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A Study on Preparation and Characteristics of Pb[(Zr,Sn)Ti ][NoG Thin

Films for Ferroel ectric Random Access Menory

Choi, Vo- Chang

Department o Electronic Engineering, Graduate School,

Pukyong National University

Abstract

Characteristics of the Phoss[ (Zro.sSm.a)1xTix]o.9sNDo.0oQ (PNZST) thin film capacitor for
ferroel ectric random access nenory(FRAM) were investigated. To enhance the mcrostructural and
electrical properties, the PNZST thin filns with different dopants and conposition ratios were
deposited under various gas atnospheres and at different substrate tenperature by RF magnetron
sputtering nethod. To inprove the crystallinity of thin filns, the thin films were anneal ed at
different tenperature, tine, and atnosphere by rapid thernal process(RTP). The buffer layer that
pl aced under the ferroel ectric | ayer was deposited on Pt/Ti/SiQ/S to serve as a tolerable barrier
against diffusion of oxygen. The Pt top electrode with the area of 0.25 mMi was deposited by a RF
magnetron sputtering nethod and patterned by the lift-off process.

Pho 99 [ (Zro.6SM0.4)0.9Ti0.1]0.9sNDe 02Q ferroel ectric thin filmdeposited on (Law.sSro.s)C0Q/Pt/Ti/SiQ/S
showed the better properties than the others. Wen the thin filnms were deposited at the R power of
80 W substrate tenperature of 500 , atnosphere of Ar:Q = 9:0.5, gas pressure of 10 niorr and
then were annealed at 650 for 10 seconds in oxygen, these filnms had a good crystallinity and
ferroel ectric properties. Leakage current characteristic of the thin filns was al so found to be
strongly dependent on the type of the buffer layers and their mcrostructures. The renanent
pol arization and coercive field of the PNZST capacitor were about 20 uQcm and 50 kV/cm

respectively. The reduction of the polarization after 2.2x 10° switching cycles was less than 8 %

keyword : FRAM ferroel ectric, PNZST, RTA, buffer layer, thin film RF nagnetron sputtering
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3-1P

Table 3-1. Sputtering conditions of Pt and Ti thin films.

Pt Ti
RF power 45 150 W 80 W
Subsrae Ti/SO./S SO./S
Qubdrate temp. 350 550 C 500
Base Pressure 1x10° Torr 1x 10° Torr
Gas Pressure 10 mTorr 10 mTorr
Gas amospheric Ar Ar
Thickness 150 nm 50 nm
Cooling natural cooling natural cooling

3-2.RUO:  (LavsS05)CoO:

Table 3-2. Sputtering conditions of RuO: and (L& sSrs)CoOs thin films.

RUO: (LaosSos)CoO:
RF power 30 80 W 45 150 W
Subsrae P/Ti/SO./S, SO./S P/Ti/SO./S, SO./S
Subgrae temp. 300 500 C 300 500

Base Pressure 1x10° Torr 1x 10° Torr

Gas Pressure 10 mTorr 10 mTorr

Gas amospheric ArO: = 11, 0:1 Ar:0O: = 10, 0:1
Thickness 100, 150 nm 100, 150 nm
Cooling naural cooling naural cooling




3-3.

Table 3-3.Annealing conditions of electrodes and buffer layers.
Atmospheric gas Temperature Time

Pt/Ti N 950 60 min.
RuO: 0. 650, 700 60 min.
(La,S)Co0s 0 700 30 min.




2. PNZST

2.1. PNZST
PNZST Pbo.ss [(ZFo.6 Ao)os Tio.1]0.9sNbo.02 O
10 mole% PbO 232472741 10 mole%
PbO Pb
. PZT PbO
[1,2].
PbO, Nb:Os, 0., Zr0O., TiO: N0 g
3 , 750
T 4 . 2 , 1000
kg/em’ : 950 C 3
2 , 6 mm
22. PNZST
34 PNZST ,
RF magnetron sputtering 3-3 . 3-3 \
Ar . ,
re-sputtering
. (23.24.72:741 PNZST
3-5 : 34



3-4.PNZST

Table 3-4. Sputtering conditions of PNZST ferroelectric thin films.

RF power
Subdrate

Subdrae temp.
Base vacuum

Gas Presaure

Deposition rate
Film thickness

Cooling

PNZST Target - 60, 70, 80, 90, 100 W
PUTi/SO:/S, RuOG/SO:/S, RUG/P/Ti/SO:/S
(LaosSros)Co0:/S 02/ S, (LaosSros)CoOs/PUTi/SOe/S
350, 400, 450, 500, 550 C

1x10° Torr

10 m Torr

Ar : O: (9 : 05
8 10 A/min
200 nm

natural cooling

Sub. holder

- Mz, filr

Dz—h

Chamber ———=

lon gauge Lj
PR |

Ar— =

Venting valve

= Butterfly
valve

Target

RF power, cooling water

Rotary pump —-Ii

L]

Roughing valve

—LPiruni gaAuge
Fore line valve

3-3. RF magnetron sputtering
Fig. 3-3. Schematic diagram of RF magnetron sputtering sysem.



