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This project is an ongoing collaboration between Greg James, Barry Silverman, and 
Brian Silverman, began in the summer of 2009.  We seek to preserve, document, and 
understand historic computer systems, and to present them in a highly visual manner for 
education and inspiration. 
 
Weôre always looking for classic computer hardware in danger of being lost, especially 
broken or non-functional components created before about 1986.  Before recycling or 
tossing your old computers or game systems, please check our website to see if they 
could become a valuable contribution to computer history. 

www.visual6502.org 
 
 
A presentation similar to this was given at SIGGRAPH 2010, July 27th 2:00 pm in the 
ñVisualization for Art and Designò track chaired by Esther Lim.  The theme for this 
SIGGRAPH was ñThe People Behind the Pixels,ò and this work is very much in honor of 
the architects and visionaries who enabled our first pixels. 
 
 
 

This specific presentation is distributed under the Creative Commons ñAttribution-NonCommercial-
NoDerivs 3.0 Unportedò (http://creativecommons.org/licenses/by-nc-nd/3.0/) license where 
applicable, with citation of 3rd party material, images, and governing licenses given.  All un-cited 
material and images are Copyright 2010, Greg James.   
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MOS Technologyôs 

6502 CPU 
Released 1975 
Apple I, II 

Commodore PET, C64 

Atari 2600 (6507) 

Atari 400, 800 

Nintendo NES 

 

 

Apple II Plus motherboard 



Commodore PET 

Apple II 

Paul Allen, Bill Gates 

Steve Wozniak, Steve Jobs 

Apple I [Klein] CCL 1.3 

[Klein] CCL 1.3 



Jobs, Wozniak, and é  

              

[Klein] CCL 1.3 



Jobs, Wozniak, and é  

              

The 6502 

[Klein] CCL 1.3 



ÁWhoôs seen a transistor? 

Áor a network of them doing work? 

 
ÁUnderstand a CPU by seeing it operate 
 
ÁPreservation 

ÁSimulation, not emulation 

Á100% accurate model 

 

ÁHonor the people behind my first pixels 

ÁTheir design achievements, hidden work. 



ÁBegan August 2009.  Ongoing 
 

ÁThe Journey 

Á1 Chip Ą Bitmaps Ą Polygons Ą CPU sim 

Á100% accurate working 6502 chip 
 

ÁVisual tour as the chip computes 
 

ÁA little surprise 

ÁMore than just the 6502 



Á1981.  I was eight 

 

ÁAtari 2600 game system 

 

 

 

 

 

 

ÁApple II+ 

 



Á1981.  I was eight 

 

ÁAtari 2600 game system 

 

 

 

 

 

 

ÁApple II+ 

 



ÁBefore ~1980, chip design was a very 

manual process 

 

 

 

Wikimedia Commons, GFDL [Volkô01] Used with permission 

http://commons.wikimedia.org/wiki/Commons:GNU_Free_Documentation_License,_version_1.2


ÁNo digital representation 

ÁDesigns lost 

 

ÁNo computer 

optimization 

 

ÁInteresting 

physical features 
 

[Volkô01] Used with permission 



Á3510 transistors 

ÁDesigned by hand 

Áñundocumentedò instructions ï mystery! 

Á~1/5 the price of its competition in 1975 

MOS designers with Rubylith 6502  

L to R:  

Layout Designers:   

Sydney-Anne Holt, Michael Jaynes, 

Harry Bawcom.    

 

Design Engineers:  

Chuck Peedle, Ray Hirt, Rodney 

Orgill, William Mensch, Wilbur Mathys.   

 

Seated, Product Manager: Terry Holdt  

 

EE Times, Aug 25, 1975, courtesy of W. Mensch 



ÁIntel 4004 35th Anniversary Project 

Áhttp://www.4004.com 

ÁIntel released the masks 

ÁMasks make the chip 

ǐPhotolithography 

ÁPeople transcribed the masks  

ǐMade schematics 

ǐError prone 

ǐRelation of schematic to chip die is not obvious 

ǐAnimated schematic, Fall 2009 

Intel 4004 Project, CCL1.3 

http://www.4004.com/
http://www.4004.com/
http://en.wikipedia.org/wiki/Photolithography


ALU Instruction Decode 

Registers 

Images by Brian Silverman, Barry Silverman,  CCL1.2 



 

Brian Silverman, Barry Silverman, CCL 1.2 



ÁModel the physical parts 

ÁPolygon model 

ÁEasy to verify 

ÁIntersect polygons Ą working chip 





 

Squirts hot sulfuric acid (200º F) 

 





These are still ok  

after we clean them up! 



Á Nikon Optiphot 200 

Á Nikon LV150 

Á 5x, 10x, 20x objectives 

 

Á X-Y translation stage 

    to stitch many shots 

 

Á Tip-Tilt stage for  

    planar focus 



Á72 images (8x9 shots) to cover the die 

ÁAlign to scope.  Good planar objectives 



Result: 

6502D die shot 

 

18,000 x 19,000 image  

342 Mpix 
 

Only need ~6000 x 5800 

for what comes nexté 

 



ÁDemo 



ÁConductive Substrate 

 

 

 

 
 

ÁTransistor-forming wires (polysilicon) 



ÁVias and buried contacts 

 

 

 

 
 

ÁMetal Interconnects 


