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Abstract— In this paper, Hall Probe, Electromagnet of 

model EMU-75V, constant power supply, and a digital 

gauss-meter of model DGM-102 were used in making the 

Hall Effect experimental set-up as shown in the figure1 

below. With an a.c power supply to the arrangement, 

various readings were obtained following the procedure 3.0 

below. With a field of 1000 gauss, the voltage results for the 

p-type and n-type germanium crystals are recorded, and the 

difference between which is tabulated respectively. A graph 

of voltage against current is plotted, and the slope of which 

was used in calculating the Hall Coefficients, (RH) and the 

mobilities, µ. The field was later increased to 1500 gauss 

and the procedure repeated, where the Hall coefficients, 

mobilities were calculated. The respective average of   the 

Hall coefficients and mobilities were determined and found 

to be (RH)av = 2.2455 X 10-4 Ωcm/gauss and (µ)av= 

2.2455 X 10-5Ωcoulombgauss-1volt-1sec-1 for the p-type 

germanium crystal; (RH)av= 5.2279 X 10-4Ωcm/gauss and 

(µ)av = 5.2279 X 10-5 Ωcoulombgauss-1volt-1sec-1for the 

n-type Germanium crystal. 
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I. INTRODUCTION 

The conductivity measurement cannot reveal whether one or 

two types of carriers are present, nor distinguish between 

them. However, this information can be obtained from the 

Hall Effect measurements, which are the basic tools for the 

determination of mobility. When a magnetic field is applied 

perpendicular to a current carrying conductor, a voltage is 

developed across the specimen in a direction perpendicular 

to both the current and the magnetic field. This phenomenon 

is known as the Hall Effect, discovered by E.H Hall in 1879. 

And the voltage so developed is known as the Hall voltage. 

(R. Murugeshan and E.K. Sivaprasath, 2008). 

Furthermore, it is well-known that static magnetic 

field has no effect on charges unless they are in motion. 

When the charges flow, a magnetic field directed 

perpendicular to the direction of flow produces a mutually 

perpendicular force on the charges. When this happens, 

electrons and holes will be separated by opposite forces. 

They will in turn produce an electric field, Eh which 

depends on the magnetic field intensity, H (the intensity of 

the applied magnetic field, B) and the current density, J. The 

situation is demonstrated in Fig 1 below: 

 
Fig.1: This Slab Shows The Separation Of The Two 

Charges By The Opposite Forces (Or The Hall Probe: 

Hyperphysics.Phy.Astr.Gsu.Edu) 

Eh = RHJ X H    (1) 

Where RH is called the Hall coefficient 

The external magnetic field, H applied 

perpendicular to current will exert a transverse magnetic 

deflecting force on the electrons which will then cause the 

electrons to drift downward towards the lower edge of the 

specimen. Therefore, the lower surface of the slab collects a 

negative charge and the positive charge is collected by the 

upper slab’s surface. Thus excess of negative charges on the 

lower edge and the corresponding excess of positive charges 

at the upper edge create a transverse electric field, Eh known 

as the Hall Electric Field which opposes the transverse 

drifting of the electrons. Ultimately, equilibrium would be 

reached when force due to the accumulation of electrons 

becomes equal to the magnetic force, and so the flow of 

electrons stops. Thus here, the net force on the electrons, FH 

becomes zero, 

Now, let x, y, and z be the dimension of a slab of 

semiconductor as shown in fig:1 above. Let J be the current 

density directed along the x-axis, H the field intensity along 

the z-axis, and Eh along the y-axis. 

Then, we can write: 

RH = 
𝑉ℎ/𝑦

𝐽𝐻
 = 

𝑉ℎ.𝑍

𝐼𝐻
  =  

𝐸ℎ

𝐽𝐻
   (2) 

Where Vh is the Hall voltage appearing between the 

two surfaces perpendicular to y, and I = Jyz. 

In general, the Hall voltage is not a linear function 

of the magnetic field applied. However, it is easy to 

calculate the Hall Voltage if it is assumed that all carriers 

have the same drift velocity.  

A. One Type of Carrier 

In Metals and degenerate (doped) semiconductors, it can be 

confirmed that only one type of carrier dominates. 

