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ABSTRACT 

ELECTRICAL CHARACTERIZATION OF THIN-FILM LITHIUM NIOBATE 

by 

LARRY FABINY 

The electrooptic properties of a thin film of lithium 

niobate were studied. The film was deposited on an n-type 

silicon substrate by RF sputtering. The short circuit 

photocurrent was measured as a function of time, and the 

voltage dependence of current and capacitance under light 

and dark conditions was measured. 

Photocurrents up to 16.1 pA were obtained with a light 

intensity of 0.5 mW/cm . With one exception, all 

photocurrent flowed from the A1 contact to the Si 

substrate. The current was linear for V„_ |< 0.5 volts. 
I app l 

At higher voltages, a thermal current was generated. It 

was found that the current required several minutes 

to reach its steady state value when the applied voltage 

was changed. 

The film was shown to possess some of the ferroelectric 

properties present in bulk crystals. Although no 

crystallographic studies have been done, the electrical 

measurements indicate that the LN film is polycrystalline. 
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I. INTRODUCTION 

Much effort has gone into the study of 

ferroelectrics in the past 20 years. The advent of the 

laser has shown some ferroelectric materials to possess 

important electro-optic properties. In 1966, Ashkin1 

reported the observation of "optical damage" in LiNb03, 

lithium niobate (LN). A small focused beam of a few 

milliwatts was broadened after exiting the crystal. This 

effect was subsequently observed in lithium tantalate as 

well. The cause of the optically induced changes in the 

refractive index, or photorefractive effect, was unknown at 

the time. The damage could be repaired by heating the 

crystal to 170 °C. 

Since that time, research has concentrated on using 

this effect to optically store information. Because the 

change in refractive index will remain for extended 

periods, optical memory is possible. Data could be stored 

as an array of discreet bits, or as a volume phase 

hologram . The theoretical storage density, limited by the 

12 3 
wavelength of light, could approach 10 bits/cm . 

3 
Chen proposed that the photorefractive effect was due 

to the photoexcitation of electrons from traps, their 

migration through drift, and the retrapping of these 

electrons. The nonuniform distribution of electrons would 

produce space charge fields, varying the refractive index 
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of the crystal through the electrooptic effect. Since LN 

is a linearly electrooptic crystal, its index of refraction 

varies linearly with an electric field. To account for the 

measured changes, Chen proposed a space charge field of 

6.7xl04 V/cm. 

Potassium tantalate niobate is also linearly 

electrooptic4. However, unlike LN, an applied electric 

field is needed to induce this change. For this reason, it 

was necessary to postulate a field internal to the LN 

crystal. An internal field with the same magnitude but 

opposite sign of the space charge field would account for 

the drift of the electrons. 

Because a steady state photocurrent is produced even 

when the crystal faces are shorted together , no built-in 

field can exist. However, many of the properties can be 

explained by a virtual field. This provides an effective 

means of dealing with it. Glass attributed the 

photocurrent to a new bulk photovoltaic effect. 

Ferrolectrics have primarily been studied in the bulk 

form. If it can be shown that a thin film possesses 

properties of the bulk form, a wide range of new 

applications is available. A thin film would allow LN to 

be used in a practical device. Since fields on the order 

of 10^ V/cm have been produced, extremely high applied 

potentials are necessary if the crystal is in bulk form. A 

film that was 1000 A° thick with an internal field of 
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105 V/cm would only have a potential drop of 1 volt. 

One potential device is an optical sensor that would 

take advantage of the voltage developed across the crystal. 

By placing a thin layer of a ferroelectric, in this case 

LN, on a silicon wafer, a structure similar to a MOSFET can 

be constructed. The LN would take the place of the oxide. 

When the LN is illuminated, the voltage developed could 

change the threshold voltage of the structure. The change 

in threshold can be measured, creating the detector. 

This thesis is concerned with characterizing the 

electrical properties of a thin film structure of LN on a 

Si substrate. A diagram of the wafer structure used here 

appears in Fig 1. The LN is deposited on the Si substrate 

by sputtering. Contact to the LN is done with circular 

dots of aluminum. Three contacts are placed on each wafer 

to allow different regions of the same film to be studied. 

