Focus 3.   Limitations of past technologies and increased research into the structure of the atom resulted in the invention of transistors.
*The general formula sheet contains equations you may need

Part A:   Multiple choice questions   ( select the most correct answer )

1a.   



     Nucleus










Electron shells


This model of the atom was first proposed by

A. Bohr

B. Hertz

C. Newton

D. Einstein

b.   When scientists discuss “discrete energy levels” they are referring to the 

A. energy position of the protons in the atom

B. energy contained within the whole atom in the neutral state

C. orbital positions of the electrons

D. amount of energy given off by an atom during radioactive decay

c.   The de Broglie model of atomic structure

A. has electrons moving as matter waves

B. describes electrons as particles placed in special orbitals around the nucleus

C. describes valence electrons as being close to the nucleus and very hard to move.

D. was the first proposal that clearly described the quantum effect in atoms

2a.   An electron

A. has the same charge and approximately 1/1800 the  mass of a proton 

B. has 1/1800 times the charge of a proton

C. is half the mass and the same charge as a proton

D. occurs in both the nucleus and the energy shells surrounding the atom

b.   A conductor

A. allows electrons to move from atom to atom

B. allows protons to move from atom to atom

C. has tightly bound valence electrons that do not supply holes for mobile electrons

D. includes all elements in groups 5, 6 and 7 

c.   An electron will 

A. occupy the highest energy state so that it can escape when the opportunity arises

B. change to a positive charge  when very close to the nucleus

C. occupies the lowest possible energy level unless excited

D. only be mobile when in a metallic atom

3a.   Which of the following is not a conductor?

A. Gold

B. Lead

C. Calcium

D. Sulfur

b.   In an atom, the valence band is the 

A. lowest energy band

B. highest energy band

C. closest band to the nucleus

D. band with the least number of mobile electrons

c.   




     X

   


   Gap

          Y



The above diagram represents the electron energy bands in a grouping of  atoms. In this model

A. if the gap becomes larger the element is more conductive

B. X represents the valence band and Y the nucleus

C. a conductor will have little or no gap

D. the valence band is always at the top

4a.   A “hole” in an energy level of an atom

A. represents a proton position

B. indicates a lack of an electron

C. increases the resistance of the conductor

D. represents the forbidden energy gap between the bands

b.   If an electron jumps into a “hole”

A. in a conductor then another hole is left behind 

B. it will stop the atom from being a conductor

C. the valence shell will fill up and become less stable

D. a positive charge will jump into the position left by the mobile electron

c.   Conductors have low electrical resistance because

A. there are a lot of electrons in the outer shells of the atoms

B. electrons have negative charges and are attracted to positive charges

C. there is virtually no energy gap between the valence band and the conduction band

D. there are no “holes” to catch and hold the electrons

5a.   Electrons

A. can move freely in insulators

B. are very restricted in conductors 

C. have the lowest electrical resistance in semiconductors

D. have very little electrical resistance in conductors

b.   The earliest semiconductor to be used in electrical circuits was

A. Germanium

B. Silicon

C. Gold

D. Carbon

c.   The earliest semiconductor developed for transistors in electrical circuits was rare and expensive. While a much cheaper and abundant semiconductor was available, this one was still preferred because

A. it was a better semiconductor

B. it could be produced in a purer form

C. the electrons were less active and therefore there was less electrical “leakage” in the circuit

D. the companies that marketed the material did a better job

6a.   Silicon in the periodic table of the elements is classified as 

A. a metal

B. a nonmetal

C. a transition element

D. a semi metal

b.   Silicon

A. is abundant and cheap to separate 

B. is rare but cheap to produce

C. is one of the poorer semiconductors but is easier to melt and purify

D. has a limited life as a semiconductor because of its high reactivity compared to other materials

c.   A critical factor that makes silicon a favourite in the semiconductor industry is

A. that it retains its semiconductor properties at high temperatures

B. that it is translucent

C.   there is no oxide layer produced on the surface to hinder electrical conduction

D.   it is very unreactive

7a.   Doping is

A. adding foreign elements into the semiconductor crystal

B. the removal of certain energy layers in the semiconductor

C. the purification of a semiconductor to increase its conductivity

D. coating the silicon crystal with an oxide layer to protect it against electrical “leakage”

b.   Which of the following elements are directly involved in the doping process of silicon crystals?

