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Fig. 1. The supercell of HfO2contains an oxygen va-
cancy and a substitutional impurity Al, V4 is created

by removal of a four-fold-coordinated O atom.
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Table 1. The relationship between formation energy

and interaction energy is plotted as a function of dis-

tance between Al and Vou

A5 Vo 2 8RB /A At Be/eV MITAEFRE Ein/eV

2.116 3.67383218 -2.60732782
2.216 3.566503 -2.714657
2.248 3.714379 -2.566781
3.981 4.035314 -2.246031
4.290 4.007042 -2.274118
4.448 4.064787 -2.216373
INEEE=Rt AN 6.28116 —
—2.1
4.1
Lol =T —22
U = MEEmR —23 >
(]
# 5 =
= -25 %
B )
3.7+ _26 =
3.6 —2.7
3.5 L —2.8
2 3 4 5
g /A

B2 AH AR AN R AR R e 2 TR R 5 AR A
Fig. 2. The variation of interaction energy and forma-

tion energy with distance between the defects.
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Fig. 3. The charge trapping energy.
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Fig. 4. Bader charge (a) Vogu; (b) Al+Vo,.

091301-4


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 64, No. 9 (2015) 091301

M Bader i 73 Afi B AT AR 2, P 1A R 02
XA TR AR SR B T4 7 (A 3R %, B Al
A AR RAR R 5 Voo SRIGR RATLL, 173K
{2 XS LT R LT B 2 MR 2, DRI T
SEAF R IE A S A A X H e 1) s DR E 0, RIVAN
5 1% CTM A PR FF B 1 45 2.

3.3 NEE

A0 B SR RALA ) v 22 R 1t AT 25 1R 508
TREFRPYER B 2R bR, BB RN PALREETLE N
T SO VR LA AR R AR R E O Y
AR, B 5 a3 R R R AR R, Pk
RER N0 eV, Mty T 4B 23 7 A8 B ks e, o 4y
M BER I, IR RAEZE AT TR 5l N T — 2%k
FE BB 2R, (H A7 R B 4 (1) 37 JEC -5 U o TOL [) i
%, BRI RS B AN A T, PR R IR FE RE L o)
WA —2.29817 eV Al —2.77057 eV, Bl 5 4 5 T )
REB 2273 )N 2.29817 eV F12.77057 eV.

200
] (a)
# 160 4
o]
¥ 120
Z 2.29817
= 80
40 /
0]
-8 -6 -4 -2 0 2 4 6
fikiE/eV
200 o
b
X
%3160
¥
Z 120
3 —2.77057
+ 80
<
40
o+——— T
-8 -6 —4 -2 0 2 4 6
ik /eV

K5 SEEE  (a) Vou; (b) Al+ Vou
Fig. 5. The density of states (a) Vog; (b) Al4+ VOu.

A FEE T LA, SEAEBRFA AR I 7l b5 R
R RE LR I Z2H 2.77057 eV KT Vou 1k R 1 2.29817
eV, i EH FELAT 7 3R B 45 SR R TE S A7 SR 1R 1) 4 2R T
BGIFRAIR, IX B LT R A RE g 2 7
WO A BT FE I RE R AR K, Ul B AR & R R
XF 73 I SR IRRE 71 AR 5, A4S BRI (R FF LE BRI
REZl b, a2 Ui A 2R 23 TR T I AR FR R 1
LT

3.4 THESM D

i #6215 PE R R AF 2R 4 ) 2 K85 (P/E) #
TR BA GRS 1 RE . CTM 5 3 72 (1 52
BN TSN, RGBT R I,
ARSI I MG N Bk H T R H RS SRR E
Bt A HL A S T 1R 3 N DR B, 17 3R 2 0 11 ik s 45
Ha K 2 L P AN [ (R AR A — Tl T 300 ) 45 44
ARAY, — Bl AT I () 45 8 AR 4K, B 6 BT POl
K6 (a) ¥ 4A A initial F o~ AT N HTT 3R 2 (15
T4k, B 6 (b) BFEZS defect KmE AN— T
B NG FRE IR F RN, B 6 () 2435 final
FORER B T — A WA 5 NG BRI R T
Pabiy. WIS By £E2 07— WA 5 AN FN S
B AR R 5 SR B B R FPIRES, B By = Erinal
I, Ui B %45 K 2 T AR A R, Y B 2 B
15, A2 SR CTM S MRAR . 0, g An]
W S5 AR AL, BT B CTM AN 15 PR 95

(a) WA

(b) BREEZS

D, Dy—1(Dg+1)
K6 BESHREREEERER

Fig. 6. The schematic of energy change for P/E cycle.

*2 BEREGARREENE
Table 2. The system energy difference after P/E cycle

BUEEA BT |Einig — Finall/eV X | Einit — Efinall/eV

Vou 9.921 x 10—3 1.258 x 103

Al+Voy 3.75 x 10~% 2.22 x 10™4

BT E A B T4y, SO Rl Ay
T T T TR 5 P A U T R S v, A R
mE 2 fin. KPS BTG, Vou hIGHAE R E
Z29.921 x 1073 eV, T FEAFERIEHRE R, ZH
H3.75 x 1071 eV EE TG, Voo RIEE RAER
Z£H1.258 x 1073V, M LA ERFE A R, 2N
2.22 x 1074 eV, L R AT AR H, Tk R ES
HL IR R 2SN, AP AR RE R 2N T — MR
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Abstract

In this work, the first-principles method based on materials studio(a soft ware) and the density functional theory
is used to invesigate the properties of charge retention and charge endurance in HfO, as a trapping layer in charge
trapping memory (CTM). Two supercell models are optimized for the monoclinic HfOs, separately. One contains a
four-fold-coordinated O vacancy defect (Vos), and the other is a co-doped composite defect consisting of a Vo4 and an
Al atom. Interaction energies, formation energies, Bader charge, density of states and trapping energy are calculated for
the two models. According to the calculated results of interaction energies and formation energies, it is found that the
structure is the most stable and the defect is the most easily formed when the distance between the two kinds of defects
is of 2.216 A in the co-doped composite defect system. The trapping energy results show that the co-doped composite
defect system can trap both electrons and holes. Moreover, the trapping ability of the co-doped composite defect is
enhanced significantly as compared with the Vo4 defect. Bader charge analysis shows that the co-doped composite
defect system provides a more preferable site for the charge retention. Calculations of the density of states show that
the co-doped composite defect system has a strong effect on the trapping energy of holes. the Calculated energy changes
after program/erase cycles show that the endurance is improved obviously in the co-doped composite defect system. In
conclusion, the date retention and endurance in the trapping layer of monoclinic HfO2 can be improved by doping of the
substitutional impurity Al. This work may provide a theoretical guidance for performance improvement with respect to

the date retention and endurance of CTM.

Keywords: charge trapping memory, the co-doped composited defect system, oxygen vacancy, the

first-principles
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