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CHAPTER- IT
Preparation of Phosphors and Experimental Aspects

2.1 INTRODUCTIOH

Phogsphors can be prepared in the following forms -

i) Single Crystal

i1i) Thin Film

1ii) Microcrystalline Powder.

It 1s not possible to grow a single crystal of alkaline
earth sulphide, because it decamposes befare they melt. These

sulphide phosphors can be prepared in the form of thin £1ilm

or microgrystalline powdere.

In the present investigation, these sulphide phogphors are
prepared in the microcrystalline po ’Lr form. To prepare the
phosphor ataw@erc:ntage method is used.

2.2 GEHERAL COIB INERATILN DUR]I!G PREPARATION COF PHG5FPHORS

2.2.l Basic in-gr?dients of a Phosphor

The method of obtaining phogphors in"i};%mder’ form startgwith a
pure host material, Mix with a suitable flux along with amactivator
element added inv the £orm of zolutisne. The ingradients are mixed
and the charge is £inally fired at a suitable temper:atm:‘e for a
pre determined period, in a suiltable atmosphare.

a) The Hogt Material

The base material in which we add impuritles so as to produce
luminescnece is called as host material or matrix element. The
transitiéns of electrons responsible for luminesccence are within
the range of nd gap, for visible luminescence. The band gap for
host material should be greater than 3 eV, the encrgy corresponding

to extreme viole:. leverenz (1) prescribed the combination of

e
elements of colwms I, IL, X B, IV A, V, VIA of the period table
A
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with thoze 'of columns VI B and VIX B to satisfy the above consilderation.
b) Activators s
Aotivator 1z one which provides 1oc&11;i.zed energy levels, in the
forbidden gap of the host material and which permitg radiative tran-
sitiong (2) Activators are classified into following groups @
i) originator,
ii) Intempsifier,
11i) Dominant and awxiliary actlvator,
iv) Killer
v) Co-activator,
i) Originator gives new emission lines or bends other than the
intrinsic luninesccnce of the host lattice.
11) Intensifieri_) - intensifies the intrinsic luminescence of host
lattice.
1id) Auxilary activatar ie a second activator uwsed to enhance
the intensity of activatpd phosphor. The first activator is called
dominant activator d4nd second one as auwxilliary activatore
iv) Kililers are the impurities which decrcase the luminescnece
intensity. These activators introduce energy levels between which
radiative transitiona are forbidden (2).
v) Co-actlvator provides balance of charge (3,4,) in phosphors
activated by monovilent atam. It will also affect the colour of

emission, its intensity and the defect structure of the phosphar

material.
c) Fluz
Thege are thne materials which vhen added to the base material,!

resilt in good phosphors (5,6)e¢ such salts are known as fluxes.
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Flux plays different rule;in different phosphorsge
1) It serves as charge compensatar (3, 4)
2) It promotes the crystal growth at lower temp%;ré""'e N
3) It enchances the rate of reaction at relatively low temp.(7,8).
4) If facilitdltes the hamogenous distribution of activatar in the
host material (7, 8).
5) Affects the luminescence intensity (9).
Generally effective fluxes are oxysalts and sulphates of sodium and
potassium (10)«
The role of £lux as -
Charge Canpensator

The rale of £lux (Na23 04) as charge campensator in the enhance-

ment of £ luorescénce intensity can be understood as f£ollows 3

The cha%e neutrality in the preparation of Ca3:Bi:Dy or Cas:Mn:
Dy phosphors demands the removal of three Caz* ions, to incorporate

two Dy3+ (or s13%) ions. This proupts ca?¥ ions va%ncies in the host
lattice. The host lattice defects produced during the preparation
of phospphors dus to suwh Ca2+ ion vacancles, restricts the entry

of Dy3+ (or Bi3+) activator lons in the lattice struwture.This is

because a gool deal of energy is required to crecate a vacancy.

