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(1) The reverse leakage current of a p/n junction diode increases with operating temperature. ¥
(2) The junction capacitance of a reverse-biased p/n junction diode is larger than that of the same diode under forward-bias con&ition el @
{3) The p/n junction diode small-signal resistance 74 is proportional to the bias current . . i
{4) The breakdown voltage of a p/n junction diode is reduced as N, increases from 10" cm™ to 10* cmr? and Ny is fixed. Wi o e Vou
(5) Consider a CMOS inverter shown in Fig, 1. If Vpp =5 V, Vin=Vyp| = 1V, and 2.5 x (WIL), ={( WIL),, then both NMOS
and PMOS transistors are operating in saturation region as Vi, = Vo = 2.5 V. T

Fig. 1
2. BHBA0 )

Consider the circuits (a), (b), (¢) and (d) shown in F ig.2, assume that every transistor is biased in the forward-active mode and has the same Sr= 100, ¥, =0.7
V, and ¥4 = co. If the current sources 1, /. 2, I3, and 1, are adjusted such that each o) hpaii

- transistor has the same dc collector current and hence, the same small-signal

(;) Cons?der the input resistance Rj, (A) Ria> Ris> Rie= Ry (B) Riy> Ry > Riv> Rig (C) Rig> Ric = Rig> Rip (D) Rip> Rig= Ric > Rig. (5 )
(2) Consider the voltage gain Ay = [Vou/Virly (A) dva> A > Ave> Aud (B) Aus> Ay > Aus> Ase (C) Ay Ay > Ay = Aye (D) Ayg> A= Ava> Ay (5 5)
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3. BEA

Analyze the high frequency response of a common source CMOS amplifier as shown in Fig. 3. The dc bias current is 100 pA. For Qy, pnCox=90 pA/V 2 Va=12.8V,
and W/L=100 um/1.6 pm, and Cg=0.2 pF, Cga=0.015 pF, and Cq:=20 fF. For Q2 and Q3, f;Cox=30 HA/V?, Cgi=0.015 pF, Cgp=36 {F, and [V4=19.2 V. There is
('3 pF stray capacitance between the common drain connection and ground, and the resistance of the input signal generator is negligibly small. Assume the
signal voltage at the gate of Q; is zero.

3-1 (3 points) Find g, for Qi: (A) 0.106 mA/V, (B) 0.053 mA/V, (C) 1.06 mA/V, (D) 0.212 mA/Y, (E) 0.160 mA/V.

3-2 (3 points) Find the output resistance of the amplifier (A) 128 kQ, (B) 192 kQ, (C) 320 kQ, (D) 76.8 kQ, (E) 160 k.

3-3 (4 points) Find the low frequency voltage gain Ay: (A) -203 V/V, (B) -81.4 V/V, (C) -106 VIV, (D) -135 V/V, (E) -122.1 V/V.

3-4 (5 points) Find the frequency of the zero. (A) 11.25 GHz, (B) 4.75 GHz, (C) 2.38 GHz, (D) 5.625 GHz, (E) 2.81 GHz. f‘m \"’

3-5 (5 points) Find the frequency of the pole. (A) 24.1 MHz, (B) 2.41 MHz, (C) 550 KHz (D) 12.02 MHz, (E) 5.37MHz. o
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Fig. 3 Common source CMOS amplifier with a current-mirror active load. Fig. 4 Circuit for Problem 4
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4. BHEM
Negative feedback is to be used to modify the characteristics of a particular amplifier for various purposes. Identify the feedback topology to be used if:
4-1 (3 points) Both input resistance and output resistance are to be raised. (A) Shunt-Series, (B) Series-Series, (C) Shunt-Shunt, (D) Series-Shunt,
4-2 (3 points) Input resistance is to be lowered and output resistance raised. (A) Shunt-Series, (B) Series-Series, (C) Shunt-Shunt, (D) Series-Shunt.
A feedback circuit is shown in Fig. 4. Let the parameters of the MOSFET to be V=2 V and 1i;Cor (W/L) = 0.5 mA/ V2,
4-3 (7 points) Find the voltage gain (V,/Vy). (A) 2.8 V/V, (B) -8.4 V/V, (C) —11.3 V/V, (D) ~6.4 V/V, (E) -5.6 V/V.
4-4 (7 points) Find the input resistance. (A) 9.34 kQ, (B) 286 k<, (C) 18.68 ©, (D) 143 kQ, (E) 160 k2.

5.(20 4)
Consider the shown cascoded input stage of a CMOS op amplifier. Let 21 = 50 pA, Ipys = 10 pA, 14,Cox = 10 pA/V 2
HnCox = 20 pA/VE, [V =1V, W/L for Q1, @1, Qrc, and Qe = 24078, W/L for Qs = 300/10, W/L for O, Osc, O, and
Qac=120/8. Vpp=5V and Vss=-5V. ‘
(2) Find the required W/L ratio and Vsp of Op so that the 0y, Os, Oic, and Q¢ are operating
at the boundary of saturation region. (4 %+)
(b) Find the required Vausi- 2 %)
(c) Calculate Vg for each of 03, Osc, Os, and Quc. (4 7).

(d) Find the input common mode range. (10 4%).

6. (20 49
Consider the shown Pierce crystal oscillator accompanied with the equivalent circuit of the crystal. )
(a) If the crystal has L = 0.052 H, Cs=0.0012 pF, Cr =4 pF, and r = 120 2, find the series
resonance frequency f;, parallel resonance frequency f,, and Q factor of the crystal. (6 4) "‘;;‘* ap/?, L
(b) Let C; be variable in the range 1 to 10 pF, and C; = 10 pF. Find the range over which the A C, L ¢,

oscillation frequency can be tuned. (14 4-)
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Fig. 6
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