FIG. 4-THE

LM38717A DUAL LOW-NOISE PREAMP.

LM381llA shown in Fig. 2. It has a
first stage (QI and Q2), second stage
(Q3-Q6), output stage (Q7-QIO),
and bias network (Qll-Q15); Fig. 5
shows a simplified equivalent. The
first stage is biased at 1.2 volts via RI,
and can be operated either differentially or single-ended, although differential operation generates 41%
more noise.
In differential use, the first stage
has to be balanced by externally biasing the base of Q2 at 1.2 volts. In
single-ended mode, Q2 has to be
turned off by grounding its base, and
Q1 has to be balanced by externally
biasing the emitter of Q2 at 600 milli-

volts. The first stage has a differential
voltage gain of 80, or 160 when used
single-ended.
The second stage uses commonemitter Q5 and constant-current load
Q 6 , and is d r i v e n by Q1 via
Darlington emitter follower Q3-Q4.
Its voltage gain is 2000, and it's internally compensated via C1 for unity
gain at 15 MIHz, giving stability at
closed-loop gains of 10 or more. At
lower gains, an external capacitor can
go in parallel with C1 for compensation purposes.
The output stage uses Darlington
emitter follower Q8-Q9, with active
current sink Q7. Then, Q10 provides

short-circuit protection by limiting
output current to 12 mA. The bias
network gives 120 dB of supply-signal
rejection, and includes the high-impedance constant-current generator
Ql I-Q12-Q13, which generates ripple-free reference voltage across D3.
That reference voltage operates the
first two stages via Q14 and Q15, and
biases the base of Q1 internally.
Differential operation
In differential mode, the IC output
is given a positive quiescent value independent of supply-voltage variations, by connecting divider RI-R2 as
a DC negative-feedback loop, as

shown in Fig. 6. The inverting input is
biased internally at 1.2 volts. When
R1 and R2 are used as in Fig. 6, DC
negative feedback makes the non-inverting input go to 1.2 volts, and the
a m p l i f i e r output to 1 . 2
volts X [l + (RlIR2)l. In practice:
R2<250K.
Figure 7 shows a non-inverting AC
amplifier with an input impedance of
250K; input signals must be limited to
300 mV RMS to avoid distortion. The
DC voltage gain is determined by Rl
and R2, while the desired AC gain is
set by AC shunting one of the bias
resistors. Here, the DC gain is fixed
by R1 and R2 at less than 10, but the
AC gain is fixed by R1 and R3 at 100.
That shunting technique can be expanded for frequency-dependent AC
gain in various filter applications. FigSingle-ended operation

The differential first stage of an
LM381 composed of Q1-Q2 is
powered via the internal 5.6-volt regulator, and the collector of Q1 is fed to

inverting terminal is grounded, and
the input signal is fed to the inverting
terminal via R1. The AC gain is R31
R2 = 10, the quiescent output is + 12
volts, and the input impedance is
about R1. Figure 11 shows a unitygain, 4-input audio mixer.

ure 8 shows the same amplifier configuration used as a low-noise phono
preamp with Recording Industries As$?
of America (RIAA) equal+ sociation
ization, while Fig. 9 shows a similar
tape-playback amplifier with National
0 Association of Broadcasters (NAB)
equalization. Figure 10 shows an in2 verting AC amplifier; here, the non-

noise phono preamp with RIAA equalization.

8

back amplifier with NAB equaliaaiio;.
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56

verting amplifier, with a gain of 100.

the output via a DC ampliiier. The IC
can be operated in single-ended mode
by grounding the base or (2nd disabling) Q2, but it needs to be biased

FIG. 10-THIS LM381A low-distortion(less
than 0.05%) inverting amplifier has a gain
of 10.

