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Electrical Properties of PZT Thin Films Deposited on the Ru/RuQ:
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Abstract

PZT thin films(3500A) have been prepared on the Ru/RuQ: and RuQO: bottom electrodes with a RF
magnetron sputtering system using Pbyos(Zros, Tioas)Os ceramic target. Ru/RuQ; bottom electrode was
fabricated by in-situ processing controlled the O: partial pressure. The PZT thin films deposited on the
Ru/RuQ: bottom electrode were preferred oriented (101) plane. The PZT thin films deposited on the
RwRuO: bottom electrodes showed better electrical properties than those with RuQ:; bottom electrodes
because RuQ: prevented oxygen vacancies and impurities from existing within the interface and

substrate.
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E: 1. PZT%94) sputtering =3.
Table 1. Sputtering parameters for PZT thin films.

Target sintered PZT ceramic target
Substrate p-type (100} silicon wafer
;:g:;hsubstrate &5 [mm]

Base pressure 2.0x10™ [Tor]

Ar:O: flow rate 9 : 1 [sccm]

RF power 150 [W]

Substrate temperature 300 [TC]

Film thickness 350 [nm]

(b) Pd/PZT/RUO:

2@ 1. PA/PZT/Ru/Ru0z8t Pd/PZT/RuO; 7.

Fig. 1. A structure of P&/PZT/Rw/RuO: and
Pd/PZT/RuQ; capacitors.
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Ru(108)

g 2. o2 H dae Eihle @& RuO, vt
e} XRD #A#}.

Fig. 2. The XRD results of RuO; thin films as a
function of Oz and Ar partial pressures.

a8 3. 71gexe W& RuO; ¥9%e XRD dx
Fig. 3. The XRD results of RuQO; thin films as

a function of substrate temperatures.
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Fig. 4. The XRD results of PZT thin films

deposited on RuO; and Ru/RuQ: bottom
electrodes.

(a) PZT/Ru/RuO. BE™

o i i

(b) PZT/RuO, E Y

(c) PZT/Ru/RUO: M

a# 5. RuO:% RWRuO: #lol 53¢ PZT #hute)
SEM A&,

Fig. 5. SEM photographs of PZT thin films
deposited on RuO; and Ru/RuQ: bottom
electrodes.
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Fig. 6. I-V characteristics of PZT thin films

deposited on Ru/RuOz and RuO: electrodes.
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Fig. 8. Fatigue characteristics of PZT thin films
deposited on RuO; and Ru/RuQO; bottom
electrodes.

E: 3 2. RuOzt Ruw/RuO:; #l 3% PZT 4wt
o W73 BA.

Table 2. Electrical properties of PZT thin films
deposited on RuOz and RwRuQ; bottom

electrodes.

E. Ps P; J Fatigue
ey &viem) |(sClemd{(uClomd| (Wemd) | (10%ycle)
RuO: 110 20 15 [6.0x10°| 26%

RuW/RuQ2| 90 35 26 159%107| 28%

286



4. 3 B

£ AT A Ruw/RuO:$ RuO; sHEHF ¢l
RF-magnetron 2HE @Yo 2 300 €Y 7|#ee
oA A% PZT #H=h& 650 CollM ztz 3 & %
ek RTAE ol83ld g8 & ¥, SEM¥ XRD&
PZTHlete] 23 EAE £43%od, I-V, P-E,
H2EALNS E48o ogd 22 dng 9k

M o] on

(1) RuO; A& 7lwe £%7F 200 TY o
1oy WwH¥oze 4 4ol g sk

18] Ru Bz FAA] Abae el 5 % 1
Y ZAfee Ru 99 el Jebg D ofz&n 4
A9l Hlgo] 955%E 653571 EF Ruy
RuOudel EAste] vyt ol2 & a) 4bi9] u)
o] 505022 # 7o RuO; (101)3 23
SAEA Yer o]ZEH o2 I kLo
ZEF2EZM RwRuO: &5/4H8LE o F
in-situFPo g Az 773

to W 2z 2

<]

o njo

o
H) &
A3e

Ly

(20 RwWRuO: $iol Z#¢ PZT 22te P= 26
uC/em®, Pe= 35 pC/cm®, Ee= 90 kV/em, J= 59X
107 A/em®olQE, RuO:8) A$ole P= 15 4
C/em®, Pe= 20 uC/em’, Ee= 110 kV/em, J= 6.0X
10° A/em®el itk Rw/RuO: 1) Z#3 PZT what
o HZ BHL P go] 10° cycle ol %o oF 28 %
ZA8AI, Ru0:8 A$dlE oF 26 % 723
Z RuwRuO; AZ 9o Zatgh PZT 2ate RuO,

=

o JjME FAEAF 54 P-EolgId 540
velgts, 92 EAHL u£ddd & RwRuO: &
Z/ASE olFATL Pt B3 £ FHATY A

A2 RuO, 59 AsE2HIT FHE e 54
4& 4 AUtk £F, RwWRuO; A= o

Lo

3
o rel AE hx
Mad FYFE 2o in-simz Aol 753
B2 Pt/RuO: PUIrO: 59 & oA 4233

Bo gy A5 FAYE F e el

#u &3

[1]1 S. K. Dey, C. K. Barlingay et al, “Advances in
processing and properties of perovskite thin
films for FRAMs, DRAMs, and decoupling
capacitors”, Integrated Ferroelectrics, Vol. 1, pp.
181-194, 19%4.

(2] 294, 44, F57], “25e g o8 A=
g PZT ®=tetel 2ol Ta #H7F 53", ]
Korean Ceramic Society, Vol. 31, No. 8 pp.

