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of the ' BACKGROUND OF THE INVENTION

- High Temperature Superconductors are of great
technological importance due to the fact that their
15 transition temperatures can be greater than the boiling
' point of liquid nitrogen. - High temperature super-
conductor materials, which are generally copper oxides,
have been made .in several forms,'e.g., powders, single
crystals, etc. Thin films of supercondﬁcting materials
20 are useful in several applications including
magnetometry and electronics.

There are many ways of depositing a thin film of
material; In making films thinner than 1 um, vapor
deposition methods are generally used. One such method

25 is planar magnetron sputtering. 1In this method, a
plasmé is generated near the surféce of a target, a
large (e.g., 7.5 em dia. x 0.75 em thick) disk of the
material to be deposited. Typically, argon or another
noble gas is used as the sﬁuttering agent; in reactive

30 Sputtering, a partial pressure of reactive gas (the gas
reacts with the target material to form the desired
compound to be deposited) is used. The target is biased
SO that ions from the plasma are accelerated toward it.
Ions hitting the target knock material, on an atomic

35 scale, off of the surface. 'A magnetic field, generated
by permanent magnets situated behind the targets, is
used to'localize'ahd_enhance the plasma near the target
surface. The ejected material is collected on a
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© the negatively biased target and therefore toward the
growing film. The oxygen ions then “Sputter“ away the
film as it grows (negative ion bombardment). This
15 phenomenon has two associated problems: 1) the growth
rate of the thin film is strongly reduced, and 2) the
oxygen ions, in some cases, preferentially sputter one
element versus another leading to non-stoichiometric
films,
20 The method of “off-axis" sputtering as shown in
Figures 1A and 1B was developed to get around the
negative .ion bombardment prdblem.' As shown in Figure 1B
this method consists of situating the substrate 1 not '
facing the target 2, but in the plane roughly
25 perpendicular (about 70 to 90°) to the target, facing
the plasma. As described above, Ar ions bombard the
_targeﬁ (heavy arrows 3) generating a plasma. The plasma
is contained by the field of the magnet assembly 4. 1In
this'case, the negative ions are not accelerated
30 ‘directly toward the growing film. Unfortunately, the
‘growth rate of the film is substantially reduced as the
momentum of the ejected material is also greatest
directly out from the target (light arrows 5). Note
that the arrows are meant to indicate overall flows; not
35 individual atomic trajectories. Diffusion of the
ejected material in the perpendicular direction is
relied upon. Typically a higher pressuré is used during
-off-axis sputtering. The higher pressure is also
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Superconductor (SNS) Josephson junction, super-
conductivity is induced in the normal metal allowihg a
small supercurrent to flow through the metal without

15 resistance. When the current through the JJ exceeds the
"critical current" of the device, a voltage is generated
across the device. This non-linearity can be used as a
switch in an electronic circuit.

Fabrication of a JJ can be accomplished by

20 depositing a superconducting film over a sharp step in a
substrate and at an angle such that the step shadows an
area next.tb it and the superconductin§ film is not
continuous across the step. The necessity of depositing
the film from one direction (directional deposition)

25 precludes rotation of the subStrate during deposition or
the use of multiplé sources arranged around the
substrate. _

The use of off-axis sputtering in making such
‘devices is problematic because the thickne#ses of the

30 layers of the device strongly.effect_ﬁhe device
characteristics. The gas flow manifold of the present
invention greatly improves the uniformity of the
deposition and increases the overall growth rate.

The use of gas flow manifolds is known in thin film

35 -processing, for example, in reactive sputter deposition.
If the sputtering rate of the reacted material is lower
than that of the unreacted materiai,«the partial
pressure of the reactant gas is kept low at the target
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superconductors. Off-axis sputtering as generally practiced produces
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20 process. -

SUMMARY OF THE INVENTION
The present invention comprises an improved device
for off-axis magnetron sputter deposition of inorganic
oxide compounds having a sputter gun, target, substrate,
25 gas flow means and enclosure  chamber wherein the
improvement comprises a hollow gas flow manifold
positioned between the spbstrate and the target having
at least one gas inlet and at least one outlet opening
" on the manifold, said outlet openings positioned to
30 direct the gas'flow away from the target and in the
' direction of the substrate. Preferably, the manifold is
positioned‘closer to the target than to the substrate.
This device permits use of a very high'gas flow rate to
provide uniform film coverage on laige area substrates.
35 The present invent;on further comprises an improved
process for off-axis piana: magnetron sputter deposition -
wherein the improvement comprises use of the above-
. described device. The process and device are especially



| the sputtering rate of the reacted material is |ower t han that of

the unreacted material, the partial pressure of the reactanz gas is
kept | ow at the target
squ ace so that the sputter rate renains h| gh, and at the same tineg,

near the substrate so

the reactant gassBablii 84 &{deess%{ft%e dFB$f§/t+%‘hcqfed‘%iPnf§@l@ﬁ @f case, the

rial deposite
ﬁggztfcg gggenaﬁ upeg °Q@P%&ﬁﬁ§tﬂ9mpouada gas flow manifold as close as

_ " , T. Jung and
possi bl e to the grow p ls Tec no i pages 171-176

A. \\estphal , urface 2 d_Coat ay . F g
‘or in S. Nhnlv g? fhjﬂﬁ aVégpﬁﬂéﬁiC drawipg WfcanSof £ &kﬂﬁ1no

March 1981, %ag§§aqgg N@het rof sAhteéBﬂﬁ¢\@¥pbrdt%%rQQUE¥§D? dépels done i n

close as possible to t
Pﬁg reaCttgﬁnépg?gffic%%uc?as"2300" sputteP gun with integral gas orth
i njection by AJA I nt&?f&’f? d@alis R @ch&)atﬂwfﬁirﬂﬁ&g of thOUSBUtteihg NOr

. sputter de 03|t|on
Scituate, MA OZﬁﬁﬁbeéﬁSusing tﬁ@uﬁﬁ af; 03|t|0n ?é}% &ﬁr b |spun|form

- ' h can hi_g
'osgrn;qFSrMhlgrea and#&g ngesFB?géﬁ%ﬁmqﬁ?"ing offoanh ¢ff*aﬂid ms and

st ep- edge jithctPHRRar mnecrmnssputterirfgvm&@spﬁ@yi%dﬁ%lzgﬁ%\/g&_sr: tC]I\l on
apparatus and 291o¢wmgﬁxfbld apparatus of tﬁf &QVFBE

The present |nvent|cgkCOQP isa Slaneréig; of a gas flow manifold
apparatus of the invention in the form of a ring.
Figure 4 is a plane view of an alternate
15 configuration of the gas flow manifold apparatns of the
invention in the form of a ring.
Figure 5 is a schematic cross—-sectional drawing of
a step—edge SNS Josephson Junction.
Figure 6 is a schematic cross-sectional drawing of
20 an improved step-edge SNS Josephson Junction
incorporating an insulating layer between the super-
conductor and the normal metal.
Figure 7 is a plane view of a YBazcu307.x wherein x
is 0 to 0.5 sample made by off-axis Planar magnetron "
25 sputtering utilizing the gas flow manifold device of the
invention. The numbers represent the film deposition
rate (in nm per minute) at different points across the
sample. .
Figure 8 is a plane view of a YBazCu307-x wherein x
‘30 is 0 to 0.5 sample made by off-axis pPlanar magnetron
sputtering as typically practiced. The numbers
represent the film deposition rate {in nm per minute) at
different. points across the sample.
Figure 9 is a plane view of a CeO2 sample made by
35 off-axis planar magnetron sputtering utilizing the gas
| flow manifold device of the invention The numbers
represent the film deposition rate {in nm per minute) at
different points across the sample
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The present invention comprises an improved device
15 and process for off-axis magnetron sputter deposition of
inorganic oxide compounds as thin films. The device of
the Present invention is of the type'having a sputter
gun with a dark space shield, target, and gas flow means
for deposition of thin films up to about 10 pm in
20 thickness onto a substrate, all enclosed within a
chamber capable of being under vacuum. Typically, a
pump is used to effect a vacuum. As shown in Figure 1A
oneé or more magnetron sputter guns B are positioned by
mechanical means inside the chamber with the appropriate
- 25 electrical connections and water connections (to provide
cooling).' A target A is attached to the .front surface
of the gun B. The dark space shield G of the gun fits
over the'target, covering the edges, but leaving the
majority of the target surface exposed. The substrate C
30 1is positioned relative to the ﬁargets of the guns as
. shown. The substrate C may be rotated if desired using
mechanism D. Gas is supplied to the chamber via inlet
E. A vacuum is created in the chamber using vacuum pump
F. ' o
35 In particular, the improvement of the present
invention comprises a hollow gas flow manifold
positioned between the substrate and the target. The
gas flow manifold has at least one gas inlet, which is
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indicated by dark arrows 29 causing ejection of material
from target 25 and generating a plasma of sputtered

15 material. The momentum of the plasma is directed by the
gas flow. The gas flow, dashed arrows 23, carries the
sputtered material, solid arrows 24, up and out from the
target 25, toward the substrate 26.

