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Electrical Properties in PYSrTiOs/Pbx(Zros2,Ti.4s)O3/SrTiOa/Si Structure
and the Role of SrTiO; Film as a Buffer Layer
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Abstract

Pt/SrTiOs/Pbx(Zros2, Tio.48)O%/SrTiOy/Si(MIFIS)  structure was prepared by rf-magnetron sputtering -
method for use in nondestructive read out ferroelectric RAM(NDRO-FRAM). Pby(Zrosz, Tios)Os (PZT)
and SrTiO; (STO) films were deposited respectively at the temperatures of 300C: and 500C on
p-Si(100) substrate. The role of the STO film as a buffer layer between the PZT film and the Si
substrate was studied using X-ray diffraction(XRD), Auger electron spectroscopy(AES), and scanning
electron microscope(SEM). Structural analysis on the interfaces was carried out using a cross sectional
transmission electron microscope(TEM). For PZT/Si structure, mostly Pb deficient pyrochlore phase -was
formed due to the serious diffusion of Pb into the Si substrate. On the other hand, for STO/PZT/
STO/Si structure, the PZT film had perovskite phase and larger grain size with a little Pb
interdiffusion. The interfaces of the PZT and the STO film, of the STO film and the interface layer, of
the interface layer and the SiO; , and of the Si0O; and the Si substate had a good flatness. A cross
sectional TEM image showed the existence of an amorphous layer and Si0O; with 7nm thickness
between the STO film and the Si substrate. The electrical properties of MIFIS structure was
characterized by C-V and IV  measurements. By 1MHz C-V  characteristics for
Pt/STO(25nm)/PZT(160nm)/STO (25nm)/Si structure, memory window was about 1.2 V for an applied
voltage of 5 V. Memory window increased by increasing the applied voltage and the maximum voltage
of memory window was 2 V for 7 V applied. Memory window decreased by decreasing PZT film
thickness to 110nm. Typical leakage current was about 10® A/em for an applied voltage of 5 V.
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Target STO, PZT
Base pressure 1%10° Torr
Sputtering pressure 25-4%10" Torr
Substrate rotation speed 10 rpm
Target-Substrate distance |10 cm
Deposition temperature STO : S0,

. e PZT : 300C
Gas flow ratio(02/Ar) 1/9 sccm
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Fig. 1. XRD patterns of (a) PZT(160nm)/Si and
(b) STOR25nm)/PZT(160nm)/STO(25nm)/
Si structures annealed at 600C for 1
hour in the oxygen atmosphere
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Fig. 2. AES depth profiles of (a) PZT(160nm)/Si
and (b) STO(25nm)/PZT(160nm)/ STO(25
nm)/Si structures annealed at 600C for 1
hour in the oxygen atmosphere
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SEM images of (a) PZT(160nm)/Si and
(b}  STO(25nm)/PZT(160nm)/STO(25nm)/Si
structures annealed at 600C for 1 hour
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Fig. 4. A cross sectional TEM image of STO
(25nm)/PZT(160nm)/STO(25nm)/Si struc—
ture annealed at 600C for 1 hour at the
oxygen atmosphere
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Fig. 5. C-V characteristics of Pt/STO(25nm)/
PZT(160nm)/STO(25nm)/Si structure
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Fig. 6. C-V characteristics of Pt/STO(25nm)/

PZT(110nm)/STO(25nm)/Si structure

I 2 AR AAY) YRo|t #2% 5 vt 7
Ve A4S 7132 9 memory window e o}
12 Vel 2 veeh o8 29 62 PZT wat Zx2
10nmZ Z2A3 399 C-V 24 Aoy, o

440

g 53} Zo] ZAHAAe] 97 ol A o] YEIYA
o memory window el PZT %% %47} 160nm
me! Z¢5u a3 a9 79 PZT 2t £

3.0
—@- PUSTO(25nmY/PZT(160nm)ySTO(25nm)/Si
25l — - PYSTO(25nm)PZT(110nmySTO(25nmy/Si
S |
2 20} oo
[o] —e
E 15} /°/ e
' / .
(o b —m
g 10r /./' \
()]
= o5
' 1
0.0, 4 6 8 10 12
Applied Volitage (V)
ad 7. PYSTO(25nm)/PZT(160nm)/STO(25nm)/

Sigt  PYSTO(25nm)/PZT(110nm)/STO
(25nm)/Si +=9 FAAYEZ

Memory windows of PYSTO(25nm)/PZT
(160nm)/STO(25nm)/Si and Pt/STO(25nm)/
PZT(110nm)/STO(25nm)/Si structures

Fig. 7.

