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Low Temperature CVD of Pb(Zr,Ti)O 5 Using Pb(tmhd),,
Zr(dmae),, and Ti(dmae),

Dae-Hwan Kim, Woo-Young Yang, and Shi-Woo Rhe&”

Laboratory for Advanced Materials Processing, Department of Chemical Engineering, Pohang University
of Science and Technology, Pohang 790-784, Korea

Pb(Zr, Ti)O; (PZT) thin films were deposited at low temperatures by direct liquid injection metallorganic chemical vapor deposi-
tion (MOCVD) process using Pb 2,2,6,6,-tetramethyl 3,5-heptanedionate (mE&d)dimethyl aminoethoxide (dmag) and
Ti(dmae). Zr(dmae), and Tidmae) were found to be less sensitive to moisture and air but their dissociation temperature was
about the same as alkoxides. Two separate solution @frPld), and of Zr(dmae) and Ti(dmae) were used and the growth rate

of PZT films was around 11 nm/min at substrate temperatures of 380-440°C. Because decomposition temperattmdsdpf, Pb
Ti(dmae), and Zr(dmae) are in the same range, control of the film composition was comparatively easy. PZT films deposited
below 450°C had negligible carbon and nitrogen content. Pure perovskite PZT films were obtained at temperatures as low as
440°C on PU/Ti/SiQ/Si substrate and 425°C on Ir/Ti/SjC8i substrate, respectively. The remanant polarization of PZT films
prepared at 425°C on Ir/Ti/Si3Si substrate was 21C/cn? and the leakage current density at 100 kV/cm was less than
1076 Alcm?.
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Lead zirconate titanate, Fdr, Ti)O; (PZT) thin films were de-  zirconium B-diketonate, off Zr(tmhd)(GOPr);]1%7 has high thermal

posited by metallorganic chemical vapor depositifOCVD) us-  stability and allows the optimized growth of Zs®ut is not suitable
ing Pb(2,2,6,6,-tetramethyl 3,5-heptanedionate) (tmhd),, for the low temperature CVD processing.
Zr(dimethyl aminoethoxidg (dmae),, and Ti(dmae). PZT film In order to lower the growth temperature of PZT thin films in

has been investigated for the application in nonvolatile ferroelectricDLI-MOCVD processes, a new approach was pursued by using new
random access memorfNVFeRAM), dynamic random access precursors having donor-functionalized alkoxy ligand such as dim-
memory (DRAM), electro-optic devices, and microactuators be- ethylaminoethoxidédmae). In the previous study, titanium tetrakis
cause of its superior ferroelectricity and piezoelectritity. high- dmae[ Ti(dmae)]® and Zr(dmae) (zirconium tetrakis dmaé were
density NVFeRAM, three-dimension&3-D) capacitor cells will be  used to deposit metal oxides such (8,Sr)TiQ; and ZrQ using
required and continued downscaling dictates the needs to shift to ®LI-MOCVD. Since the dmae ligand has an additional Lewis base
deposition method such as MOCMinetallorganic chemical depo- site that is able to form chelate rings,(®nae) (M = Zr, Ti) is
sition) with better step coverage. MOCVD is one of the most im- more stable to air and moisture than TiP®), and Zr(CGBu),. due
portant techniques for practical applications because of its conforto their more saturated metal center, and are more favorable to
mal coverage, high deposition rate, large area uniformity and highsolution-based processes.

throughput. Also, with the introduction of a direct liquid injection In this study, low temperature MOCVD process for PZT films
(DLI) system, there is a great improvement in the delivery of pre-with lead bis(tmhd) Pb(tmhd)], Ti(dmae), and Zr(dmae), was
cursors. studied. It was shown that the newly adopted PZT precursors were

