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1. Fig. 1 shows an op amp connected in a closed loop with gain of +100 utilizing a feedback resistor of 1MC.

(a) If the input bias current is 300 nA, what output voltage results with the input grounded ? (4%)

{b) If the input offset is +3 mV and the input bias current is 300 nA, what is the largest possible output
voltage that can be observed with the input grounded ?. (4%)

{c) If bias-current compensation is used, what is the value of the required resistor to be placed in series
with the positive input lead ? If the offset current is no more than one-tenth the bias current (los=30
nA), what is the resulting output offset voltage due to offset current alone ?(8%)

(d) With bias-current compensation as in (c) in place, what is the largest dc voltage at the output due to
the combined effect of offset voltage and offset current? (4%)
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2. The two-stage CMOS op amp in Fig. 2 is fabricated in a 0.18-pm technology with Via = -Vip =0.6 V. If each
of Qi, Qz, Qs, and Qa is conducting a drain current of 100 pA and each of Qs and Q7 is conducting a current
of 200 pA. Assume that all transistors operate at 0.2-V overdrive voltages (Vov=Vas-Vin=0.2 V).
(a) Find the input common-mode voltage. (4%)
(b) Find the allowable range of the output voltage. (4%)
(c) With va=vig/2 and va=- via/2, find the voltage gain vo/via. Assume an Early voltage of 10 V. (4%)

Vop=+0.9V A

lrer=200 pA o,

Ves=-0.9V

Fig. 2
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3. Fig. 3 shows a shunt-shunt feedback amplifier. The MOSFETs have threshold voltage Vi=0.6 V, EW
voltage Va=20 V, and 11nCox=200 pA/V2. The power supply voltage Voo=3.3 V, and Ri=2 kQ. The coupling
capacitor Cc can be assumed to be very large. '

(a) Perform a dc design to meet the following specifications: Ip1=100 pA, Ipz=1 MA, Irz,z:=10 pA, overdrive
voltage Vou1,2=Ves1,2-Vin=0.2 V. Neglect the Early effect. Specify the values required for Ry and Rz (4%)

(b) Find the value of Rs that results in Vo/Vs being ideally -6 V/V (2%)

(c) Find the values of open-loop gain A, input resistance R;, and output resistance R, from open-loop
circuit (6%)

(d) Find the value obtained for Vo/Vs (2%)

(e) Find Rinand Rowin Fig. 3 (4%)
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4. Consider the circuit of Fig. 4. Given the op amps have saturation voltages of +10 V and C=0.01 pF, R;=20
k€, R2=10 k2.
(a) Sketch and label the waveforms (peak amplitude required) of vo1 and vo. (8%)
(b) Find the value of Rs such that the resulted waveform frequency equals 1 kHz. (4%)
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5. The CMOS output stage of Fig. 5 is designed to operate at lg=1 mA with leias=0.1 mA. Assume that Qs and
Qzare matched and Qu and Qp are matched, and each transistor operates at an overdrive voltage of 0.15
V in the quiescent state. Let pinCox=250 PA/VZ, PpCox=100 PA/VZ, Vin=-Vp=0.45 V, and Vpp=Vss=2.5 V.
(a) What kind of this output stage is (Hint: Class A, B, AB, C)? (3%)
(b) Specify the (W/L) ratio for Qu, Qz, Qu, and Qp. (8%)
(c) Inthe quiescent state with vg= 0V, what must vibe? (4%)

(d) If this output stage is required to supply a maximum load of 10 mA to Ry, find the maximum allowable
output voltage (assume that lgas needs a minimum of 0.2 V to operate properly). (5%)
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6. For the filter circuit shown in Fig. 6, assuming the transconductance amplifiers are ideal.

Yo

(a) Derive the transfer function: VE:; (3%)

(b) Based on (a), find the values of Gm1 and Gma to achieve a low-pass filter with a pole frequency of 20
MHz and a DC gain of 10. Given C=2 pF. (6%)
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7. For the 2™ order filter circuit shown in Fig. 7, assuming the op amps are ideal. Given C;=C>=10 nF, Rs=14.14
k2, and Rq=7.07 kQ2. Please find out the following filter’s characteristics:
(a) High-frequency gain (3%)
(b) wo (pole frequency, unit: rad/sec) (3%)
(c) Q (pole quality factor) (3%)
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