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Abstract

The 8 wt.% rare earth (RE = Ce, Gd, and Y) dopembrium dioxide (ZrQ) thin films
were prepared on glass substrates by spin-coaamgigue and annealed at 600 Also, the
RE:ZrO, based metal-insulator-semiconductor (MIS) type 8&lydarrier diodes were
fabricated. X-ray diffraction (XRD) patterns revedithe mixed phase of monoclinic and
tetragonal Zr@for the RE:ZrQfilms, and the pure monoclinic phase for the undapeO, film.
Because of the doping with RE ions, the crystadlize reduced with the increase of oxygen
vacancies. The scanning electron microscopic (SieMyes exhibited the rod-shaped and
square-shaped grains for the undoped,2Zn@ Gd:ZrQ thin films, respectively. Elemental
compositions were confirmed by the energy disperXiray (EDX) analysis. The UV-vis
analysis showed the lower transmittance for theZRB: films with a reduced band gapg{E
The dc electrical conductivityc) was increased with the decrease of activationggné&,) due
to the RE doping. When compared to the Al/lundopeab/p-Si Schottky barrier diode, the
Al/RE:ZrO,/p-Si showed an improvement in the values of bah@ght (Dg), ideality factor (n),

and series resistancedR
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1. Introduction



Schottky barrier diodes (SBDs) are promising caaigigl in micro/nano electronics
technology due to their applications in solar ¢edensors, photodetectors, frequency multipliers,
etc. [1-4]. Basically, the SBD consists of a mébosited over a semiconductor; the structure is
known as the metal-semiconductor (MS) structureeHte metal electrons can often penetrate
into the semiconductor and produce intrinsic statése semiconductor band gap. These metal-
induced gap states (MIGS) create Fermi-level pignivhich results in large contact resistance
due to a high Schottky barrier heigtis} [5]. The higher value obe leads to low reverse
saturation current € on the other hand, it facilitates forward voltadyop (\¢) in the SBD [6].

To solve this issue, an insulating layer is introetl between the metal and semiconductor,
which converts the MS type SBD into metal-insulegemiconductor (MIS) type SBD. The
electrical characteristics of the SBD such as baheight inhomogeneities, the density
distribution of interface states £, ideality factor (n), and series resistanceg) @e affected by
some microstructural properties of the insulatiengel [7,8]. These properties include crystal
phase, crystallite size, grain orientation, atosta@chiometry, homogeneity, etc. [9-11].
Therefore, in order to improve the overall perfonoa of the SBD, it is essential to control the
properties of the insulating layer. This can bei@gd by doping of the insulating layer with
impurities and thermal annealing [12,13].

Recently, metal-oxide thin films with different plants have been used as insulating
layers in SBDs [14-16]. Among them, zirconium dii(ZrQ) exhibits high dielectric constant
(22-25), wide band gap (5.8-7.8 eV), high therntab#gity, and good Zr/Si interface [17]. The
wide band gap favors to doping with different tygeransition and rare earth (RE) metal cations
[18,19]. The ZrQ have three crystal phases viz. monoclinic (m-Z2u@to 1170 °C), tetragonal
(t-ZrO, between 1170-2370 °C), and cubic (c-Zabove 2370 °C) [20]. The RE doped Z1i®
well known for its optoelectronic device applicatso[21-23]. The nature and stoichiometry of
RE ions determine the resultant microstructuraticaph and electrical properties of the ZrO
Generally, the ionic radius of RE is rather higthem that of the Zr. For instance, when
compared to the ionic radius of*Zfr = 0.72 A (m-ZrQ) and 0.84 A (t-Zr®) with coordination
6 and 8], the RE cations have higher radius [r87 & (Cé"), 0.89 A (EF"), 0.90 A (¥**), 0.91
A (Dy*", 0.94 A (Gd"), 1.03 A (L&")]. When doping with RE ions, they can occupy the
substitutional/interstitial sites in the Zr-O héedtice and introduce oxygen vacancies, which are

owing to the t-ZrQphase formation [24]. The creation of oxygen va@scould result in the



improvement of electrical characteristics of theD§R5,26]. Many techniques such as sol-gel,
chemical vapor deposition, pulsed laser deposiaod, sputtering are employed to prepare the
metal-oxide films. However, the sol-gel techniqiiers several advantages such as high purity
films at low cost, control over stoichiometry, fibiity for doping, and large coating area [27].