In the DLI-MOCVD process used in this study, precursors are effective in lowering the fabrication temperature of PZT films in the
dissolved in a solvent and a controlled amount of the solution issolution-based DLI system.
injected into the flash evaporator. Evaporated gas mixture is intro-
duced into the deposition chamber and film is deposited on the sub- Experimental
strate as in an ordinary CVD process. It is an attractive method to . o
inject exact amount of solid precursors and schematic diagram of the Préparation and characterization —of ~{dmae), and
DLI-MOCVD apparatus was shown elsewh&Vaporization char- ~ £f(dmae).—Zzr(dmae) was synthesized with zirconium tetradi-
acteristics of the precursor is important in DLI-MOCVD as in other €thylamine [Zr(NEt),] and dimethyl-aminoethanol. Zr(NEt
CVD process and also the solubility of the precursor in a solvent and24-68 g, 65 mmolwas added to 150 mL of dry toluene and N,N-
the stability of the solution is important. dlmethyla_mlnoethaanZG mL, 260 mmolwas then added slowly to
There is much interest in low temperature MOCVD process to that solution. The mixture was refluxed for 20 h and then cooled:
realize good surface roughness, good step coverage, and a lof'€ Solvent was removed under a redulced pressure to obtain
chemical interaction with a substrate. Low temperature fabricationsZ"(dmae) as a viscous liquid (yield> 90%). "H nuclear magnetic
of PZT films using a PbTi@seed and a pulse-CVPhave already ~ '€S0onancéNMR, CgDg, 300 MHz):3 4.35(s, OCH,, 8H), 2.61(s,
been reported. NCH,, 8H), 2.30(s, CH;, 24H), *3C NMR (C¢Dg, 300 MHz): 3
Various precursors such as metal alkoxifediketonates, fluori-  68.11(s, OCH,), 64.95(s, NCH,), 47.34(s, CH;).
natedp-diketonates, and anhydrous nitrates have been used for the Ti(dmae) was synthesized with titanium (NBf [Ti(NEt,),4]
MOCVD of TiO, and ZrQ. But there are few precursors that sat- and dimethyl-aminoethanol. Ti(NBY (21.87 g, 65 mmol)was
isfy both high reactivity at low temperature and long-term stability added to 150 ml of dry hexane and N,N-dimethylaminoeth&26!
in the solution-based process. Though zirconium tet(akistoxide) ml, 260 mmol)was then added slowly to that solution. The mixture
[Zr(O'Bu),] and titanium tetrak(ﬂ;—propoxide)[Ti(OiPr)4] are ef- was refluxed for 20 h and then cooled. The solvent was removed
fective in low temperature growth, they are inadequate at solution-under a reduced pressure to obtairidfiae) as a viscous liquid
based DLI process due to their high sensitivity to air and moisture.(yield > 90%).H NMR (C¢Dg, 300 MHz):3 4.55(s, CH,, 8H),
On the other hand, zirconium tetrakigr(tmhd)y], a homoleptic = 2.58(s, CH,, 8H), 2.23(s, CH;, 24H).
To investigate the stability of the precursor solution with respect
to shelf time,"H NMR (300 MHz Varian, Unity Plugsstudies were
* Electrochemical Society Active Member. performed. Precursor solutions were made in a glove box wjiyC
Z E-mail: srhee@postech.ac.kr solvent. NMR tubes, filled with solution sample, were sealed to
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Table I. Parameters for the deposition of PZT films by DLI- storage time was studied usifig NMR. The solution of Tidmae)
MOCVD. and GDg and that of Zr(dmag)and GDg showed no significant
] ) ) change in chemical shiftd(= 4.56, 2.58, and 2.24 ppmfor

Bottom electrode Pt(150 nm)/TiQ(20 nm)/SIQ(300 nm)/Si- Tj(dmae) andd = 4.37, 2.62, and 2.31 ppm for @mae) and no
Precursors Ir(F}bS(Otr:]]EB)i T'g_?(gnnlggg(zzr?gr:;){ Si precipitation even after ten days. These results indicate that
Substrate temperature ' 300-480°C M(dmae) are stable enough in the solution state. .
Deposition pressure 1.4 Torr Further investigation was performed with the single mixture so-
Deposition time 5-30 min lution of Pb(tmhd), Ti(dmae), and Zr(dmae)to find out the pre-
Gas flow rate Ar 50 sccni (vaporizer) cursor interaction in the mixed solution. From NMR analysis, it was

