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We have investigated the physical and electrical propertiesgifRa, 75Ti;O;, (BLT) thin films on
PUTI/SIO, /Si and on A}Oz(6 nm)/Si, which are used for one-transistor-one-capacitor and
one-transistor ferroelectric memory, respectively. The BLT thin films on both substrates show good
capacitance—voltage characteristics and the same threshold voltage shift of 1.6 V at ajgligd

bias. However, the leakage current of BLT on,@}/Si at —100 kV/cm is two orders of magnitude

lower than that on Pt. The comparable memory characteristics and much reduced leakage current of
BLT on Al,O3/Si are the strong advantages as compared with BLT on Pt because it is directly
related to switching energy and device scaling down. 2@2 American Institute of Physics.

[DOI: 10.1063/1.1471937

Ferroelectric random access memdRRAM) has at- P/Ti/SiO,/Si and ALO3/Si by chemical solution deposition
tracted much attention recently because of better speed pessing spin coating at 4000 rpm for 3§ For the chemical
formance than Flash memory and smaller size than statigolution synthesis, bismuth acetate, lanthanum acetate hy-
RAM.! The current cell structure of FRAM is one transistor drate, and titanium n-butoxide were used as precursors and
and one capacitoflT-1C) type where the data are memo- dissolved in the solvents composed of acetic acid,
rized in the metal/ferroelectric/metdFM) capacito=° To 2-methoxythanol, and glycerol in sequence. Excess 10% Bi

utilize the full advantage of FRAM, one transistai) ferro- precursor was added to compensate for the Bi loss during

electric metal-oxide-semiconductor field effect transistorannea"ng After each coating, the wet films were pyrolyzed

(FeMOSFET-type memory is desirable because of the SaM{nr several minutes and the formed multilayer films were

small_lT cell s_,tructure as Flash memory. F_u_rther, the ferroénnealed at 650 °C for 1 h. Au was used as upper electrode
electric effect induced voltage can be amplified by the tran;

sistor in 1T MOSFET cell that gives higher sensitivity than fosregit:r Iizmagt;:::t:gg:east ?hnf b?kZO;Fg?oflg?zogztrg:az
1T-1C cell. Unfortunately, the progress of 1T FeMOSFET pacl ! ' su '

memory is obstructed by the strong interface reaction be-—rhe total thickness of BLT is about 420 nm as measured by

tween most ferroelectric materials and Si that greatly depross-sectmnal_ SC""””'”Q eIecErAlon microscopiEM) images
grades the device characteristiéRecently, we have devel- and the capacitor area A0 cn?. The phase and sur-
oped 1T FeMOSFET memory using /8.%1° as both gate face microstructure of BLT films were observed by x-ray
dielectric for MOSFET and interface reaction barrier be-diffraction (XRD) and SEM. Transmission electron micros-
tween ferroelectric Pb(Zr, Ti)Q(PZT) and Si. Good transis- C€opy (TEM) was used to investigate the interface character-
tor and memory characteristics are obtained simultaneousigtics of BLT film grown on AbO;/Si. The electrical prop-
because of good gate dielectric integrity and interface properties were characterized by capacitance—volt&ye\() and
erty of AlL,O;.9% In this letter, we have investigated the current density—voltageJ&V) by using Hewlett Packard
stacked gate dielectric of Bjd-ay 75Ti13015 (BLT)/Al,O; 0n 4284 and 4155B, respectively.
Si because BLT is another promising ferroelectric material ~ Figures 1a) and ib) show the XRD patterns of BLT
with excellent nonfatigue behavior on Pt electrdtle. thin films deposited on Pt/Ti/SiJSi and ALO;/Si, respec-
Four-inch,p-type (100 Si wafers with~10 ) cm resis-  tively. As shown in Fig. 1a), BLT on Pt is polycrystalline
tivity were used in this study. For the MFM structure, a 150-yjthout preferred orientatioff, even though the bottom Pt
nm-thick Pt was first deposited on Ti(20 nm)/ hag preferred111) orientation. In the case of BLT deposited
Si0,(200 nm)/Si as the bottom electrode. For the FeMOSyn gmorphous AlD, shown in Fig. 1b), the structure is also
struct'ure, a 6-nm-th|(;k ADs gatg dielectric was first formed polycrystalline and the XRD pattern is almost the same as
on Si and the detailed formation procedure was reporteghat on Pt. Thus, high quality ferroelectric BLT can be

. 10 .
previously” Then BLT was deposited on  both formed on both polycrystalline Pt and amorphous@y.

