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Introduction

   Ferroelectric thin films, for example Pb(Zr,Ti)O3[1], SrBi2Ta2O9[2] and (Ba,Sr)TiO3 (BST)[3] have been intensively studied to overcome the limitation of conventional capacitor structure, because of high dielectric constant, large spontaneous polarization and low leakage current. Among the various ferroelectric films, BST thin film was noticed as the most promising material for the capacitor of ULSI DRAM cell due to its high dielectric constant and paraelectricity at normal operating temperature. Although BST possesses a satisfactorily high dielectric constant, BST capacitors have a rather low onset field for high current emission, i.e., only a 300-500kV/cm, which will limit its minimum thickness. Also, it was known that a post-heat-treatment at high temperature, 750oC, was essential to obtain a good electrical property. The heat treatment at high temperature can make a poor effect on electrode, barrier metal and contact plug. Strontium titanate (SrTiO3) is one of the few titanates which is cubic at room temperature. But, the dielectric constant is lower than BST. The addition of lead into strontium titanate makes its dielectric constant higher and the temperature of crystallization lower. Also, the curie point, i.e., the transition temperature from ferroelectric (tetragonal) to paraelectric (cubic) phase, is retained to somewhere around or below room temperature, making (Pb,Sr)TiO3 (PST) a paraelectric material with a high dielectric constant. 

Experiment

   In this study, PST thin films were prepared by LSMCD method using Pb acetate [Pb(OOCCH3)2], Sr 2-ethylhexanoate [Sr(OOCCH(C2H5)C4H9)2] and Ti isoproxide [Ti(OiC3H7)4] as metallic precursors. These were dissolved in 2-methoxyethnol. A ultrasonic nebulizer was used to make the mists of precursor solution. The mist was transported to a deposition chamber by carrier gas (Ar). The Si(100) and Pt coated Si(100), Si(100)/SiO2(500nm)/ Pt(100nm), were used as a wafer. The detailed growth conditions of PST thin films are shown in Table 1. 

Result and discussion

   The effect of annealing time on electrical property was shown in Fig. 1. The 100nm-thick PST thin films were annealed at 650oC in rapid thermal annealing (RTA) for 30, 60, and 300sec. The capacitance of PST thin film annealed at 650oC increased with increasing annealing time. Also the leakage current density increased with increasing annealing time. This can be explained as the results of an increased grain size and a removal of amorphous phase having a low dielectric constant. From these results, In order to obtain high dielectric constant, the drying temperature and the annealing time have to be 240oC and 300sec, respectively. But, the PST thin film under a previous condition had a high leakage current density. Therefore, the PST thin films were annealed again to lower the leakage current density of the PST thin film after the deposition of top electrode Pt. Firstly, the 100nm-thick PST thin film annealed at 650oC in rapid thermal annealing (RTA) for 300sec was annealed again at 630oC for 30min under O2 ambient. The annealing temperature of 630oC was selected to decrease the escape of Pb from PST thin film during long annealing temperature. The change of electrical property was shown in Fig. 2. The dielectric constant was not changed but the symmetry of capacitance-voltage curve was obtained. Also, the leakage current density of PST thin film was lowered less than 7.36x10-7(A/cm2). This result can be explained by the changes of the impurities such as carbon residues in PST thin film and the improvement of interfacial state between PST thin film and electrode Pt during postannealing under O2[4]. The 100nm-thick PST thin film annealed at 650oC in rapid thermal annealing (RTA) for 5min was annealed again at 630oC for 30min under N2 ambient. The comparison of electrical property between the PST thin film with postannealing under N2 and the other was shown in Fig. 3. The dielectric constant increased from 481 to 560 and the symmetry of capacitance-voltage curve was obtained. Also, the leakage current density of PST thin film was greatly decreased from 1.04x10-2 to 2.56x10-6(A/cm2). 

   In order to remove the carbon impurity of the surface, inductively coupled plasma (ICP) was used[5]. Firstly, the 130nm-thick PST thin film was annealed at 650oC in rapid thermal annealing (RTA) for 5min. And it was treated in ICP. The thickness of PST thin film was not changed during the ICP treatment. Finally, it was annealed again at 630oC for 30min under O2 ambient. The improvement of electrical property of PST thin film was shown in Fig. 4 and Fig. 5. The leakage current decreased drastically as capacitance decreased. Also, dissipation factor was improved. From this result, the influence of carbon impurity on electrical property was confirmed and the mal-effect of carbon impurity can be improved by ICP treatment. 
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Table 1. The growth conditions for preparation of PST thin film by LSMCD.
Pressure during deposition
500 ~ 760Torr

Drying
200 ~ 350oC, for 3min

Baking
500oC, for 10min

Annealing
550 ~ 650oC, for 30sec ~ 30min

Typical deposition rate 
5 ~ 20nm/min

Ar flow rate
200 ~ 2000sccm
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Fig. 1. The effect of annealing time on electrical property. Label in (a) : annealing time,  

      dielectric constant at 0V, 100kHz. 