At this time it is not known whether the LN is in an 

amorphous or crystalline state. It was assumed that the 

film could be sputtered on the Si in at least a 

polycrystalline state. 

Electrical response in combination with standard 

crystallographic techniques can be used to determine if 

this assumption is valid. If the LN is amorphous, no 

photocurrent and no bulk photovoltaic effect would be 

observed. In order to determine the extent of these 

effects, measurements were made of the photocurrent and 
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A) Cross section of wafer. 

Si 

LiNbOj 

A1 

Fig. 1. Structure of wafer studied 
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capacitance as functions of applied voltage under both 

light and dark conditions. The photocurrent as a function 

of time as a light is switched on and off was also studied. 
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II. THEORY 

A. Bulk Photovoltaic Effect 

It was previously reported that the presence of a 

photocurrent disallows a built-in electric field in the 

crystal. Assuming an internal field were to exist, no 

current should be present if the opposite faces are shorted 

together. However, a persistent current is present along 

the c axis. For this reason, this apparent field has also 

been called the virtual field and the saturation field. 

The value of the field is found by measuring the open- 

circuit voltage across the crystal under illumination. 

Saturation fields in excess of 10 V/cm have been 

observed.6 

This voltage is definitely not produced by more 

conventional means. The uniform crystal disallows voltage 

produced across inhomogeneities, such as in a p-n junction. 

The Dember effect is also not applicable. The Dember 

effect results from the different mobilities of holes and 

electrons. A voltage develops between the front and back 

surfaces of a crystal when the front is illuminated. As 

the light is absorbed, a gradient of free carriers, holes 

and electrons, is formed. These diffuse at different 

velocities, resulting in the voltage. In the case of the 

bulk photovoltaic effect, the crystal is uniformly 

illuminated. 
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Lines and Glass6 have proposed an origin for the new 

bulk effect. They assume an asymmetric square-well 

potential, such as in Fig. 2, is present at the absorbing 

center. An electron has a higher probability of traveling 

in a fixed direction. If the electron is excited to a 

state where E > V^, it is equally likely to move in either 

direction. Electrons excited to a state where > E > Vj, 

though, are only free to move in one direction. Those 

moving in the other direction will be at least partially 

reflected by the barrier. This absorbing center is 

attributed to a defect in the crystal. Assuming this 

asymmetry is equivalent throughout the crystal, a net 

current in one direction is produced. 

The total photocurrent with no applied field is 

J = kcc I ( 1 ) 

where k is the anisotropy constant dependent on the 

crystal, the absorbing center, and the incident photon 

energy, oc is the absorption coefficient, and I is the 

incident light intensity. In the presence of an external 

field, the total current is 

J = k«c I + a E ( 2 ) 

where a is the photoconductivity. 

For J = 0, 

Esat - *“1 / «• • ( 3 ) 

The saturation field can be considered to be a shift if 
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Fig. 2« The qualitative form of the bound and free eigensolutions#for motion in an 
asymmetric square well.ç 

Fig. 3 m The absorption spectrum of iron~doped LiNbOj (solid curve) and the measured 
photocurrent along the polar axis (broken curve) for a single-domain crystal with uniform 

Illumination $ 
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the applied field. Thus, 

E. = E + E x. 
dc app sat ( 4 ) 

where Edc is the equivalent field observed. 

Experimental data by Lines and Joiner have shown that 

the virtual field is independent of intensity for a given 

wavelength. It was also shown that the field does have a 

dependence on the incident photon energy. This can be seen 

from Fig. 36, showing values for k andoç. Fig. 4, from 
Q 

Kratzig and Kurz, also shows this strong dependence on 

wavelength. 
g 

Further studies have shown that while Egat approaches 

a constant independent of intensity, for small intensities 

there is a dependence. This is detailed in Fig. 5. The 

small intensities used for measuring in this thesis were 

within the initial region. 

