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CHAPTER I
LITERATURE REVIEW

Introductory Comment

Many of ihe properties of solids, such as x-ray and electron
diffraction, and macroscopic shape, may be explained in terms of the
spatial pericdicity of their constituent atoms; however, many other
solid state properties such as x-ray diffraction intensities, mechanical
properties, color, and electrical conductivity cannot be explained
quantitatively in terms of the periodic or lattice structure alone.(
One of the predominant features of solid state physics is that it explains
the properties of solids in terms of both the lattice and defect struc-
ture, or deviations {rom periodicity, of solids.

folid state luminescence, which is defined in accordance with
Leverenz @) as «a process whereby matter generates non-thermal
radiation which is characteristic of the particular luminescent mat-
erial”’, is typical in that thetheoretical ex ition involves the periodic
structure - defect sirecture dichotomy. The theory of solid state
luminescence may thus be divided into two parts, lattice luminescence
and defect luminescence.

Lattice and Its Elecironic Structure

The Crycial Siruciureof Sapphire («-,\1._,03) The mest important feature
of the crystal st re of sapphire for these investigations is the anisa-
tropy eliisoptical andluminescent properties hrespect to direction in
the 1 . It is well known that ruby and sapphire have an axis of
three fol« mmetry {C-Axis) and that t} ptical absorption and po-
larization Jluminescent emission are difierent when observed
parallel o rpendicular to this axis. Thus, the importance of this
subsection is the identification of the C-Axis
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Now the intensity of the glow i
by calculating the derivative of the zbove equation, we have
< e"_: E/kTAT
@ —E/KV —78

where C is a constant.

For sufficiently small T, equation (2) is dominated by the ex-
ponential term & — /KT . Hence, a semilog plot of the lumin-
escence intensity versus reciprocal of the absolute temperature should
be initially a straight line with slope /K. This method of determining
E is called the method of initial rise.
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CHAPTER Il
EXPERIMENTAL APPARATUS

introductory Comment

The questions which this investigation proposed to answer re-
quired the construction of an experimental apparatus that would simul-
taneously allow the crystals to be heated and exposed to x-rays, and
both the total emission and the emission spectra to be cbserved. This
problem was solved by constructing a spectrophotometer to scan the
emission spectra, a photomultiplier tube set-up to monitor the total
light, and a crystal holder mounted on a soldering iron to raise the
temperature of the crystals. A mcbile medical x-ray unit ( 150 KVP )

was obtained to provide the excitation for the crystals,

Construction of Apparatus

The components used to ce. struct the apparatus are shown
schematically in figure 21-1. Light enters the monochromator through the
entrance lens and is disperscd by the grating. Light leaves the mono-
chromator through the exit lens and excites a photomultiplier tube.
The photomultiplier tube current is measured by an electrometer, the
output of which is used to drive the y-axis of an x-y recorder, The
wavelength axis, or x-axis, is driven by the voltage drop acress a ten-
turn precision variable r r. The shaft of the resistor is connected
to the lead screw of the wavelength driveof the monochromator by a set
of reduction gears.

The total emissio the samples was observed with an RCA -~
1P21 photomultiplicr ful: e 121 photomultiplier tube (hercafter
called PMT) current was measured with an electronic current meter,
the output of which was used to drive the y-axis of an x-y recorder.
The temperature asis, or x-axis, was driven by the voltage across a
chromel-alumel thermocouple,

11
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Overall View of Apparatus

Figure 2-3
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1 the thermoluminescence glow v

It should he noted that the emission speclra measurements
and the measurements made with the 1P21 PMT were made at dif-
fevent times on sapphire. The emission spectraand 1P21 measurements

of the luminescence of ruby were made simullaneously.
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TABLE 1

ENERGIES OF ACTIVATION

ENERGY
. OF
SAMPLE PEAK ORIENTATION ACTIVATION
Sapphire 1 ° 179°C Perpendicular .5eV
Sapphire #1 182°C Parallel .5ev
Ruby 43 346°C 'Perpendicu‘ur 1.6eV
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CHAPTER 1V
SUMMARY AND CONCLUSIONS

