[image: image1.png]When V;, = 0, by symmetry all transistors other than M, and M, will carry a drain-source current of I,. Now
for a nonzero Vi, let the drain-source current of M3 become I, +i. Applying current summation at nodes
A, B and C we can show that the currents in the various transistors are as shown in Fig. 52.3.

Figure $2.3:

(a) Using the classical first order transistor model we can write
Vy‘c - Vlls = Vi

2 - :
7{_;(\/[0""—\/1,—-!) (52.9)

.Similarly,

Vi-Ve = Vg-,“Vgu

3 .
—,;;(\/Io +i- I~ (52.10)

Combining (S2.9) and (52.10) we get
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FIGURE 3.1 . . .
Primitive analog cells: (a) Common-source differential pair, (b) Common-gate differential pair,
(¢) Composite CMOS transistor, (d) Composite NMOS transistor, (e) Voltage follower, (f)
CMOS Inverter.
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Example 3.1. In the circuit of Fig. 3.4, if Ve=Vpp= 5V, Vss= -§ V, Vrp=
~0.73 V, Vrae= 1.068 V, (W/L)y= 100 ym/3u m, (W/L)e= 50 um/30um, XK,
=30 pA/V? and 1 = 125 A, the value of ~Vi + A varies from 4.08 V to
3.23 V with V; increasing from 0 to 2.5 V. With no body effect (an = 1}, Vx=
0.676 V and the variation of the nonlinear term with ‘/%&: 0.134 js AV =
0.134 x (4.08 — 3.23)= 0.114 V, which is not negligible compared to V. The total
harmonic distortion (THD) obtained from SPICE 18], when the body terminals
of M3 and M4 are connected to their sources, is 54% with V; equal to 1 V.
H the body effect is taken into account, i.e. auw > 1, V= 4.92 V and AV =
93%(4.68 - 3.95)= 0.075 V with aa= 1.3117. Since AV <« Vg, the nonlinearity
is negligible and the V.I converter is practically lineer. The THD obtained from
SPICE (with the body terminals of M3 and M4 connected to Vss) is 0.022% and
0.325% for V4 equal to 1 V and 2.5 V, respectively.

We can then conclude that the body effect improves the linearity of the
circuit. Further SPICE simulations using the parameters mentioned above are
performed. The resultant I-V curves at different Ve are illustrated in Fig. 3.5(a),
where V2= 0 and V; = ;. This demonstrates that the transconductance can be
electronically programmed by changing Vc. Different attenuation ratios W/ ,'—:'_’-)
are also used and the THD at 1KHz with V; = 2 2 V is 0.167%, 0.211% and
0.311% for /%2 equal 10 0.109, 0.134 and 0.190 respectively, and the corre.

sponding I-V curves are shown in Fig. 3.5(b).
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FIGURE
(a) Linear composite cell, (b) Linear NMOS V-I converter.
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where K., and Vi, are the equivalent transconductance parameter and threshold voltage of the composxte
CMOS transistors conducting currerits I and Ip. The differential current is therefore given by :

L-IL= —’-[(Vp Va) + (Var = VW)V — Var) + (Vo — V) — 2Vre(]

Voltages Ve, Vg, Var and Vi can be obtained by writing down the gate-source voltags of the transistors

connected at the mputs That is,

27,

Ve-W = Vog-Vi= %—Vr,
P
21

Vi-Vie = Vo V=T 4V
n

From the above equations, the following relations can be found:
Vp-Vg = Vu—-W= w=

’21 ’ 21,
-Vu = VQ Vv = KC! C2 + VTq
n

Note that Vireq = Vira — Virp. By substituting the above equations into (. 3, the differential current equation

is simplified as:
L=k =2Ke (‘/Zici+ ,/?-If—" ) - )

If I(:1 = Icz2 = Ic and 1/VE, + 1//K; = 1/1/Keq, the equation can be further simplified as:

I~ L = 2/2RegIo(Vi — Vo)
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(a) The four-transistor multiplier implementation, (b) Graphical re i
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K
L= 7&[(% —Vio—aWi)? — (Va— Vo — av)?

®)

f = K4~ Vo - a¥a)? = 0 = Vo = oV

o = K0~ Vaa = @) = (= Vo= oV

b= KV~ Vi - Vo) = (= Vo= V)
By subtracting 1 and I, we find:

K
h-hLi= “?(VI - V3)i2Va — 2Vpo —a(V1 + Va)l

K
L-h= "E(Vl — V5)[2Va — 2Vpe — (Vi + Vs)l
and hence,

Tovr = Ior —Toa=(h = Ts) —(a ~ L)
= KW - Va)(Va - Va)

which shows that the ontput current is not _gx_ly_ixl@pgndgn_t_ of the value of V.

but also insensitive to both the body-effect factor (a) and the threshold voltage

AlS0 RS e — T T o o e

{(Vro)- Therefore, both enhancement and depletion type transistors can be used.