The gas flow manifold comprises a hollow manifold

20 with a single inlet 27, or multiple inlets, at the
bottom of the manifold, and a number of small outlet
openings 28 on the manifold. The term “openings" is
used herein to mean outlet holes or slots of any
geometric shape including, for example, circular,

25 rectangular, or oblong. The spacing and angles of the
openings have been empirically determined so as to
provide the most uniform film deposition Preferably,
the manifold is positioned closer to the target than to
the substrate onto which the compound is to be

30 deposited. The most preferred position for the manifold
is adjacent to and in contact with the sputter gun's '
dark space shield around themopening through which the
target is exposed as shown in Figure 2.

The manifold is positioned so that the plane of the

35 manifold, a plane which is parallel to its
'circumference, is parallel to the target surface. The
outlet openings on the manifold face away from the
target. The substrate is located so that its surface is
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the distance from the target to the nearest edge of the
15 substrate is from about 1 to about 25 cm in the
direction perpendicular to the target surface. Most
preferably, these distances are from about 1.5 to about
3.5 cm.
The manifold can be made of any material which does
20 not substantially degrade at the temperatures required
for the deposition and in the presence of oxygen.
Preferred materials are copper and stainless steel. The
substrate temperature may be as high as 1300 K depending
on the material to be deposited. _
25 The optimal parameters of the gas flow manifold;
| such as the number and size of the openings and the
tubing inner diameter depend on the pressure in the
chamber during deposition and the gaé flow rates. The
parameters given below pertain to a gas flow manifold
30 used to deposit material at chamber pressures in the
range typical of off-axis sputtering, 100-200 mtorr
(13.3 to 26.6 Pa). To utilize such a manifold most
effectively at lower pressures, the velocity of the gas
from the outlet openings is higher and vice versa. ‘The
35 velocity of the gas coming through the openings may be
increased by reducing the size of the openings, and/or
reducing the number of openings for a given gas flow.
Alternatively, for a given opening configuration, the
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Typically, the cross-section of the inside of the

gas flow manifold is from about 0.11 cm2 to about
1.3 em2, preferabiy from about 0.14 cm? to about
15 0.22 cm2. The cross section of the manifold need not be
round, and can vary. Typically, the gas flow manifold
will have 10 to 20 circular outlet openings of diameters
from about 1.0 to about 1.6 mm resulting in a total
opening cross-section approximately equal to the cross-
20 section of the inside of the hollow manifold.

' The overall shape of the manifold can vary with the
shape of the sputtering gun or target. For example, the
manifold can be circular, rectangular, in the form of

' two parallel cylinders and otherhshapes. Preferably the

25 shape of the manifold corresponds to the shape of the
target employed. In the case of a gun with a circular
target, a circular (annular) gas flow ring is preferred.
Preferably, the manifold inner diameter is approximately
the same as the diameter of the opening of the dark

30 space shield of the sputter gun. .

Figure 3 depicts one manifold of the present
invention in the configuration of a ring Ring 31
contains one gas inlet 32 and two groups of outlet
openings 33 and 34. The openings in group 33 are

35 positioned approximately perpendicular to the manifold's
plane, a plane of the manifold parailel to the
manifold's circumference, at from about 80 to about
110 degrees to the plane, preferably at about 90 degrees
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Figure 3, the individual outlet openings within each
group are spaced at from about 0.9 to about 1.1 cm apart
from each other. The shape of the lower section 35 of
the ring is unimportant and can be chosen for ease of
15 fabrication.
An alternate ring geometry, which can be machined
from stainless steel, is shown in Figure 4A. This ring
has forty tapped openings 41 distributed evenly around
the ring on one face. The openings can either be
20 plugged off with a screw, or fitted with nozzles 42 as
shown in Figure 4B. The nozzles have thin walled
stainless steel tubing (of varying diaméters) 43 which
can be bent to the appropriate-direction, and/or cut to
a shorter length. ' |
25 It is desirable that the gas flow symmetrically to
- both sides of the ring. The configuration of the .
openings is relevant to dﬁiformity of the'deposition.\,A
ring with openings only across the bottom (at 45°)
produces more deposition near the cgun. A ring with
30 smaller openings (#60 and #61 drill bit) across the top
produces § film with thinner areas just in front of each
opening (as if fhe'gas flow were too high and carried
the material away from those areas). These observations
pertain to the depositions conditions described in the
35 Examples. Moreover, the gas flow manifold, in terms of
the size, number, and positions of the openings, can be
optimized for different gas flow rates,; pressures, and
substrate positions. One advantage of the ring shown in



the substrate to the nearest part of the exposed target © is from about
1 cmto about 50 cmin the direction 5 perpendicular to the substrate

surface, and the distance fromthe target to the nearest edge of the
substrate is fromabout 1 cmto about 50 cmin the direction
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A minimum gas flow rate of about 200 standard cubic
centimeters per minute is suitable. Higher gas flow
rates, such as from about 450 to about 650 standard:
20 cubic centimeters per minute are preferred.
The device and process of the present invention
provides a means of obtaining a combination of a high
sputter deposition rate and uniform compound deposition.
The increase in sputter rate is 2 to 4 times higher than
25 that obtainable with the same device minus the manifold
improvement of the present invention. Prior art
techniques for directional deposition (e.g., not
utilizing multip;e guns or substrate rotation)‘have
achieved a uniform deposition on substrates of up to
30 7.5 cm in diameter by use of high pressures and low
deposition rates. When higher rates were achieved
uniformity suffered. The present invention provides a
technique for achieving directional deposition with both
high sputter deposition rate and uniform thickness of
35 the deposited compound (thin film) and is also useful in
the preparation of Josephson junctions.
Figure 5 depicts a Josephson junction (JJ).
Fabriqatiqn of a JJ may be accomplished by depositing a
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. An improved JJ .structure, shown in Figure 6, has
15 been demonstrated wherein the improvement consists of
the addition of an insulating film 61 between the
superconducting film 62 and the normal metal 63 in all
areas of the device except at the junction itself 64
where the superconductor and normal metal must be in
20 elect:iCal contact, and at the device contact pads.
Wifh this additional insulator'layer, electrical current
flowing through the device is confined to the _
superconducting layer, except at the junction, as
opposed to the case of Figure 5, where the current can
25 flow into the normal metal over a large area. All else
being equal, the device of Figure 6 will have a higher
resistance than the device of Figure 5, and therefore
.can generate a larger switching voltage. The device and
process of the present invention are suitable for use in
30 preparation of either type of JJ;

Compounds suitable for deposition using the present
invention are inorganic oxide compounds. Preferred
oxides are oxides of an element selected from the group
.consisting of T1 (e.q., T120, T1203, T1304, etc.), Pb