A. Helium

B. Chlorine

C. Aluminium

D. Lithium

c.   Semiconductors conduct electricity through via an “electron and hole” combination. Doping with Group V elements increases the conductivity because 

A. the number of holes is reduced

B. the number of free electrons is increased

C. holes and electrons are joined together

D. the number of holes is increased

8a.   During electrical conduction in a semiconductor like silicon

A. electrons move in the same direction as the holes

B. electrons don’t need the holes if they stay in the conduction band

C. the holes continually create electrons to be sent through the semiconductor

D. holes and electrons move in opposite directions

b.   p-type semiconductors have been doped with

A. Group III elements

B. Group IV elements

C. Group V elements

D. Group VI elements

c.   n-type semiconductors

A. have spare electrons available because of the doping process

B. develop spare holes due to doping

C. conduct via negative holes

D. draw electrons from the holes close to the nucleus in the electron cloud

9a.   Which of the following devices requires a vacuum to function?

A. n-type conductor

B. p-type conductor

C. Transistor

D.   Thermionic device

b.   When were solid state electronic devices first introduced?

A. 10 years ago

B. 20 years ago

C. 40 years ago

D. 70 years ago

c.   When comparing thermionic devices with solid state devices, which of the following is incorrect?

A.   Thermionic devices are less efficient

B.   Solid state devices are smaller

C.   Thermionic devices are faster than solid state devices

D.   Thermionic devices have a slower start up time

Part B:   Short Answer Questions

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when
1a.   What is contained in the nucleus of an atom? ____________________________________________________________________

b.   What is the “ground state” of an electron? ________________________________________________________________________________________________________________________________________ 

c.   Compare the classical model of the atom suggested by Bohr to that of de Broglie’s model. ____________________________________________________________________________________________________________________________________________________________________________________________________________

2a.   Name two elements that can conduct electricity and two that are nonconductors. 1.Conductors_________________________________________________________2.Nonconductors______________________________________________________

b.   What is electricity? ________________________________________________________________________________________________________________________________________

c.   Outline the special conditions needed in a conductor for electricity to flow. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is an energy state? ____________________________________________________________________

b.   Where is the lowest energy state for an electron in an atom? ________________________________________________________________________________________________________________________________________

c.   Describe the difference between conductors, insulators and semi conductors in terms of band structures and relative electrical resistance. Draw diagrams to assist your answer. ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What is the electrical resistance of a metal like compared to a typical nonmetal? ____________________________________________________________________

b.   Why is the electrical resistance of copper different to sulphur? ________________________________________________________________________________________________________________________________________

c.   Describe how holes and electrons interact to conduct electricity. What causes a hole? ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Compare the number of electrons flowing in a conductor subject to a voltage to that of an insulator. ____________________________________________________________________

b.   What is Germanium? ________________________________________________________________________________________________________________________________________

c.   Why was Germanium a preferred material in early electrical devices? ____________________________________________________________________________________________________________________________________________________________________________________________________________

6a.   What is Silicon? ________________________________________________________________________________________________________________________________________

b.   Why do semiconductors need to be very pure? ________________________________________________________________________________________________________________________________________

c.   Why did silicon become the preferred semiconductor material over germanium in the early 1960’s? ____________________________________________________________________________________________________________________________________________________________________________________________________________

