Lecture 12 - Operational Amplifier circuits Il - output amplifiers

The third and final stage of an Op-Amp isthe output stage. It must have high input
impedance (to match the high output impedance of the Darlington), and low output
impedance, to give the completed Op-Amp the desired output characteristics. The required
circuit is therefore a common-collector, or emitter-follower amplifier. The following
discussion can be broadened to all power amplifiers - i.e. amplifiers that can deliver high
currentsinto aload (i.e. high current gain) with maximum efficiency (i.e. low output
impedance and quiescent current).

Class A amplifiers

Class A amplifiers are biased ON for 100 % of the input signal cycle. They are therefore
inefficient (high quiescent power dissipation), but have low distortion.

Class B amplifiers

Class B amplifiers are biased ON for 50 % of the full cycle. They have no quiescent power
dissipation, but have high distortion.

Class AB amplifiers

Class AB amplifiers combine the properties of aclass A and class B amplifiers. They are ON
for > 50 % of the signal cycle, have small quiescent power dissipation, but high distortion.

Class C amplifiers

Class C amplifiersare ON for < 50 % of the clock cycle, and have no quiescent power
dissipation, but have high distortion.
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for remainder of signal cycle = high distortion.
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Mark 2 emitter-follower
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Figure 12.5. Class A EF current/voltage waveforms.

signal cycle = low distortion.

Mark 3 emitter-follower - the push-pull amplifier
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Figure 12.6. Class C npn and pnp emitter followers.

Figure 12.7. Class C push-pull amplifier.

Figure 12.6 shows how npn and pnp based class C amplifiers are built. The two circuits
complement each other, and operate from complementary power supplies (i.e. Veg = -Vcc).
The two circuits can be combined (Fig. 12.7) to make a class C push-pull amplifier. Thereis
no bias voltage added to Vi, - thisisa DC coupled amplifier. Rgisno longer an integral part

of thecircuit - itisan EXTERNAL load.

* Viy>0.7V, Q1 conducts, Q2 isoff. Q1 pushes current from V¢ through Re to ground.

* Vip<-0.7V, Qlisoff and Q2 conducts. Q2 pulls current from ground through Rg t0 Vge.
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e -0.7V <V, <0.7V, both Q1 and Q2
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Figure 12.8. Current voltage waveforms of
class C push-pull emitter-follower amplifier.

are off. No output current or voltage.

The class C push-pull amplifier suffers
from cross-over distortion. Thisarises
from the part of the input signal cycle for
which neither transistor isturned on. i.e.:

-0.7V < Vi, <0.7V

However, unlike the single transistor class
C amplifier, the circuit does operated in
the negative half cycle (c.f. Figs. 12.1
and 12.2), since the pnp and npn
transistors complement each other.
Nevertheless, thisisahigh distortion
amplifier.

Current flow isonly in response to input
signal, so the circuit is efficient.

Mark 4 emitter-follower - the class B and class AB push-pull amplifier
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Figure 12.9. Class B amplifier with bias
diodes.
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Figure 12.10. Class AB amplifier with
Vge multiplier.

By using a small amount of base bias, it is possible to eliminate cross-over distortion. For

class B operation, we have:

d V|n > OV, Ql On, Q2 Off and Vout = V|n
d V|n < OV, Q2 On, Ql Off and Vout = V|n
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e Vihn=0V,Q2o0n,QlonandVyy = Vin

In aclass B amplifier, each transistor operates for exactly 50 % of the cycle. In Fig. 12.9 the
input is applied to the base of Q2. Thereis abase-bias current that ensures the voltage
differenceis 2 diode voltage drops (2Vp) between the bases of Q1 and Q2. This should
exactly compensate for the base-emitter drops of the transistors. The circuit israrely used for
two reasons - it iseasier to build transistors on an |C, and 2V, is not guaranteed to equal Vgegp
+ Veen.