The simultaneous doping of Ha+, the c¢harge canp)?insator ion fram

I-IaZS 0 4 along with Dy3+

arising due to ca2+ ion vacancies, bringing about an approptiate

(orx Bi3+) wipes the host lattice defects

o
cha\ﬁge canpdnsation (Pawar 1978)

2 Ca®*eee-d  DY°' 4 Ha'
2 ca?* e B13% & 12t
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this is according to charge campensation theory of Kroger and
Hellingman (1949), such a chamge balancing offess an easy way

for the incorporation of trivalent activator ions without creating

+
vacanciese. The ionic radius of Dy'?'+ iz more close A‘i:h‘a imnic radius

of Ca2+ ion ‘of the host lattice campared to that of B.1.3+ ione.

3

Therefore Dy + jons enter the host lattice mare easily than 813+

ions in the presence of charge campensatar ion Na+. The net effect
of chirge campensatar is to increase the population of activator lons
in the hogt lattice, increasing the number of luminescence centres’

which results into enhancement of fluorescence intensity of Nazs 04

added phosphorse
0\/
2.242 Preg*ra‘;g.yﬂ Parameters of Fhosphorsg.:

The luminescent properties of a phosphor depend upon number

of parameters. They are as foll!ows : -
a) Purity of ingredients
b) Grain size of ingradients

c) Reaction vessels ?

d) Firing temperature °
e) Atmogphere of Firing
£) Rate o£ cooling

g) Size of charge

a) Lu'gnescent emission is very sensitive to the impurity atams.
Even a small trace of impurity elements may cause either activation
or poisoning. Hence special care must be taken to mention the

purity of ingradient and cl«-“\n.—_;liness through out the processe.
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b) Grain size of ingredients : The grain size will affect on the

rate of solid state reactinn and there by uwon gquality of the phosphar.
To have good phosphor the solid state reaction must be uniform and
continous. To have this,particles of very fine size with large

surface to volume ratio are required (1, 11, 12),.

c) Reaction Vessdals :- The different reaction Vessels were tried l.e.
Clay crucible and Combustion boatse But while using clay crucible
the quality of phosphor: found was not so good, and also same impurities
were contributed by crucible material itself.and the colour of
different phosphors prepared by using clay crucible was blackish.
On the other hand the phosphors prepared by using combustion boate
were good and having different colow shades for different conce of
activators. So that in the present work the uwse of clay crusible is
avoided and cambustion boates are used.

The combustion boats are chemically inert high w ]
and ablility to w_ith stand thermal and mechanical shockse | ‘

d) gicing temperatures- The xmmim solid state reaction takes place

only above certain desired tenp. Hence charge must be fired for a
suitable time at a suitable tempe (1) The temp.within  the furnace
must be uniform and constante .Variation in the temp, changes the
crystal structure, which affects,the structural homog‘en;»‘iﬁ of the
final produwet (1,12, 14)., In the present work the firing temp. is
kept 1000%. for three hrs. This temp. was decided by referring study
of earlier workers (Shali:'r}e Ge3 . and U.’B.Kasture). They pre;;)ared

phosphors at different temp. and found that samples prepared at 1000%.

were goode
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e) Atmosphiere of f£iring! Atmosphere of firing would affect

on the character of phosphor (15)e. For example, hexagonal CAS when

fired in neutral atmosphere, emits in the IR region, while it em:l.ts;

in green region after firing in H,S atmosphere(16).

£f) Rate of Cooling : - The rate of cooling YO %affect on luminescence

brightness of phosphor, absorpiton and spectral emissione. I£ also
affects phosphorescence decay (17). Sudden cooling sametimes changes
the colour of flucrescence (18). Slow conling rate helps in unifarm
distribution of imperfections throughout the phosphor (16). on

the other hand, rapid cooling pregerves the valence state pre:..valent
at high temp. (19).

