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MAST8
AB_RACT

A status report ts given on the metalorgantc chemical vapor deposition
films. The advantages of MOCVD

(MOCVD) of high.temperature superconducting r_in irements, deposition para-
processing manifest themselves in the quality of _he films produced, and in the
economy of the process. Metalorganio precursor requ
meters and film properties are discussed. Also difficulties have been identified
in making MOCVDa manufacturing technologY. To solve ;nese problems, future
research directions are proposed.

1. INTRODUCTIOtj

The recent discovery of some oxide superconducting materials with transition sing

temperatures a_ove 77 K represent a major breakthrough for both scienoe and shapes
1,2 But before these materials fulfill their promises, some proces

technologY, critical fields. These oxide ,
tecnntques need to be developed to prepare these materials in the required

_ _ - d the PhYSiCal pro_pe materials in t.heand sizes with high critical currents and high riles are very processals are brittle an b using thesen materi ddressed Y se materials
su rconducti g s issue can be a ro riles of thepe . _ ittlenes . sical P pe .... llows the
depenoen_. The br ..... -r composites. The P_-Y...=_-- a tecnnlque which a .
form of either COa_"s_._'._.. the deposition uy ,_-..o The meta,-
can be best controlled ---'"0 3 This
control of most of the thermodynamio variables during the growth.

organic chemical vapor deposition (MOC_/D)technique is such a technique.
technique is currently the most important technique in the deposition of the
compound thin films for electronics and optical device applications.

The advantages of MOCVDprocessing manifest themselves in the quality of the
films produce,J, and in the economy of the process. Film characteristics such as
conformal coverage and high purity, and processing benefits such as low tempera-
ture and radiation-damage free deposition, deposition selectivity and film stress
and grain size control allow one to ma_e unique, high quality films. At the same• -_.....h.-t and low cost per wafer associated _ith M(X:_Dprocessing
tL-,t.,.is. . ,.,.,,o <
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In this paper, we review the status of the preparation of the high-

temperature superconducting thin films by the HOCVDtechnique, and suggest future
research directions for improvement.

2. DESCRIPTION OF THE HOCUDTECHN[Q._UE

In this growth process, one or more of the film constituents are transported
to the reaction zone in the form of metalorganlc compounds. The formation of the
desired compound occurs via the pyrolysis of the metalorganlcs and the subsequent
recombination of the atomic or molecular species at or near the heated substrate.
The basic simplicity of the reaction and the gaseous nature of the reactants have
established HOCUDas a useful epitaxial technology. The process can be well con-
trolled by fixing the flow races and thus the partial pressure or the various
reactants with electronic ._ass flow controllers. Similarly, complex multllayer
epltaxial structures are readily formed by exchanging one gas composition for
another using automated gas-mixing systems. The pyrolytic nature of the reaction
requires that only the substrates be heated to ensure efficient deposition, thus
simplifying the temperature control.

FIg. 1 Is a schematic diagram of the HOCVDsystem used ('or the deposition of

the YBa2Cu307. x thin films q The 2 2 6 6_tetramethyl-3,5-heptanedione (thd)
• t t t

compounds of 4, Ba, and Cu were used as the =etalorganic precursors, which will be
referred to as Y(thd) 3, Ba(thd)2 and Cu(thd) 2. Each individual precursor source

was placed Ina separate stainless steel tube wrapped with heating tapes. An
auxiliary outlet was introduced to avoid the deposition fro= the initial surge and
unsteady gas flow. Argon was used as the carrier gas. By carefully controlling
the gas flow rates and the source temperatures, the metalorganic precursors were
evaporated and carried by argon gas to the reactor after pre=ixing with oxygen
gas. A vats-wall vertical reactor made of stainless steel was used with a
resistive heating stage for the deposition.

