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Transistor Approximations 

 

Figure 4-13a shows a transistor. A voltage VBE appears across the emitter diode, 

and a voltage VCE appears across the collector-emitter terminals. What is the 

equivalent circuit for this transistor? 

Ideal Approximation 

Figure 4-13b shows the ideal approximation of a transistor. We visualize the 

emitter diode as an ideal diode. In this case, VBE = 0. This allows us to calculate 

base current quickly and easily. This equivalent circuit is often useful for 

troubleshooting when all we need is a rough approximation of base current. 

As shown in Fig. 4-13b, the collector side of the transistor acts like a current 

source that pumps a collector current of βdc IB through the collector resistor. 

Therefore, after you calculate the base current, you can multiply by the current 

gain to get the collector current. 

 

Figure 4-13 Transistor approximations. 

 (a) Original device; 

 (b) ideal approximation;  

(c) second approximation 
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The Second Approximation 

Figure 4-13c shows the second approximation of a transistor. This is more 

commonly used because it may improve the analysis significantly when the base 

supply voltage is small. This time, we use the second approximation of a diode 

when calculating base current. For silicon transistors, this means that VBE =0.7 V. 

(For germanium transistors, VBE = 0.3 V.) With the second approximation, the base 

and collector currents will be slightly less than their ideal values 

Higher Approximations 

The bulk resistance of the emitter diode becomes important only in high-power 

applications in which the currents are large. The effect of bulk resistance in the 

emitter diode is to increase VBE to more than 0.7 V. For instance, in some high 

power circuits, the VBE across the base-emitter diode may be more than 1 V. 

Likewise, the bulk resistance of the collector diode may have a noticeable effect in 

some designs. Besides emitter and collector bulk resistances, a transistor has many 

other higher-order effects that make hand calculations tedious and 

time-consuming. For this reason, calculations beyond the second approximation 

should use a computer solution. 

 

Example: What is the collector-emitter voltage in this Figure? Use the ideal 

transistor 

SOLUTION An ideal emitter diode means that: 

 

VBE=0 

Therefore, the total voltage across RB is 15 V. 

 Ohm’s law tells us that:     



Analog Electronics / Chp4                           2021-2020                                  Ahmed S.Obaid.Alqayssei 
 

122 
 

𝐼𝐵 =
15 𝑉

470 𝑘𝛺
=  31.9 µ𝐴 

The collector current equals the current gain times the base current: 

𝐼𝐶 =  100(31.9 µ𝐴) =  3.19 𝑚𝐴 

Next, we calculate the collector-emitter voltage. It equals the collector supply 

voltage minus the voltage drop across the collector resistor: 

𝑉𝐶𝐸 = 15 𝑉 −  (3.19 𝑚𝐴)(3.6 𝑘𝛺) =  3.52 𝑉 

In a circuit like Figure., knowing the value of the emitter current is not 

important, so most people would not calculate this quantity. But since this is an 

example, we will calculate the emitter current. It equals the sum of the collector 

current and the base current: 

 

𝐼𝐸 =  3.19 𝑚𝐴 +  31.9µ 𝐴 =  3.22 𝑚𝐴 

This value is extremely close to the value of the collector current, which is another 

reason for not bothering to calculate it. Most people would say that the emitter 

current is approximately 3.19 mA, the value of the collector current  

 

Example  

What is the collector-emitter voltage in Figure above if you use the second 

approximation? 

SOLUTION In Figure ., here is how you would calculate the currents and 

voltages, using the second approximation. The voltage across the emitter diode is: 

𝑉𝐵𝐸 =  0.7 𝑉 

Therefore, the total voltage across RB is 14.3 V, the difference between 15 and 

0.7 V. The base current is: 

𝐼𝐵 =
14.3 𝑉

470 𝑘𝛺
=  30.4 µ𝐴 

The collector current equals the current gain times the base current: 

𝐼𝐶 =  100(30.4 µ𝐴) =  3.04 𝑚𝐴 

The collector-emitter voltage equals: 

𝑉𝐶𝐸 = 15 𝑉 −  (3.04 𝑚𝐴)(3.6 𝑘𝛺) =  4.06 𝑉 
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The improvement in this answer over the ideal answer is about half a 

volt: 4.06 versus 3.52 V. Is this half a volt important? It depends on whether you 

are troubleshooting, designing, and so on. 

 

Example  

Suppose you measure a VBE of 1 V. What is the collector-emitter voltage in Figure? 

SOLUTION The total voltage across RB is 14 V, the difference between 15 and 1 

V. Ohm’s law tells us that the base current is: 

𝐼𝐵 =
14 𝑉

470 𝑘𝛺
=  29.8 µ𝐴 

The collector current equals the current gain times the base current: 

𝐼𝐶 =  100(29.8 µ𝐴) =  2.98 𝑚𝐴 

The collector-emitter voltage equals: 

𝑉𝐶𝐸 = 15 𝑉 − (2.98 𝑚𝐴)(3.6 𝑘𝛺) =  4.27   𝑉 

Example What is the collector-emitter voltage in the three preceding examples if 

the base supply voltage is 5 V? 

