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LLM1981 AM Stereo Decoder

General Description

The LM1981is a single IC designed to decode the stereo in-
formation which is amplitude and angle modutated on an
AM stereo broadcast carrier. It is capable of accepting the
455 kHz (or 262 kHz) IF amplifier output and amplitude
detecting the (L + R) mono signal; limiting, detecting and
conditioning the (L — R) stereo difference signal; and com-
bining these signals in a suitable matrix to form the left
and right channel audio outputs. Other features include
an excess phase detector, stereo pilot tone output,
stereo/mono blend function, output sample and hold cir-
cuits and an internally regulated reference voltage.

The1LM1981 is shown in the circuit diagram of Figure 1,
which includes typical external component values used
with the signal format of the Magnavox AM/PM system.

Both left and right channel outputs (pins 9 and 7, respec-
tively) are buffered with sample and hold circuits which
can be used to hold the signal fevel in the presence of a
detected noise burst.

The LM1981 AM stereo decoder is available in a 20-pin,
molded dual-in-line package.
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Features

B Single chip AM stereo decoder
B Minimum external components
8 Wide input dynamic range

B Full wave AM detector
Quadrature PM detection
Excess phase output

Noise suppression circuitry
Stereo pilot tone output
Stereo/mono auto blend circuit
Regulated reference output
Available in plastic 20-pin DIP

Typical Application
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FIGURE 1. Magnavox System Decoder
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Absolute Maximum Ratings

Supply Voitage 18V
Reference Output Current +1mA
Minimum Voltage on Any Pin -0.1Vpe
Package Dissipation (Note 1) 1.67W
Operating Temperature Range (Note 3) 0°Cto70°C
Maximum Junction Temperature 150°C
Storage Temperature Range —65°Cto +150°C

Lead Temperature (Soldering, 10 seconds) 230°C

Electrical Characteristics

Voo =8V, Ta=25°C,V |y =200 mVrms, 30% AM, PM modulation depth, IF carrier frequency = 455 kHz, MOD = 1kHz, pin 11=GND

Parameter Conditions Min Typ Max Units

Operating Supply Voltage Range (Note 2) 8 18 Vpe
Supply Current ' Figure 1, Voo =8V, 18V 22 40 mA
Reference Voltage Pin 19 3 4.3 5 Voe
Input Impedance Pin1 4 15 30 k@
Input Signal Level

Minimum 20 mvrms

Maximum 400 mvrms
Monaural Output Pin 11=Vgg, Voo =8V, 18V 120 mvVrms
Monaural Distortion Pin 11=Vgg, 1 kHz, 0.2 %

Vec=8Y, 18V

Stereo Separation 1 kHz, Vo =8V, 18V

Left 20 30 dB

Right 20 30 dB
Stereo Distortion Voo =8V, 18V 0.4 %
Signal to Noise Ratio CCIR 50 dB
Output Current

Left mA

Right * mA
Pilot Tone Output Pin 13 (Note 3) 28 wAp-p
Excess Phase Threshold 75 Degrees
Excess Phase Output Pin 12, Input Phase = +100° 100 uA
Pin 12 Leakage 0.1 pA
Pin 4 Internal Resistance k@
Pin 5 Internal Resistance k2
Sample and Hold

Threshoid Current Pin 10 120 300 uh

Slew Current Pins 6, 8 140 uA
Limiter Output Current Pin 17 +130 nA
Integrator Output Current Pin 14 *1 A

Note 1: For operation in ambient temperatures above 25°C, the device must be derated based on a 150°C maximum junction temperature and a thermal

resistance of 75°C/W junction to ambient.

Note 2: Operating supply voltage range on specified tests only. Operation below 0°C may require Ve to be >BV

Note 3: Magnavox system employing a pilot modulation level of four radians at 5 Hz,




External Components (refer to Figure

7 Application Circuit)

Normal Range

Component External Component Function of Value

C1 Input decoupling capacitor. Enables input amplifier and limiter to track dynamic 0.47 uF-2.2 uF
offset voltages caused by large ampiitude modulation of the carrier.

C2 AM carrier filter. Sets the upper 3 dB corner of the bandwidth of the AM information. 0.001 uF-0.01 uF
Internal resistance is approximately 2 kQ. Increasing value will lower the bandwidth.

C3 IF carrier filter. DC voltage on this capacitor is proportional to average value of the 4.7 uF-47 uF
IF carrier. Used to compensate AGC tracking irregularities.

