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Figure 5.13 The i~ ch istics for an enh type NMOS
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Figure 5.14 The i,-v,; characteristic of an NMOS & perating in the ion region. The i1, characteristic can be obtained by
simply re-labelling the horizontal axis; that is, shifting the origin to the point vz = V.
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Large Signal Equivalent Circuit

ic=20 )
G o——o0 S D
+ +
UGs %kf,%(vcs = Ups
e T o
l S Ugs = Vi,

Operating in Saturation point later

Ideal, back to this

Ups = tgs — Vi

Figure 5.15 Large-signal equivalent-circuit model of an /+channel MOSFET operating in the saturation
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* As vy increases, the channel pinch off moves

away from the drain (L gets smaller).
» Voltage across the channel remains v,
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* A voltage drop of vps—Vv,, appears across the

small depletion region
e This voltage accelerates the electrons that
reach the drain (increases current)
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ip = 0 when vpg =-1/A= -V, i - 1
—Vy = —1/x >

Figure 5.17 Efiect of 13 on i, in the saturation region. The MOSFET parameter V, depends on the process technology and, for a given
process, is proportional lo the channel length L.
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Large Signal Equivalent Circuit

More realistic equivalent

_ circuit .
ig=20 Is
— -
Go—o ® o D
+ +
1, W
Ugs ) kp r(f}c;s A 7o Ups
o . : : o)

S

Figure 5.18 Large-signal equivalent circuit model of the n-channel MOSFET in saturation, incorporating the output resistance r,. The output
resistance models the linear dependence of i on 1. and is given by Eqg. (5.23).
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NMOQOS vs. PMOS
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The vast majority of IC’s
Small and low power consumption
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EXAMPLE

45V  Vip=-1V,K=60

Voltage A
S 1

pA/vZ, W/L=10

VG o—l Threshold

Vio e

Overdrive

voltage

Vb

Figure E5.7
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Example

Find R, and R, such that
14=0.4 mA, V,=+0.5V
V,=0.7 V, u, C,,=100pA/V?
L=1pm, W=32um.

Figure 5.21 Circuit for Example 5.3.
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Vpp = +10V
Ry = 10 MQ Rp =6 kQ
6 'r. »
Rega = 10 M2 Rs = 6 kQ
(a) (b)
Find the voltages and currents
V=1V, Kn(W/L)=1 mA/V?2
Figure 5.24 (a) Circuit for Example 5.6. (b) The circuit with some of the analysis details shown.
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Figure E5.15
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