
How to Design
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-MultilStage Amplifiers

MANNIE HOROWITZ

For most applications, you'll need more
gain than you can get trom a
one-stage ampliter. This month, we'll
show you how to combine one or more
amplifer stages to get a
more usetul circuit.

A SING LE STAGE OF AMP LIFICATION MAY

provide enough gain for some applica­
tions, but rarely, if ever, is the gain from a
single-stage amplifier suffic ient for audio
or RF circuits . For those applications, the
output from one amplifier stage must be
fed to one or more subsequent stages to
obtain enough gain. If that is done, the
voltage gain of the first stage is multiplied
by the voltage gain of the succeeding
stages to determine the overall gain of the
entire circuit.

Let' s look at some of the methods that
are often used to connect several ampli­
fier stages together. Transformer cou­
pling was, at one time, used quite often
with audio amplifiers-especially in the
power-output stages . Although it is still
used for that, transformer coupling is now
used mainly in IF and RF circuits.

Another method of coupling is through
an R-C network . In that type of circuit,
the output of one stage is connected to the
input of another through a capacitor . In
the previous article in this series (see the
Nov ember 1982 is sue of Radio ­
Electronics) , we indicated that a capaci-

tor is used to couple a signal from its
source to the input of an amplifier to iso­
late the source from the bias circuit. If the
signal source and the bias circuit were not
isolated in that fashion, the bias on the
transistor would be altered by the signal
source. That will also occur in a two-stage
(or more) coupled circuit , but with an
additional factor-in a circuit of that
type , the collector voltage at the first tran­
sistor would affect the base current of the
second. In tum , the current demanded by
the base circuit of the second would affect
the collector voltage of the first.

But that interaction can be accounted
for and the circuit can be designed so that
the use of a capacitor between the two
stages is not required . That type of circuit
is referred to as a direct-coupled amplifier
and there are a number of advantages to
using that arrangement, including better
low-frequency response.

The circuits we will describe in this
article all use bipolar transistors. Many of
the problems encountered are not as se­
vere in FETcircuits. Thus, once you have
mast ered the de sign pro cedures for

bipolar-transistor circuits, applying what
you've learned to FET circuits is relative­
lyeasy.

Transformer-coupled circuits
The tran sformer has characteristics

that make it useful as a coupling device .
As you know, a simple transformer is
made up of two coils of wire wound
around a common magnetic-core. For the
rest of this discussion , we will assume
that one coil, called the primary , consists
of N1 turns of wire , while the other coil,
called the secondary, consists of N2 turns
of wire. If a DC current were fed to the
primary, a steady magnetic field would be
induced in the primary and coupled
through the core to the secondary, but no
current would be induced in the secon­
dary . If an AC current were fed to the
primary , however, an AC current would
be induced in the secondary. The signal in
the secondary would have the same fre­
quency and vary identically to the signal
fed to the primary (assuming an ideal
transformer, of course). If there were per­
fect magnetic coupling between the two
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FIG.1-THIS BASICTRANSFORMER·COUPLEDCIRCUIT uses transformers to couple the two ampli!­
er stages , and to couple the entire circuit to the load , in this case a loudspeaker.
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coils, the current appearing in the secon­
dary (I2) due to the input current (11)
would be inverse ly proportional to the
ratio of the turns in the coils, or:

12 N1
- =-
11 N2

The ratio of the voltages across the two
coils is directly proportional to the turns
ratio, or:

V1 N1
- =-
V2 N2

Since impedance, Z, is equal to the prod­
uct of V and I, by multiplying equation I
by equation 2, we come up with the fact
that the impedance ratio is proportional to
the turns ratio squared, or:

Zl = (N1)2 = (!i!)2
Z2 (N2)2 N2

That equation states that an impedance in
the secondary, Z2, will appear reflected
into the primary as an impedance , Z I ' ,
equal to Z2 multiplied by (N I/N2)2, the
square of the turns ratio .

Now, let ' s turn to a practical design
example. Let us say that we have a ceram­
ic phonograph cartridge that must see a
resistance of at least 22,000 ohms . The
average output voltage from the cartridge
is 0.25 volt. After amplification, howev­
er, liz -w att must be delivered to an 8-ohm
loudspeaker at the output. Transformer
coupling is to be used between the ampli­
fier stages and between the output stage
and the loudspeaker. To do that , we' ll use
the circuit shown in Fig. I . Assume that
the beta of both Q I and Q2 is 100.

