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The analysis or design of a transistor amplifier requires a knowledge of both the dc and the ac 
response of the system. Too often it is assumed that the transistor is a magical device that can raise 
the level of the applied ac input without the assistance of an external energy source. In actuality, 
any increase in ac voltage, current, or power is the result of a transfer of energy from the applied 
dc supplies. 
Although a number of networks are analyzed in this Lecture, there is an underlying similarity in the 
analysis of each configuration due to the recurring use of the following important basic relationships 
for a transistor: 

𝑽𝑩𝑬 ≅ 𝟎. 𝟕𝑽                             (6.1) 
𝐼𝐸 = (𝛽 + 1)𝐼𝐵 ≅ 𝐼𝐶                              (6.2) 

𝐼𝐶 = 𝛽𝐼𝐵                             (6.3) 
In fact, once the analysis of the first few networks is clearly understood, the path toward the 
solution of the networks to follow will begin to become quite apparent. In most instances the base 
current IB is the first quantity to be determined. Once IB is known, the relationships of Eqs. (6.1) 
through (6.3) can be applied to find the remaining quantities of interest. The similarities in analysis 
will be immediately obvious as we progress through the Lecture. The equations for IB are so similar 
for a number of configurations that one equation can be derived from another simply by dropping or 
adding a term or two. The primary function of this chapter is to develop a level of familiarity with the 
BJT transistor that would permit a dc analysis of any system that might employ the BJT amplifier. 

Operating Point 
Biasing: The DC voltages applied to a transistor in order to turn it on so that it can amplify the AC 
signal. 
For transistor amplifiers the resulting dc current and voltage establish an operating point on the 
characteristics that define the region that will be employed for amplification of the applied signal. 
Because the operating point is a fixed point on the characteristics, it is also called the quiescent point 
(abbreviated Q-point). By definition, quiescent means quiet, still, inactive. Figure 1 shows a general 
output device characteristic with four operating points indicated. The biasing circuit can be designed 
to set the device operation at any of these points or others within the active region. The maximum 
ratings are indicated on the characteristics of Fig. 1 by a horizontal line for the maximum collector 
current 𝐼𝐶𝑚𝑎𝑥

and a vertical line at the maximum collector-to-emitter voltage 𝑉𝐶𝐸𝑚𝑎𝑥
. The maximum 

power constraint is defined by the curve 𝑃𝐶𝑚𝑎𝑥
 in the same figure. At the lower end of the scales are 

the cutoff region, defined by 𝐼𝐵 ≤ 0 𝜇𝐴, and the saturation region, defined by 𝑉𝐶𝐸 ≤ 𝑉𝐶𝐸𝑠𝑎𝑡
. 

 
Figure 1 Various operating points within the limits of operation of a transistor. 



NEUB CSE 213 Lecture 6: DC Biasing BJTs 

Prepared BY 
Shahadat Hussain Parvez  

P
ag

e2
 

Modes of operation 
Active/Linear: 

• Most important mode of operation 

• Central to amplifier operation 

• The region where current curves are practically flat 

• Can be forward active or reverse active 
Saturation: 

• Barrier potential of the junctions cancel each other out causing a virtual short 
Cutoff: 

• Current reduced to zero 

• Ideal transistor behaves like an open switch 
For the BJT to be biased in its linear or active operating region the following must be true: 

1. The base–emitter junction must be forward-biased (p-region voltage more positive), with a 
resulting forward-bias voltage of about 0.6 V to 0.7 V. 

2. The base–collector junction must be reverse-biased (n-region more positive), with the 
reverse-bias voltage being any value within the maximum limits of the device. 

Note that for forward bias the voltage across the p–n junction is p-positive, whereas for reverse bias it is 
opposite (reverse) with n-positive. 