7a.   Why are semiconductors often “doped”?  ________________________________________________________________________________________________________________________________________

b.   What does doping silicon with a Group V element do? ________________________________________________________________________________________________________________________________________

c.   What does doping silicon with a Group III element do? What effect does this have on conductivity? ____________________________________________________________________________________________________________________________________________________________________________________________________________

8a.   What is a semiconductor? Name two.  ____________________________________________________________________

b.   Name elements that are used to dope each of the following semiconductors:


1.   p-type ____________________________________________


2.   n-type ____________________________________________

c.   Outline the main differences between p-type and n-type semiconductors. ____________________________________________________________________________________________________________________________________________________________________________________________________________

9a.   Name one solid state device. ____________________________________________________________________

b.   Briefly describe the features of a thermionic device used in early electronic circuits. ________________________________________________________________________________________________________________________________________

c.   Why did semiconductors and solid state devices eventually take over from thermionic devices in the electronics industry?  ____________________________________________________________________________________________________________________________________________________________________________________________________________

Part C:   Compulsory Practicals and Research Activities

   *Show all working in questions with calculations

   *Use the table of equations to select the appropriate equation when needed

1a.   Name two examples of each of the following:


Insulator _______________________________________________________


Conductor ______________________________________________________


Semiconductor __________________________________________________

b.   Draw the band structure of an insulator.

c.   What does the valence band and the conduction band on a conductor have to do with its electrical resistance? Draw the band structure of a typical conductor ____________________________________________________________________________________________________________________________________________________________________________________________________________

2a.  Describe two features of an electron. ________________________________________________________________________________________________________________________________________

b.   Why do conductors allow electricity to flow through them? ________________________________________________________________________________________________________________________________________

c.   Describe a model you have produced or studied that displays the movement of electrons and holes through semiconductors. ____________________________________________________________________________________________________________________________________________________________________________________________________________

3a.   What is a thermionic device? ____________________________________________________________________

b.   Name some shortcomings or problems with using thermionic devices in electronic circuits. ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   What was the reason the transistor was developed? What are its advantages? ____________________________________________________________________________________________________________________________________________________________________________________________________________

4a.   What is a photon? ____________________________________________________________________

b.   What is the difference between a p-type and an n-type silicon semiconductor? ________________________________________________________________________________________________________________________________________

c.   Describe how photons from sunlight cause a current in a solar cell? ____________________________________________________________________________________________________________________________________________________________________________________________________________

5a.   Name two semiconductors. ____________________________________________________________________

b.   What is a transistor and when was it invented? ____________________________________________________________________________________________________________________________________________________________________________________________________________

c.   Describe the impact that transistors and the later microchips and microprocessors have had on society. ____________________________________________________________________________________________________________________________________________________________________________________________________________

Focus 3   Answers

Part A


a
b
c

1.
A
C
A

2.
A
A
C

3.
D
B
C

4.
B
A
C

5.
D
A
B

6.
D
A
A

7.
A
C
B

8.

D
A
A

9.

D
C
C

Part B
1a.   The nucleus contains protons and neutrons.

b.   The ground state of an electron is its normal lowest energy position in the shell structure of an atom.

c.   The Bohr model suggests that a positive nucleus is surrounded by electrons in discrete energy levels (orbits).


The de Broglie model went further and suggested that electrons occur as matter waves and have a higher probability of being in a particular energy level than another.

2a.   Conductor:   any metal or semimetal


 Nonconductor:   virtually all nonmetals (the main exception is graphite)

b.   Electricity is the flow of electrons through a conductor (by convention, current flows in the opposite direction)

c.   A conductor must have mobile electrons that have been set free due to the bonding of the atoms in the conductor. 

3a.   The energy that an electron contains when it is in a particular shell of an atom.

b.   The lowest energy states are in the shells nearest the nucleus (inner shells)

c.   

      Conduction band

Forbidden energy gap



Valence band


Insulators have large gaps and conductors have small or no gaps. The larger the gap the larger the electrical resistance.