Liu et al. [28] investigated the ZrLaO gate dig¢tecbased MOS capacitor annealed at
850°C. They obtained a lowg of 0.82 eV with the higher reverse current for #&ZrLaO/p-Si
due to trapped charges. Xiao et al. [29] suggesigithe creation of oxygen vacancy improves
the leakage current density (1.8 x°1&/cm?) in the Al/Gd:ZrQ/Si/Al MIS structure with 15%
Gd.Lee et al. [30] fabricated the MOS structures WithGd, Dy, and Ce doped Zg@nd the
Al/Ce doped Zr@TaN showed limited leakage current due to corgtbbxygen vacancies.
Chen et al. [31] reported that tthg value of Au/ZrQ ggn-Si/In device (0.47 eV) is lower than
the Au/ZrQ o/n-Si/ln (0.53 eV) owing to the increase of oxygatancies.

By considering the above facts, in the present ywwekreport the preparation of ZrO
thin films with the C&", Gd*, and Y** dopanions using the spin-coating technique. After
annealing treatment at 600, the microstructural, morphological, optical, atelctrical
properties of the RE:Zr{films have been studied in detail. Further, treetical characteristics

have been analyzed for the AI/RE:Zf® Si SBDs using the thermionic emission theory.
2. Experimental details
2.1 Thin film preparation and M1S Schottky barrier diode fabrication

The precursor solutions were prepared by dissglOi& M of zirconyl chloride
octahydrate (ZrOGI8H,O, Sigma Aldrich) in 20 ml of ethanol. The 0.5 gpallyethylene glycol
(PEG-6000) and citric acid were added as a suriaetad chelating agent, respectively. These
solutions were stirred using magnetic stirrer. Aftéh, 8 wt.% of cerium chloride (Ce1H,0),
yttrium chloride (YC4.6H,0), and gadolinium chloride (Gd§&6H,0) were separately added
into each solution and stirred for 48 h in ambmmditions. The as-prepared sol was spin-coated
onto ultrasonically cleaned glass substrates &b 39 for 30 s. Then, the films were dried at 60
°C for 10 min and subsequently annealed at°&@fr 1 h. The MIS Schottky barrier diodes
were successfully fabricated on p-type silicon (1€bstrates. Initially, the substrates were
ultrasonically treated with acetone and IPA to reesurface contaminants. In the next step, the

substrates were cleaned in piranha solution$&4 1H,0,) and 1% HF solution to remove the



native oxide layer. Finally, the RE doped Zr@ms were prepared by spin-coating the sol onto
the dried Si substrates followed by annealing &°%0 An Aluminum target was DC sputtered
using a shadow mask to make a Schottky contadh @vitarea of 0.1256 &ron the film

surface. The schematic diagram of the SBD is shaviing. 1.

2.2 Characterization techniques

Crystalline properties of the thin films wemgaéyzed by using Bruker AXS D8 advance
X-ray diffractometer. The Cu Kradiation { = 1.5406 A) with a @ scan in the range of 20-80°
and a step size of 0.02° were employed. The thekngeasurement was carried out using
Mitutoyo SJ301 stylus profilometer. The morphol@jicharacteristics and chemical
compositions were examined using JEOL JSM - 6396tahning electron microscope and
energy dispersive X-ray spectrometer. Optical trattance of the thin films was investigated
with Jasco-V770 UV-vis spectrophotometer in the elength range of 200-900 nm. The dc
electrical measurement was carried out using thegoint probe set up in the temperature range
of 30-210°C with the sweep voltage of 1-10 V. Current densititage (J-V) characteristics (in
the range of -3 V to +3 V) of the AI/RE:Zp(P-Si SBDs were analyzed by employing the 6517-
B Keithley source meter at room temperature.