Operation in the cutoff, saturation, and linear regions of the BJT (Both npn and pnp) characteristic 
are provided as follows: 

Table 1 Relationship between biasing and mode of operation of npn and pnp BJTs 

Junction 

type 

Applied 

voltages 

Junction bias 
Mode 

B-E B-C 

NPN 

E < B < C Forward Reverse Forward-active 

E < B > C Forward Forward Saturation 

E > B < C Reverse Reverse Cut-off 

E > B > C Reverse Forward Reverse-active 

PNP 

E < B < C Reverse Forward Reverse-active 

E < B > C Reverse Reverse Cut-off 

E > B < C Forward Forward Saturation 

E > B > C Forward Reverse Forward-active 

Transistor in saturation region 
In this region high currents flows through the transistor, as both junctions of the transistor are 
forward biased and bulk resistance offered is very much less. Transistor in saturation region is 
considered as on state in digital logic. 
A transistor is said to be in saturation if and only if 

 𝛽 >  𝐼𝑐/𝐼𝑏 
This is due to the fact that as both junctions of transistor are forward biased along with electron 
current flowing from emitter to base in active region there will be additional component of electron 
current flowing from collector to base. Small changes in Collector to base forward voltage leads to 
large variations in collector currents. 
Transistor in Cutoff region 
In this region both junctions of the transistor are reverse biased. Hence transistor in cut off does not 
conduct any currents expect for small reverse saturation currents that flow across junctions. In 
cutoff condition emitter current is zero and the collector current consists of small reverse saturation 
currents. The transistor when used as switch is operated in cutoff and saturation regions which 
corresponds to switch off and on condition respectively. 
Inverse active region of transistor  
In inverse active region is just inverse or complementary to active region. In inverse active region the 
Base emitter junction is forward biased and Base Collector junction will be reverse biased. 
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DC Biasing BJT circuits 

There is numerous bias configuration of BJT circuits. Some of the common configuration of BJT 

circuit includes 

1. Fixed-bias circuit 

2. Emitter-bias circuit 

3. Voltage divider bias circuit 

4. Collector-feedback bias circuit 

5. Emitter-follower bias circuit 

6. Common base circuit 

 

Fixed Bias Configuration 

The figure below shows on of the most common BJT configuration. It is called Fixed Bias 

configuration. Here it is to be noted that npn transistor is used. Figure 2a shows the actual circuit 

and figure 2b shows the dc equivalent circuit. Since in DC capacitors work as open circuit, the 

capacitors can be eliminated from the equivalent circuit. 

 
                                      (a)                                                                                                       (b) 

Figure 2 Fixed Bias configuration circuit (a) actual circuit (b) DC equivalent circuit 

Forward Bias of Base–Emitter 

 
Collector emitter loop 

𝐼𝐶𝑚𝑎𝑥
=

𝑉𝐶𝐶−𝑉𝐶𝐸

𝑅𝐶
=

𝑉𝐶𝐶

𝑅𝐶
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Since     𝑉𝐶𝐸 = 𝑉𝐶 − 𝑉𝐸        (6.7)   and in this case 𝑉𝐸 = 0, we have 
𝑽𝑪𝑬 = 𝑽𝑪               (𝟔. 𝟖) 

And because                          𝑉𝐵𝐸 = 𝑉𝐵 − 𝑉𝐸                                            (6.9) 
𝑽𝑩𝑬 = 𝑽𝑩                  (𝟔. 𝟏𝟎) 

Keep in mind that voltage levels such as VCE are determined by placing the positive lead (normally 
red) of the voltmeter at the collector terminal with the negative lead (normally black) at the emitter 
terminal as shown in Fig. 3. VC is the voltage from collector to ground and is measured as shown in 
the same figure. In this case the two readings are identical, but in the networks to follow the two can 
be quite different. Clearly understanding the difference between the two measurements can prove to 
be quite important in the troubleshooting of transistor networks 

 
Figure 3 Measuring VCE and VC. 
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Transistor Saturation 
The term saturation is applied to any system where levels have reached their maximum values. A 
saturated sponge is one that cannot hold another drop of water. For a transistor operating in the 
saturation region, the current is a maximum value for the particular design. Change the design and 
the corresponding saturation level may rise or drop. 
When the transistor is operating in saturation, current through the transistor is at its maximum 
possible value. 

