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FIGURE 2.18 The
CMOS inverter as
an amplifier

This region may be further examined with a circuit simulator by using
the circuit shown in Fig. 2.18, with a high-value resistor between input and
output (10M Q). The input is DC isolated using a capacitor. The gain of this
amplifier is estimated by using the small-signal model of the amplifier
shown-in Fig. 2.10. This circuit is valid for small signals around the linear
operating point of the amplifier. The gain is approximately given by
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This gain is very dependent on the process and transistors used in the circuit
but can be in the range from 100 to over 1000. The gain is enhanced by
lengthening the transistors to improve the r,; values. This improvement
comes at the expense of speed and bandwidth of the amplifier.

2.4 Static Load MOS Inverters

) _Apart from the CMOS inverter, there are many other forms of MOS inverter

that may be used to build logic gates. Figure 2.19(a) shows a generic nMOS
inverter that uses either a resistive load or a constant current source. For the
resistor case, if we superimpose the resistor-load line on the VI characteris-
tics of the pull-down transistor (Fig. 2.19b), we can see that at a Vgs of 5
volts, the output is some small Vy; (Vo) (Fig. 2.19c). When V, = 0 volts,
V4, tises to 5 volts. As the resistor is made larger, the V5, decreases and the
current flowing when the inverter is turned on decreases. Correspondingly,
as the load resistor is decreased in value, the V; rises and the on current
rises. Selection of the resistor value would seek a compromise between Vg,
the current drawn and the puli-up speed, which vary with the value of the
load resistor.

The resistor- and current-source-load inverters shown in Fig. 2.19 are
normally implemented using transistors in CMOS processes. In some mem-
ory processes, resistors are implemented using highly resistive undoped poly-
silicon. When transistors are used the inverter is called a saturated load
inverter if the load transistor is operated in saturation as a constant current
source. If the load transistor is biased for use as a resistor, then it is called an
unsaturated load inverter. .

In this section we will examine a number of static load inverters that one
can implement in CMOS processes. Usually the reason for doing this is to
redute the number of transistors used for a gate to improve density and/or to
lower dynamic power consumption.
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24.1 The Pseudo-nMOS Inverter

M_mE.m 2.20(a) shows an inverter that uses a p-device pull-up or load that has
:m. gate Rﬂ:m:o::% grounded. An n-device pull-down or driver is driven
.E:r the input signal. This is roughly equivalent to the use of a depletion load
in nMOS technology (which preceded CMOS technology as a major systems
technology) and is thus called “pseudo-nMOS.” This circuit is used in a vari-
wQ of OKOm logic circuits. Similar to the complementary inverter, a graph-
_mm_ mo_::Q._ to the transfer characteristic is shown in Fig. 2.20(b) mw_. various
sized p-devices for a particular CMOS process. This shows that the ratio of
| =\uw affects the shape of the transfer characteristic and the Vg, of the
inverter (shown in Fig. 2.20c). Figure 2.20(d) shows that when Enomn?oa is
E.Bna on, a constant DC current flows in the circuit. This is to be contrasted
;.;E the CMOS inverter in which no DC current flows when the input is
either the terminal high or low state. The importance of whether DC nMﬂnE
flows, and hence whether one can use the pseudo-nMOS inverter, depends
on z..a application. CMOS watch circuits rely on the fact that iro,s Eﬂ cir-
cuit is not switching, no current is drawn from the small battery that Rowers
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In the circuit, V), is set by what is termed a current mirror. If a current
is forced in N3, then an identical current will flow in transistor N,. The rea-
son for this is as follows. With the drain connected to the gate, N3 is in satu-
ration. Forcing a current /g3 in N3 yields a V3 of

20,

h
Vess = 5+ V-

Now, because Ny has a Vo = Vg,

B 2
Iy= 2 :\wh -V)t=lg.

One may cascade current mirrors to provide a variety of current tracking
arrangements. If a current multiplication is required, this may be achieved by
appropriate ratioing of the current mirror transistors.

Figure 2.30(a) shows a differential amplifier that employs an active cur-
rent-mirror load structure rather than resistive p-transistors. This structure
forms the basis for many RAM sense amplifiers. In this application, the cur-
rent source is often connected as an unsaturated device. In these circum-
stances, one has to ensure that the DC conditions are such that the amplifier
operates correctly. The active p loads have to be able to source the total cur-
rent developed by the current source n-transistor. A starting point is to make
uzu =PBp, = PUN. Figure 2.30(b) shows the amplifier characteristic for vary-

ing load device sizes. If the p-devices are too small, then when Viert = Vop, .

the high value at V,,,, will be lower than possible because P, will not be able
to source all of the current from N;. If P, and P, are made larger with respect
to N3, the low value of the amplifier increases, the gain of the amplifier
decreases, and the transition region moves to the left as shown in Fig.
2.30(b). The gain is then determined by the g,, of N| and the output conduc-
tance of P, and N,. Figure 2.30(c) and Fig. 2.30(d) show the I/O character-
istics for the amplifier and the currents that flow in the current source and the
two load devices. The small signal gain is given cwﬁ

g
A= (2.44)

where g,,, is the g, of the driver transistor and g,, is the combined output
conductance of the p current load and the n-driver transistor. This is shown
in Fig. 2.30(e) for various values of load- and driver-device sizes for a fixed
current source. As the length of the devices is increased (r, increases), the
gain of the amplifier increases. Increasing the width of the driver devices
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2.5 THE DIFFERENTIAL INVERTER

WLy = 4/1 W/l = 2412

Effect of Driver g, on Gain
Wp=24t,=2
W,=8l,=2
Ny = 4/1
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