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45.3 Biasing Using a Drain-to-Gate Feedback Resistor

A simple and effective discrete-circuit biasing arrangement utilizing a feedback resistor
connected between the drain and the gate is shown in Fig. 4.32. Here the large feedback

resistance R (usually in the MQ range) forces the dc voltage at the gate to be equal to that at
the drain (because /g = 0). Thus we can write

_ Vos = Vps = VDD— Rplp
which can be rewritten in the form

VDD = Vcs+ RD]D (—!--19]

which is identical in form to Eq. (4.46), which describes the operation of the bias scheme
discussed above [that in Fig. 4.30(a)]. Thus, here too, if 1,, for some reason changes, say
increases, then Eq (4.49) indicates that Vg must decrease. The decrear;e in V«-Din mn-l
causes a decrease in /p, a change that is opposite in direction to the one (\l"lE',illlll1\’t;iSS[lITled'

Thus the negative feedback or degeneration provi
. n provided by R,. works to kee alue of Ip 88
constant as possible, y Rg works to keep the value of /p 8
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4.5 BIASING IN MOS AMPLIFIER CIRCUITS @ 2

+ ‘: Vbs
Vos

- FIGURE 4.32 Biasing the MOSFET using a large drain-to-gate feedback resis-

— tance, Rg.

The circuit of Fig. 4.32 can be utilized as a CS amplifier by applying the input voltage
signal to the gate via a coupling capacitor so as not to disturb the dc bias conditions already
established. The amplified output signal at the drain can be coupled to another part of the cir-
cuit, again via a capacitor. We shall consider such a CS amplifier circuit in Section 4.6. There
we will learn that this circuit has the drawback of a rather limited output voltage signal swing.

EXERCISE

D4.21 It is réquired to design the circuit in Fig. 4.32 to oﬁefate_at a dc drain current of 0.5 mA. Assume Vpp =
+5V, kW/L=1 mAN2, V,=1V,and1=0.Usea standard 5% resistance value for Rp, and give the
actual values obtained for I, and Vp. ST

. Ans.Rp=62KkQ; I,=049mA; Vp=196V

4.5.4 Biasing Using a Constant-Current Source

The most effective scheme for biasing a MOSFET amplifier is that using a constant-current
source. Figure 4.33(a) shows such an arrangement applied to a discrete MOSFET. Here Rg
(usually in the MQ range) establishes a dc ground at the gate and presents a large resistance
to an input signal source that can be capacitively coupled to the gate. Resistor R, establishes
an appropriate dc voltage at the drain to allow for the required output signal swing while
ensuring that the transistor always remains in the saturation region. _

A circuit for implementing the constant-current source / is shown in Fig. 4.33(b). The
heart of the circuit is transistor Q,, whose drain is shorted to its gate and thus is operating in
the saturation region, such that : .

ipr = 5k (%) VsV’ (4.50)
1

where we have neglected channel-length modulation (i.e., assumed A =0). The drain current
of 0, is supplied by Vpp, through resistor R. Since the gate currents are zero,
Vop+ Vs = Vs

Ip, = Iper = 2 @.51)




E CHAPTER 4 MOS FIELD-EFFECT TRANSISTORS (MOSFETs)

Vf)f)

Voo
i A
¢ To source of
2 R, 44 ; transistor ()
' ¢ inFig. 4.33 (a)
.P'n =] fpﬁr,‘, 0
——
/
I} §'
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Rs , o, }—":_—l __’_Qz
® [
\ Y
—Vis —Ves
(2) (b)

FIGURE 4.33 (a) Biasing the MOSFET using 2z constant-current source [. (b) Implemenaion of te
constant-current source / using z current mimror.

where the current throuéh R is considered to be the reference current of the curment 0=

and is denoted Iper. Given the parameter values of Q; and a desired value for [z Egs. | 230
and (4.51) can be used to determine the value of R. Now consider transistor 0 I bas 2

same V¢ as Qy; thus if we assume that it-is operating in saturation. its drzin current which s
the desired current / of the current source, will be

—

1= 15 = 30 (%) Vos -V 4
p

where we have neglected channel-length modulation. Equations (4.51) and (452) enzbic
to relate the current / to the reference current I,

(W/L), (453
*F(W/L),

Thuslxsrelatedtolmbymcranoofﬂlea.spect ratios of Q, and Q. Th:snmﬂl-mﬂ"‘
2 current mirror, is very popular in the design of IC MOS amplifiers and will be s

great detail in Chapter 6.
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