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8. Chapter 8 : Conclusions and Recommendations

The cuurent dissteration is an attempt to realize ferroelectric capacitors that could be

integrated into high density FRAMs. Two kinds of ferroelectric materials were

investigated as capacitor materials, namely PZT based and SBT based ferroelectric

materials. Integration of ferroelectric capacitor in to high density FRAM involved two

aspects: (a) Development of a suitable electrode that provided the contact between the

capacitor and the transistor in a 1T/1C cell structure and (b) Development of ferroelectric

material. Following are the conclusions and recommendations that could be derived from

the current dissertation:

(1)  Current research had shown that, for PZT based capacitors, entrapment of oxygen

vacancies was not the only criteria that decided the fatigue characteristics of a

ferroelectric capacitor. Growth of pure single phase of perovskite PZT was found to

be equally important in controlling the fatigue properties of PZT based capacitors.

Vacuum annealed IrO2/Ir based electrodes not only acted as efficient diffusion

barriers for inhibiting the inter-diffusion of silicon, lead and oxygen, but also as

suitable electrodes that could enhance the growth of single phase perovskite structure

in PZT capacitors. Results from Chapter 1 and Chapter 2 had shown that vacuum

annealed IrO2/Ir electrodes would infact enable the integration of PZT based

capacitors into high density memory structures. However, further simplification of the

electrode structure into single Ir layer would be the ideal candidate for

commercialization purposes. Further simplification of the electrode structure to just

simple Ir layer would require a careful control over the sputtering process, in which,
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the main variable to consider would be the Ir ion energy during the plasma

deposition. An optimum ion energy could render the electrode surface with sufficient

nucleation sites for pure perovskite phase growth

(2)  Some of the important aspects in the integration of SBT based capacitors into high

density FRAMs were attempted to be solved in the current disstertation. SBT thin

films possess a process tempreature close to 800 0C. In the current dissteration, the

processing temperature was reduced to 700 0C by substituting a part of the thermal

energy with plasma. Results in Chapter 3 had suggested that introduction of an

oxygen plasma into a deposition process has yielded SBT capacitors with minimal c-

axis oriented grains and maximum a-b oriented grains. Growth of a-b oriented SBT

grains at a low processing temperature (700 0C) would yield appreciable ferroelectric

properties in SBT capacitors and thus would aid in integrating SBT based capacitors

into high density memory structures. In the current research, plasma excitation

potential was the only variable that was employed to study the effect of processing

temperature on the ferroelectric properties. Processing temperature of SBT thin films

could be further decreased by simultaneous optimization of pressure of the deposition

gas and the plasma excitation potential.

(3)  Reliability and reproducibility of SBT thin films were found to be dependent upon the

presence of bismuth oxide secondary phase. Specifically, degradation of remanent

polarization of SBT based capacitors is directly correlated to the amount of secondary

phase bismuth oxide in the capacitor. Complete elimination of this secondary phase

by carefully tailoring the process could increase the yield, reliability and

reproducibility of the capacitors dramatically.
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(4)  For a given processing temperature, solid solutions of SBT and BTN would yield

ferroelectric materials with much larger grain size as compared to that of pure SBT

owing to the increased mobility of the individual species. Hence, improved

ferroelectric properties were obtained in these solid solution ferroelectric materials

even at reduced processing temperatures. Use of SBT based solid solutions decreased

the processing temperature from 800 0C to 650 0C, which could aid in simplifying the

integration of SBT based capacitors into high density memory structures. In the

current dissertation, attempts were made to fabricate the solid solution thin films by a

metalorganic deposition technique. However, developing a chemical vapor deposition

process would make the solid solution approach very attractive for commercial

application of SBT based solid solutions as high density FRAM capacitor materials.

(5)  PtRh based electrodes were found to be stable up to temperatures as high as 750 0C

and hence were found suitable for integrating SBT based capacitors into high density

memory structures. The bottom electrode structure consists of PtRh(150nm)/PtRhOx

(300nm). The total thickness of the bottom electrode amounts to 450 nm. Such a thick

electrode might not be attractive from an etching point of view for realization of a

practical FRAM device. Further optimization of the deposition process is required in

order to lower the thickness of the bottom electrode. Alternatively, an etching

technique is required to be developed for etching of PtRh based electrodes.


