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S FH L B 5 R K Ti A8 I 81 Lao O3 1, 4% 7 LaTiO/Ge &)@ - b2k SR %, Fm Tid &
XF A AR E R R EAT T AR AT, BT TR B IS I A U B, LaTiO M 5 Be 9% 3845 =
KAE; SR H T ST /20 5T b B T2 5 6 v T 3G 0, A I0 T A5 5 IR AL, gk i A A A e R
WK AR TTSEME R, DRk, S T 7E SR PR ri R PR 2 () SE BB, X Ti & AT AL B AR R v B . AT
W Ti/La2Og LLEM 5, 18.4% K Ti/LagOs L E A&, ZILRFHERM 2 HE & kE (22.7) 1K Dyt
(5.5 x 10" eV hem ™) A HERZM J; (Ve =1V, Jg = 7.1 x 1073 A-cm™2) I R 4P R 2 {F AT Sk

% 48217: Ge MOS, LaTiO, FLH &, k14
PACS: 73.40.Qv, 73.61.-1, 73.20.-1

1 5 7

BT BA B R BIR T IER R, Ge il
72 il % e M e 4 8 A A -F T 4K (metal-oxide-
semiconductor, MOS) #1145 5 & M KL 2 —.
9T AESE S AT B[R] B gk — 20 A b 4 AN AR A
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PERIFEMHEAT TR FE. ATLAUREL, LaTiO/Ge MOS
FL R 10 T 5 A PRI s E R U < R T R K K
E5 5 Ti g B UM O 200 Ti & AT LAk
Ja, R RASEHL B PR TR A

2 M E S RAEENE

FHERH Sb#5 2% HFHZ40.10—0.11 Q-cm
17 (100) &t n 2 Ge . 56Xt Ge b ATIG ¥E, 1E
PR =& LW B 2R A 28 D0 R A B 7 &
AR 2 min f5, JEFMEH 281 7K e I R
A EL (1 2 50) 32130 s, LAEER Ge Fr R TH 1)
FBRERENY. 4Ny SRR TG, SLETE Ge
IO 1R LS A W S AL I IR S s Y. TR
AT AN Ar(24 scem) AR R, @i 3z
N5 Ti Al Lag O3 #8, 1F Ge # R _EIEFZ) 7.5 nm
) LaTiO #E. 4158 1 frail, Ti#y)Zes HIH11.9,
17.7, 26.0 130.6 W, LayOs ¥ T Z & & 930 W,
DASRARAN A Ti & & BOFE 5 R0 78 Ti & 200 3844
FHLREPE (520, AT S BT LaTio A i A Ti &
=R AL, X RRE 4 Al AR e 8 LTO1, LTO2,
LTO3F1LTO4. Ti/ LayOs bt FH ok £ R Tid
B HI R AS AL, S Ti Al Lag O (3 A7 B 2 L
SRATFI. TR RIS S A A R Lag O #E 3 %
3588 30 W 445 R, 76 Ge 41K _EJEFIZ) 7.5 nm
(1] Lag O3 AR A HIFE &, AR N LO. KB #f
A& ] 500 °C 1) Ny SR FHAT RS IR K (post-
deposition annealing, PDA) 5 min, Ny S & i i
9500 mL/min. 445 78 Al ZI 0¥ st R,
WA N 7.85 x 107° em™2. #J5, #£ 300 °C {1 IE
BB K20 min, DA BB i, T RN
Ny :Hy =95 : 5.

T MM A B/ Ge St T, FIE B R BR
(transmission electron microscope, TEM) 1% |
Lay03/Ge MOS f1LaTiO/Ge(LTO2) MOS
BB R, TEM B 1 (a) B 1 (b) Fras. it
I 5T P B R FE (tox) FH 22 K AM s A T TEM G
Wi E, tox MIMH W22 1. FH HP4284A *5 % LCR
TSI B R o 0 o ATH AR R R, SR
A (1 MHz) i 2 (Cy)-M L IE (V) HiZR & 2 B
N, MR (1 MHz) Cy-Vy 2 BURIRE 5 BB 1 2
BN 2 Frox. MR H A AR 1 B HPA156 A K %5
AR S BT OO B, AR U HL A () BE
Ve AT Rt I8 3 s, FHHP4156A K % 5

