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Introduction
m How does MOSFET’s behave in DC circuits?
m We will neglect the effects of channel length modulation (assuming A = 0).

m We will work in terms of overdrive voltage vy, which reduces need to
distinguish between PMOS and NMOS.
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Review: Regions of Operation of a MOSFET Transistor
Cutoff Triode

VGS < Vt VGS>Vt & YDS <V_Dsat (or VDS<Vov

VGS> Vit 8§VDS >V_Dsat

Source (S) Gate (G) Drain (D)

Oxide (Si02)
(thickness = 1,,)

Channel
region
L

p-type substrate
(Body) p-type substrate
Body E
(B)

. (W 1 1, (WY ,
oty | @ ()

& V, ~ Saturation
Vi + Uy i
}
Yoy ¥ D Triode
o o- -V
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Review: Regions of Operation of an NMOS Transistor

B Vgs < Vi—no channel. The transistor is in the cut-off mode. ip = 0

D 4. Triode i~ Saturation

- + Ups < Yoy | Ups = Vov

U~ y
GD ¢ i 1

+
+ —I — ‘UDS
Ugs = Vin + Yov

I

I

I

Vg i

_ _ i Cutoff
= —— : Ugs < Vi
- I
I

Y

i 3 Slope = —
8ps = % 0 / >
=k, (%) Voy Vov Ups

OIn the triode, ip is controlled by three terminals (hence the name triode), unlike in the saturation
mode, where the transistor’s operation is controlled by two terminals
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Analysis at DC

A MOSFET is non-linear, and has different operating modes:

Cut-off, when vgs < V;

i(; =0 j[)
— -

G o0——=© O D
+ +
s e wes =Vl us
O I > O

S vgs = Vi
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Analysis at DC

A MOSFET is non-linear, and has different operating modes:

Cut-off, when vgg < V¢
| fD =0
m no channel is formed

Triode, when vgg = Vi + vpoy
m Existence of a resistance rps = knvpoy between the drain and the source
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Analysis at DC

A MOSFET is non-linear, and has different operating modes:

Cut-off, when vgg < V¢
| fD =0
m no channel is formed

Triode, when vgg = Vi + vpoy
m Existence of a resistance rps = knvpoy between the drain and the source
m This model is not accurate when as the vpg get close to vy

ip

-
G o0——= O D
+ +
, W
UGs % kT (es — Vi) Ups
O I > O
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Analysis at DC

A MOSFET is non-linear, and has different operating modes:

Cut-off, when vgg < V¢
| fD =0
m no channel is formed

Triode, when vgg = Vi + vpoy
m Existence of a resistance rps = knvpoy between the drain and the source
m This model is not accurate when as the vpg get close to vy

Saturation, when vpg>,,,

i =0
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+
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o I 5 o
S vgs = Vi
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EXAMPLES



Example 1

Determine the values of Rp and Rg so that the transistor

operates at ip = 0.4mA and Vp = +0.5V. The NMOS Vop = +2.5V
transistor has V; = 0.7V, unCox = 100pA/ V2, L = 1 um,
and W = 32 um. Neglect the channel-length modulation 7
effect (i.e., assume that A = 0). b l Ry
<
+—oO Vo
<!
I l
Rg
VSS — _2.5 V
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Example 1—Solution

m For a Vp voltage, we have Vpp = +2.5V
Vpp — V, 25-05
Rp= -2 P ==2C52 —ska (1) 1%2

D - > Ry

m Calculating Rgs is a bit more complex because we +o'p

need to know the voltage at the source terminal.
m Since Vp = 0.5 > Vg, the transistor is in the —Er
saturation mode. Thus,
I
LW 3

Ip= E,unCOXT V(2)V (2) Rs

The overdrive voltage is thus given by
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Example 1—Solution

m [t is now possible to calculate Vgg
Vgs = Vi+ Voy =07V+05V =12V (4)
m The source resistor is thus given by

_ Vg—Vg—Vgs 0-12—(-25)
Rs = 0 = 0a = 3.25kQ)
(5)
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Example 2

Find the value of R that results in Vp = 0.7V. The MOSFET has Vi, = 0.5V,
unCox = 0.4mAV=2 W =0.72um,L=0.18umand A = 0

+1.8V
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Example 2

Find the value of R that results in Vp = 0.7V. The MOSFET has Vi, = 0.5V,
unCox = 0.4mAV=2 W =0.72um,L=0.18umand A = 0

m Saturation mode since vgp = 0 < Vi

+1.8V
m Thus, the drain current is given by
. 1 w
2 L R
m The resistor R is given by
J
R=(18V-Vo)/i, (7) o Vp

m Since Vp =18V — I[pR =07V,

R = (1.8V-07V)/0.032mA = 34.4 k() (8) |
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