A7b 242t 110nms} 160nm<e F-$ 7 slFE Adolut
€ memory window 3} ZFAsS JeEiAG.
PZT 4 A7 160nm¢l 7347t @utygoz
memory windowdte] B & RoZ YElRT) oA
& PZT wete] FA7 AASFE AUFo2 PZT
wtate] FaE A Alelectric field)7t 3totx7l W&
Q Aoz AZdY. agyv HEE Age] o= A
= Z7}39 A memory windows AU A g
A Zaste Aoz eyt o= STO et
Z Si 7l Alele] EAsE Si0: Fo ®L A
7} 28 A A3 3 F(charge injection)?t doid
S 24 memory window #o] ZAsE Re=z A
ZEh ARAA 9 AcE dgwdoz A4
EWAX2E7 4x4 NDRO-FRAM A=z £8&%2
7% memory window g°o] FFE AAFHU AR
Hel7b tEstEE old g Mol o€ &
ATy ZA"E EdE B o PZT 99 FHA7}
Z7}44E memory window &l F7tstB 2 PZT
wabe) Tr9k 2 Z 02 AMRE STO wete] %
AE A I G T FglAM U¢A
AQl A At 715 ¥ memory windowE &



4 gd& Aez 4A¥Y g 19 8
(25nm)/PZT(160nm)/STO(25nm)/Si T+

Pt/STO

4R

1E-6

. PYSTO(25nm)/PZT(160nm)/STO(25nmY/Si
[
) § 7l
< .—.‘"..'.““-O-o-g.. o
§ ﬂ‘*'*o
E jE8t e
o
]
g
X 1E9f \
L]
-d
.1E-1 [\ 1 1 s n 1 1 L
-12 -10 -8 -6 -4 2 0
Voltage (V)

2% 8. PYSTO(25nm)/PZT(160nm)/STO(25nm)/
Si 729 1V 54

I-V characteristics of Pt/STO(25nm)/
PZT(160nm)/STO(25nm)/Si structure

Fig. 8.

Jjm

A& YEhd Aotk ALgE 7%l p-Si ¢
%29 9 (accumulation region)?l (-) Wgo =z
5t Atglabnte]l FAHAR EAE 2AEE
b AY 5 VelA FHAF 27t 10° A/em®d
=2 a3y @e gs §X3e RoE YER

¢S I jo du
Xl U

N

4.4 B

B 3= PYSTO/PZT/STO/Si F=4A STO
utabo] Pp Fate] i ¢33 &R Az AH
o] M7)% S4¢ AWuY XRD 3 AES ¥4
A PZT/Si F+ZoAM PZT dteo] Si 71®FH A3
P&t s A$ Porl Si 71w 2 FAE] 9
o] PZT Htete] 2% Pb Z¥ A< pyrochlore
oz AAIELE ol wra] STO W& &3
20w AM43 STO/PZT/ STO/SI F&9 B
PZT Htuto] o3 ¥ perovskite 422 ZHAZEHI
I Pbe] FAE A BEHA ¥tk SEMe=
¥ 24 Az 9A] STO uwrute] gy 4§ PZT
wtute] AAY Aol & ojFojxych HRTEM @
W $3 A PZTS STO #% Atels] AWRES
Ag BAFYA F¢th. 2@ STO st Si 71
Abole) AWoA wAAAY FAH} Si0: Fol
ofinm BE FERHYUT AWL vlwd FEIAT
o9 e ANE EU= B w STO =#Ee] PZT

wetg S 7% Alele) F2Y #3302 AYY

RAe FAs gt P/STO(25nm)/PZT(160nm)/STO

M

ANAAA R E=F 2] Volll, Nob, 1998.

(25nm)/si &9 C-V € -V 54 dn o539
2e A7E 4t 5 Ve JEFERES o memory
window %to] 1.2 VRt 718E Hte] 1S
memory window & Z7}slddh Q7 AY 7 Ve
Al “memory window Ztol 2 VR Trb sty A
Z-et ok PZT 2etel F74 71 110nmE o 3e 7
4 memory window Ztol A&t AsAYL 5
VAR 10° A/em’el  FHAFE JEhIATh
NDRO-FRAM 2Atd]  &88 4<% memory
window gte] 45 2x}52te] AFHA A& 2

HE o oo tiF Nde] a7drt
zAate] 2

£ ATE OUE WY e AaA Bop 47
H] X 91 (A 3 (H0081000)e 23] 3=z
olel A=yt

302 8 )

L. H. Ishiwara, “Proposal of Adaptive-Learning
Neuron Circuits with Ferroelectric Analog-
Memory Weights”, Jpn. J. Appl. Phys.. Vol.32,
pp.442, 1993

2. H. Ishiwara, "Current Status and Prospects of
Ferroelectic Thin Film Devices”, FED Jounal,
Vol.7, pp.13-20 1996

3..Y. Shichi, S. Tanimoto, T. Goto, K. Kuroiwa,
and Y. Tarui, "Interaction of PbTiO3 with Si
Substrate”, Jpn. J. Appl. Phys., Vol.33, pp.5172,
1994

4, C. S. Hwang and H. J. Kim, "Deposition of
Pb(Zr, Ti)O3 Thin Films by Metal-Organic Chemi-
cal Vapor Deposition”, J. Am. Ceramic. Soc., Vol
78(2), pp.329, 1995

5. Eisuke Tokumitsu, Kensuke Itani, Bum Ki
Moon, and Hiroshi Ishiwaza, "Crystalline Quality
and Electrical Properties of PbZrxTi;-x0O: Thin
Films Prepared on SrTiOs-covered Si Substrates”,
Jon. J. Appl. Phys,, Vol.34, pp.5202, 1995

6. 8¢, Wau, A%, AJE, 'RF vladEE
29 H gy 2% MFISTZ9 PZT/STO/Si
bl S B3 A7, ] Eng. Sci. & Tech,
Vol. 35, pp.49-55, 1997