Ar 200 sccm, Q@ 300 sccm(under vaporizer found out that there was a serious cross interactions such as ligand
Solvept n-octane exchange reactions between Pb precursors afubiride) . Thus one
Vaporizer pressure 7 Torr should use a solution of Pb precursor and a solution ¢drivae)
Vaporizer temperature 240°C

mixture injected separately into the evaporator.
To investigate the oxidation temperature of the precursors, dif-
ferential scanning calorimetiSC) measurements were performed
at a heating rate of 10°C/min. Initial decomposition temperatures are
70°C for Pb(tmhd) and Ti(dmae) and 310°C for Zr(dmag) Note
',ﬁwat the major exothermic peak of (#nhd), appears at 410°C.
These results suggest that precursors in this study are oxidized at
lower temperature. The decomposition temperature @it ), on
MOCVD of PZT thin films—A cold wall, low pressure DLI CVD  a heated surface is known to be 350°C at vacuum and 260°C at the
reactor with solution delivery system was fabricated. A schematicpresence of oxyget. It seems that the increased saturation of the
diagram of the MOCVD apparatus used in this study was shownmetal center with the introduction of the dmae ligand is not related
elsewheré?® PZT thin films were prepared using @mhd), closely to the oxidation temperature of Ti and Zr precursor.
Ti(dmae), Zr(dmae), and Q as source materials. The total pres- Ti(dmae) and Zr(dmae) have low oxidation temperatures like
sure in the reactor was adjusted to 1.4 Torr. PZT films were depossimple metal alkoxides such as Tif@), and Zr(GBu),.
ited on a Pt/TiQ/SiO,/Si and Ir/Ti/SiQ /Si layered substrate. The ] ] )
vaporizer temperature and the feed line temperature after the vapor- MOCVD of PbO, TiQ, ZrO, and PZT films.—The PbO, TiQ
izer were held at 240°C. The experimental conditions of PZT prepa£rO;, and PZT thin films were deposited on Pt/}i3iO, /Si sub-
ration are summarized in Table I. strate using flash-vaporized metalorganic precursor solutions with
The composition of the film was analyzed using inductively Pb(tmhd}, Ti(dmae), and Zr(dmag)dissolved in am-octane sol-
coupled plasma-atomic emission spectromefi@P-AES, Jobin-  vent (bp= 126°C). Prior to PZT deposition, the growth
Yvon, JY 38 plusiand the deposition rate was measured by scanningrate of single oxide with each precursor was studied as a
electron microscopySEM, Hitachi S-4200). The surface morphol- function of the substrate temperature. For compari-
ogy and roughness were investigated using SEMtachi S-4200)  son, Pb(methoxyethoxytetramethylheptanediogp@d(methdy],
and atomic force microscopyAFM, PSIA XE-100. The crystal  Tj(methylpentanedioxymethd)[ Ti(mpd)(methd)] and Zr(methd,
structure was analyzed by X-ray diffractomet®RD, MAC Sci-  \ere also used to deposit each single oxide. Methd compound of
ence M18XHFwith Cu Ka radiation operating at 30 kV and 40 mA  parjum and strontium were used to deposited barium strontium ti-
and the depth profile and film composition were investigated byynate films Figure 1 shows deposition rate of PbO, ZfCand
X-ray p_ho_toelectronlspe_ctr(l)scr?pXPS,_PH_I 5400hESC)\W|'th AII TiO, films as a function of the substrate temperature at a fixed
Ko radiation. For electrical characterizations, the metal-insu ator'vaporizer temperature of 240°C. As shown in Fig. 1a, the deposition
metaI(MIM} capacitors were fabrlcated.and platinum dot el.eCtrOderate of PbO shows a sharp increase reaching a maximum value at
was deposited by the thermal evaporation through a metallic maSkaround 400°C and decrease at higher temperature. It was pointed out