2.3 DETAILS F METHOD FOLLOJWED TO OBTAIN CaS :I«m:Dyé:xqg Ca3 :Bit o ?
phosphars : PHOSPHERS Y

The sulphide phosphors’are generally preparared in the micro-
erystalline porder form by the method developed by Bhawalkar (20).
This method involves heating an intimate mixture of fhe purified
calciun xxiphide sulphate and carbon together with required amount of
activators and £luxes. The redttttion is carried out by heating the
mixture at about 1000°&for three hours. The impurity atam
replaces the hogt cation substitutionally. There are various methods
to express the percentage of impurity in the materlal. In the method
developed by Bhawalkar the concentration of activatexrs is expressed
in weiglitpercentnges of hogt, Cas0,: 21, O. Hosever, the atam percent
of impurity to the host cation will be a correct measure of effect
of impurity in the luminesceil}:e process (21, 22, 23). Hence to express

the concentration of activatw{ ,atam percentage method is a?éopted

and calculations corried oult are based on this methode
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2+3.1 Method of calculation of the Bismuth percentage.
Modecular weight of Caso4 : 2H20 is 172.17? 'J.herefm:e,l 7217

gm of CaS0,32H,0 & N atams..of Ca, N being the Avagadrod number.

L

. N
e*e 1 gm of Ca304-21-{20 = T
Similarly, Molecular weight of BiCJ 3 is 315. 33.?‘)’!%

atans of Cae.

.*. 1 gn of BICl; = ,yb—3; atams of Bi.

? Now suppose one desiresO.l percent of Bi in CasS.That means for
e;rery 100¢ atoms of Ca theg®e will be 1 atom of Bi.

N atoms of Ca =1 gm of CaS0,32H, 0
172.17 42

" 172170
.. 1004 atans of Ca = 21270 gn of Ca50,:2H,0, similarly
N/315.33 atams of Bi = 1 gm of BiCl,

. latam of B z 2233 o o Bic,

The proportion of Caso4:21i20 to BiCl; for 0.1% concentration of
Bi in Cas 4is caleculated as f£ollows 3

. ~ 315,33
17§17a gn of Cas0,32H,0 = I gm of BiCL,

N
. ) 1 315.33 N
1721770

in

0.0018315 gm of BiCl,

1.8315 x 107> gm of BiCL,

= 1.8315 mgm of BiCl,

Thus 1 gm of Cas 04:2H20 when added with 1.8315 mgm of BiCl,, the
percentage of Bi in Cas is 0.1% Depending uon the regquired conce
of Bi, corresponding ccs of prepared solution are added in the CaSO4.
2H20. S imilar method 1s followed for other imp;urities.
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2¢3.2 Procedure £ollowed in,emparat;on of phosphors

The method of preparation of sulphide can be divided into

two stagese.

A) First State :it involves the purification and preparation of basic
' ingr?(dients.

B) Second Stage : It deals with preparation and firing of the charge
at suitable temperature.

A) First Stage :
a) Purification of Caleium Sulphate - In this method calcium

sulphate A,R. BDH is used as starting material. The maximum limit
of Impurities as labelled by manufacturer as,

Solubility in water . passes test
Free acid (as sto4) oo 0.01%

Free alkall :

(as (ca(ai)z) .o 0.01%
Chloride (C1) = ..  0.025 %

Iron (Fe) .e 0.002 %

Residue on ignition
(700%%) e 79 - 80 %

b) Purification of carbon : A.R. grade E.lMerck activated

charcoal (Art 17505, B.N.G. 9 2386l) was used as a reducing agent.

¢) Activatars : The activators Mn and Bi are used separately.

They are added in the form of solutioms of their salts (MnSO,.H,0)
and Bi Cl3° The weighed qmnﬁ.{t‘:y of MnS 04.H2U (LoR.grade) is
dissolved in double distilled water. The required quantiy of solution

was then added to give various concentratio}of Mn and similarly the

various conce of Bie
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The second activators are Dy and Th were also added :in the form of
solution of their chlorides. The weighed quAntity of DyCl, (99 .99%)
pure) is dissolved in double distilled water. The recquired quality of
}solution was added to give various concentrations. Similarly TbC13
(99.90% pure)y is also dissolved in distilled water and used for
various concentration preparatione.