Thus the force on an electron having a charge: 

  -e is = -eEh    (3) 

The corresponding force due to magnetic field is given by: 

FH = evxH    (4) 

In steady state, we know that FH = 0  

Then, FH= -eEh + e(vxH) = 0   (5) 
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Let n be the free electron density, then the current density is 

given by: 

Jx= -nevx     

vx = −
𝐽𝑥

𝑛𝑒
    (6) 

From (5) and (6); eEh = evxH 

Eh= vxH = −
𝐽𝑥𝐻

𝑛𝑒
 = RHJxH  (7) 

−
1

𝑛𝑒
 gives the Hall coefficient of the semiconductor slab. Its 

mobility, which is defined as the velocity acquired by the 

current carrying particle per unit electric field is given by: 

The mobility, µ =
𝑉𝑥

𝐸𝑥
 ; vx= µEx (8) 

From equantion (7)  and (8) above: 

Eh= vxH = µExH   (9) 

Comparing (7) and (9) 

RHJxH= µExH     

RH= µ
𝐸𝑥

𝐽𝑥
 = µ

1

𝛿
    (10) 

µ= δRH     

Where, µ is mobility of the semiconductor slab, 

and δ the electrical conductivity. 

From equation (7), it is clear that the sign of the 

Hall coefficient depends upon the sign of the charge, “e”. 

This means, in a p-type semiconductor, the Hall Coefficient, 

RH would be positive; while in an n-type semiconductor it 

would be negative. Also, for a fixed magnetic field and 

input current, the Hall voltage is proportional to 1/n or its 

resistivity. When one carrier dominates, the conductivity of 

the material is: 

 δ = nqµ, where “q” is the charge. 

B. Two Types of Carriers 

Intrinsic and lightly doped semiconductors are the examples 

of this type. In such cases, the quantitative interpretation of 

Hall coefficient is more difficult since both types of carriers 

contribute to the Hall field. It is also clear for the same 

electric field. The Hall voltage of p-carriers will be opposite 

in sign to that from n-carriers. As a result, both mobilities 

enter into any calculation and a weighted average is the 

result: i.e 

RH =  
µh2p− µe2n

2(µhp+ µen)2   (11) 

Where µh and µe are the mobilities of the holes and 

electrons; p and n are the carrier densities of holes and 

electrons. 

Since the mobilities µh and µe are not constants but 

functions of temperature, (T) the Hall voltage coefficient 

given by equation (11) is also a function of T and it may 

become zero, or even change sign.  

Thus, we see that the Hall coefficient in 

conjunction with resistivity measurements can provide 

information on carrier densities, mobilities, impurity 

concentration and other values. It must be noted however 

that mobilities obtained from Hall Effect measurement, µ = 

δRH do not always agree with direct measured values. The 

reason being that carriers are distributed in energy and those 

with higher velocities will be deviated to greater extent for a 

given field. 

II. LITERATURE REVIEW 

A. Kandus, M.J. Vasconcelos, and A.A Cerqueira (March, 

2006) studied how Hall Effect modifies the quenching 

process of the electromotive force (e.m.f) in mean field 

dynamo (MFD) theories in their paper entitled “On the 

Mean Field Dynamo with Hall Effect”, the e.m.f is more 

strongly quenched than in the case of standard MHD 

Dynamo, this was accompanied by a damping in the inverse 

cascade of magnetic helicity. 

Mark Wardle (June, 2003) wrote on the topic, “Star 

Formation and the Hall Effect”. It was observed that the 

breakdown of flux-freeze in molecular clouds and 

protostellar disc is usually approximated by ambipolar 

diffusion at low densities by resistive diffusion at high 

density. He concluded that the Hall diffusion is important 

over a broad range of conditions. 

III. APPARATUS USED IN THE HALL EFFECT EXPERIMENT 

1) HALL PROBE (Ge crystal, n & P type) 

2) Digital Hall Effect Set-up  

3) An Electromagnet of  Model EMU-75V 

4) Constant Current Power Supply 

5) A Digital Gauss meter of Model DGM-102 

 
Fig. 1: Hall Effect Experimental Set-up 

IV. THE EXPERIMENTAL PROCEDURE 

1) Place the Hall Probe in-between the pole pieces, 

and adjust their gap to a minimum so that the poles 

do not touch the probe. Let the air gap between the 

poles pieces of the electromagnet remain constantly 

fixed. 

2) Now remove the Hall Probe and place the gauss 

meter’s probe in-between the fixed air gap of the 

electromagnet, so that the probe’s face is 

perpendicular to the magnetic field, and shows a 

maximum reading. The orientation of the probe 

should be such that it shows positive reading. It 

should be understood that the N on the side of the 

probe inserted in-between the electromagnets 

indicates the North Pole of the electromagnet for a 

positive reading, and the opposite side is the South 

Pole. 

3) Calibrate the electromagnetic power supply, the 

current and magnetic field at EMU-75V. 

Maintaining this calibration throughout the 

experiment. 

4) Connect the width-wise contacts of the Hall Probe, 

(either the n or p type of the germanium crystal) to 

the terminals marked “voltage”, and also connect 

the length-wise contacts to the terminals marked 

“current”. 

5) Switch ON the Hall Effect Set-up and adjust the 

current to 0.5mA. 
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6) Now, switch over the display to voltage mode. 