B. Photocurrent 

From the previous section, the photocurrent can be 

written as 

J = <T Edc. ( 5 ) 

However, an additional contribution must also be 

considered. LN is also a pyroelectric material. Current 

due to the pyroelectric effect is 

J 
pyro - ( dP/dT ) ( dT/dt ) ( 6 ) 



wove length 

I K'.lJki: Photo-induced current density / and saturation 
field A.* ut partially reduced transition metal doped and pure 
UNbO3 crystals rm«j photon energy. (Incident light polarized 
perpendicular to the <-a\is.)8 

FIG S. Open-circuit saturation field as a function of intensity of illumina¬ 
tion for two devices under poled and unpoled conditions. 
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2 
where dP/dT is the pyroelectric coefficient in Coul/(m °C), 

and dT/dt is the rate of change of temperature. For a 

small range of temperature, the value of dP/dT is 

relatively constant. The value for LN at room temperature 

is 1.9x10 C/(ca °C). Therefore, a temperature change of 

1.0 °C in 10 minutes will produce a pyroelectric current of 

10 pA. 

As a light is alternately swithched on and off, the 

wafer heats and cools. Initially there is a pyroelectric 

contribution to the measured current each time the light is 

switched. This quickly decays as the wafer reaches thermal 

equilibrium. At this point, a steady state photocurrent 

remains. 

Assuming the temperature is constant, the short-circuit 

photocurrent is once again 

J - <r Ey. ( 7 ) 

Although it is not possible to measure cr or Ev directly, 

only their product, both are easily found.10 By applying 

an external field and then reversing it, two different 

currents are measured. 

J+ - cr ( Ev + Ea ) ( 8 ) 

J“ = a ( Ev - Ea ) ( 9 ) 

Subtracting, 

J+ - j” » 2 c E_ a ( 10 ) 



12 

Since all but o~can be measured, the conductivity is 

Adding the two currents, 

J+ + J~ = 2 cr Ev ( 12 ) 

The virtual field is then found with the values from the 

previous equation. 

Ey = —
++ J Ea ( 13 ) 

J+ - j“ 

The dependence of the field and photocurrent on the 

incident wavelength has been shown. An equally important 

factor is the impurity doping of the LN crystal. Several 

impurity dopants have been shown to greatly enhance both 

effects. ' Fig. 4 shows that varying the impurities 

produces a wide range of values. No value for undoped LN 

appears on the Ev curve. This is because the value was 

less than 300 V/cm. It can also be seen that the 

photocurrent for undoped LN is extremely small. This 

indicates that the photocurrent may not be measurable for 

the LN used in this thesis. 

Joiner reported another term affecting current 

measurement. Whenever the applied electric field was 

altered in the presence of a low intensity light source, 

the photocurrent would reach steady state in the same 

manner as the pyroelectric current would decay. However, 

the time required is much longer than the thermal time 
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constant of the crystal. Increasing the light intensity 

decreases the time to reach steady state. 

The explanation given was that the extended decay time 

is caused by redistribution of space charge in the crystal. 

The conductivity is spatially dependent if the illumination 

is not uniform. Because the current along the c axis must 

be uniform, a region of lower conductivity requires a 

greater field to produce the same current. The current 

would not reach steady state until a space charge field had 

built up within the crystal in order to equalize the 

current flow. 

Imagine that a crystal is illuminated with two 

intensities along the c axis. If the crystal thickness is 

2t, assume the lower half ( z ■ 0 to t ), has a 

conductivity o^, and the upper half has a conductivity o^. 

Treating the crystals as two in series, and assuming they 

have the same virtual field, the current in 1 is 

= Oi E ( 14 ) 

where E is the sum of Ev, E&, and a possible space charge 

field Egcl* Assume o^ is always greater than o^. 

If c2 = 0, then current would flow in 1 until E equals zero 

due to space charge build up at the interface. The space 

charge field is found to be 

Escl - <V°i> <Ev+Ea> - <VEa> < 15 ) 

The growth of Egcl determines the time constant for the 
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current. If f> is the 

interface, then Egcl • 

surface charge density at the 

P 
€t 

and 

cf^/tTt = \tcr 
+ «V°i> <W ( is ) 

Solving the differential equation for the growth of p, the 

time dependent space charge field is 

°2-°i *2-*! 
Jscl Jdc 

1 1 

and the space-charge current is 

E, e— "t 
dc f0 £r ( 17 ) 

Jl’J2 “ ( °1 " °2 }( Ev + Ea)e’t/r ( 18 > 

r c 
The time constant to reach saturation is -J?r , where o; 

ri 1 

is the conductivity of the high illumination region. 