𝑅𝐶𝐸 =
𝑉𝐶𝐸

𝐼𝐶
=

0𝑉

𝐼𝐶𝑠𝑡𝑎

= 0Ω 

𝐼𝐶𝑠𝑎𝑡
=

𝑉𝐶𝐶

𝑅𝐶
               (6.11) 

𝑉𝐶𝐸 ≅ 0𝑉 
This approximation is equivalent to move the region below 𝑽𝑪𝑬𝒔𝒂𝒕

 of the output curves to align on 

the output current axis. 

 
(a)                                                              (b) 

Figure 4 Saturation regions: (a) actual; (b) approximate. 

          
(a)                                                            (b) 

Figure 5 (a) Determining 𝑰𝑪𝒔𝒂𝒕
 (b) Determining 𝑰𝑪𝒔𝒂𝒕

 for the fixed bias configuration 

Once 𝐼𝐶𝑠𝑎𝑡
 is known, we have some idea of the maximum possible collector current for the chosen 

design and the level to stay below if we expect linear amplification. 

 
 

The design of Example 4.1 resulted in 𝐼𝐶𝑄
 =  2.35 𝑚𝐴, which is far from the saturation level and 

about one-half the maximum value for the design. 
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Load Line Analysis 
As with diodes load-line solution for a diode network was found by superimposing the actual diode 
characteristics of the diode on a plot of the network equation involving the same network variables. 
The intersection of the two plots defined the actual operating conditions for the network. It is 
referred to as load-line analysis because the load (network resistors) of the network defined the 
slope of the straight line connecting the points defined by the network parameters 

 
(a)                                                                                                                   (b)                       

Figure 6 Load-line analysis: (a) the network; (b) the device characteristics. 

The same approach can be applied to BJT networks. The characteristics of the BJT are superimposed 
on a plot of the network equation defined by the same axis parameters. The load resistor RC for the 
fixed-bias configuration will define the slope of the network equation and the resulting intersection 
between the two plots. The smaller the load resistance, the steeper the slope of the network load 
line. The network of Fig. 4.6a establishes an output equation that relates the variables IC and VCE in 
the following manner: 

𝑉𝐶𝐸 = 𝑉𝐶𝐶 − 𝐼𝐶𝑅𝐶                              (6.12) 
The output characteristics of the transistor also relate the same two variables IC and VCE as shown in 
Fig. 4.6b. We must now superimpose the straight line defined by Eq. (6.12) on the characteristics. 
The most direct method of plotting Eq. (6.12) on the output characteristics is to use the fact that a 
straight line is defined by two points. If we choose IC to be 0 mA, we are specifying the horizontal 
axis as the line on which one point is located. By substituting IC = 0 mA into Eq. (6.12), we find that 

𝑉𝐶𝐸 = 𝑉𝐶𝐶 − (0)𝑅𝐶  
And 

𝑽𝑪𝑬 =  𝑽𝑪𝑪|𝑰𝑪=𝟎𝒎𝑨             (𝟔. 𝟏𝟑) 

defining one point for the straight line as shown in Fig. 7. 

