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Consider the action of the magnetic field on electric current nﬂwin; _
ons

moment the electne field is switched an

exwisic semconducit B e i O a0 elecyr
current 18 established, the density of whic

j=oE 015

carriers acquire 2 dim:linr_ul velocity vy (drift v elocity)
dnct.i{: :t'b;:;:ld in case of holes and against the field in case of e]
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When the magnetic field is switched on, a I-’urc:pem:ndicuhrmbmhu,mg
begins 10 act on electrons and holes.

F'l[u;h‘ B]

; (35.16)
“This is called Lorent: force whose direction is given by the F ing"
s g ¥ lemming's |ef;
If the thumb, index finger and middle finger of the left hand are held ar right
angles 1a cach other, and the index finger points in the direction of the magnetic field
B while the middie finger in the direction of current 1, then the thumb will indicate
the direction of the Lorentz force F,

Since for electrons, both ¢ and © are 1 .
: 4 are negative and for holes both are positive
the Lorentz force 15 same for both type of carriers, i.e., the Lorent: force is

ign, being dependent only on the
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given electric and magneric field
The opposite faces of the sample will become ¢

;‘:ﬁ .:;:f T{,“ an electric field £, will be established. This field is called the Hall-
phenomenon is called the Hall-effect. The value of E 4 Will continue to

GEy (or ¢E,). Ofce Is compensated by the oppositely directed electric force

Le.,

harged as shown in Fig, 35.6,

| Note: Remember that

e (35.17)
negative for electrons, Thys charge ¢ on the camers s

kil & ¢ positive for holes and
Eﬂ““ﬁﬂliltlrliirmedinp-t}lpelhdlw

oppos; e force ¢£,, 15 in the same direction for both

Hall field is 5 m;.m'h"l- Of the Lorentz force.

current density j ie., of the applicd magnetic field 8 and the

h

Semiconductors

45}
E T jﬂ E
of Ey=Ry jB - :
R,,is the constant of proportionality and is called Hall Coeffcient 3
Thus the Hall coefficient may be numerically defined as the Hall 2
ﬂl“ pmdurrd’ by wnit m:rn; f"ﬂ-"ﬂ? and snit me feld, It i mmfﬁmirh S
units Am’ Weber™ orm’ coul’”. o S
From Eqn. (35.16) and (35.17), we have, g
c E" =f= fj"‘ B 3
’ . E
e (ﬂlﬂi‘] (35.19) c
m
From (35.18) and (35.19), we have 5
Ryj=pE
WE
Ry=—
3
N
ok
Ry= L @so=rm (35.20)
ne
Here o and n denote the electrical conductiv i:jndlhemlﬂmmmmnnf
the semiconductor respectively.
Experiment 35.2: To determine the Hall coelficient and the Hall angle for
the given sample of 2 semiconductor.
Apparatus: A thin ﬂmu:::‘ r:i:nlulﬂ slab Imﬁ ; width), t:
msm:ﬁtz:pni«:m a digital milliammeter, 3 digital millivoltmeter. 3
volimeter, two simple keys and connecting wm st
Theory: Hall cffectis a magneto-electric effect as discussed
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: i x direction of the speciment and - re
If a current [ is passed in x direction © magnetic fiel p . procedV
. dicection. then a potential difference, called the Hall v . ¢ the semiconductor
spplied in ) .dlm v ien of this veltage depends on the Oltage Vir iy . Plac : sample at the centre between the pole-pieces of
produced in z-direction The sign nature of fhe the electromagnet with the help of a stand such that the : _
carriers. and can be used to find out whether the sample is p-type or . perpendicular to the face of the gneic fekd s

Suppose, the semiconductor specimen is a slab of length ¢ sample i.e., B is along the thickness of the

. widg'h W ang sample. Make the connections

_ a3 shown in Fig 1590
thickness 1. As already discussed [Eqn. (35.18)], the Hall feld s given by constant current power supply. The current ﬂc::: Ilﬂﬂ: iﬁﬁﬂx
1 . : y ) ' imen.
I T current density and B 15 the .
£y = Ry where) = - i the ity and 8 s the applied magneti iy i

Ry is the Hall coefficient and is given by,
| .

