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Abstract

A PLT(10) thin film has been deposited on Pt/TiO«/Si0O+/Si substrate by sol-gel method, and its
switching characteristics have been investigated with various top electrode areas, input pulse
voltages and load resistances. As the external input pulse voltage increases from 2V to 5V, the
switching time decreases from 0.49#s to 0.12gs. The activation energy (Ea) obtained from the
relations between the switching time and the applied pulse voltage is evaluated as 209kV/cm. The
switched charge densities at 5V obtained from the hysteresis loop and the polarization switching are
11.69 #C/cm® and 13.02 xC/cm’, respectively, which agree relatively well with each other and show
the difference of 10 %. When the top electrode area increases from 3.14X10™ cm? to 5.03%10 cm®
and the load resistance increases from 500 to 3.3k Q, the switching time increases from 0.12 #s to
188 uxs and from 0.12us to 9.7us, respectively. These switching charactetistics indicate that
PLT(10) thin film can be well applied in nonvolatile memory devices.
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2 @741 sol-gel Wo.2 PLT wpurg azkals]
FUEUZE Ph(CHCOO): - 3O (Aldrich), La
(OOCCHz); - 1.5HO (Stream), Ti(O-iCsHh)y (Alpha)Z
ARl S}l QPAEAIR acetic acid (Acros) &
A1, AR 2 7)ol iRt 484 (wettability)
& 47)7] 98] n-propanol (Acros) & &7}stac)
FEEAR AMEE dFAelEs 37139 FR)
o RIZRIER ol WISl s "a #307]9
glove box WelA ZAde| #fmsh= k& Aakal 3
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stler Pb 4949 A, Pb ¥=F uFo sjo|zg
% (pyrochlore) o] A7l= Z1& =7] 93] 10mol%
o] Pb & ko2 A Reigch MEMos Azt 7
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A =24 02xm filter(Gelman Science) & ©] 45}
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PLT wl7te] %43= ellipsometer (PLASMO, SD 2300)
9} SEM (Scanning Electron Microscopy * Hitachi S-
4200) & ©]83td Fakala, o]HFA-L RT66A stan-
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£ olgsle ZAskgdeh PLT whehel polarization
switching 543+ pulse generator (HPS110A) 2} digitiz-
ing oscilloscope (HP54522A) & o]-48lo] &sjqicl

stock solution



19994 115 EFTEEH

L
=

[=}]
x

[ed]

Im. t

23 1 AR WAe] 314x107 en’ 0T La
F57F 10mol% ol PLT ubeke] o]HFAd (hysteresis
loop) & A7kEE Aeke] g2 epd Folch I
tella] Hzo], QI7keEle ekl 7145 of2d<fAle
Rogo] Hap EilEl= RAlAe APAA 5AE
e Qi) & o] FAlR ol el Tl vim
A e A Yehlglch 5V e vkl
AFE-e] 24 gk CP) B &AA (B & 2t 1169
Clem’ 3t 506kV/em B S49U). dbdom, 24
A wpe] wiFHA vime] Azl $8EE AT
AFETe] 24 gho] 8~10 pC/lam’ ool A7}
20~100kV/em A=2] Hed FE3lcly sz 9f
o IE o1e) F1Ee Hgsid, PLT0) 2ol w)g
A vne] 4l S48 4 loky A=)

=9

30 T T T

3
=S
g
20 F
.20 L. 1 n )
5 4 2 0 B . p
Voltage (V)
33 1. okt 7bdYel @E PLTA10) e

hysteresis loop
Fig. 1. Hysteresis loops of PLT(10) thin films with
various applied voltages.
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Fig. 2. (a) Schematic diagram of the test circuit.

(b) input pulse wave form in pulse switching
measurement.

E 1. 294 349 23 27
Table 1. Measurement conditions for pulse switch-
mg.
:o; electrode area (Ae) 31410 “gm/‘ :‘
5.03%10 “em”
Pulse voltage (V) 2V~5V
Pulse width (W) 15us
Pulse rise time (t,) 2ns
Sense resistance (R) 50Q ~3.3kQ

g2 Adg ¥5P3H(R) oFdellA transient voltage
2A Z2A=RI & 1o SAFAL QoksA e}
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a8 4.

