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LM381 LOW NOISE DUAL PREAMPLIFIER
INTRODUCTION
The LM381 is a dual preamplifier expressly de- Attempts have been made to fill this function with
signed to meet the requirements of amplifying selected operational amplifiers. However, due to
low level signals in low noise applications. Total the many special requirements of this application,
equivalent input noise is typically 0.5 uV rms these recharacterizations have not adequately met
(Rg = 600£2, 10-10, 000 Hz). the need.
Each of the two amplifiers is completely inde- With the low output level of magnetic tape heads
pendent, with an internal power supply decoupler- and phonograph cartridges, amplifier noise becomes
regulator, providing 120 dB supply rejection and critical in achieving an acceptable signal-to-noise
60 dB channel separation. Other outstanding fea- ratio. This is a major deficiency of the op amp in
tures include high gain (112 dB), large output this application. Other inadequacies of the op
voltage swing (Vcc —-2V) p-p, and wide power amp are insufficient power supply rejection, limited
bandwidth (75kHz, 20 V). The LM381 operates small-signal and power bandwidths, and excessive
from a single supply across the wide range of 9 to external components.
40V. The amplifier is internally compensated and
short-circuit protected.
TABLE 1. Ta =25°C, Vcc = 14V, unless otherwise stated.
A7
f PARAMETER CONDITIONS MIN TYP MAX | UNITS
Voltage Gain Open Loop (Differential Input) 160,000 V/V
Open Loop (Single Ended Input) 320,000 V/V
Supply Current Vee 9to 40V, R =00 10 mA
Input Resistance -
(Positive Input) 100 k2
(Negative Input) 200 k2
Input Current
(Positive Input) 0.2 MA
(Negative Input) 0.5 MA
Qutput Resistance Open Loop 150 §
Qutput Current Source 8 mA
Sink 2 mA
Output Voltage Swing Peak-to-peak Vee -2 Vv
Small Signal Bandwidth 15 MHz
Power Bandwidth 20Vpp (Ve = 24V) 75 kHz
Maximum Input Voltage Linear Operation 300 mVrms
Supply Rejection Ratio f=1kHz 120 dB
Channel Separation f=1kHz 60 dB
Total Harmonic Distortion 75 dB Gain, f= 1 kHz 0.1% %
Total Equivalent Input Noise Rg = 6002, 10-10, 000 Hz (Single Ended Input) 0.5 uVrms
Noise Figure 50 k2, 10-10, 000 Hz 1.0 dB
10 k£2, 10-10, 000 Hz } (Single Ended Input) 1.3 dB
5 kS2, 10-10, 000 Hz 1.6 dB
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CIRCUIT DESCRIPTION

To achieve low noise performance, special consider-
ation must be taken in the design of the input
stage. First, the input should be capable of being
operated single ended; since both transistors con-
tribute noise in a differential stage degrading input
noise by the factor \/5 Secondly, both the load
and biasing elements must be resistive; since active
components would each contribute as much noise
as the input device.

FIGURE 1. Input Stage

The basic input stage, Figure 1, can operate as a
differential or single ended amplifier. For optimum
noise performance Q, is turned OFF and feedback
is brought to the emitter of Q.

In applications where noise is less critical, Q; and
Q, can be used in the differential configuration.
This has the advantage of higher impedance at
the feedback summing point, allowing the use of
larger resistors and smaller capacitors in the tone
control and equilization networks.

The voltage gain of the single ended input stage
is given by:

R, 200k

= === 160 (1)

Aviac) = 7o T 725Kk

Where:
KT 3 5
re = q—lE ~ 1.25x 10°at 25 C lg =~20uA

The voltage gain of the differential input stage is:

R

; —

R alg
KT

~ 80 (2)

N| =
N| =

AV:

The schematic diagram of the LM381, Figure 2, is
divided into separate groups by function; first and
second voltage gain stages, third current gain stage,
and the bias regulator.

