




Integrated Circuits 
• Its importance is well-known  

• Invention of Jack Kilby and Robert Noyce 

        

           
     

A technological 

milestone: Kilby’s 

integrated circuit, TI 

(1959) 

A scientific milestone: 

first transistor (Bell 

Labs 1947) 



Milestones 
 1959: First IC 

 … then a lot of nice ICs,…but they “can’t change much” 
(not programmable) 

ENIAC 



Op Amp 

Source: wiki 





Honeywell kitchen 

computer 



Milestones 
 1971: Microprocessor: The story of Intel & Busicom, Ted 

(Marcian) Hoff   
 Silicon-gated MOS 

 4004 with ~2000 transistors 

http://www.pcworld.com/article/24

3954/happy_birthday_4004_intels_

first_microprocessor_turns_the_big

_40.html 

http://www.pcworld.com/article/243954/happy_birthday_4004_intels_first_microprocessor_turns_the_big_40.html
http://www.pcworld.com/article/243954/happy_birthday_4004_intels_first_microprocessor_turns_the_big_40.html
http://www.pcworld.com/article/243954/happy_birthday_4004_intels_first_microprocessor_turns_the_big_40.html
http://www.pcworld.com/article/243954/happy_birthday_4004_intels_first_microprocessor_turns_the_big_40.html




Source: Mary Meeker 



? 

Source: Mary Meeker 



“Smart” ICs 
Field 

Programmable 

Gate Array 

(FPGA) 

Digital Signal 

Processor 

(DSP) 

Microprocessor 



FPGA vs. Microprocessor 

• IC technology supports very diverse architecture 

FPGA Pentium 



The “Old-Time Story” of RISC 
vs. CISC 

• Specialized architectures for different 

applications 

ARM x86 



Memory IC’s 

DRAM SRAM Non-volatile RAM 

NAND flash SSD 







Moore’s law 

Source: Wiki 







Crucial elements of IC technology 
 Devices and materials 

 Transistor design and scaling 

 Semiconductors and advanced materials 

 Fabrication technology (Front end): 

 feature size: how small can a transistor gate be? 

 how to pack many T’s in a very small area: VLSI, 
ULSI 

 device structure: beyond planar, 2D constraint 

 how to make high-performance oxides, insulators 

 how to make contact, “wiring”? 

 wafer scaling 

 Chip packaging technology (Back end) 
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Source: Robert Chau, Intel  







  How small can the transistor be? 

The ultimate limit of the transistor is ~ 10 mm 

1961 

… On a pentium (~2002), it was ~ 0.1 mm  

… And they think:  0.015 mm is the ultimate limit  

Don’t bet your money on it! 

Past prediction 





In 2005 









In 2010 









CMOS: a key to VLSI/ULSI 

Source: wiki 

Remember HW on p-channel? 



Why CMOS? 
 Threshold voltage requirement: voltage drop in each 

stage: example: n-channel 

VDD VDD - Vt 

VDD 

 n-channel MOSFET is “natural” for logic 0 (ex. ON: +5 
V) , p-channel MOSFET is “natural” for logic 1 (ex. OFF: 
+5 V). Together: CMOS 



CMOS example: NAND 

Source: wiki 







http://www.nature.com/nphoton/journal/v1/n11/covers/tech_f

ocus_index.html 







ITRS lithography roadmap 





Metal Interconnect 
 For many years... It has been aluminum 

 30+ years of research for a better conductor: copper 

 Copper technology has finally arrived within the last 20 
years... 

Source: http://www-03.ibm.com/ibm/history/ibm100/us/en/icons/copperchip/ 







More chips per wafer 





The economy of scales 

                        

Large wafer… Lots of chips (require high 
yield) 

ftp://download.intel.com/pressroom/images/misc/terahertz3.tif
ftp://download.intel.com/pressroom/images/misc/terahertz3.tif




Application/Market-driven 

Not just size and integration, architecture is very apps-driven 





The “Old-Time Story” of RISC 
vs. CISC 

• Specialized architectures for different 

applications 

ARM x86 







Source: Mary Meeker 









Foundry and Chip Design 

http://www.techbriefs.com/compo

nent/content/article/15547 



























http://www.dailytech.com/TSMC+Were+Far+Superior+to+Intel+and+Samsung+as+a+Partner+Fab/article34148.htm


















http://www.forbes.com/sites/jeanbaptiste/2013/10/29/exclusive-intel-opens-fabs-to-arm-chips/


http://www.electronicsweekly.com/news/general/intel-make-multi-die-14nm-finfet-devices-altera-2014-03/


http://www.pcworld.com/article/2145440/samsung-teams-with-globalfoundries-on-3d-chips.html






http://www.extremetech.com/extreme/138053-a-tour-of-googles-top-secret-data-centers




















The growth cycle 

More 

Computing-intensive 

demand 
More powerful 

chips 

Technology 

development 

More affordable 

chips 

More applications 


