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Effect of Oxygen Deficiency and Interstitial Carbon

on the Band Gap of Hafnium Oxide
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The effect of oxygen deficiency and interstitial carbon on the band gap of hafnium oxide thin film was
analyzed using synchrotron-radiation photoemission spectroscopy. The reduction of both oxygen deficiency
and interstitial carbon shifts the chemical bonding conditions of hafnium atoms and oxygen atoms clearly. It
increases the width of the band gap of the film by about 1 eV. Thus, it is very important to minimize the defects

to improve the electronic performance of the film.

HHREWZEHW Z @ HfO, W X AT A % HH

FBAR TN A O FHEMRFL (WML 2 22 &% <, BEREICIERENRAT 5,
B bz012id, VvV ARYRar Ty Fo, THHMHORBERILE & OEE L
AR O EIE 2 HEA LS 5 2 LA RE EmWeMEK (Hf:0=1:2) »S5MIEXREDN
AN, PERMHL TSSO, HER TR LT, 72, SifimaERAIZOT X
EZ1mUTICLa2dnhiEasd., byt #2528 C, BEFRELOBHEL L TE
VEROHEMEZMH CTCELVIOREBFEEMN 2ZLPHLPIILED. FT VI AT EBR
BoOWMEREPEDENTVE, £ OFEM  MHixHEEZ NSO EWIRE THER L 20
MEOHTHO, ENME L LTHEBEN FTASI P PRI R ELFEHRHLSINEBED
TWwhbe L2L. Sidthie b7 v VA EHR Twid, 207D, b7 0T A HiHEEICD
EOREHE R EL L OBRENHY, LT HRELTEWIE (OTH) PEETLZ
LU LR EHESEONL TRV, LiZh b,



COL) REENTOSRERIRT - 0T
A D FE L, HIO, H I N EB o & & i & & O
FTEEL0, HEONY FiEEST ZDbBEN
YEFx v ST EMEEL I, FBREL
TENMHFERDLAIEL I EPEES
Nb, TZTEBLIIET ST BN %
IBH L. 2O X9 % mRBRIRT - O3 AN
HfO, HE D /N FF v v TITRIZ T8 %
EREMIEN L7z, ZO/RE. MERELK
THRFZEN Y Xy v TR #EAr &
% K- —MfL % JIEMIZTER L. & O#E
DNy FPF¥Fryy T2FE LI BRTEIELI L,
FIROTADIERH LNV FX v v 72T &
L2, EEHLNPIILAEY, Lo
T\ HIO, # 5 o> fo B P 13 50K B 3 i % 7k
B (O35 A) RETKECEIT 25
HEDD 5,

Z 2T BRFERAR R T 3R i BE 8 B 7z
% HfO, H 5 % #fff L. Jo&E 5tk %2 s H
LCHBENTICBIT N7 = ABEO
FREGIREZ T 5 & & DI,
DNy FEEZALOF L RE L 72

Fermi i 3T

e

FEER1E BLISXU O 5 T b F — N L&+
GotEk R R LTIt o 720 BiRO A v
F—135947.90eV TH %,

W E AT, W SR EICERER
% F \» 72 ALD(Atomic Layer Deposition) # T #
4nm HERE LN T7 = A LA T L 72,
BEHERE P2 I ERSE P R 7 € — & & HRGS LB R
b7 i L. BP0 o0 IR 35 i B & A% 1 ] e 3
[ | A=Al

R G E F M B TC FE DAL TS A IRRERT
i LTHD3d,4fE—2 0D 1s ¥— 7,

ARiE LToCDH1s ¥ — 2 & AT
BERFN 2 HAYIZ Si D 1s2p ¥ — 7 % #IN L 72,
F 720 Ny FREEFN % B M2 Fermi i /T £
O FER AT & BN O KL 2 H Y &
L 72 IRl E & AT L TiTo 720 B B —
LAOMG AL, (ZITEEAG & 25 88 E L,
KPS T30 BED & THEM L 72,0
DIF & B T B IR O NI i & 2 2
TWbEEZLNDIEAHOEEGIID X
BT %o

WAE., BXo, #5

PR 721213, RFE 1s ¥ — 7 2SS
B, REORADPHER S Nz, BERAL %
TILETIORIZE—IPRI TR LELD

1.2

—_ Hfdp32  Hf4d52
2 1
g Ols
__e' 0.8
= 0.6
2 [
2 0.4
|

0 Il

4950 5450 5950

Energy (eV)
(a) As-deposited

1.2
*é 1
=
_E; 0.8
= 0.6
& ]
2 04
g
S 02 '

0

4950 5450 5950

Energy (eV)

(b) After oxidation

Fig. 1 Change of a wide spectrum of an atomic layer
deposited HfOx film caused by oxidation
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Fig. 2 Change of Hf-4f spectrum caused by oxidation of an
atomic-layer-deposited HfOx film
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Fig. 3 Change of a spectrum near the Fermi edge due to
oxidation of an atomic-layer-deposited film
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