The second stage is a common-emitter amplifier
(Qs) with a current source load (Qg). The Darling-
ton emitter-follower Qz, Q4 provides level shifting
and current gain to the common-emitter stage (Qg)
and the output current sink (Qy). The voltage
gain of the second stage is approximately 2000
making the total gain of the amplifier typically
160,000 in the differential input configuration.

The preamplifier is internally compensated with the
pole-splitting capacitor, Cq4. This compensates to
unity gain at 15 MHz. The compensation is ade-
quate to preserve stability to a closed loop gain
of 10. Compensation for unity gain closure may be
provided with the addition of an external capacitor
in parallel with C, between Pins 5 and 6, 10 and 11.
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FIGURE 2. Schematic Diagram




Three basic compensation schemes are possible
for this amplifier: first stage pole, second stage
pole and pole-splitting. First stage compensation
will cause an increase in high frequency noise
because the first stage gain is reduced, allowing
the second stage to contribute noise. Second stage
compensation causes poor slew rate (power band-
width) because the capacitor must swing the full
output voltage. Pole-splitting overcomes both these
deficiencies and has the advantage that a small
monolithic compensation capacitor can be used.

The output stage is a Darlington emitter-follower
(Qg, Qg) with an active current sink (Q5). Tran-
sistor Qqg provides short-circuit protection by
limiting the output to 12 mA.

The biasing reference is a zener diode (Z5) driven
from a constant current source (Q44). Supply de-
coupling is the ratio of the current source imped-
ance to the zener impedance. To achieve the high
current source impedance necessary for 120 dB
supply rejection, a cascode configuration is used
(Qq47 and Q45). The reference voltage is used to
power the first stages of the amplifier through
emitter-followers Q4 and Q5. Resistor R; and
zener Z, provide the starting mechanism for the
regulator. After starting, zero volts appears across
D, taking it out of conduction.

Biasing

Figure 3 shows an AC equivalent circuit of the
LM381. The non-inverting input, Q4, is referenced
to a voltage source two Vgg above ground. The
output quiescent point is established by negative
DC feedback through the external divider R4/Rg
(Figure 4).

FIGURE 3. AC Equivalent Circuit

FIGURE 4. Differential Input Biasing

For bias stability, the current through Rg is made
ten times the input current of Q, (=0.5 uA). Then,
for the differential input, resistors Rg and R, are:

N e 1.2
Rs = = = 240 k2 MAXIMUM
101la2 5y 10°

(3)

\
Rq = (7(:42- 1) Rs. (4)

FIGURE 5. Single Ended Input Biasing

When using the single ended input, Q, is turned
OFF and DC feedback is brought to the emitter
of Q; (Figure 5). The impedance of the feedback
summing point is now two orders of magnitude
lower than the base of Q, (=10 k§2). Therefore,
to preserve bias stability, the impedance of the




feedback network must be decreased. In keeping
with reasonable resistance values, the impedance
of the feedback voltage source can be 1/5 the
summing point impedance.

The feedback current is <100 uA worst case.
Therefore, for single ended input, resistors Rg
and R, are:

Vv 0.6
Rs = =0 = ——— = 120092 MAXIMUM
Sles 5y 10

(5)

\%
Rs = (1—3‘3 - 1> Rs. (6)

(2,130R 3,12)
R4
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FIGURE 6. AC Open Loop

The circuits of Figures 4 and 5 have an AC and
DC gain equal to the ratio R4/Rs. To open the
AC gain, capacitor C, is used to shunt Rg (Fig-
ure 6). The AC gain now approaches open loop.
The low frequency 3 dB corner, f,, is given by:

fo = where: A, = open loop gain (7)

e O
2 C2 R4
Tape Playback Preamplifier

Figure 7 shows the LM381 in a flat response tape
playback configuration. The mid-band gain is set

by resistor ratio

(Rs + Re)/Rg (8)

FIGURE 7. Flat Response Tape Amplifier

Capacitor C, sets the low frequency 3 dB corner
where Xcs = Rg

1

C2 = 2rf.Re

(9)

The small-signal bandwidth of the LM381 is 15
MHz making the preamp suitable for wide-band
instrumentation applications. However, in narrow-
band applications it is desirable to limit the ampli-
fier bandwidth and thus eliminate high frequency
noise. Capacitor C5 accomplishes this by shunting
the internal pole-splitting capacitor (C;), limiting
the bandwidth of the amplifier. Thus, the high
frequency 3 dB corner is set by C5 according to
equation 10.

