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1. BIPOLAR TRANSISTOR

Fig. 1 shows a typical circuit with a bipolar transistor. The load modeled as R, is connected between the
supply voltage (e.g. 12Vpc) and the collector of the transistor.

Fig. 1: A typical circuit with a NPN bipolar transistor

Assuming the circuit as shown in Fig. 1, the bipolar transistor can operate in three region depending on
the value of the voltage Ug: and the load impedance (we assume that the voltage Vc is positive and much
greater than 0.7 V):

cut-off region (Ug < 0.5 V) — there is no current from the collector to the emitter, thus the transistors act
like a opened (non-conductive) switch; the equivalent circuit for this situation is shown in Fig. 2a;

active region (Ug: > 0.5V, Ic = B-lg) — small working range, in this case the collector current is linearly
related to the base current; the transistor "controls its resistance" to maintain a proportional current
between the base and collector currents; the transistor, which operates in this region is used for signals
amplification; the equivalent circuit for this situation is shown in Fig. 2b; the current gain factor is denoted
as:

Ic
an
saturation region (Uge > 0.5V; B-lg > I¢sam)) — in this condition, the transistor is in saturation and the
collector current becomes independent of the base current; the transistor is unable to reduce its channel
resistance to flow to maintain collector current proportional to the base current; there is only a small UCE
voltage drop about 0.6 V (like a diode in the forward-bias); the transistors act like a closed (conductive)
switch; collector current depends only on external factors (load resistance/impedance); the equivalent
circuit for this situation is shown in Fig. 2c.
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Fig. 2: Equivalent circuit of a transistor working in:
a) cut-off region; b) active region; c) saturation region

Consequently, the transistor is used in two operating modes:

as a switch (relay) - is toggled between cut-off and saturation region - in this case transistor allows
to turn on and off (e.g.: diode, light bulb, DC motor);

as an amplifier - in this case transistor is in the active region and is able to amplify the input signal
(voltage and/or current);
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Fig. 3: Characteristics of an NPN bipolar transistor:
a) input characteristic; b) transfer characteristic; c) output characteristic.
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2. COMMON EMITTER AMPLIFIER

2.1 Basic information

The amplifier in common emitter mode allows for voltage signal amplification (the amplitude of the
output voltage is greater than the amplitude of the input voltage - factor k = gain). The CE amplifier has a
lower and upper cut-off frequency. Therefore it does not amplify (efficiently) the signal below the lower
cut-off frequency and above the upper cut-off frequency. Between this two frequencies, the gain of the
amplifier is (approximately) constant. The amplifier in the CE configuration is most often used as one of the
stages in acoustic amplifiers and radio-communication circuits.
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Fig. 4: Amplitude-frequency characteristics of the amplifier in CE configuration

2.2 Working of transistors amplifier

After turn on the supply voltage, the transistor becomes polarized assuming the static operating point
marked in Fig. 5 as Q. The AC signal applied to the input of the amplifier is added to the static voltage (DC
offset) determined by the initial bias of the transistor base. Thus, the voltage Uge alternates around the
point Q, which is the static operating point of the transistor amplifier. Changing this voltage causes the base
current to change according to the input characteristics Iz = f(Uge). The alternating signal should be small
enough to assume that the amplifier works on the linear section of the characteristic. The base current
fluctuates around the lgq value. Next, base current changes cause collector current changes witch gain
(transfer characteristic I = f(lg)). Collector current changes cause proportional voltage changes on the Rc
resistor (resistor between supply and transistor's collector). Voltage changes U have a greater amplitude
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(k - gain) than the input voltage Ugg, which means that the signal voltage amplification has occurred
(k= Uour/Un).
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Fig. 5: Working of transistors amplifier [4]
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2.3 The common emitter amplifier circuit

Fig. 6 shows the common emitter amplifier in the most common version of the transistor base bias —
voltage divider bias. The transistor works as an amplifier (in the active region), when the Ug; voltage is
about 0.6 V. It should be ensured that such a value of the constant voltage offset appears on the
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Fig. 6: The common emitter amplifier circuit

In Common Emitter Amplifier circuits, capacitors Cy, Ce and Coyr are used as coupling capacitors to
separate the AC signals from the DC biasing voltage. This ensures that the bias condition set up for the
circuit to operate correctly is not affected by any additional amplifier stages, as the capacitors will only pass
AC signals and block any DC component. The output AC signal is then superimposed on the biasing of the
following stages. Their capacitance should be chosen so that for the frequency of the signals amplified by
the system, their impedances are close to zero.
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The components of the amplifier and their functions are described below.

T — bipolar NPN transistor. It is an active element that has the feature of a linear relationship between the
collector and the base current. For small changes the uge voltage around the operating point, it can be
assumed that the relationship ic = f (ugg) is linear. This approximation is the basis of use a transistor for
linear amplification of electrical signals. The transistor must have a properly set operating point. The
operating point of the bipolar transistor is understood as the values of base current and collector-emitter
voltage in a static state.

