Final Exam Electronics(ll) NCKUEE

1. Fig. 1 shows a classical CMOS class-AB output stage. For the case that Q; Voo
and Q2 are matched, Qn and Qp are matched, Vpp = Vss = 3.3V, Vi = [Vp| = VRD
0.7V, Ig = SmA, Igias = 0.4mA, ky'=300pA/V?, ky=150pA/V?, and each leias llQ
transistor operates at Voy = 0.15V. Please answer the following questions. u
(a) Derive Vg in terms of Vip,Vin, Ibias, kn, kp, W and L. Qi |—+—| O
(b) Please find the value of Vgg. VAR
c¢) Derive the relationship between I d lo. - 1l
(c) ! p Bias and Io Q, I__l_QP
(d) Find (W/L) for each of Q1, Q2, Qn and Qp. E
V.
(e) Find vi if in the quiescent state with v, = 0V. ' _l
. 1 w 2 -V
Hint: F =k ' _ . SS
(Hint: For Q1, [ 2kn (L jl Vesi =V ) ) Fig. 1
2. Fig. 2 shows a source-follower output stage, whose M2 is biased at a constant Voo

current Igias=2.5mA. Note that R=1kQ, Vbp=5V, Vem= 0.5Vpp, Vour=0.2V
for all MOSFETs.

(a) Which type of the output stage is it? Explain your answer.

(Hint: Class-A / class-B / class-AB / class-C / class-D)

(b) Please describe the definition of power conversion efficiency.

(c) If output voltage (vour) is an 2-V-peak sinusoid with common mode

voltage Vcwm, please find the power conversion efficiency of Fig. 2.

3. Fig. 3(a) shows a bistable multivibrator circuit, where output saturation voltages L+= |L.| =10V, R1=1kQ

and R>=4kQ. Fig. 3(b) shows a triangular-wave generator, which comprises the multivibrator circuit used in

Fig. 3(a) and an integrator.
(a) Find the threshold voltages Vru and VL of Fig. 3(a).
(b) Sketch the transfer characteristic curve of Fig. 3(a), i.e. va-to-vs plot.

(c) Let R3=100kQ, C=10pF, find the frequency of the triangular wave at va in Fig. 3(b).
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Fig. 3(a) Fig. 3(b)

4. Fig. 4 shows a general form of LC-tuned oscillator circuit. Please answer the following questions.
(a) Please describe the Barkhausen criterion.
(b) Based on Fig. 4, please draw the Collpitts oscillator.
(Hint: Two capacitors Ci, C2 and one inductor L are needed.)
(c) Based on (b), please derive the oscillation frequency.
(d) Based on (b), please draw the Collpitts crystal oscillator and explain how it works.
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5. Figs. 5(a) and (b) show two bistable circuits. Let the output saturation R1
vlotages L+ = -L. =20V, the threshold voltages Vtu=-V1.=5V, and R1=15kQ. _;’VW— p—o Vo

(a) Please find R in Fig. 5(a).

(b) Please sketch the transfer characteristic curve in Fig. 5(a). \P{;g 5(a)
(c) If a DC voltage Vpc=4V is inserted, as shown in Fig. 5(b), please R
sketch its transfer characteristic curve. —’\N%/—
(Note: Each transfer characteristic curve should include marks of L-, R
L., Vtu, V11, and the direction of the transfer operation.) Voo é"/\/\'— P——O Vo
= Vi
Fig. 5(b)

6. Figs. 6(a) and (b) show two crystal oscillators, and the configuration in Fig. 6(b) is the most commonly
used configuration nowadays. Please answer the following questions.

(a) Describe the Barkhausen criterion.

(b) Draw the small signal model and derive the loop gain of Fig. 6(a).

(c) According to the results in (b), prove that the oscillation frequency o, =

cC
(d) Explain how the oscillator works in Fig. 6(b). L2
C +C,
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Fig. 6Ea) Fig. 6(b)

7. Please briefly describe the definitions of the following terms.
(a) Total harmonic distortion
(b) Crossover distortion

(¢) Inter-modulation distortion



(d) Explain (i) class A, (ii) class B, and (iii) class AB amplifier.
(e) Class-D amplifier

(f) Barkhausen criterion

(g) Astable mutlibrator

(h) Darlington configuration npn compound device

(1) Demonstrate that even harmonics are eliminated in a balanced push-pull amplifier

(j) Show that the maximum conversion efficiency of idealized class B push-pull circuit is 78.5%

(k) Power conversion efficiency

(1) Non-linearity

8. Figs. 8(a) and (b) show two multivibrator circuits. Fig. 8(c) shows the waveforms of the circuit in Fig.

8(a). Fig. 8(d) shows the waveform of vos in Fig. 8(b). Let the inverter’s transition threshold voltage V1 =

0.5Vpp and the forward bias voltage across the diode is zero.

