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1. Fig. P1 shows a two-stage OP AMP with all transistors using the following parameters: pnCox = 21pCox =
200 pA/V?2, Vi = -Vip = 0.6 V, [Va| =20 V, (W/L)M1, M2, M5, M6, M7 = 6.25, and (W/L)m3, me, M8 = 12.5. (Note:
Transistors Mi, M, and M7 are matched; M3 and My are matched; and M5 and Mg are matched. Vasiji=1-s, ,
Toili=1-8 and gmiji=1-s stand for dc voltages of gate-source voltage, output resistance, and transconductance of
Mij=1-3, respectively.)

(a) Assume that two inputs are grounded and channel length modulation effects are ignored, please
calculate Vgsi, Vass, Vess, and Vgss. Then, please identify the input common mode range. (5%)

(b) Please calculate the overall voltage gain (vo/viq), where vig = vi* —vr~. (8%)

(c) Please show that the common mode gain (Acm) of the current-mirror loaded differential amplifier is
approximately equal to -1/(2102 X gms). (12%)

(d) Please calculate the CMRR of the current-mirror loaded differential amplifier. (5%)
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2. Fig. P2 shows an amplifier circuit, in which the transistor M has gm =2 mA/V, 1, = 20 KQ, Cg = 40 fF,
Cga = 10 fF, and Ca» = 10 fF. Please use open-circuit time constants method to find the upper-3-dB

frequency (fn), also determine the unity-gain frequency. (12%)
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Fig. P2

3. Please implement the CMOS realization of the logic function: Y= (A-B+ C-D) - E. (8%)
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4. For a silicon-based pn diode with cross-sectional area 10 cm?, the doping of p-side and n-side are
5x10"/cm? and 5x10'%/cm?, respectively. The intrinsic carrier concentration (»;), the thermal voltage (V1)
and the dielectric constant at 300K are 1.5x10' cm?, 25.9 mV and 1.05x10"'° F/m, respectively
(a) To determine the carrier concentrations (pp, np, Nn, Pn) on the both sides of pn diode.? (5%)

(b) What’s the built-in potential (Vo) over the junction. (5%)

5. Fig. P5 is a feedback transconductance amplifier. All the MOS transistors are operated at [Voyj=0.2V and
with [V{=0.5V and [V]=20V. The values of resistors Rs and Rr are 10 kQ.
(a) If the M gate is at zero dc voltage. Under negative feedback, what will be the gate voltage at M2? (5%)
(b) Please approximate the B value of feedback network. (5%)
(c) Please determine the open-loop gain A. (5%)
(d) Find the value of Rout. (5%)
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6. Fig. P6 is a common-gate amplifier with current-mirror biased, all of the transistors are with kn= kp=5
mA/V2, [Va[=30V, and [Vt]= 0.8 V. Rs is 50 Q and vsig just only plays as ac signal without dc component.
(a) Estimating r, for all transistors.? (5%)
(b) What’s the transconductance of M; with a prediction of over-drive voltage Vovi? (5%)
(¢) Finding the values of Rin? (5%)
(d) Finding the values of Rou? (5%)
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