 
Figure 7 Fixed-Bias Load Line 
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If we now choose VCE to be 0V, which establishes the vertical axis as the line on which the second 
point will be defined, we find that IC is determined by the following equation: 

0 = 𝑉𝐶𝐶 − 𝐼𝐶𝑅𝐶  
And 

𝑰𝑪 =
𝑽𝑪𝑪

𝑹𝑪
|

𝑽𝑪𝑬=𝟎𝑽 

                             (𝟔. 𝟏𝟒) 

Which appears in figure 7. 
By joining the two points defined by Eqs. (6.13) and (6.14), we can draw the straight line established 
by Eq. (6.12). The resulting line on the graph of Fig. 7 is called the load line because it is defined by 
the load resistor RC. By solving for the resulting level of IB, we can establish the actual Q-point as 
shown in Fig. 7. 
If the level of IB is changed by varying the value of RB, the Q-point moves up or down the load line as 
shown in Fig. 8 for increasing values of IB. If VCC is held fixed and RC increased, the load line will shift 
as shown in Fig. 9. If IB is held fixed, the Q-point will move as shown in the same figure. If RC is fixed 
and VCC decreased, the load line shifts as shown in Fig. 10. 

 
Figure 8 Movement of the Q-point with increasing level 

of IB.  
Figure 9 Effect of an increasing level of RC on the load 

line and the Q-point. 

 
Figure 10 Effect of lower values of VCC on the load line and the Q-point. 
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Emitter-Bias Configuration (Emitter-Stabilized Bias) 
The dc bias network of Fig. 11a contains an emitter resistor to improve the stability level over that of 
the fixed-bias configuration. The more stable a configuration, the less its response will change due to 
undesirable changes in temperature and parameter variations. The improved stability will be 
demonstrated through a numerical example later. The analysis will be performed by first examining 
the base–emitter loop and then using the results to investigate the collector–emitter loop. The dc 
equivalent appears in Fig 11b with a separation of the source to create an input and output section. 

           
                           (a)                                                                     (b) 

Figure 11 (a) BJT bias circuit with emitter resistor. (b) DC equivalent of (a) 
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Base-Emitter Loop 

 
Figure 12  Base–emitter loop. 

 
Figure 13 Network derived from 

Eq. (6.17). 

 
Figure 14 Reflected impedance 

level of RE. 

From KVL  
+𝑉𝐶𝐶 − 𝐼𝐵𝑅𝐵 − 𝑉𝐵𝐸 − 𝐼𝐸𝑅𝐸 = 0               (6.15) 

Since                                           𝐼𝐸 = (𝛽 + 1)𝐼𝐵                  (6.16): 
𝑉𝑐𝑐 − 𝐼𝐵𝑅𝐵 − 𝑉𝐵𝐸 − (𝛽 + 1)𝐼𝐵𝑅𝐸 = 0 

Solving for IB: 

𝐼𝐵 =
𝑉𝐶𝐶 − 𝑉𝐵𝐸

𝑅𝐵 + (𝛽 + 1)𝑅𝐸
                    (6.17) 

Note that the only difference between this equation for IB and that obtained for the fixed-bias 
configuration is the term (β+1)RE. There is an interesting result that can be derived from Eq. (4.17) if 
the equation is used to sketch a series network that would result in the same equation. Such is the 
case for the network of Fig. 13. Solving for the current IB results in the same equation as obtained 
above. 
Note that aside from the base-to-emitter voltage VBE, the resistor RE is reflected back to the input 
base circuit by a factor (β + 1). In other words, the emitter resistor, which is part of the collector–
emitter loop, “appears as” (β+1)RE in the base–emitter loop. Because β is typically 50 or more, the 
emitter resistor appears to be a great deal larger in the base circuit. In general, therefore, for the 
configuration of Fig. 14, 

𝑅𝑖 = (𝛽 + 1)𝑅𝐸                 (6.18) 
Equation (6.18) will prove useful in the analysis to follow. In fact, it provides a fairly easy way to 
remember Eq. (6.17). Using Ohm’s law, we know that the current through a system is the voltage 
divided by the resistance of the circuit. For the base–emitter circuit the net voltage is VCC - VBE. The 
resistance levels are RB plus RE reflected by (β + 1). The result is Eq. (6.17). 
Collector-Emitter loop 

