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_C HA_PTER :VI_

THERMALLY STIMUIATED ELECTRICAL CONDUCTIVITY OF PHOSFHORS

6.1 INTRCOUCTICN

All the materials are divided into three catogories
according to their resistivity at room temperature. The
materials having resistivity between 15§SL m tc 153JL m are
referred as good conductors of elctricity. The materials having
resistivity between 162JL m to 18241 m are refered as
semiconductor and the material having higher resistivity are

called band conductor or insulator of electricity.

As temperature of metal increases its resistivity
increases, but for the case of semiconductor and insulator
resistivity decreases, Ca is alkaline earth metal and CaS
having cubic structure, it may behave as an insulator at room
temperature. As host material is doped by activatcr and second
activator, probably the behavior of phosphor may be as
semiconductor, An attempt is made in this chapter tc understand
electrical behavior of phosphor.

6.2 RESISTIVITY MEASUREMENTS ON A LARGE SAMPLE

+ by method

In present case Ca++ may be replaced by rRet?
of substitution, so vacaéies may be created 1ﬁ the micro=-
crystalline powder and it behaves as semiconductor. Band gap
energy of doped insulator ( semi.conductor ) is less than band
gap energy of insulator (Ca$S Undoped) (1,2,3). The behavior of

doped phosphors can be studied with the help of four probe set-up.

To estimate resistivity and band gap of sclid state
semiconductor experimental set-up of ‘Scientific equipment

and services' Roorkee,is used, The same apparatus is used



213

to estimate resistivity (9 ) ( Conductivity }() and an attempt

is made to estimate band gap energy for rhosghor.

go g.%— 'Z‘TT: 8 00000000090000(601 )

Where ¢, 1is resistivity of the material), I is current
between pair of probe 1 and 4, V is potential difference between
pair of probe ( 3 & 4 ) and 8 is equal spacing between probes
equal to .2 cm, for the case of non conducting bottom surface

equaticn (1) is modified by the manufactures.

Q..
- 67 W) cmmcme e en—- (6,2)
s
where G, ( W ) is functicn of thickness of crystal and

S *
distance between probe,for the samples ( KD 19 and K0 30 ) value

of G, ( w/s) is obtained from the table giveﬁ_by the manufacturer

equal to 1, Band gap energy Fg is given by
Eg - 2 K logeg -—-0--—’0--“(603’
' (1)

T

Value of logeg is obtained from slopc of the graph.

1
T
values of resistivity (S ) and conductivity ( 6 ) for

different temperature is shown table ( 6.1 and 6.2 )

6.3 RESULT AND DISCUSSION 3
a) conductivity of phosphor @

wWith the help of four pro?ztset up conductivity
( 1/ resistivity ) _ determined - different temperatures for
phosphor , CaS ¢ Sm :Nd sample no KD 13 and CaS:Dy:Tb sample

no. KO 30. Table no. (6.1 = 6,2 ) and fig. ( 6,1 - 6.2 ) are
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shown respectively, Erom graph fig (6.1 =~ 6.2 ). It is obvious

that nature of the shape of curve is same for ¥pi19 and KD 30,

At room temperature phosphors are behaving as insulator,
How ever as temperature of the rhosphor is increased, at higher
temperature arround 165°c t .- s conduction takes place in
the phosphor. As shown 4n fig ( 6.1 - 6,2 ) in the region a.b
conductivity decreases while in the regicn bc conductivity
increases. This will be a clue that rhosphors are behaving as
semiconducter at higher temperature. The temperature at point
‘b , fig., {6.1 - 6.2 ) is called inversentemperature. Such a
inverse temperature may be observed for ( Germaniu;?:ilicon doped
material ) for doped semiconducteri%izch sample temperature {
inversion temperature ( ab curve ) conducticn is mainly due
to impurity carrier ( Extrinsdc region ) and Temperature of
sample .7 inversfion temperature conduction is due to electrons

transfered to the conduction band or corresponding holes created

in the valence band ( intrixsic region ).

For the phosphor CaS tSm :Nd inverse tgmperatuze 171°c
( sample no. 19 ) and Cas:Dy:Tb inverse temperature 161°¢
( sample no.30 ). However it is difficult to draw the renarkable
conclusion from few readings Itf}equired to take a set of reading
for different concentration. Low conducticn in phosphors below
inversion temperature may suggest that there are very few

4
amount of impurities ad%d in the phosphors
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b) Band gap energy :

In case of Cas phosphor reported value of band gap
energy is expected arround 4.5 ev (1,2,3 ) |
Pané gap energy estimated by four prcbe
me thod dd?not match with the reported value of band gap energy

for CalB. How ever it is tried to explain briefly.

Calculation of band gap may be done using formula (6,3)
for sample KD 19,Eg = 1.68 ev and for sample KD 30 Eg = 1.95 ev ,
both of these values do not satisfy reported value: of Eg for
CasS. following may be probable factcrs which divert calculated

band gap energy of Cas phosphor,

This formula is applicable for semicoﬁducting material
{ at room temperature ). The factor 6(7) included in the formula
is developed by the manufacturer of the instrument, so as to
meet the band gap value. estimated by other methods., 1t is
therefore felt that modified factor suitable.for materials which
becomf:.  semiconductor at high temperature is required tc be used
instead of G(7). In present work such efforts are not made.Other
possible reason for Low value of band gap apperently seems to be

as follows :

It is argued (3) ( Patil M.G, ) that incorporation of
Ag: Dy prcbably givesrise to perturbed valance and conduction
band there by effectively modifying kand gap structure and
value, The low value of band gap estimated in present work
CaS: Sm: Nd and CaS :Dy :Tb phosphors may be due: to similar

perturbed valance band and conduction band. The possibility of
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such a energy band model how _ever requires stud§ of optical
absorption edge and study ¢f emission spectra to support such

a posibility.