d) Purification of Reaction Vessels 3 The canbustion boat$ are used

as reaction vesselse. These boats were washed w:!.th double
distilled water and dried. They were then fired at 1000%. for three
hours so as to remove any contaminating gases. I is 11s0 tested for
their abllity to withstand the thermal and mechanical shocks i.

e) Flux : Phosphors were prgpired with and without £luwx but phophors
without flux shows wery little luminescence and if we use the fluxes
the luminescence increases. Hence samples were prepared with £ luxesg.
The £ lutes used are : -

1) Sodium sulphate anhydrowms purified LeRe.

Na,S 04 molecular weight 142.04 (B.N. 099/59/14091)o_
Minimun agsay (99%).

Maximum limits of impurities

Loss on ignition  0.5%
Chloride (Cl) 0.01%
Nitrate (NO;) 0.01%
Iron (Fe) 0.002 %
Potassium (K) . 0.1 %

2) Sodium ‘Ehiocsulphate .
NayS, 03+5H, 0 = 248.18 L R. LB. N, EL 0396 4903)
Minimun assay 9%
Maximum limits of impurities
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Sulphate and sulphite (30 4) 0e1%
Iron (Fe) 0,001 %
Potassium (K) Oel %

3) Sodium Fluoride
NaF M.He 41.99 LiR.(9/49/28011)
Minimum assay (ion exchange) 97%
M aximum limits of impurities
Chloride (C1l)

0.02%
Sulphate (804) 0.05%
Silica (S i%) 0.5%

Sodium thiocsulphate was proved to be good £lux(22) e
B) Second Stage

a) Preparation of Charge

The charge was prépared by the following ways by taking the

quintities as follows

i) @alcium sulphate 5 gm.
ii) carbon 1,25 gm.
i1ii) Sodium sulphate 025 gme
iv) Sodium thiocsulphate 0.625 gme
v) Sodium £ luorde 0.75 gn.

All these weighed qualitles are mixed to form uniform mixture,
The acti\rc}tor solutions were added in required amounts and then charge

wds again thoroughly mixed. It was then dried by using heating coil.
b) Firing of the Charge
The mixed and dried charge Wa8 packed in one of the purified

combustion boat . A thin layer of purified carbon (in fixed quanity)
was spread over the surface of the charge to keep the atmosphere

reducing. The boat was then i§%£ an electricBhuffle £urnace
et

A
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maintained at 1000% for threce hours. after firxing the charge was

y

removed froum the furnace and immediately pulvarised wihile red hot. The

reaction is -~

o]
a30,2H. 0+ ac 290 S 5 cas + g4 cot + 2m,0
c 4 2 2

since alkaline earth sulphides are hygroscopic; the prepared samples
were immediately stored in sealed and hunbered bottless

233 Phosphor Preparation

In order to observe the effect of £luwx on the quality of
phosphors trial samples were prepared without £lizz and with £lux and
their TL glow curves are recorded. Fran TL glow curves, it was
observed that phosphors witr:f lux give better luminesccence than
that without flw:. Hence all phosphors were prepared with £luxe.

Rare earths Dy, Tb, 8m, Nd are proved to be good activators in
differex;t lattices (21, 22, 23) . In order to f£ind out suitable
conginatirm of Ilin and rare carth, also Bi and rare earth,samples with
different concentrations of activators are prepared. The TL glow
curves were plotied and £ram this it was found that CaS:MniDy (Rate-
earth) gives better TL~glow and similarly CaS:Bi:Tb this cambination
is also giving good, better luminedefince. In the present work, samples
were prepared with optimum concentrations of activators (Mn and Bi)

by changing the concentraticns of rare earth (Dy and Tb), and
their TL glow curves are plotted. (y/

All the samples were prepared at 10000}4. and all-samples were
excited by uv source for equal amount of time and then again the
luminescence was checked by visual inspection. It was found that
with optimun concentration CaS:ln:Dy and CaS:Bi:Th gives maximum

Ti~glore The detaills of the samples prepared are a3 ghown in the

table no.2.1 and 2.2
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2.4 DS TRUMENTATION AND EXPERIMENTAL ASPECTE

Instruments required for preparation of phosphors and far
study of phasphorescence decay, thermoluminescence and electro-

luninescence are listed below.

