
EECE 311 Electronic Circuits
Quiz 1 – March 26, 2008
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1.	The low-frequency gain of an amplifier is 105 and the frequency response has a dominant pole at 100 Hz, all the other poles and zeros being virtually at infinite frequency. The unity-gain frequency of the amplifier is approximately:
A.	1MHz
B.	5 MHz
C.	10 MHz
D.	100 MHz
E.	None of the above



Solution: . At the unity-gain frequency fT, . MHz.
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[image: ]2.	The signal-flow diagram of a feedback amplifier is shown, where vi is the input signal voltage, vo is the output voltage, and vn is noise voltage. If the magnitude of the signal at the output is 1 V, and assuming the same magnitude of signal as the noise, the magnitude of noise at the output is:
A.	1mV
B.	0.5 mV
C.	0.2 mV
D.	0.1 mV
E.	None of the above



Solution: When vn = 0, vo(signal). When vi = 0, vo(noise) = . It follows that vo(noise) = vo(signal), so that vo(noise) = 0.5 mV.

[image: ]7%
3.	If the amplifier voltage gain is +1000, the effective capacitance at the input of the amplifier is approximately:
A.	200 pF
B.	400 pF
C.	50 pF
D.	0
E.	None of the above
Solution: Because of the Miller effect, the 0.1 pF appears at the input as 0.1(1 – 1000) = -99.9 pF. The effective capacitance at the input is 100 – 99.9  0.

7%
4.	Given a common-source amplifier with a source resistor bypassed by a very large capacitor. It is found that if the capacitor is removed, the gain is divided by a factor of 5. How do you expect the input resistance to be approximately affected by this removal? 
A.	Multiplied by a factor of 5
B.	Divided by factor of 5
C.	Multiplied by a factor of -5
D.	Divided by factor of -5
E.	None of the above
Solution: The input resistance is infinite, with or without feedback.

7%
5.	How do you expect the output resistance to be approximately affected by the removal of the bypass capacitor in the preceding problem? 
A.	Multiplied by a factor of 5
B.	Divided by factor of 5
C.	Multiplied by a factor of -5
D.	Divided by factor of -5
E.	None of the above
Solution: Because of the series-series negative feedback, the output resistance is multiplied by approximately a factor of 5.

[image: ]7%
6.	Q1 and Q2 have kn = 100 A / V2 and |Vt| = 1 V. If the dc component of vI is such that the dc current of Q1 is 10 A, determine Vbias such that the dc component of vO is zero, neglecting channel-length modulation.
A.	2 V
B.	1.70 V
C.	1 V
D.	0
E.	None of the above


Solution: If the dc component of the output is zero, ID2 =  A, which gives VGS2 = 2 V. The current in the 50 k  resistor is 60 A, which means that VS2 = 5 – 506010-3 = 5 – 3 = 2 V. It follows that Vbias = VS2 – VGS2 = 2 – 2 = 0

[image: ]7%
7.	Given that 1 = 50 and 2 = 100, determine the current gain io/ii.
A.	+5150
B.	-5000
C.	+5050
D.	-5050
E.	None of the above

[image: ]Solution: ib1 = -ii; ic1 = 1ib1 = -1ii = ib2. io = (2 + 1)ib2 = -1(2 + 1)ii. It follows that  
-1(2 + 1) = -50101 = - 5050.

17%
8. 	Q1 is biased in the saturation region, and has gm = 0.5 
mA / V and ro = 20 k.
5%	(a)	Draw the circuit for the cascode current mirror.
7%	(b)	If the transistors of the current mirror are identical to Q1 and the frequency response has a dominant pole 
due to the load capacitance of 10 pF, determine the 3-dB cutoff frequency.
5%	(c)	If the output resistance of the current mirror is assumed to be infinite, determine the low-frequency, small-signal voltage gain vo/vi.
[image: ]Solution: (a) The circuit for the cascode current mirror will be as shown.



(b)	rout of the current mirror is  k. The output resistance of Q1 is  130 k. The total resistance at the output is 84.3 k. The time constant is 843 ns. The 3-dB cutoff frequency is  188.7 kHz.
(c)	On open circuit, there is no small-signal current through the 10 k resistor, so that the small-signal, open-circuit gain is the same as that when RS = 0, which is -gmro = -0.520 = -10.

[image: ]17%
9.	Given the BiCMOS Darlington amplifier shown. Neglect the body effect, channel-length modulation and base-width modulation. Assume kn = 1 mA / V2, Vtn = 1 V, VBE = 0.7 V,  = 100, and VT = 0.026 V. 
7%	(a)	Determine Vbias so that the dc output voltage is 3 V.
7%	(b)	draw the small-signal equivalent circuit.
3%	(c)	Calculate the small-signal voltage gain vo/vsrc.

Solution: (a)	If VO = 3 V, the current in the upper 2 k is 1 mA = IC + ID. The voltage across the lower 2 k resistor is 0.7 V, and the current through it is 0.35 mA = ID – IC /100. Solving, gives ID = 0.356 mA and IC = 0.644 mA. Hence, 0.356 = , which gives VGS = 1.84 V, and Vbias = 2.54 V.


(b)	r 4.04 k. Paralleled with 2 k, the resistance is 1.34 k. gm of the 


BJT is  24.75 mA/V, and gm of the MOSFET is  mA / V. The small-signal equivalent circuit becomes as shown.

[image: ](c)	io = 24.752vbe + 0.844(vsrc – vbe) = 0.844vsrc + 23.9vbe; vbe = 0.844(vsrc – vbe)1.34 = 1.13vsrc – 1.13vbe; vbe = 0.531vsrc. Hence, io = (0.844 + 23.90.531) = 13.53vsrc. vo = 
-213.53vsrc  -27.1vsrc. Gain = -27.1
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[image: ]10. 	In the circuit shown, assume |VBE| = 0.7 V,  = 100, VT = 0.026 V, Vbias to be such that the collector current of Q1 is 1 mA, and neglect base-width modulation. Determine:
3%	(a)	The dc output voltage VO.
4%	(b)	The output resistance looking into Q1 emitter.
4%	(c)	The input resistance looking into Q2 emitter.
3%	(d)	The small-signal voltage gain from vsrc to the emitter of Q2.
3%	(e)	The small-signal gain from vsrc to vo.
Solution: (a)	The current through the 2 k resistance is also 1 mA. Hence, VO = -5 + 2 = -3 V.

(b)	If ro is neglected, the output resistance of Q1 is re =  .
(c)	If ro is neglected, the input resistance of Q1 is re = 25.74 .

(d)	If re of Q2 is reflected to the base, it becomes r. From voltage division, the small voltage gain from vsrr to the emitter of Q2 is .


(e)	The small-signal emitter current of Q2 is . vo = vsrc. The small-signal voltage gain is therefore 38.5.
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