The resistivity of the phosphors ;53 détermined in the
limitted range of temperature. Probably this loy conductivity
may be due to the electrons which are trapped in the forbidden
gapb?iemperature increases thege electrons may come in conduction

band ( .S, 6,7 ). However it requires*éﬂ?%her study.
6.4  SUMMERY 1

i) Low ccnduction takes place in phosphor material at
higher é%perature. { Phosphor behaves semicunductor at hiher
~ /

e
thpperature ).

ii) Detection of presence of impu¥ity may be possible

using four probe method.
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TABLE - 6,1 31~ SAMPLE No, KD 19

Ccmclctl'vil:y at diffevent ‘:lmrev@!:\f‘vts,

---------- - G W > D A W G A T N A W - - S N - -
] ] [} ’ []
Temp, ‘L1 . q10-3 O, »1 ' Resistivity | Conductivity ! log §
tT i 7 i 1 -8 1y 10
O | 1 107 x.0em i = <= x10 (ncm] )
]
“"-“-‘Q—a“!'t-“‘u—'__‘-‘---"--F_-—--O—".‘-qw-'% B IR B W R ey R W R ey . - —-{m-o—"‘-——'—-f"""v‘
\ ! \ '
443 ! 2,2573 ! 2.7850 ! 3.590 ! 7.4448
] ] ] ]
448 i 2,2321 E 4.2046 % 2,378 ; 7.6237
1 ) ]
453 | 2,2075 | 4.0439 E 2.472 ! 7.6068
[l \ ] )
458 ) 2.,1834 ! 3.4336 ! 2.912 ! 7.5257
] ) . ]
463 i 2,1598 | 2.9499 s 3.389 f 7.4698
§ t [} [}
468 | 2.1367 2.3837 | 4.195 I 7.3772
' 1 ' ]
473} 2.114 1.9938 | 5.015 | 7.2996
] i []
478 | 2.0920 1.7014 f 5,877 E 7.2308
[ ]
] .

483 ; 2.0703 | 1.3598 | 7.354 ; 7.1335
] i [ ]

488 ! 2,0491 ! 1,2041 ! 8.304 \ 7.0806
] ] ] . 1

423 ) 2.0283 { .9811 5 10,192 E 6.9917
[

498 | 2.0080 E .8260 E 12.106 i 6.3176
]

) [ . i

503 % 1,9880 ' .7049 ) 14.186 ! 6.e481
1 1 { !

508 ! 1.9685 5 5859 E 17.067 5 6.7678
[]

511 ! 1.9569 5 .5294 3 18.£89 { 6.7238
! i ] !
' \ : !
= [ [} {
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TABLE- 6,2 : SAMPIE No, KD 30

Condickivibky ab  differenk temperatyres,

S G b N W S e B r‘--- .......... W W e v S TP G I S W G A e G A G e S ghn S ks S pu B T ....... Lt K T ¥ R R
r I [ I : 4
Resistivit
remp. (@) 11 o3 ) vty 1" conauceiviey  Log §
o, . K 3 em 10w =1 . 10”8 umf 1
............ L--,---,~----4---_----------L_--_g_-_------- e ———
§ t : T
\ \ \ '
428 b 2.3364 I 8.3775 ! 1.193 b7.9231
] 3 ] []
433 i 2.3094 ; 12.5663 s .7957 | 8.0992
]
t
438 I 2,20831 E 12.0427 3 .8307 i 8.0807
] ] ] ! t
443 i 2,2573 | 10.9670 b .918 ! 8.0400
[] ] ]
448 2.2321 i 9,5331 ! 1.048 I 7.9792
] ]
] [}
453 | 2.2075 | 7.9049 E 1,265 5 7.8979
] ] §
458 2.1834 ! 6.3798 ; 1.567 i 7.8048
\ ]
463 y  2.1598 | 5.3358 ! 1,874 bo7.7272
[] [} ] ]
468 2.1367 i 4.4339 E 2.255 i 7.6464
] [] ]
473 bo2,1141 ! 3.6795 | 2.718 ! 7.5657
) ' 3 ’ '
478 ! 2.0920 ' 3.,1078 ! 3.217 I 7.4924
] ] ] ]
483 s 2.0703 E 2.7198 3 3.676 E 7.4345
] ] i
488 b 2,0491 2.3379 | 4.277 ! 7.3688
] ] ]
493 { 2.0283 1.9547 ! 5,115 ' 7.2910
1 . [} ]
498 E 2.0080 1.6961 i 5,896 % 7.2294
] i [
503 | 1.9880 1.5067 | 6.637 i 7.1780
, ] ] i
508 \  1.9685 1.3194 ! 7.579 P 17,1203
] [ ]
513 § 1.9493 ! 1.1868 5 8.426 5 7.0743
] ] ]
518 }1.9305 i 1,0502 : 9.521 | 7.0212
[] [] ] ¢
523 \ 1.9120 ! 1.0372 H 9.64 ! 7.0158
i : ' '
j \ ! \
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