 
Figure 15 Collector-Emitter Loop 

From KVL: 
+𝐼𝐸𝑅𝐸  +  𝑉𝐶𝐸  +  𝐼𝐶𝑅𝐶  −  𝑉𝐶𝐶  =  0 

Substituting 𝐼𝐸 ≅ 𝐼𝐶  and grouping the terms we 
get 

𝑽𝑪𝑬  =  𝑽𝑪𝑪  −  𝑰𝑪(𝑹𝑪  +  𝑹𝑬)               (𝟔. 𝟏𝟗) 
Also from fig. 11, 

𝑽𝑬 = 𝑰𝑬𝑹𝑬                 (𝟔. 𝟐𝟎) 

𝑉𝐶𝐸 = 𝑉𝐶 − 𝑉𝐸 ⇒ 𝑽𝑪 = 𝑽𝑪𝑬 + 𝑽𝑬      (6.21)  
Or from fig. 15, 

𝑉𝐶 = 𝑉𝐶𝐶 − 𝐼𝐶𝑅𝐶         (6.22) 

The voltage at the base with respect to ground can be determined using Fig. 11b. 
𝑉𝐵 = 𝑉𝐶𝐶 = 𝐼𝐵𝑅𝐵                 (6.23) 
𝑉𝐵 = 𝑉𝐵𝐸 + 𝑉𝐸                       (6.24) 
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Improved Bias Stability 
Stability refers to a circuit condition in which the currents and voltages will remain fairly constant 
over a wide range of temperatures and transistor Beta (β) values. 
Adding RE to the emitter improves the stability of a transistor. 

 
IB in fixed-bias circuit cannot change, so change in β results in large change in output current and 
voltage. 
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Saturation level and Load Line analysis 

          
(a)                                                                                (b) 

Figure 16 (a) Determining 𝑰𝑪𝒔𝒂𝒕
 for the emitter-stabilized bias circuit (b)  Load line for the emitter-bias configuration. 

The collector saturation level or maximum collector current for an emitter-bias design can be 
determined using  

𝐼𝐶𝑠𝑎𝑡
=

𝑉𝐶𝐶

𝑅𝐶 + 𝑅𝐸
                (6.25) 

The addition of emitter resistor reduces collector saturation level. 
The collector–emitter loop equation that defines the load line is 

𝑉𝐶𝐸  =  𝑉𝐶𝐶  −  𝐼𝐶(𝑅𝐶  +  𝑅𝐸) 
For 𝐼𝐶 = 0 

𝑉𝐶𝐸 = 𝑉𝐶𝐶|𝐼𝐶=0𝑚𝐴       (6.26) 

as obtained for the fixed-bias configuration. Choosing VCE=0 V gives 

𝐼𝐶 =
𝑉𝐶𝐶

𝑅𝐶 + 𝑅𝐸
|

𝑉𝐶𝐸=0𝐴

        (6.27) 

as shown in Fig. 16b. Different levels of 𝐼𝐵𝑄
 will move the Q-point up or down the load line. 
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Voltage Divider Bias Configuration 
The next type of bias is voltage divider bias. This bias is important because This is a very stable bias 
circuit. The currents and voltages are nearly independent of any variations in β. 
The voltage-divider bias configuration of Fig. 17a is such a network. If analyzed on an exact basis, the 
sensitivity to changes in beta is quite small. If the circuit parameters are properly chosen, the 
resulting levels of 𝐼𝐶𝑄

 and 𝑉𝐶𝐸𝑄
 can be almost totally independent of beta. 

As noted earlier, there are two methods that can be applied to analyze the voltage-divider 
configuration. The reason for the choice of names for this configuration will become obvious in the 
analysis to follow. The first to be demonstrated is the exact method, which can be applied to any 
voltage-divider configuration. The second is referred to as the approximate method and can be 
applied only if specific conditions are satisfied. The approximate approach permits a more direct 
analysis with a savings in time and energy. It is also particularly helpful in the design mode to be 
described in a later section. All in all, the approximate approach can be applied to the majority of 
situations and therefore should be examined with the same interest as the exact method. 

