NOVA Q-

MAKING STUF

PHOTO #1-GIRGUIT BOARD

e This is a photo of a microchip (black square) being held with tweezers
in front of a circuit board (green) containing other microchips (black
squares and rectangles).

e (Circuit boards, sometimes called motherboards, are found inside
computers and other electronic devices. They connect all the electrical
components and chips.

e Thisis the macroscale.
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NOVA Q-

MAKING STUF

PHOTO #2-PHOTO OF A MICROGHIP WLTH THE GOVER REMOVED

e Thisis a photo of the Intel 486 chip introduced in the early 1990s.
e It was the first chip to have more than a million transistors.

e The actual chip is only about %2-inch by Ya-inch.

e This photo is magnified 4o times.

e Even at this magnification it is difficult to see the tiny wires on the
chip—the rectangle in the center. (The large gold wires around the
outer edge connect the chip to pins on the back of the chip that attach
it to the circuit board.)
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NOVA Q-

MAKING STUF

PHOTO #3-A SGANNING ELEGTRON MIGROGRAPH IMAGE
OF WIRES ON A MICROGHIP

e Thisimage shows the wires or connectors on a microchip magnified
about 400 times.

e If these wires get too close, electrons can jump from one wire to the
next, which makes the circuit much less efficient.

e This is one of the main challenges of making smaller, more powerful
microchips.
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NOVA Q-

MAKING STUF

PHOTO *4-A MICROGHIP
ON A FINGERTIP FOR SCALE
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NOVA Q-

MAKING STUF

PHOTO #5-A NANOWIRE GOMPARED T0 A HUMAN HAIR

e Thisis an image of a nanowire taken at soo times magnification.

e The nanowire is ;O nanometers wide.

e The single strand of hair shown behind it is 1,000 times thicker.

FUNDING FOR NOVA IS PROVIDED BY DAVID H. KOCH, THE HOWARD HUGHES MEDICAL INSTITUTE, THE CORPORATION FOR PUBLIC BROADCASTING, AND PUBLIC TELEVISION VIEWERS. MAJOR FUNDING FOR MAKING STUFF 1S PROVIDED BY THE NATIONAL SCIENCE FOUNDATION.
PRODUCERS GRATEFULLY ACKNOWLEDGE THE COOPERATION OF THE MATERIALS RESEARCH SOCIETY. ADDITIONAL FUNDING PROVIDED BY THE DEPARTMENT OF ENERGY. MAKING STUFF WAS PRODUCED BY POWDERHOUSE PRODUCTIONS FOR NOVA/WGBH.

pavip H.kocH  HHMI fan erhouse- ‘ 'WGBH

Advancing mateials. Improving the qualty o fe.
THIS MAKING STUFF MATERIAL IS BASED UPON WORK SUPPORTED BY THE NATIONAL SCIENCE FOUNDATION UNDER GRANT NO. 0610307. ANY OPINIONS, FINDINGS, AND CONCLUSIONS OR RECOMMENDATIONS EXPRESSED IN THIS MATERIAL ARE THOSE OF THE AUTHOR(S) AND DO NOT NECESSARILY REFLECT THE VIEWS OF THE NATIONAL SCIENCE FOUNDATION. THIS MATERIAL IS BASED
UPON WORK SUPPORTED BY THE DEPARTMENT OF ENERGY UNDER AWARD NUMBER DE-SC0004787. DISCLAIMER: THIS REPORT WAS PREPARED AS AN ACCOUNT OF WORK SPONSORED BY AN AGENCY OF THE UNITED STATES GOVERNMENT. NEITHER THE UNITED STATES GOVERNMENT NOR ANY AGENCY THEREOF, NOR ANY OF THEIR EMPLOYEES, MAKES ANY WARRANTY, EXPRESS OR IMPLIED,
OR ASSUMES ANY LEGAL LIABILITY OR RESPONSIBILITY FOR THE ACCURACY, COMPLETENESS, OR USEFULNESS OF ANY INFORMATION, APPARATUS, PRODUCT, OR PROCESS DISCLOSED, OR REPRESENTS THAT ITS USE WOULD NOT INFRINGE PRIVATELY OWNED RIGHTS. REFERENCE HEREIN TO ANY SPECIFIC COMMERCIAL PRODUCT, OR SERVICE BY TRADE NAME, TRADEMARK, MANUFACTURER, OR
OTHERWISE DOES NOT NECESSARILY CONSTITUTE OR IMPLY ITS ENDORSEMENT, RECOMMENDATIONS, OR FAVORING BY THE UNITED STATES GOVERNMENT OR ANY AGENCY THEREOF. THE VIEWS AND OPINIONS OF AUTHORS EXPRESSED HEREIN DO NOT NECESSARILY STATE OR REFLECT THOSE OF THE UNITED STATES GOVERNMENT OR ANY AGENCY THEREOF.

Corporation for
Public Broadcasting

A prvata corporation unded by ha American pople

© 2011 WGBH EDUCATIONAL FOUNDATION. NOVA IS A TRADEMARK AND SERVICE MARK OF THE WGBH EDUCATIONAL FOUNDATION. ALL RIGHTS RESERVED. ALL THIRD PARTY TRADEMARKS ARE THE PROPERTY OF THEIR RESPECTIVE OWNERS. USED WITH PERMISSION. PERMISSION IS GRANTED FOR REPRODUCTION OF THIS MATERIAL FOR EDUCATIONAL USE ONLY. ALL OTHER RIGHTS RESERVED.



