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Ferroelectric Properties of PZT thin Films by Rapid Thermal Annealing
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Abstract - PZT thin films(3500A) have been prepared onto Pt/Ti/SiOx/Si substrates with a RF magnetron sputtering
system using Pbies(Zrose, Tioss)O3 ceramic target. We used two-step annealing techniques. As the RTA times and
temperatures were increased, crystallization of PZT thin films were enhanced. The ferroelectric characteristics of PZT
capacitors fabricated at 700°C for 60 seconds were like these, remanent polarization were 12.1 ;zC/cmz, coercive field
were 110 kV/cm, leakage current density were 41x%107 A/cmz, er = 442, and remanent polarization were decreased by

229 after 10'® cycles, respectively.
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z 1 PZTHtete| sputtering =1
Table 1 sputtering parameters for PZT thin films

sputtering method RF magnetron sputtering

target PZT ceramic target
substrate Pt(150nm)/Ti(50nm)/SiO2/Si
target-substrate distance 65 nm

2.0%x10™° torr
3.0%x10™ torr

base pressure of system

working pressure

{Ar = O flow rate 9 : 1 sccm
RF power 150 W
substrate temperature 300 ¢C
film thickness 400 nm

x 2 PZTetate| RTA =2
Table 2 RTA conditions for PZT thin films

annealing method RTA conditions

temperture as-grown, 500, 600, 700 C
time 10, 30, 60, 180, 300 sec
flow gas (O9) 20 sccm

base pressure of system |2.0%10™° torr

working pressure 12x10™ torr

rising time 40 C/sec
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Fig. 1 XRD patterns of PZT thin fims for RTA
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(a) as—grown 500 C, (b) 800C, (c) 700 C
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Fig. 3 Current-Voltage characteristics of PZT thin films
for RTA times

w3, g L=t F185F PA/PZT/Pt A AH
o FMAF e Z7hsted 600 T, 700 CToAM 6027 FE
A& PA/PZT/Pt ASAIEIY] %4 100 kV/ecmel €A
N Zzt 15X107A/cm?, 41X107 A/em®el FAAFZLE
vehiich o) gdxlg &5 A4 wE PZT %%y o



Trans. KIEE. Vol. 49C, No. 4, APR. 2000

g, FdAe Azto]l FrtESE Ecst Pr} Psib &4z &0}
it PZT dute] o8I d % AHAA Y wgoz i
shift 5o} wldiy mebg xolm vk olsh e HHYe
PZT Wetst A Abolol 33+ Weisk #A=0 avay A
AZF 29 "oz BAHTHIS~16].

600 C, 700 T2 2xdlA 60x3r FAAT PI/PZT/Pt
AHAE S fatigue 54& ¥ 5 60 YEFAATH 600 C
o4 10" cycle 7421 & Pro] ¢ 135%A = Zastgon 10°
cycle o|Fdl= ¢ 375%7F ZAstAth ER, 700 CTolA
10" cycle 7AA= Pro] ¢ 53% AE z2sPeny, 10°
cycle o] Folls ¢k 22%7F Z4A3ATH )AL ALHE 22
Aoz A, BHAA AAUPY BH2FFY 9o F&A
A WE2 s deld Aoz AZHd 3 700 TY
ZA$7 600 C B $3F fatigue SAS
600 T oldle) FANg =7} PZT WY Edo &A=
excess-Pb & €HA3] HYA A £3s17] wFo|h

__“OF annealed at 600°C L0038 ]
g wp .o. .o° ]
2 of . 800§ﬁ%3 -
@ ® & o;vg
o} ooo,gs ]
T 4L
£° gonot
R
S .10F UU 3 J
g 20} ggggagsa ‘| o oo
3 Beoo . o 30s
k] A A v o 10s ]
600 400  -200 0 200 400 600
Electric Field [kV/cm]
(a)
50 [ Ll L] LS L] -
4 annealedat700T eost® ]
NE or 0‘20 goo°
S »f IS
3 1o} 55 4
= a8X%
£ o TerE
gt M * 605 ]
20F s ]
E of ";§§gg§§' ° 305 |
S’ o0
£_40_ .‘:.... v 10s 4
S0 1 " 1 1 i ]
600  -400  -200 0 200 400 600
Electric Field [kV/cm]