3. Results and discussion
3.1 Structural analysis

Figure 2 shows the XRD patterns of undoped.,a@l RE:ZrQ (RE = Ce, Gd, and Y)
thin films coated on Si substrate using the spiatiog technique. The peak located at 69i42
correspond to (4 0 0) plane of Silicon substrate.the undoped Zr&Xilm, diffraction peaks
originated at 8 = 31.22, 34.7%, 38.90, 40.03, 61.16, 76.24 are indexed as (1 1,4)(2 0 O,
(210}, (-21 1), (-2 1 3),and (0 3 3) belong to the monoclinic phase of Z2rJCPDS card
no. 65-2357]. The Ce:Zr@ilm shows peaks at 31.1836.0f, 39.74, 51.27, 60.9% correspond
to (111),(-102), (-112), (-22 1), (11 3),planes of monoclinic Zroand a small peak at
34.69 correspond to (0 0 2lane of tetragonal phase [JCPDS card no. 78-488779-1771].
In the case of Gd:Zrghin film, peaks at 31.0634.04, 38.13, 39.02, 55.32, 66.84 are
assignedto (11 34) (00 2), (01 2),,(02 1), (-1 1 3, (-2 3 1), planes with monoclinic
phase. Also, the peaks observed at 50.88.34, 72.89 are originated from (2002 1 1), (O
0 4) planes of the tetragonal phase [JCPDS card n6986-and 79-1763]. For the Y:Zs@in



film, diffraction peaks appeared at 31°135.8%, 49.44, 51.20 are attributed to the (1 1:4)(-1
0 2)n, (0 2 2), (-2 2 1), planes with monoclinic phase and the peaks at 3084477, 42.78 are
assigned to (1 0 1)X0 0 2), (1 0 2)planes of the tetragonal ph43€PDS card no. 78-1807 and
79-1763]. Doping Zr@lattice with RE ions causes the shift of majof.(1) peak towards lower
angle. Moreover, any distinguished peaks correspgrd the RE oxides are not observed. The
RE doped Zr@films consist of mixed monoclinic and tetragonabpes.

The crystallite size (D) of the undoped Zré&hd RE:ZrQ thin films was determined
from the major (1 1 1) peak using the Scherrer egu§32]:

0.89A
- BcosO (1)

where is the wavelength of Cuyladiation (0.15406 nm} is the full-width at half maximum
(FWHM), and6 is the peak position. The dislocation densily fnicrostrain €), and stacking
fault (SF) were determined using the following tielias [33,34]:

6= )
__ BcosB
g = Beost @)
2m?
SF = |sseamm] P )

The structural parameters are summarized in Tabl&d D values of undoped Z5O
Ce:ZrQ, Gd:ZrQ, and Y:ZrQfilms are calculated to be 6.752 nm, 5.842 nm, @ 1o, and
5.775 nm, respectively. It is obvious that the talie size decreases with the increase of the
ionic radius of dopants. As the RE dopants inttet nucleation in the Zr-O lattice due to their
larger ionic radius, the crystallite size is redu&5]. It is noticed that the Gd:Zp@Im has
smaller crystallites with large defects. The cadeed values of are 2.193 x 115, 2.929 x 1¢,
4.643 x 16° and 2.998 x 1§ lines/nf for the undoped Zrg) Ce:ZrQ, Gd:ZrQ, and Y:ZrQ
thin films, respectively. The increase of crystafetts like vacancies and dislocations is owing
to the substitution of RE ions in place of Zr. inbe C& has the same oxidation state as like
as Zf*, it produces minimum defects. But, the’Gand Y** ions possess the oxidation state of
+3. Therefore, they create oxygen vacancies imtisfiattice in order to balance the charge
compensation [36]. These vacancies increase th@shiain in the RE:Zrefilms and also lead
to the formation of tetragonal phase [37,38].

