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w
Ndopedinew = %TNpNaver, (24)
w
Nundopedinew = (1 - %)TNpNaver- (25)

DRI, 28 e 8 00 I v+ TG B2 2% Jo J2 o 2 2 ok
%%Eﬁj‘%ﬂ%%ﬂ?%j Ndoped_ now & Nundoped_ now-

ndopedinow

_ XdopediiniNApTiOziden TNpNaver

(26

Mo, abD (26)
nundopedinow

_ XundopediiniNApTioziden + TNpNaver ] (27)

Mrio, abD

SCHR [16] B0 48078 B IR B2 5 A A g 4 2 ik
TR E N7 cm? V1S~ 0.8x 10710
em? V1871 0.5 x 10719 em?. V1.8~ _Hid#dE
B E 7% 7 SR (2] AR T 08 BT A% A
b7 RU AR NI RN ) <7 I N TN S o v &/ 1)
W I TSI AKYE, S 7RIS R SR AT
FUHERRTE. W3R 6 Frow, A8 SCHRE SCHR [33] 45 Hi
TiOo— x HIBHZ 5 X HUE B Sl H s 7 b 7 8
BOIKE R TP R IR R, IR AR S0
P15 2 1 s s R 2 A8 Ja SR LIS 4L

FKOoHL, 2545t 7 DY 2H BK S AL P B 2R
PTio,—x SEIEHE. F 6354 H 7 HH (18) 10
THRAF B A SR EE, S 4514t 7R A (10) X
THRAA R AT BRIT R &,

R 6 PR B S s BRI SRR

x PTiOy—X A BR AT BITBE R

/Qm /m—3 Jem?2.v—1.6-1
0.27 26.00 8.61 x 1027 2.79 x 10~ 11
0.16 190.00 5.10 x 10%7 6.45 x 1012
0.09 310.00 2.87 x 1027 7.03 x 10~12
0.03 1010.00 9.56 x 1026 6.47 x 1012

RHE R 6 FTR IS, M X = 0.27H, A=
R B R EOE R R R, M X R %A 0.16
PAR, Bl X B B9, 5025 SRR B AN T B AR, 28
TR S B IE RS R R FERR E. MR Bk o, 4
X < 0.16 B, A HNER H L0 = AR 1~ F1E
6.65 x 10712 cm?.V—1.871 | #5 5  SE S BUT R X
GRSURET LLZES. 24 X > 0.16 I, AT RIZ
BN

T E BB AR A R R AR U R A AL
Wiz BH 2% 508 FHLPT, b B T R R A BT R R
ST EBHF I, F7HI 5T IR 5 BE.
TR R B A0 R B A S 4R i R E e R
Fr o g gt 220k, % (26), (27) AN (18) R 15
AR B 5 A s 5 AR o T 0 B E L
OB iZ R EE AR (19), (20) 300 75 2148 5t 5
HRX R S8 &gt AR %
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JE Xdoped ini = 0.16, Xundoped ini = 3 X 1074,
Mrio, = 0.07988 kg/mol, H.ANHi T fE & A 10
keV, HR S HEESE3ZE IR A S
BEE B KIEG5), (19), (20)X, &4 KE

B Ron = 2.21 x 10° Q, Roprp = 1.18 x 102 Q,
Rorr/Ron = 533.33. B T-4a 5 A &« (KIK FE 24 R
RIS B KT 5.10 x 1027 /m®, [ A A
BT R R E N G6.65 x 10712 m2. V1.8,

R7 ARG ER BN R YL A B S

FH Jr 1] FEE/(°) GRS fs 1 I ] Ron /92 Rorr/Q Rorr/Ron
i FE A A 6=0 1x103/s71 1 min  4.62 x 108 1.55 x 1010 33.47
T Fr A AR =0 1x103/s71 1d 2.58 x 109 2.59 x 106 1.01
o kit R X I, 6 =80 1 x 10%/s71 1 min 1.64 x 107 1.70 x 107 1.03
abif AR 6 = 80 1x 10%/s71 30d 392.84 392.84 1.00

WA T, 2450 ON10% /s R 1 i A 22
P A o7 B % TR ON SR A 0 = 0° %8 5 i N 12 BH 28 9F
Fr4E 1 min J5, Ron H12.21 x 10° Q (% N 4.62 x
108 Q, Ropp H11.18 x 102 Q FE% A 1.55 x 1010 Q,
Rorr/Ron H1533.33 £ % 8 33.47. 58 N 10%/s
(1 o S5 2 A 28 X 37 B 4 RN 33 #71 0 = 80° Fa it
BENIZ B8 FERESE 30 d A, SiE PHAT S b FH
PPN 392.84 Q, Rorr/Ron FEAEA 1.00.

