INTRODUCTION

This lab introduces the semiconductor material. We will learn the effect of its type on the relation between polarity of the Hall voltage, electromagnetic field and the current. Depending on which type, the current, electric and magnetic field will act different. Then we can calculate the carrier concentration and mobility of a sample. It is important to know those information because of semiconductor’s properties—which are applied in micro-devices. In fact, the response of charge carriers in a material is critical. Therefore, in this lab, we are going to explore all of semiconductor’s properties from the Hall effect.

BACKGROUND

Now we are going to discuss the Hall effect specifically.  When a charge carrier moves with a velocity vector v in the magnetic field vector B, the Hall effect occurs. To identify this phenomena, there is a force called Lorentz force given by F = q v EQ  ( B where v, B and F are vector quantities, q is sign quantity.

Associate with the Hall effect, the Hall voltage exists as well. When a Hall voltage V is applied, the field E exists along the width w of the sample given by E = V/w. After analyzing the relation between electric field, current, magnetic field, we obtain the equation for n-type and p-type as:




 EQ 
PROCEDURE


Using the magnetic station in the lab provided, we are going to measure the Hall voltage with magnetic current and current variables. From there we can determine whether the semiconductor sample is n-type or p-type. 

However, we have to set up the work. First, we are going to place the sample into the magnetic field--the magnetic current. And we have to decide which dimension is the length, the width, or the thickness. Then we are going to wire the current and the Hall voltage meter into the sample; we have to write down the polarity of the current and Hall voltage meter as well. 

Here is a ketch of the work based on the magnetic station in the lab.


And now we are going to measure the Hall voltage with current and magnetic current variables. Where current I varies from 0.5-3.0 mA and magnetic current B varies 1-3 A. The Hall voltage is measured in mV. 


The result of the Hall voltage is positive which decides the sample is n-type. And the sample labeled as B 1 which has:

 

length L = 2 mm = 0.2 cm

width w = 0.4 mm = 0.04 cm



thickness t = 0.5 (m = 0.5*10(^-4) cm

We now calculate the Hall coefficient Rh, the Hall mobility (, carrier concentration n or p-type, the conductivity ( and the resistivity (. All those quantities are calculated by these equations:


This is the calculation table:
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Based on the table data, when we apply two fields and we set those two fields increasing, the Hall voltage is increasing, the carrier concentration is increasing, but the conductivity is decreasing. It makes sense because the conductivity depends on the amount of carrier concentration. When the amount of carrier concentration is increasing, the conductivity has to be decreasing. In addition, the more magnetic and electric fields are applied, the greater of the Hall voltage is.

After I analyze the results, I predict the n-type of the semiconductor sample. If the sample is n-type, the Hall field should be negative direction; consequently, the Hall voltage becomes negative quantity according to the coordinate system. In fact, we predict the opposite direction of the Hall field and the positive quantity of the Hall voltage. Therefore, the sample should be n-type.

Comparing my lab results with the data in Kasap's book, I observe that my results don't match with data in Kasap's book. In fact, the conductivity from my results is different from data in Kasap's book. I think the reason why it happens because of the magnetic field and current. It's true that the conductivity, electron and hole mobility are dependent on magnetic field and the current.

CONCLUSION


I don't think this experiment is successful because it doesn't meet my expectations. I somehow confuse about the type of the sample. However, I observe the relation of the magnetic and electric field with the mobility and the conductivity as well as the charge carrier concentration. The properties of semiconductor are little critical for me. Nonetheless, I learn more about the Hall effect in a material.  







