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Hall effect

Aim :- 1) To determine the Hall coefficient (R
2) To measure the unknown magnetic fielg,)Band to compare it with that measured by
the Gaussmeter (B).

Apparatus:- 1) Gauss meter with probe

2) Electromagnet

3) Constant current source to Pass current threlegitromagnet

4) Specimen of semi-conducting material with cating terminals to Pass curreng)through

it [Green wire terminals] and to measure the Haltage (\;) [Red wire terminals]

5) Constant current source to Pass currgitliffough semiconductor specimen

6) Milli-ammeter to measure |

7) Voltmeter to measure Hall voltage{M5,6 &7 are fixed to Hall effect board]

8) Connecting terminals.

V,t

Formulae:- 1) Hall coefficient R, = cm® / Coulumb

I

V, t

2) Magnetic induction B, = Gauss

I X
Where \{; = Hall voltage developed between the upper anéidaces of the specimen (V)
Ix = Current sent through the specimen (A)
t = Thickness of the specimen (Distance betwkerside faces) (cm)
Theory :- As per the statement of Hall effect “when a metg field is applied perpendicular (to
a current carrying current conductor, a potentifexence is developed between the oppdsite
faces of the conductor which is perpendicular tthlmoirrent and magnetic field directions.”

—

Consider a uniform thick semiconductor (or) mestip (specimen) placed with ifs

length parallel to X-axis. A curreny is passed through the conductor along X-axis. Amatg

field By is applied along Y — axis, then the charge caréxperience a force (F) perpendicylar
to X-Y plane i.e. along Z- axis as per the Flensnigeft Hand rule as shown in the figuré
electrons are the charge carriers, they accumalatee upper surface. This surface acqujres
negative charge while the lower surface gets p@sitharge and some potential differencg is
developed between these two surfaces. This isre#tatic field. This voltage is called Hall
Voltage (My) and the Electric field is called Hall electrielfi (E4). (In this case the Hall voltage
Vy is negative, this —ve sign indicates the chargeera are negatively charged i.e. electrong. If

it is +ve the charge carriers are holes.
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These F and {Eact in opposite directions. i.e. The forces duantagnetic field an]L
e

electrostatic field on charge carrier act in opfesiirection. Ultimately, the net force on
charge carrier becomes zero.
qVaXBy) +qEx=0 (or) VYaXBy) +E4=0
Here V4 is the drift velocity of the charge carrier = J/nq
Where J = Currentdensity q= Charge of #reier  n = No. of charge carriersftm
Here is another physical quantity called Hall &ieednt which is equal to the reciprog

of the amount of charge per unit volume.

. _1_ E, = My 1
Hallcoefficient R, “nq JB, & (d )(lx/A)BY
— (1H_ 1 = VHt
V=G aas s

Where t = Thickness of the specimen= Height A = Area of cross-section

This experiment can be used to find 1) the natirthe charge carrier 2) the H
voltage 3) current through the specimen 4)iagpnagnetic field 5) Conductivity of th
conductor etc. But for the present it is confinedneasure the unknown magnetic field.
Description :- This experimental set-up consists of 3 maitrumental parts.

1) Digital Gaussmeter with Hall prolkie Hall probe cable is to be plugged-in to theksd

of the digital gaussmeter and the power shouldiben to the gaussmeter. This prd
also operates basing on the principle of Hall ¢ffacsmall current sent through the H
probe develops a small Hall voltage when it is @thh a magnetic field and the H
voltage is amplified by an amplifier whose outpmitalibrated in Gauss which direc|
gives the magnetic induction (B) value in the gaeser.
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2) Electromagnet with constant current supplywo insulated Copper wires are woundjon
two soft iron bars whose faces are facing eachroivben a D.C. current (in ampergs)
from a constant current source is sent throughctiils, the faces of the iron bars actq as
the two poles of a magnet (electromagnet) creadimgagnetic field in between then.
The gap between poles can be varied , in genamfadp should be 1 cm.

3) Hall effect board with Hall probe semi-conductoesimen mounted on sun mica PGH

A specimen of rectangular semi-conductor slab inciviidall effect is to be studied |s
fixed to a printed circuit board (PCB) with the phalf 4 supporting terminals. Out of{|4
terminals, 2 terminals are along the length anddh@liddle & green) terminals aje
connected to the current source of the Hall effeard. The other 2 terminals are algng
the width and these (Red) terminals are connedetthé Voltmeter of the Hall effe¢
board. The Hall effect board has 2 uses. A) To pasent (k) through the specimen &
e

~—+

to measure that current. B) To measure the Hallagel (M) developed across t

specimen. To meet these two purposes a two modelsisiarranged to the digital mefer
of the board. First mode is to measure the cufightsent through the specimen and the
second mode is to measure the Hall voltagg @éveloped across the specimen.

Procedure :- This experiment comprises ofo parts

1) Measurement of Hall coefficient (iR

2) Measurement of applied magnetic field)(By using Hall effect (Application of Hall effect)

M easur ement of Hall coefficient (Ry)

In the ' part give the power supply to the gaussmeter. Keeprahge switch of th

U

gaussmeter in minimum range and adjust the zerostdent such that the reading in [he
gaussmeter shows zero. If the gaussmeter doe®m& © zero, then keep its value at minimum
and take it as zero error. This zero error is tocbeected while taking the final reading [of
magnetic induction (B).