3E|ectronic mail: sychen@cc.nctu.edu.tw
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FIG. 1. XRD patterns of BLT offa) Pt/Ti/SiG, /Si and(b) Al,05(6 nm)/Si.

We have also examined the microstructures of BLT thin (b)
films deposited on Pt/Ti/SigSi and ALO5/Si by SEM, and
the images are shown in Figs(a2 and 2b), respectively.  FIG. 2. SEM images of BLT oifa) Pt/Ti/SiO, /Si and(b) Al,O4(6 nm)/Si.
The grain sizes of BLT on Pt/Ti/SiJSi and ALO;/Si are

almost the same, about 50 nm, even thoqgh the structure %Lrves shown in Fig. @) are related to the ferroelectric
Pt substrate is polycrystalline that is qU|tg different fromproperties of BLT because 40 gate dielectric has negli-
amorphous AJO;. The near same grain size of BLT on gible hysteresi€!® The decrease of capacitance value at
PVT'/S'OZ/S' or AIZ%/S' obsgrveq by SE.M IS consistent ositive gate bias in the FeMOS structure is due to the small
with the XRD analysis shown in Fig. 1, which s_:uggest_s tha eries capacitance in Si depletion region. The phenomenon is
BLT on both substrates may have plose maten:_;\I quality. different from that in the MFM structure because of the neg-

Figure 3 shows the cross-sectional TEM picture of they e gepletion width in metal. A threshold voltage shift of
BLT/Al,O4/Si structure and reveal_s only a slight |nterface1.6 V is measured for BLT on AD5/Si that is the same as
layer on the top of AlO;. Qne p055|_b|e reason may be_duethat in MFM capacitor. The same voltage shift suggests that
to the_ fact fchat the atoms in BLT diffuse 10 Al gate di- . the electric memory property of BLT on #D3/Si is at least
glectrlc. _Th|s result is in sharp contrast to the obwpusl?}hlckthe same or even better than that on Pt because of the addi-
mtgrmedlate amorphous I_ayer rep_orted by Clesial, tional voltage drop in AIO5 gate dielectric and reduced elec-
which may be due to the difference in substrate temperaturg; . to14 in BLT.
between pulsed ablation deposition and chemical solution
deposition. Without the appearance of thick amorphous layer,
the ferroelectric BLT film could directly come in contact
with the buffer layer this indicates the better interface be-
tween them since the memory performance of capacitors
may be improved.

We have further studied the memory properties using
high frequency(1 MHz) C—V measurement, and Figs(a#
and 4b) show the C-V characteristics of BLT on
PU/Ti/SiO, /Si and ALO;/Si, respectively. As shown in Fig.
4(a) the C—V characteristics of BLT on Pt have the typical
butterfly pattern, which is similar to that of other ferroelec-
tric materialst* After +10 V applied voltages, a peak voltage
difference of 1.6 V is obtained that is due to the polarization
effect of BLT. For BLT on ALO3/SI, the hysteresi€—V FIG. 3. Cross-sectional TEM image of BLT on /&;(6 nm)/Si.
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FIG. 4. C-V characteristics of BLT on(a) PTi/SiO,/Si and (b) FIG. 5. J-V characteristics of BLT on(a) PTi/SiO,/Si and (b)
Al,03(6 nm)/Si. Al,O4(6 Nm)/Si.

