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the hall effect

1. Purpose
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In this experiment, the Hall effect will be exploited in order to determine the concentration, sign and mobility of the charge carriers in p- and n-type semiconductors.  The origin of the Hall effect is shown in Fig. 1.  If a current i flows in the x-direction through a rectangular conducting strip which is traversed by a magnetic field in the y direction, a voltage, the so-called "Hall voltage" VH, is produced between opposite edges of the strip.  The phenomenon arises because the charge carriers giving rise to the current are deflected by a force,

                         F = qvd(B  .....................(1)

where vd is the drift velocity of the charge carriers.  Note that a current in the positive x-direction could be due to either positive charge carriers moving in this direction or negative charge carriers moving in the negative x direction.  In either case, F will point in the positive z-direction.  The sign of the charge carriers can therefore be determined by observing the polarity of the Hall voltage.
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Fig. 2 Circuit board for studying Hall effect

The transverse electric field in the strip is

                         |ET| =  |F/q|

                                  =  |vdB |  [from equation (1)], 

and points in the z-direction.  Thus the Hall voltage is

                         VH = vdBw,                        ....................(2)

where w is the width of the strip (and B is |B|).  The current, i, in the strip is given by

                          i = nqvdA                          ....................(3)

where n is the density of charge carriers and A is the area of cross section (w(t  where t is the perpendicular thickness of the strip in Fig. 1).  From (2) and (3),

            n = iB/qtVH                         ..................(4)

The "mobility", (, of the charge carriers is defined by

                          ( = vd/EL
where EL is the longitudinal electric field in the x-direction, the direction of vd.  In terms of the voltage VL between the left- and right-hand ends of the strip, and using equation (4),

                          ( = VHl/BwVL  .................(5)

where l is the longitudinal length of the strip in Fig. 1.  ( is related to the more familiar conductivity, (, and resistivity, ( , by the relationship

                         (  = 1/( = nq(  ..................(6)
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Fig. 3 Circuit board for studying Hall effect

2. Procedure

Rectangular samples of p- and n-type germanium, together with their electrical connections and constant current devices, are mounted on separate circuit boards.  THE GERMANIUM CRYSTALS ARE FRAGILE.  TREAT THEM DELICATELY.  IN PARTICULAR, AVOID BENDING THE BOARDS.  The dimensions of the samples are l = 2.0 cm, w = 1.0 cm, and t = 0.1 cm.  Fig. 2 shows the circuit board used for the experiment.

Set up the circuit shown in Fig. 4, using the p-type germanium.  The DC current through the sample is derived from the AC output of the power supply.  This output is full-wave rectified by a "bridge rectifier" and smoothed by a 2000 (F capacitor.  The voltage, to be applied between A and B, is adjustable by the 560 ( potentiometer.  The 330 ( resistor limits the current through the sample.
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Fig. 4 Wiring circuit for studying Hall effect

The magnetic field is produced by 2 series-connected coils fed from the DC output of the power supply.  Make sure the coils are connected to produce opposite polarities.  Set the voltage control to the maximum value and use the current control to adjust the magnetic field to the desired value.

Determine the magnetic induction, B, at the center of the field for coil currents of 0.0, 0.5, 1.0 A, etc using the gaussmeter.  Plot a calibration graph before proceeding as you will need this for the rest of the experiment.  Also determine the direction of the magnetic field.

Carefully place the germanium sample symmetrically between the poles of the magnet.  Adjust the magnetic induction to a value of 300 mT.  Obtain the Hall voltage, VH, as a function of current, i, through the sample at 5 mA intervals.  Do not exceed 50 mA.  Determine the sign of the charge carriers.  Plot a graph of VH vs i and from it obtain the concentration, n, of charge carriers.  Repeat these measurements for the n-type germanium sample.

For each sample in turn, reconnect the current supply between terminals A and C so that the incorporated constant current device becomes effective.  Set the 560-( potentiometer to provide the maximum current.  Connect a voltmeter between terminals A and B in order to be able to measure the voltage VL across the sample.  With the magnetic field switched off and the pole pieces removed, set the Hall voltage to zero by adjusting the compensating potentiometer on the sample board.  Replace the pole pieces and for magnet coil currents of 0.0, 0.5, 1.0 A, etc., measure both VH and VL.  Present your results in tabular form, including B and calculated values of (, (, and (.  Explain what might be causing the variation in these last three quantities.
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