(b)

¥ 4 RTAA[ZMof & P-E O[HEN
{a) 600 T, (®) 700 T

Fig. 4 erroelectric P-E hysteresis characteristics for RTA
times {a) 600 C, (b} 700 C

242 QY ZA AR FHAF dsel 71U
o & o] oH14].

39 49 600 T, 700 TolA £dx 3 P/PZT/Pt
AlE| 9] RTAAZHY] wE& P-Eol¥3AH EA4E& deuiglo
600 C, 700 CelA FEAE g PZT WY 5 A|7te] #A
flol AFAHY o8 Fd EAE Yz gen, oE 600
ToldolAl RTAT PZTwHe A$ Aol BAGo
perovskitedro] WEl}i= XRD9F SEMS A9 dx%e
Btk 600 ColA 6023 FExe e PI/PZT/Pt A
9] BS FAAENY AFHFEFPr) ALEI(Ps)S 22t 90
kV/em, 10.3 4 C/em?, 384 C/em®& JEMIQITH =&, 700 C
AX 60 FIAXNHANE A 742 110 kV/em, 121 g
C/em?, 47 pC/em™& YEMAQTH o] XRD$t SEMe| 23
dAret 2ol $ALE7 F7Mel wat PZTH et AA A o]
F7veted Pri} Ps7b Ao, A3 pZTHre Alolo] AW
A i @ 4stel FrtE Ecrlt Z7sigr] wEeoh ®

RTAX 2|2 PZT wtetel R 4

w -
—%
g 2
310
= 0
&
5 -10
g-zo- ogoogo6 o° ®  Before fatigue ]
3of o® ..o O After 10 cycles
-40 i .: .l. . . L L L
600 <400  -200 0 200 400 600
Electric Field [kV/cm]
(a)
w L T T v v T v T ]
40 -
-
g 30
D 20
3
g
E‘{D- o’ 0009. ®  Before fatigue
£ 08000 °o® "
OF gaee®® O After 10 cycles
-m C L 1 1 'l ]
600 400 200 0 200 400 600
Electric Field [kV/cm]
(b)
8 5 250 e pZTetete| fatigueS A
{a) o[ =4 HEHE00 C), (b) olH =M {700 C)
Fig. 5 Fatigue characteristics of PZT thin fim (a) P-E

hysteresis at 600°C, (b) P-E hysteresis at 700°C

235



THRBRANEE 49CH 43% 20005 48

e
aOr ——— — 0009, ]
—ao| P switched pofarizaiton LN ]
(] ® .».
E .0
(] 201 s
g L 0—————————0-00-0000-0 ]
10F P switched remant polarizaiton 000 ]
s or 1
S | DD
101 A AAAADANDD ]
"Eoob -P switched polarizaiton aa
‘3‘ 3 A A -A 9
a0k A .
=0T A AasaaaX )
4o} -P, switched remant polarizaiton -
10" 10" 10' 10° 10° 10* 10° 10° 10" 10° 10° 10" 10"
Cycles of pulse
(a)
| &—————————0-00 490000 4
O P’ switched polarizaiton “oe,
s |
&
20 -
g_ O———————0-00-00-00-00.¢ . ]
—_ | P, switched remant polarizaiton ° 7
g [ A___.____AA-A-A-AA-A-A-A‘A'A'
= 2T _p switched polarizaiton A )
[=] L AA
- A AN
40 A AAAAAN i
-P_ switched remant polarizaiton
P T T o o S P Yo [y Ty