 
(a)                                                                                        (b) 

Figure 17 (a) Voltage-divider bias configuration. (b) Defining the Q-point for the voltage-divider bias configuration. 

Exact Analysis 
Fig 18a below shows the circuit of figure 17a redrawn for DC analysis. The input side is redrawn in 
figure 17b. The Thevenin equivalent resistance (𝑅𝑇ℎ) of the input side can be found using the circuit 
in figure 18c as 

𝑅𝑇ℎ = 𝑅1||𝑅2                    (6.28) 

                      
(a)                                                                                         (b)                                                                                (c) 

Figure 18 (a) DC components of the voltage divider configuration. (b) Redrawing the input side of the network of Fig. 
17a. (c) Determining RTh. 
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The voltage source VCC is returned to the network and the open-circuit Thévenin voltage (𝐸𝑇ℎ) of 
Fig. 19a determined as follows: 

𝐸𝑇ℎ = 𝑉𝑅2
=

𝑅2𝑉𝐶𝐶

𝑅1 + 𝑅2
                               (6.29) 

                    
(a)                                                                    (b) 

Figure 19 (a) Determining ETh. (b) Inserting the Thévenin equivalent circuit. 

The Thévenin network is then redrawn as shown in Fig. 19b, and 𝐼𝐵𝑄
 can be determined by first 

applying Kirchhoff’s voltage law in the clockwise direction for the loop indicated: 
𝐸𝑇ℎ − 𝐼𝐵𝑅𝑇ℎ − 𝑉𝐵𝐸 − 𝐼𝐸𝑅𝐸 = 0 

Substituting 𝐼𝐸 = (𝛽 + 1)𝐼𝐵 and solving for 𝐼𝐵 yields 

𝐼𝐵 =
𝐸𝑇ℎ − 𝑉𝐵𝐸

𝑅𝑇ℎ + (𝛽 + 1)𝑅𝐸
                      (6.30) 

Although Eq. (6.30) initially appears to be different from those developed earlier, note that the 
numerator is again a difference of two voltage levels and the denominator is the base resistance plus 
the emitter resistor reflected by (β + 1)—certainly very similar to Eq. (6.17).  
Once IB is known, the remaining quantities of the network can be found in the same manner as 
developed for the emitter-bias configuration. That is, 

𝑉𝐶𝐸 = 𝑉𝐶𝐶 − 𝐼𝐶(𝑅𝐶 + 𝑅𝐸)               (6.31) 
which is exactly the same as Eq. (6.19). The remaining equations for VE, VC, and VB are also the same 
as obtained for the emitter-bias configuration. 
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Approximate Analysis 
The input section of the voltage-divider configuration can be represented by the network of Fig. 20. 
The resistance Ri is the equivalent resistance between base and ground for the transistor with an 
emitter resistor RE. Recall, that the reflected resistance between base and emitter is defined by  
𝑅𝑖  =  (𝛽 + 1)𝑅𝐸. If Ri is much larger than the resistance R2, the current IB will be much smaller than 
I2 (𝐼𝐵 ≪ 𝐼2) and I2 will be approximately equal to I1. If we accept the approximation that IB is 
essentially 0 A compared to I1 or I2, then 𝐼1 ≅ 𝐼2, and R1 and R2 can be considered series elements. 
The voltage across R2, which is actually the base voltage, can be determined using the voltage-
divider rule. That is, 

𝑉𝐵 =
𝑅2𝑉𝐶𝐶

𝑅1 + 𝑅2
                    (6.32) 

 
Figure 20 Partial-bias circuit for calculating the approximate base voltage VB. 