4a.   Metals have lower electrical resistance than nonmetals.

b.   In copper, the valence band and conduction band overlap allowing a lot more valence electrons to be available for movement through the conduction band.

c.   A hole is caused by an escaping electron leaving a space behind to be filled up by another “mobile” electron as they flow through the conductor. A mobile hole can be created by doping a group IV semiconductor with a group III element that supplies one less electron for bonding, hence forming a positive “hole”.

5a.   Electrons relatively freely flow through conductors (with varying resistance). Insulators have high resistance and no mobile electrons.

b.   Germanium is a semimetal, element number 32 and an atomic mass of 72.6 g/mole. In the pure state it is a semiconductor.

c.   Germanium was the easiest of the semimetals to produce in a very pure form. Therefore, it became popular in the early solid state industry.

6a.   Silicon is a semimetal, element number 14 and atomic mass of 28 g/mole. It is an excellent and very popular semiconductor in the pure form.

b.   The conductivity of a semiconductor is drastically altered with even small amounts of impurities.

c.   Silicon is:   cheaper and more readily available, works better at higher temperature, and develops an oxide layer protecting the circuitry.

7a.   To increase the number of holes or mobile electrons.

b.   Produces a bonding that leaves an excess electron (ie mobile electron)

c.   Produces a bonding with one less electron (ie a “hole”). These holes supply sites for electrons to jump into as they are conducted through the semimetal.

8a.   An element like germanium or silicon (semimetals) that are semiconductors of electricity. 

b.   1.   p-type:   any group III element

      2.   n-type:   any group IV element

c.   p-type have mobile holes, n-type have mobile electrons

9a.   Transistor, microprocessor, resistor, silicon chip.

b.   Thermionic devices are basically small, hot vacuum tubes. They may have two or more electrodes depending on what they are being used for.

c.   They are more efficient, take less energy, cheaper to produce, can be miniaturised, more reliable, faster, can process more information.

Part C
1a.   Insulator:   can be almost any nonmetal (except graphite)


 Conductor:   any metal plus graphite


 Semimetal:   germanium, silicon.

b. 
      Conduction band

Forbidden energy gap



Valence band

c.   When the bands overlap, the electrical resistance is low because the electrons from the valence band can enter the conduction band and therefore become mobile.

 

      Conduction band


Overlap 


Valence band

2a.   Electron:   1/1800th the mass of a neutron and proton, negative charge, can flow through conductors.

b.   Conductors have overlapping valence and conduction bands. Hence valence electrons can move easily into the conduction band and move through the conductor.

c.   This depends on your investigations. A simple model could involve a row of cups with a marble in each except the end one. Move the closest marble into the end cup leaving behind another empty cup. Repeat this and note that the marbles (electrons) move in the opposite direction to the empty cups (holes).

3a.   A thermionic device is an old electronic device (like a small, hot cathode ray tube) that allowed voltage to only move in one direction (rectify).

b.   Shortcomings:   expensive, hard to miniaturise, unreliable, fragile, slow compared to transistors.

c.   The transistor was developed in the USA in 1947 because thermionic devices were limiting telephone communications. Advantages:   faster, cheaper, more reliable and can be miniaturised.

4a.   A package of energy (quanta).

b.   p-type have an abundance of “holes” (positive sites) and a shortage of electrons.

      n-type are vice versa.

c.   Photons (assuming they have enough energy) create electron-hole pairs between the p-type and n-type layers in the solar cell silicon chip. This forms an electrical potential much like a chemical battery that causes a current to flow if connected to a circuit.

5a.   Germanium and silicon.

b.   A transistor is a germanium or silicon crystal that is usually doped to change its semiconductor properties for various purposes. They replaced the job of controlling electrical signals previously carried out by thermionic devices. They were invented in the Bell laboratories in the USA in 1947.

c.   To get an idea of the impact, try naming an electronic device that does not have a silicon chip associated with it. Maybe a simple toaster? Even lawnmowers have them now.
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