If the transformer is 60% efficient, at
least 0.5/0 .6 = 0.833 watt must be avail­
able from Q2 . However, there are other
factors such as transistor leakage , losses
due to the emitter resistor, and so on.
Considering those potential losses, we
should be safe if we design the circuit to
deliver I watt.

To start our design , we must first draw
the load lines for output transistor Q2 .
When we draw the load lines, we must
take into account the effect of the trans­
former in the collec tor circuit of Q2 .
Since the primary of the transformer is an
inductor , it will prese nt a DC resistance,
equal to the resistance of the wire in the
coil, but a diffe rent AC impedance. Be­
cause of that, two load lines, one DC and
one AC, must be plotted on the same
graph . The supply voltage is specified to
be 9 volts.

Let' s assume that the resistance of the
primary winding of T2 is very low and
just about equal to zero . We will also
assume that RE2 is very small and let it
equal zero. Making those assumptions ,
the vertical line in Fig . 2 is the DC load

line. (To make the graph clearer , the tran­
sistor's characteristic curves have been
omitted here .) That is, of course, de­
termined by the equation for the load line,
Vcc = IdRp + RE2) + VCEo Since Rs,
the resistance of the primary winding of
the transformer, and RE2 were both
assumed to be zero , Vcc = VCE for all
values of collector curren t Ic . That, of
course , is the equation of a straight line.

The AC impedance is RL reflected into
the primary of T2 as a resistance RL ' .

Before we go any further , let' s take an­
other look at Q2 's collector circuit be­
ca use something interesting happens
here. First, as we said before , the primary
of the transformer is an inductor. Just as a
capacitor opposes sudden changes in vol­
tage , an inductor opposes sudden changes
in current. We will show how the quies­
cent collec tor curre nt, IcQ, is chose n
shortly, but for now let' s just say that it
will be chosen to allow for equal swings
between 0 and Icmax. With no input­
signal applied to the transistor ' s base, ICQ
(the quiescent collector current) flows
throu gh Q2 ' s co llec to r circui t and
through the primary of T2. When an AC

signal is applied to the transistor, howev­
er, things begin to change .

Let ' s first consider what happens when
the AC-input swings negative . When that
happens, the transistor tries to decrease
the co llecto r current by increas ing its
collector-to-emitter resistance . The in­
ductance of T2' s primary, however , op­
poses the change in Ic and tries to main­
tain the flow of current at IcQ. The result
is that ICQ now flows through a higher
collector-to-emitter resis tance, and the
transistor ' s collec tor-to-emitter voltage
increases to a level higher than the power­
supp ly potential. That same phenomenon
occurs when the input signal starts swing­
ing positive . In that case , however, the
co llector-to-emitte r vo ltage sub trac ts
from the power-supply voltage . As a re­
sult, the trans istor should be biased so that
VCEQ is higher than Vcc /2. We will de­
sign the circuit in Fig . I so that the
collector-to-emitter voltage of Q2 will
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FIG. 2-THE LOAD LINES for the transistors of
the circuit shown in Fig. 1 are shown here.

swing between 0 and 18 volts. Plot 18
volts on the VCE axis; that determines
VCmax on the load line .

The amount of power delivered from
the transistor , I watt, determines the
Icmax point on the load line. Because the
signal swings from the transistor 's quies­
cent current point , IcQ, to a peak current
of Icmax, and then to a minimum current

of 0, the RMS current delivered by the
transistor is Icmax/2j2. Similarly , the
RMS voltage due to the 0- to 18-volt
swing is Vcmax/2j2 = 18/212 = 6.36
volts. The product of the RMS voltage
and the RMS current must be equal to the
required I watt needed fro m Q2, so
6.36(Icmax/2/2) = I , and Icmax = 0 .44
amps. Plot that point on the Ic axis and
draw the AC load line. Idling current,
IcQ, is half of Icmax e or 0.22 amps.

The slope of the AC load line is the
negative of the load resistance as seen by
Q2, or (18 - 0)/(0 .44 - 0) = 4 1 ohms .
Because the load that the loudspeaker pre­
sents to the secondary is 8 ohms, the
impedance ratio of the primary to secon­
dary is 4 1/8 = 5. 13. The turns ratio of T2
is the square root of the impedance ratio,
or 2.3:1.