Because the light used in this study is not uniform, 

this has the potential of causing a major problem in 

obtaining reliable measurements. 

C. Crystal Structure 

LN is an ABOj lattice with oxygen octahedra. The basic 

structure is shown in Fig. 6.6 The oxygen atoms are 

arranged in planar sheets. Below the Curie temperature the 

Li and Nb ions are displaced perpendicular to the oxygen 

planes along the c axis. The sequence of ions as one moves 

in the positive direction is Nb, vacancy, Li, Nb, vacancy, 

Li,   The asymmetry is readily apparent from the 

figures. 
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Room temperature structure of LiNbO^. 

1 + C 

' Li 
't ® 

0.2 5 A° 

Nb O  

i V *c « 

JLZI 

~1 

-0- 
i._ _ 

toT 
e  

45 A* 

O ^>Oxygen planes < 
Paraelectric Ferroelectric 

a = 2.31 A° 

•Fig. 6. Crystal Structure of Lithium Niobate 



16 

At room temperature the ions are located within the 

oxygen cages. Above the Curie temperature (1470 ‘’C), the 

LN is no longer ferroelectric. The Li ions then shift 

along the axis into the oxygen planes, and the Nb ions are 

centered between two adjacent oxygen planes. 

The sign of the c axis is determined with the 

definition of piezoelectricity. The positive end to the 

axis becomes negatively charged under compression along c. 

D. Thin-film Structure 

The basis for the photodetector is the MOS 

structure, with a thin film of LN replacing the usual oxide 

layer. By placing the LN on a Si substrate, one can take 

advantage of the wide use of Si in the fabrication of 

integrated circuits. Devices using the photovoltaic 

effects of LN could then be readily available. 

The configuration used here is shown in Fig. 1. It is 

easily seen that this is directly comparable to a MOS 

device. The LN is grown on the Si substrate, and a layer 

of A1 above the LN serves as the metal contact. The number 

of detectors incorporating this structure is very large.11 

Their primary operation is based on changing the charge in 

the oxide and building a potential between the metal gate 

and the substrate. When this is combined with a 

transistor, the additional potential across the insulator 

layer can be measured. 
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In this case the bulk photovoltaic effect is supplying 

the voltage change. This change has been modeled as a 

threshold voltage shift. This agrees with the earlier 

development of the equivalent field. The equivalent field 

acts as the sum of the applied field and the virtual field. 

The virtual field is only present when the LN is 

illuminated. Since standard electrical operation of the 

MOS structure is so well known, a voltage shift due to 

the bulk photovoltaic effect would be readily measured. 

Replacing the oxide with a ferroelectric is not the 

only possibility of combining MOS technology with 

ferroelectrics. An alternate structure is to use the 

ferroelectric as the substrate. In this case, a thin Si 

film is grown on a layer of silicon dioxide which is on the 

ferroelectric substrate. The oxide acts as an insulating 

layer between the two. The silicon is then suitable as a 

base for the growth of standard devices. A MOS detector 

built on the Si would still be affected by the virtual 

field. 

Others have successfully grown ferroelectric thin films 
9 

directly on Si. Barium tantalate, a ferroelectric 

material, placed on a Si substrate was shown to be 

polycrystalline. This film exhibits many of the properties 

of a bulk ferroelectric. However, it was reported that an 

intermediate layer exists between the Si and the thin film. 

This layer has a distorted crystal lattice and consists of 
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reduced metal and its oxides. The presence of this layer 

in the wafers used in this thesis cannot be discounted. 

The full impact of this layer is not well known. 

