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4. 5 Voltage-Divider Bias Configuration  

In the previous bias configurations, the bias current ICQ and voltage VCEQ were a 

function of the current gain b of the transistor. However, because b is temperature sensitive, 

especially for silicon transistors, and the actual value of beta is usually not well defined, it 

would be desirable to develop a bias circuit that is less dependent on, or in fact is independent 

of, the transistor beta. The voltage-divider bias configuration of Fig. 28 is such a network. If 

analysed 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. Recall from previous discussions that a Q-point is defined by a fixed 

level of ICQ and VCEQ as shown in Fig. 29. The level of IBQ will change with the change 

in beta, but the operating point on the characteristics defined by ICQ and VCEQ can remain 

fixed if the proper circuit parameters are employed.  

 

exact analysis 

For the dc analysis the network of Fig. 28 can be redrawn as shown in Fig. 30. The input 

side of the network can then be redrawn as shown in Fig. 31 for the dc analysis.  
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The Thevenin equivalent network for the network to the left of the base terminal can then 

be found in the following manner: Rth The voltage source is replaced by a short-circuit 

equivalent as shown in Fig. 32: 

                                                                                                   

 

 

 

 

 

 

 

 

 

 

Eth The voltage source VCC is returned to the network and the open-circuit Thevenin 

voltage of Fig. 33 determined as follows: Applying the voltage-divider rule gives 

 

The Thevenin network is then redrawn as shown in Fig. 34, 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 

 

Although Eq. (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. (17). Once 
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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, 

 

which is exactly the same as Eq. (19). The remaining equations for VE, VC, and VB are also 

the same as obtained for the emitter-bias configuration.  

 



 CHAPTER 4                  DC BIASING—BJTS                                ASST. LECTURER   AHMED SAAD 

4 

 

approximate analysis 

The input section of the voltage-divider configuration can be represented by the network 

of Fig. 36. The resistance Ri is the equivalent resistance between base and ground for the 

transistor with an emitter resistor RE. Recall from Section 4 [Eq. (18)] 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 (current always seeks the path 

of least resistance) 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 (hence the name for the configuration). That is, 

 

Because Ri = (β + 1) RE ≈ βRE the condition that will define whether the approximate 

approach can be applied is 

 

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 
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and the emitter current can be determined from 

 

And    

The collector-to-emitter voltage is determined by 

VCE = VCC - ICRC – IERE 

but because IE ≈ IC, 

 

Note in the sequence of calculations from Eq. (33) through Eq. (37) that b 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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The results clearly show the relative insensitivity of the circuit to the change in b. Even 

though β is drastically cut in half, from 100 to 50, the levels of ICQ and VCEQ are 

essentially the same 
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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 analysed in Section 4. 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, 

 

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. 25, with 

 

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

and the emitter-bias configurations. 
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6.4 Collector Feedback Configuration  

An improved level of stability can also be obtained by introducing a feedback path from 

collector to base as shown in Fig. 38. Although the Q-point is not totally independent of 

beta (even under approximate conditions), the sensitivity to changes in beta or temperature 

variations are normally less than encountered for the fixed-bias or emitter-biased 

configurations. The analysis will again be performed by first analysing the base–emitter 

loop, with the results then applied to the collector–emitter loop. 

base–emitter Loop Figure 39 shows the base–emitter loop for the voltage feedback 

configuration. Writing Kirchhoff’s voltage law around the indicated loop in the clockwise 

direction will result in 

VCC - ICRC - IBRF - VBE - IERE = 0 

It is important to note that the current through RC is not IC, but IC (where 𝐼𝐶− = IC + IB). 

However, the level of IC and 𝐼𝐶− far exceeds the usual level of IB, and the approximation 

𝐼𝐶−≈ IC is normally employed. Substituting 𝐼𝐶−≈ IC = βIB and IE ≈ IC results in 

VCC - βIBRC - IBRF - VBE - βIBRE = 0 
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Collector–emitter Loop 

The collector–emitter loop for the network of Fig. 38 is provided in Fig. 40. Applying 

Kirchhoff’s voltage law around the indicated loop in the clockwise direction results in 

IERE + VCE + 𝐼𝐶−RC - VCC = 0 
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Saturation Conditions 

Using the approximation 𝐼𝐶− = IC, we find that the equation for the saturation current is 

the 

same as obtained for the voltage-divider and emitter-bias configurations. That is, 

 

Load-Line analysis 

Continuing with the approximation IC- = IC results in the same load line defined for the 

voltage-divider and emitter-biased configurations. The level of IBQ is defined by the chosen 

bias configuration. 
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7.4 Emitter-Follower Configuration  

The previous sections introduced configurations in which the output voltage is typically 

taken off the collector terminal of the BJT. This section will examine a configuration where 

the output is taken off the emitter terminal as shown in Fig. 46. The configuration of Fig. 46 

is not the only one where the output can be taken off the emitter terminal. In fact, any of the 

configurations just described can be used so long as there is a resistor in the emitter leg. 
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8.4 Common-Base Configuration  

The common-base configuration is unique in that the applied signal is connected to the 

emitter terminal and the base is at, or just above, ground potential. It is a fairly popular 

configuration because in the ac domain it has a very low input impedance, high output 

impedance, and good gain. 

A typical common-base configuration appears in Fig. 49. Note that two supplies are used 

in this configuration and the base is the common terminal between the input emitter terminal 

and output collector terminal. The dc equivalent of the input side of Fig. 49 appears in 

Fig.50. 
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Applying Kirchhoff’s voltage law will result in 

-VEE + IERE + VBE = 0                            

Applying Kirchhoff’s voltage law to the entire outside perimeter of the network of Fig. 

51 will result in 

-VEE + IERE + VCE + ICRC - VCC = 0 

and solving for VCE: VCE = VEE + VCC - IERE - ICRC 

Because IE ≈ IC 

 

 

The voltage VCB of Fig. 51 can be found by applying Kirchhoff’s voltage law to the 

output loop of Fig 51 to obtain: 

VCB + ICRC - VCC = 0 

or VCB = VCC - ICRC 

Using IC ≈ IE 
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9 Miscellaneous Bias Configurations  

There are a number of BJT bias configurations that do not match the basic mold of those  

analysed in the previous sections. In fact, there are variations in design that would require  

many more pages than is possible in a single publication. However, the primary purpose  

here is to emphasize those characteristics of the device that permit a dc analysis of the  

configuration and to establish a general procedure toward the desired solution. For each  

configuration discussed thus far, the first step has been the derivation of an expression for 

the base current. Once the base current is known, the collector current and voltage levels of  

the output circuit can be determined quite directly. This is not to imply that all solutions  will 

take this path, but it does suggest a possible route to follow if a new configuration is  

encountered.  The first example is simply one where the emitter resistor has been dropped 

from the  voltage-feedback configuration of Fig. 38. The analysis is quite similar, but does 

require dropping RE from the applied equation. 
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