10" 10° 10' 10° 10° 10° 10° 10° 10" 10° 10" 10" 10"
Cycles of pulse

(b)

a3 6 250 wE pzZTetete| fatigue cycles ¥ &t
(@) 600 C, (b) 700 C

Fig. 6 Fatigue cycles of PZT thin films (a) at 600 C,
{b) at 700 T

700 T €=M 6023 FIA 23 PA/PZT/Pt AHA
He C-VEAE 19 79 YENT # - $o) £ e @
92y peako] UEIon, ot PZTUes FAd ue 2
2o watr) ARAE ol JFL olFE T & Aok =W
e :Ao]l A WFLZ Thd shift Ho} v RFE B
oz YUtk ols L HAHEL ARAI Pdsh AT Prol
a4 Folol ofs PZT wehfl WEAAZ f715e] 2
2ol ALBAZL o FeRr] WEoITh 1[kHZS Fosol
A 238 ugase A0 g9 428 AF £, - 420]
sich

236

700

I
8

Capacitance [pF]
g 8

-400 -2C0 0 200 400

Electric field [kV/cm]

a3 7 700 Coll A pZTEtE 2| C-VE Y
Fig. 7 Capacitance versus voltage results at 700°C

4. 2 E

B dFqME P/TISI0/Si71R 9o RF-magnetron
sputtering'§ 2.2 300 C9Y 7|H2=oAM A7 PZT urahg
500 C, 600 TS 700 CeolAM ztzt 10%, 30%, 60X ¢
RTA% 23} 500 CollAE pyrochlore A¢] A=A, 600
Col 4ol & perovskitedtstol HAH ) X3, A Lx
g} Aol ZFIRFE PZTH R FAA Ao Frhstden,
(ongez 7g AAQANL ¥4t I-VEAHLE 600 TelA
15%107A/cm? 700 CToAlA 41x107A/em’2 dX8 &=7t
Z713ld FAAFI FslAd. P-Eol¥ I SA4& 600
TolA 60%37 RTAA] Ec=90kV/cm, Pr=10.3 xC/cm® Ps=38
pC/cm®olQ1a, 700ColA 603t RTAA Ec=110kV/cm,
Pr=12.1 £ C/cm®, Ps=47 4 C/cm’e] Q1 t}. fatigue E4-L 600 C
oA} 603+ RTAAl 107 cycle 74XE Prol oF 135% A=
Zasaen, 10° cycle olFole o 375%7F 23t Hth
B, 700 ColAM 60%3 RTAAl 107 cycle 74A& Pro] o
5.3% Z2stgen, 10V cycle olFel= o 2%7t #2354
oh.

ZAte 2
¥ a7E 4ERdend 19989 47ne A7ue
Fysigen oe A= Py,

T 3 7 o9

[1] Carrano. ], Sudhama. C, Chikarmane. V, Lee. ],
Tasch. A, Shepherd. W and Abt. N "Electrical and
Reliability Properties of PZT Thin-Films for ULSI
DRAM Applications” IEEE Transactions on
Ultrasonics, Ferroelectronics and Frequency Control
38(6), pp.690-703, 1991.

[2] L. E. Sanchez et al, "Process Technology



Developments For GaAs Ferroelectrics Nonvolatile
Memory”, Integrated Ferroelectrics, vol. 2, pp.231-241,
1992

[3] J. F. Scott and C. A. Paz de Araujo, "Ferroelectric
Memories”, Science, 246, pp.1400. 1989

[4] B. Jaffe, et al., Piezoelectric Ceramics, Academic
Press, pp.2. 1971

[5] S. B. Krupanidhi, "Recent advances in the deposition
of ferroelectric thin films”, Proceedings of the 3rd
International Symposium on Integrated Ferroelectrics,
pp. 10-29, 1991.

(6] wred, AMR, B4Y, AY, AAE, £FH, o] F4,
“PZT A A 2tk A A ek s T B3
AT, A7 AAAN RS =82, Vol 12, No. 7,
pp. 592, 1999.

[71 G Velu, D. Remiens, and B. thierry, “Ferroelectric
properties of PZT thin films prepared by sputtering
with stoichiometric single oxide target: comparison
between conventional and rapid thermal annealing”
Journal of the European Ceramic Society, Vol. 17, pp.
1749, 1997.

(8] E+, AEAY, HYS, &3, adg, 188 "5
Exgel o PZT 2+ wehe Az, dhar) a3
19939 = 3tAIEt&ds] =83 (B),]1 pp.1106-1109, 1993.