Ho

287

A1 HAAZ G =F A Vol. 14, No. 4. April 2001,

920-926, 1994.

(3] Tadashi Shiosaki, Masaru shimizu, Masayoshi
Kinoshita, “Characterization of PZT films
grown by MOCVD on 6-8 inch Si wafers”,
Integrated Ferroelectrics, Vol. 7, pp. 111-121,
1995,

4] A5, ol&7), 243, wir), oldd, “Ar/0,
Hlof & BSTetete] A7|H E4” A7) HzA

293 w=#2, Vol 12, No. 5 pp. 435-441,
1999,
6] 385, °l&7, #7149, H¥YR, |93,

“SOL-GEL® el 23 PbTiOsutete] Az 9 &
q 53, @A AAAE SR, Vol 12, No.
5, pp. 430-434, 1999.
(6] ub¥®, 2 8% AAdT, 34, 39, “ PLD
el os AMzd SBTHE 2= 9 Ay
£43", dA71dx Az =82], Vol 13, No. 1,
pp. 66-74, 2000.
akA ], A, WES HYL wAg, “ PLD
Bell o3 234 DRAMS PLZT4Hete) #lo] A
A Axe wE 547 ANAAY2 =
¥4, Vol. 13, No. 1, pp. 60-65, 2000.
N. Tanisake et al, "Study on gradual reversal
of polarization in ferroelectric PZT thin films

(7]

(8l

for adaptive-learning MFSFET applications”,

Integrated Ferroelectrics, Vol. 6, pp. 69-80,

1995.

R. W. Schwartz et al, "Preparation and

properties of sol-gel derived PZT thin films for

decoupling capacitor applications”, Integrated

Ferroelectrics, Vol. 4, pp. 165-174, 1994.

{10] Sung-Tae Kim, Hyun-Ho Kim, Moon-Young
Lee, Won-Jong Lee, "Investigation of Pt/Ti
bottom electrode for Pb(Zr, Ti)Os; films”, Jpn.
J. Appl. Phys., Vol. 36, pp. 394-300, 1997.

(11] #3234, “nfde& dLA8e ULSI-DRAMON
Aol E88EN WY, 8dAMEY Hs 7

%, Vol. 9(6), pp. 605-611, 1994.

[12] H. N. Al-Shareef, K. D. Gifford, S. H. Rou,
P. D. Hren, O. Auciello and A. 1. Kingon,
"Electrodes ferroelectric  thin  films”,
Integrated Ferroelectrics, Vol. 3, pp. 321-322,
1993.

[13] zF4& “DRAM Storage Capacitor8 -84 &
kg §g Pt std el #F A7, Kaist
A ALEL 9] =7, pp. 5-11, 1995.

TSAND,

for



J. KIEEME Vol. 14, No. 4, April 2001.

[14] H. J. Cho, C. S. Kang, C. S. Hwang, J W.
Kim, G. Horu, B. T. Lee, S. I Lee, and M.
Y. Lee, "Structural and electrical properties of
BaosSrosTiOs films on Ir and IrO. electrodes”,
Jpn. 1. Appl. Phys, Vol. 36, L874, 1997.

{15] K. Aoki, Y. Fukuda, K. Numata, and A.
Nishmura, “Electrical comparison of Sol-Gel
derived lead zirconate titanate capacitors with
Ir and Pt electrodes ” , Jpn. J. Appl. Phys,
Vol. 34, pp. 5250, 1995.

[16] ZA$4, “DRAME RuO:¢ Pt &t#4=2] AW
Al h A7, EgFER AASY
=&, pp. 1-9, 1996.

[17] #AA4E, “ZHAAEY 3438 RuOH%e
Mz BA", dFUsz AASAE=E, po
1-9, 1995.

(18] Hiroshi Majwa, "Preparation and properties of
Ru and RuO:; thin film electrodes for
ferroelectric thin films”, Jpn. J. Appl. Phys.
Vol. 33, pp. 5223-5226, 19%4.

[19] Koichi Takemura, Toshiyuki Sakuma, and
Yoichi Miyasaka, "High dielectric constant
(Ba,Sr)TiO; thin films  prepared on
RuO»/Sapphire”, Appl. Phys. Lett. Vol. 64(22),
pp. 2967-2969, 1994.

(20] Maeder T, Muralt P, Sagalowicz L, "Growth
of (111)-oriented PZT on RuO0:(100)/Pt(111)
electrodes by in-situ sputtering”, Thin Solid
Films, Vol. 345, No. 2, pp. 300-306, 1999.

[21] # <, “dlra 22888 A%t AHHA PZT
ot A A Ejo] BE A7, AFBRT of
g A7 AA AFHTEH AASATE, pp
46-48, 1999.

{22} Seung-Hyun Kim, J. G. Hong, S. K. Streiffer,
Angus L Kingon “The effect of RuO»Pt
hybrid bottom electrode structure on the
leakage and fatigue properties of chemical
solution derived Pb(Zr«Tii-x)Os thin films”,
Journal of Mat. Res. Soc, Vol 14, No. 3, pp.
1018-1025, 1999.

231 953, FAR, HR, AERY, oA, “FH
A wtek AHAE S AFel wIg AT
ZAHANAAAREE FAGEeRA =,
pp. 364-368, 1997.

[24] Yukio Fukuda, Katsuhiro Aoki, "“Effect of
excess Pb and substrate on crystallization

o

processes of amorphous Pb(Zr,Ti)O; thin films
prepared by RF magnetron sputtering”, Jpn. J.
Appl. Phys. Vol. 36, pp. 5795-5798, 1997.