35 (e.g., PbO, PbO2, Pb304, Pb20, Pb203, etc.), Hg (e.qg.,
Hg20, H202, HgO, etc. }: As (e.qg., As203, As20s5, As204,
etc. ), Cs (e.g., Cs20, Cs303, Cs202, CsO2, CsO3, etc.), P
(e.g., P20s, P203, etc.), Li (e.g., Liz0, etc.), K (e. 9.,
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degrees 5 to the manifo p? ahe: T Hid Spornt T RY3r ofEFalr (R (&@-er
Of pne 11y, T CodfiaRgs Mradie MhCas: et oo Far ey §3Pe0, Fegiy contof od
g[)gﬁin_ngg P?The??e?ghii%'gﬁz'tb'f'g'r (%%?3205?%' céeo toéfe%légbdun a point of
the ring which ’ ' 203, etc.), Cu (e.g., CuO, CuOz, Cus0,
Cu403, etc.), Sr (e.g., Sro, Sr02, etc.), Y (e.g., Y203,
etq.)) 2r (e.g., 2r0z, etc.), Nb (e.g., Nb20s, NbO,
Nb203, NbO2, etc.), Mo (e}g., MoO3, MoO2, Mo203; Mo20s,
15 etc.), Ru (e.g., RuOz, Ruz, Rux03, etc.), Pd (e.g., PdO,
PdOz, etc.), Ag (e.g., Ag20, Ag203, Ag304, etc.), Cd
(e.g., CdO, CdOz, etc.), In (e.g., InO, Iny03, Ins0,
etc.), Sn (e.g., SnO, SnOz, Sn304, Snz03, etc.), Sb
(e.g., Sb204, Sb20s, Sb203, etc.), Ba (e.g., BaO, BaO»,
20 etc.), La (e.g., La203, etc.), Ce (e.g., CeOa, etec.), Pr
.(e.g., P;203, Prbz, etc.), Nd (e.g., Nd203, etc.), Sm
(e.g., Smz03, etc.), Eu (e.q., Eu203, etc.), Gd (e.q.,
Gdz03, etc.), Tb (e.g., Tb203, Tb407, etc.), Dy (e.g.,
Dy203, etc.), Ho (e.g., Ho03, etc.), Er (e.g., Erz03,
25 etc_.), Tm (e.g., Tmp03, etc.), Yb (e.g.} Yb03, etc.), Lu
(e.g., Lu203, etc.), Hf (HfOz, etc.), Ta (e.g., Taz0s,
etc.), W (e.g., WO3, WO2, W20s, etc.), Re (e.g., ReOp,
Re207, ReO3, etc.), Os (e.g., 0sOz, etc.), Ir (e.qg.,
Ir0z, Ir203, etc.), and U (e.g.,'Uoz, etc.). It is
30 understood that the oxides listed ‘above may contain some
portion of mixed oxides,.bﬁt are still within the scope
of materials useful in the practice of this invention.
Preferred compounds suitable for deposition using
the present invention are superconducting compounds;
35 Various types of superconductors include the following
categories: REBaCuO (RE=Y, Nd, Sm, Eu, Gd; Dy, Ho, Er,
Tm, Yb, Lu), T1BaCaCuO, T1PbSrCaCuO, BiSrCaCuO,
HgBaCaCuO, LaSrCuO, LaBaCuO, BaBiPbO, and BaKBiO, where
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P es, preour Qgﬁﬁz’“gﬁggfgg Moot e S osBeniatarc g ronine 1 ng
_shomm in ’ 3, 203, NdGaO3, MgO, SrTiO3, LaRAlO3, glass
and othe;s. Substrates larger than 1 cm square are

15 appropriate for use herein, preferably greater than 2 cm
Square. The term "substrate" as used herein includes
substrates having an intervening layer between the
substrate and deposited oxide. Aan eiample of such a
layer is a buffer layer.

20 The process of the present invention can be used to
deposit distinct compounds sequentially. For example,
especially preferred is the deposition of cerium oxide
as a first layer and a Superconducting compound as a
second layer on top of the cerium oxide. Alternatively,

25 a first layer, such as cerium oxide, can be depbsited by
conventional techniques, and the superconducting
compound depbsi;ed by use of the'device and process of
the present invention. '

The device and process of the present invention are

30 useful for deposition of thin films of inorganic oxide
compounds. The films can be superconducting, o
semiconducting, conducting, ;nsulating, ferroelectric,
or films for optical coatings or wear resistant
coatings. Superconducting films are used as componénts

35 in m;crowave and millimeter wave devices for electronics
and communications. Examples of such devices include

delay lines, filters, phase shifters and Josephson
junctions.



11 Figure 4Ais that it has the flexibility to allow such

optim zation. It is desirable for the gas flow through the

mani fold to be symmetrical. Preferably it is 5 symetrical around a pl ane,

sai d pl ane being defined by a first line perpendicular to a target

surface at the center of the target dRd a second. line perpendicular to
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and process of REUPPSRARLET, (3600RePositbiony iSkatem fromsLefbald ai ni ng a,

3"”‘3; nat l) gn of ﬂehlég@logiessguid.er 1de|topsst;1§me.,ir %ﬁi?gﬂau??%’ési%rf%%“?ﬂan o5
tﬁgt obtaiHg%letggtﬁéégéféggnfa géfgéeﬁﬁﬂégm?ﬁg§ﬁéﬁiFBPBber' inp?ovenent of
the present inventioh. th¥ge dincly 1(7.62 cwlkiviapster pladaresbgmadtordeposi tion
cchieverl o i (pLpdEpont goorSyrerr Al UGy S0 RO s et
by use of high Bresetires n¥asoRes oned such that the top of its _
dark space shield was about 0.5 cm. horizontally and
15 1 cm vertically away from the closest edge of the
silicon wafer and that the plane of the target formed a
75° angle with the substrate surface. The target was a
7.34 cm diameter x 0.48 cm thickness YBazCu3z07 ceramic
target bonded to a Cu cup (SSC Inc., 18916 North Creek
20 Parkway, Suite 110, Bothell, WA 98011).
A piece of 6.35 mm OD., 0.76 mm wall thickness soft
Cu "refrigeration" tubing (Muellér Brass Co., Fulton, '
MS) was bent into a gas flow ring of the form shown in
Figure 3. The upper section 31 of the "ring", had an
25 inner diameter of about 7.06 cm, just larger than the
opening of the dark space shield through which the
target was gxposed. Because the shaping of the gas flow
ring was done by hand, it was not a perfect circle. The
- function of the lower section of the-rinq was simply to
30 provide symmetrical gas flow to both sides of the iing.
The structure was .completed with a Swagelok "1/4 inch
(0.64 cm), Tee" fitting 32 (Swagelok Co., Solon, OH
44139). - - : '
A number of holes were drilled with a #54 drill bit
35 (1.30 mm diameter) into the face of the ring. At . the
top of the #ing and centered left to right, 5 holes were
positioned approximately 1.1 cm apart and facihg
directly out at about 90° to the plane of the ring 33.
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an i nsul ating 1] L 6n poramber, (MBS B e aRIRkRN L Priprsaines e { ho
normal et al E#*#B | forr (1.33 x 10-3 Pa) with a cryopump (On Board
system by CTI Cryogenics, 9 Hampshire St., Mansfield, MA
02048) . Gas flows of 280 scem (standard cubic
centimeters per minute) Ar and 280 scem O2 were admitted
15 to the chamber, via MKS mass flow controllers {MKS,
6 Shattuck Rd., Andover, MA 01810) and the gas flow
ring. A variable throttle valve was used to set the
pressure at 150 mtorr (19.95 Pa).
The target was first "presputtered" to remove
20 'contamination from its surface. The sputter gun was
supplied with 50 W DC from a power supply (model
RFX-600, Advanced Energy Industries Inc., 1600 Prospect
Parkway, Fort Collins, CO 80525) generating a self-bias
of =72 V (with RF matching network and ATX-600 tuner,
25 Advanced Energy Industries Inc.) and run for a few
minutes. Then 75 W of DC power were supplied to the
~ sputter gun with an second power supply (model MDX-SOO,
Advanced Energy Industries Inc.). A shutter beneath the
silicon wafer was rotated to the side and the deposition
30 proceeded for 120 minutes.
s - After the deposition, the silicon wafer was removed
from the chamber and sent to the University of Arizona
(courtesy of Prof. John Leavitt, Department of Physics,
Tuscon, AZ 85721) for compositional analysis by
35 Rutherford Backscattering (RBS). The deposition rate of
the film, measured at different positions across.the
substrate, is given in Figure 7 in nm per minute (the
flat was positioned ¢losest to the sputter gun).
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present inventidrittedsatt tabt ebditdronusﬁ ithe36hagisep afrih |9<ar3 eho@i t her type of
JJ. 5 undq- [ o] [ n es
Gaargundensy 4801 d QY %%B gé& AR OA ¥ £l B BDRE soi dos of

i nvention are Aslel %—?‘Fcﬁgil de conpounds referr
an el enent sel & é:d hicknesses, candi therrfare T.Ixe( ergor 120, T1203,
T1304, etc.), Mhe3Tatefe. gouldle Wtab@érlapiféﬂmade‘ﬂr]z g et cN%te Hg

(etecg) " Cs, ([eegjrdhatgef?l Le g?r err [8%??93f l}ﬁn %Ph%rfgrﬁ‘cee”(e g.,
C[err] [err] en Lf:he gpos | ragecclos« . gn,d far from, the
13 [eld], g6@ f&QZthetaeﬁosﬁqo&xeuatho{l@f&l

,f &L RoC2,
etc.), -Se (e.qg. <) Z err}h Lerr],
crc). S (oo IR, 065 uh ok sifg: ks sl derence (8! yons (unar |
[err], etc.); Bef@@tgr oBero BAGEB thet everady depositlon rate (average
of the five data points) is more than twice as high
. (Figure 7).
15 EXAMPLE 2

A three inch (7.62 cm) diameter silicon substrate
was positioned in the deposition chamber as in
Example 1. A three inch (7.62 cm) diameter planar
magnetron sputter gun (Leybold Technologies Inc.) was

20 positioned such that the top of its dark space shield
was about 2 cm horizontally and 1.5 cm vertically away
from the closest edge of the silicon wafer and that the
plane of the target formed a 72° angle with the
substrate surface. The target ﬁas a 7.37 cm diameter x

25 3.18 cm CeO3 ceramic target bonded to a Cu cup
(Superconductive Components, Inc., 1145 Chesapeake Ave.,

- Columbus, OH 43212)

The copper gas flow ring of Example 1 was attached
to the dark space shield such that it lay flat against

30 the dark space shield with the holes facing away from
the target.