Polarization-electric fieldP-E) and leakage current-voltagé-V) hat the decrease of the growth rate at high temperature was due to
characteristics of MIM structure were measured using an RT600 he short residence time of Pb oxide molecules especially on Pt

ferroelectric teste(Radiant Technologigsand HP41408 semicon- substraté! The deposition characteristic of @mhd), is similar to
ductor parameter analyzer, respectively. e
that of Pb(methd). It seems that the modification of the tmhd

aSccem is standard cubic centimeters per minute.

prevent oxygen and moisture penetration and were stored at roo
temperature. There was no precipitant in all precursor solutions fo
up to 10 days.

Results and Discussion ligand to the “lariat” method ligand does not influence significantly
o the decomposition temperature range of precursor molecules.
Characterization of PZT precursars-Dmae group precursors The deposition rate of ZrQusing Zr(dmae) shows a high value

are slightly viscous liquid at room temperature. TeNMR and  of apove 10 nm/min even at 375°C. The decrease of the growth rate
'3C NMR spectra of Mdmae) show three distinct proton and car- at high temperatures above 450°C is probably due to the pre-
bon environments. There is no evidence in theand*C NMR  decomposition of precursor molecules in the gas phase with
spectra to suggests a presence of dimeric species (dinistke). oxygen!? The deposition rate with Zmethd), shows a lower value
Similar results supporting that (dmae) exists as a monomeric of 5 nm/min at 425°C and the maximum deposition rate was ob-
state were obtained in the previous studies on the mass spectra @krved at 500°C. The deposition rate of Ji@sing Ti(dmae) is 12
M(dmae).8° Only mass peaks lower than the parent molecular nm/min even at 330°C and reaches a maximum value of 16 nm/min
mass of Ti(dmag) and Zr(dmae) were observed. Consequently, at 410°C while the deposition rate with(fiipd)(methd) reaches a
M(dmae), seems to exist as a monomer in solution and in gas phasenaximum value of 12 nm/min at 440°C. It is apparent that two
without forming aggregated species such as dimer and trimer whicldmae group precursors have high deposition rate at lower tempera-
may deteriorate vaporization efficiency of precursor solutions. tures, which is consistent with DSC measurement. Alsatnitd),

In the liquid delivery system, one of the key problems is the shows adequate reactivity at low temperature. Thidrivhe) and
solution stability. For example, Zr(Br),(tmhd),, which has two  Ph(tmhd) are possible candidates for the low temperature
different ligands, disproportionates to Zr‘EED)4, ( < 450°C) deposition of PZT.