3. HOCUDPRECURSORS

The nature of metalorganie coBpounds used to transport metals onto the
surface of the substrate determines both the growth conditions and the properties
of the films grown. A suitable precursor should have high enough vapor pressure
For vapor transport; should not; decompose at the operating temperatures losing its
volatility; should be stable at room temperature for long term storage. For the
depositton of superconducting oxide films, finding precursors satisfying the5

requirements above presents a challenge. So tar, metal t]-diketonates have been
_: used in the deposition of high-temperature superconducting ftln_. These compounds
1 are easy to handle because of their air-stabilitY. However, they need to be
i heated to several hundred degrees centigrade to get high enough vapor pressure for
I t;ransport, and they decompose at the precursor operating temperatures over an

extended period. Other promising classes of compounds are some alkyl substituted
cyclopentodlenyl compounds developed at Georgia Tech. These compounds are liquid
at room temperature and have much higher vapor pressures. Table I shows a list of
metalorganlc compounds which might be useful in the deposition of superconducting
thin fil_.
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4. HAgS TRANSPORTSTUDIES

Mass transport studies are Important In the establishment of the HOCVD

process parameters. Fig. 2 shows the mass transport rates as a function of
carrier gas flow rates tor Cu(thd) 2, Ba(thd) 2 and Y(thd) 3. The pressure was 50

torr on the sources and in the reactor with the ¥ and Cu compounds set at 160°C

and the Ba compound set at 300°C. These experiments sho_ that the mass transport
rates are not very sensitive to one carrier gas flow rates for Y and Ba, but for
Cu the mass transport increases strongly with Increasing flow rate. Above 500
scorn, the mass transport [s qu_te insensitive to a change in the flow rate even
for Cu. It should be noted that we need a temperature for the Ba precursor which
is almost double the temperature needed tor Cu and Y to obtain a comparable mass
transport. FIg. 3 shows the mass transport rates as a function of reactor
pressure. Again, we note that the Ba and Y precursors do not vary much In the
pressure range studied in comparison to the more rapid variation for Cu. FIg. 4
shows the mass transport rates in the log scale as a function of the Inverse
source temperature for the Y, Ba and Cu precursor at a reactor pressure of 50
torr. lt la cZear from the figure that the Cu and Y precursors are _uch more
volatlle In comparlson to the Ba precursor and the order of this volatllity for5
these three compounds follows the corresponding lonlc radius quite well.

In order to understand the deposition process further, we have carried out a

systematic study of the mass transport for the precursors as a function of the
deposition time. The results are shown in Fig. 5 (a) and (b). These experiments

were performed with fixed conditions as follows, the reactor temperature at 600°C,

I pressure at 50 torr, gas flow rates at 500 scornfor TL, Ba and at 85 sccm for Cu,
i Ca precursors. The metalorganlc source temperatures were at 165, 160, 255 and

285°C for T1, Cu, Ca and 8a precursors, respectively. Ali q components were run
simultaneously. The start/ns chemical weights were at 0.5 grams for Cu and Ba,
0.6 grams for T1 and 0.4 grams for Ca, respectively.. The transport time was
started after the stabilization ct the initial surge and unsteady gas flow. This
should explain the zero offset In the figures. As can be seen, under deposition
condition specified, the Cu and Ca precursors exhibit a linear behavior throughout
the one-hour deposition time, while the data for TI and Ba show a saturation after
about 30 minutes. When the starting chemical weights are doubled, we have a
linear behavior also for T1 and Ba as shown in Fig. 6(a) and (b). This suggests
that In the first case most of the usable precursors were consumed w/thin the
first 30 minutes and the residue Is Just so_e Involattle compound. These observa-

tions are consistent with the observation by Yamane et al.6 that at a fixed
evaporation temperature these compounds evaporate at a constant rate for the
duration of several hours.

