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Thermally Evaporated ZrO ,
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The characteristics of zirconium oxide (Zfilms, grown by standard thermal evaporation of zirconium while adding oxygen at
constant partial pressure during evaporation, were investigated for the first time. The physical thiqjﬁygéﬂsﬁ(x and electrical

thickness of the as-grown and annealed samples were studied. The dielectric constant as measured by the capacitance-voltage
(C-V) technique is estimated to be around 36. C-V measurements taken at 100 kHz show a low hyster88isndf and the

maximum capacitance seems to flatten out for the lower physical thickness, which might indicate presence of an interfacial
oxide/silicate layer.
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Zirconium oxide (ZrQ) as highk gate dielectric has been under Results and Discussion

intense investigation recently for replacing conventional,iGe to Table | summarizes the physical thicknesg,tin A) of the

its high dielectric constant¢20-25), low leakage current, and good as-grown ZrQ and after annealing, which shows a decrease in the
thermal stability on silicon. In addition to replacing gate oxide in thickness of the films after annealing. This decrease shows the ther-
complementary metal oxide semiconducfGMOS) devices, other ) stapility of these films. Figure 1 shows the capacitance-voltage
applications such as floating gate memory devices consides &0  (C-v) curves taken at 100 kHz for different film thickness annealed
a potential candidate for replacement of the ONO stack dielectric,at 600°C. Using the known oxide thickness the dielectric constant as
which is being used in the floating gate memory devices. Many suchneasured by the C-V technique is estimated to be around 36. This
applications have led to numerous efforts to synthesize zirconiumhigh value of dielectric constant can be attributed to possible tung-
oxide by various methods compatible to standard CMOS technolsten contamination during evaporation. The accurate identification
ogy. Techniques such as chemical vapor deposi@wD, * atomic of tungsten is currently underway. One of the major concerns in
layer CVD (ALCVD),” sol-gel techniques, chemical solution gk dielectrics is hysteresis because of its impact on threshold
depositiort, anodizatiorf, electron beam depositidnion-beam as- voltage instability. With post-deposition annealing at 600°C it can be

. .. . 10 . -
sisted depositiofirf as well as dc sputtering®and reactive direct seen that the hysteresis has reduced~to30 mV. The maximum

current magnetron sputtering The properties of grown film and capacitance seems to flattéRig. 1) for the lower physical thick-

dth ise d i " h Each techni Fess, which might indicate presence of an interfacial layer between
cess and Ihe precise ceposilion paramerers chosen. =ach techniq , and Si. The interfacial layer may be of either zirconium sili-

has their own set of advantages and disadvantages. However, mos

of these techniques show some or other kind of interface damageCate (2rS]0,) because of oxygen deficiency or silicon oxide (IO

Sputtering and e-beam assisted depositions create radiation induc&y® to the diffusion of excess oxygen through ZrGrhe electrical
surface damage during film growth. Thermal evaporation is a well-VS- Physical thickness are plotted in Fig. 2. A 9 A interfacial film
known technique that does not produce any kind of surface damagdllickness was estimated using a quantum mechanical interface
Because this technique is a rather gentle process it creates very litti@odel. . . . . .
or no damage to the interface. In this paper, we investigate the The flatband voltage shift as a function of physical thickness is

electrical properties of ZrOdeposited by standard thermal evapo- shown in Fig. 3. It seems the flatband voltage shift for the 650°C
ration technique with adding oxygen at constant partial pressuré"€aled films is quite reliable where as the other data is very scat-
during evaporation ered. The significant deviation in as grown sample is believed to be
' due to interface-trapped charges,)QFor 550°C annealed film the
flatband voltage shift looks unreliable. Even though it is currently

Experimental being explored further, it is believed that for thermally evaporated
. . . ) - ZrO, films the activation annealing temperature is higher than
Zirconium oxide (ZrQ) films were grown on p-type100 sili- 550°C. In addition, the flatband voltage shift indicates an effective

con wafers using standard thermal evaporation of zirconium while
adding oxygen at constant partial pressure during evaporation. Th

base pressure was maintained at orr before oxygen was facig) layer in thermal evaporated Zs@an determine the polarity as
added. During evaporation the pressure in the chamber increased el as the quantity of oxide-trapped charges.

10~* Torr when oxygen was added. Zirconium was evaporated us- " Figyre 4 shows the leakage currers. electrical thickness of

ing a specially designed tungsten boat. Before evaporation, the Way,~ "4t a flatband voltage of-1 V. Note that even though the
fers were cleaned using standard RCA cle@®RE€A-1 and RCA-2 2 voltag ' v U9

followed by a 50:1 HF dip for 15 min immediately prior to the
deposition. ZrQ of thickness as measured by ellipsometer of 59, 89,
and 173 A were deposited for the current work. Metal oxide semi-  Table I.
conductor capacitance structure was achieved by using a mercury

negative charge as high as 2710" cm™2 in the oxide. However,
the net charge decreases due to annealing. The nature of the inter-

probe station. Samples were subjected to forming gas aRéa) tonys tonys tonys
at 550°C and 650°C. as-grown 550C FGA 650C FGA

Samples A) R) R

1 59 49 49

* Electrochemical Society Active Member. 2 89 72 70

2 E-mail: dmisra@niit.edu 3 173 150 146



Figure 1. C-V measurements for 650°C-annealed Zt@ken at 100 kHz.
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HF CV measurements
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Figure 2. Electricalvs. physical thickness of ZrEfilms.
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Figure 3. Flatband voltagess. physical thickness for all the Zefilms.
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Figure 4. The leakage currents. electrical thickness of Zrfilms as de-
posited, 550°C annealed, and 650°C annealed.
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Figure 5. Leakage current as a function of bias voltage.

physical thickness decreases for annealing at higher temperatures,
the leakage current decreases. For 650°C annealegdsén@ples the
leakage current shows a linear dependence and consistent with
Schottky emission mechanism, where the interface layer between
ZrO, and the Si substrate dominates the conduction process. The
decrease in leakage current suggests that, Zn@k traps contribut-

ing to the leakage paths are reduced after the activation annealing.
As mentioned before the formation mechanism and the nature of
interfacial layer could control the leakage current. Note that the
current as a function of bias voltad€ig. 5) also shows identical
behavior.

MOS capacitors with Zr®, deposited by ALCVD, a widely used
technique, show an increase in leakage current when post deposition
annealing temperature is increasé@he leakage current increase is
attributed to increase in defect density. In thermal evaporation tech-
nique, on the other hand, a decrease in leakage current indicate
annealing of defects and improvement in electrical characteristics
occur when ZrQ films are annealed at 650°C. Possible condensa-
tion of the ZrG films may be the reason for the decrease in leakage
current due to improvement in film density. Zr@ms annealed at
550°C show poor electrical characteristics. It is believed that for
thermally evaporated films an appropriate annealing temperature is
necessary to obtain high quality Zy@ilms. Even though detailed
study is still underway it seems that excellent quality Zfilins can
be grown by standard thermal evaporation method.
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Conclusions

In summary, zirconium oxide (Zr§) films, grown by standard 1
thermal evaporation of zirconium while adding oxygen at constant g
partial pressure during evaporation, show encouraging results for,
650°C annealed films. The estimated dielectric constant is found tos.
be around 36. CV measurements taken at 100 kHz show the maxi-6-
mum capacitance seems to flatten out for the lower physical thick- 7
ness, which might indicate presence of an interfacial layer. 8.
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