 

SOLUTION With the ideal diode: 

𝐼𝐵 =
5 𝑉

470 𝑘𝛺
=  10.6 µ𝐴 

𝐼𝐶 =  100(10.6 µ𝐴) =  1.06 𝑚𝐴 

The collector-emitter voltage equals: 

𝑉𝐶𝐸 = 15 𝑉 − (1.06 𝑚𝐴)(3.6 𝑘𝛺) =  11.2   𝑉 

 

 

 

With the second approximation: 

𝐼𝐵 =
4.3 𝑉

470 𝑘𝛺
=  9.15 µ𝐴 
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𝐼𝐶 =  100(9.15 µ𝐴) =  0.915 𝑚𝐴 

The collector-emitter voltage equals: 

𝑉𝐶𝐸 = 15 𝑉 −  (0.915 𝑚𝐴)(3.6 𝑘𝛺) =  11.7   𝑉 

With the measured VBE: 

𝐼𝐵 =
4 𝑉

470 𝑘𝛺
=  8.51 µ𝐴 

𝐼𝐶 =  100(8.51 µ𝐴) =  0.851 𝑚𝐴 

The collector-emitter voltage equals: 

𝑉𝐶𝐸 = 15 𝑉 −  (0.851 𝑚𝐴)(3.6 𝑘𝛺) =  11.9   𝑉 

This example allows you to compare the three approximations for the case of low 

base supply voltage. As you can see, all answers are within a volt of each other. 

This is the first clue as to which approximation to use. If you are 

troubleshooting this circuit, the ideal analysis will probably be adequate. But if you 

are designing the circuit, you might want to use a computer solution because of its 

accuracy. Summary Table illustrates the difference between the ideal and second 

transistor approximations. 

PRACTICE PROBLEM Repeat  last Example using a base supply voltage of 7 V 
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The Operating Point 

Every transistor circuit has a load line. Given any circuit, work out the saturation 

current and the cutoff voltage. These values are plotted on the vertical and 

horizontal axes. Then draw a line through these two points to get the load line. 

 

Plotting the Q Point 

 

Figure 4-14a shows a base-biased circuit with a base resistance of 500 kΩ. We get 

the saturation current and cutoff voltage.First, visualize a short across the 

collector-emitter terminals(When the base resistance is too small, there is too much 

collector current, and the collector-emitter voltage drops to approximately zero. In 

this case, the transistor goes into saturation. This means that the collector current 

has increased to its maximum possible value). Then all the collector supply voltage 

appears across the collector resistor, which means that the saturation current is 5 

mA. Second, visualize the collector-emitter terminals open. Then there is no 

current, and all the supply voltage appears across the collector-emitter terminals, 

which means that the  cutoff voltage is 15 V. If we plot the saturation current and 

cutoff voltage, we can draw the load line shown in Fig. 4-14b. 

Figure 4-14 Calculating the Q point. (a) Circuit; (b) change in current gain 

changes Q point. 
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Let us keep the discussion simple for now by assuming an ideal transistor. This 

means that all the base supply voltage will appear across the base 

resistor. Therefore, the base current is: 

 

𝐼𝐵 =
15 𝑉

500 𝑘𝛺
= 30 µ𝐴 

 

We cannot proceed until we have a value for the current gain. Suppose 

the current gain of the transistor is 100. Then the collector current is: 

𝐼𝐶 =  100(30 𝐴) =  3 𝑚𝐴 

This current flowing through 3 k𝛺 produces a voltage of 9 V across the collector 

resistor. When we subtract this from the collector supply voltage, we get the 

voltage across the transistor. Here are the calculations: 

𝑉𝐶𝐸 =  15 𝑉 − (3 𝑚𝐴)(3 𝑘𝛺) =  6 𝑉 

By plotting 3 mA and 6 V (the collector current and voltage), we get the operating 

point shown on the load line of Fig. 4-14b. The operating point is labeled Q 

because this point is often called the quiescent point. (Quiescent means quiet, 

still, or resting.)  

The three Q points of Fig. 4-14b illustrate how sensitive the operating 

point of a base-biased transistor is to changes in βdc. When the current gain varies 

from 50 to 150, the collector current changes from 1.5 to 4.5 mA. If the changes 

in current gain were much greater, the operating point could be driven easily 

into saturation or cutoff. In this case, an amplifying circuit would become useless 

because of the loss of current gain outside the active region. 
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Example  

Suppose the base resistance of Fig. 4-24a is increased to 1 MΩ. What happens to 

the collector-emitter voltage if βdc is 100? 

 

SOLUTION Ideally, the base current would decrease to 15µA, the collector current 

would decrease to 1.5mA, and the collector-emitter voltage would increase to: 

 

𝑉𝐶𝐸 =  15 − (1.5 𝑚𝐴)(3 𝑘𝛺) =  10.5 𝑉 

To a second approximation, the base current would decrease to 14.3 µA, 

and the collector current would decrease to 1.43 mA. The collector-emitter voltage 

would increase to: 

𝑉𝐶𝐸 =  15 − (1.43 𝑚𝐴)(3 𝑘𝛺) =  10.7 𝑉 

PRACTICE PROBLEM If the dc value of Example changed to 

150 due to a temperature change, find the new value of VCE. 

 

 

 

 

 

 

 

 