C3=——— -4x 1072 (10)
A
2t re 1020

f3

high frequency 3 dB corner

re = first stage small-signal emitter resistance
~2.6 kS§2
A = mid-band gain in dB

For music applications, response shaping is re-
quired to provide the NAB standard tape playback
equalization. Figure 8 shows the NAB equalization
characteristic.
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FIGURE 8. NAB Equilization Characteristic

The NAB response is achieved with the circuit of
Figure 9. Resistors R4 and Rg set the DC bias and
are chosen according to equations 3 and 4 for
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FIGURE 9. NAB Tape Preamp.

differential input operation and equations 5 and 6
for the single ended input. The reference gain of
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the preamp, above corner frequency f, (Figure 8),
is set by the ratio:

) Rz + Re
0 dB reference gain = R, (11)
6

The corner frequency f, (Figure 8) is determined
where Xc4 = R; and is given by:

1

27C.Ry (12)

fy =

Corner frequency f; isdetermined where Xc4 = Ry:

1

f1 - 27TC4R4 ’

(13)

The low frequency 3 dB roll-off point, fg, is set
where Xco = Rg:
1

fO = m (14)

Example: Design a NAB equalized preamp for a
tape player requiring 0.5V rms output from a head
sensitivity of 800 uV at 1 kHz, 3-3/4 IPS. The
power supply voltage is 24V and the differential
input configuration is used.

1. From equation (3) let Rg = 240 k2.

Vv
2. Equation (4) R, = (2—31(: _1> Rs

24 5
Rs = 24 -1) 24 x 10

Ry = 2.16x 10°~2.2 MQ

3. For a corner frequency, f; equal to 50 Hz,
equation (13) is used.
1 1

(13) C4 = =
* 21HRs 6.28x50x2.2x10°

]

=1.44x10°
C4 ~ 1500 pF.

4. From Figure 8, the corner frequency f, = 1770
Hz at 3-3/4 IPS. Resistor Ry is found from
equation (12).

1

12 G T,

1
R, = = 6x10%
6.28x1770x1.5x10°

R, = 62 k2.
5. The required voltage gain at 1 kHz is:

0.5V rms

e = 2 _
800 uV rms 6.25x10“ V/V = 56 dB.

sz

6. From Figure 8 we see the reference frequency
gain, above f,, is 5 dB down from the 1 kHz
value or 51 dB (355 V/V).

Equation (11)

. Ry + Rg
0 dB Reference Gain = ~R. 355
6
Ry 8k
Re = 3551 = 354 ~

Re ~ 180%2.
7. For low frequency corner fo= 40 Hz,

equation (14)

1 1 .
C2 = 27 t.Rs ~ 6.28x40x180 _2-21x10
C, ~ 20 uF.

24v

O .5V ms

1500 pF

800 uV at
1 kHz

4

FIGURE 10. Typical Tape Playback Amplifier

This circuit is shown in Figure 10 and requires
approximately 5 seconds to turn-ON for the gain
and supply voltage chosen in the example. Turn-
ON time can closely be approximated by:

2.4
tON =~ —R4C2 In (1_ —“) (15)
Vee

As seen by equation (15), increasing the supply
voltage decreases turn-ON time. Decreasing the
amplifier gain also decreases turn-ON time by
reducing the R4C, product.

Where the turn-ON time of the circuit of Figure 9
is too long, the time may be shortened by using
the circuit of Figure 11. The addition of resistor
Rp forms a voltage divider with Rg'. This divider is
chosen so that zero DC voltage appears across

FIGURE 11. Fast Turn-On NAB Tape Preamp.




