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Step 1 
“Necessity is the Mother of Invention” 

Voyager ISS had vidicon cameras (wide angle and narrow angle) 

Mass: 38.2 kg 
Power (avg): 35.0 W 

http://nssdc.gsfc.nasa.gov/nmc/experimentDisplay.do?id=1977-084A-01 
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Galileo SSI had solid-state CCD cameras (wide angle and narrow angle) 

Callisto Europa 

Mass: 29.7 kg 
Power (avg): 15 W 
CCD: 800x800  pixels 

http://en.citizendium.org/wiki/Galileo_Probe 4 



Cassini ISS has solid-state CCD cameras (wide angle and narrow angle) 

Mass: 57.83 kg 
Power (avg): 30.0 W 
CCD: 1024x1024 pixels 

December 18, 2012 
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NASA’s Administrator Daniel Goldin  
“Faster, Better, Cheaper” 

Need to Miniaturize Cameras 
On Future Spacecraft 

Smaller payload mass = Smaller rockets 
Smaller payload volume = Less radiation shielding (less mass) 

Less power = Smaller power generation on-board 
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Step 2 
Invent a New Technology 

CCD cameras have many 
components and consume 

significant power. 
 

BUT, the CCD is not amenable 
to electronics integration 
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Step 2 
Invent a New Technology 

CMOS Active Pixel Sensor 
With Intra-Pixel Charge Transfer 

Camera-on-a-chip 

CCD cameras have many 
components and consume 

significant power. 
 

BUT, the CCD is not amenable 
to electronics integration 
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Most of the JPL Team 
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Step 3 
Technology Transfer 

To fulfill a secondary NASA mission to strengthen US Industry 
JPL/Caltech signed Technology Cooperation Agreements with 
•  AT&T Bell Labs  
•  Kodak 
•  Schick Technologies (startup) 
And other agreements/visits with 
•  National Semiconductor 
•  Motorola 
•  Intel 
•  EG&G Reticon 
•  etc. 
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To fulfill a secondary NASA mission to strengthen US Industry 
JPL/Caltech signed Technology Cooperation Agreements with 
•  AT&T Bell Labs  
•  Kodak 
•  Schick Technologies (startup) 
And other agreements/visits with 
•  National Semiconductor 
•  Motorola 
•  Intel 
•  EG&G Reticon 
•  etc. 
 Entrenched industry moves slowly in adopting new technologies 
so in February 1995 we founded Photobit Corporation to 

commercialize the CMOS image sensor technology ourselves 
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Step 4 
Get a Lucky Break 

March 6, 1995 Business Week article 
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Step 5 
Perspiration Phase 

1995-2001 Photobit grows to about 135 persons 
• Self funded with custom-design contracts from                

private industry 
• Important support from SBIR programs (NASA/DoD) 
• Later, investment from strategic business partners to 

develop catalog products 
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The Photobit Team Circa 2000 
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Step 6 
Miller Time 

2001 – Photobit acquired by Micron Technology 
 
Meanwhile, by 2001 there were many competitors 
emerging in the CMOS image sensor business due in 
part to the earlier efforts to promote the transfer the 
technology. 
 
Examples: Toshiba, ST Micro, Omnivision 
 
Later, came Sony and Samsung (now #1, #2 in 
worldwide market) 
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Step 7 
The Technology Has a Life of its Own 
• Today, over 2 billion camera phones are manufactured each year 

that use the CMOS image sensor technology we invented at JPL, 
or more than 60 cameras per second, 24/7/52 

• Semiconductor sales of CMOS image sensors exceeded $7B in 
2012. 

• Caltech has successfully enforced its patents against all the 
major players. 

• NASA is now just adopting the technology for use in space. 
 
 

Siimpel MEMS AF 
2 Mpix camera ~2007 

16Mpix camera modules 
From Sony ~2012 

Endoscopy Camera ~2012 
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New Technology Invariably Brings  
New Social Issues 

Rapid Social Change (Arab Spring) 

Instant communications 
(e.g. Facebook) 

Security v. Privacy 

Inappropriate use 

Visual overload (e.g. Japanese Tsunami) 
New Weapons 
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Invention and Promise 
+15 years 

From the Voyager Spacecraft  

To a Fantastic Voyage 

Summary 
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