Q1. Derive an expression for drain current of a MOSFET in triode and saturation region.
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Q2a. Derive an expression for drain to source current ips and finite output resistance r, in saturation, if
channel length modulation is considered.

Ans 2a.

b frae tically aokss Nps>Npssal , shomonad 1o

s in_dionescensed , e chamid fu

Vo JMMMI,A 45 W leiv _F1s

}é&&-"k‘* 4
3—‘5—.&?) ! = ' fw q s
L o=

4
R







| ’“’"._?-

0N (Vour VDT 2 VRSD gl o

ey _QS_; -w*[" "

B

s a i“;bs:}_%@_&_@‘ Hir o f-—-—,:—(vw—\’e) {4 AVesy ’(f
JI_QAZ]%“"_ET("M \])7 ‘X—'/hlli'_t =L

R 4

—~t /o

B

’
e




3a. What is body effect and how it affects threshold voltage?

Ans 3a.
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Q4. Design the circuit with Rp and Rs where n-MOS transistor operates at Vpp=+2.5V, Vss=-2.5V, Ip=0.4mA
and Vp=+0.5V. The transistor has Vi=0.7V, unCox=100pA/V?, L=1um, W=32um and gate is at ground.
Neglect the channel length modulation effect.
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5a.Draw the development of the T-equivalent circuit model for the MOSFET.
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5b. Briefly explain two types of biasing methods in MOS amplifier circuits

Ans

4.5.1 Biasing by Fixing Vs

The most straightforward approach to biasing a MOSFET is to fix its gate-to-source voltage
Vs to the value required to provide the desired Ip. This veltage value can be derived from
.LhE power supply voltage Vip through the use of an appropriate voltage divider. Altermatively,
1t can be denved from another suitable reference voltage that might be available in the system.
Independent of how the voltage Vi, may be generated, this is not a good approach 10 biasing
a MOSFET. To understand the reason for this statement, recal] that

1 W

z.lur.- C.u 1'

and note that the values of the threshold voltage V,, the oxide-capacitance , , and (1o a lesser
extent) the transistor aspect ratio W/ L vary widcly among devices of suppusédly the same size
and type. This is certainly the case for discrete devices, in which large spreads in the values of
these parameters occor among devices of the same manufacturer’s part number. The spread is
also !arge mn integrated circuits, especially among devices fabricared on different wafers and
certainly between different baiches of wafers. Furthermore, both V, and g, depend on tempera-

ture, with the result that if we fix the value of Vgs: the drain cument 7, becomes very much
temperature dependent.

452 Biasing by Fixing V; and Connecting a Resistance in the Source
An excellent biasing technique for discrete MOSFET circuits consists of fixing the de volt-
agc at the gate, Vs, and connecting a resistance in the source lead, as shown n Fig, 4.30{a).
For this circuit we can write

In = (Vc.'s“ Vr)z

Ve = Vas t Ry (4.46)

Now, il ¥,; is much greater than V. £, will be mostly determined by the values of Vy and
R;. However, even if Vg is not much larger than Vg, resistor R provides negarive fEEﬂ'EI'.{:!CIZ,
which acts to stabilize the value of the bias curreat I, To see how this comes about consider
the case when I, increases far wharever reason. Equation (4.46) indicaics that since Vi 1s
constant, V¢ will have to decrease. This in furn resulis in a decrease in /. a change that is
opposite o that initially assumed. Thus the action of Ry works to keep [p, as constant as pos-
sible. This negative feedback action of Ry gives it the name degeneration resistance, a
name that we will appreciate much better at a later point iu this text.

Figure 4.30(b) provides a graphical illustration of the effectiveness of this biasing scheme.
Here we show the i1y characteristics for two devices that represent the exiremes of a batch of
MOSFETs. Superimposed on the device characteristics is u straight line that represents ihe con-
straint imposed by the bias circuit—namely, Eq. (4.46). The interscetion of this straight llll'l.i.‘:
with the i1, characteristic curve provides the coordinates (f, and Vi) of the bias point.
Observe that compared to the case of fixed Vg, here the variability obtained in /, is r}'mch
smaller. Also, note that the variability decreases as Vi and Ry are made larger (providing a
bias line that is less sicep).



6. Derive the expression for transconductance g and voltage gain A, for a common source amplifier

with small input signal.

Ans.

Mext, consider the sinsation with the input signal :lpp]m:l_TIhe tlal imstantans e-in-
on
source virltuge will be " "
Yus = Wag b o, (4 56}

resuiting in o todal instantanecns drain cureent i,

fo = AT Vi 2y V)7

[ 2 W
Ekh I{“rl!'..'l'_" r} + |E-rE‘."'lnl'-:.'f_ l'.l|:|:|"-1-|'-|l' %k:%f'lzl: {-'1-.-5?]
The first teom on the righi-hand side of Eq. (4.57) can be recognizes ws the de blas corrent £,
{Eq._ 4.54]._ The second werm represents @ carment compoment that is directly propostional
the inpist x.ml = Th_a third term s & cument component thar is proporional 10 the soguare
ol llfu: m!i-:u: signal. This last compone is undesirable heconse i represents monfinear ois-
rorfion. 1o feduce the nonlinear distorion nteaduced the MOSFET input si

should be kept stnall so thar w - e et sigal

1,.W 2 W
PR T Ve = Vo,
resuiling i
e = Wy — V) (4.58)
wr, egquivalendy,
El_rh <& 3 b.lLl‘|-' {d'w:l

wherne 'I.-':l,.,. is the overdrive voltage st which the transistor is aperating.
I this sonall-signal condition is swisfied, we may meglect the last erm in By, (4.57) and

CEPIESS £y, s
in = dp+iy 4.k
where
: W
fy= j'.: 'E{!"lﬂ.'i"_ l'llr:l:ual
The piranseter that relates iy and &, is the MOSFET fransconductance .

i W
B = h Vg = V) (.61}

of wn lzrms of the overndrive vallage Vi
—_— "“r
b = k"E P,;.l,. 1462

Figure 4.35 presents u graphical interpretation of the small-siznal B
_ . gral operation of the enfumcement
MOSFET amplifier. Mote that g,, is equal 1o the slope of the ip—uy, charecteristic al the hias

point,
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This is the formal definition of g,.. which can be shown to yicld the exprossions given in
Eys. (4601 and (462,

4.6.3 The Voltage Gain

Returning to the circuit of Fig. 434, we can express the wtal instantancous drmin wollage oy,
s Jolbonws:

I.ln, - "IL'I.I.I - Rnrp
Under the: small-signal conditan, we have

Ty = Vpp— Bl T+ i)
which can be rewritben as
v = Vo —Ruiy
Thas the signal component of the drain voltage is
By = =igfp = =gty i (4.64)
which imficates that the woltage gain is given by
]

A= 2=y R, (4.65)

as

7a. Explain the operation of MOSFET as a switch

Ans
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7b. Design the circuit with Rp and Rs where n-MOS transistor operates at Vpp=+2.5V, Vss=-2.5V, 1p=0.3mA
and Vp=+0.4V. The transistor has Vi=1V, pnCox=60pA/V?, W/L=120um/3um and gate is at ground. Neglect
the channel length modulation effect.
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