Although, there may be some voltage reading 

outside the magnetic field, which is due to 

imperfect alignment of the four contacts of the Hall 

Probe, and is generally known as the “Zero Field 

Potential”.  

7) Now place either the n-type or p-type of the 

germanium crystal probe, in the calibrated air gap 

of the electromagnet (where it shows maximum 

reading of the Hall voltage), this should be 

perpendicular to the magnetic field. The crystal 

side of the probe should face the north pole of the 

electromagnets. For the n-type probe, the hall 

voltage will show negative sign, and for the p-type 

probe, it will be positive.  

8) Measure the Hall voltage as a function of current, 

keeping the magnetic field constantly at 1000 

Gauss. 

9) Also, measure the Hall voltage as a function of 

magnetic field, keeping a suitable value of the 

current as a constant, and tabulate your results as 

follows:  

A. Table of Values 

Magnetic Field = 1000 Gauss 

S/n 
Current 

I(mA) 

Voltage for p-type Ge 

Crystal 

With Mag.  Without   

Mag. 

Field(V1)         Field 

(Vo) 

V1-

Vo(mV) 

Voltage for n-type Ge 

Crystal 

With Mag.    Without 

Mag. 

Field V2          Field V0 

V2 – 

V1 

(mV) 

1 0.5 3.50                    1.10 2.40 10.70                   4.70 6.00 

2 1.0 5.70                    1.00 4.70 21.00                   9.10 11.90 

3 1.5 7.90                    0.90 7.00 31.10                 13.30 17.80 

4 2.0 10.10                  0.80 9.30 40.40                 17.00 23.40 

5 2.5 12.4                    0.70 11.70 49.70                 20.60 29.10 

6 3.0 14.80                  0.60 14.20 58.10                 23.40 34.70 

7 3.5 16.80                  0.50 16.30 66.50                 26.50 40.00 

8 4.0 18.90                  0.40 18.50 75.50                 30.20 45.30 

9 4.5 21.30                  0.30 21.00 83.40                 33.00 50.40 

10 5.0 23.40                  0.20 23.20 91.30                 35.80 55.50 

11 5.5 25.70                  0.20 25.50 98.70                 38.50 60.20 

12 6.0 28.20                  0.30 27.90 106.60               40.50 66.10 

13 6.5 30.60                  0.20 30.40 113.50               43.50 70.00 

Table 1: 

 

Fig. 2: Graph of Voltage (mV) Against Current (mA) 

1) Key 

Series1: p-type Germanium Crystal 

Series2: n-type Germanium Crystal  

10) The above procedure is now repeated with the 

electromagnetic field increased to a fixed value of 1500 

Gauss. This field value is maintained throughout the 

experiment. The results are tabulated as shown below:- 

B. Table of Values 

Magnetic Field= 1500 Gauss 

S/n Current I(mA) 

Voltage for p-type Ge Crystal 

With Mag.  Without Mag. 

Field(V1)         Field (Vo) 

V1-Vo(mV) 

Voltage for n-type Ge Crystal 

With Mag.    Without Mag. 

Field V2          Field V0 

V2 – V1 

(mV) 

1 0.5 4.70                     1.10 3.60 10.50                   1.30 9.20 

2 1.0 8.20                     1.00 7.20 24.00                   5.60 18.40 

3 1.5 11.70                   1.00 10.70 37.20                   9.70 27.50 

4 2.0 15.20                   1.00 14.20 50.20                  13.70 36.50 

5 2.5 18.90                   1.10 17.80 62.50                  17.20 45.30 

6 3.0 22.40                   1.10 21.30 74.50                  20.60 53.90 

7 3.5 25.80                   1.00 24.80 86.30                  23.80 62.50 

8 4.0 29.30                   1.00 28.30 97.50                  26.60 70.90 

9 4.5 32.90                   1.00 31.90 108.20                29.50 78.70 

10 5.0 36.50                   1.10 35.40 118.8                  32.20 86.60 

11 5.5 40.10                   1.20 39.10 128.70                34.70 94.00 

12 6.0 43.90                   1.30 42.60 138.50                37.10 101.40 

13 6.5 47.30                   1.30 46.00 147.80                39.20 108.60 

Table 3: 
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Fig. 3: Graph of Voltage (mV) Against Current (mA) 

1) Key 

Series1 p-type Germanium Crystal 

Series2 n-type Germanium Crystal 

V. CALCULATIONS 

The Hall coefficient using Hall-effect for a semiconductor, 

given by (2) above is: 

