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1. Following figure shows an instrumentation amplifier.
(a) Please DERIVE the gain of this amplifier. No points are given if you provide
the result without derivation process. (10%)
(b) AsRi=5kQ,R;=2kQ,R3=4kQ,R;=500Q,V;=45Vand V2=4.25V,
calculate Vo. (5%)
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2. Please design an op-amp circuit to get an output voltage described by the following
equation: (10%)
R, . R R

Vo= —V, + —V,+ —£V
(o) R] 1 R2 2 R3 3

3. The figure below shows an active filter. Please answer the following questions.
(a) Please DERIVE the transfer function H(®) = Vo/Vi of this circuit. (10%)
(b) Which type of filter is this circuit? What is the corner frequency? (10%)
(¢) AsR;=R;=100€Q, C;=Cz=0.1 pF and Vi = 5cos(10000t), please estimate
the amplitude of V,. (5%)
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4. For the following circuit, -MOSFET Q;~Qa works as a MOS differential pair
with active load while Qs and Qs work as a current mirror.  These transistors are
identical with Vt =1V, ko= pnCox(W/L) = 1 mA/V?, Vo= 100 V, the conducting
current at Rrer =2 mA, and Vpp=Vss =5 V.

(a) Please find the corresponding Rrer. (5%)

(b) If a common-mode signal Vien= 1 mV is applied to both vei and veo, how much
small-signal current is induced through Q¢? If a 10 kQ is connected to the
load, how much small-signal current is through the load? Assume all the
MOSFETs are in the saturation regime and perfectly matched. The channel
length modulation of the differential pair can be ignored. (10%)

(c) Please find the output resistance (at vo). (5%)

(d) How about the gain (Av) at the output with a 10 kQ load? (5%)
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5. A BIT transistor is connected to the cascode MOS current mirror as shown below.
Assume all MOSFETs are matched. The current conducted by BJT is followed by
the exponential relationship Vee=VrxIn(I/Is) and Vpg=0.7V at I = ImA. Please
evaluate the following at room temperature (Vr=25mV):
(a) If the conducting current I = 0.1 mA, please find the resistance Rret? (5%)
(b) If the kny=pnCox(W/L) = 0.2 mA/V?* and Vi =1V for all the MOSFETSs, please
find the corresponding V1 and V2. (10%) '
(c) Followed by (b), please find transconductance gm of M4 and the resistance Rout
at the drain port of MOSFET M4. Assume the channel length modulation
induced resistance r,=20 kQ. (10%)
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