C,. The parallel resistance of Rg’ and Rp is made
equal to the value of Rgfound by equation (11). In
most cases the shunting effect of Rp is negligible
and Rg" = Rg.

For differential input, Rp is given by:

(Ve - 1.2) Rg’
Rp = 12 (16)
For single ended input:
(Vee - 0.6) Rg’
Rp = ———— 17
D 06 (17)

In cases where power supply ripple is excessive, the
circuit of Figure 11 cannot be used since the ripple
is coupled into the input of the preamplifier
through the divider.

The circuit of Figure 12 provides fast turn-ON
while preserving the 120 dB power supply rejection.

The DC operating point is still established by R,/
Rs. However, equations (3) and (5) are modified by
a factor of 10 to preserve DC bias stability.

FIGURE 12. Two-Pole Fast Turn-On NAB Tape Preamp.

For differential input, equation (3) is modified as:

an) po o 2Vee _ 12
( ) 5~ 100'02 - 50X10>8

= 24 k2 MAXIMUM.

For single ended input:

\Y 0.6
Equation (5A) Rg = 50758 = -
X

= 1202 MAXIMUM.

Equations (11), (12) and (14) describe the high
frequency gain and corner frequencies f, and f, as
before. Frequency f; now occurs where Xc4 equals
the composite impedance of the R4, Rg, Cy net-
work as given by equation (18).

1

Ry + Rg \ 2
27f,Rg [( s —6—> —1]
6

Cq = (18)

The turn-ON time becomes:
— 2.4
ton ~ ~24/RaCyIn (1 - _-—> (19)
Vee

Example: Design an NAB equalized preamp with
the fast turn-ON circuit of Figure 12 for the same
requirements as the previous example.

1. From equation (3A) let Rg = 24 kS2.

\
2. Equation (4) Ry = (—2%19 - 1) Rg

24 s

Ry = 2.16 x 10° &~ 220 k<.

I

3. From the previous example the reference fre-
quency gain, above f,, was found to be 51dB or
355 V/V.

R;+R
Equation (11) —g— = 355.
6
4. The corner frequency f, is 1770 Hz for 3-3/4
IPS.
Equation (12) C4 = 5735~
a (12) Cs = 5757,

5. The corner frequency f; is 50 Hz and is given
by equation (18).

1

R4+ Rg \2
27§, Rg [( 4R —§> —1:|
6

(18) Cq =

6. Solving equations (11), (12), and (18) simultane-

ously gives:

R, (f; +4/f12 + 1 T, (Ref. Gain)

6 = t, (Ref. Gain) (20)
_ 2.2x10° (50 +1/2500+50x 1770x355)
6~ 1770x355
= 1.98 x 10°
Re ~ 2 k2.

7. From equation (11) R; = 354 Rg = 708x10°
R, ~ 680 k{2.

1
2nf,R,

1
6.28x1770x680x10°

]

8. Equation (12) C,4

C,s = 1.32x107% = 120 pF.

1

9. Equation (14) C, = T
ofe

1
6.28x40x2x10°

C, = 1.99x10° & 2 uF.
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This circuit is shown in Figure 13 and requires only
0.1 seconds to turn-ON.

| | % 220K 220K

FIGURE 13

TAPE RECORD PREAMPLIFIER

When recording, the frequency response is the
complement of the NAB playback equalization,
making the composite record and playback re-
sponse flat. Figure 14 shows the record character-
istic superimposed on the NAB playback response.
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FIGURE 14. NAB Record & Playback Equilization

Curve A of Figure 15 shows the response char-
acteristics of a typical laminated core, quarter-
track head.
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FIGURE 15. Recording Head & Preamp. Response for
NAB Equilization

Curve B shows the required preamplifier response
to make the composite, A + B, provide the NAB
recording characteristic. This response is obtained
with the circuit of Figure 16. Resistors R4 and Ry

L

MICROPHONE
INPUT

(2,130R 3, 12)