RH = 
𝑧

𝐻
 (

𝑉

𝐼
) slope 

Where: z = Thickness = 5 x 10-2 cm 

    H = Magnetic Field 

   (
𝑣

𝐼
) – slope of the graph between v and I 

And, the conductivity of the Germanium crystal, δ is = 0.10 

coulomb.volt-1 .sec-1.cm-1 

For H = 1000 Gauss 

A. The Hall Coefficient, RH and Mobility, µ For the P- 

Type Ge Crystal 

From the graph 1 above:- 

(
𝑣

𝐼
)slope=   (

𝛥𝑣

𝛥𝐼
)p =  4.2659Ω 

RH = 
𝑧 

𝐻
 (

𝑣

𝐼
) slope  = 

5𝑋 10−2

1000
  X 4.2659 

     = 2.13295 X 10-4 Ωcm/gauss 

And the mobility, µ = Rδ 

µ = 2.13295 X 10- 4 Ωcm/gauss X   0.10 Coulomb. Volt-

1.sec-1.cm-1 

     = 2.13295 X 10 -5 Ωcoulomb.gauss-1.volt-1.sec-1 

B. The Hall Coefficient, RH and Mobility, µ for the N-Type 

Ge Crystal 

From the graph 1 above: 

(
𝑣

𝐼
)slope  =  (

𝛥𝑣

𝛥𝐼
)n =  9.8384  Ω 

RH   =  
𝑧

𝐻
(

𝑣

𝐼
)slope = 

5 𝑋 10−2

1000
 X 9.8384 

       = 4.9192 X 10-4 Ωcm/gauss 

  µ  = Rδ = 4.9192 X 10 – 4 X 0.10 

     = 4.9192 X 10 -5 Ωcoulomb.gauss-1.volt-1.sec-1 

For H = 1500 Gauss 

C. The Hall Coefficient, RH and Mobility, µ For The P-

Type Ge Crystal 

From the graph 2 above: 

(
𝑣

𝐼
)slope = (

𝛥𝑣

𝛥𝐼
)p =  7.0747 Ω 

RH    = 
𝑧 

𝐻
 (

𝑣

𝐼
) slope =  

5 𝑋 10−2

1500
 X 7.0747  

      = 2.3582 X 10-4 Ωcm/gauss 

µ = Rδ = 2.3582 X 10-4 X 0.1  

   = 2.3582 X 10-5   Ωcoulomb.gauss-1.volt-1.sec-1 

D. The Hall Coefficient, RH And Mobility, µ For The N-

Type Ge Crystal 

From the graph 2 above: 

(
𝑣

𝐼
)Slope  = (

𝛥𝑣

𝛥𝐼
)n  = 16.6100Ω 

RH =  
𝑧

𝐻
(

𝑣

𝐼
)slope   = 

5𝑋10−2

1500
𝑋 (16.6100) 

    = 5.5366 X 10-4Ωcm/gauss 

 µ = Rδ= 5.5366 X 10 -5 Ωcoulomb.gauss-1.volt-1.sec-1 

Thus, the average values of the Hall coefficients are as 

follows:- 

E. The Average Hall Coefficient For The P-Type 

Germanium Crystal 

(RH)av=(
2.13295 𝑋 10−4+ 2.3582𝑋10−4

2
)Ωcm/gauss 

           = 2.2455 X 10 – 4Ωcm/gauss 

F. The Average Hall Coefficient for the N-Type 

Germanium Crystal 

(RH)av=(
4.9192 𝑋 10−4+ 5.5366 𝑋 10−4

2
) Ωcm/gauss 

= 5.2279 X 10-4Ωcm/gauss 

Thus, the average values of the Hall mobilities are as 

follows:- 

G. The Average Mobility for the P-Type Germanium 

Crystal 

(µ)av=(
2.13295 𝑋 10−5+ 2.3582 𝑋 10−5

2
)Ωcoulomb.gauss-1.volt-

1.sec-1 

 = 2.2455 X 10-5Ωcoulomb.gauss-1.volt-1.sec-1 

H. The Average Mobility for the N-Type Germanium 

Crystal 

(µ)av= ( 
4.9192 𝑋 10−5+5.5366 𝑋 10−5

2
 )  Ωcoulomb.gauss-1.volt-

1.sec-1 

        = 5.2279 X 10-5 Ωcoulomb.gauss-1.volt-1.sec-1 

VI. CONCLUSION 

In conclusion, the average values of the Hall coefficient was 

taking for the p-type and n- type Germanium crystal 

respectively. For the p-type, the average Hall coefficient is 

found to be (RH)av = 2.2455 X 10-4Ωcm/gauss, while for the 

n-type, the average Hall coefficient is (RH)av = 5.2279 X 10-

4Ωcm/gauss. Similarly, average mobilities for the p-type and 

n-type germanium crystals were also determined. For the p-

type, (µ)av= 2.2455 X 10-5 Ωcoulomb.gauss-1.volt-1.sec-1, and 

for the n-type, the average mobility is given by  (µ)av= 

5.2279 X 10-5 Ωcoulomb.gauss-1.volt-1.sec-1. 
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