5. SUPERCONDUCTINGTHIN FILHS DEPOSITEDBY HOCVD

The MOCUDtechnique has been used In the deposition of Y-Ba-Cu-O,
BI-Sr-Ca-Cu-O and T1-Ca-Ba-Cu-O thin films. Next, the results obtained so far for
each class of compound w111 be reviewed.
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5.1 Y-Ba-Cu-O fLlms_

compound have been deposited by using HOCVDby
Thin films of the YBa2Cu307. x

several research groups world-wide 4,7-18 In the majority of the studies• P

¥(thd)3, Ba(thd) 2 and Cu(thd) 2 were used as the precursors. In few cases,
fluorine-substituted _-diketonates nave been used as the precursor, since they

_-16 these compounds require higherhave higher vapor pressures. However,
deposition temperatures in the presence ct H20 vapor to eliminate fluorine

incorporation into the film. The superconducting thin films were obtained either

by in-situ deposition, or Oy depositing the film at low temperatures (400-650°C)

and by subsequent post-annealing in the temperature range 900-950°C. Fig. ? shows

the resistance as a function temperature for a film deposited at 650°C on

yttria-s_abilized ztrconia (YSZ) and then post-annealed at 950°C under oxygen

flow. 13 Growth rate was about 10 _m/hr and the film was a-axis oriented.

The tri-situ deposition process uses lower deposition temperatures and
produces very high quality c-axis oriented films. Deposition at low temperatures
is important because it lowers the interdiffusion between the film and the
substrate. The typical conditions for the in-situ deposition of YBa2Cu307. x is

given in Table II. One of the most exciting things about the HOCVDtechnique is
the very high critical current densities observed in the films grown by this

technique. 17'19 The value of Jc is 4 lx105 1.9x105 and 6 5x104 A/era2 at 2, 10• p P • P

and 27 T, respectlvely.19 Fig. 8 shows critical currents of a MOCVD grown film at
77.3 K and in magnetic fields up to 27 T.

5.2 BL-Sr-Ca-Cu-O Films

Bi-Sr-Ca-Cu-O (BSCCO) films were prepared on HgO (100) single-crystal
substrates by HOCUDusing p-diketone compounds of Sr, Ca and Cu and Bismuth

triethoxlde or trlphenylblsmuth. 20"22 Table II gives the typical growth
conditions for the growth of BSCCO. The films were c-axis oriented and the growth

rates were in the range of 2-3 _m/h. The major phase was the BI2(Sr,Ca)3Ch20 x, Tc

: 85 K with some incorporation of the BL2(Sr,Ca)qCu]O x, Tc : 110 K phase.

Four-point-probe measurements reveal the onset of film superconductivity at ~ 110
K and zero resLs_ance at- 75 K. The SEM micrographs of the surface and crossI
section of the annealed films show flat and mica-like flakes overlapping.

5.3 T1-Ca-Ba-Cu-O FLlms

The T1-Ca-Ba-Cu-O film growth presents a challenge to the thin-film growers
because of the high vapor pressure of TI over the superconducting compounds.
Since the HOCVDtechnique does not require a high vacuum, the volatility of
thallium may be used as an advantage for the In-situ preparation of the Tl-based
superconducting thin films. So far, however, the TI-Ca-Ba-Cu-O thin films are
obtained in the two steps. First the Ca-Ba-Cu-O films have been deposited at
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600°C by using the B-diketone compounds of Ca, Ba, and Cu. Then, TI-O is

introduced in a sea_ed crucible at 800°C to achieve the superconducting

phase.23,24 Superconducting Tl2CaBa2Cu20x thin films have been successfully grown

on the single crystal sapphire (I_02) substrate by using the MOCVD technique

without any intermediate buffer layer.23 Fig. 9 shows the result of resistivity

measurements as a fUnction of temperature for a film deposited on sapphire (1102).
Superconducting transition temperatures have been obtained with zero resistance at