A class AB amplifier is biased to guarantee that either Q1 or
Q2 ison for any part of the input cycle. It uses attributes from
the class A and class B circuits (hence the designation). Figure

Re1 12.10 shows aclass AB amplifier. The amplifier of Fig. 12.10
VcE uses aVge multiplier (Q3, Rg; and Rgy).
RB2 When Q3 is biased in the forward active region, then the

voltage drop across Rgz = Ve = 0.7V. The collector-emitter
voltage drop will therefore be

Figure 12.12. A Vge Ve = Voo RBLTRB2
. CE ~ VBE -
multiplier. Rp2

Class AB operation requires Vce > Veen + Vg Of output transistors Q1 and Q2 to ensure that
thereis no part of the signal cycle for which they are both off. Thereisasmall quiescent
current and there is no cross-over distortion.

. Harmonic distortion
Vin Although the class AB push-pull amplifier will be
free of cross-over distortion, there will still be
some distortion of the signal. Thereisno voltage
gain in the circuit, only current gain. The voltage
gain in the Op-Amp circuit isin the Darlington
amplifier stage, hence the input to the emitter-
follower will be large. The voltage swingsmay in
fact be closeto V¢ and Vee.

-

Vout

The emitter follower is therefore operating as a
LARGE SIGNAL amplifier. The circuit will not
be in the linear small signal domain, and the
transfer function will be EXPONENTIAL since

alg =lg = |SE-xpEVB—E%1EandVO= |ERe=
VT

|cRE/G.
The series expansion of an exponential is
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Figure 12.12. Current/voltage

waveforms of class AB emitter- For small signals (x << 1), € is approximately
follower. linear, but for large values, the high order terms

dominate. Therefore,
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_ 2 _ 3
IC =ISH/m/V-|- +(Vm/VT) +(Vm/VT) +H SinCGVBE:Vin.
H 2 3 ]
Thefirst termislinear, and does not distort the signal. The polynomial (quadratic, cubic, etc)

terms will generate HARMONICS. If vi, = Acoswt, where wisthe FUNDAMENTAL
frequency then the quadratic termis

2 2 2
1HVin H _ A 5 cos? oot:A—z(1+ cos2wt), and the cubic term is
20Vt O 2vf AVE:

3 3 3 3
1 :Vln 0 = A 3 cos3wt = A—3(1+ coszwt)cosoot = A 3 (3cosoot + cos3wt).
6vr H  6v3 12V3 24V

Clearly, we could carry on to infinity for all the terms, generating successively more accurate
values for the COEFFICIENTS for each of the cosine terms that contain multiples or
harmonics of the fundamental frequency (2w, 3w, etc). For each harmonic we add up al the
coefficients to produce the amplitude of the signal generated at that frequency, such that

IcR R
=-£"E = ZE (H; coswt + H, cos2wt + Hg cos3ut +...)
o

Thefirst order linear term (H1) isNOT a distortion term whereas al higher terms are.

Emitter degeneration

The addition of emitter "degeneration”

Vce resistors reduces distortion. Previoudy, we
had Vi, = Vge. Thisisnot truefor Fig.
12.13 since there will be avoltage drop
across the degeneration resistors Rp; or Rp»
between the input and the output. The
overal changein Vge will be reduced to
VBE = Vin - l[eRD, thus the non-linearity will
be reduced. i.e.

IR in —lgR
Vout = gRE = SGE%@EV"‘ VTE DEﬂE

where Rp = Rp1 = Rpa.

VEE The effect of Rp isto introduce negative
] _ o or degener ative feedback (note minus
emitter resistors. and linearising the cir cuit.

The overall evaluation of the harmonics generated by the circuit is now more complex (and
will not betreated in detail!). Theresistors Rp; and Rp, also have a protective function. In
the event that the output is short-circuited, they will limit the current in Q1 or Q2, preventing
damage.

Base bias

The base bias circuit (see Fig. 12.10) requires a constant current source. Thisis supplied
using current mirror technigques, as normal.
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