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Mixed Dielectric Thin Films of a Ta-Ti-O System
Prepared by R. F. Reactive Sputtering

by Toshiji UMEzZAWA and Shozo Yajma

Mixed dielectric thin films of a Ta-Ti-O system were prepared by R. F. reactive
sputtering from the composite targets, which were given several different area ratios, in
the sputtering gas of argon-oxygen (15%) mixture.

The value of the dielectric constant was varied almost linearly from 30 to 70 with
increased Ti area ratios, but that of dielectric loss remained less than 0.04. The addi-
tion of a Ta-O system into the Ti-O system markedly improved frequency character-
istics of the dielectric constant and loss, and also decreased the magnitude of the
leakage current.

The structural properties were investigated by electron diffraction and the results
showed that the Ta-Ti-O system included only an amorphous Ti-O system and a poly-
crystalline Ta-O system.

The investigation of the conduction through this dielectric thin films showed that
the mechanism was due to the Pool-Frenkel effect.
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DEERO tan 6 % 100 & L, ZDfEL h DA, % % THEERE LT X 18 (a), (b) iz
Lic, BRIEF 2 v OGENROERDBRELSE % T, 2 v 2 A BIEHDRAC L b, mrlgh
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Bk D U BUREE DO BIE W W B AL 7o BB & A — D T A%y & Shte il x Hu 7o
Al-RAEY)-Al D~ F 7 4 o FHEEO L OO BIE-BRFFEXWEL 72, ZOFHR%E X191
ML, TOXXHMEED VAR L REER L OBIHRERL, fh b ERCOWNEM L2
bDTHAH, Thbi, filhd ZOOEMRBT L V7o TWT, 2 v 2 LHKELEEROKE W
HEL -7y P EACTREShc b OR, EROBERIPLCHTH- 1, X, 15volts ¥
HimL, —70°C X b EiR ¥ CORMEREZIEL, L OBE M E B L0 L DB th%x X
00k5KcFmy PLi, ThiZ7AL =Y ARET, Z OBEMRBOERNLEEL= 1 F —
T, KR TOERITIE 0.22~024eV OfAl—DEx =T AL D MNER E —20°C &
DIEDERL BB SN B iERIL= : L F —1% Ta,05 DT 7% L 12 DI 2T K & W fili& R
LTwas, Ll ohboflixflivdy TiO, B Ta,05 D& EHFO=FLF —F 4 » 7 X i
DBEPAZNEDTHY, HEHHCHETWE LTy 7N F—bOHRICEI B LD EEL
bh b, B, Pool-Frenkel DIZETHEL 5+ Ex b b,
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Fig. 20. Leakage current versus reciprocal
temperature.
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— I Z D X 5 IR EN A TR
I = Lexp{~(E-pV'2/kT} (amp)

TEbEhHH, T

Vi HIEE (volts)

k: Boltzman constant

E: Pool Frenkel Zh#c & % & ik F o+ —#(7 (eV)
Schottky ZhRiC X % & X HRiH ) YOFHE (eV)

T: FPHEE (°K)

B: log IV DEFEDHEA F T, 7272L Pool Frenkel ) o> » ¥ &
Schottky Zh# o & & Tix

Brr = 2fs

g ( TEgEs >1/2
B e

DBEARLT B
i SURBERAK, o0 LHER (H M)
s

s(s) = 1/4 &5 (pr)

DRIRMIBNLT A Z Licin s,

P19 L h BRKRD, THED sen XiHTD L, ThZROMBEDBEZ>NT, £1 0
MEMRLRE D, SEECHTHEMIET 2 v PRIL2 v 2 LD LFBERICENETHH Zh b
DRI D FESR(ZE A Pool Frenkel 21 iz X 33D L% 2505,

X K20 & hERLL EOBREIC X ZEME A UEb=F A F—2iHE L 22, O
ERETN>F—L 7y 7LOWENLDOF Y YV YT LB EELONDDT, ZDiFEHA
TRAF X7 2 A IV SAHYDELE EZBRD, 5T

¢ & st
COPAED=FAF —HEMEN K 2L IRTTEE LD LK | AAE *

5EE2BNRD, BTy U< 023eV Xl DMK Tfﬁﬂ ______ 045N
0 670,V 2 ¥

DEDHHEICL—EL Tb, L b7 v=n |

£1
751_ . IS B oW Es(P.F.) "
72 }‘ | ‘ B3 4117
Ti 128451024 ‘ 18 ‘ R
Ti/Ta=73/27 10255 % 102+ 2.8 Bl 21 = &= Mefir
Ti/Ta=41/59 7530 X 1024 | 5.7 Fig. 21. Energy diagram
Ta 5350 1024 \ 10.3 for thin films of Ta-
| i Ti-O system.




