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ABSTRACT

This dissertation deals with the fabrication and

characterizetionof piezoelectric zinc oxide thin films, using

a8 simple evaporation technique, for the realizatiom of

strain transducers having MIS structures. The chief aépects
studied were(a) the grouth of zinc oxide and its physical -
Characterization (b) an optimization of the films growth
parameters fﬁ obtain device quality films using the C-U
technique; (c) the conduction mechanism through the zinc oxide
film in an MIS test structure (ecapacitor) and (d) the
realization of the strain transducers,

The grouwth technigue adopted was that of the conversion
of evaporated zinc selenide films to zinc oxide by oxidation,
The technique not having been re@ortéd in detail before, the
process parameters were varied and standardizéd to obtain high
purity, polycrystalline Zn0 films having a preFe;?ential
orientation of the C—a*is perpendicular to the silicon
substrate. These physical properties were determined using
some standard physical characterization techniques. ALithium
doping, a technique by which resisﬁivity of Zn0 films is enhaﬁced
was also tried for our grown films., This did increase the low
field d.c resistivity from 10g ohm;cm to 1011-1012 ohm=cm but

produced instabilities in the electrical characteristics of



iv

the MIS capacitor thus fabricated.

Oxidation and inert-ambientanneal ing parameters were
standardised to aobtain C~Vcharacteristics uhich were free of
hy'steresis, had low threshold voltages and sharp depletion
region characteristics. This was done keeping in view the
performance of the MIS capacitor as a strain transducer,

R tentative model uas proposed to.explain the oxidation
mechanism, In particular, hysteresis was attributed to
electron injection from the silicon into zinc oxide due to
€XCess zinc ions near the Zn0/Si interface in films not
completely oxidised, Annealing in nitrogen at 600°¢ for one
hour before the oxidation was found to give the shacpest:
depletion region characteristiGs resulting in a low threshold
voltage as well., This was also éXplained on the basis of the
model proposed for oxidation,

Current-voltage characteristics were studied in detail
for the MIS capacitor structure; in particular for the
aluminium—Znofn-Si device for both kinds of bias polarities on
the gate, Models for both biases were proposed, Schottky
emmission of electrons from the aluminium gate into zinc oxide
seemed to be the governing conduction mechanism when the gate
was biased negatively, From the characteristics g Schottky
barrier of about 0,6 eV yas calculated, When the gate was

biased positively space~charge~limited=currents flowed through



the structure. A trap level at about 0.44 eV below the
conduction band was located having a trap density of about
1017/cm3.' Saturation effects attributed to uelccif}
saturation at high fields were also observed in this case.
Large currents observed in this bias polarity were attributed
to surface inhomogenities at the zn0/Si

interface,

Finally, the MIS capacitor and a MIS field effect
transistor uere Fabricafed and demonstrated as strain
transducers, A simple set Up was designed to apply strains of
suitable magnitudes to the MIS Capacitor and transistor,
Shifts in the C-Ucharaﬂeristics of the capacitor on strain
app%ication were recorded. A linear relation between the
shifts in the flate-band voltage with strain was established.

R sensitivity factor was plotted to show the region on the

C-V plot most sensitive to strain, A rough estimate was made
of the coupling coefficient for the zZn0 films and found to be
considerable lower (about an order) than the single crystal-
value. Crudeness of the measurement technique and limitations
of the film fabrication technique were suggested as the
reasons for tﬁis difference. The ID-UDScharacteristics of the
MIS=FET showed shifts proportional to the strain applied in

both the linear and saturation regions as expected, The
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piezoelectric nature of the zZn0 films was established by -
verifying the dependance of some of the strain sensitive
parameters, Gaugé—?actor for the transistor uwas

Calculated to be ,v1.1x105 from the experimental data

observed,
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NOMENCLATUR

constant, q¢ / LT

area of metal electrode (cmz)

Richardson Dushman constant (120 amp/cmz/oK)
constant, q3/2/€i1/2 KT ( (cm volt"1)1/2)
half-width of the reflection line (radians)
constant, A7 T2 (amp x %K/cm?)