The chamber was first evacuated to approximately
1x10-5 torr (1.33 x 10-3 Pa) with a cryopump (On Board
system by CTI Cryogenics). Gas flows of 280 sccm

35 (standard cubic centimeters per minute) Ar and 280 sccm
Oz were admitted to the chamber, via MKS mass flow

controllers and the gas flow ring. - A variable throttle



. 0. O etc.), Al (e.g., [err], etc.), Si (e.g., Sigerr],
gio(gtg.j,wgCa (e.g.? CaO,(etc.), Sc (e.g., [err], etc.), Ti (e.qg.,
TiC[err], [err], etc.), V (e.g., [err] VO, _ VO[err], etc.), C (e.g.,
CJderr], GJerr], [err], etc.), M 88 MO [err}], [err],coo.
MQJderr], etc.), Fe (e.g., FeQ [err] [err], etc) Co(eg, )
[err], [err], etalye has used(tfb Get Nh@pL@éé\lre S&O#P}: etc)
Cugerr], [err],(19 t95 %g{ etc.), Sr (e.g

Nb (e g., [err] NbO
(e.g., Y203, Zr (e.g., ZrQer.r] etc ) b (¢ er A
[ate(r:r] NoQ err], etcThe tlrget gias Mi%ﬂ"brg%%ﬂt?éfég S E]emgd% I, PdCR.

.); Ru (e.g. coEHQR?ﬁ &io L 8 $r£¥% e Qq§jspugte€eggn wagl0o, CcdCe,
etc. g ’ 'f‘% Eg g : upggﬂ{iiﬁqﬁq?@r gpoﬁtom a m:Zmex.) supplye (fode5NO, SN er r] ,
[err]1 [err], EREX¥606$.Advandea ﬁnerE?r idu£§¥ % I%gr?]gaetc Pl gg ? " Pr
(o PELrT] ) A asbtad i SR bt om0 (.o,

[ er r] " etc. ), EAT tl[lmfrr.] ,Ad&anc):d ﬁiﬂef@ QIndustrieEef[ﬁJ:z) Qrﬁi )run[ err]
(e.qg., [err]; [fbi‘]thﬂé@y )mingr';egedg]l:in? wrbié e”é]nh %hct%e}f %as(e g. :

[err],
oo 3: = (f00 ?EI"S‘E‘;J %rtﬂ -28133') M shwift@x beneakh The (silicor err],
G1C)! W(e g, ihervds Mated to[ene]swé Gl $He aspgsnﬁ?%qqe;; [] lerr],
[err] EﬁgBU ?tﬁrgce% G‘fo(} ,1)8[)erH) T'Etc ,unders'rood that the oxi des :
Fi gt)ed above may con® stél@edepospbimprtm smmednowaﬁleﬁ wﬂltregdo?ﬁ?telnl ! on.
P ferred SCOpﬁrc()jm tlfé‘ tdmﬁﬁér‘bg%ﬁ%g%%é#lﬁdo%htﬁgﬁngvg %) R4 nventi on

ahl e

Z 2f glrjg):(rjconduck‘| 3 SUI n§Eof3slagyy delntyres Bepenlpmm:oruﬂjctors |ncI ude

the fol | ow ng_ Physﬂaamgmwsesn. REBS3 ) HiezY cohiflo §E'l Ca @HQéssB%J
Tm Yb, Lu), Wg%égg§§§%§jqﬁ BgI S{R%%?JO The depositlon rate of
LaBaCuO BaBi Pb% % ilm, measured at different positions across the
substrate, is given in Figure 9 in nm per minute (the
20 flat was positioned closest to the sputter gun).
Figure 10 is the film deposition rate for a sample grown
under the same conditions, but with the gas admitted at
the bottom of the chamber (no gas flow ring). This
‘deposition run was extended for 300 min. so that the
25 film thicknesses, and therefore the error in the rates,
would be comparable (approximately 6%). Note that there
is a factor of greater than 2.5 difference between the
deposition rate close to, and far from, the gun for the
deposition without the gas flow ring (Figure 10). With
30 the ring, this difference is less than a factor of 1.4
: and the overall deposition rate (average of the five
data points) is almost twice as high (Figure 9).
EXAMPLE 3 _
Step-edge SNS Josephson Junctions (Figure 5) were
35 fabricated in multiple positions across'a 5 cm diameter
substrate by the following process.
First a 5.08 cm diameter yttrium stabilized
zirconia (YS2) substrate'(zirmat,,N. Billerica, Ma



14 -1t is understood that said categories include conpounds I n

tions that do
which there are. linited anounts of el enental substitu .

not substantially change t he . nature of the conpounds. Particul ar
conmpounds suitable 5 for use herein i.nclude: [err] (x=0 to 0.5; RE=Y, .
Nd, Sm Eu, Tm Yb, Lu);19 [err] wherein n=1, 2, 3 or 4;

[err] wher ei n n‘”l'i%zz "@SOF%WG "it}[eﬁfrJJZQ/me!r thickh=file ofort i8ansae. 10
'[err] wherein Q. R2um3Az 5206 positIWRSphdt8gestit a@*(fel %& Eggahgsthe

' esllcon ttriumsta ZI'f CONnt a
Gars, Li querFﬁ“ﬁ‘*{ P! BRAHESr by Bpmeruiien W {00838 giamowas and
ot hers. Subst r airRdn maged Dhahhd sanrslqualtetlaoeo iﬁm m}pr:g@prsbete tRE use’

[ e n ugre. substrate" as
Bgregl Eergrrﬁsrerr?fuﬁsw s Egﬁggt %lfitge{sTil havrgr?ggaﬁér n%s g'l‘lea%?a%et ween
t he subst ra{é"‘?‘&nd’eaé%s??e‘ae Fampvedawesg aexpesex ts:ucw aight at ayer is

a buffer |ayer.aR@ntensit¥hef passas oo nb?@m@resﬁ{%réagxéggt PQQ can be used
L pecr a oPorh ek RIDRUAE SRRt oo e, EEThesccors v o
| ayer and a Suﬁ@gb&wd§§p|ngoCrgmnxﬁuthasphotoresSﬁtxﬂhid WAl efPosép of the
cerium oxi de. Ald @wWalgHe.Y:The exposed areas of the Ti film were then
etched through by Reactive Ion Etching (RIE). The RIE
system (C71/3MT by Cooke Vacuum Products, 13 Merrit St.,
Norwalk, CT 06854) was a conventional 13.56 MHZz,
parallel plate reactor with the power applied to the
15 bottom electrode (RIE mode) . The sample was etched at a
DC self-bias of -50 Vv, a substrate temperature of 30°C,
a Qas flow of 5 sccem SFG, and pressure of 60 mtorr
(7.98 Pa). The chamber pressure was kept constant
throughout the etching cycle by varying the pumping
20 speed with an automatic throttle valve. These etching
conditions provided an anisotropic etch profile with
extremely smooth sidewalls. The remaining resist
masking the Ti film was removed with acetone.
The pattern éomprised seven die and two test
25 squares. Each of the die areas was divided by a central
step; one side was low, the other was high. The pattern
was transferred into the YSZ substrate by standard Art
ion beam milling through the Ti mask. The ion milling
system (Millatron by Commonwealth Scientific Cop.,
30 500 Pendleton St., Alexandria, VA 22314) was operated
with gas flows of 6 sccm Oz and 6 scem Ar resulting in a
pressure of approximately 2 x 10~4 torr (2.66 x 10-2 pa).
The 400 eV ion beam was incident on the water-cooled
sample-at a 45° angle and for a time of 18 min. and
35 20 sec. The remaining Ti mask was then removed by SF¢

" RIE. The depth of the steps milled into the YSZ was
120 nm.