For stability's sake, we want to make
RE2 as large as possible. But we are lim­
ited because of gain. Let us assume, for



FIG.3-AMONG THE ADVANTAGES of using R-C coupled circuits such as this one are the elimination
of bulky and expensive transformers, and increased voltage gain.

the moment , that we can accept a gain of
8.2 . Then the sum of RE2 and re , the AC
emitter resistance of the transistor, can be
4 1/8 .2 = 5 ohms. (That is so because the
gain of a stage of amplification is equal to
the ratio of the output impedance to the
resistance in the emitter circuit. Here it is
4 1/5 = 8 .2.) Because the idling current is
0.2 2 amps, or 220 rnA, r, = 26/220 =
0.1 2 ohms. Resistor RE2 can be a max­
imum of 5 - 0. 12 = 4 .88 ohms . Thus, a
standard 4. 7-ohm resistor can be used for
RE2. Now the actual gain of that circuit is
41/(4.7 + 0.12) = 8 .33 . Thatis just abit
above our minimum desired gain of 8.2.

If the tran sistor is to idle at 0. 22
ampere s, the base current is Icd~ =
0.22/100 = 0.002 2 amp. That current is
determined from the circuit consisting of
VCC, RB2, the resistance of the secondary
of T! (assumed to be 0 ohms), the base­
emitter voltage of Q2, and the resistance
RE2mult iplied by ~. Knowing everything
but RB2, we can determine it from the
equation relating all these factor s, 0 .0022
= (Vcc - VBE)/(RB2 + f3Rd = (9 ­
0.6 )/[R B2 + 100(4. 7)]; solving for RB2,
we find it is equal to 3348 ohms . A stan­
dard 3300-ohm resistor can be used. If
that resi stor is only to affect the DC bias,
no signal voltage must appear across it.
For that to happen , RB2 must be bypassed
by a capacitor. The reactance of that capa­
citor , Xc, should be about .0 1 of the
resistance of RE2, or 330 ohms at the
lowest frequency, fL, to be amplified.
The value of the required capacitor can be
found from C = 1/ (2JtfLXc) = 1/
2072.4!L-

Because the gain of the circuit is 8.33
and the RMS voltage at the collector of
Q2 is 6 .3 volts , the voltage at the secon­
dary of TI must be at least 6 .3/8 .33 , or
0.76 volts RMS to drive the output circuit
to its desired level. The resistance across
the secondary winding of T! is the 3300
ohms of RB2 in parallel with f3RE2 (r, is
negligible), or 3300 ohms in parallel with
470 ohms. That is equal to 4 11 ohms .

A reasonable load for T! to present to
the collector of Q I is 2000 ohms. As the
seco ndary of the transformer sees 4 11
ohms, and as the turns ratio of T! is equal
to the square root of the resistance ratio ,
that turns ratio is equal to / 2000/4 11, or
2.2 : I . That, of course, is also the voltage
ratio. So if 0 .76 volt must be across the
second ary ofT! for T2 to deliver Yz watt ,
2.2 x 0.76 = 1.67 volts must be across
the primary ofT!. As the cartr idge deliv­
ers 0 .25 volt, the gain of the Q I amplifier
must be at least 1.67/0. 25 = 6.68. Hence
REI + r, of Ql must be equal to or less
than 2000/6 .68 = 300 ohms . We can
now plot a load line for Q l , and find its
quiesc ent operating point , as shown in
Fig. 2.

When we worked around Q2 , we did
not decide just what the AC load resist­
ance should be. Now , we know it- it is
2000 ohms plus the 300-ohm resistance of
the emitter , or a total of2300 ohms. Thus,

Icma, is equal to 18-volts/2300-ohms, or
7.8 rnA. The quiescent operating point ,
ICQis one half of that for QI , or 3.9 rnA.
That makes r, for the QI stage equal to
26/3.9, or 6. 7 ohms. Resistor REI must
then be a maximum of 300 ohms less 6.7
ohms, or less than 293 .3 ohms. Use a
standard n O-ohm resistor for that.

Since the idling collector current is 3.9
rnA and f3 is 100 , the base current is
3.9/100, orO.039 rnA. Using that , RBcan
be determined from the base current cir­
cuit ; i.e., (Vcc - VBE)/(RB + f3RE) =
(9 - 0.6)1[RB + 100(270)]. Solving for
RB, it is equal to 188 ,000 ohms and a
standard 180 ,OOO-ohm resistor can be
used .

Transformer coupling is used quite
often in radios where one IF stage is cou­
pled to the other in a circuit similar to that
shown in Fig. I. In those circuits, howev­
er, a capacitor shunts the coil windings to
form a resonant circuit so that only the IF
frequency will pass through the amplifier
circuit and all other frequencies will be
rejected .

