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ECE250 Homework 7 Assignment

For all problems below, assume that all BJTs are at room temperature with Vt = 25 mV.  And n = 1.  Also assume that each BJT has |Vbeon| = 0.7 V, and |Vcesat| = 0.2 V.  (Note that absolute values have been specified so these numbers apply to both NPN and PNP BJTs.)  In problems 2 and 3, because |Vcesat| = 0.2 V, you may assume that each of the BJT’s saturate when the base-collector junction comes on “lightly” with a forward-bias “cut-in” voltage of 0.5 V.  

1.  p. 527  SS5.86  

 Ans: for Vi = 0V => NPN off and PNP off => Ve = 0V, Vb = 0 V 
 For Vi = 3 V => NPN on and PNP off  => Ve = 2.09 V, Vb = 2.79 V (NPN fwd active)
 For Vi = -5 V => PNP on and NPN off => Ve = -3.91 V, Vb = -4.61 V (PNP fwd active)

 For Vi = -10 V => PNP on and NPN off => Ve = -4.8 V, Vb = -5.5 V (PNP sat)

2. p. 530 SS5.100

Ans: (a) First show Io = Ic3 = αVcc/(2Re), as indicated in problem.  Then you should be able to show that to make the collector-emitter currents in Q1 and Q2 identical to the emitter current in Q3, thereby guaranteeing that all three transistors have the same Vbeon value, we must require that:  R2 = R1 = [Vcc – 2(0.7V)](Re/Vcc).

(b) Show for Io = 0.5 mA, Re = 10 kΩ and R1 = R2 = 8.6 kΩ.

(c ) Show that the lowest voltage that can be applied to the collector of Q3 is 5.2 V.  Below this voltage, the BC junction turns on and Q3 saturates, so the circuit no longer functions as a constant current source.

3.  p. 530 SS5.101

Ans: R = 2.15 kΩ.  The collector voltage may not be larger than 0.5 V, since the BC junction will turn on and Q3 will saturate, so the circuit no longer functions as a constant current source.

4.  p. 532 SS5.116 (Assume that “vb” and “vo” indicated in Fig. P5.116 are the sinusoidal AC voltage components of Vb(t) and Vo(t).  Here, as in most electronics texts, lower case voltage and current labels are used to represent just the ac component of a time-varying signal, and capitalized variables are used to represent the entire signal, ac + dc).

Ans: Show that Ibq = 49.751 uA, Vcq = 0.995 V, rpi = 502.5 Ω, Rib = 502.5 Ω

Rin = 478.5 Ω, and that the overall voltage gain vo/vsig = -12.88.  For an output signal vo with an amplitude of 0.4 V (peak), we require that the amplitude of vsig = 31 mV (peak) and vb =  10 mV (peak).


5. p. 533 Refer to SS5.130, but make the following modifications to the problem:

a. Ignore the Early Voltage, VA.  (We will learn how to account for VA shortly!)

b. Also find Rout, the impedance seen looking into the output terminals between “vo” and ground with vsig set to 0.

c. Also find the unloaded (transducer) voltage gain Avo = vo/vb with RL removed.

d. Also find the loaded transducer voltage gain Avt = vo/vb with RL present.


e. Also, find the maximum symmetrical vo(t) swing


Ans: rpi = 1.3 kΩ, Rin = 1.15 kΩ, Rout = 2.2 kΩ, Avo = vo/vb with RL removed = 

               -169.1, Avt = vo/vb with RL present = -80.52, 

               Av = vo/vsig with RL in place = -8.28, Max Symm Swing = 4.03 V, pk-to-pk

              Ai = -46.15.

6.  p. 534  Refer to Figure 5.135, but follow the steps below rather than those in the text.

a) Let Vcc = 15 V, R1 = 100 kΩ, R2 = 47 kΩ, Re = 3.9 kΩ, Rc = 6.8 kΩ, and β = 100, and determine the Q–point (Icq and Vceq) of each transistor.  (Ans: Icq1 = Icq2 = 0.962 mA, Vceq1 = Vceq2 = 4.67 V)


b) Draw the ac small-signal model of the entire amplifier circuit (similar to the one shown on p. 62 of Lecture 4 of the class notes), where the BJTs have been replaced by the ac small-signal model, all capacitors have been replaced by short circuits, and the dc power supply Vcc has been set to 0.


c) For each of the two identical BJT CE amplifier stages, calculate the input resistances (Rin1 and Rin2), the output resistances (Rout1 and Rout2) and the unloaded voltage gains (Avo1 and Avo2).  Then draw the two-stage general voltage amplifier model (similar to the one shown on p. 83 of Lecture 4 of the class notes) of this circuit, and label Rin1, Avo1, Rout1, Rin2, Avo2, Rout2 as well as Rsig and RL in this diagram. (Ans: Rin1 = Rin2 = 2.404 kΩ, Rout1 = Rout2 = 6.8 kΩ, Avo1 = Avo2 = -261.60)


d) Find the overall voltage gain Av = vo/vsig  (Ans: 1319)


e) Find the transducer voltage gain Avt = vo/vb1 (Ans: 4062)


f) Find the overall current gain Ai = iL/iSIG (Ans: 4883)


g) Find the overall power gain Ap = PL/PSIG (Ans: 6.440 x 106)
