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Goals:  Measure the Hall Voltage and conductivity for Germanium as a function of temperature. 
 
Introduction 
Semiconductors exhibit several interesting effects that will be investigated in this lab.  The 
theoretical background for this experiment is discussed at length in Refs [1-3]. The Hall effect is 
used in many branches of experimental physics for conveniently measuring magnetic fields. In 
this experiment we use the technique to investigate the properties of a semiconductor. Of 
particular interest are the sign, mobility, and concentration of the charge carriers as well as the 
temperature dependence of each of these.  The latter (temperature dependence) provides 
information about impurity states in the material. 
 
Equipment 
- Hall effect apparatus which consists of a sample box with temperature and magnetic field 
control. 
- Temperature measurement and control electronics. 
- Low-voltage power supply. 
- Several digital multimeters.  
 
Preparation 
- Read Ref. [1] p304ff.  References [2-3] also contain good descriptions and should be consulted 
especially for the analysis. 
 
Experiment 
- Examine the setup.  Measure the dimensions of the sample, be sure to understand the labeling 
of the circuit contacts and the orientation in the magnetic field.  Document this well as the 
determination of the carrier sign depends on a proper understanding of the relative orientations 
of the current, the applied field, and voltage probes. Note also that the sign of the carriers can 
change with temperature, so be sure to keep track of this information throughout the experiment. 
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Figure 1: Circuit for Hall effect and conductivity measurements. 

 
 
 
- The circuit diagram is shown in Figure 1.  This is a variation of Figure 17.5 in Ref [1]. Set this 
up and work out the sign convention for the current and voltage measurements.  Do this carefully 
as you will want to determine the sign of the charge carriers.  Make sure that you understand the 
purpose of the current reversing switch and the variable resistor between leads 4a and 4b. 
 

- Measure the magnetic field in the magnet and determine its orientation. 
-  

 
At room temperature:   
 
- With no magnetic field, measure V12, I12, V34  for 8-10 settings of V12, that give  I12  values from 
~-5 to 5 mA.  Record the temperature in the sample holder.  Plot V12  as a function of I12 .  Is the 
behavior ohmic?  From this data determine the resistivity and conductivity. Measure V4 with the 
variable resistor between 4a and 4b disconnected (why?). What is the significance of the 
difference, if any, between the resistivity obtained using the ratio V4/I12 and that coming from 
V12/I12 ? 
 
- Measure the Hall voltage VH  using the method of Ref. [1] p313ff.  Adjust the resistance across 
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4a,b to minimize V34 with no B field.  Measure V34 with 4 combinations of ±I, ±Β.  Do this for 
several (3-5) different currents through the sample.  Is VH linear with I?   From this data,  
determine, VH , RH, and µH.  What is the sign of the charge carriers in this sample? 
 
As a function of temperature: 
- Familiarize yourself with the use of the LN2 and temperature control apparatus. 
- In one run from ~80K-330K (in ~10K steps), measure the resistivity and Hall voltage of the 
sample as above at a sample current of ~5mA.   Take smaller temperature steps in interesting 
regions (like where VH changes sign) 
- Plot the resistivity, V34 , Hall voltage, and mobility  as a function of temperature. 
- Follow the analysis as on pp314-315 in Ref [1].  References [2,3] should also be consulted. 
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