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For the circuit shown in Fig, 1.1, let R;+ R, = 100 k2, Rp=4 kQ, Rs= 1 k€, 11,C,, = 100 HA/VE (WIL), = 2.5 pm/1 pm, ¥V, = 1 V,
and ¥, = . There are five bias conditions available: (A) Ri/Ry= 10, (B) Ri/Ry= 5, (C) Ry/Ry= 2, (D) R/Ry= 1, and (E) Ry/R;=0.1.
(1) Which condition could provide the maximum voltage gain v,/v;? (5 &)
(2) Which condition could provide the maximum output symmetrical signal swing? (5 %°)

(3) Which condition could cause the minimum dc power dissipation in the MOS transistor? (5 %+)
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2. A5 4

Consider the circuits (a), (b), and (c) shown in Fig.2, assume that every transistor is biased in the forward-active mode and has the
same fr = 100, Vagen = 0.7 V, and ¥, = o, If the current sources I¢,, Jzo, and Iz, are adjusted such that each Q, transistor has the

same dc collector current and hence, the same small-signal parameters.

(1) Consider the voltage gain 4, = v/, (A) Ava> A > Ave (B) Aup> Aye™> 410 (C) Aua= Aup™> Ay (D) Aip™> Aye> Ave (B) Ap> Ava= Ase. (10 5,848 48130 4 2

(2) Consider the input.resiétance Ry, (A) Ri> Rp> Ry (B) be > Ri.> Ry (C) R,‘a,= Rib> Rgc (D)R‘b> Ria >Ry @) Ryp> Ryy= th; (5 %,&ﬁiiﬂ' dﬂ 2 2 )

3.(20 %)

As shown in Fig. 3, assuming all transistors to be identical with B infinite, o = 1 and keeping the current in each junction

the same.

(1) Derive an expression for the output current Io in terms of Ve, Ve, Ry, R2 and Rg. (10 47)
(2) What will be the relationship of R, R; and Rg, which keeps output current Io independent of Vgg? (5 %)

(3) For Ve =15 Volts, and Vge=0.7 Volts, design the circuit to obtain an output current of 1 mA.

What is the lowest:allowable voltage at the collector of Qs? (5 %7)
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4.(20 &)

For the amplifier as shown in Fig. 4, assuming that Vs has a zero dc component,
(1) Find the dc voltages Vg, Vp,, Vs, Vo and the dc emitter current Igs Let the

BJTs have B = 100 and neglect Ip,. (10 %) 4
(2) Use feedback analysis to find the values of Vo/Vs and R;,. (10 4)

Fig. 4
5.(15 %)
In the shown circuit (Fig. 5), the internally compensated OP amp has high-order poles remote from
its imity-gain frequency £, a relatively large open-loop gain 4o, and otherwise ideal characteristics.
(2) Find expression for the loop gain. (4 44)

(b) Find expressions for the potential conditions for oscillation. B a)

{(c) Estimate the required value of Ry/R,, if the angular frequency of oscillation is equal to 2/RC. (3 4.

6.(15 %)

For the shown one-transistor DRAM cell,

(a) if Cs = 20 {F, bit-line capacitance Cy = 1 pF, Vpp = 3.3 V, and NMOS transistor has a V
(including the body effect) = 0.8 V, estimate the output readout voltage, i.e. change in the

Vee=10 V

1
I

-

voltage on the bit line resulting from connecting a Cyto it, for a stored 1 and a stored 0,
assuming the bit lines are precharged to ¥pp/2 in a read operation. (10 4+)
(b) if Cs =15 fF, refresh is required within 5 ms, and a signal loss on the Cg of 0.3 V can be
tolerated, estimate the largest acceptable leakage current present at the cell. (5 %)
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