Now adjust the distance between the poles of kxetremagnet equal to 1cm

pass 1A current through the electromagnet fromsatsstant current source, then some magfjetic
field (By) is created between the poles of electromagneis Titagnetic field or magnetjc
induction (B,) is measured by the gaussmeter by keeping itsepbatween the poles of the
electromagnet. The position of the probe is adfustech that the flat faces of the probe [are
perfectly vertical and perpendicular to the magngéld. Then the gaussmeter shows maxinjum

value.
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Keep the mode switch of the current source ofs#raiconductor specimen in the curr
mode (Here also the zero error and zero correetierto be made) and pass 0.5 mA (or) 1
current (k) through the specimen. Place this specimen betireepoles of the electromagr
such that the faces of the specimen are perfeettiical and note the voltage {\Vdeveloped
between the upper and lower faces of the speciftentarning the mode switch of the currg
source of the specimen in to voltage mode. Nowreevéhe position of the specimen (up S
down and vice versa) and keep it between the pmies again and measure the voltagg
developed between the upper and lower faces afgbeimen.

— V,~V1)

2
Note the values ofxl Vi, V, in the table — 1 and calculate,VRepeat the experiment f
different values of ¥ by increasing its value in equal intervals of On2A.

Now calculate the Hall voltage  V,

Graph :- Draw the graph by taking the current throulga specimenxl on X- axis and Ha
voltage \{; on Y- axis. This gives a straight line passingtiyh the origin. Take a particul
value of k and note its corresponding value of V
Note the thickness (t) of the specimen which wated on the board of the specimen.
Substitute the values of,IVy, t and B in the formula — 1 and calculate Hall coeffici€Rt;)

M easur ement of applied magnetic field (By)

In the 29 part of the experiment keep the current through thei-semductor specime
(Ix) at constant value of 1 mA and pass 1A curtteraiugh the electromagnet and measurg

voltages \{ and \4 by placing the specimen between the poles of ldferemagnet & from thj[:7
tjon

calculate the Hall voltage/(as measured in thé' par. Also measure the magnetic induc

(By1) with gaussmeter by placing its probe betweerptiles of electromagnet.
Substitute the values of,1V4, t and Hall coefficient R (as calculated in®ipart ) in the
formula — 2 and calculate value of applied magniic (By2). The experiment is repeated
increasing the current through the electromaghet€ans by changing the magnetic field)Bn
equal intervals of 0.5 A. Note the values in tHdda- 2.
In the 29 part the experiment the magnetic field B measured with gaussmeter ag
and also measured by using the Hall effect s Bhese two are compared in the table — 2.

Precautions :- 1) Electromagnet power supply should be coteteto a 3 pin main sock
having good earth connection.

2) Switch “ON” or “OFF” the power supply at zerarcent position.

3) Adjust the distance between the poles of thenmmiagearly 1 cm, then only the gaussm
shows correct reading.

Results :-

PNt
mA
et

it
ide
V

.

5
the

eter

P.S. Brahma Chary



Page 5 of 6

Table-1
Thickness of the semi-conductor specimen t =cm.

Current through the Electromagnet =1 A

Applied magnetic field measured with gaussmeter=B

Current through the semi-conductor specimersll mA

o

Measurement of Hall Voltag
Current through
: Vi (V)

S. No.| The specimen V.~V

Ix (mA) Vi | Vg VH = %
1.
2.
3.
4.
5.

Table-2

Measurement of Hall

2 © Magnetic induction " .
G é % \\;olta\gje measured with Hall Marlggae:lcj:r;nddyv(i:;[;]on
Z g S < 1 (V) effect B,, = — ' gaussmeter
0 |o 3 ~ 2 By1)
S8 |V Va| V= {e=Vi) B (((SaYulss)
O o 2 (Gauss)
1.
2.
3.
4,
5.
Y
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More accurate method to measure Vy :- In the above two parts of the experiment while
measuring R and B/ the Hall voltage (M) shall be measured first. In measuring, \the
following is the accurate method. First some cur(@A) is sent through the electromagne
create the magnetic field between the poles ofntlhgnet. Now the currenk I(ImA) is senf
through the semiconductor specimen and put theirapacbetween the poles and measurg
voltage (M) developed across the specimen (after switch themode switch in to voltag
mode) as said above. Now the current in the specimeeversed by interchanging the curf

to

the
e

ent

leads of the specimen and measure the voltage [Vien Hall voltage M1 = (V1~V2)/2. Now

reverse the current direction in the electromadpyeinterchanging its current leads. Once again

measure the voltages {\& V 4) developed across the specimen by placing therapadetweel
the two poles, before and after reversing the oame@ection in the specimen by inter chang
its current leads. Now the Hall voltage& (V3~V.4)/2.

Then the Hall voltag¥,, = w

The above method is to be adopted while measiy,.
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