[image: image5.wmf]Applied voltage (V)

-3

-2

-1

0

1

2

3

Capacitance (pF)

0

1000

2000

3000

4000

5000

6000

7000

8000

Just annealing, 481, 464

Post annealing, 560, 550

[image: image6.wmf]Applied voltage (V)

0.0

.5

1.0

1.5

2.0

2.5

3.0

Leakage current density (A/cm

2

)

10

-9

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

Just RTA

surface treatment

surface treatment

+ postannealing

1.84x10

-4

(A/cm

2

)

8.27x10

-6

(A/cm

2

)

1.85x10

-8

(A/cm

2

)

[image: image7.wmf]0

100

200

300

400

500

600

Just RTA

Surface

treatment

Surface

treatment +

postannealing

Dielectric constant

Dissipation factor x 10000

[image: image8.wmf]Applied voltage (V)

0.0

.5

1.0

1.5

2.0

2.5

3.0

Leakage current density (A/cm

2

)

10

-9

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

Just annealing

Post annealing

2.56x10

-6

(A/cm

2

) at 1V


Fig. 2. The change of electrical property during postannealing under O2 ambient. Label in

      (a) : annealing method, dielectric constant at 0V, 100kHz. 
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Fig. 3. The change of electrical property during postannealing under N2 ambient. Label in 

       (a) : annealing method, dielectric constant at 0V, 100kHz.

[image: image10.wmf]Applied voltage (V)

0.0

.5

1.0

1.5

2.0

2.5

3.0

Leakage current density (A/cm

2

)

10

-9

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

30sec

60sec

300sec

[image: image11.wmf]Applied voltage (V)

-3

-2

-1

0

1

2

3

Capacitance (pF)

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Just annealing, 299, 299

Post annealing, 295, 293

[image: image12.wmf]Applied voltage (V)

0.0

.5

1.0

1.5

2.0

2.5

3.0

Leakage current density (A/cm

2

)

10

-9

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

Just annealing

Post annealing

7.36x10

-7

(A/cm

2

) at 1V

[image: image13.wmf]Applied voltage (V)

-3

-2

-1

0

1

2

3

Capacitance (pF)

0

1000

2000

3000

4000

5000

6000

7000

8000

Just annealing, 481, 464

Post annealing, 560, 550

[image: image14.wmf]Applied voltage (V)

0.0

.5

1.0

1.5

2.0

2.5

3.0

Leakage current density (A/cm

2

)

10

-9

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

10

0

Just annealing

Post annealing

2.56x10

-6

(A/cm

2

) at 1V

[image: image15.wmf]0

100

200

300

400

500

600

Just RTA

Surface

treatment

Surface

treatment +

postannealing

Dielectric constant

Dissipation factor x 10000

[image: image16.wmf]Applied voltage (V)

0.0

.5

1.0

1.5

2.0

2.5

3.0

Leakage current density (A/cm

2

)

10

-9

10

-8

10

-7

10

-6

10

-5

10

-4

10

-3

10

-2

10

-1

Just RTA

surface treatment

surface treatment

+ postannealing

1.84x10

-4

(A/cm

2

)

8.27x10

-6

(A/cm

2

)

1.85x10

-8

(A/cm

2

)


� EMBED JandelGraphicObject.1  ���





� EMBED JandelGraphicObject.1  ���





� EMBED JandelGraphicObject.1  ���





� EMBED JandelGraphicObject.1  ���





� EMBED JandelGraphicObject.1  ���





� EMBED JandelGraphicObject.2  ���





� EMBED Excel.Sheet.8  ���





� EMBED JandelGraphicObject.1  ���





Fig. 4. The comparisons of dielectric constant and dissipation factor between PST thin film with surface treatment by inductively coupled plasma and without surface treatment.





Fig. 5. The change of leakage current density through the surface treatment by inductively coupled plasma and postannealing.





(a) Capacitance-voltage curve





(a) Capacitance-voltage curve





(b) Current-voltage plot





(a) Capacitance-voltage curve





(b) Current-voltage plot
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