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. In class we found

I = Io(equiodc/kT _ ]_) (1)
Take Iy = 10~'*A. For the circuit shown in Fig 1, fill in the following table:

A 10 kQ B Cc 10 kQ D

Figure 1: Question 1

Solution:

Applying Kirchoff’s Law to this circuit we obtain
Vap = RIap + Viiode + RlaD

and solving for Tap we get,

~ Vap — Vaiode
Iap = T (2)

where R = 10k().

In order to solve for Tap we must obtain Vg;oqe which can be derived from (1) giving us

Vdiode = g In <IAiD + 1>
q Io
_ kT In <(VAD — Vidiode) /2R ¥ 1)

q Io

Since we can not explicitly solve for Vyode the above transcendental equation can be solved in an iterative
process. To begin off lets take Vgioqe in the log as 0.6V for the condition that Vap = 1.0V,

1V - 0.6V)/(2-10k) |
10144

Vdiode = 0.026V In ((
= 0.557V

For the second iterative step we can use the updated value of Vi;o4e as 0.557V and further enhance our precision
of Vigiode- Now we get,

Viiode = 0.026V In <(1V —0.557V)/(2- 10K 1)

10-14 A
= 0.559V



If a further iterative step does not change Vgio.qe appreciably then we can stop the iteration. In this case, a
third iterative step results in the same value to the thousandths place so the final answer is Vyioge = 0.559V
for Vap = 1.0V. Now that we know Vgioqe we can solve for the current Iap from (2) and obtain

Vap — Vaiode
2R
1V — 0.559V
2 - 10kQ2
=22uA

Iap =

The final solution table is,
Vap  Viiode = VBe Iap

0.0 0 0
0.5 04795V  1.02uA
1.0 0.559V 220 A

1.5 0.579V 46p.A

2.0 0.590V T0pA

2.5 0.597V 9514

3.0 0.603V 120pA
3.5 0.608V 1451A
4.0 0.612V 16914
45 0.616V 194pA
5.0 0.619V 219uA
5.5 0.622V 24414
6.0 0.624V 2694
6.5 0.627V 29414
7.0 0.629V 31914
75 0.631V 343uA
8.0 0.633V 368uA
8.5 0.634V 39314
9.0 0.636V 418uA
9.5 0.637V 443uA
10 0.639V 468114

One can confirm that theses solutions are correct by plugging them into the two equations to determine
if the they both produce the same results.



2. For the circuit shown below, find Ig,Ig, Ic, Vo, Vi, Vi, Vg, Vog, Vee defined in Figure 10.2 of the
text. Take 8 = 100. Then Ic = 100/p. The rest is just applications of Kirchoff’s current and voltage

laws. Is the transistor biased active mode?

Figure 2: Question 2

Solution:

The system of equations that describe this circuit are

Ve —Vi=Ich
0—Vg =1IgRs3
Ve —Va =1IgR;
Ve —Ve =V,
Ic = 1001

Ig =1+ Ic

where Vi = =9V, Vo = =3.5V, R1 = Re = 3kQ), Rs = 1k, and V; = 0.6V. We can compactly express this

system of equations as an array

Vi 1 0 0 —R 0 0
0 0 -1 0 0 —Rs 0
v | o o 1 o 0 —Re
o |~ lo o o 1 -1 1
Vi 0 1 1 0 0 0
0 0o 0 0 1 0 —100

Using Matlab or Mathematica we can invert the 626 matrix and obtain,

Ve Ry +101R3s —100R; —100R; 100R:iRs
VE 0 7R2 101R3 R2R3
Vs | 1 0 —Rs 101Rs R2R3
Ic | R2+101R3 0 —100 —100 100R3
I 0 —101 —101 —Rs
IB 0 -1 -1 R3

100R;
—101R3
Ra
100
101
1

RiR> + R1R3
—RoR3
—RoR3
Ry + R3

Ry
—Rs

Vo

Va



Ve (R2 + 101R3)Vi — 100R1 V2 + 100R: Vy 2.83V

Vi 101R3V2 — 101R3Vy —3.98V
Vs B 1 101R3Va + Ra2Vy . —-3.38V
Ic | R2+101Rs 100Va — 100V4 ~ | 3.94mA
Ig 101V — 101V4 3.98mA
Ip Va—Va 39.4uA
Noting that Ve = Ve — Vo = —Vep and that an active biased pnp transistor is defined to have Ve > 0
(reverse biased) and Vpg < 0 (forward biased) we obtain the values,
Ig 3.98mA
Ip 39.4uA
Ic 3.94mA
Vi —3.98V
Ve —3.38V
Ve 2.83V
VBE 0.6V
Ver 6.81V
Vee —6.21V
Activebiased? No

Again, we can check that these equations are correct by substituting them back into the original
equations.



