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ABSTRACT

Off-axis supttermg using shielder was used to efficiently preven! negative oxvgen ions from zesputtering
deposited films. In this method, the substrate was located verlically to the target and shielded by the semi-
circled steel plate. By using this methad, the resputtering could be reduced, and 2223 high-T. phase could
be formed at the lower subsirale temperature and in the broader temperature region. As increasing the subsl-
rate temperature, 2212, 2223, 2212 superconducting phases were formed by turns. 2223 phase was [ormed
above 210 %torr, and 2212 phase was formed above 4X107%{orr.
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Fig. 1. Schematic diagram showing the position of sub-
strate and target.
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Table 1. Sputtering Conditions for BiSrCaxCu(0 Fi-

Ims
Target Bi-Sr-Ca-Cu-O
(20:21:19:3.1)
(size : 4" diameter)
Substrate MgO{100)

6 cm high from the targst
4 cm distant from

Substrate position

the axis center

Substrate 530~700C
temperature

Sputtering gas 0

Gas flow rate &~~10 scan

ow 1078 torr

81074 ~15x 10" torr
120W

3~5 hours

Base pressure
Working pressure
Rf power
Deposition time
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Fig. 2. XRD patterns of films deposited at various sub-
strate lemperatures hy off-axis sputtering wi-
thout shielder: (a) 6107, {b) 640T, () 6707,
(d) 700TC.
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Fig. 3. XRD patterns of films deposited at various sub-
strate tempertures by off-axis sputtering with
2cm sized shielder: (a) 5757, (b) 610T, (c)
540, (d) 6B5T, (e) B85T.
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Fig. 4. XRD patterns of films deposited at various sub-

strate temperatures by off-axis sputtering with
3cm sized shielder: (a) B30T, (b) 570, (o)
590C, {d) 10T, (e) 625T, () 640T, (g} 650T,
{h} 660, (1) A85T.
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Fig. 5. AES depth profiles of films deposited at 610C
by off-axis sputtering: {a) withoul shielder, (b)
with 2cm sized shielder, {c) with 3cm sized
shielder.
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Fig. 6. Phase formation diagram of Bi-Sr-Ca-Cu-O films
with substrate temperature in off-axis sputte-
ring: {a) without shielder, (b) with 2 cm sized
shielder, () with 3cm sized shielder.
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Fig. 7. AES depth profiles of films depaosited at various
substrate temperatures by off-axis sputtering

with 3 cm sized shielder: (a) 530C, (b) 610T,
(c} 60T .
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Fig. 8. XRD patterns of films deposited at various wor-
king pressures by off-axis sputtering with 3 cm
sized shielder: (a) 81073 torr, (b) 1> 1072 torr,
{© 210 2torr, (d) 4X10 2 torr, (e) 61072
torr, {f) 15X 10" *torr.

25> 6235C 2 AElT, 39S 81077 torrel] A
15X 10 torr7)A| WEkAl 7| a4 54170 Fot S=tst vt
=8l XRD patternSe]ch Z2pglEe] 8103 torryd
= A4 ols]e] Cast Cus] 4bsbEwh &Ea)shgdch
1107 orrd  ulE 22124Fe]  GA4Eged XRD
peak?] 3=} w|eFsli, peaks] EX Wairh 2x107°
torrd o= 22234be] AAEGCl 29t e] 41077
torr o]akel = 22124t0] F2 JAH D, CulAE
A=l o|F Ay F FAe] Frlde] wfe}
AR AR 221244 22234Fe 2 thA] 2212
oz Walgebes Habe 7129 ATl n B
35w} glch

33. dpate] =HE S4 U olHF=E

Fig. 9% "balEe] 3cemdl 7)lelsls dA £ 719
L= 625C 2 AE L, 21072 torr, 41072 torr$)
FAGHH A 5AlZl Eot A vhde] 2R wE
Aol 2X10* torrel A F2g whEhE Fig 8¢
A B.50] XRD patternel| A] 22234wte] ghate]g 3, 4%

-720-

1.0 - o
o~
L LA
Vi
e
L L
-
— 3] —",.J'
L™ a.'-".ﬂ
(o] ,!'/’
‘c':’, ’F." b
L ;
=05 i
S ;)
l, ‘
J‘ !
L [
I
L !y
F; ,':
L !
Y
DD\\|1'F|\IIl\\rlIIl!\IIIIII\III

a 50 100 115G 200 250 300
Temperature (K)
Fig. 9. Resistance ratia [R/R(300 K)] versus tempera-
ture curves of films deposited at various wor-

king pressures by off-axis sputtering with 3 cm
sized shielder: (a) 2X 1072 torr, (b) 4>¢107? torr.

