NEO8 AMPLIFIER APPLICATIONS SECTION 4

POWER AMPLIFIERS — 1

CLASS A
THE AC LOAD LINE

Determining the AC Load Line

An AC load line is very helpful in determining or demonstrating the range of AC
compliance (maximum limits of peak-to-peak output voltage swing), also referred
to as dynamic headroom. Figure 6-17 shows the DC load line and the AC load
line for the CE amplifier shown. For the DC load line, all capacitors are removed
and the line is defined as shown in box 1. (Review DC load lines in the previous
modules if necessary.)
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Figure 6-17 The AC load line.

For the AC load line, capacitors are included and the following formulas are used.

. VcEQ)
ie(sat) = Ic(Q) + (. + 1) (6-11)
Vee(eutoff) = VCE(Q) * [IC(Q) x (% + 113)] (6-12)

where r. is the total AC collector resistance and rg is the total AC emitter
resistance.

Notice that the quiescent values of Ic) and Vg must be determined before the
AC load line can be defined. Recall that:
Ic=Ig = (Vs - 0.7 V)/ (total DC emitter resistance), and

Vce@ = Vee - Ve - Vre.
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Also notice that the AC saturation current (ic¢at)) is the sum of the DC quiescent
current and the maximum possible AC current [Vce@/(re + rg)].

The maximum AC current is determined using the transistor voltage (Vce(q) and
the AC collector and emitter resistances. Vcr() is used because it is this voltage
that is transferred to the AC resistances as the AC current is produced. When all
of Vcr@ is transferred to the AC resistances, the transistor is saturated and
there is no further increase in AC current.

Also, realise that the AC resistances are those resistances through which the AC
current actually passes. In Figure 6-17, AC current is passed through Rc, Ri, and
re. Note how Rk is bypassed — effectively shorted by the capacitor.

Finally, the AC load line must pass through the Q-point on the DC load line. If
your calculations are correct, this will be so.

Maximum Output Voltage Swing

Once the AC load line is defined, you can easily see the maximum range of
voltage swing that is possible at the output of the amplifier. Figure 6-18
illustrates this and the clipping that occurs when the transistor is overdriven. If
the maximum voltage swing (AC compliance, dynamic headroom) is known and
the Av for the stage is known, the maximum input signal voltage can be
calculated.
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Figure 6-18 Maximum output voltage swing.
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Consider Example 6-11
EXAMPLE 6-11

For the circuit of Figure 6-17, the Ay is 19.7 and the maximum output swing is
6.56 Vp-p. Thus, the maximum input voltage is:
656V, _
Viu(max p-p) = T;L_E

=0333V,_, or, =0167V, or, =0118 Vpys

EXERCISE 1

1. Calculate the maximum RMS value of input voltage that can be applied to
an amplifier which has a voltage gain of 900 and a peak output voltage of
4.41 volts.

2, Calculate the peak output voltage for an amplifier which has a voltage
gain of 87.85 when the applied signal is 13.6mV RMS.
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SECTION 4

AC ANALYSIS OF A CE AMPLIFIER

Let's combine what you know about the analysis of voltage-divider biased CE
amplifiers in a step-by-step analysis procedure. To do so, we will follow the
analysis steps provided in Example 6-12. Our purpose in analysing this amplifier
is to determine vital information such as input impedance, voltage gain. and
maximum input voltage. Some of the analysis process involves the DC analysis
formulas and procedures you learned in previous modules. Combining those with
the AC analysis presented in this section will enable you to do a complete CE

stage analysis.

Figure 6-19
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STEP 1 Determine and draw the DC load line.

Iceaty= Vec/(Rc+ RE+1rg) =9 V/5180 Q = 1.74 mA

VcEutof)y = Vec =9V
STEP 2 Calculate the base voltage.

Fév“:séxl?)

— Yee (cutoffl

722V

Ve =Veocx Ro/(R1 + R9) =9 Vx 1.5 kQ/12.5kQ = 1.08V
STEP 3 Calculate the emitter voltage.