2.4.1 Instruments used for Preparation of Phosghor_s_

a) Furnace

b) Heating Coil.
a) Furnace

Furnace used for preparation of present phosphor 1s Tempo
Make, Model No. TI-58/58R/S8HT. »

The maximum temperature that can can be cbtained is 1220%.
The furnace temperature is adjusted by an energy regulator, which
controls the temper.ture by operating on a time cycle of 'ON' and
'(FF*' thus varying the average energy input as desired. The electrical
rating is 1.8 kw at 240 V. A.C. single phase. For measurements of
temperature digital pannel is provided. Here the chrqnei Alunel
+hermocouple is used. Digital display helped in accurate adjustment
of desired temperature.
b) Heating Coil

The electric coil is used to dry the prepared charge.

2+.4.2 Phogsphorescence Decay Measurement

A) Instruments used for PL Study

L Photoluminescence study was carried out at room temperature
! }{lock diagram
The of experimental set wp of PL is shown in fige. 2.3.
The experimental set W consists of -
1) Source of Excitation
2) Sample holder and

3) Intensity measuring unite
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a) Source of excitation

An Ultra-Violet Lamp (Germicidal Lamp, Model no. 415 T18)
emitting ){y/i‘ays of wavelength 253.6 nm.‘: wed as excitation source.
A stabilizer was used in conjution with the lamp so as to maintain
excitation energy constante.

b) Sample Holder
S
A Kanthal 8%trip i1z used as sample holder, Kanthal is a mixture

of (Fe 72%, Cr 23%, Al 3%, CO 2%) strip of 45 mm. length, 14 mm width
and 04025 mme thiclk having central rectangular depression of about
0.5 mm. depth was used. The strip is fitted on two brass rods. The
same strip was used to heat the samples in TL study. Below this strip
a chramel Alumel thermocouple is spot welded to read the temp. This
arrangement is fitted in im a wooden bax. A window is opened in swech
a way that uv rays fall directly on the kanthal strip. The arrange-
ment is shown in fig. 941

c) Intensitv Measuring Uhit

This unlt consists of a photomultiplier tube, E.H.T+. power
suwply and nancammeter. The photomultiplier tube ugsed was IP 21 made,
by RCA. The arrangement of tube was such that its window directly
faces the sample. The gpectral response of tube is shown in fig. 24,
The details of IP 21 photomultiplier tube as given below s-

Cathode area e 1.9 <:'m2
Spectral response es 3000 - 6500A°
Cathode Sensitivity es 20 = 40 WA/l me
Cathode darkcurrent .. 5x107t4,
Maximum overall voltage .. 1250 V.

Number of stages ee 9

Maximun voltage percentage 100 v.
Overall gain ee 2 X 10°



Maximum current .o

Anode darl: current .o
Iﬁngth GE tum o e
Diameter of tube .o
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0.1 mA
0.1 A
9.2 m
3.3 cme.

The PM twbe was operated at 925 volts D.C. obtained £from E.HeTs
supply. The specifications of model EHT-10 are given below :

Output e
current o
Polarity .o
Regulation .o
Stabilisation .o
Output meter - oo
Connections e
Protection .
Powver requirement :' .o

150v-1500v.contineous ly adjustable
2 mA maximum

+Ve or -ve as required.

+ 0.05% for 0 to 1 mA.

0.02% for #& 10% change in mains
volatage

BPL panel meter Ol3 mme. scale with
resolution of 15v/div.)

output through a Amphenol co=
axial comnectars on the front
panele.

Procted fully against overload and

short circuit by current limiting
technigque.

220Ve AeCe + 10%.
single phase, 50Hz.