PR 2 3000 i AOKE 8 25 fi B7E AR BOIR S, JF I
10 MV-cm™! &3 ¥ 71 3600 s, I8 i i 5 75
AT JE 11 Jg-Vy AR (1 MHz) Cy-Vy, #4852 B
Wl FELL I B (A Jg) AP LR AR (A Ve, ) K TF
i E AR AT SETE, AV FIV, = 1V N AJ, G
Bl 4 Fros. BT DU 3 18 2 0 388 0' A0 F 1 57 i 2%
fE T kAT

F1 Ti¥IIR tox & Ti/Laz03 LF (Ti/Laz O3 Lh&R

H Ar = 24 scem I Ti(Jk5 DI %A ) Al Lag O3 (ki T

7930 W) FIEBURE 2 Hit5)

Table 1. Ti-target powers, toxand the Ti/LasO3 ra-

tios, which are calculated from the ratio of the depo-

sition rates of Ti (at different sputtering powers) and

La20O3 (at a sputtering power of 30 W) in the same

Ar = 24 sccm ambient.

B Ti LT3 /W tox/nm Ti/Laz03/%
LO — 7.51 —
LTO1 11.9 7.39 10.6
LTO2 17.7 7.54 18.4
LTO3 26 7.65 25.7
LTO4 30.6 7.62 31.5

3 HRpETR

M T (a) #1 Kl 1 (b) it 75 ) Lag O3 /Ge MOS
A LaTiO/Ge MOS(LTO2) [ 4 # 1 TEM & F n]
PLE H, LagOs 8k LaTio Mt /1 i 55 Ge 41 JiE 2 [
JUFAFERE. K&K N, 7£PDA M ] Ge
] A9 B N A R, IS 2 R B K
LaGeO Bt LaTiGeO 1k &4 4191 i1 [7] Ge 37 Hi gk
A HfO5 8 HfTIiO Jz 7 A4 i HfGeO B HfTiGeO —
FERI=231 0 #F Lag O3 55 Ge S M I, BT O H i A
T HLadi &, & T OXNIRE M Ge e il & H
B 12224l R KB AR I O 2378 O 4,
SCBRAE B 1) Ge B EEREIEA 25 I EAE ) LaGeO
e fete e, HAPH 7 AT E I GeO, [TE kL,
G /3 P B B D, LagOs/Ge MOS3R1E T —
ANRE R A . FEE, £ LaTiO 5 Ge
KBS, BT TiAEE, 5 Ged5 G110 B, Ge
EHEHIEZ (Ti 5 Ge ARETE B E 1 Ti—Ge
G 25200 i 5] N B B LT A 8O A
(1B KB N 5% B I O A7 BR), Fi1H /3 5 THI Bk B 1
hn, S %Ak, F Ik, LaTiO/Ge Jit1H i & L
LayO3/Ge 1) 2, 17 H Ti & bl 5 1 57 5l 2.
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R4 T LR 2 R b AT AT (D) 19
FIGAIE.

(b)

El1 (a) LagO3/Ge MOS #l (b) LaTiO/Ge(LTO2)
MOS Hf#I TEM BT

Fig. 1. The cross-sectional TEM pictures of (a)
LapO3/Ge MOS, and (b) LaTiO/Ge (LTO2) MOS.

300 T T T T

K2 (MTRE) BRI S (1 MHz) Cg-Vg %
Fig. 2. (color online) Typical high-frequency (1 MHz)

Cg-Vg curves for the samples.

#2 MEH (1 MHz) Cg-V, HhZRHEEURIER & s S50
Table 2. Electrical parameters of the samples, extracted from the high-frequency (1 MHz) Cg-Vj curves.

FE il Cox/pF CET/nm Vin/V Qox/cm™2 Dit/eV—1.cm—2 k
LO 108 2.5 0.23 —1.03 x 1012 3.3 x 1011 11.7
LTO1 159 1.7 0.33 —2.87 x 10%2 4.6 x 1011 17.5
LTO2 209 1.3 0.35 —4.04 x 1012 5.5 x 1011 22.7
LTO3 240 1.1 0.46 —6.74 x 1012 1.4 x 1012 26.4
LTO4 268 1.0 0.49 —8.26 x 1012 4.5 x 1012 29.4