A greater problem here is the complications arising 

from nonuniform illumination. This causes a substantial 

delay in the time required to reach steady state. The 

light used in this study was far from ideal. This problem 

is further compounded by the A1 contact. Light passing 

through this layer is not going to reach the LN is an even 

manner. These problems could be solved in a working 

device, but present a considerable problem here. 
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III. EXPERIMENTAL METHODS 

A. Sample Preparation 

To produce a working device, the LN film must have some 

crystal structure. A completely amorphous film will have 

no bulk photovoltaic effect and will not be useful here. 

The c axis of the LN must also be perpendicular to the 

silicon substrate. Otherwise the effect would be wasted. 

The LN film was deposited on the Si substrate using RF 

sputtering. The silicon wafers were n-type, - 10'L /cm , 

and 150 to 200 urn thick. The surface was cleaved parallel 

to the (111) plane. This surface has the same symmetry as 

the LN crystal when viewed along the c axis. The LN would 

then have a preferential crystal orientation along the Si 

surface. 

The film deposition is accomplished by applying an RF 

signal between the Si substrate and the target LN, which 

has a DC bias. The sputtering takes place in a 50-50 

atmosphere of oxygen and argon. A magnetic field is 

applied between the target and the sample. The field is 

parallel to the line joining them. This is used to evenly 

align the glow discharge present in sputtering, and should 

enhance the ability to grow crystalline LN. The rate of 

film deposition was 1000 A0/hr. The physical values used 

for the sputtering are listed in Table l.14 

Aluminum was used to form the electrical contact to the 
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Distance from substrate 
to target 4.2 cm 

Deposition rate 1000 A® /hr 

Pressure of 0,/Ar 
mixture 10-2 torr 

Background pressure 10“6 torr 

Substrate temperature 500 ° c 

RF frequency 13.56 MHz 

Forward power 50 watts 

Target voltage 1.5 kvolts 

Magnetic field 30 gauss 

Table 1. Conditions for RF sputtering of 

LiNbC>3 on silicon substrate. 
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LN film. The A1 was vacuum evaporated at a pressure of 

less than 10~6 Torr. Three circular dots, each with a 

radius of 0.119 cm, were placed on each LN surface. The 

wafers were masked with an aluminum plate to form the dot 

pattern. Thickness of the A1 was targeted at 1000 A® , but 

the actual value was not measured. 

B. Determination of Film Thickness 

The LN thickness was measured with a Nanometrics 

NanoSpec/AFT. This is an optical system which uses a 

microspectrophotometer to sweep the incident light through 

wavelengths from 480 to 800 nm. The thickness is 

calculated by analyzing the reflected light. The four 

wafers measured varied from 5300 to 13200 A° . Values 

were found for several spots on the wafers. The variance 

was approximately 300 A° for each wafer. The device is 

accurate to +/- 2%, which is close to the variance 

measured. The measured values are shown in Table 2. 

C. Photocurrent 

Current measurements were made in three different 

manners. In every measurement the wafer was placed on a 

standard semiconductor wafer chuck. A micrometer was then 

used to position a probe in contact with the A1 pad. 

Initial measurements of the resistivity were done with 

a Keithley electrometer. This has the necessary capability 

13 
of measuring resistance greater than 10 n . Coax cables 
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were run from the electrometer to the probe station. All 

cables were kept under three feet to minimize noise. At 

first a solid tungsten probe was lowered onto the pad. 

12 
Resistance of - 10 uo. could be obtained for the first few 

readings. However the resistance dropped to - 3 MA for 

subsequent readings. The probe was shorting the A1 through 

to the Si substrate. Readings done with A1 pads placed 

directly on the si confirmed this. 

Because no other probe was then available, a thin A1 

wire from the coax cable was bent to form a flexible probe. 

This prevented shorting, and would also reduce any 

piezoelectric current. Measurements could be made with no 

damage to the wafer. 

Current vs. voltage measurements were taken with a 

HP 140 pA/DC voltage source. The circuit used is shown in 

Fig. 7. This is a programmable supply with a current 

resolution of 0.01 pA. It has the advantage of 

simultaneously forcing a voltage and measuring low current, 

eliminating a separate supply. This contributes to 

reducing noise and improving accuracy. A microcomputer was 

used to log data and control the supply. 

