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Lesson Purpose:

This lesson has been developed as a follow-up to the lesson Introduction to Computer Logic, posted on this site. Both lessons are designed as enrichment activities. This lesson introduces students to mathematical applications in new evolving computer technology, covering basic operations with Quantum-Dot Cellular Automata, QCA wires and circuits. 

Student Objectives:

1. Students will complete models of QCA wires and circuits with appropriate polarization and corresponding outputs.

2. In a cooperative learning environment, students will create a model of a QCA full-adder, copying a layout, with the help of cutouts representing different connections. 

Student Assessment (formal):

· Successful completion of worksheets

· Peer project

Student Assessment (informal):

· Discussion Log



Sunshine State Standards:

MA.A.1.3.1; MA.A.2.3.2; MA.D.1.3.1; MA.D.1.3.2; MA.E.1.3.1

Approximate Time Needed:

Two 50-minute class periods (two days):


Day 1:
Quantum-Dot Cellular Automata, QCA wires and circuits



Day 2:
QCA full-adder and Discussion Log

Prerequisite skills:

1. Students should be able to find place values of digits in numbers.

2. Students should be able to evaluate powers.

3. Students should have a basic understanding of theoretical probability.
4. Students should have a basic understanding of binary numbers and Boolean gates.


Procedures:

Day One:

· Hand out copies of  Quantum-Dot Cellular Automata (attached to this lesson plan).

· Use a transparency of the Quantum-Dot Cellular Automata handout to introduce students to these nanostructures, and to demonstrate how QCA cells line up creating wires and circuits.

· Have students independently solve Worksheet 1 (attached).

· Use a transparency of Worksheet 1 to review the answers.

Day Two:

· TEACHER PREPARATION: Go to the QCA Designer website http://www.qcadesigner.ca/, download the appropriate version, create a QCA adder that will be the right difficulty level for your students, print and make copies of the screen.  

· Pair students in groups of two (considering individual students’ strengths and special needs) 

· Hand out copies of the Cooperative Learning Rules (attached). Review the rules with the students, if not done previously. 

· Hand out copies of Peer Team Project instructions (attached) and copies of your QCA adder.

· Explain assignment, responsibilities, and grading procedures to students.

· Hand out poster paper, copies of sheets with cutouts, scissors and glue to each individual team. Make coloring utensils available.

· When finished with the assignment, have each student complete a Discussion Log (attached).

Material and Resources Required:

Technology:

· Overhead projector

· Teacher computer with internet access

· Printer

Printed Materials:

· Transparencies with lesson content and examples

· Worksheets with directions, examples, and problems

· Cooperative Learning Rules

· Cutouts

· Discussion Logs

Others:

Poster paper or large sheets of construction paper, scissors, glue, coloring utensils

Additional Resources:

· Mobile computer lab
· Video projector with attachment to teacher’s computer
Modification for Differentiated Instruction:

For the Special Needs Student:

· Teacher will speak slowly and clearly when giving students directions (ESOL students).

· ESOL students should be placed with a non-ESOL peer for help and should try to use English to participate in the peer activities (ESOL goal 1).

· Co-teacher will be able to assist SLD students during problem-solving activities.

· Students will be able to complete pre-printed worksheet.

· SLD students will get extra time on their individual assignments, if required.
Extensions:

1. Take additional one or two class periods. In the computer lab, or by bringing a mobile computer lab into the classroom, students can use the on-line “QCA Designer” [http://www.qcadesigner.ca] to simulate a QCA circuit.

2. Have an open discussion with the students about this enrichment activity.

Teaching Tips and Resources:

It is important to be familiar with the covered topics and to practice creating QCA circuits. Review information, a tutorial, and computer simulations can be found in

· Givone, D. D., Digital Principles and Design, New York: McGraw-Hill, 2003.

· http://www.qcadesigner.ca/
Quantum-Dot Cellular Automata (QCA)

Quantum dots are nanostructures [nano-: one billionth part of] created from standard semiconductive material. A quantum dot can be visualized as a well. Electrons, once trapped in the dot, do not alone posses the energy required to escape. Binary information is stored in the charge configuration within a cell rather than in the on/off state of a current switch.