[ | ayer, such as cerium oxide, can be deposited by _
%gnvgnzzgzgl tgchniques, and the superconducting conmpound dep05|t$ﬂ by
use of the device and process of the present invention. : e
devi ce and process of the present invention are 30 wuseful for deposition
of thin films of inorganic oxide compamnds. The filns can be
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EXAMPLE 1 5 Dbottom thrssppomththe. 62fen) dihwTwie@h1SklngUhsulst rate
has. Bl aced,  pol L oneck ey T8 SUMARKER Flon the, top S8 e cratiRy havi ng 1 our
\évan;I Iol ?ggs P "3 &??ﬁe %@oﬁﬁ?@siﬁ-‘}ﬂ@ﬁyﬁtm xber Lefbeldret al ring and

silicon substraIechnnkpgﬂesp&ndeﬁ f{gﬂ]the tophgglggles lxgcuug&ghgggerﬂd
0 G
oo g e oo Yo %{at é" ggt?ﬁ?g"??ﬂ: St E¥BLERERE okngthe chanber .

| d, CT). such that 1
Enfie 0 (7.62 cm) diameter planar magnetron sputter guns and one

e-beam evaporation source (all from Leybold Technologies
Inc., 120 Post Rd., Enfield, CT). The "CeO2 gun" was -
positioned as. in Example 2 and was equipped with the
same Ce0z target as in Example 2. The "YBazCu3z07—x

15 wherein x 1s 0 to 0.5 gun™ was positioned as in
Example 1 and was equipped with the same YBazCu3z07-x
wherein x is 0 to 0.5 target as in Example 1. The two
sputter guns were positioned approximately 90° from each
other ip the plane of the substrate. The e-beam

20 evaporation source was positioned at the bottom of the
chamber 24 cm below and 10 cm horizontal offset from the
center of the substrate. The e-beam source material was
99.99% pure gold pellets (Materials Research
Corporation, Orangeburg, NY) .

25 The COpper'gas flow ring of Example 1 was attached
to the dark space shield of the "!Ba2Cu3O7-x wherein x is

' 0 to 0.5 gun" such that it lay flat against the dark

space shield with the holes facing away from the target.
No gas flow. ring was attached to the dark space shield

30 of the “Ceoz gun." .

The chamber was first evacuated to approximately
4x10-5 torr (5.32 x 10-3 Pa) with a cryopump (On Board
system by CTI Cryogenics). Gas flows of 280 sccm
(standard cubic centimeters per minute) Ar and 280 eccm

35 02 were admitted to the chamber, via MKS mass flow
controllers and the gas flow ring of the "YBa2Cu307-x
wherein x is 0°to 0.5 gun." A variable throttle valve
was used to set the pressure at 150 mtorr (19.95 Pa).



A three inch (7.62 cm dianmeter planar nmagnetron sputter gun (Leybold
Technol ogies Inc., 120 Post Rd., Enfield, CT) was positioned such that
the top of its dark space shjeld was about 0.5 cm horizontally and 15
1 cmvertically away fromthe closest edge of the silicon wafer and
that the plane of the target forned a 2175[err] angle with the substrate
surface. The target faShytter iy fypontmafi ghet B¥Bx2@u308-g mhdredonasss| err]

ceranmc t ariyelo 00B8dgEnt O(4n £/ C 9 rtth Creek 20
o A RdTE roRECot 'Ene %%p?fggg(-) 5H7%) 3%%m op.

Par kway, Suite ]Oh%h gotahgl %l‘x VA '
0.76 mm wal |t hi tkiEEs 881 the taxget: uapr pesmet tared woi momoweel | or Brass
Co., Ful ton, coppminat bemt fiom dta gagrhbew Lﬁgm Putile BQB”%&@OV‘“ In f
Figure 3. The u 19841 ;9 q{ "ring" ad an 25 inner dianeter o
about 7.06 cm ﬁ??? [ ar gerE'ttlﬁéalon t?tect@romoﬁeﬂ‘?‘ﬁ%r JIURY dBPRedpace shiel d
through whi ch t REX~600; spdeanced EneygyedndBstalee Irie )shepepgt Dig tdie gas
fl ow ring waeldebtadyohans v LM% AP mt PS{dP HetWolk! Sig T, S
. a fo) Y . —
function of thet#_‘})l roR§sLion t(he_ ring was si r%l ftt g'igoan%r%& RPo
symretrical gas SPRo t BOTRRFE igy@g-‘ggf Ipdistrigs Inc.)Thadsruncfor cems
conpl eted with BiBRkge okThel/shutkelr in ££6n6%f Hhe FaBataiding 32
(Swagel ok Cpo, SakesinCHd 44199 e WI0S! of 01 gs ner e
wag , inQd is 0 ? " | -
drilled with a #54 dril] bit 35 (1. 38°mmief dmtery o880 tfRe% e of the
: u r-in #ﬁ? - n - '
ring. At the F B of™ t 1P r?& fhe cgﬁrii’é%_!‘"l &R8 openegiand XHeol es were
885| ti oned aﬁpranrgateiqus ]pﬁea_;ﬂit&légéa 280rémsid Gont amdhh€ELA Ve 1§l about
[err] to the Qh?@SCQ. tfﬁérgﬂ%lt%f'gun was supplied with 100 W DC
from a power supply (model RFX-600, Advanced Energy
15 1Industries Inc.) generating a self-bias of -143 V (with
RF matching network and ATX-600 tuner, Advanced Energy
Industries Inc.) and run for ten minutes. The shutter
ip front of the "CeO2 gun" was then closed.
Ne-xt‘ the shutter in front of the substrate was
20 opened. Two quartz halogen lamps (1500 W, Ushio America
Inc., 60 Walnut Ave., Clark, NJ 07066) were used to -
radiantly heat the YSZ substrate (by the method of
DuPont patent application CR-8928-B). The temperatures
noted in this example are the temperatures recorded by a
25 K-type thermocouple located in the vicinity of, but not
touching, the quartz heating lamps.
The tgmperature was ramped to 800°C at a rate of
15°C/min. When.the temperature reached 800°C, the
shutter in front of the Ce02 gun was opened. The
30 throttle valve was opened to lower the pressure in the
chamber to 108 mtorr (14.36. Pa). The CeO2 gun was
operated at 100 W RF (~154V self-bias) for 60 minutes.
The substrate was rotated during ‘the cerium oxide
deposition.
35 After the CeO2 deposition, the temperature was
' ramped at 15°C/min. to 890°C. While the temperature was
being adjusted, the Ce02 shutter was closed and the
YBazCu3O7_-x wherein x is 0 to 0.5 shutter opened. The



16 . On each side of the |ower sections, another 5 holes were
positioned approximately 0.9 cm apart, extending from close to the
bottomof the ring to md-way up the side 34. The holes were drilled
such that they point toward 5 the center of the ring and facing out at
about 45[err] € %gl ative to the plane2@f the ring). The copper ring
was attached t o PRETHET kWAL &ashrerdivated ttmtgive |aapressuré|@£ agai nst
the dark space éﬁpemaothmsm lrah esnf agb ”&hamber ég{;&é he target as in
o 8

shown Figure 2. ydPatio rt‘k‘\ gL as |rst evacuate ¥ oxi mat el y
| x10[err] torr g . 33 xn-wl err go?f&n fpd L ﬁma@@amw such system

by CTlI Cryogeni £82tothe dniah sddst of thassétép din M%ch dieogggsélzo ?a:s t__f | ows of
280 sccm (st&ndahel EB&&@:;;O—;_,: vﬂ@l@iﬁe&ﬁ/&% 8e£0r§1 ng e 8 e (q\sﬂc@im [err]

were adm tted 1§ % wa cl\%;arrbeg_f Vi a nmass
6 Shattuck Rd., Andoversy NAOT:&h8) YBaefuaty-gwhetedn x is 0i tg. oﬁsvarl abl e
throttle val ve §@8resed Reranae ibewas diff RSy %oakeé59hg1ﬁtt§% 495 Pa).

The target was £héSgubdd ut e to remove 20 contam Bmits
surface. .The spyiter guz%%% bfte gafﬁf) ‘ﬁ%d"\ﬁa@i’ﬂ%dv@mmmi@ape\lm
supply (rmdel RFX- 600, Advanced Energy Industrl es Inc. 1600 Pr ospect

Par kway, Fof& Col | i enceC@MR0T2mpegabrat wdlg a} E@ﬁ 72 V (with
RF mat chi ng netmllgeﬁpq( ,ﬁx GQOT{% %eéﬁy 25 A vanceg ergfa}zﬁél'ﬂg?ﬂ es Inc.)
and run for a few 2 Afisrioncwaswetanked. S\§epleneg-t 0 t he
spgtter gun wi tj;li% %@%nefpbqepomnpp*ere( rm@puliy@&éog%e sp ut@g_\éaggﬁddEnergy
| ndustries | nc.yithA & lyelcoas t was rofated to
the side and th.ﬁ,t eqo tdl on r%"é@?eo"“f’ Fi %Qn?% ddvanced After
the deposi tion H Vs BBHr "?r\ds gemesatdng a self bias of -140 V

and a current of O 547 A. The deposition proceeded for
102 minutes.

At the end of the ¥BapCu307-x wherein x is 0 to 0.5
deposition, the gas flows were stopped, the valve to the
cryopump closed, and the chamber backfilled to a

20 pressure of 200 torr (2.66 x 104 Pa) with oxygen (over a
period of two minutes). The temperature was then ramped
down to 150°C at a rate of 5°C/min. At that point, the
heaters were shut off and the chamber was pumped back
down. The e-beam source was used to evaporate a 200 nm

._25 thick gold film. At the end of the gold deposition, the
temperature was approximately 90°C The chamber was
again backfilled with oxygen and allowed to cool.