The out put of photomultiplier tube was recorded with the

help of Hanoammeter (lodel No. Il 21). The specification of nano-

amme ter.
Applications oo
Range oo
P Olarity oo
Ihter )
Accuracy .o
Pover .e

B) Experimental Pracedure

for low current measurement
down to 10 pa,

inA, 10nA, 100pA, 1pA, 10 JA.

Positive or negatiwve through
switche

BPL moving coill meter with 100 mm.
scale graduated in 100 divisionse.
2%

220 Y. mains, + 10% at 50 Hz.

A f£ix quantitvy of sample (20 mgm) was placed on the Kanthal

WV

strip (sample holder). The sample was then’excited by Wwf rays to a

/
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saturation level(5 minutes). After excitation uv lamp was switched off
and immediately phosphorescence intensity was measured with the

help of nanocammeters. The readings were taken after regular interval
of time.

2e.4.3 Thermoluminescence measurement.

A) Instruments used for Tl-study

The photograph of TL set up is shown in fig. 2.8 and a block
diagram is shown@ fige 2.4. The experimental set up consists of?

source of excitatlin, sample heating arrangement and intensity

measuing unit.

a) Linear temperature programmer ,

The sample holder (kanthal strip) was heated linearly, with
the help of linear temperature programmer. The programmer provides
constant heating rates which can be adjusted for any suitable valuee.
It has a facility of programmed heatings,isothemmal heating and
auto heat off and hold arrangement for recoding temperature meter
ia provided. A typical plot of temperature versus time is shown in
flge 245,

b) Intensity measuring unit.

This unit is same as used in phosphorescence decay study
(SGction 2.402)0

B) Experimental Procedure

A fired quantity of sample (20 mgm) was spread on the kanthal
strip. It was excited by excitatinon source for 5 minutes. After
excitation sample was allowed to decay for f£ive minutes. After five
minutes sample was linearly‘:?;}.ett the help of linear temp.prOQI.“amer

and intensity was recorded with the help of nanoammeters
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2.4.4 Instruments wed for EL meagurements

The photograph of El-get up is shown in fige. 2.6 and block
diagram of experimental set up is shown in fige 2.7 . The wide band
amplifier désigned in the laboratory f£ig. 2.8. shows the photograph
of wide band amplifier. The maximum out put of the wide band
amplifier is about 1000 volts remes. in the frequemcy range of
100 Hz to 10 KHz. The high voltage is achieved by using good
transfomer with minimum lcsses.

The experimental set up consists of (a) El~cell (b) Bright-

ness measuring system (c) source of excitatione.

a) Electroluminescence Cell

Fige 2+%7. shors the schematic dlagram of El~cell which is used
for EL measurement in the present study. The design of EL cell
depends upon the phosphor, nature of applied voltage (a.c. or d.c.)
the order of applied voltage and frequency and type of binder.

The El~cell consists of a backelite sheet of size 7 x 5.5 x -0.3
cme with a window of size 1.5 x 0.7 cm so that light emission fram
phosphor is vieued by PM tube. A conducting Qlass (500 olm/cmz) and
807% transperancy) of appropriate size and thickness is £itted to
the backelite sheet and acts as one electrode. An al uminium
plate of appropriate size 1ig fi:xed to another backelite sheet and
acts as second electrode. Both these plates are rigidly screwed.

A thin layer of phosphor embeded in binder alongwith thin and

unifom mica sheet are sandwitched between two electrodes. A mica
sheet having high dielectric constant and sufficient break-
dovm strength excluled the possibility of carrier injection at the

electrical constacts. For an appropriate choice of binder ons

e j’

= Al
{X?_g ( Uag,m} "
: J &/
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binders like castor oil, siliﬁon gelly, resin of araldiee, gleserol
us ing .
were tried. The EL out put / silicon gelly was found to be maximume.