(a) Which type of the multivibrator is it? (Hint: bistable, astable, or monostable)

(b) Please find the oscillation frequency of the circuit in Fig. 8(a) in terms of R1 and Ci.

(c) Please explain the sudden rises and drops in the waveform of node vx; in Fig. 8(c).

(d) Please explain why the peak voltage of Vx(t) is Vpp+VT.

(e) Please explain the difference between Fig. 8(a) and (b) when R # Rs.
() In Fig. 8(b) and (d), let Co=15nF and T=60us. Please find R> and Ra.

(Hint: RC circuit response v(t) = v(co)+[v(0)-v(c0)]e™)
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Fig. 8(b) Fig. 8(c)

9. Fig. 9 shows a phase-shift oscillator with two unity-gain buffers and an ideal negative-gain amplifier

(gain = -K). Let R=2kQ, C=200pF. Please
(a) describe the Barkhausen oscillation criterion.
(b) derive its loop gain L(s) in terms of R, C and K.
(c) find the oscillation frequency of the oscillator.
(d) find K.

R

Fig. 9



10. Figs. 10(a) and (b) show a power transistor operated at junction temperature Ty of 160°C with the case
attached to a heat sink. The heat sink temperature Ts is found to be 85°C. The total thermal resistance 0;a
=6.75°C/W. If the ambient temperature Ta is 25°C, please calculate

(a) case temperature Tc and heat sink temperature Ts.

(b) thermal resistance 0jc.

(c) thermal resistance 6Ocs.

(d) power dissipated, Pp in the device.

(e) find the maximum power that can be dissipated safely when

operated at Ta = 60°C.

(f) find the temperature of the case when the maximum power that can be dissipated safely at Ta = 50°C,

with a heat sink that Oca = 7.5°C/W.
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Fig. 10(a) Fig. 10(b)

11. Fig. 11 shows a OPAMP-RC oscillator. Assuming that the

OPAMP is ideal, please answer the following questions.

Ro
AAA
(a) Find the loop gain by breaking the loop at Va. R1
(b) Find the oscillation frequency. __L B o \/,
(c) When R1=10kQ, find the range of R». - N
I—'\N\r—
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12. Fig. 12 shows an source-follower output stage with a current-source load,

whose gate terminal of M is biased at the constant Vgias. Assume that R = 1
|

kQ, Vpp= 5V, Voy= 0.2V for all MOSFETs, and input frequency omn >> RlC Vaias o—| ] l'BIAS
My

(a) Please specify the type of this output stage, and explain your answer. C
(class-A / class-B / class-AB) - Vout
(b) If Ipias is designed as 4mA, please find the output swing, and sketch Vin 4 liD R
the vour-to-ip transfer characteristic curve. M, __L
(c) If Ipias is designed as 2mA, please repeat (b). = =
Fig. 12



13. Fig. 13 shows a multivibrator circuit and its vo waveform. Assume that the

>
>
> <

output switches between +Vp and -Vp. Please o

(a) specify the type of this multivibrator. (bistable/ astable/ monostable) + -L_ LoV
(b) sketch the waveform of vc. ve =C SRy
(c) calculate Ty in Fig. 13. - ;[ l
(d) calculate the oscillation frequency in terms of Ry, Rx and C. SRy
(Hint: RC circuit response: vc(t) = ve(o) + [ve(0) - v(0)] e*) by =

+Vp

Vp I —

Fig. 13

14. Fig. 14 shows a phase-shift oscillator, where three-stage RC filter and the inverting amplifier are included.
Assume that the op-amps are ideal, please answer the following questions.

(a) Express the oscillator’s loop gain in terms of Ry, R2 and C.

(b) Derive the oscillation frequency of the oscillator.

(c) Find the vo-to-vx gain attenuation and phase shift at the oscillation frequency.

(d) Find the resistor ratio Ro/R; to sustain the oscillation.

C vx >——|_|C >——|C.=v}. N ovo
[

Fig. 14

15. Fig. 15 shows a multivibrator circuit and its waveforms, where R =20k, C =10nF and the
inverter’s transition threshold voltage Vr = 0.5Vpp.