RH'; . I* %

I | %

Ey= Ry~ B §

As wE is equal to the Hall voltage ¥, the Hall's coefTiciently Ry is given by, | \

’ I
R -
" (35.21) §
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Since the quantities on the R.H.S. can be found experi
coefficient R,; can be determined. e s e

- Vi
Hall angle A charge carier (electron or hole) is under the inf]

_ _ _ uence of two electric
fields simultaneously, applied electric field E and Hall field Eyatright lngl::; 1o each

other. The resultant electric field E' = E + E,, will

o . make an angle ¢ with - - I through the sample.
x-axis or with /. The angle § which E’ makes wi th: e - . Note down the applied voltage and the current gh
Hall angle. " — | i Close the key K. The voltage appearing along the width of the sample e

' ' i it down
the points 3 and 4) is called the offset voltage. Note it
| 4 t;mnmﬂw tP:;nH'. switch on the electromagnet and wait for 2-3 minutes. _

;hugih:wﬁ:hﬁf

. K and measure the Hall voltage developed §

(35.22) ! Close ﬂlfhy - ; e from it to get the comected Hall
ng ¥y and V simy ; :

: . [ ltaneously for a given / and B the Hall's angle voltage Vy

1 1 measure

S. Rtp:lld}:ﬂ:pilmibfmﬂllmﬂﬂ:?nﬂﬂﬁtﬁnd

lhtm m‘ vdu:ei'mdl-llllwll_lp b f a Gauss-meter of
6. M the I.itﬁtumniﬂllm?!ﬁhdp:! llm.m-‘

"E . fMlux-meter. Cnnvmitu“’ebﬂfn:byum;dluhhm

s length, widih and thickness of the specimen with the belp of
7. Measure the width and

vernier callipers and screw Bauge. _
8. rm.mm:mmM?Mw?’
9. m:mﬁmrmruund 4 Along y-axis.

-
. .

. | Observations -
_""—-J; E A .. [ | mgrmﬂmﬁﬂ"-"m_'"m
(a) Ex | Widd:ﬂf"““'"“hwm::-mm
(b) - Thickness of the sample £ = .. €% -3
LY ] ' . -
- Hm“""‘”'“-nrtmdwp-n?r | Magneti field B = .. Whm

R —
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SNo| Pordff v | Cumentl] Offiet Vol . I“'.‘“Ij.nvn\l and Sources of Error
LI, ™ : rrenl £ | (fset 1 oitage fall Voleg . ""---...,___ ;
fml] fmd) | m) [ mb) = {""""ﬂrﬂffw f , Hall voltage developed is very smyyy and hence it myg

| volap, ’ . fully by a high 1 -
~age by tm carefully by Nput impedance (= | -
"‘*L digiﬂ" ; MHHWE'EM Hﬂ}&m
Fyy 15 not fi magnenc
& mctimes ¥y, ZETO lor zero
alignment between the contacts for oy
should be taken care of.

| s
r 3, The theory assumes that all the carmiers are moni
Calculations o~ tically it has been found that a closer 1o idea] m:r :;ttu mh
the length of the sample is at least three times its widdy if

For Hall cocfficient R, . :
4. Reading for ¥y, should be taken 2-3 minutes after switchs
netic field. aiter switching o the mag-

be measureq
Sch 2 cecromy. -

' Thﬂuduehmn
mﬂ!um; f#mu&tw
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Nk ; over the t'mltmnffﬁmﬂtﬂﬁthﬂtﬁhﬁu.ﬁ'_hm
’ determination of B.

. 6. For no field readings, care should be taken that po remanent field exists i

rveemus [plot (Fig, 35.19) the electromagnet when switched off daan

7. The magnetic field should be measured carefully.
8. The current through the sample should ot be large enough to cause

For Hall angle ¢ heating.

Weak Points
s The measurement nfdmﬁﬂduilh:gmmﬂ:ruhlulmm
measurement in the experiment and might introduce some error. Also voltage
appearing between the Hall probes is not gmmﬂy the Hall-voltage alone. There are
other galvano-magnetic and thermomagnenc effects which can produce ,::
between the Hall probes. In addition [R drop due to probe misalignment

-  be present. All these can
T transverse thermal gradient may A
moelectnc voltage due to trans . through the

T AT
7 seiven by the slope of the straight line in the V;

Ve .
Y o T
1S @venby the slope of the straight line in the Vi versus ¥ plot (Fig. 35 11)

tan ¢ = Slope x . =

W be eliminated by taking four readings of ¥, two by rever
or 6 = ... degre sample and two by reversing the direction of the magnetic :H. T;h::fttiml'
of the four readings would eliminate all the above effects and would g g
Hall-voltage.
determine the
f ' ' Experiment 35.3: To study the Kt SFCCH "the mobilty of charge
i s Sarrier concentration & (4 — r::;ﬂ Hli‘lkll’l semiconductor.
. % carriers ju and the conductivity-type for
: 1 352
Apparatus: Same as in Expenment s
- 'Ihuqrpp hﬂmwmﬂmmhmdﬁwﬂumubunmuﬂﬂ
Vo :
Fig. 35.10 in the previous experiment.
Result: (i) The Hall coefficien 2 ] Fig. 35.11 For carrier concentration e
Iujll.lllmgk‘- d H’h..ﬂm\%l{m 1 : i . concentration f 0
- degree m/Coul) ; Hall coefficient Ry the €A
From the value of the :

sample can be obtained from the

IR g
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