Zr,(O'Pr)g(tmhd), and Zr(tmhd) on dissolutiort® Also, Ti(O'Pr), To investigate optimum vaporizer temperature, the growth rate of
and Zr(CBu), are not suitable for DLI process due to their low PbO, TiQ,, and ZrG as a function of the vaporizer temperature was
solution stability. Stability of Mdmae) solutions with respect to investigated at a fixed substrate temperature of 410°C. 0.05 M so-
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film as a function of A/B)sgution- (A/B)sowution Values arda) 0.6, (b) 0.8, and
(c) 1. Deposition temperature was 410°C.
12
9 |
104 (b) . A A A 200-260°C. We have selected a vaporizer temperature of 240°C for
—_ A: Zr(d ) PZT depositions in this study.
£ . 1 £ridmae), : 6 o o PZT films were deposited using @imhd),, Ti(dmae), and
E T ' C? Zr(dmae) . To avoid chemical interaction in the mixed solution, we
£ ] ' used two individual solutions, i.e., A site=Pb) solution and B site
8 6+ A o O A (=Zr + Ti) solution. Three precursor solutions of 0.07 (gation
e mole/liter) were prepared witm-octane solvent. Then, Ti(dmae)
§ sl A and Zr(dmaey) precursor solutions were mixed to make B site solu-
o Zr(methd tion havmg a partlcula_r molar rz_itlo of_ Zr:'Fr 3:? or 4:6.
o 24 © ( )4 Figure 2 shows A site to B site ratio in the film#/8)s,, and
Zr to B site ratio in the films[Zr/(Zr + Ti) Jsim, as a function of
0 : . — the A site to B site ratio in solutionsA{B)souiion- PZT films were
320 360 400 440 480 520 560 deposited at 410°C. Because the total solution injection rate was
o fixed at 0.1 mL/min, an increase in the amount of A site solution was
Temperature("C) accompanied by a decrease in amount of B site solution. With in-
creasing A/B)souiions (A/B)sim increased linearly and Zr/(Zr
+ Ti)]sm slightly increased. We found there exists a linear re-
sponse of A/B)gim to (A/B)soution @t 410°C. Generally the “self-
20 regulating phenomenon” thatA{B)g,, Stays unchanged with the
(c) Ti(dmae) different (A/B)souion. frequently appears at high temperatures
4 02 . . . .
_ 164 ‘ A above 550°C? There is no self-regulating phenomenon in this
= Y . A study, because the volatilization of PbO is not significant at low
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Figure 1. Deposition rate ofia) PbO, (b) ZrO,, and (c) TiO, films as a 0.44 (A/B) _=0.6
function of the substrate temperature at a fixed vaporizer temperature of 1
240°C. 0.05 M solution was injected with a rate of 0.15 mL/min. 0.2+
0.0 +—y—vr—p—v——~———————r
340 360 380 400 420 440 460
lution was injected at a rate of 0.15 mL/min. For the Ti precursor, Temperature (°C)

the growth rate increased with increasing vaporizer temperature and

the highest growth rate appeared at 240°C. For the Zr precursor, theigure 3. Pb/(Zr + Ti) and Zr/(Zr + Ti) concentration ratio in the PZT
highest growth rate appeared at 230°C. For Pb precursor, the growtfim as a function of the substrate temperature Wh&fB( . uion Values are
rate remained constant apparently with vaporizer temperatures 0.6, 0.8, and 1.
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Figure 6. XRD patterns of as-deposited and furnace anne&l®8°C, 30

Figure 4. XRD patterns of as-deposited PZT films as a function of the
9 P P min, O, ambient)PZT/Pt films as a function ofA/B)sqution-

substrate temperature wheA/B)soution = 1

sufficient reactivity of three precursors at low temperatures. Based
on Fig. 3, the requiredA/B) soution IS 0.8 to obtain 1.0 of &/B)fm
Ut around 410°C. The growth rate of PZT films near stoichiometry is
1 nm/min. In the case of the Rmhd), Zr(tmhd),, and
i(O'Pr),(tmhd), precursor set? the difference between the
(A/B)fim and the A/B)squion IS large and the required\(B) soiution
'ﬁ: below 0.5 to obtain stoichiometric PZT film_s at temperatures be-
decrease at higher temperature in case AfB)ugo = 0.8-1 ow 475°C. This means that more B site solution should be |nject¢_ed
. ) solution o to compensate the high reactivity of Pb precursor due to the mis-
Practically, &/B)sim and[Zr/(Zr + Ti) Js, are not varied much at  aich of thermal decomposition temperature of different precursors.
temperatures between 375 and 440°C, which is probably due to thg\/ith M(dmae),, we found that the difference between the/B) g,

temperatures. Thus, various PZT films having differeAtR)y,
values can be prepared easily by adjusting the solution compositio
precisely at low temperature.

Further experiments were performed under different substrat
temperatures whem(B) o uion are 0.6, 0.8, and (Fig. 3). At tem-
peratures between 340°C and 465°C, tAéR)y;, shows a gradual
increase reaching a maximum value at around 410°C and a gradu
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Figure 5. XRD pattern of PZT film as a function of the annealing tempera- Figure 7. XRD patterns of as-deposited and furnace anne&l€8°C, 30
ture. Films were deposited at 410°C witA/B) soiution = 1- min, O, ambient)PZT/Ir films as a function of &/B)oution-
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Figure 9. I-V characteristics of PZT films deposited ¢a) Pt substrate and
(b) Ir substrate with variousA/B) g uion Values. Thickness of PZT samples
ranges from 320 to 330 nm.