measured capacitance (farads)

accumulation op insulator capacitance (farads)
depletion capacitance (farads)

constant (ohm™! Dm_1)

minimum or the inversion capacitance (farads)

depletion capacitance for maximum depletion
width (farads)

Stiffness elastic constant for a constant
electric field \Newton/cm?)

thickness of the film (cm)

centroid of trapped charge from tHe metal
electrode (cm),

scale factor

piezoelectric stress.ooeffioients

(Coulombs/Newtons)
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(hkl)

o
grain diameter (A)

displacement vector (Coulomb/cmz)

viii

normal component of the displacement vector

( Coulomb/cm?)

piezoelectric strain coefficient (Coulomb/cmz)

electric field (Volt/cm)

conduction band-edge (eV)

fermi level (eV)

band=gap (eV) )
component of the electric field (Volt/cm)
trap level (eV)

valence band edge (eV)

field at the Si=Zno interface at time

t = 0 Secs., (Volt/cm)

field at the Si-Zno iﬁterface at time

t Secs (Volt/cm)

resonance frequency (Sec"1)

degeneracy factor

channel transconductance (mhos)

drain to source transconductance (mhos)
gauge factor

Planck's constant (6.62x107°% 3 sec)
Miller's indices

current (amps)
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quiescent drain current of the MISFET
transistor (amps)

constant (amps)

peak amplitude at the peak for element x.
Saturation drain current (amps)
(IIlStrainedb~IDﬂqu195gant9 (amps)
current density (amps/cmz)
initial current density (amps/sz)

current density crossing the interface at time t
(amps/cmz) |

Boltzmann's constant(B8.62x107° eV/deg.K )
Imaginary part of the refractive index
‘electromechanical or the piezoelectric
coupling coefficient

constant of magnitude near unity

constant (cm/sec)

X X X X X =
&S lN

P
wn

constant
constant
constant
constant
constant
distance

toe point

(ohm"1)
(Sec"1)

(amp/cmz)

from point of application.of stress

of strain sensing (cm)



wavelength of the X~ray (Z)
censtant (0 <m <1)

constant (1 <m'<2)

real part of the refractive inde*
free electron concentration (cm'a)
constant (greater than 1)

unit normal

trapped.electron concentration (cm's)
effective density of states (cm“s)

silicon substrate doping (cm'g)
concentration of traps at £y (cm“s)
concentration of traps not occupied by
electrons in equilibrium (em™)
Polarization density (coul/cmz)

electronic charge (Coulombs)

interface state charge (coul/cmz)

total charge per unit ares crossing the interface
at time t.(coul/cmz)

% age intensity of the reflected beam
elastic strain matrix

components of the strain matrix

relative sensitivity

sensitivity of the parameter A

% age intensity of the transmitted beam
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time (secs)

Temperature (°K)

Stress (Newton/cm?)

gate voltage (Volts)

voltage drop across the insulator (Volts)
piezoelectric polarization voltage (Volts)
threshold voltage (Volts)

veltage where C/Ci = 0,9 (Volts)

voltage where C/Ci = 0,1 (Volts)

drain to source voltage (Volts) .
flat-band voltage (Volts)

gate to source voltage (Volts)

voltage drop across the silicon (Volts)

threshold voltage of an unstrained capacitor (Volts)

threshold voltage of a strained capacitor (Volts)

flatband voltage of an unstrained capacitor (Volts)

flatband voltage of a strained capacitor (Volts)

traps-filled-limit voltage (Volts)
voltage drop across 510, (Volts)
(VFBs“VFBU) (Volts)

depletion width (cm)

maximum depletion width (cm)



Ww/L

xii

deflection of cantilever (cm)l

width te length ratic of the channel of
the MISFET transistor

absorptiaon Coefficient(cm—1)

(u1-u2)9 (Volts)

Wave length (cm)

Cer e, Do N

‘diglectrio constant of insulator (farad/cm)

dielectric constant of Sji (farad/cm)

barrier height (eV)

surface potential in silicon (eV)

bulk potential in silicon (eV)

metal to semiconductor work function (ev)
n/nt, ratio of free to trapped electron
concentration

half-angle between the incident and reflected
beam (radians)

mobility (em? Volt™! sec™1)

frequency (Sec"1)
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