The A1 probe used in the resistivity readings was used 

for the I-V data. Dark measurements were done with the 

probe station inside of a shielded black box. The light 

for photocurrent measurements was room light of 
2 

-0.02 mW/cm . Although more accurate data is obtainable 
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Fig. 7. Apparatus for I vs V Measurements. 

\ 
KEITHLEY 

427 

CURRENT 

AMPLIFIER 

HP 4145 

Fig. 8. Apparatus for I vs Time Measurements 
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with a laser, the primary interest here was to determine if 

any photocurrent was present. 

It was also necessary to measure the current as a 

function of time. An HP 4145 semiconducter analyzer was 

used in conjunction with a Keithley 427 current amplifier. 

The HP 4145 produces real-time plots with a resolution of 

0.1 pA, but it proved to be too noisy for direct 

measurements. The amplifier takes current down to 0.01 pA 

and outputs a corresponding voltage from 0 to 10 volts. 

This data was used to measure the pyroelectric effect. 

This circuit is shown in Fig. 8. 

It was desired to measure the current as a function of 

applied voltage. A quantitative analysis of the current as 

the voltage was changed would have been extremely useful, 

but this was not possible without excess noise being 

introduced. 

For the time measurements, a tungsten probe on a 

flexible shaft was used. This provides a better contact 

that the A1 wire without shorting through to the LN. The 

light used was a white light with a tungsten filament at an 
2 

intensity of - 0.5 mW/cm . 

D. Capacitance 

Capacitance with no applied voltage was measured on a 

capacitance bridge. For C-V data, the HP 4140 was used. 

The HP 4140 has the additional capability of calculating 
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the capacitance. It uses a quasi-static method of forcing 

a voltage ramp and measuring the current. The capacitance 

is automatically calculated from C ** I/(dV/dt). 



26 

IV. ANALYSIS OF DATA 

The five prepared samples each had three A1 contacts. 

This provided 15 different points from which to make 

measurements. However, four spots had the A1 shorted 

through to the substrate during measurements. Three wafers 

also had one contact each that was placed too close to the 

edge of the LN to be considered reliable. This left eight 

contact points from four different wafers suitable for 

analysis. 

A. Current vs. Time 

Ideally it would have been possile to measure the 

photocurrent as a function of voltage and time 

simultaneously. However, time plots could only be 

accurately produced for zero applied voltage. An external 

power supply added too much noise for accurate readings. 

Fig. 9 shows the response of one sample. Illumination 

was provided with a tungsten bulb at an intensity of 

~ 0.5 mW/cm . The pyroelectric current is easily 

distinguished from the steady state photoelectric current. 

The pyroelectric contribution had decayed to almost zero 

within 0.5 s. One advantage of a thin film is the short 

time required for this term to be eliminated. The data for 

all samples is shown in Table 2. Positive current is 

considered to flow from the A1 contact to the Si substrate. 
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IP 
(pA) 

Fig. 9. Short circuit photocurrent of 

LiKbO^ as a function of time. 
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WAFER 

CONTACT 

1 2 THICKNESS 

1 16.1 pA 13.6 pA 13,300 A® 

2 -10.3 pA 11.9 pA 6870 A® 

3 8.0 pA 10.7 pA 5350 h° 

4 10.2 pA 9.6 pA 5660 

Table 2. Short circuit photocurrent with 

1= 0.5 mW/cm for four different 

wafers, each with two contacts. 

Thickness values are + 150 A°. 
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The theoretical photocurrent can be estimated from 

Eq. 1. The spectrum of a tungsten bulb is known, and 

values for k and oc can be found from Fig. 3. The 

calculated current is approximately 4 pA. The measured 

photocurrent could be expected to be less than the 

theoretical value, but the reverse, as is the case here, 

should not occur. Either the estimated values of k, c< , and 

I are incorrect, or an additional term is adding current. 

With one exception, all data is within a factor of 

three. The interesting exception is spot 1 of wafer 2. 

