DESIGN OF A SINGLE STAGE COMMON EMITTER

TRANSISTOR AMPLIFIER

Figure 1: Common Emitter Transistor Amplifier
INTRODUCTION

Transistor parameters are not exact. Even for the same type of transistor from the same manufacturer they may exhibit wide variations. For example hfe of BC109 ranges from 200 to 800. Furthermore these parameters vary with varying operating conditions such as changes in temperature and the operating point (different collector currents).

Due to these wide variations in parameters a good design of a transistor amplifier involves setting up a stable Q-point that stays approximately in the same position of the dc load line and designing the circuit in such a way that the voltage gain is also immune to changes in parameters.

Stability in Voltage Gain

Figure 2 shows the simplified hybrid equivalent circuit of the amplifier shown in Figure 1. hre and hoe have been neglected since hre is very small and 1/hoe is very large compared with R΄L.

Figure 2: AC Equivalent Circuit (Low Frequency)

Av = vo/vi = - hfe R΄L / [ hie + (1 + hfe) RE ]

And if  (1 + hfe) RE >> hie and since hfe >> 1,

Av ( R΄L / RE
This equation shows that Av is immune to changes in hie and more specifically hfe subjected to the condition (1 + hfe) RE >> hie. It is simply the ratio between R΄L and RE. This stability is due to the negative feedback provided by RE.

Stability in Q-point
The operating point swings about the Q-point and to faithfully amplify a signal without distortions the transistor should always operate in the active region. This is accomplished by setting the Q-point approximately in the middle part of the dc load line.

Due to the variations in transistor parameters the Q-point can also change its position either to the left side of the dc load line (approaching saturation) or to the right side (approaching cutoff) that may lead to distortions in the output waveform. Hence it is also required to setup a stable Q-point that does not vary with the variations in transistor parameters.

Analysis of the amplifier shown in Figure 1 shows that in terms of variations in ICBO (reverse  saturation current) and hFE, the stability of the Q-point is greater for smaller values of Rb/RE where Rb is the biasing resistance seen by the base of the transistor. In our case it is the Thevenin equivalent resistance of the potential divider network which consists of R1, R2 and Vcc. Typically Rb/RE can be set to a value less than 5. Zero corresponds to a most stable biasing network that can be seen in common collector configurations.

Furthermore in terms of variations in VBE (IC with VBE) it is desirable to have a large Rb or RE.

Hence it is preferable to use as large an emitter resistance RE as practical and a small Rb. A small Rb is easily obtained by using a potential divider network (R1 and R2) than using a single resistor (of large value) to supply the base current in self biasing circuits.

For a detailed analysis of the stability of the Q-point, the reader is referred to reference 01.
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