Resistor-capacitor coupling
Transformers are fine when you are

working with RF frequene s. But at AF
frequencies , transformers can get quite
expensive and bulky. That' s why R-C
coupling is now being used for many ap­
pli c a ti on s , a l t ho ug h transformer­
coupling is still common in RF circuits.

Let ' s look at the circuit shown in Fig.
3. This time, let us say that the input

signa l co mes from a low-impedance
magnetic-type phono graph cartridge with
an output of 4 millivolts. Assume we
want to build that voltage up to a suf­
ficient level to drive the power amplifier
of Fig. I. Thu s the circu it in Fig. I would
be driven by an amplifier circuit rather
than by a cera mic cartridge. In this case ,
0 .25 volt is required at the output of the
R-C circuit of Fig. 3 and that output must
drive a load equal to the input impedance
of the transformer amplifier, or 180,000
ohms in parallel with ~ multiplied by
276. 7 ohms (the emitter resistance of
Q I), or 24,000 ohms. The overall voltage
gain of the amplifier must then be 0.25­
volt/4-mi llivo lt = 62.5. Theoretically ,
the voltage gains of the two stages can be
made identical. If that were done , the gain
of each stage would be / 62.5, or 7.9.

- DC LOAD LI NE

- AC LOAD LINE

FIG. 4-THE LOAD LINES for the transistors In
the circuit shown In Fig. 3.

Usually , however , the voltage gain of the
second stage is made lower than that of
the first stage because the output load of
the second stage generally has a lower
impedance .

Let' s start the design by considering
the second stage . Resistor RC4 should be
chosen so that its value is between 10% to
20% of Rj ; let 's make it 3300 ohms. Now
the DC load on Q4 is 3300 ohms and the
Ac;. load is 3300 ohms in parallel with the
24,000 ohm load , or 2933 ohms. To have
a gain of somewhat more than 5 , make
RE4 equal to about 20% of 2933 ohms, or
about 470 ohms.

The DC load line (see Fig . 4) extends
from Vcc to a point on the Ic axis equal to
Icma, . From the load-line equation, Vcc
= ICma,(Rc4 + RE4) + VCE4, we find

that Icma, = 2.4 rnA when VCE4 = 0 and
Vcc = 9. And , as Ic must swing between
2.4 rnA and 0, ICQ = 1.2 rnA and VCQ =
4.5 volts.

The AC load line must pass through
that point. We can determine VCE I from
the negative of the equation for the slope
of the AC load line, or (VCE2 - VCQ)/
(ICQ - 0) = (2933 + 470) = 3403
ohms. Substituting VCQ = 4 .5 volts and
ICQ = 1.2 rnA into the equation, VCE2 =
8.6 volts. As VCEI is the same distance
below VCQ as VCE2 is above it, and be­
cause (VCE2 - VCQ) = (8 .6 - 4.5 ) =
4.1 volts, then VCE = (4.5 - 4 .1) = 0.4
volts when Ic is equal to 2.4 rnA.

The output must be able to swing the
full 0 .25 volt RMS, or 2) 2(0. 25) =
0.707 volt peak-to-peak in order to be
able to drive the amplifier in Fig. I suf-
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FIG. 5-DIRECT·COUPLED CIRCUIT. Those circuits have been developed to overcome the drawbacks
of using capacitors as coupling devices.

ficie ntly. The max imum peak-to-peak
swing of the transistor is (VCE2 - VCEl)
= (8.6 - 0.4) = 8.2 volts . Thus a 0 .707­
volt swing is well within the capabilities
of this amplifier stage .

The actual gain of this stage can be
determin ed after we find just what re4 is in
the Q4 circuit. It is equal to 26/ 1.2 =
21.7 ohms . Thus, the total resistance in
the emitter circuit is 470 + 21.7 = 491. 7
ohms, and the gain is ju st about equal to
2933/49 1.7 = 6. Beca use the total gain
must be at least equa l to 62 .5 , the gain of
the first stage, Q3 , must be grea ter than
62.5 /6 , or 10.42 .

We will now determine RB4 in a man­
ner similar to that used for determining
RB2 in the circuit of Fig. I. Use the equa­
tion Vcc = IBRB4 + VBE + f3I BRE4.
Note that 13 = 100 and IB = IcQ/f3 =
1.2/100 = 1.2 X lO- s amps. After sub­
stituting into the equation, we can calcu­
late that RB4 is equal to 653,000 ohms and
a standard 620,000-ohm resistor can be
used .