FIG. 14-AN

LM382 FIXED-GAIN non-inverting amplifier with a 12-volt power supply.

a 40-dB inverting amplifier.
input unity-gain audio mixer.

for non-inverting use only, with a typical input impedance of 10K. Ideally,
input signals should have source impedances below 2K, and all resistors
should be of the low-noise, metal-film
variety. Figure 12 is an ultra-low-noise
version with a gain of 1000, where C3
limits the upper 3-dB frequency response to 10 kHz, and R5 adjusts the
DC output voltage to half-supply value. Figure 13 is a magnetic phono
preamp circuit that uses-RIAA equalization, with the DC output voltage
set by R7
bM382 circuits
The internal circuitry of each half
of a LM382 is identical to a LM381,
except for a 5-resistor matrix and
elimination of certain terminal connections. Eliminating those terminals
means that an LM382 can't be used
single-ended or externally compensated. The resistor matrix greatly simplifies bias- and filter-network design.
The matrix is specifically intended for
applications where the IC is powered
12-volt supply. Figures
from a
14-17 show various ways to use the
LM382 with a 12-volt supply. Figure 14 shows a non-inverting amplifier with 40, 55 or 80 dB of AC gain.
Figure 15 shows an inverting amplifier
with 40 dB gain, Fig. 16 shows a
unity-gain inverting amplifier, and
Fig. 17 shows a phono preamp with
RIAA equalization.

ty-gain inverter.

+

+

preamp has a gain of 1000.

equalization.

plies 600 millivolts to pin 3 when the
IC output is at the desired DC level. If
12-volt output is
a quiescent
needed, the divider needs a DC voltage gain of 20.
In practice, the noise from the input
transistor varies with collector current, and is minimized at 170 PA.
A single-ended LM381 is intended

+

magnetic phono preamp that includes
RIAA equalization.

using cmitter feedback.
Suitable DC biasing is obtained by
connecting a voltage divider that ap-

LM387 circuits
The internal circuitry of each half
of a LM38717A is identical to an
LM381, except for eliminating certain terminal connections, letting the
IC be used differentially without external compensation. The IC is nevertheless quite versatile, and Figs.
18-24 show some practical applica- A
tions. Figure 18 shows how to connect
an LM387 as a non-inverting ampli- 5
fier with an AC gain of 52 dB. The DC 7
gain and quiescent output voltage of ;
;
the amplifier circuit are determined

plifier with a gain of 52 dB.

FIG. 21-THE

LM387 CAN BE USED TO MAKE an active tone-control circuit.

filter.

be used to eliminate RF pickup.

FIG. 23-AN
filter.

Usage hints
This article has examined various
circuits using the LM38X linear IC's.
These are high-gain, wide-band devices, and some care must be taken if
they're to work. The two most frequent problems are RF instability and
RF pickup. The former, RF instability,
is usually caused by inadequate highfrequency power supply decoupling .
In all preamps, the IC power supply
has to be RF-decoupled by wiring a

RIAA equalization.

LM387 USED AS A "scratch"

FIG. 20-AN LM387 USED AS a tape playback amplifier (NAB).

by Rl and R2, and the AC gain by R1
and R3. Figure 19 shows an LM387
used as a phono preamp with RIAA
equalization, while Fig. 20 shows
how it can be used as a NAB tape
playback amplifier for use in all kinds
of devices ranging from cassette players to telephone-answering machines.
Figure 21 shows an active tone control giving unity gain with its controls
in the "flat" position, or 20 dB of
boost or rejection with the controls
fully rotated. The "rumble" filter of
Fig. 22 is a 2nd-order high-pass active
filter that rejects signals below 50 Hz
at 12 dBloctave. Figures 23 and 24
show various ways of using an LM387
in inverting mode in active filters. The

kHz).

"scratch" filter of Fig. 23 is a 2ndorder low-pass filter that rejects signals above 10 kHz. The "speech" filter of Fig. 24 consists of a 2nd-order
high-pass and a 2nd-order low-pass
filter in series, to give 12 dB/octave
rejection to signals outside 300 Hz-3
kHz.

0.1 p F ceramic or 0.001 p F tantalum
capacitor across the IC power pins.
The latter, RF pickup, manifests itself
as AM demodulation. It can usually
be eliminated with a 10-pH RF choke
in series with an IC's input terminals,
or by also decoupling the input with a
R-E
capacitor, as in Fig. 25.

