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Lo atnin :
gl Calculate the bias current of M,

i Ol = 100 ;LA/V2 and Vg =04 V.

: —_ Vpp=18YV
If the gate voltage increases by 10 mV.
what is the change in the drain voltage? Rp = 5kQ
- Ww_ 2
M, -
1V —|—+_I L L 0.18
I- =
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6.6
Calculate the bias current of M| in Fig. 6.23. Assume x,,C,,, = 100 uA/V? and Vippy = 0.4 V.
If the gate voltage increases by 10 mV, what is the change in the drain voltage?

L

uc""uf/"z” Vpp=1.8V
T Rp = 5kQ
Ip
X

Figure 6.23 Simple MOS circuit.

It is unclear a priori in which region M, operates. Let us assume M is saturated and proceed.
Since Vg =1V,

1 W . e
Ip = Ell»ncomf("(:s —Vru)® (6.18)
= 200 pA. (6.19)
We must check our assumption by calculating the drain potential:
Vx =Vpbp — Rplp (6.20)
=0.8V. (6.21)
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A
YOty V,p=18V
' . -

Rp = 5kQ
Ip

~ W_ 2
My Z=_<%_
1V—|—+_I ! L 018

The drain voltage is lower than the gate voltage, but by less than V7 ;. The illustration in Fig.
6.22 therefore indicates that A/, indeed operates in saturation.
If the gate voltage increases to 1.01 V, then

Ip = 206.7 uA, (6.22)
lowering Vx to
Vy =0.766 V. (6.23)

Fortunately, M, is still saturated. The 34-mV change in Vx reveals that the circuit can amplify
the input.
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mil :IE 6.7
Determine the value of W/L in Fig. 6.23 that places M, at the edge of saturation and calculate
the drain voltage change for a I-mV change at the gate. Assume Vi = 04 V.

With Vi; 5 = + 1V, the drain voltage must fall to Vi — Viry = 0.6 V for M, to enter the triode
region. That is,

Vop —Vps

Ip = .24
D T (6.24)
= 240 pA. (6.25)
Since I, scales linearly with W/ L,

W 240 pA - 2

T Imae = 355 nA 018 5:£0)
24
=518 (6.27)
If Vs increases by | mV,

Ip = 248.04 pA, (6.28)

A"”.\' — AI{) . RD

=4.02mV.
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! m g 6.8
alculate the maximum allowable gate voltage in Fig. 6.24 if A/, must remain saturated.

Vyp=18V
Rp = 5kQ
Ip
X
VGS._l M1 %:0—?-5

Figure 6.24 Simple MOS circuit.

At the edge of saturation, Vo s — Vi = Vips = Vb p — RpIp. Substituting for I, from (6.17)
gives

Rp W 4

Vas —Voru = Vpp — T“nco“’f(“”c:s —Vru)”, (6.31)
and hence
’ ’ —1+ \/1 4+ 2RpVD pptnCon i
Vire — Vipgy — — : (6.32)
RD/J'n COIT
Thus,
—1+ \/1 + QRDVDDNnCOI%
Vas = + Vou. )

W
RD/" n Co.‘r o
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= Vo=V v,
(a) (b)

1 W... s by
= _;u'nco;rf(vDD — Wi = Vo)t

= (6.59)

AtV = 0, Vs = Vpp and the device carries maximum current. As V) rises, Vi, falls and
so does Ip. If V) reaches Vpp — Vg, Vigs drops to Vg, turning the transistor off. The drain
current thus varies as illustrated in Fig. 6.30(b). Note that, owing to body effect, Vi varies with
V1 if the substrate is tied to ground.
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