Observation of ion gettering effects in high-temperature superconducting
oxide material
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lon gettering effect has been observed in high-temperature superconductin@Ba material.

Silicon ions were implanted into the material and subsequent high-temperature annealing produced
ion movement from a low concentration region to a higher concentration region where the damage
of the crystal structure is severe. This gettering effect could be used to make a
superconductor-nonsuperconductor-superconductor trilayer structure within a single YBCO film.
© 1996 American Institute of PhysidsS0003-695(96)04837-1

In semiconductor technology gettering is a proceduresusceptibility measurement for superconducting depth de-
where defects are intentionally produced at some distangeendence.
from active layers, and unwanted mobile ion impurities  Figure 1 shows SIMS depth profiles for silicon ion-
move from the active space-charge region to this damageiéhplanted YBCO films with different post-annealing tem-
area by a subsequent heat treatment. These intentional deeratures from 650 to 1050 °C using a quartz furnace with
fects are preferentially on the back surface of the wafer ofXygen flowing. The SIMS analysis was performed with a
are spaced far away from the active region. Stable complexd3H!-6600 quadrupole mass spectrometer using cesium as the
can be formed with the vacancies or defdctdpon forming ~ Primary bombardment ion. Figurgd is the silicon profile

oxide precipitates (SiQ with x~2), prismatic dislocations N the YBCO film after 650 °C annealing. The silicon ions
are generated in the Si matrix, which can “getter” metallic are distributed over almost the entire film thickness with a

impurities? The use of ion implantation to produce the nec- peak at 0.1um in depth. This profile is very similar to the

essary defect density was described first by Bethl® and one from an as-implanted film without annealing. As the
Seidel and MeeR.Both groups used high-energy Heon
irradiation, ranging from 1.75 to 2 MeV, to produce ion-

. (@) ¢}
damaged surface layers on silicon wafers and subsequent gs0"c
high-temperature annealing gettered unwanted electrically
active impurities in silicon. Lecrosniealso reported getter-

ing by ion implantation in 1l1-V compounds and claimed . | ! | ! !

that there are several different trapping regions inside mate- (b) 750 °C
rials after ion implantation.

In the high-temperature superconductittgTS) oxide
materials, such as YB&u;O,, no reports on ion gettering .

effect have been presented. In this letter we present, for the
first time, evidence for ion gettering in HTS oxide materials
by ion implantation. We show that the gettered silicon ions
form an insulating layer within the thickness of a YBCO
film. Such a layer separates the surface layer and the layer « 950 0C

near the substrate, creating a superconductor-
nonsuperconductor-superconductBNS trilayer structure.
The HTS films used were-axis oriented YBCO films

sputtered on LaAlO;(100) substrates. The films were typi-

cally 2000 A thick and had critical temperatufg,) about 85 (e) 1050 °C
K and critical curren(J,) greater than X 10° A/cm? at 77

K. The YBCO films were implanted with silicon ions using

an Eaton’s 3206 ion implantor at an energy of 100 keV and

a dose of X 10'%cn?. After ion implantation, the YBCO 0.00 004 008 012 0.16 020
films were annealed in oxygen at several different tempera-
tures ranging from 650 to 1050 °C in 30 min. The pressure in
the furnace was maintained slightly above atmospheric Pre$56 1 secon dary-ion mass spectroscaBIMS) analysis for YBCO

sure. The samples were chargcterizgd by sca_coqdary—ion Ma$Fnples annealed at different temperatures. 650 °C, (b) 750 °C, ()
spectroscopySIMS) depth profile for ion distribution and by 850 °C,(d) 950 °C,(e) 1050 °C.
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diamagnetism indicates that superconductivity occurs in the
layers above and below the ion gettered layer, as a result of
ion getting effects as shown by SIMS data. After 950 °C
annealing(f), superconductivity is completely gone.

lon implantation has been one of the most powerful tools
for impurity doping in semiconductor material. In HTS ma-
terials, ion implantation has been applied to modify the su-
perconducting propertiés,damage the crystals of the
materials’ and to inhibit the conductivit§:® Clark et al.”
successfully used ion implantation in HTS thin films to alter
the crystal properties of the YBCO. They used high-energy
oxygen or arsenic beams in the energy range of 0.25-2.3
S SR BN MeV to physically damage the materials. In our previous
0O 10 20 30 40 50 60 70 80 90 100 work,2° we used reactive ions to inhibit the conductivity of

Temperature(K) the film and applied it to the device patternitfg-e et allt
also used this reactive ion implantati®ll) method to make
FIG. 2. Magnetic moment measurement of YBCO samples annealed at difa pattern for their bolometer application.
Ege;éo E%T(%??é%rfé',( 3)) g“g;”cir?cp{a”‘ed’ (b) as-implanted, (¢) 650 °C, One of the key issues for device patterning in HTS ma-
terials is developing useful multilayer structures since they

. . . . can provide great flexibility in designing integrated high per-
annealing temperature increases, the ions move in an PP rmance devices such as superconducting quantum interfer-
site direction of diffusion from low concentration region to- _ . . .
ward the peak concentration region. At an annealing temENce device$SQUID). The ion gettering effect observed in

perature of 750 °C shown in Fig(l, the silicon ions begin this study can lead to a tilayer superconductor-
to getter towards the peak of the silicon concentration andionsuperconductor-superconduct@®NS structure which

the silicon profile narrows. The gettering process continueghdy be utilized for multilayer HTS devices. Detailed study
as the annealing temperature is increased and reaches tbe the properties of these layers is in progress.

maximum gettering at 850 °C as in Fig(cL At this tem- In conclusion, we have observed ion gettering effect in
perature, the silicon ions are confined to a narrowband o¥BCO films after silicon implantation. The defect related
film depth. The thickness of the band is about one-third ofgettering effect seems to be the main reason of this phenom-

the film thickness. This band creates a SNS sandwich strugnon. This effect results in the creation of SNS trilayer struc-
ture with two superconductor layers one near the surface angre within a single film.

the other near the substrate. Further increases in the anneal- The authors would like to thank Dr. Yufei Yang and
ing temperature above 950 °C cause the ions to Outdiﬁusﬁ/lichael Larkin and Professor G. M. Luke for their assis-

and intermix with the YBCO film. A uniformly intermixed tance. This work was partially suoported by the National
silicon-YBCO film was obtained at 1050 °C. This phenom- ' b y supp y

enon can be explained in terms of a damage-related getterirﬁ;Clence Foundation under Grant No. DMR-9531208.

effect. In the ion implantation process, the damage profile in

the target is very similar to the implant depth profile which

means that the crystal structure of the film is most severely

damaged at the peak of the ion implant. The implanted ions _
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