R 7 HTR YA EAR AR A, A BFERTA
AIREME L. R 7 FTR, MEKSE ALY 17 T 28 B
FEAEAN R IR R, FRaR (AR S 2 FHE Rorr K
Ron, K Ropr/Ron. 6 51 58 5 BRe SR I 1) 35
KN T BRI BN, FR G ISR, 7 1 K A
FEXT 3R B A A 2. 24 Ron 5 Rorr N FRITEE
BK, 3 H Rowrr/Ron #1L 1, 1ZBHAS 1 & KK
JEE 2% o 2 380 5 A R i Bl T i S R AR A R B e A
R S R, I 281 2R 25 r A 12 PR IR IR Ak o i
CENUER

3.3 BEHMAXARERSEESLZLE
RSN

YRR A T HUL IR AR (01 55 fof i 4 2 R 10
AR S BB TE H A2 T IS A R I B K
PEASC3.1 K 3.2 T HIBE AT, BEA T 6 SRR FH A%
IR ERAR AT, & PR A A B ) — AR F 1B
et oy Em Hi b, Jf H AL PTEAE SRS RAE A R AS
W BRI, DUk, Ve bRiE %5 22 K 3 HUBIE [ L IRLE
W g5, RHR 7 LR 2 B A BB TR SR L
Yol or. R R, BEAE T M MRS AT, At
JREERS 55 5 I8 35 22 (M 3047 B R Fe AR AR LT
BH 55 BEIE 55 22 1A R I, FEIE 5 22 SO R 16

PL R % I PSPICE 10.5 1/ B # A% 5+ BL _E 4
BT 45 0 AT 360, MK R 7% B AR M AT Ron =
2.21 x 10° Q, Ropr = 1.18 x 10'2 Q, #& 4 5
Ron = Ropr = 392.84 Q). a =b=50nm, c =3
nm, wo = 15 nm, D = 30 nm, &4 R8N a §f
2k BT RRE =10 /s, 8T MO RUX I, NG
160 =80°. HAS o ki F[RER I E N 10 keV. HKHfE
SCHR [30] ¥ B R TE 34 22 e fn B BB AR S iR
A E R 18 s, I B AP KN 0.1 ms, HEZA
ST HE FE BN vneor = 1077 'V, HLI LA 00K B
Niabstol = 1 A 1 ELERAE 11 FioR.

o ;
L >
2.0 IE 4
< 20
Loqof Foa
Q 03 6 9121518
e il /s
=)
® 0
x|
&
Rl
—1.0f
-1 0 1 2
TRk U/ V
(b)
2.0
<
s
= 10f
ES
z2
I
=
Rl
710-
—0.5 0 0.5 1.0
HREX IR/ V

Bl R 5 R 34 22 IR LR TR A I B35 V-1
B (2) BT ATIZEH S V-T Feit (B R R 12 B 28 i i 1)
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P11 (a) 4 P 36 o o A2 BHL 28 e o 1) i 2 PR
JE. KA B 1L (a), 485 AT1ZBH &8 V-1 #h 45 & B
T3 22 SRR DA 1 B S R SR
T o S LRI Fr R ST, SRE P P A KBS
R FEIE BOZ o FHPTAS AT 0 B A, 52 248 5 J5 112
PH#S S A) T PR % 22 5T 392.84 Q1 EHH
BHIRIE, BEIE %4 22 5 0 0%, 28 PRk M mr At B
(R CAZ A, TEM R R E B T2 20t 5
SE B HL BH AL V-1 5, Wi 11 (b) i,

4 % @
3T LS4 98 77 1 9% 0 9 SRIM 47 20 78
BRI T SRR SR, AR, T, I

R SR I 7] S5 2 S B B S A 12 B 38 A S A
(5, B A3 B AR T TR A, o S ERTEAZRE
A X7 ], AR RNGS J7 1 R4 S LA
HABTEX 4. T SPICE WF7E 1 48 5 X 44 Jofi 2
7 55k 8 94 22 AP AR I Ro ) BT ST R B IZ P28 1E
T AR 1 R B4R S BB R A 9 (K B BT FE B A
M2 2 AT IZ R E. IR S50 N PPAG B PR AR 4
A AL BE 25 58 S 452 49 B % v 4 4R B T b K 25 5
SRS IR AT SRS T KA.
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Abstract
Nano titanium oxide memristor is expected to be the basic cell of a new generation of resistive memory and applied
in the control and data storage systems of spacecrafts that work in a radiation environment. The changes of radiation key
factors, such as energy, intensity, direction, and duration etc. probably have an influence on the radiation damage of the
titanium oxide memristor. However, there has been no relatively detailed research of it. Based on the SRIM simulation,

with the Monte Carlo method used as its core, the main part of cosmic rays

proton and alpha rays and the relevance
between the key factors and radiation damage in titanium oxide memristor are quantitatively studied. According to the
experimental data, the relations between key factors and Ron, Rorr, the mobility of oxygen vacancies are analyzed.
We find that the mobility of oxygen vacancies increases abruptly when the ratio between oxygen vacancies and titanium
oxide molecules is greater than 0.16. Moreover, compared with proton radiation, the alpha particle radiation going into
the active region in titanium oxide memristor, especially at an oblique incidence angle may cause a greater damage
to the device and should be strictly avoided, and the radiation damage increases as the intensity and duration of the
radiation are raised. SPICE simulations are further utilized to show the influence of radiation on the characteristics
of the coexistence of dopant drift and the tunnel barrier. We also find that the titanium oxide memristor device will
gradually turn into a normal resistor with a low resistance and lose its charge-memory ability after persistent radiations.
This work provides support for evaluating and reducing radiation damage for titanium oxide memristors, so as to improve

the reliability of the device in radiation environment.

Keywords: titanium oxide memristor, cosmic rays, radiation damage, SRIM
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