We have also investigated the capacitor leakage currefrders of magnitude lower than that of MFM capacitors. The
because it is one of the most important properties for £xcellent memory characteristics and very low leakage cur-
memory capacitor. Figuresd and §b) showJ—V charac- rent of BLT on ALO3/Si are the merits for 1T ferroelectric
teristics of BLT on PUTi/SiQ/Si and on A,O5/Si, respec- Mmemory as compared with 1T-1C cell.
tively. The leakage current density of BLT on Pt is 1.8
X108 Alem? at —100 kV/cm that is comparable to that of
(118-oriented BjTiz0;,,%° and the high dielectric break-
down field of —450 kV/cm is also comparable to that of
(00)-oriented BjTizO;,. These results indicate the good 13, F. Scott, Phys. Worl8, 46 (1995
quality of BLT on Pt On the other hand, the leakage cur- 2y, wy K. H. \),l\,c;ng, C. L. Mak, C. L. Choy, and Y. Z. Zhang, J. Appl.
rent density of BLT on AJO;/Si at —100 kV/cm is 1.8 Phys.88, 2068(2000.

x 10" 8 A/lcm? that is almost two orders of magnitude lower 3(02-0330' N. Mizutani, X. Yi, and L. Zhang, Appl. Phys. Lefl7, 1041
D BT o P T o ekage et = comparabe .k, .3 i .2 st 1 Krgn K ot 3K,
previous data of PZT/AD;/Si FeMOS!~7|n addition, no  °S. Y. Chen and V. C. Lee, J. Appl. Phy&7, 8024 (2000.

dielectric breakdown up te-500 kV/cm also implies that 33- Y. Chen and V. C. Lee, J. Appl. Phy&7, 3050(2000.

BLT on Al,O,/Si has better dielectric integrity than that on 8$_' Ssﬁi?:lhbil,msh_I’TZn:?rl:cr:t)g,l’Ta.rgo’t\lc;,EKerP?L’Jch;ivAvg,plr;tnPdhf"r:ri?ﬁ;:??j Appl.
PUTi/SiO,/Si. This smaller leakage current and the larger phys., part B3, 5172(1994.

breakdown field may be due to the additional large energygA. Chin, Y. H. Wu, S. B. Chen, C. C. Liao, and W. J. Chen, Symposium on
barrier of ALO; dielectric® and no intermediate phase in ,,Very Large Scale integrated Technology, Honolulu, 2000, p. 16.

the interface. The much reduced leakage current of BLT on Cérihl_'g’rgi' Scc-all_(lealz‘tecg.r:tég L#e\é\:'m“.'(;lgf?{y%?g’ ?é;;%élsgﬂ%%s.'um on
Al,03/Si is the strong advantage as compared with BLT ort!g, H. Park, B. S. Kang, S. D. Du, T. W. Noh, J. Lee, and W. Jo, Nature
Pt because it is directly related to the applied switching en- (London 401, 682(1999.

ergy and technology scaling down. 12¥. Hou, X. H. Wu, H. Wang, M. Wang, and S. X. Shang, Appl. Phys. Lett.

In conclusion, BLT films on PUTISIQVSi and AbOs/Si 157 Chat . & Kim, C. W. Yang, and J. Lee, Appl. Phys. Ldte, 1516

substrates were investigated in this work. Both MFM and (2003.

FeMOS capacitors show godl-V characteristics and have ;‘M Sedlar and M. Sayer, J. Appl. Phy&0, 372(1996.

the same threshold voltage shift of 1.6 Va10 V applied ., \,(lvgta’;";‘]?ea'n 'C'j'NT “&?k:b;rhgni - SF?r']toé J'Le'\fxastelrégf(fgg];zow
voltages. The leakage current density of BLT FeMOS capaci_ Ch?:, M. Y. Yang, é )I/_ sun, g?]d S.yY.. Chen, IEEE Electron Device

tors is about 1.8 10 8 A/cm? at —100 kV/cm that is two  Lett. 22, 336(2002.
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