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1. (15%) Figure 1 shows the inverting configuration voltage amplifier with R = 1 kQ. (a) Please find the
close loop gain of Vo/V1 if the operational amplifier (op amp) is ideal. (b) Please find the close loop gain
of Vo/Vy if the open loop gain of op amp is 10 V/V. (¢) If the op amp is a low-pass STC with

A(f) = %ﬁf— , please find the high frequency close loop gain of Vo/Viat f=1 GHz. (5%, 5%, 5%)
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2. (25%) Consider the voltage amplifier of Figure 2 with a BIT device having 3 =100 when it is biased in
the active region, the AC signal voltage Vg, signal resistance Rgs = 10kQ2 and coupling capacitors Cc;
and Cc, which can block DC component and pass AC component. The voltage supplies Vec = 10V and
the thermal voltage Vt = 25mV. The constant voltage drop 0.7V approximation can be used for the turn-
on of a p-n junction, and the constant voltage drop Vg ~ 0.2V approximation can be used when the BJT
is biased in the saturation region. In addition, other resistances are also included, such like R; = 2MQ, R,
= 2MQ, Rg = 5kQ, R¢ = 5kQ, Ry, = 5kQ. Please come out following parameters: (a) transconductance
gm, (b) input resistance Ry, (c) overall AC voltage gain V/Vgg. (d) Please describe the advantages of the
existing of emitter resistance Rg compared with no Rg. (5%, 5%, 5%, 10%)

3. (30%) Figure 3 is the two-stage CMOS op amp configuration. All NMOSFETSs have the same W/L =
10pm/0.5pm, Vip = 0.5V, paCox = 200 pA/V2. All PMOSFETS have the same W/L = 40um/0.5um, Vi, =
0.5V, ppCox = 50 pA/V 2 V4l (for all devices) = 10V, Vpp = Vgs =3V, Izgr = 100pA. Neglect the effect
of V4 on bias current. Please find (a) the transconductance g, and r, of Qa, (b) the voltage gain of the
first stage A; and the second stage Az, (c) the input common-mode range, and (d) the output voltage

range. (10%, 10%, 5%, 5%)

4. (30%) Figure 4 shows a CC-CE amplifier with Rgs = Ry = 5 k@, I; = I, = ImA, and identical
transistors with B = 100, fr =500 MHz, C,, = 5pF, and C¢ = 2puF. The thermal voltage Vr = 25mV. For
simplicity, neglect r, and ry effect. Please find (a) the input resistance Ry, (b) the midband gain Ay, (c)
the C, of the BJTs, and (d) 3-dB frequency of the upper end of the midband, f (using open-circuit time-
constants method). (5%, 5%, 5%, 15%) '
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