Therefore, in the El-study of phosphors, silicon gelly was choosen
ag appropriate binder.

b) Brightness measurement system

The intensity measuring unit is used in phosphorescence
decay Measurement (section 2.4.2). Same is used for brightness

meas uremente.

c) Source of excitation

To excite the sample a multifunction generator along with
a wide band amplifier was used. The multifunction generator (Vasavi
type W 013) has a frequency range of 1lHz to 100 KHz and maximum
output voltage of 10 volts. The output of wide band amplifier (900
volts rms) is given to the EL-Cell. This voltage is measured m
dual trace CRO (Vasavi Electronics Model No. V3B 26). By using
10:1 probe the high voltage is reduced by ten times and then it is
measured. Peak to peak voltage is measured on CRO which is then
converted into corresponding rms. value. The EL cell current is

measured with the help of digital multimeter.

B) Experimental Procedure

A thin layer of phosphor embeded in silicon gelly was
applied to an alluninium plate. A constancy in layer thickness
w&e%ained by taking a fixed cuantity of phosphar spreading
it over a fixed area. A mica sheet (thickness 70 + 10 u ) was
placed over the phosphor layere. The air gap 1s avoided by taking

enough caye. The conducting glass was mounted over mica sheet.
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By adjusting the scra.rs the distance and pressure between inter
electrodes was adjuwsted.

The prepared cell was placed on a platform and PM tube is
mounted in such a way that light emitted by phosphor £alls on the
Pl tube.

By.applying high voltage to EL cell the phosphor was excited,
and with the help af nancammeter the outwput of Pl tube was measured,
The observations were carried out by varing voltage and keeping freq.
weney cons tant.

2.4.5 Conductiuity (Blectr ?c:lzzJé;;_;Ltg,vity) Meas urement
A) Experimental Set Up
The resistivity of the samples in the form of pellet is

measured with the help of four Jprobe set wp (Scientific Equipment
& Serviees,Roorkee) . The specification and discription of the
spparatus is given below 3 .

é) Oven : - It is a sm2ll oven for the variation of temperature
of the crystal,from i:'osm temperature to about 250%.

b) Probe Arrangement :—~ It has four spring loaded probes coated

with Zn at the tips. The probes are colinear and equally spaced.

The Z2n coating and individual gpring %ures good electrical contacts
with the sample. The probes are mounted in a teflon bush which ,ﬁsure
a good electrical insulation betwen the probes. The whole arrange-
ment is mounted on a sultable stand and can be placed in the Ovene.
The leads are provided for current source and voltage measurementse.

¢) Four Probe Set Ub :—~ It consists of -

i) Constanyg current source (ii) Electronic millivoltmeter.
111) Oven supply



i) Congtant Current Source : - This constant current source

gencrator is specilally designed for four probe set wp to provide
100% protection against crystal burnout due to excessive current .
The supply is ripple free and highly regulated. The variation in
the current is achieved by a potentiameter. The current will

not exceed the present limit even if the out put is short circuited.
1i) Electronic Millivoltmeter s -It has three measuring ranges

which enable the accurate measurements. Readingl are directly
obtained on a precision moving coil meter. An impedance balance
control enables the millivoltmeter to be used with source having
wide range of impedances.

Range .o 30 mV, 100 mV. 300 m\{, lV, V.

Input impedarnce .o (E m.‘;--.jv«
gsource imepdance .. 0 = 10 KaSL— *

Accuracy .o 3%

Short temm driff/ .. + 2 mocrovolt refered to input.
Long temm e+ + microvolt refered to input
Pover e 220Y 50z, 7 Watt.

1ii) Oven Supply :~ It is step down double wound transformer
with provision of low, medium and high current. Temperature of
oven is recorded by thermameter.

d) Ngno-ammeter :~ To measure a current a nancammeter (Model
Ho.121) was used. The specifications are described in(2.4.2).
2¢4.6 X~ray diffraction studies:

The x=-ray diffraction pattern for typical samples

(MD 39, MD 40, MD 41) are shown in fig. 2.10. the dj'f'fraction
2%

pattern was obtained from a diffractameter (PW 1840 &National

Institute of Oceanography, Goa, Dept. GOD. Section. Using copper
Pk -
target . ( Ma-1.54060, , 2a2 - 1.54438). The diffraction pattem
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was obtained in the range of 20° to 70°. The intefplaner distance
'qQ!' obtained from Bragg's Law and those calculated the formula for

cubic gsystem, viz.