The wafer was then removed from the deposition
chamber and patterned by a standard bi-level photo-

30 lithography process and Art ion beam milling. The bi-
level Process began with coating the wafer with KTI 496k
molecular weight standard polymethyl methacrylate (PMMA)
at 9% solids (oCG Microelectronic Materials Inc. .

3 Garret Mountain Plaza, W. Paterson, NJ 07424). The

35 thickness of the spun-on film was approximately 1.2 pm.
The PMMA was cured at 170°C for 30 min. in an evacuated
oven. The PMMA was then coated with AZ5214 positive
resist to a thickness of 1.4 Mm. The resist was cured
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. he chamber and sent-to the University of ‘Arizona . (courtesy o
E?gPTtJohn Leavitt, Departnent of Physics, Tuscon, AZ 85721)TL0r

conposi tional analysis by 35 Rutherford Backscattering (RBS). e he
depositi'on rate of the film neasured.at different positions across
substrate, is given,in Fegqre7|n nm pef/~m nute (the flat was
positioned cl 0s&8t215 ¥hICFuEPEr 25unin. The areas of the resist to
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methacrylate was developed in toluene for 4 min. art
ion beam milling at an oblique angle (75°) was used to
transfer the pattern into the gold and YBazCu307-x
wherein x is 0 to 0.5 layers. Two point resistivity

15 measurements were used to determine when the YBazCu3z07-x
wherein x is 0 to 0.5 layer had been completely removed
and the devices therefore isolated.

The photoresist and polymethyl.methacrylate were
removed by a 3 min. oxygen plasma treatment in a YES

20 CV—lOO'plasma system (Yield Eﬁgineering Systems, 2119
Oakland Rd., San Jose, CA 95131). The plasma system was
a conventional 2.45 GHz barrel etcher run at 500 W power
and 1.2 torr (160 Pa) pressure and a substrate
temperature of 150°C.

25 The wafer'was then coated with polymethyl
methacrylate and positive photoresist as above except

- that the resist was Shipley 1400-37 (Shipley Company

Inc., 500 Nickerson Rd., Marlboro, MA 01752) and both
materials were spun on at 2,000 rpm. The wafer was then

30 . diced and the coatings removed with acetone and
isopropyl alcohol.

Individual die were mounted in a test probe and
electrical properties ﬁere measured at 5 K. The
¥BazCu307-x wherein x is 0 to 0.5 film was

35 Superconducting; test lines on the upper and lower
halves of die #3.3 had critical currents of 15 ma and
11 mA, respectively. Figure 11 shows the non-linear
current-voltage characteristic of an 8 pm wide SNS



was positioned in the deposition chanber as in Exanple 1. A-three inch
(7.62 cnm) dianeter.planar magnetron sputter gun (Leybold Technol ogi es
Inc.) was 20 positioned such that the top of its dark space shield was
about 2 cmhorizontally and 1.5 cmvertically away fromthe cl osest
edge of the silicon wafer and that the 24 plane of the target formed a

72[err] angle wt. ] S t fage. e_target a 7.37 cm
di anmeter x 25 wga,i%g{% &&“e?’?f’ %%&%rﬁ?%é‘t a(r;xglgt Zgb’ﬁ‘a‘é f% ‘?é& cup
(Super conduct i VBRI ¥rishehs fupreion 1afithehaodsagreinvidV, The IeBhunbus, OH
43212). prodilet GUIPehigagetiow 14 bRk Miagple 1 was attached to
the dark space shield such that it Iawﬁﬁgai nst 30 the dark space
shield with the holes facing away fro ‘target. The chamber
was first evlacuat ed Am jaypraveidnBtepyedge SNSl Pozephsbar Jufdt Sohsx ik0[ err] Pa)
with a cryopunpefiSh; Baal % I LCS) Sl ows of 280
sccm 35 (standar d.%:ubl cdjggnﬁu%tié?g yeﬁﬁnioﬁgé)ggggga%dszﬁds%@ﬁ%r Jerr]
were adnitted t3UpHeratimbyer, PrrgeakSlar towthat efriiramnler 3 aidht he gas
fllow ring. A \éathabécm:tdirdﬂ bifeca gas flow ring a_ttached(to the Ce02 gun 18
val ve was-use t ol recsat 150..7t.0rr . 9. 95 Pa).
The target was I?Crls e‘pré’s"%&??éir{egf {% & %@nal ceeﬁr&laaYrﬁ?ngﬁggﬁef‘rom its
surface. ThE spthe c¥Bapins@asc wherein x is 0 to 0.5 and the gold layers .
as shown in Figure 6. The gas flow ring allows the

uniform and dj_.rectional deposition of the CeO2 necessary
to form the structure of Figure 6 over large areas.
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the sputter gunpollow ggs flow I@nglﬁePPFFHQfé&fbﬁetﬁ“@ﬁnr’ébé for a sanple
grown - undersubberatecasdritid itargetbhaving hat h&a@&s oﬁém_;&is eth Bdt the

bot t f th
egt e(rjlglneg f'orGBS%%@)gE wg?ﬁatfm{ oq‘%l n%fen;{%}l Rei g ssé'? zﬂgia;)ﬂ%?rg‘?ore t he
error in the racsdflet opening nrsitdepedabbedixest dbiengasl $16%)awapt e t hat

tj here t l so? fﬁlﬁinothéftélfge;’é ]ghrnct '1%”t%e5d§|k&f:@{&{"2ff l%ﬁh\'\%ﬁﬂsw&et,
eposition rate close an r osition
without the gas flow I2I nngl i #%WP‘H gd"q"?rt?énr Fﬁﬁ ’“?Plfg&cﬂ fif%er ence
Is less than a mﬁ(qﬂ-ooédlclloser tandhehtavget st hardagposhiei snbsttatd aver age

of the five oqt%awﬁ%ﬁtéﬁeléo@m ﬁkws%éscaéym ?’g} gure 9).
EXAMPLE 3 St ep- edge SNS“Josephson Junctions igure 5) were 35

fabricated in nultipl @ -posie |4ﬂY§°&CP§S§1§i‘5 ¢ hazeke; he manifokd rif e by
the fol |l ow b pposdsioned adjacert ot adddSiRScemtLitanAler tybt spupt st abil i zed

gun's dark space shield and around the opening through
_which the target is exposed such that the manifold's
plane is parallel to the target surface.

4. The device of Claim 1 wherein the outlet

20 openings are positioned on the surface of the manifold
facing away from the target. .

5. The device of Claim 4 further comprising
screws or flexible nozzles fitted into at least one
outlet opening to block gas flow or to direct gas flow

25 respectively :

6. The device of Claim 4 wherein the manifold
outlet openings are positioned in two groups, such that
the openings in the first group are positioned on the
surface of the manifold at from about 80 to about

30 110 degrees to the manifold's plane and the openings of
 the second group are positioned on the surface of the
manifold at from about 30 to about 60 degrees to the
manifold's plane, said first group of openings being
separated from said second group of openings by a

35 discreet distance. .

7. The device of Claim 6 wherein the first group
of openings are positioned at about 90 degrees to the
plane of the manifold, and the second group of openings



zirconia (YSZ) substrate (Zirmat, N Billerica,

19 01862) was coated with a 120 nmthick film slm‘“ﬂ M;lml“l“‘ A 0.5
[err] AZ 5206 positive photore5| st (Hoechst Cel ane Mei st er
Ave., Sonerville, NJ 08876) fil mwas spin coat ed on the sanpl e at :
4,000 rpmfor 30 sec. The 5 resist was @fed in air at 90[err]C for 25
mn. The areas 2are posithenedsitstabiomtb@sr aegyeds s arxpAsed be HY.!ight at
an intensity of pahQybi1400 mi/cnferr]. The sanple was I mMmersed in AZ
422M F devel oper (Hoechst Cel anese Corp.) for 60 sec. to renove the
phot oresi st that was ScpotR) device O Cilghm. 1 Wierednpatedmanessi®dfig he Ti
filmwere then -in thet Sh@ﬂetdﬂf AHb1GWREARLLYE Hm% Etching (RIE). The RIE

system (C71/ gMI by Co acu(jég} Pr od%cts 13 Mer Norwal k, CT
06854) was a conventi onal ie, © aim 6 aﬁ*}%lleiﬁl éilé mentfald vsust h t he

pover applied t dn helshabetehm doddowodantRE mfbe)and hersaamt

etched at a 885 o Pi 0 str erature 0

30[err]C, gp@ﬁl ? WPO?% qfsl(fg% gggus gdg OBBd; @ peint

(7.98 Pa).. The c?ﬁ’aﬁgg \A@s%eﬁes'%mtm centert bfoagrmsathe

et ching cycle bwwaryhhghtd@wﬂwwngm s668¢ aMd Qn@nogah '&fh W, O]Et:e
ch profile

wth TZif?eﬁiﬁF%bEﬁo%r%“é"%@ SeRESBHOPER 1f Mplngops the ThiKI ng L ho
Ti filmwas rem¥éghwis nfurtheaste away from thd heenqairt @fnatoabsd sgshseven die
and two test which deposition will occur.
10. The device of Claim 1 wherein a gas flow is
provided throughout the manifold symmetrically around a

15 plane, said plane defined by a first line perpendicular
to a target surface at the center of the target and a
second line perpendicular to a substrate surface and at
the center of-the area over which deposition will occur,
provided that said two lines intersect.