302 WIRFI— - REE=

bbb, #oT K21 OME =F ¥ —x1

ddﬁ@ 25 20 1.5 1.0
Y755 a2 EEZLLRND, : Ti0  Tiou(R) TioW® . TioN® m),a?
1o (200)
3.3.5 BMME&ECOVT Bits> | II I
U EDOFEBRD 1D ERGEHAETTRT FN TaOs (22))
«-TasOf (05 (210) (020) (220) (022)

FHZ DLW TR ERFANL Tl v 2%, 1,500 ghasg0

volts T1X102torr .M, Z=DR AN pod
L'O‘!-/u) T??g") (7"#2’2 22)

AED S & TASy 2 ShIEOBETRENE L 1os

Bt 2210 1X10 2 torr LT A5y 2 & 1)

y : ) 22 T (R AR o T T R AL
hicBiLs 22, BEXY 3 AROF X7 =7 Fig. 22. Electron diffraction lines for
vANLERELS9: Al DEA &2~y PEHL thin films of Ta-O, Ti-O and Ta-

4 | g Ti-O systems.

ToL bhiRAFEAEED =20 % 0

g rLi, CORRCLSE, Bbx v 2 ATk Orthorhombic © Ta,05 Ol 7 {23 E
L LTHB PR TWL5Y, BIbF % v Tl rutile & brookite ® TiO, 2B L T T, #ic TiO
2 Ti,05 bRELTD, Fio, Ta-Ti-O ROMHHEECIX, MILF » v OEIFTHRIZE L
Hnd, Orthorhombic ® Ta,05 DR DO KR TH - 12, it (b7 # v ED[E] H fRiX A7 b
sharp iI28l i 5 73, Ta0s D & D13#% amorphous KDL DL AL %, %7z, Ta-Ti-O
ROBED L DIEsleh ~r—RTHDHZ LMD, Ta-O RORAZKHEELELTHL5T

H%,

4 © ¥ U

Lhb, F2VvROEZVEALDRE V7 25 4 7 AASZ y ) v ZHBIC L 2 B—RHROE
LRI A<y 2 &fE L 2D OFEAMBLO BRI, TREREROBHE O
TOREBEER L ETOEER BT, ThBICOWTELDDHERDI IR LELD,

(1) Mfbs % v O 1 kHz Ti2E 80 DFERE L H, £ tan 0 (X 0.027 D { D H
mBHh, O v v o TCC ik 130~200 ppm/°C D DRXEHCHLI D, E1c,
DRI rutile & brookite DR AW ETH S Z L NEFREFERL D ALK,

2) ffex v a2 A OEE 1kHz T23~27T D FERERY L b, 0004 D tan o b b,
230~250 ppm/°C ® TCC ¥ o= vF v¥pfibhic, BT REFOMRTIE, ZELAL
Orthorohmbic ® Ta,05 THDHIC a-Ta,05 N TFNICREL TWH D Tikigw & b
ha,

3) Ta-Ti-O RMEIL, £ —+ v b EOF 2 v L 2 2L DEKLAEREEL S LI L
o C, WEBBRE 305 70 F CREHCEZBR DA, tan d 2 LHTRE T2 DRITH
Ricws, F 2 v ORGSR 50% LL TR, o G HERICERMC AL, tan d X Ti O
R G AEROMME & bICHAT D, o TIORAEKICL > TREVCHFEREKRDS &,
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tan 6 DFENLDOXBH L ICOAND LICHEL TnlkFhuEibiw, TCC ik Ti ©
HRGHEEN 60% L HKECH TIE, JITERHCED N, 60% X h/hE b AT TCC
DHBERETH D, = OEEHEEE, B{LF % v 2 amorphous & B 5 Hh, Ta,0s OE T
FROZR B bR S, & RO tan 6 (3 Ay 2 BIEOHBERZT 5, TD ARy 2 BEDKE
Hd s 2 v OEBLEERDORE VFERELBbhB, LiL, Bbx v 21 OREREERK
FiE e VET B0y, 1, REBHOBACLBEILOC L Mbhi,

3L ik

1) MR- Rl G¥e, EFHaMRHE, CPM, 70-58 (71-03) I 46.
2) pH-flb: fE¥@ (C), 54-C, 5 (HF 46).
i - fl: AR (C), 55-C, 4 (IF 47).
D. Gerstenberg: Solid State Technology Vol. 12, 5 (1969).
Wy - i RS, BEHA - AR E, CPM, 72-70 (73-02) (FE 47).
3) AH-fh: L 93-A, 4 (1973).
4) Handbook of Thin Film Technology, p. 19-17; p. 19-23, McGraw-Hill (1970).
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