3.2 Morphological analysis



Figure 3 (a-d) shows the SEM images of undoped ard RE:ZrQ thin films. The
prepared films exhibit a continuous and smoothasefIn Fig. 3 (a), the undopgdO; film
shows the larger rod-shaped grains. From Fig. 3t(ls) evident that the grain distribution is
uniform throughout the surface of Ce:4i@m. Figure 3 (c) shows the presence of square-
shaped grains in the Gd:Zf@dm. The Y:ZrG, film surface exhibits closely packed grains with
micro-cracks as well as randomly distributed poassshown in Fig. 3 (d). The growth of larger
grains is owing to the agglomeration of nano-sizgdtallites during the annealing treatment at
600°C.

3.3 Energy dispersive X-ray analysis

The EDX spectra of the undoped Zr&hd RE:ZrQ thin films are presented in Fig. 4 (a-
d). The spectral analysis shows that the Zr ante@ents are present in all the prepared films.
Also, the EDX patterns of Ce:Zp0Gd:ZrQ, and Y:ZrQ thin films confirm the incorporation of
RE ions into the Zr@lattice. The elemental compositions are showhénimset of Fig. 4(a-d). It
is evident that the atomic percentage (at.%) obexyis lower for the Gd:Zr{xhin film, which

suggests the presence of oxygen vacancies.
3.4 Optical studies

Optical transmittance spectra of the undoped,2n@ RE:ZrQ thin films recorded at
room temperature are shown in Fig. 5. The averagemittance is about 75% in the visible
region for the undoped Zgdilm. The RE:ZrQ thin films exhibit relatively lower transmittance
and the average values are 65 %, 70 %, and 60 #hdd@e:ZrQ, Gd:Zr0,, and Y:ZrQ films,
respectively. The transmittance decreases dueestgrdin boundaries and defects produced by
the dopant ions [39]. For all the prepared filnhg transmittance increases sharply at 200 nm in
the UV region. Beyond 350 nm, the transmittancegases continuously for the Gd:Zr&nd
Y:ZrO; films, and extends throughout the visible regideanwhile, the transmittance decreases
for the Ce:ZrQthin film.

The optical band gap ¢Jfor the direct allowed transition is calculatedrh the Tauc
equation [40]:

(ahv)? = B(hv — Ey) (5)
wherea is the absorption coefficienty lis the photon energy, and B is the constant. Ehgevof

a is calculated using the relation [41]:



«= () ©
where d is the film thickness and T is the trantanite. The band gap is determined by
extrapolating the linear portion of the Tauc ptothie x-axis, as illustrated in Fig. 6. As shown in
Table 2, the fvalues are 5.64 eV, 5.53 eV, 5.25 eV, and 5.38ethe undoped Zrg)

Ce:ZrQ, Gd:ZrQ,, and Y:ZrQthin films, respectively. The decrease of bandigatue to the
defect states introduced into the forbidden banddping ZrQ with the RE ions [42].

3.5DC dectrical characterization

The dc electrical conductivitygc) was calculated for the undoped Zréhd RE:ZrQ

thin films using the following equation [43]:

t
O4c = RA (7)

where t is the inter-probe distance, R is the t@sce of the film, and A is the area of the film.
As shown in Fig. 7, the undoped Zré@nd RE:ZrQ thin films exhibit an increase in conductivity
with the raise in temperature (30-2%T). This increment is due to the thermally exciires
charge carriers hopping from one localized stasntther state [44,45]. The average value of
5.827 x 10 S/cm is observed for the undoped Zfibn.

Besides, the RE:Zrfhin films possess higher conductivity than theapet ZrQ. The
Ce:ZrQ and Y:ZrQ films haveog. in the order of 1&* S/cm, meanwhile, the highest value of
1.172 x 10" S/cm is observed for the Gd:Zr@m. The Gd ions (G¥) occupy the
substitutional sites in the Zr-O host lattice agad to the release of free-charge carriers, which
are owing to the increase of conductivity. Thesesiact as scattering centers and induce more
vacancy related defects, which also support tettiancement of conductivity in the Gd:Z4rO
film. Since the C& and Zf* have the same oxidation states, the oxygen defeatiiced by the
Ce""ions are less and therefore, the Ce:Ziltn shows the lower conductivity. The activation

energy (E) and conductivity ¢qc) are related by the Arrhenius equation as follpi&3:

Ea

Ogc = O, €XP (l:BT) (8)

where kg is the Boltzmann constant and T is the absolutgésature. The pre-exponential factor
(o) represents the number of vacancies, which igm@ed from the straight line intercept on
the y-axis of the Arrhenius plot. Figure 8 shows ot of Inegc) vs. (1/T) for the undoped ZgO



and RE doped Zr@hin films. The calculated value of, 5 found to be in the range of 0.068 to
0.093 eV. They.and E values are listed in Table 3.