The magnitude of the current agrees with the general range 

of the measurements, but the sign is reversed. If the LN 

were amorphous, no current would exist. If the LN was a 

single crystal, the same current should flow in each sample 

under identical conditions. The data indicates that the LN 

is in a polycrystalline state. 

Assume that the LN is polycrystalline, with the c axis 

always in the same plane, but oriented in either direction. 

Current measured from any one contact would be the sum of 

currents flowing in the individual grains. If the c axis 

had a preferred direction in all wafers, there would be a 

corresponding tendency for current in one direction. The 

anomalous contact could simply have been placed over a 

range of crystal with more grains having the lower 

probability of orientation. 

For this to occur the grain size would have to be 
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considerable. Otherwise the sum of currents over small 

grain sizes would statistically produce a more even current 

distribution. It would seem unlikely that only one contact 

would be negative with the small grain size. In addition, 

we would expect a range of current magnitude from zero up 

to l . In this study, no current has a magnitude less 

than 8 pA. 

B. Current vs. Voltage 

Several readings were taken in an attempt to find the 

relationship between current and voltage. The wafer would 

be expected to have a voltage shift caused by the virtual 

field. The conductivity is found from the slope of the I-V 

curve. In all cases positive voltage is considered applied 

relative to the A1 contact. 

All I-V measurements were done on the HP 4140. When 

this is operated in the automatic mode, it outputs a 

voltage staircase and measures the current. The voltage 

was always swept from negative to positive relative to the 

Al. Because the thermal relaxation time was less than one 

second, the voltage was stepped every five seconds, 

allowing the wafer to reach thermal equilibrium. 

At the time of these measurements, it was not known 

that the current required considerable time to reach steady 

state if the voltage was stepped under nonuniform 

illumination. This effect is even more pronounced at small 
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intensities. Unfortunately, these three conditions were 

exactly those used in taking the data. The light used for 

this data was room light with an intensity of - 0.2 mW/cm . 

Information can still be obtained from this data. Fig. 10 

contains data from measurements of the dark and light 

current for one sample. Without the above knowledge, it 

would appear that the light and dark currents are almost 

the same for small V. . It is now known that this data app 

is not a measure of the state state current. 

What is important from these graphs is the general 

shape of the curve. The plot appears linear for small 

voltages. If the magnitude of the voltage is greater than 

1 volt, though, the current begins to look like that from a 

forward-biased diode. This was found to be consistent for 

all wafers measured. 

Originally it was thought that this might be caused by 

pyroelectric current as the crystal is heated with 

increasing current. This has been shown not to be the 

case, as the current is present under thermal equilibrium. 

The other possibility is that carriers are being thermally 

produced. These carriers are formed from the higher 

temperature, not the change in temperature as with 

pyroelectric current. To test this theory, a heat gun was 

held near a wafer with a voltage applied. Currents in 

excess of 1 uA were found with only 3 V applied. Within 

10 minutes, the wafer returned to its previous state. No 



Fig, 10, Light and dark current vs voltage for 

LiKbO^, (Normal and expanded scale) 
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permanent damage was found. 

In order to get accurate information, one set of data 

was taken with sufficient time for the current to reach 

steady state. This is shown in Fig. 11. The applied 

voltage was held constant until the current had decayed to 

a constant value. This required about 5 minutes. The two 

values of I . were for two different contacts on the same ph 

wafer. This plot provides the only data for finding the 

photoconductivity and virtual field. The only quantity 

which can be found from the time data is the product of the 

two. These data also show that the high currents at 

increased voltages are not due to the transient 

pyroelectric effect. 

The short-circuit photocurrent for Contact 2 agrees 

with the value obtained from the time measurements. When 

the different light intensities used are considered, this 

value would be expected. What is not expected is the low 

photoconductivity found in Contact 1. The measured value 

was 0.04 pA, well below what was anticipated. The 

conductivity is almost equal to the dark conductivity. The 

reason for the difference between the two contacts is not 

known. 