20 11. The device of Claim 10 wherein the openings
.are positioned symetr:.cally around said plane.

12, An improved process for off-axis planar
.magnetron sputter deposition wherein the improvement
comprises use of the device of Claim 1. }

25 13. The process of Claim 12 wherein the compound
is a superconducting compound selected from the group
consisting of REBazCu307-x, wherein x is 0 to 0.5 and RE
is ¥, Nd, sm, Eu, Gd, Dy, Ho, Er, Tm, Yb or Lu;
T1BazCap-1CunO2n+3 wherein n is 1, 2, 3 or 4;

30 leBa2Can-1Cunozn;4 wherein n is 1, 2, 3 or 4;

- T1lo,.5Pbp,5Sr2Can~-1CunO2n+3 wherein n 4is 1, 2 or 3 and
HgBa2Can_1Cun02n+2 wherein n is 1, 2 or 3.

14. The process of Claim 12 wherein a
superconducting compound is deposited over cerium oxide

35 15. The process of Claim 12 wherein distinct
compounds are deposited sequentially



' 25 squares. Each of the die areas was divided by a central  step;

one
side was low, the other was high. The pattern vﬁ ﬂ”@ﬁlﬂﬂ"ﬂ(’“ to the
YSZ substrate by standard Ar+ ion beammlling Al L il lIsk. The
ion mlling . system (Ml latron by Conggnweal th Sci entific Cop.,* 30 500

Pendl eton St., Al exangg i V. 4) operal e with gas flows of 6
sccmJerr] and 6 scc% A?n}eeéuﬁ%t%lééé Pﬁﬂghfm ﬁé&'selfreénof’eﬁfﬁ‘ﬂf‘d%ﬁ?ﬁ ely 2 x
~10[err] torr (21669%Pedivedns a firBihelaporernd an sparcoadubtchglent on the

water-cool ed  compBBhe £ depbyi8'ed a8N9! etk fYved time of 18 min. and 35
20 sec. The renaini rlg Tiqr}r’]rgs{g&was tﬁgngrg?mved )ga;yeg% RIE. ‘The depth
into

of the stepssm' lled i mprovedsprocesy fqrnthe formation of step-

20 Af edgedejunctiormedy Bpateten@eSedh t 5P comp-idh f and

exposed to a 10oW¥ Phe D&Y e%ﬂzcﬁ_'a? n'&ng process, the * Ygga!lseub%ﬁer ate
1N

was pl aced, patterned _side down, 0"& stai nl ess steel ring having
four small tabs at tf#&8. The pyocesst of sCGhpom t12 v WAf eheredmerhgt al ring
and YSZ subabstreteel greaRerdetah’ Pnah ,Oof a vacuum chamber.
(L560 Deposition Systlgm I?[om Leﬁbol d - Techhol ogies Inc.). - The
chanber was equi pped wi t FASWETPAPEE Phicthe (Praeessoofnflaimmt? @ gi7anar
magnetron sHtter guns and one e-beam evaporation source (all from

Leybol d Technol ogi es



lnc., 120 Post Rd., Enfield, CT). The "CeQ2 gun" was positioned as in

Exanpl e 2 and was equi pped with the sane CeQ2 target as in Exanple 2.
The [err] 15 wherein x is 0 to:0.5 gun" was positioned as in- Exanpl e
1 and was equi pped with the sane [err] ' wherein x is O0-to 0.5 target as
in Exanple 1. The two sputter guns positi oned approxi mately
90[err] from each other in the pla the substrate. The e-beam 20

evaporation source was pdiiGH JIOW SASt MANDFOLDIPON HIGE RATE, Chanber 24 cm
bel ow and 10 cm hori zontal of f@@LA&&S%g@.&ER DEFS é.cir of the substrate.

‘The e-beam source material was ure go Sgl lets (Materials
Resear ch Cor poration, O angeburg, The copper gas flow

ring of Exanple 1. maémaﬁmﬁrheﬁh devide Eb& Qifkaﬁfﬁuﬁhéﬂaﬁﬂdg Q%HEPg [err]

wherein x is such t hat , flat agal nst
space shield wit X t%%g Fe‘gfl?ia%lrr?g? s xﬁflﬁrﬁ’? yndsydaving aI\EP'g‘azen‘ | ow

ring was attach&3ne otﬁﬁﬁeﬁarwl!qimﬂeshgabdeﬂw méars@andCeREE6ShrHUN. "
The chanber was chamséreéiﬁéf@ir?%ﬂep 13RR60Eh eégmpnriseﬁ 12&,%&‘#0” (5. 32 X
r .

10[err] Pa) vvlt WChYO Boa System
fl ows of 280 scc mX gggffb&ﬁf%@r@dcbﬂtwm ¢the @erbsnrraueean@\rtmd 280
sccm 35 O &0r] tmgetaliawingedaﬁ Qealzt oRanyss. iniat Mia FRSSedlP VY:rbe

to 0.5

Con O o, S o h 0 pHSELE! ansa, oS Fadare ot *1”
ntorr (19. 95 Pa?osit oned to direct the gas flow away from the target
and in the direction of the substrate, and a process for
such deposition are disclosed.
15 '
FIGURE 2

20 .

25

30

35



21 A shutter in front of the [err] wherein x is 0to 0.5

gun" (also in front of the gas flow ring) was opened and the target

was presputtered to renove contam nation fromits surface. The

sputter gun was 5 supplied with 50 WDC from a power supply (nodel

RFX- 600, Advanced-Energy |ndustries Inc.)qgenerating a sel f-bi as of

-78 V (with RF mat chi ng network and ATX-6 . tuner, Advanced Energy

I ndustries Inc.) and run for ten m nutes. The shutter in front of the
[err] 10 wherein x is 0 to 0.5 gun" was then closed. Then a ~ shutter
in front of the "CeQ2 gun" was opened and the target was presputtered
to renbve contamnation fromits surface. The sputter gun was supplied
with 100 WDC froma power supply Condel. REX- 600, Advanced Energy 15
Industries Inc.) generatifg a self-bias of -143 V (with’ RF mat chi ng
networ k and ATX-600 tuner, Advanced Energy Industrles In .) and run

for ten minutes. The shutter in front vas t hen

cl osed. Next theg shutter in frgn vas 20

opened. Two quartz hal oggn | anps (1500 W{ Inc., 60

Wal nut Ave., Clark, NJ 07066) were used td&&4&gl Yy adi antly heaf the YSZ
substr.ate (by the nethod ¢f - DuBgnt pateht application CR 8928-B). The

t enper at ures noted in this exang nperatures fecorded.by a
25 K-type thgrmocpupl e chated in t@Ew vicinilty of\, but not t ouchi ng,
the quartz hef | anps. : ¢ tenperature was ranped to, 800[err]C
at a rate of i y ¢ t &dpesat umd reached SP%E%J.Q the . .
shutter in frfo 4 pened.. The 30 throftl e al ve was
opened to | owe he pressyre in the § 108 nmtorr {14.36 Pa).
The Ce2 gun was operated at 10 54V pel f-bias) fpr 60 m nutes.