Summary

Introductory Comment - The x-ray-induced luminescence of sapphire
and lightly doped ruby (0.005% by weight Cr203) has been observed
and the emission spectra of this luminescence has beexn fount to con-
sist of three componen(s a band with a peak at 3000A, 2 band with a
peak at 6700A and a short wavelength shoulder, and an emission line
at 6940A. The 67003 band is identified with the vibrationally assis-
ted transitions in the Chromium ion (a7 and the line at 6940A is iden-
tified with the R-lines of chromium. *3) The relative intensities of the
two bands and line were observed to he Iemper.nure and chromivm
concentration dependent.

Temperature Dependence of the_Lunminescence - In both the sapphire
and ruby samples, the 3000A band was most intense at room tem-
perature,  and decreased in intensily as the temperature increased.
In none of the experimenis was the band observed above 300°C. In
experiments performed in the cooling cycle, the intensity of the band
increased monotonically as the temperature decreased. In the heating
cycle, the intensity decreased as temperature increased, but there was
slight shoulder on the curve at 175°C (Figures 3-24 and 3-14). The
shoulder was not observed in the luminescence of ruby.

It was observed in both supphireand ruby that as the irradiance
of the 3000:\ band decreascd, the irradiance of the vibronic sidebands
increased and vice versa. I s 3-12, 3-14, 3-17, 3-20, 3-22, and
3-24 show clearly this rclationship. Jt should be noted that the relative
amount of power per unit arca (irradiance) cmitted in the vibronic

sidebands is greater than that in the 30007 band, in other words the

power gained by the vibronic sidebands at high temperatures is greater
- o
than that lost by the 3000A band. The kalf width of the 3000A band

55
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APPENDIX 1
INSTRUMENT LIST

Hewlett-Packard 70058, x-y Recorder.

. Atomic Laboratories Pncton Meter.
. Keithley 610B, Electrcmeler.
. Bauschand Lomb No. 45, 500mnm Monochromator, 1200 lines

per mm.

. RCA 1P21 PMT, Response S-4.
. EMI 9558-Q-A PMT, Response $-20 (Q).
. Keithley 246, 0V-2000V Power Supply.

lewlett-Packard 7000A, x-y Recorder,

. RMS Motor Corporation, Speed Contral,

. Picker Mobile Medical ¥ -ray Unit witha Machlett X-ray tube,




APPENDIX 2
COMPUTER TECENIQUES AND CALCULATIONS

Computer and Programming Language Used

The computer used in performing many calculations reported
in this thesis was a Digital Equipment Corporation (DEC) PDP-8/1
with the following peripheral devices and accessories: 4000 bytes of
extended core memory, a Dectape drive unit, an ARS teletype unit,
a DEC AX08 analog to digital converter (ADC), a DEC AX08 display
unit, a Hewlett-Packard 7000A x-y recorder, and 2 Hewlett-Packard
7005B x-y recorder. The FOCAL programming language was used
exclusively. FOCAL is a proprietary language of the Digital Equipment
Corperation.

Calculations Using the Least Squares Criterion
The lesst squares curve fitting criterion was used several

times in analyzing the data. A subroutine was writlten to perform the

least squares calcu on and was incorporated into svveral main pro-
grams which lin d the data according to the particular type of
curve to which the ~as being fitted.

The least squares calculation was perfovmed on the spectral
irradiance versus wavelength data and it was fcund that in the wave-
length region bet . 5500 and 70003 the curve reported in chapter
1I could be fitted o jata witha maximum deviation of abowt ,%.

The calculation of the energies of tivation of the traps
associated with ihe thermoluminescence was performed using the least
squares critir e data from the thermol ‘ence was plotted
on semi-log | and the region which appeare is A straight line
was selected o 1ysis. This data was then linecarized by fitting the
logarithm of the PAIT currenttotheinverseof )solute temperature.
The slope of the straight line obtained was reporied as the energy of

60 .
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