0.8 b T0 RECORDING
HEAD

FIGURE 16. Tape Recording Preamp.

set the DC bias as before using equations (3) and
(4) for the differential input and equations (5) and
(6) for the single ended input. Resistor Rg and
capacitor C, set the mid-band gain as before (equa-
tions (8) and (9)). Capacitor Cg sets the high
frequency 3 dB point, f3, (Figure 15) as:

1

27CeRe (1)

f3:

The preamp gain increases at 6 dB/octave above
f3 until RS = XC5'

1

2mf,Cq (22

R8 =
f4 =desired high frequency cutoff

Resistor Rg is chosen to provide the proper record-
ing head current.
VO

= % _— (23)
IRECORDHEAD

L, and Cg form a parallel resonant bias trap to
present a high impedance to the recording bias
frequency and prevent intermodulation distortion.

Example: A recorder having a 24V power supply
uses recording heads requiring 30 uA AC drive
current. A microphone of 10 mV peak output is
used. Single ended input is desired for optimum
noise performance.

1. From equation (5) let Rg = 12002.

Vv
2. Equation (8) R, = (ﬁ - 1) Rs

1.2
a= {731 00.
Ry = 2.28x10% ~ 22 k2.

3. The maximum output of the LM381 is (Vcc
-2V), . For a 24V power supply, the maxi-
mum output is 22V, or 7.8V rms. Therefore,
an output swing of 6V rms is reasonable.




Vo

From equation (23) Rg = T R
6V

Rg = 30 A = 200 kS2.

4. Let the high frequency cutoff f4 = 16 kHz (Fig-
ure 15). The recording head frequency response
begins falling off at approximately 4 kHz.
Therefore, the preamp gain must increase at
this frequency to obtain the proper composite
characteristic. The slope is 6 dB/octave for the
two octaves between f5 (4 kHz) and the cutoff
frequency f4 (16 kHz). Therefore, the mid-band
gain lies 12 dB below the peak gain.

We are allowing 6V rms output voltage swing.

\Y,
—— = 600 or

) 6
Therefore, the peak gain = T0mv

55.6 dB.
The mid-band gain = 43.6 dB or 150.

5. From equation (8) the mid-band gain =

Ra+Re _
Re - 190
Ry, 22x10°
Ra = = = =
6 149 149 180
Re ~ 1509
6. Equation (9 —
. Equation (9) C, = 27f.Re

1
= 6.28x50x150

= 2.12x10°
C, ~ 20 uF.
; I
7. Equation (21) Cg = 77faRe
1

6.28x4x10°x 150

= 2.66x107

Cs ~ 0.27 uF.

01 (22) Ra = o —

8. Equation (22) Rg = 27 TaCo

1
6.28x16x10%x2.7x1077

- 368
Rg ~ 33%.

TO RECORDING
HEAD

FIGURE 17. Typical Tape Recording Amplifier

PHONO PREAMPLIFIER

Crystal and ceramic phono cartridges provide out-
put levels of 100 mV to 2V and therefore do not
require preamplification. Magnetic cartridges, how-
ever, provide much lower outputs as shown in
Table 2.

TABLE 2.
MANUFACTURER MODEL OUTPUT AT 5 cm/sec
Empire Scientific 999 5 mV
888 8 mV
Shure V-15 3.5mV
M91 5 mV
Pickering V-15 AT3 5 mV

Output voltage is specified for a given modulation
velocity. The magnetic pickup is a velocity device,
therefore, output is proportional to velocity. For
example, a cartridge producing 5 mV at 5 cm/sec
will produce 1 mV at 1 cm/sec and is specified as
having a sensitivity of 1 mV/cm/sec.

In order to transform cartridge sensitivity into
useful preamp design information, we need to
know typical and maximum modulation velocity
limits of stereo records.

The RIAA recording characteristic establishes a
maximum recording velocity of 25 centimeters
per second in the range of 800 to 2500 Hz.
Typically, good quality records are recorded at a
velocity of 3 to 5 cm/sec.