M 2 TR K Cg- Vg H 2 F13E 2 o () S AL Ha
7 (Cox)~ HEEREE (CET) K k%S 5mT LA
FH, 1IAE TikBEdh (LTO1, LTO2, LTO3, LTO4)
) Cox LEANE TiFES (LO) B Cox K, T H Ti $E3)
R (RRE TIEEBG, WKL) Cou K. H
T Cox BRI k AE M CET #/)N, LTO4
i B B 0k E (29.4) BN CET (1.0 nm).
Z BT LAESE R I T 0] USRS A0 1 ke A A/
I CET, 7&K ABE Ti & &M T &, LaTio 1)
Ti-F AP BE 2 380, 17 Ti-5E E AP0 A FL 4L
i T La- 2B A0, R, BEE Ti s &b m, It
T SR, X — s AT LA LTO4 Al LTO3 £
A 1 Cy-V M1 28 1 1t 72 B2 AR F Terman J7 ¥ [27)
SR 71 B A 18] B 3 (1) Dy (W13 2 B 1) 43 28 A
15 BTG FE R, LO M Dyt (3.3 x 101 eV~l.cm™2)
A%, LTO4 [¥] Dy (4.5 x 10*2 eV~ t.cm™2) fe s, B
LTOAFEmn W SR T B de 22, B Lanity, F# 2
KN Ge 541 O BEE Ti & &M T =D, b
T O BALIREH) Ge Bt ABE 2 W 2, Fh1H /1 AT
SREEIG . FF 5 SE AR A AT T (Qox) R
FITER 2, Qox IIAE A 7 1 BH F1 T /48404 B [

NIEZ TR, B Gey BN F BN TS
LagO3/LaTiO Je M52, - Ti 5] N 8
FL i 1 5 T B B R AT, 7 T FE K Qo FEAN Y T
FEM I Qox K. DRI, #E17] LagOg HA N TilS, 45
MR kS Dy Z [0, RIZESRAF 55 kA
R EJ A Dy 20T 8RR A SCRER Y B Y Ti
DD, 17.7 W IR D R oy Gl X — D)%
T RIRE G (LTO2) R B0E ) k1B (22.7) B
) Dit (5.5 x 101t eV—t.cm™2). 4R, BAR(E L {H 5
Dy Z [BI P8 5 BRAR, 75 gk — 0% Ti & B AT
L.

M3 BT 7R B FE S I -V i 28 7T LG 2R
B, A TiRE I AR R H O B AS & TR b 0 it
W IR OR, T EL T A A R R U R IR K
FEM A R LA E R T, Vy = 1V
i), LTO4 £ J4(9.7 x 1072 A-em™2) 42 LO
BEM Jg(2.5 x 1073 A-cm™2) B9 40 £ LTO1 B i
Jg(4.6 x 1073 A-cm™2) (1720 1%, T BHEGS A Ti &
B3 EBCE MRS AR R, T 51 A I
IHERIT A8 Ak 2 e B A BSHT 1) U PR 42 (15200 FE Ll
JIERR, BT X S AR 4 B B 3/ R i (R
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WA B RS 27 ), TV B BT R S A FEL AT O,
e HLIAUARR AR AL, XU R URURR TR AR R E A I
& SR BB, 10 Dy B8 Ti 55 5 1 T s i 14 K (n
2N 2 FroR), BIRE F 40 B RS 5 OB BE A Ti &
BT m G 5, MR A R R AR A Rt
WA LaTio A5t 1 Ti & S kAT Ak, £ 52
L kABS Dy B f R, A AR IR RO ) Rz
TAGEXE. ENAE TifFEfH, LTO2 AU AE
B e AR AR 2 1) ST R B (B Dy A X 4
%), M H 2D — AT AR Jg(Vy, = 1V i,
Jg=71%x107% A-cm™2).

10!
10-1
T
5 10-3
<
~
'\CC
T 105 F —e— LTO3 1
i —A—LTO2 ]
—v— LTO1
10—7 E i LO 1
1 ‘. 1
-2 0 2
Ve/V

K3 (TG R Je-Vy BHE

Fig. 3. (color online) Jg-Vg curves for the samples.

10-2

140

a
120 F @_' »
100 o -

80 110-3

AVﬂ)/mV
AJg/A-cm—2

60 -

40

1 1 L L L 10—4

LO LTO1 LTO2 LTO3 LTO4

4 10 MV-em™! B 5 ) 3600 s 5, RS
AVp, Ve =1 VI Adg

Fig. 4. AVp, and AJg at Vg = 1 V for the samples
after a high-field stress of 10 MV-cm ™1 for 3600 s.

