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2. Class-B power amplifier

a) DC-Bias

The DC-Bias of the push-pull class-B amplifier below was to determine.
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The DC-Bias shows, that there is no current through the transistors withou asignal voltage vs
becaise the base inputs are short circuited. The aurrent of abou 5.5mA is caused orly through
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I DC+-— 5.5mA
.= 37.8mA
.= 37.9mA

the base resistors R, and Ro. l:(Vc(;1+Vccz)/(R1+R2):5.45mA.

A classB amplifier works by opening either the NPN or the PNP transistor through the signal
voltage vs. So the dassB amplifier only works, if the signal inpu voltage is above the break

voltage (~0.7V) of the transistors.



b) AC Power Characteristiccs

Next step wasto determine the AC-Power Characteristics. Therefor theinpu signal v; was
raised, urtil the output voltage v, became 1V,

An approximate printout of the oscill oscope’ s display can beeseen in the figure below.

4.5Vpp

ve=4.5Vpp (1.573VAC)
V=2V pp (0.602VAC)

The distortions at the OV regions are
determined the transistor’ s break through
voltage.

All AC values were measured with a FLUKE 4510 dgital multimeter

The output power is determined by:

5 = (Vorc)® _ (0602/,c)°
° R, 8.20

=442mW

The Power efficiency n is defined by the ratio of output power to input power. So the
maximum value for n can be 1 (but not here).




n with the measured values:

__ VR
r] VCC(I++I—)

0.602V?/8.2Q

12V(37.9mA +37.9mA)

n=4.9%

The Power efficiency is very low, becaise the maximum power efficiency can ony be

readed at maximum output signal voltage.

3. Class-AB power amplifier with duo supplies

a) DC-Bias

At first the DC-bias of the dassAB power amplifier was to determine.
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I -SIG— 83.4MmA



Now the aurrent throug the different resistors can be determined:

3.1Vpr

b) AC Power Characteristiccs

The distortion d the dassAB amplifier is much lower than the of the dassB amplifier
because the bases of the transistors are DC-biased through the diodes and so the quiescent

point is dhifted into the linea region d the transistor.

ClassAB means, that each dof the transistors conducts for more than half a g/cle (classB eah

transistor conduwcts for only haf acycle, or alittl e bit less.
This can easily be seen in the following figure.
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vs=3.1Vpp
(1.066/AC)

Vo=2Vpp
(0.71VAC)

The vaue of Voac is
now more eadly
because of the less
distortion (The
measuring instrument is
gauged to sinus sgnals).



With the measured signal voltages the power efficiency can be determined.

v, /R,
Vcc(I +Sig + I—Sig)
_ 0717Vv?/8.2Q
12V(28.7mA +83.4mA)
n=4.6%
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I

The maximum theoreticd value shoud be dou the same than the power efficieny of the
classB amplifier, because the output stage has not been changed.

c¢) Voltage Amplification

The Voltage anplification Ay of apush-pull amplifier isbelow 1, becauseit only consists of
2 emitter follower, which have no vdtage anplificaion. It can be seen, that the output can be
at maximum as large than the inpu voltage vs minus the two breg through vdtages of the
transistors and minus the voltage drop at the two emitter resistors.
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So the signal voltage, which is put to th einpu of the push-pull amplifier hasto be properly
amplified (~ to theregion d Vcc) for getting the maximum power outpit.
Thisisvalid for ALL “common coll ector” push-pull amplifiers andisonly once shown here.



4. Class-AB power amplifier with a single supply

In very much eledronic devices push-pull amplifiers are needed because of their low output
impedance But nat in all these devices dual power supgies are avail able, sincethey are more
expensive. But a push-pull amplifier can be redised withou dual-supgy, by using couding
cgoacitors or transformers for separation the DC-bias from inpus and ouputs.

a) DC-Bias of the class-AB amplifier with a single supply

VR]_: 11.3NV

VBEQ1:O.618/

VCEQ]_:].Z.?_IV

VR3: 91.5mV

VD]_: 705mV

VD2: 689V

3.6V Vwra= 87.2mV
| [ Ve= 11.26/

VBEQ2:63mV

VCEQ2:11.8N
VR2: 11.29v/
.= 27.0mA
|+SIG: 44.2nA

The drcuit is equivaent to the dassAB power amplifier with single supay. The suppy
voltageis 24V. At the anplifier with duosuppy the supfy voltage was 24V too (2xVcc).
The differenceis only that the lower potential is now groundand therefore the inpus and
outputs have to passcouping cagpacitors.

The aurrents through the resistors can now be determined:

ey Ve SNV 5 oma
R, 2.2kQ

Ve J1120V_

2R, 22kQ

| s Ve - 62MV 19 47ma
R, 47Q

- Ve _872MV_ o
R, 4

All values are very close to those of Part 2 of the lab - equivalent circuits.



b) AC Power Characteristiccs

Also the AC-charaderistics are equivalent to the push-pull amplifier with duosupgies.

vs=3.6Vpp (1.25/AC)
Vo=2Vpp (0.72NMAC)

The measured values are
nealy the samethan in the

3.6Vor 2" part of the LAB.

Now with the measured signal voltages the power efficiency can be determined.

v’ /R,
VCC(I +Sig + I —Sig)
_0.727°V?/8.2Q

24\ x 44.2mA
n=6.1%

The different values for the power efficiency don't depend onthe different power efficiencies
of the different amplifiers.

The various values of the power efficiency arein the region d measurement uncertainty.

For a mmparable measurement the anplifiers have to be tested with maximum inpu levels.



c) Lower cut-off frequency

The lower cut-off frequency of the single supfy classAB amplifier is abowe al determined
by the value of the output couging capadtor Cs.
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21x12.9Q x10QuF
fo, =1244Hz

5. Conclusion

Push-pull amplifiers are used in eledronics snce thefirst days of amplifiers. They can be
used for low, middle and high frequency power amplificaion, a wherever high powers, low
distortionrates, or both are required.
Objedives of the lab were to measure major aspeds of classB
A and classAB push-pull amplifiers, like theinpu and ouput
power, the power efficiency, the AC-voltages and the DC-bias.

amplifiersisthe distortion rate. The distortion rate of the dass-B

J/ The mgjor difference between classAB and classB push-pull
S '
\\ / amplifier is high, because the anplificaion espedally of small

\ signalsisnot performed at the linear regions of the transistors.
Region whee non The signal voltage hasto be &owe the bre through vdtage to
o onts open each o the transistors.

= distortions

Advantage of the dassB amplifier is, that it need oy very small
current, if thereis noinpu voltage.

The dassAB amplifier reduces the problem of the small signal amplificaion by using a more
linea regionfor small signal amplificaions. The transistors are pre-biased for instance likein
the lab by two dodes. So every transistor condcts for more than one cycle.

Usually a push-pull amplifier needs adual voltage supdy, bu by means of inpu and ouput
couping capacitor asingle voltage supfy is sufficient, because thereis non dfference
between two vdtages, each the same (one positive, ore negative) amourt, or one voltage
sourcewith doulle anourt.
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