(a) Which type of multivibrator is it? (bistable/ astable/ monostable)

(b) Please sketch the waveform of the Vx.

(c) Calculate T;.

(Hint: RC circuit complete response: v(t) = v(o0)+[v(0)-v(c0)]e™")
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Fig. 15



16. (a) A power amplifier IC has a power-conversion efficiency of 55%. Let the average power drawn from
supplies is 20W and the maximum junction temperature Timax=150°C, please find the maximum thermal
resistance 0ya for safely operating at ambient temperature of 60°C.

(b) If the 6;4=15°C/W, please find the junction temperature if the IC is operating at 25°C and is
dissipating SW.

17. Fig. 17 shows two bistable circuits, where the saturated output voltages of the op-amps are T10V.
Assume that Ri=25kQ, R,=75kQ and the forward-biased voltage of diodes are 0.7V.
(a) In Fig. 17(a), find their negative and positive threshold voltages (VL and Vi) of input triggers.
(b) Sketch the transfer characteristics of Vo vs. Vi in Figs. 17(a) and 17(b), respectively. (mark the vo
saturation voltage, Vtu, V1L, and the direction of the transfer operation on your plots)

(c) If the maximum forward-biased current of the diode is 0.5mA and the range of the input voltages is

-2 =V1=2V, what is the minimum value of the resistor R3 ? R,
R2 "AVA'
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Fig. 17(a) Fig. 17(b) == =

18. Fig. 18(a) shows a bistable circuit. Assume that its output saturation voltages L+= |L.| =12V, R1=1kQ
and Ro=3kQ.
(a) Find its threshold voltages Vru and VL.
(b) Sketch its transfer characteristic curve, i.e. va-to-vs plot.
(c) Fig. 18(b) shows a triangular-wave generator, which comprises the bistable circuit and an
integrator. Please sketch the corresponding time-domain waveform of va and vs.

(d) Let R3=100kQ, C=10pF, find the frequency of the triangular wave at va in Fig. 18(b).
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19. Fig. 19 shows a multivibrator circuit and its waveforms. Assume that R =100kQ, C =InF, and the
transition threshold voltage of the inverter is 0.5xVpp.

(a) Which type of multivibrator is it? (bistable / astable / monostable)

(b) Calculate the peak voltage of the Vx, which is labelled as Vp in Fig. 19(d).

(c) Calculate Ti. (Hint: RC circuit complete response: v(t) = v(o0)+[v(0)-v(c0)]e ™)
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20. (a) Please describe the Barkhausen criterion.
(b) In Fig. 20, will the circuit start oscillation or not? Why? Vbp

My _LCL
i T

21. For the circuit in Fig. 21, let the OPAMP saturation voltage be +£10V, R1 = 100kQ2, R> = R = IMQ, and

C =0.01uF. Please draw the detailed waveforms of various nodes and derive the oscillation frequency of the

circuit.
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22. Fig. 22 shows the block diagram of a Class-D amplifier. Please answer the following questions.
(a) Which type of modulation technique is used in Class-D amplifier? (PCM or PWM)
(b) According to the answer of (a), how to generate that kind of modulation waveform?

(c) Which type of output stage has the largest power conversion efficiency? (Class-A, Class-AB,

or Class-D)
(d) Which type of output stage has the lowest power conversion efficiency? (Class-A, Class-AB,
or Class-D)
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Fig. 22
23. Please explain the following terms.

(a) Static power dissipation.

(b) Dynamic power dissipation.

24. Fig. 24 shows a hysteresis comparator circuit, where output saturation voltages L+= |L.| =10V, R;=1kQ
and Ro=4kQ.

(a) Which type of the multivibrator is it? (Hint: bistable, astable, or monostable)
(b) Find the threshold voltages Vru and V1L of Fig. 24.

(c) Sketch the transfer characteristic curve of Fig. 24, i.e. Vin-to-Vour plot.

(d) Please explain why the circuit rejects input interference.
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26. Figs. 26(a) and 26(b) show two different types of CMOS class AB output stage, respectively. Assume
[Vov[=0.2V for all transistors, [Vip|=0.8V, Vin=0.7V, and dual-supply voltage Vcc=2.5V.
(a) Fig. 26(a) shows a class AB utilizing source followers Q1 and Q., please find the output swing
range of vo.
(b) Fig. 26(b) shows a class AB utilizing common-source transistors Qs and Qs, please find the output
swing range of vo.
(c) Please draw a modified output stage to reduce the output resistance of Fig. 26(b) by using feedback.

Briefly explain your reason.
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