Introduction to
CMOS VLSI
Design

CMOS Transistor Theory




|-V Characteristics

4 In Linear region, |l . depends on
— How much charge is in the channel?
— How fast is the charge moving?
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Channel Charge

d MOS structure looks like parallel plate capacitor
while operating in inversion

— Gate — oxide — channel

J Qchannel _
gate

> source} ¥

,:':" W - -
LV Vs channel . Vy
A L e SiO, gate oxide T~V —
n+ n+ (good insulator, ¢, = 3.9) p-type body
p-type body
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Channel Charge

d MOS structure looks like parallel plate capacitor
while operating in inversion

— Gate — oxide — channel
D Qchannel - CV

gate
N4 " sourcel}
y Vs | _channel | Vy
0X :::::::::::::::::::i:;:::::: 7 n+ - n+
n+ ) L T\ SiO, gate oxide T~V
(good insulator, g, = 3.9) p-type body
p-type body
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Channel Charge

d MOS structure looks like parallel plate capacitor
while operating in inversion

— Gate — oxide — channel
- Qchannel =CV
d C=0C, =g, WL/, = C, WL Cox = €0y /' 1
d V=

OX

gate

sourcel

v Vs | channel [ Vy
tOX ZZ:::Z:::::::ZZ::Z:*&::Z::::\ n+ - \ V / + n+
A * L - B SiO, gate oxide ds
(good insulator, ¢, = 3.9) p-type body
p-type body
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Channel Charge

d MOS structure looks like parallel plate capacitor
while operating in inversion

— Gate — oxide — channel
- Qchannel =CV
d C=0C, =g, WL/, = C, WL Cox = €0y /' 1
d V= VgC -V, = (VgS - V4/2) -V,

OX

gate

sourcel

v Vs | channel [ Vy
tOX ZZ:::Z:::::::ZZ::Z:*&::Z::::\ n+ - \ V / + n+
A * L - B SiO, gate oxide ds
(good insulator, ¢, = 3.9) p-type body
p-type body
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Carrier velocity

 Charge is carried by e-

1 Carrier velocity v proportional to lateral E-field
between source and drain

d v=
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Carrier velocity

 Charge is carried by e-

1 Carrier velocity v proportional to lateral E-field
between source and drain

d v=yuE u called mobility
d E=
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Carrier velocity

 Charge is carried by e-

1 Carrier velocity v proportional to lateral E-field
between source and drain

d v=yuE u called mobility
d E=V,/L
1 Time for carrier to cross channel:

—t=
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Carrier velocity

 Charge is carried by e-

1 Carrier velocity v proportional to lateral E-field
between source and drain

d v=yuE u called mobility
d E=V,/L
1 Time for carrier to cross channel:

—t=L/v

MQOS devices
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NMOS Linear |-V

J Now we know
— How much charge Q_1.nnef IS 1N the channel
— How much time t each carrier takes to cross

Ids_
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NMOS Linear |-V

J Now we know
— How much charge Q_1.nnef IS 1N the channel
— How much time t each carrier takes to cross

| _ Qchannel
ds
t
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NMOS Linear |-V

J Now we know
— How much charge Q_1.nnef IS 1N the channel
— How much time t each carrier takes to cross

| — Qchannel
ds t
W V
— :uCox T(Vgs _Vt o OLSéjvds
V S — w
— ﬁ(vgs _Vt — %jvds ﬂ _ :ucox |

MOS devices CMOS VLSI Design Slide 13




NMOS Saturation I-V

4 ItV <V, channel pinches off near drain
— When Vds > Vdsat = Vgs o Vt
1 Now drain voltage no longer increases current

Ids_
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NMOS Saturation I-V

4 ItV <V, channel pinches off near drain
— When Vds > Vdsat = Vgs o Vt
1 Now drain voltage no longer increases current

V
Ids — ﬂ (Vgs _Vt o ds%jvdsat
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NMOS Saturation I-V

4 ItV <V, channel pinches off near drain
— When Vds > Vdsat = Vgs o Vt
1 Now drain voltage no longer increases current

V
Ids — ﬁ (Vgs _Vt _ ds%)vdsat

_ B _yV
_2(\/95 Vt)
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NMOS |-V Summary

O Shockley 15t order transistor models

0 Vi <V, cutoff
ey (vgs v, Vo jvds V. <V,_. linear

o Saturation

ﬁ(vgs V)’ V, >V

MOS devices CMOS VLSI Design Slide 17




 Example: a 0.6 um process from AMI semiconductor

—t,, =100 A
— p =350 cm?/V*s -
V, =5
~V,=0.7V | g
d Plot 4 vs. Vg 15l _
~Vg=0,1,2,3,45 £ g
— Use W/L =4/2 ) Yoe ™3
0.57 v =2
0 Vqsggl
0 1 2 3 4 5
W 3.9¢8.85-10" \(W W 5 Vas
p=uC, Y = (350)[ 2585 j(f) ~120%
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