The load on the output of the Q3circ uit
is 620, 000 ohms in parallel with f3(RE4 +
re) , or 45,29 1 ohms. As RC3 should be
less than 10% of that , use a 4300-ohm
resistor for that. Now the DC load on the
transistor is 4300 ohm s and the AC load is
that resistor in parallel with 45,29 1ohms ,
or 3927 ohms .

Following the procedure used to find
RE4, we can determine that RE3should be
330 ohms if we are to get a gain of more
than the required minimum of 10.42. To
check the gain, we must first determine
Icmax. It is (9 - 0. 6)/(3927 + 330) =
1.97 mA , and ICQ is one-half of Icma" or
about I mA. That makes r, equal to 26/ I ,
or 26 ohms. The total emitter resistance is
330 + 26, or 356 ohm s. Consequently,
the actual gain of the Q3 circuit is about
3927/356, or II . As that is more than the
required minimum of 10.42, the circ uit
fulfills our requirements.

The value of RB3can be found from the
eq ua tio n Vcc = I BRB3 + VBE +
f3 IBRE3· When we note that IB = f3ICQ,
we can determine that RB3 is equal to
about 897,000 ohm s, and you can use a
standard 91O,OOO-ohm resistor.

The resistance the magnetic cartridge
sees is 35,600 ohms (the resistor in the
emitter circ uit of Q3, multipli ed by the
beta of that transistor) in parallel with
9 10 ,000 ohms, or ju st about 35 ,000
ohms. That is pretty close to the resist­
ance most cart ridges must see . If the re­
sistance the cartridge must see is spec ified
to be less than 35,000 ohms by the manu­
facturer , an add itional shunting resis tor

U) must be wired acros s the cartridge . The
~ shunting res istor can be calc ulated by us­
a ing the equation for resistors in parallel
g: and substituting 35,000 ohms and the re­
&3 sistance that the cartridge must see into
oJ the equation. Place that calculated resis­
o tor directl y across the cartrid ge , not on the
~ circuit side of C3 . The reaso n it must be
a: placed that way is to keep it from upset-
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ting the bias voltage established by the
other components in the circuit. The func­
tion of the isolating capacitor has been
detailed in the previous article on audio­
amplifier circuit s.

Direct-coupled amplifiers
Using capacito rs to couple transistor

amplifers does have some important
drawbacks. For one thing, capacitors do
not pass low frequencies very readily.
Besides, capacitor-res istor circuits in­
troduce phase shifts, are not linear, and
add distorti on. As a result, circuits have
been devel oped that do not use coupling
capac itors. An example of one such cir­
cuit is shown in Fig. 5. While that circuit
does not appear to be much different than
the one you see in Fig . 3, the differences
that do exist are significant. Note primari­
ly that the coupling capacitor between the
collector of Q5 and the base of Q6 has
been omitted . The overall gain is still the
product of the gains of the two transistor
circuits.

The circuit around Q6 can be designed
in a fashion similar to that used for the
design of the circuit around Q4 in Fig . 3 .
But here, we must also consider that the
base voltage of Q6 is the same as the
collector voltage of Q5 . Voltage at the
collector of Q5 must not be upset if Q6' s
base voltage is low, as it tends to be . To
compensa te for that, a parallel R-C net­
work may be wired in series with RE6.
Considering the DC current that flows
through the series resistor circuit , the DC
voltage developed across the combina­
tion is much greater than it would have
been had only RE6 been in the circuit.
Voltage at the base of Q6 is the voltage
across the series combination of resistors
added to the VBE of the transistor. The
capac itor across the added series resistor
is there to bypass the AC signal so that the
new resistor will not affect the AC gain of
Q6 . The reactance of that bypass capaci­
tor should be less than 10% of the value of
the resistor it is bypassing at the lowest
frequency to be amplified.

Note the RBand Rx resistors in the base
circuit of Q5. If you look back at the bias
circuits described in a previous article,
you will find that the circuit involving

those resistors is essential for stablizing
transistor collector-current to withstand
variations of temperature . It is used here
because the effect of any increase in leak­
age current in Q5 is multiplied in magni­
tude due to the DC amplification of the
direct-coupled circuit. So if the leakage
current in Q5 is multiplied in that transis­
tor by a factor of 10 due to the increase in
temperature , it can be multiplied further
by the beta of Q6 before it appears in its
collector circuit. Exce llent stability is an
important consideration when designin g
direct-coupled amplifier circuits .