Fig. 10. SEM micrograph of typical deposited film.

1072 torrell4] F-2lat whupe 221240%be] A o)
5 oubete] 2wo) whe AL wsslgen oF 45
Ko dAe=s vfehie] 2t 450 Hu d4Lx24q
110 KS} 80 Kol= u]3]%] 29l Bi-Sr-Calu-0 2
AeA wieke] n silu F3el] #E AR drEaE
A=z FHzye] #Hu galEenn 23 2 <A
+E2 Buslz g)ed, o)e insitu FE Flalg)
A=A AA ) Ze Y, AaFFe L& Felg
HALE] R o) E wE FxF disordere} Cazl Sr
fAE lolg] aEtA m4dPeR d9ET U

Z2p9 upus] olgbdel vl TR Fig 1064 wi
vje} o] A R 2719 3He 3R] RaEgie,

EREEE



Off-axis Sputlering #PH 22 23§ BiySrCaCus0, whe] ZAmAl QA A4 oF

ol 7]Ed] AFAAEIA AT Wol wu W} glch,
4. 2 B

B o Telaz Abd Solfel 23 wbute] resputte-
rings WA E7] $i8) 7129 off-axis sputtering ¥y
oA Al| RE rleslE AR star, BihSrCaCuiO,
b7l g AREEle] in situ® EAE A3 oew 2o
A& d3th

1. 71&9 off-axis spuitering ¥PHe] 7l=l& A=)
ghof Al Fole 29k wlehe] resputteringS A}
Aoz A% & glden, B 9L s)dEEme] A,
gk 2o BE s|EEE 9ol 2223 1 A%
AL AAAAE 4 59T

2. 7185 2) Zrladel mieb 22124004 2223419
FME oF APl 2 2REAbe] el A
Sk gk o aeAis i) 2212400 JAdEY
ol B A Bl iAo dAjE st
ZArE R} Yol 1ol A sticking coefficient7} 4}
e v Cu2] Zdgo] Azl 7o Flelshes Hem
A== o

3. 2X1072 torr o)A4k2] kel A 22234Fe] A=y,
421072 tarr o)3e] ghefli 221240) AYH L,

4. XRD patternsl A 22124 == 22234huko] ghals]
SeelE Bel gbete] REAF T falulge
), gA2E= <F 46Kyl

5. 9ute] mlyF e HAEHaz faslgen ¢ A
& 2719 e garge) dA=

REFERENCES

1. H. Yang, M. Kim, and H. Horog, “In Situ Growth
of Bi-5r-Ca-Cu-0O Films by AC Sputtering in Pure Qx-
ygen,” Jpm. [ Appl Phys, 31, 44 (1992).

2. Z. Ivanov and G. Brovsson, “Superconducting {Bi. Pb)-
Sr-Ca-Cu-0 Thin Films Prepared In Situ by Laser
Ablation,” Appl. Phys. Lett, 55, 2123 (1989).

3. T. Sugimoto, M. Yoshida, K. Yamaguchi, K. Sugawara,
Y. Shichara, and S. Tanaka, “Epitaxial Growlh of Bi-
5r-Ca-Cu-0 Superconducting Thin Films by Metalox-
ganic Chemical Vapor Deposition,” Appl. Phys. Lett,
57, 928 (1990).

4. I. Tsukada and K. Uchinckura, “In Situ Preparation
of Superconducting BizSr:Ca,—,Cu,0, (n=1~5) Thin
Films by Molecular Beam Epitaxy Technique,” fpn.
S Appl Phys, 30, L1114 (1991).

A 314 A7 2(1994)

5. A.C. Westereheim, L.S. Yu-Jahnes, and A.C. Anderson,
“0if-Axis Magnetron Sputtering of YBCO Films: The
Influenceof Atomic Oxygen,” [EEE Transaction on
Magnetics, 27, 1001 (1981).

6. DLE. Morris, C.T. Huligren, AM. Makelz, J.Y.T. Wei,
N.G. Asmar, and JH. Nickle, “Oxygen concetration
Effect on T. of the Bi-Ca-Sr-Cu-0 Superconductoer,”
Phys. Rev. B, 39, 6612 (1989).

7. SK. Park, “Study on the Resputtering hy Oxygen and
on the Formation of the Superconducting Phases for
the In Situ Deposition of B1-Sr-Ca-Cu-0Q Thin Films,”
Master thesis in Postech, (1992).