3.6 Current density-voltage (J-V) measur ement

Based on the thermionic emission theory, the fodvearrrent through the SBD and the
applied bias (V > 3kT/q) are related as [47]:

\
= Js|exp () - 1] 9)
where ¢ is the saturation current density, q is the electnarge, n is the ideality factor, k is the

Boltzmann constant, and T is the absolute temperaline saturation current density)(J

ideality factor (n), and barrier heighibg) can be determined by using the relations [48]:

I . —q®
Js = = = A'T2exp |- (10)

where A is the area of Schottky contact and Ahis ¢ffective Richardson constant (32 Af&rh
for p-Si).

_ 9 dv
=17 d(In)) (11)
KT, [A*T2
D = qln[ - | (12)

The &, n values are calculated by extrapolating thealimrtion of the In(J)-V plot toward V =
0 and slope of the linear portion of the In(J)-dtprespectively. The Cheung’s function is used

to determine the series resistance) @ follows [49]:

dv nkT
angy ~ JRs + =~ (13)

The energy band diagram of AI/RE:Z#@-Si SBD is depicted in Fig. 10. When a

positive bias is applied on the p-Si relative te thetal, the electrons from Al metal flow out

through the RE:Zr@insulating layer and create ionized acceptors aliog valence band in p-
Si. Meanwhile, holes (majority carriers) move frtme valence band into metal and hence
current flows in SBD. The forward and reverse lsiasi-logarithmic J-V characteristics of the
Al/RE:ZrO,/p-Si Schottky barrier diodes are shown in FigT®e RE:ZrQ based SBDs exhibit
better rectification behavior, when compared touhdoped Zr@based SBD. The calculated
values of diode parameters,(®g, n, and R) are presented in Table 4. The ideality factorign)
equal to one for the ideal Schottky diode. But,fdi®icated SBDs exhibit a higher value of n,
which is owing to the distribution of interface t&ts, series resistance, and the voltage drop



across the Zr@insulating layer [50]. However, the RE:ZrGased SBDs show a better n value
than undoped ZroSBD (n = 3.24). The values are 2.71, 2.48, and fh6the Ce:ZrQ

Gd:Zr0,, and Y:ZrQ based SBDs, respectively. Due to smaller crygtalin the Gd:Zr@layer,
the series resistance, inhomogeneities, and ndorandistribution of the interfacial charges are
decreased, which results in the improvement ofdeality factor of Al/Gd:ZrQ/p-Si SBD [25].

It is observed that the saturation current der(Sgyincreases with the increase of reverse
bias in the SBDs, which is attributed to the preseof insulating layer between the metal and
semiconductor, inhomogeneity of the barrier height] image force effect [8,51]. The series
resistance (B is determined from the slope of the straight mel\V/dIn(J) vs. J plot, as shown
in Fig. 11. For the Al/undoped ZgP-Si SBD, the saturation current density) @nd series
resistance (B values are 6.494 x T6A/cm? and 282 R, respectively (Table 4). The lowey J
value is attributed to the rod-shaped grains ptasahe undopedrO, film. But, the RE:ZrQ
based SBDs show an increment in the reverse cutegrsity. Particularly, the Al/Gd:Zep-Si
SBD exhibits a higherszalue of 1.313 x 18 A/cm*with a lower R value of 215 R. Due to
the larger ionic radius of Gt the crystallite size is reduced in the Gd:Zfin. This leads to
an increase of defects like oxygen vacancies asidaditions, which in turn, increase the
microstrain in the lattice. For the Gd:Zr@im, the values o8 ande are found to be 4.643 x 0
and 7.386 x 16, respectively. During the annealing treatment,dfystallites agglomerate and
lead to the larger square-shaped grains. The desegregated at grain boundaries can trap the
charge carriers and increase the reverse curresttgdy providing the percolation path for
charge transport [52,53]. Since, the current flsweistricted by pores and micro-cracks present
in the Y:ZrG; film, the grains connected by grain boundariedifate the reverse current. When
compared to the Gd:Zg@and Y:ZrQ based SBDs, the reverse current density decreaties
Ce:ZrQ based SBD, because of the smooth surface.

