience has been preferentially
adopted. On the other hand, high-performance general-purpose consumer devices are not widely used because their
radiation effects are not clear. For example, although the MOSFET achieves high performance by making the gate three-
dimensional, the effect of bulk damage must also be considered because the channel region is expanded. The purpose of
this study is to clarify the degradation mechanism for a three-dimensional gate to realize high performance by taking
MOSFET as the target. We analyze the radiation damage of the device from both the electrical characteristic degradation
and the radiation induced bulk damage, and clarify their relationship. As a result of verification, it has been suggested that
FinFET and GAAFET fabricated by the three-dimensional structure are devices exhibiting high-radiation tolerance.
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Figure 1. Gate structures for FInFET and GAAFET

2. FHETIE
FEMEEE & LT, Figure 1 127837 — MM B /g



[1801 4]

% nF % /L SOIFinFET 3 X O'n F + % /L GAAFET
W=, 77— FO~HEZ Table 1 1ZRT, KAFFET
IXRRGTRRIR & L CE R Z AW, @i A
T DTN T 2 MeV DET-#R A4 =i, EAN
A7 AWRETHE L, BEEZX 1X104205 1X10'°
elem’ £ CTEAL L=, MEATEOFEIX, HEET N
A AT FZ A4 Y Keysight BIS00A % V>, EHL AL
1R % B4 L 7=,

Table 1 The sizes of gate length, width and height for

Fin and GAAFET.
L [um] W [pum] H [pm]
0.45 1.0
0.25 1.0
0.02
1.0 0.13
1.0 0.04

3. #ER

RIS (1 X 10 e/cm?) R %2 @ FInFET B X O
GAAFET (L/W=1.0/0.04 pm) Di5iE= v X 7 % %
Om % Figure 2 ({2759, L/W=1.0/0.04 um %, F ¥ %/L
DY A ZAPAWFFENZB N TR H/NENT N, A TH
%o FEFWICEWBHFEOBEFHERE LZI2b 2
HHT, WT S, ARTE RN Ko T g 138
®ET, TR Lo T,

Figure 3 128 F# MK AT © FInFET 3 L O
GAAFET DI RIGEI L X T X VA Qnmax DA BN &
WX D gm DOBEEIT, Si F v RAEIZAE L D81 K
falZ X o TF ¥ RAVOEPLRE KT 2 Z & ITRKS
Do M7 A A2, EREHICE D Om max DIEH)
L 10%LLNTH Y | FH LWBERITHER S e -

40F 40F
 1x10% e/em?) Electron fluence: 1x10"° efem’]
Vp=0.8V
LIW=1.0/0.04 ym
7 | 7
Z 30l FiNFETs =30 GAAFETs .
3 £ 3
o (=2}
w w
3] 0
: 2
B B
g 201 g 201
[a) [a]
P4 zZ
o] 9]
Q 0
n %]
Z 10t Z 10F
o o
= =
o)’ 1 I 0 b I |
0.0 0.5 1.0 15 0.0 0.5 1.0 15

GATE VOLTAGE V; [V] GATE VOLTAGE V [V]

Figure 2. Transconductance of FinFET and GAAFET
(L/W =1.9/0.04 um) before and after the electron

irradiation.
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Figure 3. Normalized maximum transconductance of
FinFET and GAAFET before and after the electron

irradiation.
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Figure 4. Comparison of damage factor of each
device. #1: GAAFET, W/L=1.0/1.0 pm, #2: GAAFET,
W/L=1.0/0.45 um, #3: GAAFET, W/L=1.0/0.25 um,
#4: GAAFET, W/L=0.13/1.0 um, #5: Fully depleted
FET, W/L=1.0/0.1 pm, #6: Partially depleted FET,
W/L=10/10 pm, #7: Planer FET, W/L=1.0/0.2 pm.
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