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Lecture (8)

Electronic Circuit

DC biasing (BJT)
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4.1 INTRODUCTION

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.

The analysis or design of any electronic amplifier therefore has two components: a

dc and an ac portion.

The following important basic relationships for a transistor:

4.2 OPERATING POINT

The term biasing appearing in the title of this chapter is an all-inclusive term for

the application of dc voltages to establish a fixed level of current and voltage. 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.
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FIG.1: Various operating points within the limits of operation of a transistor

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.
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[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 characteristic are 

provided as follows:

1. Linear-region operation:

Base emitter junction forward-biased 

Base collector junction reverse-biased

2. Cutoff-region operation:

Base emitter junction reverse-biased 

Base collector junction reverse-biased

3. Saturation-region operation:

Base emitter junction forward-biased 

Base collector junction forward-biased

4.3 FIXED-BIAS CONFIGURATION

The fixed-bias circuit of Fig. 4.2 is the simplest transistor dc bias configuration.

FIG. 2: Fixed-bias circuit. FIG. 3: DC equivalent of Fig.2
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Forward Bias of Base Emitter:

Consider first the base emitter circuit loop of Fig. 4.4 . Writing Kirchhoff’s voltage 

equation in the clockwise direction for the loop, we obtain

+VCC - IBRB - VBE = 0

Note the polarity of the voltage drop across RB as established by the indicated 

direction of IB . Solving the equation for the current IB results in the following

Collector Emitter Loop:

The collector emitter section of the network appears in Fig. 4.5 with the indicated

direction of current IC and the resulting polarity across RC . The magnitude of the

collector current is related directly to IB through
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Applying Kirchhoff’s voltage law in the clockwise direction around the indicated 

closed loop of Fig. 4.5 results in the following:
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EXAMPLE 4.1

Determine the following for the fixed-bias configuration of Fig. 4.7 .

a. IBQ and ICQ. b. VCEQ. c. VB and VC . d. VBC .
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Transistor Saturation
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The resulting saturation current for the fixed-bias configuration is

Load-Line Analysis:
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EXAMPLE 4.2:

Given the load line of Fig. 4.16 and the defined Q -point, determine the required 

values of VCC , RC , and RB for a fixed-bias configuration.
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4.4 EMITTER-BIAS CONFIGURATION:

FIG. 4.17 BJT bias circuit with emitter resistor.
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EXAMPLE 4.3 :

For the emitter-bias network of Fig. 4.23 , determine:

a. IB . b. IC . c. VCE . d. VC . e. VE . f. VB . g.VBC
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Saturation Level:

The collector saturation level or maximum collector current for an emitter-bias

design can be determined using the same approach applied to the fixed-bias

configuration: Apply a short circuit between the collector–emitter terminals as

shown in Fig. 4.24 and calculate the resulting collector current. For Fig. 4.24
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Load-Line Analysis:

The load-line analysis of the emitter-bias network is only slightly different from

that encountered for the fixed-bias configuration. The level of I B as determined by

Eq. (4.17) defines the level of I B on the characteristics of Fig. 4.25 (denoted IBQ).

The collector–emitter loop equation that defines the load line is

VCE = VCC - IC(RC + RE)
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