More than ju st the collector current of
Q5 flows through Rcs. When determin­
ing the voltage drop across that resistor ,
be sure to add other currents that flow
through that resistor to the Ic normally
ex pected. Bias current for Q5 flows
through Rcs (and RB)along with the base
bias-current for Q6 . The sum of those
currents may, at times , be a substantial
factor in determining the quiescent con­
ditions around the circuit, along with the
expec ted Ic .

Special direct-coupled circuits
Last time , we described the emitter­

follower or common-co llector circuit. Its
character istics were a high input im­
pedance and a low output impedance; its
power gain was equal to beta. The Darl­
ington circuit goes one step farther and
improves even on those exce llent charac ­
teristics by a factor of beta.

Darlington amplifiers consist of two
casca ded emitter followers, as shown in
Fig. 6. If the beta of Q I is 13 i> and the beta
of Q2 is 132, the curren t and power gains
of the overall circuit are 131 X 132' But the
voltage gain still remains slightly less
than I , as it did for the emitter follower.

The input impedance is RE multiplied
by the product of the betas, in parallel
with RB. The value of RB can be quite
large in that circuit as there is only a small
amount of base curre nt in Q I . That Q I
base current must equal (Vcc - 2VBE)/
(f31 f3 2RE + RB) for a substantial amount
of emitter current to flow in Q2.

The output impedance of that circuit is
RB/f3,f32 in parallel with RE. The values

continued Oil page 102
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the current they must pass must divide
evenly between the two devices . That of
course . never happens . Actually, the cur­
rent rating of each transistor should be
reduced by at least 20% to keep the de­
vices in the circuit from being destroye d .
One method of equalizing the currents in
the transistors is to place a small resistor
in series with the emitters of each one .
That. however. reduces the amount of
power the circuit can deliver for a given
power-supply voltage . As for the ser ies
circuit. ideally the supply voltage divides
evenly bet ween the two devices, as
shown in Fig. 7.

Compl ementary pairs are used qui te
frequently in direct-coupled circuits . One
common use for that type of arrangement
is in a push-pull audio-amplifier circuit ,
such as the one shown in Fig . 8-a. In that
amplifier , the positive half of the input
signal's cycle is fed to one transistor , in
this case Q2. while the negative half is fed
to the other , in this case QI. The two
halves of the signal combine across RL to
reprodu ce the full cycle . In a prac tical
application , RL could be a loudspeaker.

The comp lementary- pair circuit show n
in Fig . S-b can be modified depending on
the requirements of the circuit. In the
circuit as shown, the current gain is the
product of the betas of the two transistors ,
the voltage gain is I + (R4/R3), and the
power gain is the product of the voltage
and current gains. The input impedance is
approximately equa l to R I while the out­
put impedance is R4R6 /(R4 + f32R6),
where f32 is the beta of Q2 .

Two variations of the circuit shown in
Fig . S-b are frequently used. In one , R4 is
omitted while R3 and RS are shorted .
Now , voltage gain drops to I and the
output impedance becomes equal to R6.

In the second variation. R2 and R3 are
omitted while R4 and RS are shorted.
Now the charac teristi cs are the same as
for the first variat ion except that the out­
put impedance drops to near zero .
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FIG. 7-WHEN TWO TRANSISTORS ARE con­
nected in seri es, the supply voltage ideally will
be split evenly between the two devic es.

FIG.6-THE DARLINGTON AMPLIFIER con sists
of two cascaded emitter-follower circuits.

of r, and rhare negligib le when comp ared
to RE and R[l and ca n th erefor e be
ignored. The load across RE can be very
small, but should be no less than ten times
the calculated output imped ance .

In addition to the direct-coup led Darl­
ington arra ngeme nt, transistors can be
connected in series or in parallel. When

FIG. 8-COMPLEMENTARY TRANSISTOR CIRCUITS. The one shown ina is a pus h-pull audio ampli­
fier. The one show n in b can be modified to meet a variety of circ uit requirements.

connected in parallel, a two-transistor Anot her form of direct-coupled circuit
co mbinat ion can theoret icall y deliver is the differe ntial amplif ier. That ex-
twice the current each individual device is tremely useful circuit will be the subjec t
capable of suppling . For that to be true . of the next part of this article . R-E
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