The thickness of the LN film is - 13,200 A° . Using 

this value, Egat is found to be 2.2 kv/cm, and is 

7.2*10”15 cm)”1. The dark conductivity is 

1.5-10”16 (n cm)"1. The dielectric relaxation time is 
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Fig. 11. Steady-state light and 
dark current in LiKbO^. 
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-■■q.1 —, where £r is 32 for LN along the c axis. From the 

above values, ■ 6.5 minutes, while 2^arjc 
m 5.2 hours. 

This means that any photovoltage would be present hours 

after the light was removed. This can also be a cause of 

erroneous measurements. 

C. Capacitance 

The dependence of capacitance on voltage was also to be 

determined. The expected dependence would be that of a 

standard HOS structure. This relationship is well 

documented. In this case the curve would be shifted 

along the voltage axis by an amount equal to the virtual 

field. 

Several readings were taken with the HP 4140. However, 

there seemed to be no correlation from one plot to the 

next. In addition to measuring different values of 

capicitance for the same wafer on consecutive readings, the 

curves did not always follow the same pattern. The only 

plot which seemed to show the theoretical prediction is 

shown in Fig. 12. 

The capacitance with no applied voltage is 

_ €o€^ A 
u “ d ( 19 ) 

where = 8.85 10~14 Fd/cm, £r is the dielectric 

2 
constant, A is the area of the contact ( 0.044 cm ), 

mm A 
and d is the LN thickness ( 1.32 10 cm). Along the 
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c axis, £r « 32 for LN. Assuming this orientation, the 

expected value is C » 944 pFd. Now consider the value from 

Fig. 12 at zero volts. Here, C = 233 pFd. Using this to 

calculate the dielectric constant for this wafer, 

£r = 7.8. This indicates that the LN may be 

polycrystalline. 

It should be restated that this is a quasi-static 

measurement using a voltage ramp. It has already been 

shown that a voltage change causes an additional current 

term. Because the value of C is calculated by dividing the 

measured current by the slope of the voltage, any 

additional current terms will increase the found value. 

The capacitance should be measured in an alternate manner. 

This would only apply to data taken while the wafer was 

illuminated. Problems with dark measurements must be 

accounted for. A likely source is the probe used. This 

data was acquired with the A1 probe. The capacitance was 

found to vary with the positioning of the probe. The probe 

used for the current vs. time data should be used instead. 
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V. CONCLUSIONS 

It has been shown that a thin film of LN deposited on a 

silicon substrate by sputtering does possess some of the 

ferroelectric properties found in bulk crystals. This 

indicates that the LN is not amorphous and is at least in a 

polycrystalline state. 

It is not thought that the LN is a single crystal, 

though. Single crystal LN would not account for the one 

short circuit photocurrent measurement that had current 

flowing in the opposite direction. Additionally, the 

capacitance measurement points toward a polycrystalline 

structure. It would then seem that the LN is 

polycrystalline, but the actual structure needs to be 

determined by standard crystallographic methods. 

Although the light used here was sufficient to generate 

a measurable photocurrent, it could not produce stable 

results. The photocurrent required several minutes to 

reach steady state when the applied voltage was changed. 

It has been shown that this can be caused by different 

photoconductivities within the crystal. The current decays 

as a space-charge field builds in one region to compensate 

for the higher conductivity. This effect is' particularly 

evident at low intensities and nonuniform illumination, 

precisely the conditions here. 

Any practical device would require a stable light 
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source to avoid the time delay as the current decays. This 

problem is easily solved. It would be beneficial to restudy 

the same crystals with light from a laser. This would 

eliminate any nonuniformity from one measurement to the 

next. Any variance between wafers could be found wihout 

questioning the effects of the light. 

Working devices may be limited by the pyroelectric 

current. This effect is inherent in the crystal and cannot 

be overcome with improved illumination. 

A more serious problem is the generation of thermal 

carriers. The linear region of the device was limited to 

+_ .5 volts. Any measured voltage shift would have to be in 

this region for accuracy, as the precise amount of thermal 

current could not be calculated. Stabilizing the 

temperature could help prevent this, but only at the 

expense of adding an additional complexity. 

It would seem that the structure used here could 

produce a working photodetector. Their production may not 

be feasible, though. Operation is limited by effects which 

cannot be eliminated from the crystal. 
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