The value ofbg is calculated to be 1.04 eV for the Al/undoped Zpsi SBD and the
®g changes with respect to the RE dopants. Schotkyel diodes fabricated with the insulating
layers of Ce:Zr@ Gd:ZrG, and Y:ZrQ exhibit thedg values of 0.99 eV, 0.94 eV, and 0.97 eV,
respectively. It is obvious that tkdg; decreases with a reduction in crystallite sizeeissed
with large defects. When compared to the Cexd&sed SBD, th®g is lower for the Gd:Zr@
and Y:ZrQ based SBDs. This is because the carrier concemtiacreases due to the oxygen

vacancies created by &dand Y** ions in the Zr-Gattice [54]. In Fig.12, the I-V characteristics



show that the turn-on voltage is improved for tie RO, based SBDs. A turn-on voltage of 0.4
V is noticed for the Al/Gd:Zr&p-Si SBD due to the lower barrier height [55].

4. Conclusion

In summary, the rare earth (8wt.% of Ce, Gd, anddf)ed ZrQ thin films were
prepared by spin-coating technique and the RE:ba3ed MIS Schottky barrier diodes were
fabricated. The XRD results reveal the monoclitiage for the undoped Zg@Im and the
crystallite size (D) is 6.752 nm. The partial tgwaal phase for the Gd:Zg@nd Y:ZrQ films is
owing to the oxygen vacancies created in the,Za@ice. Moreover, the crystallite size
decreases with the increase of the ionic radiwptints. The smallest D value (4.640 nm) is
obtained for the Gd:ZrgXilm. The SEM analysis reveals the square-shapaitgfor the
Gd:ZrG; thin film, which is due to the agglomeration ofaller crystallites at 608C. The
presence of Zr, O, Ce, Gd, and Y elements arercoedl by the EDX analysis. The band gap
(Eg) is 5.64 eV for the undoped ZsCand the value is reduced to 5.25 eV for the Gd:ZThe
higher electrical conductivitys. = 1.172 x 18" S/cm) with the activation energy J©f 0.068
eV is observed in the Gd:Zp@hin film. This is owing to the increase of carr@@mcentration in
the Zr-O lattice. The AI/RE:Zr@p-Si SBDs exhibit an improved turn-on voltage. Taéculated
values of saturation current density)(barrier height®g), and ideality factor (n) for the
Allundoped ZrQ/p-Si SBD are 6.494 x 18 Alcn?, 1.04 eV, and 3.24, respectively. The
AlIGd:ZrO,/p-Si SBD exhibits the values of 1.3%¥30*°A/cm?, 0.94 eV, and 2.48. Besides, the
series resistance {Ris 282 K2 for the undoped Zrgbased SBD and the value is reduced to 215
kQ for the Gd:ZrQ based SBD. These results indicate that the Al/@&ab/pH-Si SBD can be

useful for the high fast switching and optoelecitatevices.
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Figure captions

Fig. 1 Schematic diagram of the Al/RE:Zsp-Si SBD

Fig. 2 XRD patterns of the undoped Zr@nd RE:ZrQ thin films coated on Si (100) substrates
Fig. 3 SEM images of the (a) undoped Zr@) Ce:ZrQ (c) Gd:ZrQ (d) Y:ZrO, thin films

Fig. 4 EDX spectra of the (a) undoped Zr(®) Ce:ZrQ (c) Gd:ZrQ (d) Y:ZrO, thin films