Because 𝑅𝑖 = (𝛽 + 1)𝑅𝐸 ≅ 𝛽𝑅𝐸 the condition that will define whether the approximate approach 
can be applied is 

𝛽𝑅𝐸 ≥ 10𝑅2                             (6.33) 
In other words, if β times the value of RE is at least 10 times the value of R2, the approximate 
approach can be applied with a high degree of accuracy. 
Once VB is determined, the level of VE can be calculated from 

𝑉𝑒 = 𝑉𝐵 − 𝑉𝐵𝐸                   (6.34) 
And emitter current can e determined from 

𝐼𝐸 =
𝑉𝐸

𝑅𝐸
                       (6.35) 

And  
𝐼𝐶𝑄

≅ 𝐼𝐸                  (6.36) 

The collector-to-emitter voltage is determined by 
𝑉𝐶𝐸 = 𝑉𝐶𝐶 − 𝐼𝐶𝑅𝐶 − 𝐼𝐸𝑅𝐸 

But because 𝐼𝐸 ≅ 𝐼𝐶 
𝑉𝐶𝐸𝑄

= 𝑉𝐶𝐶 − 𝐼𝐶(𝑅𝐶 + 𝑅𝐸)                   (6.37) 

Note in the sequence of calculations from Eq. (6.33) through Eq. (6.37) that β does not appear and 
IB was not calculated. The Q-point (as determined by 𝑰𝑪𝑸

 and 𝑽𝑪𝑬𝑸
) is therefore independent of the 

value of β. 
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Transistor Saturation 
The output collector–emitter circuit for the voltage-divider configuration has the same appearance 
as the emitter-biased circuit analyzed previously. The resulting equation for the saturation current 
(when VCE is set to 0 V on the schematic) is therefore the same as obtained for the emitter-biased 
configuration. That is, 

𝐼𝐶𝑠𝑎𝑡
= 𝐼𝐶𝑚𝑎𝑥

=
𝑉𝐶𝐶

𝑅𝐶 + 𝑅𝐸
                   (6.38) 

Load-Line Analysis 
The similarities with the output circuit of the emitter-biased configuration result in the same 
intersections for the load line of the voltage-divider configuration. The load line will therefore have 
the same appearance as that of Fig. 16b, with 

𝐼𝐶 =
𝑉𝐶𝐶

𝑅𝐶 + 𝑅𝐸
|

𝑉𝑉𝐸=0𝑉

                       (6.39) 

And    𝑉𝐶𝐸 = 𝑉𝐶𝐶|𝐼𝐶=0𝑚𝐴                          (6.40) 

The level of IB is of course determined by a different equation for the voltage-divider bias and the 
emitter-bias configurations. 
 

Transistor Switching Networks 
Transistors with only the DC source applied can be used as electronic switches. 
To use transistor as a switch the transistor has to bounce back and forth between Saturation region 
and cutoff region of operation. The figure below shows a transistor switching network (an inverter 
circuit) and its input output curves. 

 
(a) 

 
(b) 

Figure 21 Transistor inverter 
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Switching circuit calculations 
When Vi = 5 V, the transistor will be “on” and the design must ensure that the network is heavily 
saturated by a level of IB greater than that associated with the IB curve appearing near the saturation 
level. In the figure above, this requires that IB>50 mA. The saturation level for the collector current 
for the circuit  above is defined by 

𝐼𝐶𝑠𝑎𝑡
=

𝑉𝐶𝐶

𝑅𝐶
           (6.41) 

The level of IB in the active region just before saturation results can be approximated by the 
following equation: 

𝐼𝐵𝑚𝑎𝑥
≅

𝐼𝐶𝑠𝑎𝑡

𝛽𝑑𝑐
 

For the saturation level we must therefore ensure that the following condition is satisfied: 

