CHAPTER IV

HESTLTSE .ND DISCUSSIONS

4.1 Determination of Hall Ceoefficjients
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clectron conduction, positive signs indicate hole conduction.

Hall ¥oltage and Hall Coefficient of Bi

Table L4-]

[}
Bi Film Thicknesa 682 a

Thin Films

Nzpative zipgnes inlicate

B gauss I = 5ma. I = 10mA. I = 15md. I = 20mA.
Yy B Vi B Yy Ry | ¥y By
Ay Ay ) {4y

3100 5207 | 22.9% 1000 | 22.0| 1530 | 22.4| 2060 | 22.7
5325 850 21.8] 1670 21.4) 2580 z2.0F 3300 21.1
6590 1080 22.4%| 2090 | 21.7) 3190 22,0] 4190 21.7

; .
B0 1190 21.7] 2350 | 22.3| 3580 21.8| 4650 21.4%
3290 1250 21.3| 2550 21.0] 3830 | 21.1| 4990 20.5
4900 1350 20.7| 26601 20.4; 4030t 20,6 5250 20.1

L : i !
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n
Bi Film Thickness 1020 A

: I =5ma. | I = 10mAs | I = 15ma. I = 2Cma.
B gauss . ' e —— '
Vg Ry VH | EH VH | Ry UH _HH_"
_ AV 2 AV L AV
211,00 | 3601 23,7 7220 23.7] 1140 25,01 1390 22.9
5 5325 620) 23.7} 1180 22.6] 1850 | 23.6| =u9c | 23.8
B5320 790 24 .5 1520 2%, 6] 2250 23.3| 2110 2b.2
ThE0 880 24,0} 1720 23,51 2670 2h, 4| 3540 2L, 2
8290 S50 23.4] 1830) zZ2.5 éﬂho 23,44 37700 23.2
Ba00 1000 22,9} 1930 22.1| 3000 23,0| 3980 22.8




Bi Film Thickneses 1960 E
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I = Smai.

: 15mA.

I = T s I = 20mA.
MR Ry | 7a By |y By 1VH Ry
MY AV AT ALV
2100 180 | 22.8) 3501 22.2| 690| 29.0| 920 | 29.2
5325 320 .23.6 620 e;.a 1100] 27.01 1470 | 27.1
£590 410 | 24.4 ¢ 790l 23.5 | 1390] 27.6 | 1800 | =25.8
7460 w7o | 4.7 | 880 23.2 15;0 27.5 2@10"1 26.5
8290 s10 | an.2}t g970| 23.0| 1680| 26.5 | 2130} 25.2
8900 530 | 23.4 [ 1020 22.3 i?fo 26,0 | 2260 | 24.9




' [
Bi Film Thickness 2680 A
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| I = SmA. I = 10mA. I = 20m A,
® maues H By |Vn By | Vi Ry 1Yy b Ry
Ay ALY 1 MY i

3100 -340 | -58.8] -610] -52.8] -1040 7 -59,9} -1300 | -56.1
5325 560 | -56.4] -10501 -58.1 1650 | 55, 21 ~2090 | -52.6
6590 -700 | -56.9] -1320} -53.6| -2070 [ -56.0| -2640 | -53.6
2460 -780 | 56.0] ~1490} —53.4 -aeéo -54;5 -2950 | -52.9
8290 _8301 -53.6] -1530] -51.3| -2460 | ~53.0} -3180 -5i.4.
8900 -870 -52.;.-16?a -50.2] -2550 -51.1I-33;0 -49.8
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a
Bi Film Thickness 2950 A
I = SmA I = 104, I = 15mA. I = 20ma
: Yy AL Ry Vu By [Yw By
ALY Ay A ALY
3100 2110 | -20.9) -260 |-24.7] -350] -22.2| -460 | -21.9
] . |
5325 -210] -23.2| -t2o [-23.2] 590! _21.8| <740 -20.5
6590 270 | -24.2| -530 }-23.7| -740} -22.2| -g40 ] -21.2
7460 -300} -25.7| -610 | -24.1| -B20| -21.8]-1060} -20.9
. L :
8290 -3201 -22.8| -840 § -22.8) 880} -20.9!-1140| -20.3
89G0 -340| -22.5| -670 | -22.2] -920; -20.3[-1300} -20.6 |
* | j
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L, 2 Determinatiqn of Electri;al Conduclivity and Ha;l Mohillty

Table 4-2

Conductivity and Hzll Mabilitf of Bi Thin Films.

