
Transistor Fundamentals 

7-6 Emitter Bias 
Digital circuits are the type of circuits ·used in computers. In this area, base bias 
and circuits derived from base bias are useful. But when it comes to amplifiers, we 
need circuits whose Q points are immune to chanies in current gain. 

Figure 7-9 shows emitter bias. As you can see, the resistor has been 
moved from the base circuit to the emitter circuit. That one change makes all the 
difference in the world. The Q point of this new circuit is now rock-Solid. When. 
the current gain changes from 50 to 150, the Q point shows almost no movement 
along the load line. 

Basic Idea 
The base supply voltage is now applied directly to the base. Therefore, a trou
bleshooter will read VBB between the base and ground. The emitter is no longer 
grounded. Now the emittir is above the ground and has a voltage given by: 

(7-7) 

If V88 is more than 20 times VsE, the ideal approximation will be accurate. If VsB 
is less than 20 times VB£, you may want to use the second approximation. Other~ 
wise your error will be more than 5 percent. 

Finding the Q Point 
Let u$ analyze the effiitter~biased circuit of Fig. 7~ 10. The base supply voltage is 
only 5 V, so we use the second approximation. The voltage between the base and 
ground is 5 V. From now on, we refer to this base~to~ground voltage as the base 
voltage, or VB. The voltage acrOss the base-emitter terminals is 0.7 V. We refer to 
this voltage as the base-emitter voltage, or VBE· 

Figure·7-9 Emitter bias. 
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Figure 7-10 F"tnding the Q point 
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GOOD TO KNOW 
Because the values of lc and VeE are 

not affected by the value·of beta in 

an emitter-bi~sed circuit, this type 

of circuit is said to be beta

independent. 
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The voltage between the emitter and ground is called the emitter voltage. 
It equals: 

VE ~ 5 V - 0.7 V ~ 4.3 V 

This voltage is across the emitter resist~ce, so we can use Ohm's law <to find the 
emitter current: 

I ~ .4.3 V ~ 1.95 rnA 
E 2.2kf1 

This means that the collector current is 1.95 rnA to a close approximation. When 
this collector current flows through the collector resistor, it produces a voltage 
drop of 1.95 V.- Subtracting this from the collector supply voltage gives the 
voltage between the collector and ground: 

Vc ~ 15 V - (1.95 mA)(1 kfl) ~ 13.1 V 

From now on, we will refer to this collector-to-ground voltage as the colleCtor 
voltage. 

This is the voltage a troubleshooter would measure when testing a transis~ 
tor circuit One lead of the voltmeter would be connected to the collector, and the 
other lead would be-connected to ground. If you want the collector-emitter voltage, 
you have tci subtract the emitter voltage from the collector voltage as follows: 

VCE ~ 13.1 V- 4.3 V ~ 8.8 V 

So, the emitter-biased circuit of Fig. 7-10 has a Q point with these coordinates: 
Ic ~ 1.95 rnA and VeE~ 8.8 V. 

The collector-emitter voltage is the voltage used for drawing load lines 
and for reading transistor data sheets. As a formula: 

VcE=Vc-VE (7-8) 

. Circuit Is Immune to Changes in Current Gain 
Here is why emitter bias exCels. The Q point .of an emitter-biased circuit is 
immune to changes in current gain. The proof lies in the process used to analyze 
the circuit. Here are the steps we used earlier: 

1. Get ·the emitter voltage. 
2. Calculate the emitter current. 
3. Find the collector voltage. 
4. Subtract the emitter from the collector voltage to get VeE· 

At no ti~e do we need to use the current gain in the foregoing process. Since we 
don't use it to find the emitter current, collector current, and so on, the exact value 
of current gain no longer matters. ~ 

By moving the resistor from the base to the emitter circuit, we force the 
base-to-ground voltage to equal the base supply volt;lge. Before, almost all this 
supply voltage was across the base resistor, setting up a fixed base current. Now, 
all this supply voltage minus 0.7 Vis across the emitter resistor, setting up a fixed 
emitter current. 

Minor Effect of Current Gain 
The current gain has a minor effect on the collector current. Under all operating 
conditions, the three currents are related by: 

IE= Ic + IB 

which can be rearra:nged as: 

Ic 
Ie=Ic+

fl,, 
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Solve this for 1fie collector current, and you get: 

I- p., I 
_c- f3dc + 1 E 

(7-9) 

The quantity that multiplies fe is called a correction factor. It tells you bow Ic 
differs from IE. 'Yben the current gain is 100, the correction factor is: 

~=__!QQ.._= 0.99 
{3"+1 !00+1 

This means that the collector current is equal to 99 percent of the emitter current. 
Therefore, we get only a 1 percent error when we ignore the correction factor and 
say that the collector current equals the emitter current. 

Example 7-9 lllllrllultiSim 

What is the Voltage between the collector and ground in the MultiSim Fig. 7-1 I? 
Between the collector and the emittet? 

SOlUTION The baSe voltage is 5 V. The emitter voltage is 0.7 V less than 
this, or: 

VE= 5V- 0.7V= 4.3V 

lllll'llultiSim Figure 7-11 Meter Values. 

Ql 

-=-5 v 

I 

2ko 

XMM1 

-=-15 v 
T 

239 



240 

This voltage is across the emitter resistance, which is now 1 kil. Therefore, the 
emitter current is 4.3 V divided by 1 kf1, or: 

I = 43 V = 4.3 rnA 
E 1kfl 

The collector current is approximately equal to 4.3 mA. When this current flows 
through the collector resistance (now 2 k!l), it produces a voltage of: 

I eRe= (4.3 mA)(2 kfl) = 8.6 V 

When you subtract this voltage from the collector supply voltage, you get: 

Vc = 15 V- 8.6 V = 6.4 V 

This voltage value is very close to the value measured by the MultiSim meter. 
Remember, this is the voltage between the collector and ground. This is what 
J'Ou would measure when troubleshooting. 

Unless you have a voltmeter with a high input resistance and a floating 
ground lead, you should not attempt to conllect a voltmeter directly between the 
collector and the emitter because this may short the imitter to ground. If you 
want to know the value of VCE, you should measure the collector-to-ground volt
age, then measure the emitter-to-ground voltage, and subtract the two. In this 
case:.,·' 

Vti! = 6.4V- 4.3 V = 2.1 V 

PRACTICE PROBLEM 7-9 Ull!iilll!mli~Sijm Decrease the base supplv volt:Q&_e 
·i ·of Fig. 7-11 to 3 V. Predict and measure the new value of V CE· 

1-7 lED Drivers 
You have learned that base-biased circuits set up a fixed value of base current, and 
emitter-biased circuits set up a fixed value of emitter current Because of the prob
lem with current gain, base-biased circuits are normally designed to -switch 
between saturation and cutoff, whereas emitter-biased circuits are usually de
signed to operate in the active region. 

In this section, we discuss two circuits that can be used as LED drivers. 
The first circuit uses base bias, and the second circuit uses emitter bias. This will 
give you a chance to see how each circuit performs in the same application. 

Base-Biased LED Driver 
The base current is zero in Fig. 7 -12a, which means that the transistor is at cutoff. 
'When the switch of Fig. 7:.12a doses, the transistor goes into hard saturation. 
Visualize a short between the collector-emitter terminals. Then the collector sup
ply voltage (15 V) appears across the series connection of the 1.5 kD and the 
LED. If we ignore the voltage drop across the LED, the collector current is ideally 
10 rnA. But if we allow 2 V across the LED, then there is 13 V across the 1.5 kfl, 
and the collector current is 13 V divi~ed by 1.5 kfl, or 8.67 rnA 
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