FIG.1A

ST S




The substrate was rotated during the cerium oxide deposition. 35

After the CeQ2 deposition, the tenperature was ranped at 15[ err]C/ m-n
to 890[err]C. Wiile the tenperature was bei ng adjusted, the Ce@2
shutter was closed and the _[err] wherein x is O to 0.5 shutter opened.-
The ' ' 8 22 throttle val ve was
readjusted to give a pressure of 1§6 norr (19.95 Pa) in the chanber
The substrate “rotation was turned off and the substrate aligned such
that the high side of the step in each die was closer to" 5 the Jerr]
wherein x is 0 to 0.5 gun; e.g., the step faced fmay fromthe [err]
~wherein x is 0 to 0.5 - source. Because it was dj cult to see the
pattern in ~ the substrat e, [HIHE giied by app? oxi matel y
10[err]. 10 Once the tenperatur s at-§[err]C, err]
wherein x is 0 to 0.5 deposition was started&SQeve - ve wattp of
DC power were supplied to the sputter gun W aNsecopppwer supply
(rmodel NMDX- 500, Advanced Energy Industries Inc.) #1hg a se|f
; 2 proceedpd,f or
410 0.5n"4

Cryopunp

bias of -140 V 15 and a.current 6547 A J The dgpos
102 ni nut es. At the end of the [eDr €ind
deposi tion, thngas fl ows were stopped, the ve to the

cl osed, and the .F[a@)‘er" Bckfi lled to a

FIG.2




20 pressure of 200 torr (2.66 x 10[err] Pa) with oxygen (over a

period of two mnutes). The tenperature was then ranped down to
150[err]C at a.-rate of 5[err]Cmn. At that point, the heaters were
shut off and the chanber was punped back down. The e-beam source was
used to evaporate a 200 nm25 thick golgsgilm At the end of the gold
deposition, the tenperature was approximately ‘90[err] C. The chanber
was agai n backfilled with oxygen and all owed to cool. The
waf er was then renoved from the deposition chanber and patterned by a
standard bi-|evel photo- 30 |I|ithography process and Ar[err] ion beam
mlling. The bi- | evel process began3@i th coating the wafer with KTI
496k nol ecul ar wei ght standard pol ynetk et hacryl at e ( PMVA) at 9%
solids (OCG M croel ectronic I\/aterlaISB Garret Mountain Plaza, W
Pat erson, NJ 07424). The 35 n-on filmwas
apprOX|nater 1.2 [err]. 70[err]C for 30 min. in
an evacuat ed oven. The P h™N\Z5214 positive

resist to a thickness of 1.4 The resist was r&d
23 in air at 90[err]C fgr The areas of esist to be
renoved were exposed to W lfight at an intensity of about31100

ml/cnierr]. The sanple was eve oper . (Hoechst
Cel anese Corp.) for 150 sed. r _ $i 3t exposed to WV
light. The sanple wag tfhen exposed to a | ow power [oqygen pl asnma

35

[

LY 32

FIG.3



("descumm ng"). The pol ynethyl nethacrylate in open areas (where the

5214 resi st had been renoved) was exposed using a collimted deep W
(220-260 nm source 10 at an intensity of 10 J/cn2. The exposed -
pol ymet hyl nmet hacryl ate was devel oped in toluene for 4 min. Ar[err]
ion beammlling at an oblique angle (75 6&:]) was used to . transfer
the pattern into the gold and [err] erein x is 0 to 0.5 layers. Two

point resistivity 15 neasurenents were used to determ ne when the [err]
wherein x is 0 to 0.5 layer had been conpletely renoved ~and the

devi ces therefore isol ated 9 je— The phot oresi st and pol ynet hyl

nmet hacryl ate were a 3 mn. oxygen plasma treatment in a YES
20 CV-100 pl asnma system “*@ Systens, 2119 Cakl and Rd.,
San Jose, CA 95131). S a conventional 2.45 Gz
barrel etcher run a .2 torr (160 Pa) pressure and a

substrate e of errn™NG %3 The wafer was then coated
hacryl ate an OSW\IT ye\ phot oresi st as above except
. h| pl ey 1400-37 ( Shi ¢ npany Inc., 500

wi t h pol ynmet hyl
t hat the resist

Ni ckerson Rd., M¥lforo, MA 01762) and O \nmaterials were spun on at
2,000 rpm Thef v@ffgr was then BO diced aNd tup coatings renoved with

acet one and { Jopropyl al cohpl . _ vidual die were nounted in
a test probe 3 el ectrical| properties re peasured at 5 K. The

[err] wherein 5 0to 0.5 filmuwmas 35 syipgrCopducting; test lines on the
upper and | owarQ hal ves of die #3 3 hadfcyig¢i fal currents of 15 mA and
11 mA, respect . Figure 11 shows e no kj ar . current-vol tage -
characteristic\of_an 8 [err] w de SNS N

FIG.4A

FIG.4B
W

42




24 junction fromthe sane-die. The current in [err] is plotted as a
function of the voltage in [err]. The [err] product for this device is
about 11 [err]. EXAMPLE 4 5 ~An inproved
St ep- edge SNS Josephson Junctlons IS fabricated in nmultiple positions
across a 5 cmdi aneter substrate by s?rocess simlar to that of
Exanple 3 with the addition of a gas flowring attached to the CeQ2 gun
and the deposition of an additional CeQ2 | ayer between 10 the [err] wherein
x is 0to 0.5 and the gold | ayers as shown in Figure 6. The gas fl ow
ring allows the uni form and directional deposition of the CeQ2
necessary to formthe structure of Figure 6 over |arge areas.

25 What is clainmed is: - 1. An inproved device for off-axis
magnet ron sputter deposition of inorganic oxide conpounds having a
sputter gun, target, substrate, gas flow neans and

Ko 27747774
54— -
53— /‘ |

52—

FI16.5

g?://////// |
62— AN\

FIG.6



5 encl osure chanber wherein the inprovenent conprises a hol | ow gas fl ow
mani fol d positioned between the substrate and the target having at

| east one gas inlet and at | east one outlet opening on the manifold,

sai d outl et opening positioned to direct the gas flow away 10 fromthe
target and in the direction of the substgyé 2. The device of
Claiml wherein the manifold is p05|t|oned closer to the target than to
t he substrate onto which the conpound is to be deposited. 3.

The device of Claim2 wherein the
gun'@’%k spage shield and a_round t he

"and in contact with the sputter

openi ng t hrough whi ch the téarget is ed such\that the manifold's
plane is parallel to the targgt surface. ' 4.\The device of daiml
wherein the outlet 20 openifigs are positioned on the urface of the

mani f ol d facing away frgmthe target. - " 5. Yhe device of daim
4 further conprising scfews or flexible nozzles fittyed into at | east

rospectively. o0 %6l Th0- 388 oo 30907 m OGRIBETY (e wan

the manifold
outl et openings are positidned in two groups, such that t he openings in

the first group are positiopned on the surface of thgf manifold at from
about 80 to about 30 110 d&grees to the manifold' s plafe and the openi ngs
of - the second group are wositioned'on the surface gt the mani f ol d
at from about 30 to about 60 Y% mani fgh d's plane, said
first group of openings being separ @ &98 r om said second group of

- openings by a 35 discreet dista . 7. e device of Caimé6
wherein the first group: of opent T I oned at about 90 degrees

to the pl ane of the manifold, and the second group of openings

FIG.7

0.196 0.243

FIG.8



26 are positioned at about 45 degrees to the plane of the

mani f ol d. 8. The device of daim1l wherein the manifold is

in the shape of a hollow annular ring. 5 9. The device of daimé6
wherein the manifold is in the shape of a hollow annular ring and
wherein the openi ngs of the first gppgip are centered around a point

on the ring which is closest to the center of an area upon whi ch
deposition will occur and the openings of the 10 second group are centered
around a point of the ring whi T ] t away fromthe center of

10. The devi ce of
the mani fol d
a first line
the target and a

an area upon whi ch depositi will occur. .
Claim1 wherein a gas flowis provi dede2 hr ougho
symmetrically around a 15 plZne, said plane defined
per pendi cul ar to a targgt surface at the center o
second line perpendicular t¢g a substrate surface and at the center
of -t he area over which depgsition wll occur,: proviyed that said two
lines intersect. 20 1. The device of C aim 10 whejei n.the openings
are positioned synetrically arogng9sai d plzpe. 1.77 12. An inproved
process for off-axis plana magnet ron sputter deposi §ion wherein the
-1 nprovenent conpri ses e of the device of daim1l. p5 13. The
process of Claim 12 wherei n\the conmpound

' FIG.9

0.594

0.827 1.08 0.873

FI6.10



kS a superconducting conpound sel ected fromthe group consi sting of

[err], wherein x is 0 to 0.5 and RE is Y, Nd, Sm Eu, &, Dy, Ho, Er,
Tm Yb or Lu; [err] wherein nis 1, 2, 3 or 4, 30 [err] whereinnis
1, 2, 3 or 4 [err] wherein nis 1, 2 or 3 and [err] wherein nis
1, 2 or 3.- 14. The process of (gg m 12 wherein a

superconducti ng conpound is deposited over cerium oxide. 35 15. The
process of Claim 12 wherein distinct conpounds are deposited
sequential ly. 27 16. The
process of Claim 12 wherein cerium oxide is deposited as a first |ayer
and a superconducting conpound is deposited as a second | ayer.

17. An inproved process for the formation of .step- 5 edged junctions by
sputter deposition conprising the use of the device of daiml. :
18. The process of Claim112 or 17 wherein the substrate is greater than
1 cm square. 19. The product of the process off daim112 or 17. 10




