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1.

2.

[25%] In the circuit as shown in Figure 1, the BJT can be modeled by = 100, r, = o
and Vggn) = 0.7 V. The current source is ideal with Iq = 1 mA. The zener diode is 1deal
with breakdown voltage Vz = 2.5 V. The operational amplifier is ideal. The parameters of
other components are: Ry =Ry =R3=R4 =10 kQ; Vcc =10 V; Vgg =-10 V. The input
voltage V| is confined in a range such that the BJT is in forward active mode.

(a) Find the minimum of input voltage range, VN min-[3%]

(b) Find the voltage V, for a given Vn.[3%)]

(c) Determine the current Iy for Vi = 3.5 V. [3%]

(d) Determine the current Ipy for Viy = 8.5 V. [3%]

(e) Write the expression for Vour as function of V. [7%]

(f) Plot the curve of Voyr vs. Vi for =8 V <V iy < 8 V. Mark the proper scales in your
plot. [6%]
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[13%] Shown in Figure 2 is the schematic of a feedback amplifier with the switch

connected to node A. Assume that all transistors have the transconductance g, = 1 mA/V

and neglect the effect of output resistance, please answer the following questions.

(a) What feedback topology is adopted in the circuit (shunt-shunt, shunt-series,
series-shunt, series-series)? [3 %].

(b) Use the method of feedback analysis to find vo/Us. [7 %]

(c) Determine the input resistance R;, which is defined as vs/is? [3 %]
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3. [12%] Shown in Figure 3 is the circuit cascading a source follower with common-gate
amplifier. Let transconductance g, = 5 mA/V, internal capacitances Cgs = 2 pF, internal
capacitances Cga = 0.1 pF, CL = 1 pF, and Ry;g = Ry = 20 KQ. Neglect output resistance of
the transistors and the body effect. Please answer the following questions.

(a) Why does this configuration have excellent high-frequency performance? [3 %]

(b) Why could this configuration solve the problem of low input resistance of the
common-gate amplifier? [2 %]

(c) Determine the frequencies of the poles [4 %], and 3-dB frequency fy; [3%].
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4. [15%] The MOSFET in the circuit of Figure 4 has V=1V, ko W/L=1mA/V?, and V,=50V.

(a) Find the values of Rs, Rp and Rg so that Ip=0.5mA, the largest possible value for Rp is
used while a maximum signal swing at the drain of 0.5V is possible, and the input
resistance at the gate is 10MSQ. [3%]

(b) If terminal Z is grounded, terminal X is connected to a signal source having a resistance
of SMQ, and terminal Y is connected to a load resistance of 100K, find the voltage
gain from signal source to load. [4%]

(¢) If terminal Y is grounded, find the
- voltage gain from X to Z with Z
open-circuited. What is the output

resistance of the source follower? [4%)]

Rp (d) If terminal X is grounded and terminal Z
is connected to a current source
o] 0y delivering a signal current of 20pA and

having a resistance of 200K, find the

X o—I} |
{'x', ! voltage signal that can be measured at Y.
——}—o2z For simplicity. (You may neglect the
Rg 00 effect of r, for this sub-question). [4%)]
Rs
) Figure 4
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5. [10%] Assume that the SRAM cell (shown in Figure 5) is fabricated in a process
technology for which pyCo=S0RA/V2, PyCox=20RA/V?, Ving=-Vipo=1V, 201=0.6V, =05V
and Vpp=5V. Let the Q1~Q4 have (Width/Length=W/L)=4/2, (W/L),=10/2, and let the Q5
and Q6 have (W/L)=10/2. Assuming that the SRAM cell is storing a 1 (Q=1) and that the
capacitance of each bit line (BL, BLB) is 1pF. To simplify the analysis, assume that the BL
and BLB are precharged to Vpp, and WL is GND at the initial condition

(a) What operation regions are Q1, Q3, Q5 and Q6 in (cutoff, saturation or triode) when
WL is pulled up to Vpp? [4%]

(b) Determine the time required to develop an output voltage of 0.2V on BLB when WL

is pulled up to Vpp. [6%]
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6. [15%] Design of the SR flip-flop.
(a) Plot the schematic of a SR flip-flop realized by NAND gates. [5%]
(b) List the truth table of the NAND flip-flop.[5%]
(¢) Sketch a circuit realization of the clocked NAND flip-flop.(Hint: clock signal as one
of the input) [5%]

7. [10%] For the ring oscillator shown in Figure 6, assume ty u=tpn1. for all gates.
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Figure 6
(a) What should A be (logic 0 or 1) for the circuit to oscillate? [5%)]
(b) The oscillation frequency is found to be 2GHz. The delay time of the NAND gate and that
of the inverters are identical, find the propagation delay, t,, of the inverter. [5%]
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