Figure 18 shows the RIAA playback equalization.
This response is obtained with the circuit of
Figure 19.

Resistors R, and Rg set the DC bias (equations (3)
and (4), or (5) and (6)). The O dB reference gain
is set by the ratio:

Rio* Re

0 dB Ref Gain = T R. (24)
6
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FIGURE 18. RIAA Playback Equilization

The corner frequency, f,, (Figure 18) is established
where Xc7 = R4 or:

1
27 f1 R4 '

C7 = (25)

MAGNETIC
CARTRIDGE

FIGURE 19. RIAA Phono Preamp.

Likewise, frequency, f, occurs where Xc7= Rqgor:

1
€77 TR0 126}

The third corner frequency, fz, is determined
where Xcg = Rjo:

(27)

Resistor Rz is used to insert a zero in the feedback
loop since the LM381 is not compensated for
unity gain. Either Rz is required to provide a zero
at or above a gain of 20 dB (Rz = 10 Rg), or ex-
ternal compensation is provided for unity gain
stability according to equation (10).

Example: Design a phonograph preamp operating
from a 30 volt supply, with a cartridge of 0.5 mV/
cm/sec sensitivity, to drive a power amplifier of
5V rms input overload limit.

1. From equation (3) let Rg = 100 k£2.

V
2. Equation (4) Ry = (—2%: - 1) R

30 &
= (2—4-1) 10
R, = 11.5x10° ~ 1.2 MS2.

1

3. Equation (25) C; = 7 Ra
14

1
6.28x50x1.2x 10°

= 2.65x10°
C, ~ .003 uF.
4. E i 26) C; = ———1-—'
. Equation (26) C, = 27T.R1g
1

Rio = 5
6.28x500x3x 10

= 1.03x10°
Ry &~ 100 kS2.

5. The maximum cartridge output at 25cm/sec is:

(.5 mV/cm/sec) x (256 cm/sec) = 12.5 mV. The
required mid-band gain is therefore:

__5V rms -4
12.56mV rms 00.
6. Equation (24)
Riot+ R
0 dB Ref. Gain = —%—° - 400;
Re
Rg = 1—00—k = 251 = 24052
6= 399 - O X
R = 10 Rg = 240092.
7. Equation (9)
1 1
Cy = = = 1.7x10°

2nf,Rg  6.28x40x 240 ~
C, ~ 20 uF.

8. Equation (27)

1 1
C8 = =
2nf3R10  6.28x2200x6.8x 10%

7.23x 1071°
Cg ~ 0.001 uF.




The completed design is shown in Figure 20 where
a 47 k&2 input resistor has been included to pro-
vide the RIAA standard cartridge load.

30v

47K

2400

2400

FIGURE 20. Typical Magnetic Phono Preamp.

TONE CONTROLS

Most tape and phonograph applications require
bass and treble tone controls. Due to the insertion
loss of the tone control, (equal to the available
boost), it has been normal to use two preamplifiers
with the control placed between them. However,
due to the excellent gain and large output capa-
bility of the LM381, only a single preamp is re-
quired.

INPUT INPUT

c12

R14

OUTPUT  R13 ﬁ O ouTPUT

T

FIGURE 21. Bass & Treble Controls

Figure 21 shows the bass and treble tone controls.
The potentiometers, R4z, are audio taper; i.e., at
the center of shaft rotation the wiper is at the
90%—10% point of the total resistance. Both con-
trols are simple AC dividers, with the flat response
position where the signal is attenuated from the
“full boost”.

In the bass control the ratio of resistors R11/R45
and Rq5/Rq3 determine the degree of “boost’" and

“cut”. For example, if 20 dB of “boost”” and “‘cut”
is desired, the ratio R11/Rq5 and Rq5/R43is 20 dB
or 10:1. The low frequency control point, f4,
(Figure 22) is set where Xcg=Rq5 and X¢cq0= Rq1.