Each cell consists of four dots and contains two mobile electrons, which occupy antipodal (“exact opposite”) sites. 
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Because the electrons are quantum mechanical parts they are able to tunnel between the dots in a cell. The electrons in cells adjacent to each other will interact. As a result, the polarization of one cell will be directly affected by the polarization of its neighboring cells.

This interaction forces neighboring cells to synchronize their polarization. Therefore, an array of QCA cells acts as a wire and is able to transmit information from one end to the another. All the cells in the wire will switch their polarization to follow that of the input or driver cell.


INPUT

QCA  Wire

In order to perform general computation, a set of Boolean logic gates is required to perform the AND, OR, NOT, and FANOUT operations.

The QCA majority gate produces an output, which reflects the majority of the inputs. Majority gates can be used to implement AND and OR gates:

· By setting one of the inputs of the majority gate to 0 we create an AND gate.

· If we set one of the inputs to a 1 we produce an OR gate. 










QCA Majority Gate

To implement the inverter or NOT gate, cells are positioned at 45 degrees with respect to each other, and will interact inversely; their polarization is always inverted (“changed to the direct opposite”).
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QCA  NOT-  or Inverter Gate

In a FANOUT, one signal comes in and several copies go out. Each output reflects the input.
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QCA  Fanout

When the dots in a cell are rotated 45 degrees, the cells will act inversely. A wire created with these 45-degree cells will form an “inversion chain,” where each cell in the chain takes on the opposite polarization of its nearest neighbors.



INPUT


QCA  Inversion Chain

In a QCA crossover, a wire of regular cells crosses a wire of 45-degree cells. Here, the two wires do not interact, meaning that information along one wire will not interact with information along the crossed wire – signals can be crossed directly over each other.























QCA  Crossover

Worksheet  1: Complete each diagram with the missing electrons.
1. INPUT

QCA  Wire





2. 1



QCA  NOT-  or Inverter Gate
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3. INPUT
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QCA  Fanout


4. INPUT

QCA  Inversion Chain

Worksheet 1 - continued
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      QCA Majority Gate

Peer  Team  Project

· Each team will be responsible for re-creating a QCA-circuit layout.

· Both members of the team will equally share the tasks associated with the project.

· Each team will receive large sheets of paper, sheets with cutout cells, scissors, glue, and a diagram to be re-created. Coloring utensils will be available, if needed.

· The project should be finished by the end of this class period.


Step 1:
Decide on how many QCA cells you need of each type.


Step 2:
Cut the cells out that you need.


Step 3:
Glue the cells on the poster paper, creating your circuit

according to the diagram.


Step 4:
Fill-in the color of the Quantum Dots for the electrons.


Step 5:
Label your diagram.


Step 6:
Make sure to write the names of both team members, as

well as the class period on the project.

COOPERATIVE - LEARNING  GROUND  RULES
1. Cooperate with everyone in your group.

2. Give praise liberally.

3. Use no put-downs.

4. Listen carefully to others.

5. Get all ideas out in the open. (There’s no such thing as a bad idea!)

6. Achieve a group solution for each problem.

7. Make sure that everyone understands the solution before continuing.

8. Share the leadership of the group.

9. Make sure that everyone participates and no one dominates.

Discussion  Log

Name:_____________________ Period:_____ Date:_________

1. What I expected to learn today was: _________________________________________________________________________________________________________________________________________________________________________________

2. What I would like to know more about nanocomputers is: _________________________________________________________________________________________________________________________________________________________________________________

3. What I have learned from this lesson is: _________________________________________________________________________________________________________________________________________________________________________________

4. What I liked / did not like about the work with my peer was: _________________________________________________________________________________________________________________________________________________________________________________

5. Additional comments or suggestions I would like to make are: _________________________________________________________________________________________________________________________________________________________________________________
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