VE=Vp-0.7V=108V-0.7V=0.38V
STEP 4 Determine the value of quiescent collector/emitter current.

Ic@ = Ie@ = VE/(RE + rE) = 0.38 V/480 Q = 0.792 mA
STEP § Use I¢(q, to calculate the collector-resistor voltage.

Vee=Ic@xRc=0.792mA x4.7kQ=3.72V
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STEP 6 Now you are ready to determine the quiescent
collector-emitter voltage.

Vce@ =Vec-Vre-VE=9V-3.72V-0.38V=49V
STEP 7 The approximate value of r, can now be determined.

re = 0.025/Ig = 0.025/0.792 mA =32 Q
STEP 8 Next, the AC collector resistance can be calculated.

re=Rc//RL= (4.7 kQ x 6.8 kQ)/(4.7 kQ + 6.8 kQ)
= 2.78 kQ

STEP 9 Now that you know r, and r. you can calculate the AC voltage gain.

Ay =r/(re + ) = 2.78 kQ/182 Q= 15.3
#dB = 20 log(15.3) =20 x 1.18 = 23.7 dB

STEP 10 Define and draw the AC load line.

leat) = Ic@ + [Vee@/(xc + rE)] = 0.792 mA + 1.67 mA
= 2.46 mA

Vee(eutof) = VCEQ + [l X (re + 1E)] = 4.9V +2.32V
=722V

STEP 11 Calculate the maximum output voltage swing.

The maximum output voltage swing is limited by the position of the Q-point
relative to the AC load line. In this case, the maximum swing is limited by the
difference between vee(cutof) and Vce)

Ve(out) = (Vce(cut,oﬁ) - VCE(Q)) Xx2= (722 V-49 V) X2
= 4.64 Vpop

STEP 12 Calculate the maximum input signal voltage.

Vb(in) = Vc(out)/Av = 4.64 Vp-p/15.3
= 0.303 Vyp = 0.107 Vams)

STEP 13 Calculate the stage input impedance.

Assume the data sheet indicates a minimum B of 100. Use this minimum value.

Zin=R1 /I R2 /I[P (re + rE)]
V[(1/R1) + (1/R2) + (V[B (re + rE)])]
V[(1/11 kQ) + (1/1.5 kQ) + (1/18.2 kQ)] = 1.23 kQ

STEP 14 Determine the stage output impedance.
Zout - RC =4.7TkQ
STEP 15 If desired, calculate the stage current gain and power gain.

Ai = A.v . Zin/ZQut = 15.3 X 1.23 kQ/4.7 kQ =4
Ap=AiAy=4x15.3=61.2
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POWER EFFICIENCY — CLASS A

EXAMPLE 1

Determine the power efficiency for the class A amplifier of Figure 7-3.
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1. Determine the DC load line.

Iceaty = Veo/(Re + Re) = 12 V/(100 Q + 10 Q) = 109 mA
VcEeutotp = Vec =12V

2. Determine the Q point.

Vs = Voo x Ry/(R, + R,) = 12V x 68Q/(560Q + 68Q)
=12Vx 68Q/628Q=13V

VE=VB-0.7V=13V-0.7V =06V

Ic@ =Ie@ = VE/RE= 0.6 V/10 Q =60 mA

Vre=Ic@xRc=60x100Q =6V

Vce@ =Vec-Vre-VE=12V-6V-06V=54V

3. Calculate transistor power dissipation.

Pp=VceQ x Ic@ =54V x60mA=0.324 W
The transistor is probably rated for 1 W or so.

4, Calculate the DC power supplied to the collector-emitter circuit.

Ppc=VeecxIcg=12V x60mA=0.72W

5. Determine the AC load line.

icat)y = L@ + [Vce@/(AC collector resistance + AC emitter resistance )]
= 60 mA + [5.4 V/(100 Q // 600 Q + 10 Q)]

=60 mA + [5.4 V/(85.7Q + 10 Q)]
=60 mA + 56.4 mA = 116.4 mA

J ASPLIN 6 1995