substrate temperature and concentration of Pb species. In this study,
the Pt_,Pb phase appeared at temperatures of 375-430°C when
' 3" (A/B)fim exceeded 0.8. The £4Pb intermetallic phase disappeared
) s et ol W f after 500°C annealing. Chest al. reported that Rt,Pb can provide
onifse 5. s X30,014 1 b0wn % template for the growth of11D-oriented PZT-® However, the
Pt;_,Pb phase, in this study, has no relation witthi1) PZT probably
Figure 8. SEM images of PZT films deposited on Ir substrate with various due tq the low supstrate tem.perature. More studies on the phase
(A/B) soiution- (A/B) soiution Values arga) 0.7, (b) 0.8, and(c) 0.9. evolutions of PZ_T films deposited at low temperature are required.
Further experiments were performed under narrowéB( sojution
range of 0.7-0.9 on different substrates (Pt4iSIO,/Si and
Ir/Ti/SiO, /Si) at a fixed substrate temperature of 425°C. The com-
and the A/B)souion IS 0.2 for 410°C and there exists a linear re- position and the growth rate of PZT/Pt were similar to those of
sponse of A/B)im t0 (A/B)soution- These results imply that chemi-  PZT/Ir. Also, the composition ratios in the PZT fili6A/B) s, ] are
cal reactivity of three precursors matches well and the compositiorn.83 for (A/B)souion = 0.7, 1.0 for A/B) souiion = 0.8 and 1.12 for
control can be achieved easily with changiryB) soiution- (A/B) soution = 0.9, respectively.
Figure 4 shows XRD patterns of as-deposited PZT films as a  Figure 6 shows XRD patterns of as-deposited and furnace an-
function of the substrate temperature Whéii) s, ui0n = 1. Figure  nealed(700°C, Q) PZT/Pt films as a function ofA/B)suion- The
5 shows XRD patterns of PZT films, deposited at 410°C with pp_deficient PZT film[(A/B)souion= 0.7] shows a perovskite
(A/B)soition= 1, as a function of annealing temperature. For phase with traces of pyrochlore and PPb. The pyrochlore phase
(A/B)soiution = 0.6, films show an amorphous phase below 410°C was not removed after furnace annealing due to the lead deficiency.
and only show a Pb-deficient pyrochlore phase at 440°C. ForThe stoichiometric PZT film shows mixed phases of perovskite, py-
(A/B)soution = 1.0, films show a perovskite phase with a strong rochlore, and Rt;Pb. Even though the film stoichiometry is satis-
Pt;_,Pb intermetallic phase at 4109GA/B)g,m = 1.2] and a pure  fied to unity, the film shows mixed perovskite and second phase due
perovskite phase at 440°GA/B)gm = 1.1]. We believe that the  to the low processing temperature. A pure perovskite PZT phase was
evolution of a Pi.;Pb intermetallic phase is closely related with obtained after annealing. The Pb-rich PZT filffA/B)sowution

»
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Figure 10. |-V characteristics of stoichiometric PZT thin films deposited on
(a) Pt substrate andb) Ir substrate with various annealing temperatures. Figure 11. P-E hysteresis loops ¢&) Pt(top)/PZT/Pt andb) Pt(top)/PZT/Ir
Thickness of PZT samples ranges from 210 to 220 nm. capacitors formed at various annealing temperatures.

