
 

 

FYSA2010 / 1  HALL-EFFECT 

 

Free charge carriers of a conductor placed in an external magnetic field experience an 

electromagnetic force perpendicular to their motion along the conductor. In the 

experiment you’ll study this effect in semiconductors as well as determine the s.c. Hall 

constant, density and mobility of charge carriers for a Ge-semiconductor crystal which 

may be either of p-type or n-type. 

Useful reading: 

 Young & Freedman: University Physics  11th ed. p. 1048-1049 

 Ohanian: Physics 2nd edition, p. 765-768 

 Alonso-Finn: Fundamental University Physics II 2nd edition p. 119, III p. 261-273  

 Grant & Phillips: Electromagnetism 2nd 
 

edition p. 123, 247   

 

1. The phenomenon 

Assume a metal or a semiconducting slap placed in an external magnetic field B so that 

the magnetic field in perpendicular to the current Ic (fig. 1). The Lorenz-force 

experienced by the charge carriers is then in x-direction and causes them to move 

towards the edge of the slap. This displacement charge induces an electric field Ex, 

which causes a Coulomb-force in opposite direction to the Lorenz-force. The opposite 

forces momentarily balance themselves and a net displacement charge will remain 

causing a potential difference between the two edges. With a sensitive device this 

potential difference, Hall-voltage, can be measured and the Hall-effect quantified. 

 

Figure 1. Hall generator with electrons as charge carriers in a magnetic field. 

 

2. Theory 

A charged particle moving in an electromagnetic field experiences a Lorenz-force 

 )( BEqF   .        (1) 



FYSA2010/1   Hall-effect –     – 

 

2 

The charge carriers may have a positive or negative charge. According to eq. (1) the 

charge carriers with positive and negative sign experience in a magnetic field a force in 

opposite directions. In the Hall-crystal of figure 1 the charge carrier move towards the 

same edge of the Ge-slap, independently of the sign of the charge, since charges with 

different sign move in opposite direction. An electric field is induced in the crystal, 

which opposes the force due to the magnetic field. When in balance, the net force is 

zero and we get from eq. (1) 

)( zyxx BEqF  ,        (2) 

from which 

zyx BE  .         (3) 

If the density of the free-charge carriers is n (number per unit volume), the driving 

current Ip has a density jp: 

yp nqj  .         (4) 

With vy solved from eq. (4) and inserted to eq. (3) we obtain 
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The quantity 
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is called the Hall-constant. RH can be expressed also with current Ip and the potential 

difference UH between edges of the Ge-slap (fig. 1). From eq. (5) we get 
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Potential difference UH is called the Hall-voltage and current in y-direction the Hall-

current IH. The Hall-constant RH is negative for n-type (q = –e) and positive for p-type 

materials. The sign of charge carrier can be deduced with help of the coupling used and 

the polarity of the Hall-voltage. In this laboratory work, however, determining the 

magnitude of the Hall-constant is enough. 

A Hall-generator can also be used for studying the amount of charge. Knowing the 

conductance  of a material the mobility of the charge carriers can be calculated from 
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where 

RA

l
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and l is the length of the semiconductor slap and A the area of the cross section. The 

resistance can be determined from the voltage across the Ge-crystal and the current Ip. 

 

 

3. Equipment 

The equipment used in the experiment consists of a electromagnet, a Hall-module and 

a card that is usually preset on the module, as well as the power sources and meters 

needed. The connections of the module are described in figure 2. Figure 3 is a snapshot 

of the module and the card. Both the driving current and heating current are generated 

by the same power source (Phywe 12V AC max. 5A). The magnitude and direction of 

the control current can be adjusted with the Ip-knob on the module. The Hall-voltage is 

measured from the connectors on the module. The Hall-voltage can be set to zero when 

needed. There is an internal system for measuring temperature and driving current in 

the module. The heating of the Ge-crystal starts pushing the button on the backside of 

the module. In the module there is a temperature limiter that switches off the heating as 

soon as the temperature reaches 170 ºC. 

The magnetic field is generated with an electromagnet (two coils with 600 turns with 

an iron core). The Hall probe is set between the poles of the electromagnet 

perpendicural to the magnetic field. The magnitude of the magnetic flux density is 

monitored with the module. The current in the electromagnet is generated by a Mascot 

719 power source (0-30V DC max. 2.5 A). 

Front side of the module.   Back side of the module. 

Figure 2. The Hall-module. The explanations of the numbered parts: 1 = Ip knob, 2 = 

digital display, T or Ip, 3 = the fixation of the module, 4 = led-lights (I / T / heating), 5 

= the measurement of the Hall-voltage, 6 = the place for Hall probe, 7 = measurement 

selection Ip / T, 8 = the zero-setting of Hall-voltage, 9 = the connectors of the card and 

module, 10 = voltage measurement, 11 = input of operating current, 12 = heating on/off 

switch. 
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Figure 3. A photo of the Hall-module and the card. 

 

 

4. Measurements 

The equipment is quite sensitive for interferences. Using e.g. mobile phone in at short 

range of the equipment may disturb the functioning of the module. If the module starts 

to malfunction, you can reset it by turning off the power for an instant. To avoid 

disturbances in the device use only magnetic fields of B < 150 mT. 

 

At the beginning of each measurement, check that Hall-voltage UH = 0, when B = 0. 

Adjust the value using the Comp-knob on the module, if necessary. The type (p or n) 

of the crystal is marked on the card. 

 

Measurement 1: 

At room temperature and with constant magnetic field (e.g. 50-100 mT), measure the 

Hall-voltage UH as a function of driving current Ip between -30 mA and +30 mA at 

intervals of 5 mA. 

To determine the conductance, measure the potential difference between the ends of the 

Ge-crystal (figure 2, #10). What else should be recorded? 
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Measurement 2: 

Let the temperature remain constant and measure the Hall-voltage UH as a function of 

magnetic flux density B with constant current Ip (= 20-30 mA). 

Measurement 3: 

Let both the magnetic field (B = 50-100 mT) and the driving current (Ip ≈ 30 mA) now 

remain constant and measure the Hall-voltage as a function of temperature. The 

measurement can be done either while heating or cooling, or both. 

 

The thickness of the Ge-crystal is d = 1 mm, the length l = 20 mm and the cross-section 

A = 10 mm². 

 

5. Analysis of results 

The results are used to calculate the Hall coefficient RH, the charge carrier density and 

mobility. Explain the temperature dependence of Hall-voltage in your report.  

 


