June 20, 2008

Activity Name: Manufacturing Models (Top-Down and Bottom-Up) and Self Assembly

Design Team: Debra Vogt and Peggy Wilson

Content Goals: To understand a sampling of the tools and devices that help us image and maniupulate matter at the nanoscale. 

Attitudinal Goals: Appreciate technological advances available and how nanoscale helps in making components of products smaller. 

Process Goals: Teamwork, Scientific Method and Inquiry
Science Standards: Student will develop understanding about science and technology. Student will understand that technology IS applied science. Students will develop ablitlies and understanding of scientific inquiry. 

Prior Knowledge Assumed: 
         1.Knowledge of the structure of matter including the structure of the atom 

         2.Knowledge of the engineering design process 

         3.Knowledge that multiple steps and temporary structures are required for production 

         4.Introduction to nanotechnology terms and definitions. 

Lesson Outline: What the students will do  

Students will model the fabrication of structures at the nanoscale, using Legos. Top-Down and bottom-up design with self assembly hands-on excercises will help the student understand the differences between these processes. 

Materials needed: Lego base, combination of Lego blocks, bowl, water

1. Students will be challenged to make a 4x4 pattern of Legos starting with a large Lego structure and taking it down to the 4x4 pattern.  The top-down approach is where a big structure is cut down in size until the desired size is achieved, similar to carving a piece of wood into a sculpture. Students will experiment with their fingers and tweezers to do this. The drawbacks to this method are it can be wasteful and sometimes the patterns we want are difficult to build, especially the smaller ones. 

2. The other method known as bottom-up is where a big structure is built from smaller pieces. Stress the fact that this is easy to do with pieces you can see and feel but at the nanoscale this changes. 

3. Self-assembly is an example of the bottom-up approach. Place several of the square Lego bricks peg side down on water in a bowl. Do not flood the bricks with water. The bricks will interact with the surface tension of the water and each other to assemble into a square pattern. Tapping the bowl with your finger may help the blocks to assemble. This is an alternative to photolithography. 

Describe how the activity components achieve your goals:

Students will see that to build something from the top-down requires taking away little layers and the alternative process is known as bottom-up. Through discussion these will be compared and contrasted. 

Assessment Methods:

Describe the difficulties in the top-down method of fabrication using your fingers and tweezers. Which is easier? What applications could be made to manufacting costs? 

When would you integrate this into your curriculum?

I will use it after introducing nanoscale terms and as part of the lesson I teach on the engineering design process.

Resources:

http://www.science.org.au/nova/089/089act.htm