= 0.9] shows a perovskite phase and; F®b with the trace of  current densities were below X 1077 A/lcm? up to 100 kV/cm,
pyrochlore and shows single perovskite in annealed film. irrespective of the bottom electrode. However, the 12% lead-rich
XRD patterns of as-deposited and furnace-annealed PZT films ofPt(top)/PZT/Ir capacitor shows high leakage current density. High
Ir electrode are also shown in Fig. 7. The surface microstructures ofeakage current density in Pb-rich PZT films on Ir substrate may be
PZT/Ir thin films are also shown in Fig. 8. PZT films show well- caused by unknown electrically leaky phases such as amorphous
developed grains with a dense and smooth morphology. With theb-Ir-O phasé? It seems that excess Rbr PbO) promotes the
increase of theA/B) souion from 0.7 to 0.8, the grain size gradually reaction between Ptor PbO)and Ir during furnace annealing. Con-
increased. However, the Pb-rich PZT film shows unknown irregularS€guently, more precise composition control may be needed for the
PbO-like second phase. In XRD spectrums, the Pb-deficient PZT/IPZT/Ir system to avoid high leakage current after annealing. _
film shows only the perovskite phase without nonferroelectric ~ Leakage current characteristics of the stoichiometric PZT capaci-
phases in appearance. However, lead-deficient pyrochlore apd Irofors with different annealing temperatures are shown in Fig 10.
phases appear in annealed film. In this study, Iphase appears at Th|c_kness of PZT samples roanges from 210 to 2.20 nm. Ab0\_/e an-
annealing temperatures above 650°C. Unlike the PZT/Pt film, the"€@ling temperatures of 650°C,(#p)/PZT/Ir capacitors show high
stoichiometric PZT/Ir film deposited at 425°C shows a single per-'€2kage current density. From the XRD patterns of these samples,
ovskite phase. The Pb-rich PZT film shows a perovskite phase wit10t shown in this paper, we find that ls(phase appears above

the trace of PbO. The pyrochlore phase, which may be attributed tc§550°_c- .
the excess lead, appears after annealing. Figure 11 shows P-E hysteresis loops of Pt/PZT/Pt and Pt/PZT/Ir

We investigated the fundamental electrical properties, such agapacitors formed at various annealing temperatures. PZT samples
P-E hysteresis loop and the -V characteristics of PZT thin film &€ identical Wlth samples in Flg_. 10. Well-saturated P-E hysteresis
capacitors. Leakage current characteristics of the PZT capacitorl0Ps were obtained when PZT films were prepared on Ir electrode.
with different (A/B) ouion @re shown in Fig. 9. Before constructing The remanant polarlzaFlorP() values of Pt/PZT/Pt capacitors are
the PZT capacitor, furnace annealing was carried out at 700°C for 3¢-2nClen?  (as-deposited), @Clen? (annealed at 550°C),
min in oxygen ambient. Thickness of PZT samples ranged from 3208.3 Clcn? (650°C), and 24.C/cn? (750°C), respectively. Als®,
to 330 nm and root-mean-square roughness ranged from 26 to 28alues of PYPZT/Ir capacitors are AL/cn? (as-deposited),
nm. For lead deficient and stoichiometric PZT films, the leakage23 u.C/cn? (550°C), 34 Clen? (650°C), and 37 Clen? (750°C),
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respectively. The increase & with the annealing temperature on sity at 100 kV/cm was less than 1DA/cm?. It is believed that this
Pt/PZT/Ir capacitor is partially ascribed to the increase of leakageprecursor set is a useful candidate for DLI-MOCVD of PZT thin
current density. The Pt/PZT/Pt capacitor prepared at 425°C show$lms at the temperature range between 350 and 460°C.

poor ferroelectric property due to the imperfect crystallinity, as
shown in Fig. 10. On the contrary, since PZT films prepared on Ir
substrate at 425°C shows a single perovskite phase, Pt/PZT/Ir ca-
pacitor prepared at 425°C shovis of 21 wClcn? and coercive . . . . .
electric field E€.) of 62 kV/cm. From these results on the electrical This work is partly f'“afﬁced by the Consortium of Semiconduc-
properties, it was found that PZT films on Ir electrode prepared bytor Advanced Researdfproject no. 00-86-C0-00-09-00-01

low temperature DLI-MOCVD, even below 425°C, showed good  Pohang University of Science and Technology assisted in meeting the
ferroelectric properties. This is one of the lowest deposition tem-publication costs of this article.

peratures reported at which a PZT film with lar§e value was
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