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Related topics  
Semiconductor, band theory, forbidden zone, intrinsic conductivity, extrinsic conductivity, valence band, 
conduction band, Lorentz force, magnetic resistance, mobility, conductivity, band spacing, Hall coeffi-
cient. 

Principle  
The resistivity and Hall voltage of a rectangular germanium sample are measured as a function of tem-
perature and magnetic field. The band spacing, the specific conductivity, the type of charge carrier and 
the mobility of the charge carriers are determined from the measurements. 

Equipment 
1 Hall effect module, 11801.00
1 Hall effect, p-Ge, carrier board 11805.01
2 Coil, 600 turns 06514.01
1 Iron core, U-shaped, laminated 06501.00
1 Pole pieces, plane, 30x30x48 mm, 2 06489.00
1 Hall probe, tangent., prot. cap 13610.02
1 Power supply 0-12 V DC/6 V, 12 V AC 13505.93
1 Tripod base -PASS- 02002.55
1 Support rod -PASS-, square, l = 250 mm 02025.55
1 Right angle clamp -PASS- 02040.55
2 Connecting cord, l = 500 mm, red 07361.01
1 Connecting cord, l = 500 mm, blue 07361.04
2 Connecting cord, l = 750 mm, black 07362.05
1 Cobra3 Basic-Unit 12150.00
1 Power supply, 12 V 12151.99
1 Tesla measuring module 12109.00
1 Cobra3 Software Hall 14521.61
2 RS 232 data cable 14602.00
1 TESS Expert CD-ROM Laboratory  16502-42

 PC, Windows
®

  95 or higher 

Fig. 1: Experimental set-up.  
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This is the start-screen which appears before eve-
ry measurement. Here, you can choose, which pa-
rameters have to be measured, displayed, etc., 
e.g. Hall voltage as a function of Sample current 
(Fig.4) 

 
You can also calibrate the Tesla-module via “op-
tions” (Fig.5). Start the measurement-screen by 
pressing the “continue”-button. 

 
1. Choose The Hall voltage as the measurement-

channel and the Sample current as x-axis.  
Choose the measurement on “key press”.   
Continue. Set the magnetic field to a value of 
250 mT by changing the voltage and current on 
the power supply. Determine the hall voltage as 
a function of the current from -30 mA up to 30 
mA in steps of nearly 5 mA.  
You will receive a typical measurement like in 
Fig.6.  

 
2. Choose The Sample voltage as the  

measurement-channel and the Flux density as 
x-axis. Choose the measurement on “key 
press”. Continue.  
Set the control current to 30 mA. Determine 
the sample voltage as a function of the mag-
netic induction B. Start with -300 mT by chang-
ing the polarity of the coil-current and increase 
the magnetic induction in steps of nearly 20 
mT. At zero point, you have to change the po-
larity to receive a positive magnetic induction, 
as the current and voltage are only positive. 
You will get a typical graph as shown in Fig.7.  

 
3. Choose The Sample voltage as the measure-

ment-channel and the sample temperature 
as x-axis. Choose the measurement “every 
1 s”. Continue.  
Set the current to a value of 30 mA. The 
magnetic field is off. The current remains 
nearly constant during the measurement, 
but the voltage changes according to a 
change in temperature. Start the measure-
ment by activating the heating coil with the 
”on/off”-knob on the backside of the module 
and start the measurement in the software.  
Determine the change in voltage dependent 
on the change in temperature for a  

Fig. 4: Example of measurement parameters.

 
 
 
 
 
 
 
 
 
 
 

Fig. 5: Calibration menu.

 

Fig. 6: Hall voltage as a function of current. 
 
 
 
 
 
 
 

Fig. 7: Change of resistance as a function of magnetic  
 induction. 
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1. Fig. 6 shows that there is a linear relationship between the current I and the Hall voltage UB:  
 

 
where α = proportionality factor. 

 
2. The change in resistance of the sample due to the magnetic field is associated with a reduction in  

the mean free path of the charge carriers. Fig. 7 shows the non-linear, clearly quadratic, change in  
resistance as the field strength in-creases. Therefore use the channel modification in the analysis-
menu.  

 
3. In the region of intrinsic conductivity, we have 

 
where σ = conductivity, Eg = energy of bandgap, k = Boltzmann constant, T = absolute temperature. 
If the logarithm of the conductivity is plotted against T-1

 a straight line is obtained with a slope  

 
from which Eg can be determined. 

 
From the measured values used in Fig. 8, the slope of the regression line 

 
is 

 
with a standard deviation sb = ±0.07 ・ 103

 K.  

3. To receive the necessary graph, do as follows:  
Choose the channel modification in the analysis-menu. Set the parameters as shown in Fig.11. Con-
tinue. Remember the procedure with the parameters in Fig.12. Now, you have the desired graph. To 
determine the regression line, choose the “Regression”-icon.  
(Since the measurements were made with a constant current, we can put s ~ U–1, where U is the 
voltage across the sample.) 
Since  

 
we get  
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The conductivity at room temperature is calculated from the sample length l, the sample cross-section A 
and the sample resistance R0 (cf. 2) as follows: 

 
With the measured values 
 

 

we have 
 
σ0 = 57.14 Ω–1

 m–1.  
 
The Hall mobility μH of the charge carriers can now be determined from 

 
Using the measurements given above, we get: 

 
The hole concentration p of p-doped samples is calculated from 

 
Using the value of the elementary charge 

e = 1.602 ・ 10–19 As 

we obtain 

p = 14.9 ・ 1020 m–3. 

 
5. Fig. 10 shows first a decrease in Hall voltage with rising temperature. Since the measurements were 
made with constant current, it is to be assumed that this is attributable to an increase in the number of 
charge carriers (transition from extrinsic conduction to intrinsic conduction) and the associated reduction 
in drift velocity ν.  
(Equal currents with increased numbers of charge carriers imply reduced drift velocity). The drift velocity 
in its turn is connected with the Hall voltage through the Lorentz force. 
The current in the crystal is made up of both electron currents and hole currents 

 
Since in the intrinsic velocity range the concentrations of holes p and of electrons n are approximately 
equal, those charge carriers will in the end make the greater contribution to the Hall effect which have 
the greater velocity or (since ν = m+E) the greater mobility. 
Fig. 10 shows accordingly the reversal of sign of the Hall voltage, typical of p-type materials, above a 
particular temperature. 
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