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DESIGN WITH DISCRETE TRANSISTORS.

TWO-TRANSISTOR SHUNT-FEEDBACK GAIN STAGES.

AMPS2.GIF T v+ Fig 19 Two-transistor gain stage with
shunt-feedback. Gain isthree.
amps2.gif

100K Befor e the advent of the opamp,
/‘I} inverting stageswererequired for tone
> controlsand virtual-earth summing
>_[| I—IVVV\: _I amplifier. The one-transistor amplifier
stageis deficient in many respects, but
IN 68K 220K mainly in the areas of distortion and
—[—VWW— load-driving capability. A better
amplifier can be made with two
47uF LOAD devices. All the voltage gain is still
2K7 777 generated by TR1, but now TR2
buffersit from external loading. The
\ collector load can therefore beof a
J_ y higher impedance, giving mor e open-
i loop gain, and more NFB.
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2-transistor shunt-feedback (2Q) 1Vrms in, 3Vrms out

Fig 20: Distortion of two-transistor shunt stage versus freq. (2Q) Distortion of one-transistor
version (1Q) isalso shown. Thetwo transistor version isonly twice as good, which seems a poor
return for the extra active device. 12b

T v+
L ] Fig 21: Two-transistor shunt-feedback
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first stagetoimprovelinearity. amps4.gif
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stage, with bootstrapping added to the

With the addition of bootstrapping, the 2-transistor stage hasits performance transformed. Fig 22
below shows how THD isreduced by afactor of ten; 0.15% at 1 Vrmsin, 3 Vrmsout becomes
0.015%, which is much more respectable. The improvement isdueto the increased voltage-gain of
thefirst stage. THD is still approximately proportional to level, asthe distortion productsare
mainly second harmonic. Asthe Fig 25 plot below shows, THD can be further reduced to .002%
by reducing the impedance at which the stage isworking.
Clipping occursabruptly at 2.9 vrmsin, 8.7 Vrmsout. Abrupt clipping onset is characteristic of

stages with a high NFB factor.
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2-transistor shunt stage, with/without bootstrapping

Fig 23: Distortion of two-transistor shunt stage versuslevel, with and without bootstrapping. X-
axisisINPUT level; output isthreetimesthis. (13b)

..................................................

Q.010 &

A7 - B S ihr_}e/f ........

file://C:\Documents and Settings\jfraser.ST1021-05\My Documents\Two-Transistor Shunt-...

AUDIND PRECISION THDR THB+N(»:} us FREQ{H=z)

2u2t TR 0 0 1 T bbb A

24 JUN 99

9/1/2009



Design with discrete transistors.

Page 3 0of 5

Fig 24: With bootstrapping, the distortion varies strongly with frequency. Thereisan LF riseif
the bootstrap capacitor istoo small.
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Fig 25: Thedistortion isreduced by a further factor of at least 5if the impedance of the input and
feedback networksisreduced by 10 times, as shown here. Thisis because SPICE simulation shows
that the input impedance of thefirst transistor israther non-linear. With bootstrapping. (16b)
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Fig 26: Two-transistor shunt-feedback
stage, with current-sour ce output to
improve load driving. Notethat the
input and feedback resistors have been
scaled down by a factor of 10.
(amps3.gif)

This configuration, like the emitter -
followers, can be enhanced to give
mor e output drive capability. A
constant-current sourceor a push-pull
output can be grafted on without
problems.
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TWO-TRANSISTOR SERIES-FEEDBACK GAIN STAGES.
V4 T Fig 27 Two-transistor gain stage, series-feedback.
Gain once mor e approximately three. (cfp4.scm)

Thiscircuit clearly has a close family relationship
3K3 with the CFP emitter-follower, which is ssimply one of
these stages configured for unity gain. The crucial
difference hereisthat the output is separated from
theinput emitter, so the closed-loop gain is set by the

) _ I divider ratio.
Only limited NFB is available, so closed-loop gains of
IN two or threetimesare usually the limit.
2K2 ?
7

It isless easy to adapt thiscircuit to improve load-

driving capability, because the feedback resistive

divider must be retained.

Fig 28 below showsthat distortion performance

depends strongly on the value of thefirst transistor's

collector load, Rc. The optimal value (for linearity,

though not necessarily for other performance

1K parameter s such asnoise) is clearly between 4K 7 and
Infinity, and appearsto be 22K. This does however
givean increasein THD above 20 kHz.
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Fig 28 Two-transistor series-feedback stage. THD varies strongly with value of Rc. (29A)

MORE TRANSISTORS: FURTHER ENHANCEMENTS.
Cascoding. The combination of a common-emitter amplifier stage with a common-base transistor
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as shown in Fig 29.

Current injection. Sometimesit isdesirable (at least | have found it so) to run the two transistors
of a cascode at different collector currents. Thisiseasily done asshown in Fig 30.

Sorry: Figs 29,30 not available yet.
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