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Chapter 12: Field
Effect Transistors



The MOS Transistor

Gate F
Oxide ™. -'

Field —§ N+ N+
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P-Type Regions

JFET 0O Junction Field Effect Transistor
MOSFET - Metal Oxide Semiconductor Field Effect Transistor
n- channel MOSFET (nMOS) & p- channel MOSFET (pMOS)



The MOS Transistor
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CROSSSECTION of NMOS Transistor



Switch Model of NMOS Transistor
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Switch Model of PMOS Transistor
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MQOS transistors Symbols
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NMOS Enhancement NMOS Depletion

Channel
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PMOS Enhancement NMOS with
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JFET and MOSFET Transistorsor
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L =0.5-10 nm
W =0.5-500 mm
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SiO, Thickness = 0.02 -0.1 mm

Figure 12.1 n-channel enhancement MOSFET showing channel length L
and channel width W.

Device characteristics depend on L,W, Thickness, doping levels



MOSFET Transistor Fabrication Steps

FREFARED
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SIMILAR CYCLE IS REFEATED
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Building A MOSFET Transistor Using Silicon

The positively doped silicon wafer is An ultraviolet light-sensitive thin layer The first mask is placed over the wafer
first coated with an insulating layer of of photoresist (blue) is applied to the a:d ultravioletiight 1s ptrojec_tetd onto
silicon dioxide (yellow) through silicon dioxide surface and evenly : ethmal?kﬁtArea: ofdpho :resc:sthexposed
chemical vapor deposition. spread across the wafer. il e

shielded remain soft.

The unexposed (and soft) photoresist is

removed by washing with a solvent, The upper layer of the silicon dioxide is The hardened photoresist is removed

leaving the hardened resist and removed by etching with hot gasses, with a chemical solvent leaving an

underlying silicon dioxide layer intact. leaving only a very thin layer for uneven silicon dioxide surface over the
insulation.

entire wafer.

http://micro.magnet.fsu.edu/electromag/java/transistor/index.htmi



isti i The second mask is placed over the
A layer of polysilicon is then deposited A second layer of photoresist is applied P

ili wafer and ultraviolet light is again

onto the silicon dioxide surface using overihe:polysilizon:to;praparethe Biblectadiotite the g e
hemical vavor-dsnostion: This wafer's surface for a second photomask. v .

¢ P P . exposed to the light are hardened.

material will serve as the transistor's

gate.

The unexposed photoresist is washed The next step is ion-beam milling Tha phiotoresistis remoy s with solvent

away with a solvent, leaving only the (etching) to remove the excess laavinga rldge of palysiliconiins

L-shaped hardened resist on the wafer. polysilicon and another thin layer of ATansistorygatey whichiisesiaboyethe
silicon dioxide exposing the silicon silicon wells.

wafer's surface.



Chemical doping implants phosphorous
{green) deep within the silicon wells
surrounded by the silicon dioxide and
polysilicon layers to produce positively
doped silicon.