[9] Kim. CJ, Yoon. DS, Lee. JS, Choi. CG, No. K “A
study on the microstructure of preferred orientation of
PZT thin films”, Journal of Materials Research, Vol.
12 No. 4 ,1997.

[10] Katsuhiro Aoki and Yukio Fukuda, "Formation of
reliable Pb(Ti,Zr)O3 thin-film capacitors for read/write
endurance of ferroelectric non-volatile memories.”
IEICE Trans. Electron., Vol. E81 C, No. 4, April.
1998,

{11] Young-Min Kim, Won-Jae Lee, Ho-Gi Kim,
"Deposition of PZT films by MOCVD at low
temperature and their change in properties with
annealing temperature and Zr/Ti ratio”, Thin Solid
Films, Vol. 279 No. 1-2, 1996.

[12] It Sub Chung, June Key Lee, Chang Jung Kim, and
Chee Won Chung, Integrated Ferroelectric, Vol. 16,
pp. 705, 1997.

[13] &4, HAYG, YR, 294, “E-Agog A=3F
PbTiO3 Interlayered PZT ®tate] ml M7z} ZFHA
547, 843834, Vol 32, No. 12, pp. 1408, 1995.

[14] Yamauchi S, Yoshimaru M, “Growth of [111]
oriented PZT thin film with smooth surface to
improve electrical properties”, JJAP Part 1-Regular
Papers Short Notes & Review Papers, Vol. 35, No
2B, pp. 1553, 1996.

[15] Lee EG, Wouters DJ, Willems G, Maes HE, “Voltage
shift and deformation in the hysteresis loop of PZT
thin film by defects”, Applied Physics Letters, Vol. 69
No. 9, pp. 1223, 1996.

RTAM2I3 PZT #ote| 2ARH &4

Trans. KIEE. Vol. 43C, No. 4, APR. 2000

[16] R. Ramesh, Thin film ferroelectric materials and
devices, pp. 221, 1997.

9@ £ X

19673 79 1794, 19933 A#3d F3
4 A71EEgTd EY4(EA}), 199543 ¥ diE
2 A7|FEI EAMAL. @4 F U
AL S

Tel : 0331-290-7163, Fax : 0331-290-7159
E-mail’kwjeong @nature.skku.ac.kr

g g (4 )

1973\ d 11€ 6¥ A, 19923 FAId E&s
F EFHU (AL, 2000 4ETd A7 AR
FEIFEE E2AAAD. 84 F gy v
A E

E-mailypark@nature.skku.ac.kr

F LAk B K

19763 119 1794, 1999d AT @) A7
T3 EQEAD, 84 F digtd 371A
AR AREBYR HARA
E-mail:zurcamp@ece.skku.ac kr

(82X

19723 19 2594, 1998 Ao A7)
A (AL, 20008 & g A7
A2 2 AFEHIEE SN, d4 &
4 AREN FAATA IMT20008 %702
IF 974

E-mail:zenix@orgio.net

d s H®=EB

1970 1€ 494, 19973 AT dg 3
AN FEY EFJFAD, 1993 5 g
AZ1MA ¥ HAFETER E9AH. &
A 5 e uhabay
E-mail:dglim@ece.skku.ac.kr

237



BEBRFHE 9CH 43f 20005 4A

ol & &l (F # 17) & ZE e (R & F)
1952 29 1594, 19753 dAd AAF
83 Z9(gAD, 19774 5 dEd A7
g3 £4(MAY, 19813 & dEd E4(F
F ugd (3, 84 dEdd ¥ uh) 1985} ~1986% Rensselaer Polytechnic
ANAAG L AFHIER Rag Institute Post Doc, 1997'd~ 1998'3 University
Tel : 0331-290-7139, Fax : 0331-290-7179 of Surrey LTS, 1981 ~8A ATdd T A7)AR
E-mail:yi@yurim.skku.ac kr 9 HEEHFSE ugF

Tel : 0331-290-7105, Fax : 0331-290-7159

E-mail : jtsong@yurim.skku.ac.kr

off o

a4 &
o AZIESY EQEAD, 1919 &
ol Fol ®r1Fe E4(HAD, 1994