3-5.PNZST
Table 3-5.Annealing conditions of PNZST ferroelectric thin films.

Conditions
Atmospheric gas 0.
Temperaure 550, 600, 650, 700
Time 5, 10, 15, 20, 30 sec.

3-4.
Fig. 3-4. Photograph of Rapid Thermal Process(RTP) sysem.
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3. PNZST

PNZST Pt RF magnetron sputtering
, 50 W 100 nm . lift-off
mask aligner 0.25 mm’
(23.:24.72:741 : passivation SO :
SO , dlver wire  contact . 36 P
SO. : 3-5 3-6 lift-off
mask aligner
36.Pt SO

Table 3-6. Sputtering conditions of Pt and SO: thin films.

Pt SO:
RF power . 80w 150 W
Subdrate : PNZST/buffer layer/  Pt/PNZST/buffer layer/
electrode/ SO./S electrode/SIO:/S
Subdrate temp.  :  room temperaure 350
Base Pressure : 1x10° Torr 1x 10° Torr
Gas Pressure : 10 mTorr 10 mTorr
Gas amospheric  :  Ar Ar
Thickness ;100 nm 1pym
Cooling :  naura cooling natural cooling
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3-5. Lift-off
Fig. 3-5. Lift-off process.
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3-6.
Fig. 3-6. Photograph of mask aligner.
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[23,24,72-74]
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Fig. 3-7. Photograph of analyss ingruments. (a) four-point probe, (b)
metallurgical microscope, (c) surface profiler.
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1.1.2. PUPNZST/PYTI/SO:/S
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4-2. PUTi/ISO./S PNZST

Fig. 4-2. Plot of dielectric congant and disspation factor of PNZST thin
film deposted on P/Ti/SO./S.
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Fig. 4-3. Plot of hyderesis curve of PNZST thin film deposted on
P/TI/ISO:/S .
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Fig. 4-4. Faigue characterigics of PNZST thin film deposted on

PUTI/ISO./S .
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12. Pt/PNZST/RuQ./SO./S
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Fig. 4-7. Plot of dielectric congant and disspaion factor of PNZST thin

film deposted on RuG:./SO./S.
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Fig. 4-8. Plot of hyderesis curve of PNZST thin film deposted on
RuO./SO./S.
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Fig. 4-9. Faigue characterigics of PNZST thin film deposted on

RuG./SO:/S.
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Fig. 4-10. E-J characterigics of the PNZST thin film deposited on
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Fig. 4-11. Resdivity of RuO./Pt/Ti electrode as a function of (a) RF
power, (b) subdrate temperature.
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Fig. 4-12. Plot of dielectric congant and disspation factor of PNZST
thin film deposited on RuQ./P/Ti/SO./S.
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Fig. 4-13. Plot of hyderesis curve of PNZST thin film deposted on
RuG./P/Ti/SO./S.
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Fig. 4-14. Fatigue characterigics of PNZST thin film deposted on
RuG./P/Ti/SO./S.



1.3.5. P/PNZST/RUG/PY/TI/SO./S
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Fig. 4-15. E-J characterigics of the PNZST thin film deposited on
RuG./P/Ti/SIO:/S.



14. Pt/PNZST/LSCO/SO./S
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Fig. 4-16. Resigivity of LSCO electrode as a function of (a) RF power,
(b) subdrae temperature.
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4-17. LSCO/SO:/S PNZST

Fig. 4-17. Plot of dielectric congant and disspation factor of PNZST thin
film deposted on LSCO/SO./S.
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Fig. 4-18. Plot of hyderesis curve of PNZST thin film deposted on
LSCO/SO:/S.
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14.4. PYPNZST/LSCO/SO./S
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4-19. LSCO/SO./S PNZST
Fig. 4-19. Fatigue characterigics of PNZST thin film deposted on

LSCO/SO:/S.
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Fig. 4-20. E-J characteridics of the PNZST thin film deposited on
LSCO/SO./S.
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Fig. 4-22. Plot of dielectric congant and disspaion factor of PNZST
thin film deposited on LSCO/PY/Ti/SO:/S.
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Fig. 4-23. Plot of hyderess curve of PNZST thin film deposited on
LSCO/R/Ti/ISO:/S.
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4-24. LSCO/P/Ti/SO./S PNZST
Fig. 4-24. Fatigue characterigics of PNZST thin film deposted on

LSCO/R/TiI/ISO:/S.
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Fig. 4-25. E-J characterigics of the PNZST thin film deposted on
LSCO/P/TI/SO/S.
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Fig. 4-26. XRD pdterns of the PNZST thin films deposited a subdrate
temperaure of 500 C as a function of RF power.
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Fig. 4-27. XRD patterns of the PNZST thin films deposted a RF
power of 80 W as a function of subdrate temperature.
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Fig. 4-28. XRD paterns of the PNZST thin films annealed for 10
seconds as a function of annealing temperature.
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Fig. 4-29. XRD pdterns of the PNZST thin films annealed a 650
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Fig. 4-30. AFM images of the PNZST thin films annealed for 10
seconds as a function of annealing temperature.
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Fig. 4-31. AFM images of the PNZST thin films annealed a 650
as a function of annealing time.
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