Rs1, Rg; - resistor voltage divider setting the base potential of the transistor. It is assumed that the value of
the current of the resistive divider is much greater than the value of the base current of the transistor, at
the set operating point. Additionally, parallel connection of the resistors with the Cy capacitor create a
high-pass filter for the input signal. (Rg; | | Rs2):Ci -

Re: + Rg; - emitter resistors setting the value of the emitter current of the transistor. For the assumed
values: collector current I, base potential Vg and base-emitter voltage Ugg, the value of its resistance is
determined from the formula:

VB - UBE

R =~
E [C

This resistor causes negative feedback for direct current. Each small change of the base potential of the
transistor, causes almost the same change of its emitter potential (because the Ug; voltage value changes
slightly even with large changes of the base potential).

Additionally, the Rg; resistor allow adjustment of the gain by changing the emitter impedance for the AC
component of the signal.

C: - capacitor (usually electrolytic with high capacity value) is a "short-circuit" for the AC component of the
emitter current. The high capacity causes low reactance for the AC component of the signal.

R¢ - collector resistor. This resistor value have impact on the value of the voltage U (transistor operating
point), the gain of the amplifier, and the value of the upper cut-off frequency of the amplifier. Usually it is
assumed that the collector resistor should be about 10 times larger than the emitter resistor.

Cin — is used as coupling capacitors to separate the AC component of the input signals from the DC biasing
voltage. Additionally, parallel connected resistors (Rg; | | Rg,) with the C,y capacitor create a high-pass filter
for the input signal (Rg1 | | Re2):Cin -

Cour — the purpose of use the capacitor is remove the constant component (the voltage offset) from the
output signal. Additionally, parallel connected resistors (Rc || R.) with the Coyr capacitor create a high-pass
filter for the output signal (R¢ | | R)-Cour -

R, - load resistance value.
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2.4 Determining the optimal operating point

Fig. 7 shows the AC and DC diagrams of the Common Emitter Amplifier. Principles of building a DC
scheme:

= capacitors turn into gaps (the capacitor impedance at low frequencies is very high);
= coils turn into short-circuits (the coil impedance is very low for low frequencies).

Principles of building a AC scheme (circuit for AC components of the signals):

= capacitors turn into short-circuits (the capacitor impedance at high frequencies is very low);
= coils turn into gaps (the coil impedance is very high for high frequencies);
= each DC potential (e.g. supply voltage) is replaced by a common zero potential (GND).

a) vee b)
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Fig. 7: Equivalent diagram:
a) DC; b) AC component of the signal.

There are instantaneous values of voltages and currents in the circuit:
iC = IC'Q + iC )
ucg = Ucpg + Uce -

They are a superposition of constant l¢q, Uceq and alternating components i, ue.. The constant components
of current and voltage are related by the relationship:

Vee = Ucgg + Ico(Rc + Rp1 + Rp2)
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It is the equation of static load line in the field of the output characteristics of the transistor
(ic = f(uCE)) flg 8 -a.
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Fig. 8: Static (a) and dynamic (b) load line in the field of the output characteristic of the
transistor.

The operating point Q lies at the intersection of the static load line with the output characteristic of the
transistor determined by the base current lgq:

RBZ

V —_
cc Rp1 + Rp;

= IgoRp + Upgg + Igg(B + 1)(Rg1 + Rgz) .

The relationship between the variable component of the collector current and the collector-emitter voltage
is described by the equation::

i = — uce
¢ Rep + Rgy
Based on the above dependencies, we get:
. Uce UCEQ
= —0———— 4 Icg+ ————.
Rep + Rgq ©" Rey+ R

It is an equation for dynamic load line in the field of the output characteristics of the transistor
(fig. 8-b). The dynamic load line passes through the work point Q. Thus, the instantaneous value of the
collector current ic can maximally increase to the value (omitting the saturation area of the transistor for
simplicity):

Uckg

icmax = Ic(ucg = 0) = Igg + R+ Ry’
L E1
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and achieve the minimum value:
icmin = 0.
The instantaneous value of the collector potential uc is a superposition of the constant component:

Uc = Uec — ICQRCv

and the variable component:
U = —licRep -

Using the above dependencies, we obtain the instantaneous value of the collector potential uc as a function

of the instantaneous value of the collector current ic:
uc = Uec + u,,
Uc (i) = Vec = IcqRce + IcqReL — icRer -
Maximum value:

Uc max = Uc(icmin) = Vee — IcoRc + IcqRer,

and minima value:

; Ry
Uc min = Uc(cmax) = Vec — IcoRe — UCEQRCT'
L E1
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Thus, the operating point is optimally selected when:

IooRey = U _Ra
cetcL — CEQ RCL+ RE1;

that is, when it lies in the middle of dynamic load line.

The best possible position for this Q-point is as close to
the center position of the dynamic load line.
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2.5 The others transistor biasing method

Fig. 9 shows other methods of biasing the transistor:

a) base bias;

b) collector feedback bias.

vCcc vcc

b)

Uour_oc

Yoyt ac Yoy ac
Uy - Ui -

v&ood

Fig. 9: Transistor biasing method:
a) base bias;
b) collector feedback bias
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