Lab manual 3
Measurement of majority carrier concentration and mobility using simulation.
A.
Introduction: 
When a semiconductor sample is subjected to mutually perpendicular electric and magnetic field, Hall voltage develops in a direction that is perpendicular to both the applied fields. This voltage is indicated as VH in Fig. 1. This effect is known as Hall effect. This effect is used to obtain the carrier concentration (n or p) of the semiconductor. Now refer to Fig. 1. It can be shown that
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(1)


Here VH is the Hall voltage, I is the current through the sample and B is the strength of the strength of the magnetic field. The parameter d is the thickness of the sample as shown in Fig. 1.
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Figure-1
RH is the Hall coefficient and is given by the following expression.
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(2)
Here b=(n/(p where (n and (p are electron and hole mobility respectively and e is the elementary charge (=+1.6x 10-19 C). Furthermore rn is the scattering factor defined by the scattering mechanism that is dominant in the semiconductor. The scattering factor rn can vary between 1.0 (scattering on lattice atom vibrations) and 1.93 (scattering on ionized impurity atoms). For silicon the empirical value of rn is about 1.15 at room temperature (T=300 K). It is easy to show that for n-type material (n/p>>1)
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(2a)

Similarly, for p-type material (p/n>>1)
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(2b)

The parameter G in equation (1) is called the geometric factor that describes the shape effect of the sample.
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(3)

G is close to 1 for the samples that are long (l>>w) and thin (l>>d).


It is shown in Fig. 1 that magnetic field B is produced by applying a current Im through an electromagnet. Due to the edge effects the dependency of B on Im is not linear. B can be calculated using the following relationship


B=0.135(Im-0.025Im2)







(4)
Note that Im is in the unit of A and the field produced is in tesla (T).

B.
Determination of carrier type and majority carrier concentration


The Hall effect is widely used for determining a) type of conductivity of a semiconductor (n or p), and b) the majority carrier concentration. As one can see from Eq. (1), the slope of dependency VH vs. B is defined, in particular, by the Hall coefficient RH. This RH carries information about majority electron or hole concentration (Eqs. 2, 2a, 2b) and type of conductivity of semiconductor (sign of RH). Therefore, by measuring the dependency VH vs. B, one can calculate the Hall coefficient RH and thus the concentration n or p. In order to get accurate results, measurement have to be made for different values of current I.

C.
Measurement of majority carrier mobility


Hall effect measurements are made with contacts 1 and 3 at opposite sides (see Fig. 1). If we add an additional contact 2, then we have a chance to measure the mobility of majority carriers ((n or (p) as well. For this purpose we need to measure voltage V( across contacts 1 and 2 which are usually called “conductance contacts” while 1 and 3 are called “Hall contacts”. V( is in essence the voltage drop on a resistor cut by the contacts 1 and 2 from the sample (i. e. with size ( x w x d).It is clear that V(=IR where 


[image: image8.wmf])

(

/

p

n

p

n

e

wd

wd

wd

R

m

m

d

s

d

rd

+

=

=

=








(5)

Here ( is the resistivity and ( is the conductivity of the semiconductor. Moreover (, w, and d are the geometric parameters as shown in Fig. 1. Thus by calculating R from the plot of V( vs. I and using the value of n or p obtained from Hall effect measurements one can find the mobility of majority carriers (n or (p.

D.
Experiments

Task


· To determine type of conductivity of a semiconductor material (n- or p-type)

· To determine the concentration of majority carriers

· To determine the mobility of majority carriers ((n or (p)

Order of the experiments:

1. Obtain from your lab instructor the # of semiconductor material that you have to investigate and introduce this # in the appropriate box at the interface.

2. Install the temperature T=300 K.

3. Assume that 1cm x 1cm x 1cm piece of the semiconductor is available to you. Obtain an experimental sample from this piece, that is, define length (l), width (w), and thickness (d), contact width (s), and the distance between the contacts (() so that you get measurable values of Hall voltage VH and conductance voltage V( (Note that your voltmeter cannot resolve voltages smaller than 1 nV). Assume that the technology you use to make samples allows size and dimensions not less than 0.25 (m.
4. Measure the dependency of Hall voltage on magnetic field intensity for different values of sample current I. Also find the dependency V( vs. I. Pay attention to power realized by the sample (P=IV(l/(). If the power is more than 10 mW your sample is likely to burn. It puts limitations on size and current.

5. Plot VH vs. B, and V( vs. I and determine from these dependencies the type of conductivity of given semiconductor material, concentration and mobility of the majority carrier. Do not forget about the geometric factor. Use the least square fit for data processing.
6. Prepare report. Explain the choice of sample dimensions and rn. Provide plots, data-tables and calculations (Specify the measurement errors).

Note

1. The more experimental points you measure, the greater is the accuracy of results obtained. The recommended number of experimental points for dependencies VH(B) and V(( I ) is not less than 10.

2.  It is also recommended that you repeat the measurement for samples with different geometry, that is, different l, w, d, s, and ( (2-3 samples).

Questions:

1 Three samples have the same shape. One of them of n-type, the second one of p-type and the third one is intrinsic. The impurity concentration in the first and second semiconductor is the same. Are the Hall voltage same for the samples? If not, which one of them gives the largest Hall voltage and which one the smallest? Experimental conditions are the same.
2 If the concentration of scattering centers increase in the semiconductor, would it increase or decrease the mobility?

3 How does carrier mobility depend on T?

4 Which sample produces greater Hall voltage: long and narrow or short and wide? Thickness (d) is same in both the cases.

5 Does orientation of the sample in magnetic field affect the Hall voltage? Explain your answer. 
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