Fig. 4.

ARl wAe] 314x10 Yem’ d ®, ol¥FAle
238e] 73+ switched charge density ¢} polarization
switching & 2%€| 7]t switched charge densityS
£ 20 A vebdigdet S22 B9 A gt
ol 2 2b) ol Vbl HAE F P9 U H2Ag)o)
A7rES o, oAl FAE 2 5ol ek

oz Jehfgdel a8 594 REe] polarization

(964)



1999% 117 HEFTLEEHLH

switching A& el 2138} switched charge density += ¢}
AxAel A AFEF] 2 gholl ASEe e et
Al =l 5VelA, ol#Als) polarization switching
Ao 2 ¥e} 74k switched charge density & 717}
1169 pClem? 3 1302 pClen’ o], 3% gk Apole] 2
A= 2F 10% 2 vlad & dxjshes 733k veligich

A

Qg (switched charge density)
=Pp-Py
=2pP

38l 5. Z-8A A2 polarizaton switching & A7 8}7)
33 o)y 34 5

Hysteresis loop model for explanation of the

ferroelectric polarization switching process.

Fig. 5.

10

Switching Time (Ws)

at ¢

R= 500 V,, =5V

Go1
107

Electrode Area (sz)

a3 6. PLT(0) ¥#e] switching time & A= WA
& RF3HAT)

Fig. 6. Electrode area dependecne of the PLT(10)
thin films (R:load resistance).

A33e] A e switching time <]
vehd Aolck ARASe) WAo] 314x10*

(965)

#3364 DIF B 11K 67

et ol 503%10° em” 0.8 27}l whel, switching
time o] 012 xsol4 1.88 us & Zoislgich AMYA=
o] W3} switching time ©] 72} wiglstng, o159
FAE linear fitting fo] A5 WAo] 10pm’
o2 Zbagkcbd switching time ©) °F 004 ns 7 B
oAlakel 4= gk o] ghE AlAl wlFbA] wme] Azl
89 APl A TAUL HA] @f AR 5
g gloleh AT 314x107em’ o)
switching time, 120ns = Tokumitsu S'7'¢] sol-gel'8
22 Az U 93-S 2k PZT 9] 306ns o
Hla s kg 4 itk ol PLT whatelly
La o]52& Pb-site & A3} soft-donor 4] 3
E3le=2, PZT wbutol] nl8] PLT ¥hehelA domain &
o] gAlsle] "M A dejd 5 9lr] wiFolzia A
Zrg)c}

o)

T
5 =4

I, A o]

(=2 )
=

1F 7

—_— ,>/A/F

s

£ o

E o

g T

S —

AR t, = t8xp (EfE)

@ t,g= 5205

£, = 209%Vicm
2 y 5 p w17
1/E (x10°v'em)
a3 7. PLTA0)  wEre) qlh gaAAle] g
switching time 2] 2]&A4
Fig. 7. Dependence of the switching time on the
applied electric field.

a3 78 o7k @AYl W'k switching time 2]
o]=A1-8 1iepd 7Aoo} Switching time ©] A (1) ¢
Jehd 79 7-e- exponential law'® & wHERitkn A}
Aalo] ZAE switching time ¥ ¢} HAHke]

AL fitting 3l & to2t E.v A7 S2nset
200kV/cm )it

E,
E

) )
olm] gt FHAslUA] (E) 9 3 209kV/iem &

Scott 5™ o] sputtering o2 3%+ PZT wftoila]

Hagl 120~-272kV/em 3k Alolell $1x3h& < 5= gl

t, = tgexp (



12 T

Electrode Area= 3.14 x 10° om’

Switching Time {us)

0
15 20

Load Resistance (k{}

1% 8. PLT0) ¥te} switching time ¢ #38}#|8
&4

—
25

—_
30

00 05 10 35

Fig. 8. Load resistance dependence of the switching
time of the PL'T(10) thin film.
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