8. E.E. Inameti, M.S. Raven, Y.M, Wan, and B.G. Murray,
“The Effect of Resputtering on the In Situ Growth
of Superconducting ¥YBa:CusQ. Thin Films,”™ Vacuwwm
43, 61 (1992).

8. I M. Grace, D.B. McDonald, M.T. Reiten, ]J. Olson, R.T.
Kampwirth, and K.E. Gray, “The Effect of Oxidant
on Resputtering of Bi from Bi-Sr-Ca-Cu-O Films,” J.
Vac. Sci. Technol. A, 10, 1600 (1992).

10. Y. Hakuraky, S. Higo, and T. Ogushi, “As-Grown Su-
perconducting Thin Films of Bi(Pb)-Sr-Ca-Cu-Q by
magnetron sputtering,” Appl Phys. Letf, 57, 925 {19
90).

11. P. Wangner, H. Adnan, and C. Tom-Rosa, “In Situ-
Prepareation of BizSrsCayCuzO-Thin Films by DC-
Sputtering,” Physica C, 195, 258 (1992).

12, OX. Jia and W.A. Anderson, “High Temperature Su-
perconducting YBazCa 0., Films on Metalic Substra-
tes Grown In Situ by Off-Axis Sputtering,” Appl, Phys.
Letft, 60, 2698 (1592),

13. G. Triscone, J. Genoud, T. Graf, A, Junod, and J. Mul-
ler, “Yaration of the Saperconduction Properties of
B151aCaCusUssy with Oxygen Content,” Physice C,
176, 247 (1991).

14. W, Zhu and P.5. Nicholson, “The Influence of Oxygen
Partial Pressure and Temperature on Bi-Ph-Sr-Ca-Cu-
0 110K Superconducior Phase Formation and Its
Stability,” J Appl. Phys, 73, 8423 (1993).

15. 5.M. Rossnagel, “Rf Diode Plasmas” in Thin Film
Processes II, Ed by J. L. Vossen and W, Kern, Acade-
mic Press, 1991,

16. T. Awaji, K. Sakuta, Y. Sakaguchi and T. Kobayshi,
“Improved Surface Crystallinity of MgQ Crystal Subs-
trate Through Annealing in Oxygen Atmosphere”, fpa.
J Appl. Phys, 31, Led2 (1992).

17. B.D. Cullity, Elements of X-ray Diffraction 2nd ed.,
pp 180, Addison-Wesley, 1978.

18. K. Kuroda, K. Kojima, K. Yokoyama, and K. Hama-
naka, “Effect of Growth Temperature on Supercondu-
cting Phases of As-Grown BiSrCaCuQ Thin Film For-
med by RF Magnetron Sputtering,” /on [ Appl. Phys.,

-721-



19.

20.

2L

ARE - A - ARE

29, L2033 (1990).

Y. Hakuraku, 5. Higo, D. Miyagi, and T. Ogushi, “As-
Grown Crystalized Thin Films on Bi-Pb-Sr-Ca-Cu-0
by Single-Target Magnetron Sputtering,” Jon. J Appl.
Phys, 29, 1600 (1990).

L. Fujita, T. Tatsumi, T. Yoshitake, and H. Igarashi,
“Epitaxial Film Growths of Artificial (Bi-0)/(St-Ca-Cu-
O} Layered Structures,” Appl. Phys. Lett, 54, 2364
(1989).

Y. Hakuraku, K. Nagayama, and T, Ogushi, “Effect
of Pure Oxygen Sputtening Gas Pressure on the In
Situ Growth of BiSrCaCu(Q Superconducting Thin Fi-

-722-

lms,” Supercon. Set. Technol, 4, 717 (1991).

. H. Yamasaki, K. Endo, Y. Nakagawa, M. Umeda, S.

Kosaka, 5. Misawa, S. Yoshida, and K. Kajimura, “Cri-
tical Current Density of High-quality BiaSrzCasCusOy
Thin Film Prepared by Metalorganic Cemical Vapor
Deposition,” [ Appl. Phys, 72, 2951 (1892).

. J.5. Moodera, AM. Rao, A. Kussmaul, and P.M. Ted-

row, “In Situ Depostion of Superconducting Bi-Ph-Sr-
Ca-Cu-O Thin Films on MgQ(100} Substrates by RF
Magnetron Sputtering and Laser Ablation,” Appl.
Phys. Lefs, 57, 2498 (1990).

ELLEE



