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Abstract

Ta thin films are prepared by sputtering under various conditions. Ar gas
pressure during sputtering is in the range of 1X10-3~1x10-2 torr. Either a-Ta
(b. c. ¢.) similar to a bulk or B-Ta (tetragonal) obtained only on a film is
deposited. It appears that a-Ta is formed in a contaminative atomosphere, while
B-Ta is formed in a clean atomosphere. The a or § Ta phase of the sputtered
films is determined by X-ray diffraction pattern or by measuring the specific
resistivity. The «-Ta films show the main peak of the (110) plane parallel to
the glass substrate and the @-Ta films show the main peak of the (200) plane
parallel to the glass substrate. The X-ray oscillation photographs also show that
both the a-Ta and the S-Ta have fibre structures. Specific resistivities of the
a~Ta and the 8-Ta are 50~100 pQ-cm and 180 ~230 pQ-cm, respectively.

1 £ A B & i, vy LEUHEHEESRD a—Ta (b. ¢, ¢.)
LHIBIC s tetragonal Ik R 0L EZ BB
B—Ta RELTHZ LBTTCRIMEINTUND, » ¥
Jz B—Ta BB L TELNA M B ik a—Ta
OB €, T <L RTZ 0D B
TNdoe ¥ 2 LT ENEBIRRRTA ey 2 Ui
Uik a—Ta 535, EkERBEESP TR 8—Ta i
ERTDEnbhTnd, «9 zoliAhTa@Flo «
SH, Ta MEALBITEIC 55 L5 £ 31CT o Tin /F? B fr‘lﬂ@%*ﬁ@éﬁ@?%#k%@E&%ﬁ*‘zﬁ@%?%ﬁﬁn 3
b BBWTIN & LORRIG S, Wi JEBRCNA, SEEORERRERC T

V| 7= N
SICHIE < BE é{‘ﬂvcl' ° JT4E optoelectronics OFFFEN IE F Kb Tk
xNv¢Uv7m;af&&3M5ﬂ:/ﬂWﬁﬁm

BEAGATH D Ta, Os 12, 2 v Z%ETS
TECL S THEDRBEDT, 2V ANEERNRSa YT
VY —=wuhd LT, BTEBBICW SR, SRl
ReEchsTa 3, HEEBASEMEELCI R
EE SO DOTH - edd, BRLESE B O
EBERTE T, BEMEE LR 3o S 0EEcE
272e U UBTFEEELES, 2%y 2 U v 7SS

* EFT5% Department of Electronics.
FREIEME KR T B S T24% present adddress, Department of Electrical Engineering, Faculty of
Engineering, Kobe University.



IS S N S U

D, FARTFO—0, U TEBEE LEMNTIE I
b, WkOEEEE LREEEYED 2D, HBHROb
ECEIES 5 OTHT O break down Hik & i
TH -7 D. Kahng Bz, FEF@ break down %
5 < 7o FtE & BARDMIC B A X X AR LR
L#F (Ta—Ta; Oy —ZnS : Th3*+ — Au:Lumocen
EL device) #|EULx, © ToOEF HELOWT,
EREL OAMBEEE LB TRD, BeoWEET
B L ORI T b, ZTFOMWMER, 1BLAE
MuigiE Ta, Os OMECTEINRSE DT, Bk Tadd
i, Ta, Os BB EHEAHT & BUBETH D, +Okd
AFERTR, RF R0y 2 Y v hERAT, a—Ta,
B—Ta PILERETSB & iy Ta HEOMWES Wil
Iz
2 £ B A5 &

keI, Fig, 1 oR$T X 540G 77 X< %
2y A FEEE Ve, TOEBE (RF) Rovy 23
T, 24—y b EEEBBEEEERAL, 1AV
BTFOREHEOEKC L 5 THARK NI TREINS T LI
&0, Ry a2 BTH, 7FAwEEORER, T/ —F
WIE Ve, 7/~ F&BIWK Ir, ER~7% o B M
- THIfT 22 8 TE D, R0ty 25T D EEE

TO VACUUM

@ ANODE (6 SUBSTRATE HOLDER
@ TARGET (water cooled)(? SUBANODE

(3 PLASMA CATHODE
@ SUBSTRATE (® MAGNET COIL
(® HEATER 10 LOW PRESSURE GAUGE

@ HIGH PRESSURE GAUGE
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Table 1. Properties of glass substrate (Duran.
50 glass)

Mean linear coeffici-

ent of Expansion 32x10-7/°C (20~300°C)

Annealing point 568°C

Thermal conductivity! 1.0kcal/meheC(20°C)

Specific heat 0.199cal/ ¢ «°C(20~100°C)

Elastic modulus 6.3 xX10-5kp/cm?

Poisson’s ratio 0.22
Tensile strength 500~800kg/cm?
Refractive index 1.472
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Fig. 2 Variation of target current and anode
voltage as a function of Ar gas pressure.
The target voltage is 2kV. Residual air pres-
sure is 2.0x10-7~3.3x10-8 torr and substrate
temperature is 150~300°C
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Fig. 3 (a)The specific resistivity of Ta thin
films vs Ar gas pressure during sputtering,
Target voltage is fixed at 2kV. The numbers
on the curves show the order of sputtering.
{b/The specific resistivity of the first sample
and the second sample which are numbered
in order of sputtering.
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Fig. 4 Film deposition rates for several sam-
ples vs Ar gas pressure. Target voltage is
fixed at 2kV. Residual air pressure is 2.0x
10-7~3.3x10 ¢ torr and substrate temperature
is 150~300°C.
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Fig. 5 Film deposition rates vs target current,
The target voltage is fixed at 2kV. Residual
air prssure is 2.0x10-7~3.3x10-8 torr and
substrate temperature is 150~300°C.
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Fig. 6 Specific resistivity of sputtered Ta thin
films as a function of residual gas pressure
with various Ar gas pressures.
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Sputtered a—Ta

Body—centered cubic

2, =3.31

~3.33A

Density 16.55—16.27 ¢ /cn®
Resistivity 24.0—5040-cm

Sputtered 8—Ta

Tatr, sugested

a=>5.34A c=9.94A
Density 16.9 ¢ /cm3
Resistivity 180~220p0-cn

intensity 20 hki d intensity 29 h kil d
S 38.5 110 2.33 w 16.5 100 5.38
m 55.6 200 1.65 w 18.7 101 4.75

Vs 69.8 211 1.346 w 31.9 103 2.80
w 82.6 220 1.165 AV 32.9 200 2.67
w 95.2 310 1.042 S 35.9 201 2.50
w 121.7 321 0.881 mS§ 36.4 004 2.48

S 38.1 202 2.36
S 38.7 211 2.32
mS§ 40.0 104 2.25
w 42.2 212 2.14
w 43.6 203 2.07
w 46.0 005 2.00
w 46.3 213 1.96
— 50.4 204 1.81
w 51.6 301 1.77
m 58.0 205 1.59
w 58.8 303 1.57
w 60.0 215 1.54
m S 63.6 231 1.46
S 64.4 304 1.445
w 66.8 206 1.40
ms$ 68.5 323 1.37
S 69.1 400 1.335
w 73.4 402 1.29
w 77.0 008 1.24
w 79.1 | 306 1.21
S 82.4 404 1.17
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(211)
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Fig. 9 Variation in half value width of X-ray
diffraction pattern vs substrate temperature.
(aJof the (110) main peak of «-Ta thin film.
(blof the (200) main peak of A-Ta thin film.
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