94 K and 100 I for sapphire 23 and YSZ24 substrates, respectively.

6. CONCLUSIONS

The MOCVDtechnique has been used to deposit YBa2Cu30?. x, Bi-Sr-Ca-Cu-O and

T1-Ca-Ba-Cu-O thin fil_ _ith qualities comparable to those prepared by using the
other techniques. Particularly, the critical currents under high magnetic fields

in the YBa2Cu30?. x fll_ prepared by MOCVDare among the largest ever observed in
oxide superconductors. However, at the present time, it is not clear whether
HOCVDwill be the technique for the production of oxide superconductors in large
scale. This will depend largely on the development of new precursors with more

volatility and stability, and the realization ot lh-situ deposition below 650°C.
A systematic study is required to improve the _-diketonates known and to discover
new classes of compounds. The plasma assisted MOCVDmay be used to brine the

deposition temperature below 650°C. Also, directed energy sources, such as
lasers, may be used for depositing superconducting thin films selectively within
the HOCVDreactor.
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Table I Some Metalorganlc Compounds for the Oepoeitlon of
• Superconducting Thin Films by MOCVD (superscripts

are reference numbers)

Compound Melting Vapor Pressure Physical/Chemical
Point(aC) (mmHg) Characteristics

Sa(thd)2 172 2s,27 0.8 (220°C) White cry. needles in
EtOH, difficult to
crystallize.

Ca(thd): 224 2s,27 1.1 (160°C) White cry. needles in
EtOH, difficult to
crystallize.

Cu(thd)2 201 0.5 (135°C) Blue to purple cubic
cry. in EtOH, ether,
hexane, toluene.

Sr(thd): 200 25,27 White cry. needles
In EtOH or ether.

Tl(thd) 240 14.4 (165"C) Light-yellow needles
In EIOH or ether.

Y(thd): 168 2e 0.2 (1350C) White cry. In EtOH.

La(Cp)3 395 _ 1.4 (100_C)zl White cry. A.S.

La(MeCp): 155 2s White cry'. A.$.

La(IsopropylCp) 3 _ RT 1.5 (1004'C)as Light-yellow viscous
liquid, A.S. dis.
170-220°C, 10 torr.

CpCuP(Et)s 127 30 White cry. needlee,
sub. 60°C, 5 torr.

(EtCp)CuP(Et): _ RT 3-4 (110-120°C) Light-yellow/purple
liquid, A.S.

Y(Cp)s 298 20 0.002 (100°C) 31 Pele yellow cry. A.S.

Y(IsopropylCp)_ < 46 Light-yellow solid '
A.S. above RT, dis.
170-190°C,10 torr.

Cu(fod):I 88 0.4 (100"C)s Blue-green solid.

Bl(fgd); I 152 Yellow-white solid,
die. 200-220:C,5 torr.

Y(fod)3 108 32 Yellnw-whlte solid
dis. 200-220°C,5 torr.

--_

thd=C11HleO2, Cp=Cells, MeCp=CsH7,

isopropylCp=CeH11, Et=C2Hs, f°d='C10Hl oa:FT •
dle.=dlstlll, sub.,,|ubllme, A.S...slr sensitive, cry...crystal, "
EtOH,,eth_ol, RT,,room temperature.
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Table I1. MOCYD DepositionConditions6

YBCO BSCCO

Vaporizer Y(thd_: II0"I_°C BI(C2HsO)3: 130.140'C
Temperature Ba(thd)_.: 2_'260°C Sr(thd)2: 220"2"W°C

Cu(thd)2: 110"1_°C Ca(thd)2: 180"190°C
Cu(thd)z: II0.U0"C

Deposition 800"900°C T'/0°C
Temperature 1Torr
ToUdGasPressure 10Torr

Carrier Gu (Ar) 200ml/rain 200ml/rain
Flow Rate

02 Ges Flow Rate 100.M/rain 100 ml/rain

DepositionTlme Ihr I thr

Figure 1. Schematic diagram of t;he Figure 2. The mass l:ran,sporl: rat;es
me_alorsanic chemical vapor deposl- as a runc_ion of carrier gas flow

t.i_n sysr.em _ rat.es for various precursors w_r.n• source _emperal_ure aL 160°C for Y
q

and Cu, 300°c for Ba.
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Figure 7. Reslst;ance as a funct;ton

Oo 10 20 30 40 50 60 70 of temperature for a post-annealed13

_(_n_) YBa2Cu307. x film deposlt;ed on YSZ.
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