a = 2
'Ah2+k2+ 12

and the (h,k,1l) values of different planes and interplaner distance

@' are listed in table 2. 4. Froam the study of x-ray diffraction
péttern it is found that the nature of diffracti. n pattern both
for doped and undoped phosphors 1is not different as such but the
relative peak intensities are slightly changed and the peak positions
remain unaltered in both doped and undoped phosphors as shown in
£ig. 2.10. This feature of the XRD confirms that the method of )
preparation of phosphor 1is quite systematic without any other
parameter affecting the structure. This supports that the method
of preparation is standardised the basic structure of the host
material is not changed with the addition of small amount impurity
(activator) .

Also, the first peak in the XRD pattern suggesté that the
structure of the crystal may be orthorhombic, but the other values
of (h,%,1) planes of the sample mitch with cubic atructure. As such
the structure secms to be a canposite. This is probably because of
the temperature treatment given to samples during preparation (1000
for three hours). This may be the reason whic¢h is indicative of the
canpos 1te nature of the host possessing cubic and orthorhombic
system. Further, the phosphars prepared being polycrystalline in
nature this possibility can not be ignored. The 'a' values
calculated for CaS are given in table 2.4



Table Moe

52

21 : Showing details of samples prepared : concentration
of activator Mn 1s constant 0.1% and Dy is varied.

Sample Ho. Percentage
Concentration of Dy
M-26 1%
D=27 0.5%
M>-.28 0.3%
M=29 0.1%
M-30 0.05%
M-31 0.01%
MD-32 0.005%
M-33 0.001%
I'D-36 2 %
MD-37 0.0005%
Table Hoe 202 : showing detalls of sample prepared with

Sample noe.

MD-18
M>..19
'D-20
MD-21
D-22
I'D-23
D-24
I'D-25
MD-34
MD-35

concentration of activator Bi is constant
0.1% and Tb is changede.

Tb concentration

1%
0.5%
0.3%
0.1%
0. 05%
0.01%
0.005%
0.001%
2%
0.005%




Table No. 2.3 : shoving samples prepared

Sample 0. Prepared samples
MD -39 CaS pure
D~ 40 Cas:Mn: (0.1%
MD-41 caS:Bi (0.1%)
MD- 42 Ca8 with f£lux

Samples with Dy 0.05%

sample lo. Mo Dy

D1 0.5% 0.05%
MD=-2 0.1% 0.05%
1D-3 0.05% 0.05%
ID-4 0.025% 0.05%

T - — gy G B By, S O, mut PO TN T U GO Wi S D Gy S O Uy gy " SO S gy it Gy S 0

Samples with Tb 0.05%

Sample No. Bi To .

D5 05 % 0.05 %
D~ 6 D1 % 0.05%
1D~ 7 0.05 % 0.05 %

D~ 8 0.025 % 0.05 %

-, oy iyt S Won SIS aramy Py, BAE TUS Gut) ey gy P gy Py o B W B S iy T S G ot S G g, B St ey W gy P
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X—ray diffraction data of CaS (undoped) o

Sr.Noe Ang ée (deg) ‘eArzg le) Ew(lé.dtl; I/Imax h,k,1 ‘a4 ‘whmﬁ
eg eg "
1t ‘
1, 25.560 12.78 0.160 100 1,1,{) 3.0654
2. 31.520 15.76 0.220 36.97 ,5?3 2.6548
3. 38.785 19.392  0.260 25.40 3,3,1 1.2181
4. 40.930 20.460 0.220 27.88 4,4,0 0.9386
5. 48.875 24,437 0.280 26.21 6,2,0 2.6548
6. 55.915 27,957  0.360 21.53 3,3,1 1.6009
7 554965 27,987 0.440 - 2,2,2 1.5327
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