M AT LAE H, & Tike i ) AV, A1 AT, 1)
FOAS 5 TiBE 9 AV, BT AT, K, T H AV, F1AJ,
Wi Ti& 8K TE g K. LTO4KE dh i) AV,
(117 mV) F1 AJg(5.1 x 1073 A-em™2) 43714552 LO
B AV, (23 mV) FTAJTL(4.6 x 1074 A-em™2)
565 F10 5. LTOLFE & 1 AV (51 mV) Al
AJg(1.2 x 1073 A-em™2) (¥ 25 A0 4 65, Ui W] 254F

R SEPEREE Ti & BT M. XEZEE R
T 5t B B Ti & BT F A 58, BRI Dy SR
B2 1 S /30 T R R B, R b N A
TPEAERCRI) AV, AT, RIUL, Ti #8335k %
(AT %1 Ti 7 &) /& LaTi- 2 kM B MOS 2%
PEERAS RGP AT SEPE RO 8. LTO2 B it B A HH XS
BN AV, (64 mV) FTAT (1.8 x 1072 A-em™2),
Vi B LTO2 #f M AESRTG B & AEANEBUR Dy BRI,
HA R Has ] SE 1.

4 %2 #®

I8 ok 3 2 NI S TiRT Lag O3 i, il % T La-
TiO & kM5 Ge MOS HLZE, FRat Ti & &5 L2
HLRE I O SC I HEAT TS, 5 RR M, BT Ti- 3R
AWy A B i A HLHS 2, 17) Lag O RS I Ti AT
DL 25 32 = A i kA A CET, T H Ti &
HEE kEECET BN, SR Ti & &7t s 5l i
FTH /30 S T e P 38 o, ol 57 ol Ak, 3 T A A
Wi FLIR G KL SR AT SFEME BRI, PRt il 4% La-
TiO/Ge MOS #8 1 2 2006 Ti & J AT A, A
MSCELE {H, Die, Jg FESAF AT SN SRR 2 T P
W, AEAR S8 B DA & Tidf dl, Ti/LagOg
b A 18.4% HIFE§h (LTO2) BN EEAR. ZFE fh B
&7 kK (22.7) % Dy (5.5 x 101 eV—l.em=2), 1]
B2 Jg(Ve =1 VI, Jp = 7.1 x 1073 A-em™2)
HT R UT A B AF AT S
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Abstract

Ti is intentionally added into LazO3 to prepare LaTiO gate dielectric Ge metal-oxide-semiconductor (MOS) capac-
itor with both high k value and good interface quality. In order to examine the effects of Ti content on the electrical
properties of the device, LaTiO films with different Ti/La2Os3 ratios (10.6%, 18.4%, 25.7% and 31.5%) are deposited by
reactively co-sputtering Ti and LaxOgs targets. Capacitance-voltage curves, gate-leakage current properties and high-
field stress characteristics of the devices are measured and analyzed. It is found that some electrical properties, such as
interface-sate density, gate-leakage current, device reliability and k value, strongly depend on Ti content incorporated
into LaxO3. Ti incorporation can significantly increase the k value: the higher the Ti content, the larger the k value is.
The relevant mechanism lies in the fact that higher Ti content leads to an increase of Ti-based oxide in the LaTi-based
oxide, because Ti-based oxide has larger k value than La-based oxide. On the contrary, interface quality, gate-leakage
current and device reliability deteriorate as Ti content increases because Ti-induced defects at and near the interface
increase with Ti content increasing. Of the Ti/La2Os3 ratios in the examined range, the largest Ti/La2QOs ratio is 31.5%,
which results in the highest k value of 29.4, the largest gate-leakage current of 9.7 x 1072 A-cm™2 at Vy = 1 V, the
highest interface-sate density of 4.5 x 10'? éV~!.cm™2 and the worst device reliability, while the LasO3 film without Ti
incorporation exhibits the lowest k value of 11.7, the smallest gate-leakage current of 2.5 x 1072 A-em™? at V; = 1V,
the lowest interface-sate density of 3.3 x 10!! eV ~'.cm™2 and the best device reliability. As far as the trade-off among
the electrical properties is concerned, 18.4% is the most suitable Ti/La2Ogs ratio, which leads to a higher k value of

2 at

22.7, lower interface-sate density of 5.5 x 10! eV~'.cm™2, an acceptable gate-leakage current of 7.1 x 1072 A.cm™
Ve =1V, and a better device reliability. In view of the fact mentioned above, excellent electrical properties could be
obtained by setting Ti content to be an optimal value. Therefore, the optimization of Ti content is critical for LaTi-based

oxide Ge MOS device preparation.

Keywords: Ge metal-oxide-semiconductor, LaTiO, interface quality, k& value
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