
Introduction to
CMOS VLSI

Design

CMOS Transistor Theory



CMOS VLSI DesignMOS devices Slide 2

I-V Characteristics
 In Linear region, Ids depends on

– How much charge is in the channel?
– How fast is the charge moving?
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Channel Charge
 MOS structure looks like parallel plate capacitor 

while operating in inversion
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Channel Charge
 MOS structure looks like parallel plate capacitor 

while operating in inversion
– Gate – oxide – channel
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Channel Charge
 MOS structure looks like parallel plate capacitor 

while operating in inversion
– Gate – oxide – channel

 Qchannel = CV
 C = Cg = oxWL/tox = CoxWL
 V =

n+ n+

p-type body

+

Vgd

gate

+ +
source

-

Vgs

-
drain

Vds

channel-

Vg

Vs Vd

Cg

n+ n+

p-type body

W

L

tox

SiO2 gate oxide
(good insulator, ox = 3.9)

polysilicon
gate

Cox = ox / tox



CMOS VLSI DesignMOS devices Slide 6

Channel Charge
 MOS structure looks like parallel plate capacitor 

while operating in inversion
– Gate – oxide – channel

 Qchannel = CV
 C = Cg = oxWL/tox = CoxWL
 V = Vgc – Vt = (Vgs – Vds/2) – Vt

n+ n+

p-type body

+

Vgd

gate

+ +
source

-

Vgs

-
drain

Vds

channel-

Vg

Vs Vd

Cg

n+ n+

p-type body

W

L

tox

SiO2 gate oxide
(good insulator, ox = 3.9)

polysilicon
gate

Cox = ox / tox



CMOS VLSI DesignMOS devices Slide 7

Carrier velocity
 Charge is carried by e-
 Carrier velocity v proportional to lateral E-field 

between source and drain
 v =
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Carrier velocity
 Charge is carried by e-
 Carrier velocity v proportional to lateral E-field 

between source and drain
 v = mE m called mobility
 E =
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Carrier velocity
 Charge is carried by e-
 Carrier velocity v proportional to lateral E-field 

between source and drain
 v = mE m called mobility
 E = Vds/L
 Time for carrier to cross channel:

– t =
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Carrier velocity
 Charge is carried by e-
 Carrier velocity v proportional to lateral E-field 

between source and drain
 v = mE m called mobility
 E = Vds/L
 Time for carrier to cross channel:

– t = L / v
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nMOS Linear I-V
 Now we know

– How much charge Qchannel is in the channel
– How much time t each carrier takes to cross

dsI 
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nMOS Linear I-V
 Now we know

– How much charge Qchannel is in the channel
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nMOS Linear I-V
 Now we know

– How much charge Qchannel is in the channel
– How much time t each carrier takes to cross

channel
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nMOS Saturation I-V
 If Vgd < Vt, channel pinches off near drain

– When Vds > Vdsat = Vgs – Vt

 Now drain voltage no longer increases current

dsI 
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nMOS Saturation I-V
 If Vgd < Vt, channel pinches off near drain

– When Vds > Vdsat = Vgs – Vt

 Now drain voltage no longer increases current
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nMOS Saturation I-V
 If Vgd < Vt, channel pinches off near drain

– When Vds > Vdsat = Vgs – Vt

 Now drain voltage no longer increases current
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nMOS I-V Summary
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 Shockley 1st order transistor models
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Example
 Example: a 0.6 mm process from AMI semiconductor

– tox = 100 Å
– m = 350 cm2/V*s
– Vt = 0.7 V

 Plot Ids vs. Vds

– Vgs = 0, 1, 2, 3, 4, 5
– Use W/L = 4/2 l
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