1

z—m, (28)

By =

(29)

20

(dB)
=)

Z1 7
v

FuLL cuT{ [ \
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20

10 Hz 100 Hz  1kHz 100 kHz

FIGURE 22. Bass & Treble Tone Control Response for
20 dB Boost & Attenuation

The treble control is the analogue of the bass
control with the resistor and capacitor dividers
reversed. The ratio of reactance of C;,/Cq5 is set
equal to the amount of ““boost’”” and ““cut”. The
high frequency control point, f,, is established
where Xcq2 = Rqa.

1

C12 - 27Tf2R13. (30)
1

f1e = 2nfyCry 1
1

Ris = 275,Cyy (32)

Figure 23 shows one channel of a practical pre-
amplifier for a stereo phonograph. The preamp
is complete with RIAA equalization, bass and
treble tone control, balance control and volume
control.

AUDIO MIXER

In many audio applications it is desirable to pro-
vide a mixer to combined or select several inputs.
Such applications include public address systems
where more than one microphone is used; tape
recorders, high fidelity phonographs, guitar ampli-
fiers, etc.

10
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FIGURE 23. Single Channel of Complete Phono Preamp.

Figure 24 shows the LM381 in a mixer configura-
tion. Inputs at A, B, C, —N can be selected and
combined (summed) with potentiometers R, Rg,
Rc, —Rn. Resistors R4 and Rg establish the DC
quiescent point in accordance with equations (3A)
and (4). (Only the differential input configuration
is used in the mixer application since the high
source impedance of the input potentiometers
would negate any advantage of the single ended
input.) Input bias current is supplied through
resistor Rg. Therefore, an upper limit of Rg
should be established to avoid output offset volt-
age problems. A safe upper limit is to let:

Re = Rsg MAXIMUM (33)
FIGURE 24. Audio Mixer
The voltage gain of the mixer is:
%
R4R
Ava BC . (34)

Rs (Ra,B,c + Rspygc)

Where the values of Rg and the source impedance,
Rg, are such that the gain of the circuit of Figure
24 is inadequate, the configuration of Figure 25
may be used.

FIGURE 25.

The voltage gain of the mixer is now:

Re
Ra.s.c t Rsape

Ay = (35)

Since resistor Rg is no longer required to supply
the input bias current, it does not have the upper
limit as in the previous circuit. Therefore, the open
loop gain of the LM381 can be realized. Capacitor
C,4, shunts the AC feedback of the R, - Rg net-
work and is found by:

Ao
C1 = 27 %R,
A, = amplifier open loop gain in dB
fo = low frequency 3 dB corner

Example: Design a microphone mixer for use with
600£2 dynamic microphones with an output level
of 10 mV. The mixer should operate from a 24V
supply and deliver 5 volts output. A dynamic range
of 80 dB is desired.

1




1. From equation (3A) Rg =24 k{2

2. Equation (4)

Vee
R4 = (—2_4‘_ 1) R5

24
Rq = (52—1> 24 x 10°

Rs = 2.16 x 10° ~ 220 kQ2

3. For 5V output:

Gain = —Y— - 500
an = Tomv

4. For 80 dB dynamic range:

500

. L 2
Attenuation = 80 dB 5x 10

5. Equation (34)

R4Re
Rs (Ra,8,c + Rs)

AV=

Ay Rs (Ra,8,c + Rs)

RF = R4

At maximum volume: Rp g ¢ = 0, Gain =500

500 x 2.4 x 10% (0 + 600)
2.2x10°

RF=

Re = 3.27 x 103~ 3.3k

At maximum attenuation:

R
S— #FF:’; - Rg (from Equation 34)

2.2x 10° x 3.3 x 10°
RaBc = = — =600
5x 10“ x 2.4x 10

Rag,c =6.05x 10° ~ 500 k2

]
]
o

FIGURE 26.

CONCLUSION:

The applications presented in this note are by no
means exhaustive. The LM381 is a widely versatile
low noise, high gain, wide band gain block and, as
such has many applications outside the audio
spectrum.
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