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In the base loop, the Vg source forward biases the emitter diode with Ry

_ as a current-limiting resistance. By changing Vgp or Rp, we can change the base

current. Changing the base current will change the collector current. In other
words, the base current controls the collector current. This is important. It means
that a stnall cuurent (base) controls a large current {collector).

In the collector loop, a source voltage Ve reverse biases the collector
diode through R The supply voltage Vo must reverse bias the collector diode as
shown, or else the fransistor won't work properly. Stated another way, the collec-
tor must be positive in Fig. 6-7a to collect most, of the free electrons injected into
the base. .

In Fig. 6-7a, the flow of base current in the left Joop produces a voltage
across the base resistor Rp with the polarity shown. Similarly, the flow of coflec-
tor current in the right loop produccs a voltage across the collector resistor Re
with the polarity shown. . :

Double Subscri.pts

Double-subscript notation is used with transistor circuits. When the subscripts are
the same, the voltage represents a source {Vpg and Vc). When the subscripts are

‘different, the voltage is between the two points (Vpg and Veg).

. For instance, the subscripts of Vpp are the same, which means that VBB is
the base voltage source. Similarly, Ve is the collector voltage source. On the
other hand, Vg is the voltage between points B and E, between the base and the
emitter. Likewise, Vg is the voltage between points C and E, between the collec-.
tor and the emitter.

Single Subscripts

Single subscripts are used for node voltages, that is, voitages between the sub-

" scripted point and ground. For instance, if we redraw Fig. 6-7a with grounds, we

get Fig. 6-7b. Voltage V; is the voltage between the base and ground, voltage Ve
is the.voltage between the collector and ground, and voltage Vi is the voltage
between the emitter and ground. (In this circuit, Vg is Zero.)

You can calculate a double-subscript voltage of different subscripts by
subtracting its single-subscript voltages. Here are three examples:

Vee= Ve~ Vi
VCB=VC_VB
 Vep=Vp— VE

This is how you could calculate the double-subscript voltages for any transistor

- circuit: Since Vi is zero in this CE connection (Fig. 6-7b), the voltages simplify to:

Vee= Ve
Ven=Ve— Vp
Vae = Vg

6-5 The Base Curve

What do you think the graph of I versus Vg looks like? It Tooks like the graph of
an ordinary diode as shown in Fig. 6-8a. And why not? This is a forward-
biased emitter diode, so we would expect to see the usuat diode graph of corrent
versus voltage, What this means is that we can use any of the diode ‘approxima-
tions (hscusscd earher .

. _ ) ' : Chapter 6



Bipolar Junction Transistors

sl A T T .

- Figure 6-8 {0 Diode curve; {o) example.

I
1

-V,
0.7 B

{a)

1kQ

+
Vv

Applying Ohm’s law to the base res1stor of Fig. 6-7b gives thls derivation:

+

Ve - V. ' '
.1,:—’*—"};%? . _ 6-6)

If you use an ideal diode, Vpe = 0. With the second approximation, Vez = 0.7 V.

Most of the time, you will find the second approximation to be the best
compronuse between the speed of using the ideal diode and accuracy of higher
approximarions, All you need to remember for the second approximation is that

Vgris 0.7 V, as shown in Fig. 6-8a.

Exampie 6-4 i3 BBuitiSim

Use the second approxmauon to calculate the base current in Fig. 6- Sb What is
the voltage across the base resistor? The collector current if Sy, = 200?

SOLUTION  The base source voltage of 2 V forward biases the emitter diode
theough a current-limiting resistance of 100 k{2. Since the emitter diode has

" 0.7 V across it, the voltage across the base resistor js:

Ve — Vie =2V~-07V “—‘ 1.3V
The corrent through the base resistor is:

Vee — Var 1.3V
In= = =1
# Rz To0kqy A
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With a current gain of 200, ‘thé._cblledtor current is:

Ie = Baolp = (200)(13 pA) = 2.6 mA

PRACT lCE PROBLEM 6-4 Repeat Example 6-4 using a base source
VOltﬂ.gE Vag = 4 V
S

P T N e
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6-6 Collector Curves

In Fig. 6-9a, we already know how to calenlate the base current.-Since Vap
forward biases the emitter diode, all we need to do is calculate the current through
the base resistor Ry. Now, let us tum our attention to the collector loop.

"We can vary Vpp and Vcc in Fig. 6-9a to produce different transistor
voltages and currents. By meastmng Io and Vg, we can get data for a graph of Ic
versus Veg

For instance, suppose-we change Vap as needed to get Ip = 10 pA; With
this fixed value of base current, we can now vary Ve and measure I and Vg,
Plotting the data gives the graph shown in Fig. 6-9b. (Note: this graph is for a
" 2N3904, a widely used low-power transistor. With other transistors, the numbers
may vary but the shape of the curve will be similar.)

* . When Vg is zero, the coliector diode is not reverse biased. This is why
the graph shows a collector current of zero when Vg is zero, When Vg increases
from zero, the collector current rises sharply in Fig. 6-95. When Vg is a few
tenths of a volt, the collector current becomes afmost constant and equal to 1 mA,

Figﬁre 6-8  {a) Basic transistor circuit; {8) coliector curve.
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