Fig. 5 Transmittance spectra of the undoped Za@d RE:ZrQ thin films

Fig. 6 Tauc plots of the undoped Zr@nd RE:ZrQ thin films

Fig. 7 dc electrical conductivity of the undoped Zréhd RE:ZrQ thin films

Fig. 8 Plot of In@yc) vs. 1/T for the undoped Zs@nd RE:ZrQ thin films

Fig. 9 In(J)-V characteristics of the RE:ZfCRE = Ce, Gd, and Y) based MIS type SBDs

Fig. 10 Energy band diagram of the Al/RE:Z#/p-Si SBD,®y andds; are the work functions of
Al and p-Si (bw < ®g), Dp is the barrier heighys is the semiconductor electron affinity, ¥
dg-dy) is the built-in potential

Fig. 11 dVv/d(InJ) vs. J plot of the RE:ZsGRE = Ce, Gd, and Y) based MIS type SBDs

Fig. 12 I-V characteristics of the RE:ZsQRE = Ce, Gd, and Y) based MIS type SBDs

Table captions

Table 1 Structural parameters of the undoped Za®d RE:ZrQ thin films

Table 2 Band gaps of the undoped Zré@nd RE:ZrQ@ thin films

Table 3 dc electrical parameters of the undopedZafd RE:ZrQ thin films

Table 4 Diode parameters of the RE:Zr(RE = Ce, Gd, and Y) based MIS type SBDs



Table 1

Thin Diffraction  (h kl) Interplanar FWHM Crystallite Dislocation  Micro Stacking

film angle (D) spacing (d) (p) rad size (D) density 6) strain (g) fault
A nm x 10'° x 1073 (SF)
lines/n?  lines/nf  x 10°
“”Z‘:gpe‘j 3122 (111  2.863 00210  6.752 2.193 5076  12.468
2
Ce:zrgx 3118  (111) 2.866 0.0243 5.842 2.929 5.866 D139
Gd:zro,  31.06  (111) 2.877 0.0306 4.640 4.643 7.386  1.07

Y:ZrO, 31.11 111) 2.873 0.0246 5.775 2.998 5.935 m54




Table 2

Thin film Thickness (nm) Band gap energy

Eq (eV)

undoped Zr@ 364 5.64
Ce:Zrg 382 5.53
Gd:Zr&, 376 5.25

Y:ZrO; 385 5.38




Table 3

Thin film Conductivity Activation Energy
64c (S/cm) Ea (eV)
undoped Zr@ 5.827 x 102 0.093
Ce:Zrg 8.038 x 102 0.073
Gd:Zro; 1.172 x 10* 0.068
Y:Zro, 9.572 x 102 0.071




Schottky Reverse saturation Barrier height  Series resistance Ideality

barrier diode current density Dz (eV) Rs (k) factor n
Js (Alcm?)

Al/undoped ZrQ/p-Si 6.494 x 107 1.04 282 3.24
Al/Ce:ZrO,/p-Si 1.768 x 10" 0.99 270 2.71
Al/Gd:ZrO,/p-Si 1.313 x 18° 0.94 215 2.48
AllY:ZrO,/p-Si 3.576 x 18" 0.97 238 2.64

Table 4
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Fig. 5
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Fig. 6
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Fig. 7
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Fig. 8
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Fig. 9
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Fig. 11
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Fig. 12
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Highlights

Rare earth (Ce, Gd, and Y) doped ZrO, insulating layer based MIS type Schottky barrier
diodes have been fabricated.

The mixed phase of m-ZrO, and t-ZrO, is observed for the Gd: ZrO, thin film with the
smaller crystallite size of 4.640 nm.

In Gd:ZrO, film, the increase in reverse current density is owing to the presence of square-
shaped grains with dislocations.

A higher dc electrical conductivity (o4c) isobserved for the Gd:ZrO; film.

When compared to the Al/undoped ZrO,/p-S SBD, the Al/Gd:ZrO,/p-Si SBD shows an

improvement in the values of ®g, Rs, and n.
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