
Today’s Schedule

• A primer on materials and fabrication of 
microelectronics 

• Lecture is based on 
– Callister 22.15 - 22.20 (web chapter)
– Jones, Ch. 4 & Ch. 9
– Microsystem Engineering of lab-on-a-chip devices, Ch. 6

• ALL of the Ch. 2, 3, 4, 5 and 9 solutions have been 
placed on WebCT

• Sample of the instruction sheet and attachments also 
on WebCT

• Wednesday’s lecture is a review (study guide)



Si Device Technology

• Hundreds of 
devices per wafer

• Fabricated in a 
clean room 



First steps
• Si is very abundant –

approximately 27% of the 
earth’s crust

• Generally mined from quartz 
(SiO2)

• Reduced to Si using coke:                         
SiO2 + 2C Si + 2CO

• Metallurgical grade
• Dissolved in HCl to give 

SiHCl3

• Distilled to give        
electronic grade silicon

• Electronic grade silicon
(EGS) contains about 5 
ppm of (Fe, Cr, Mn) and 
is polycrystalline



Czochralski (CZ) and Float zone (FZ)

• CZ contains a lot of oxygen and carbon (due to crucible)
• FZ can be purified over and over. Impurities tend to stay in 

the melt, so they end up at the end of the ingot.
• Dopants to create n or p-type Si can be introduced at either 

of these stages in the form of impurities in the melt (CZ) or 
as a gaseous phase (FZ).









Four basic semiconductor interfaces

• p|n: rectifying, current flows well in one direction, 
not in the other

• (p or n)|oxide: oxide exerts a field
• (p or n)|metal: Schottky interface, rectifying
• (p or n)|metal: Ohmic interface, non-rectifying





Lithography
• Photo-resist is spun-on 

and masked
• Exposure to UV light 

either makes it more 
soluble or less soluble in 
a developer.

• After development
– Etch (dry or wet)
– React (oxidize, dope)
– Coat (metal, nitride, oxide, 

other)

Often there are multiple patterning steps to create 
many levels of the device.





On the chip
• On the chip itself

– Possibly all 4 types of 
semiconductor interfaces

– Complex interconnects 
(typically Al-1%Si, but 
increasingly Cu is used)



Chemical Vapor Deposition



Physical Vapor Deposition

Sputtering

Evaporation     
(Thermal and E-beam)

Plating



Physical Vapor Deposition



Now the chip must be packaged!



Leadframe



Leadframe

• Bonding of chip to 
plate either by 
thermally conductive 
epoxy (Ag particles) or 
with Au-Si eutectic 
solder

• Leads are sometimes 
Au, but also Cu and Al. 

• Automated process



Leadframe



Leadframe



Leadframe



Now the board!



Solder



• Remember Day01?

Flip Chip



FLIP CHIP
BALL GRID ARRAY

CHIP – Si and 
interconnects 
(Cu, Al, other 
metals)

SOLDER –
Pb, Sn other 
metals

FR4 Board – Cu and 
insulators (polymers, 
glasses)

HEATSINK – Al or Cu

ENCAPSULANT –
Epoxy, polymers and 
glasses



FLIP CHIP
BALL GRID ARRAY