𝐼𝐵 >
𝐼𝐶𝑠𝑎𝑡

𝛽𝑑𝑐
              (6.42) 

 
when Vi = 5 V, the resulting level of IB is 

𝐼𝐵 =
𝑉𝑖 − 0.7𝑉

𝑅𝐵
=

5𝑉 − 0.7𝑉

68𝐾Ω
= 63𝜇𝐴 

And    𝐼𝐶𝑠𝑎𝑡
=

𝑉𝐶𝐶

𝑅𝐶
=

5𝑉

0.82𝑘Ω
≅ 6.1𝑚𝐴 

𝐼𝐵 = 63𝜇𝐴 >
𝐼𝐶𝑠𝑎𝑡

𝛽𝑑𝑐
=

6.1𝑚𝐴

125
= 48.8𝜇𝐴 

which is satisfied. Certainly, any level of IB greater than 60 μA will pass through a Q-point on the load 
line that is very close to the vertical axis. 
Emitter-collector resistance at saturation and cutoff: 

𝑅𝑠𝑎𝑡 =
𝑉𝐶𝐸𝑠𝑎𝑡

𝐼𝐶𝑠𝑎𝑡

 

𝑅𝑐𝑢𝑡𝑜𝑓𝑓 =
𝑉𝐶𝐶

𝐼𝐶𝐸𝑂
 

 
(a)                                                                                                          (b) 

Figure 22 (a) Saturation conditions and the resulting terminal resistance. (b) Cutoff conditions and the resulting terminal 
resistance. 

The figure above shows the ideal resistance for saturation and cutoff condition. But in reality the 
saturation resistance is very low and cutoff resistance is very high as depicted in the examples 
below. 
Example 
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Transistor switching times: 
There are transistors that are referred to as switching transistors due to the speed with which they 
can switch from one voltage level to the other. 

 
Figure 23  Defining the time intervals of a pulse waveform. 
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𝑡𝑜𝑛 = 𝑡𝑟 + 𝑡𝑑 
𝑡𝑜𝑓𝑓 = 𝑡𝑠 + 𝑡𝑓 

Here,  𝑡𝑟 = 𝑟𝑖𝑠𝑒 𝑡𝑖𝑚𝑒 𝑓𝑟𝑜𝑚 10% 𝑡𝑜 90% 𝑜𝑓 𝑡ℎ𝑒 𝑓𝑖𝑛𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 
 𝑡𝑑 = 𝑑𝑒𝑙𝑎𝑦 𝑡𝑖𝑚𝑒 𝑏𝑒𝑡𝑤𝑒𝑒𝑛 𝑐ℎ𝑎𝑛𝑔𝑖𝑛𝑔 𝑠𝑡𝑎𝑡𝑒 𝑜𝑓 𝑖𝑛𝑝𝑢𝑡 𝑎𝑛𝑑 𝑏𝑒𝑔𝑖𝑛𝑛𝑖𝑛𝑔 𝑜𝑓 𝑎 𝑟𝑒𝑠𝑝𝑜𝑛𝑠𝑒 𝑎𝑡 𝑜𝑢𝑡𝑝𝑢𝑡 
 𝑡𝑓 = 𝑓𝑎𝑙𝑙 𝑡𝑖𝑚𝑒 90% 𝑡𝑜 10% 𝑜𝑓 𝑡ℎ𝑒 𝑖𝑛𝑖𝑡𝑖𝑎𝑙 𝑣𝑎𝑙𝑢𝑒 

 𝑡𝑠 =  𝑠𝑡𝑜𝑟𝑎𝑔𝑒 𝑡𝑖𝑚𝑒  
Example 

 
 
 
PNP Transistors  
The analysis for pnp transistor biasing circuits is the same as that for npn transistor circuits. The only 
difference is that the currents are flowing in the opposite direction. 
 
 

Other biasing are pretty similar to The biasing shown in this lecture.  

 

 

 

 

1. Boylestad chapter 4 exercise problems 1,2,3,8,9,10,11,15,17,18,20,57, 

 

 

 

Reference books 
1. Electronic Devices and Circuit, 11th edition, Robert L. Boylestad. 

2. Electrical and Electronic Principles and Technology, 3rd edition, John Bird. 
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BJT Bias Configuration summary 

 