Thigkness HILB o -1 /MH
R mi volts r-cm) em® volt-sce
5 1.00854 2.91x10° 6.35510" 7
682 10C 2.02910C 2.89x10° E.EQxla*?
15 2.12251 2.90x10°7 6.30x107 7
5 0.58880 3. 310~ 7.91x1077
1020 10 1. 14249 3. 44x10” 7.91%10”7
15 1.70039 3. 472107 8.26x1077
3 0. 25450 h.02%107 9.60x10" 7
e 0.51429 3.98x1@3 "9, 0651077
1960 15 0. 76284 4.02x10° 10.99x107 7
20 1.01426 h.QhA1OS "19.58110"?
5 0. 40200 1.86x10" 10.55%10°7
10 0.81.465 1.83x10° 9.75%1077
2680 15 1.22912 1.82x10° 10,G0¥io‘?
20 1.64637 1.81x10° 9.55%1077
5 0. 355860 1.90x103 b.35K1077
10 0. 70980 1.91x107 b 4921077
%950 i 1% 1.05225 1.94x10° b, 1852077
% 20 % 1.42220 1.91%x10° i, 00x10™7
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In the preceding table, V,B is the valtage in voltis across
Ik
tne A,B ends of the bismuth filo as shown in Fig. 11. @ is the electri-
cal econductivity of the bismuth ian (0 -cm}-l. /‘H is the Hall mobility

. 2
in em™ Avolt-seg.
L.,3 Disgussion

4.34 Measurement of Hall Mobility

Bi Film Thickness Hall Mohility
A cmaﬁvclt—sec
682 0.06x1077
1020 D.Gﬂxlﬂ_$
1960 ¢.10x10"7
2680 G.10%1677
2956 C.40R 1077

These cumpare with the values for single crystal of sure

bismuth, as given in Seitz (37, H

fAH# = 2.1x1077 cm® ol t-see
fMH = 9.1116-5 cmafvolt-sec
'S
’ The subscript Hﬂ y  ar H4_ means that the magnetic field is

parallel or perpendicular to the principal axis of the bismuth lattice.
The mezsured values for thin films are smaller thanm those of bulk

meteriasl.,

Ry
Since 4, = [RJIE = —L—Hi— 1

F



this result is at lsast in gualitative agreement with the theoretical
result that the resistivity for thin film is greater than that for
bulk material.

The values of zlectrical conductivity in Table: L-2 are

alsc smaller than the bulk values {3J:
6

FFI _ = 143107 ohm-cm
= 109»10'6 ohm-cm
Pu
q% = ?.leo5 (ohm—cm?-l
T = ., 2aL0° {ohm—cm) "2
Experimental values are
o 7 "
Thickness & J (ohm-gom)
682 2.9810° :
1020 3. Lx10°
1960 b, Ox107
2680 1.8%10°
’ 3
£950 . 1.9x10
i

4.3h Measurement of Fall Ccefficients

The reparfted values {3) for pure bismuth singlecrystal

are
-1
R = -1000 10 velt-co/amp-gauss
i 11
RH o= +300 107 volt-cm/amp-gauss
#
and RH = L] lO-ll vaelt-cn/anp- zauss a5

caleculated in the electron gam model .
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The present expsriment obtained tile values:

Thickness ; "Ry in 1o it volt-cm/amp-~gauss
682 : 21.6
1020 ] 23,5
1960 : : el
26380 ! _ -Sh. 2

15950 -22.2 |

an obyiously interesting.aspect of the reszult is that for
film thickness smalier than 1960 R ,» the Hzll coefficients are pusitive,
indicating hule conduction aad are fairly independent of film thickneas.
For the two largest thicknesses studied the Hall coefficiznts arc nega-
tive, indicating electron conductioa and the larger of the thickness
has the numerically srallar valus of Hall coefficicsat.

The disagreement with reported values is that far ouf
evapurated sample, the speciméns are not single crystal, but are more
likely to be of layer structure or polycrystalline. Thus the magnetic
field connot be specifically oriented with respect to the trigonal axis
of the bismuth Lattice. The measured values should, and do, lie botwecn
RH¢ and RHg ; The cﬁange of sign ot esreoter film thickness 1s probably
due to the inf .uence of differcnt maaner of deposition sn the crysial-. .
1ite_apiephatjﬂn.

dctually to be more complets, this thesis should ipnciude an
X - ray diffresztion zanalysis of the crystallcegraphie structure of the

thin films, sc,as5 tc gain same irsight inte the interesting change of
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sign of the Hall coeffiqient ~hen the film thickness Lecomes larger,
But dus to man& unforseen experimental d;ffiéultiés, (=3 - watér
shortage, and the difficpltg of theoretical in;e;pretaticn, the ® -Tray.
analysis result is not included.
Should any further study ¢f the tepic be comtemplated,
-the autheor Suggesﬁs more accurate measurements of film thicknesg,:a
|

more dGetailed study of the Hall coefficient as a function of film

thicknress, i.€. a larger number of film thickness, espescially in the

region where the Hall coefficient changes sign.

However, inherent in these zxperimental values are a8 numher
of errors in measurement. The largest single source of error is the
thickpness measurement which should be apparent from the description of
the experimental precedurec.

The values of Hall veltages, UH‘ are plotted againast valiwes
of mdgnetic field and film current. The straight line curves obtained

demonstrate the linear dependence of Hall voltage on these guantities.
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