HW7 Hints
Prob. 1 (SS5.86).  In this problem you must first decide (by) looking at each transistor’s Base-Emitter path, which transistor is cutoff and which is on (either active or sat).  

(a) Both BJTs are cut off because Vi =  0V, and it takes Vi > 0.7 V for Q1 to come out of cutoff, and Vi < 0.7 V for Q2 to come out of cutoff.

(b) For Vi = 3 V, it should be clear that the B-E junction of NPN BJT Q1 is on (so this BJT is either fwd active or sat), and Q2 is cutoff.  Assuming Q1 fwd active, write KVL to show ib = 20.72 microAmperes.  From this, find Ve, and then Vb = 0.7 + Ve.  Also check Vce > Vcesat = 0.2 V to make sure your assumption that Q1 is fwd active.

(c) With Vi = -5 V, it should be clear that the E-B junction of PNP BJT Q2 is on (so this BJT is either fwd active or sat), and Q1 is now cutoff.  ASSUMING that Q2 is fwd active, writing KVL eqn around the E-B loop should reveal that ib = 38.74 microAmperes.   From this, you should be able to show that Ve = -3.912 V.  Also check Vec to make sure it is > Vec sat = -0.2 V, so that the assumption of fwd active is correct.
(d) With Vi = -10 V, the E-B junction is again on, and KVL around the E-B loop should reveal that now (IF THE FWD ACTIVE ASSUMPTION CORRECT), ib = 83.78 microAmperes.  From this you find that Ve = -8.462 V.  Thus Vec = Ve – (-5V) = -3.46 V.  This is < Vecsat = 0.2 V, so this time our assumption of fwd active mode was WRONG.  We must throw out our previous results for ib, Ve, etc. and now assume that Vec = -.2 V.  Thus we model Q2 as having its E-B junction  on hard with Veb = 0.7 V, and its C-B junction on weakly, with Vcb = 0.5 V, and Vec = Veb – Vcb = 0.2 V.  Thus Ve = -5V + 0.2 = -4.8 V.

Prob 2.  (SS5.100)  This is a constant current sinking circuit used in analog ICs.  Assume all three BJTs are fwd active.  Label all three sets of NPN transistor currents, ib1, ib2, ib3, ic1, ic2, ic3, ie1, ie2, ie3.  
First show Ie2 = [Vcc-2(0.7)]/(R1+R2)  = [Vcc-2(0.7)]/(2*R2).   (Assuming R1 = R2)

Write expression for voltage at base of Q3 = Vb3 = Ie2*R2+2(0.7).  

Substitute the above eqn for Ie2 into this equation.  Then Ie3 = (Vb3-0.7)/Re. 

Finally, multiply this result by α to find Ic3.  Note that this step is a bit weird, since we were told earlier in the problem that beta was infinite => α = 1, but nonetheless, we must be assuming here that beta is not quite infinite, so α is not quite unity.  This yields the expression for Io shown in the answers.
Next, equate the above expression for Ie2 to the above expression for Ie3 and solve for R2, which is also R1, since we assumed R1 = R2 above.  This shows the required relationship between R1, R2 and Vcc, Re.

Plugging in the given values for Io and Vcc, we can find the necessary values of Re, R1, and R2 in order to result in Io = 0.5 mA. 

The lowest voltage that can be applied to the collector of Q3 for which the BC junction of Q3 does NOT turn on (Q3 does NOT saturate) can now be found.  We assume that this junction comes on when Vcb > 0.5 V.  Thus Vclowest = Vb3-0.5.

Prob 3.  (SS5.101)  This is another (much simpler) constant current source circuit used in IC analog circuit designs.  It should be obvious how to calculate R such that Ie1 = 2 mA.  Thus we can assume that Io = Ic is APPROXIMATELY the same as Ie1 = 2 mA, assuming that beta is suitably large.  Assuming that this PNP transistor saturates when the C-B junction just comes on, say when Vcb = 0.5 V.  Thus Vcmax = 0.5 V.


Prob 4. (SS5.116) This problem uses a constant current source (which itself is made from a transistor circuit similar to that of Prob. 3) to bias the PNP BJT into its active region.  Unfortunately, I have not gone over any dc analysis problems like this in class. However, current source biasing is REALLY EASY to handle!  The current source forces Ie = 10 mA.  Thus Ib is simply Ie / (beta+1), and Ic = beta * Ib.  Thus Vb and Vc are easily calculated once these BJT currents are known.
The next step is to draw the AC model of this amplifier circuit.  Be sure to set the 1.5V dc source to zero (which becomes a short circuit to ground) and set the 10 mA source to zero (which becomes an open circuit).   The two capacitors become short circuits.  The BJT is replaced by its AC model, which consists of rpi between B and E terminals, and a current controlled current source between E and C terminals.  Note that the AC model of an NPN or PNP BJT are identical, as discussed in the course notes (Lecture 4, pages 100 and 101).  Let ro = infinity in the BJT ac model in this problem, as we are ignoring base-width modulation effects.  From this ac circuit model, you should be able to show Rin = rpi // 10kohm, Rout = Rc = 100 ohms, and the unloaded transducer gain Avo = -beta*Rc/rpi.  

Now that Rin, Rout, and Avo have been found, you can construct the “general voltage amplifier” model (See Lecture 4 pp. 80 – 84).  In this problem, RL = infinity, so Av = vo/vsig = Avo*Rin/(Rin+Rsig).  (There is no output voltage divider, since the circuit is unloaded.)
Prob 5.  (SS5.130)  This NPN BJT Common Emitter amplifier is just like the one analyzed in the course notes and also the one considered in this week’s lab!  
The only thing new is that I ask you not just for the overall system voltage gain 

                                          Av = vo/vsig, 
but also for the system current gain, 

                                                      Ai = i(in)/i(RL).  
But note that the current gain, Ai, can be found from the voltage gain, Av.  Once Rin, Rout, and Avo have been found, from the General Voltage Amplifier model, you can see that 

                           Av = vo/vsig = Rin/(Rsig+Rin)*Avo*(RL/(Rout+RL)


Also, from this model, i(in) = vsig/(Rsig+Rin) and i(RL) = vo/RL. 

Therefore

            Ai =  i(in)/i(RL) = [vo/RL] / [vsig/(Rsig+Rin)] = (vo/vsig)*(Rsig+Rin)/RL

THUS:    Ai = Av*(Rsig+Rin)/RL     Thus Ai can easily be found from Av!


Likewise, the power gain can be found as

                             Ap = Pout/Pin = vo*i(RL)/(vi*i(in)) = Av*Ai



Prob 6.There are two IDENTICAL stages coupled together.  The dc analysis is identical for each stage, since the two circuits are uncoupled from each other in the dc model.  The dc analysis is the same as in the class notes.  Likewise, you should be able to show that Rin, Rout, and Avo are the same for each stage, as given in the answers.  
Then, when you go to the “General Voltage Amplifier” you actually have TWO “General Voltage Amplifier” models cascaded together. By inspection it should be easy to see that the overall gain becomes:

Av = vo/vsig = Rin1/(Rin1+Rsig)*Avo1*Rin2/(Rin2+Rout1)*Avo2*RL/(RL+Rout2)

Also, you should be able to show that 

Ai = Av*(Rsig+Rin1)/(RL)

Ap = Av*Ai