C4,C5 Sample and hold capacitors. Pin 6 and 8 output currents and capacitor values 0 pF-2000 pF
determine output slew rate capabilities. Not required if noise suppression circuitry is
not utilized.

C6 Integrator capacitor to simulate large inductor across pins 15 and 16. Sets PM informa-
tion bandwidth, low pass pole to identify pilot tone in stereo mode. Inversely propor- .
tional to C7. 0.01 uF-0.047 uF

c7 Integrating capacitor determining the (L — R) detected level. This value and R3 deter- 0.033 uF-0.1 uF
mine degree of separation that is obtainable.

c8 Capacitor that, with L1, forms a series resonant circuit at the IF frequency. Value is 100 pF-390 pF
determined by the drive current available at pin 17.

c9 Supply decoupling capacitor. 0.05 uF-10 uF

L1 Quadrature coil. Value must resonate with C8 at the IF frequency. 200 xH-2000 xH

R1 Sample and hold resistor. Limits the current flow into pin 10, which is a diode to 0-o0
ground. If noise suppression is not used, R1 can be eliminated and pin 10 tied to
ground.

R2 Prevents peaking in the low pass filter across pins 15 and 16. 51 kQ-1 MQ

R3 Determines detector conversion gain by dominating tuned circuit (L1, G8) Q if 500Q pot
inductor series resistance is low. Normally approximately 2002, it is shown as a
potentiometer, to adjust for part-to-part variation in the muitiplier operating currents,
to avoid different levels of (L — R).

S1 SP3T switch to select stereo, monaural, or automatic function. In the automatic mode,

circuitry (see Application Hints) can use the blend characteristics of this input to
adjust the degree of stereo demodulation depending upon the integrity of the received

signal.
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Typical Performance Characteristics
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Application Hints

LM1981 CIRCUIT DESCRIPTION

The basic features of the LM1981 are shown in the block
diagram of Figure 3, which includes typical external
component values used when the signal format is the
Magnavox AM/PM system.

Usually the signal input to the LM1981 will be extracted
from the final AM/IF amplifier tuned circuit. In this par-
ticular design example, the tank circuit impedance is re-
quired to be 15 k and the 455 kHz carrier level is approx-

imately 400 mVrms when the RF signal strength is above
the AGC threshold. From the table of Electrical Character-
istics we see that the LM1981 input resistance is 15 kQ and
the nominal input level is 200 mVrms. The input stage is
capable of handling signal levels +6 dB greater or
—20 dB less than 200 mVrms which will ensure proper
stereo operation until the signal S/N ratio is too low to be
satisfactory.
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FIGURE 3. AM Stereo Decoder




Application Hints (continueq)

Itis necessary for the IF amplifier final stage bandwidth to
be relatively wide so that the IF bandwidth, which may be
selectable, is determined by the previous stages. A
suitable circuit with a take-off point for the LM1981 is
shown in Figure 4, along with the equivalent circuit. if the
IF amplifier output resistance (Ro)’is 100 k@, the tank will
be damped by this and the parallel input resistance (R’|\)
presented by the input resistance of the LM1981 reflected
across the tank. Since the tap ratio will be 2:1 to provide
the proper signai level to the LM1981, the reflected
resistance R’|y is given by

Rin=n%Riy .. Riy=60kQ

and Ry=R'\\]| Rp=37.5kQ
If we set the tuned circuit bandwidth at 20 kHz, the un-
loaded circuit Q is

o fo _485x10°_,
L= T on o r3
Af 20x10

(10)

Now the dynamic resistance (Rp) of the tuned circuit in
parallel with Ry must present a 15 kQ load to the IF
amplifier output

i.e., Rpl|Ry=15KQ, .. Rp=25 kg

Vee

Since Rp also determines the unloaded Q of the tuned
circuit
Q Rt

Q_u = m °u= 38.3 (11}

For a parallel resonant circuit we have
Ro
L=
T wQy
__ 3715x10°
27455 x 10° x 38.3

=228 4H

The totai capacitance necessary to tune this inductance
to 455 kHz is 536 pF, so each capacitor is put at 1000 pF.*

Following the input stage, the signal is split up into two
paths; one to a limiter for the angle modulated information
and the other to an envelope detector for the amplitude
modulated information. This latter detector is a full wave
rectifier. Filtering the carrier component at pin 4 leaves the
amplitude modulating information. Internally the resist-
ance at pin 4 is 2 kQ so that a 3900 pF capacitor sets the
— 3dB bandwidth at 20 kHz. The output level for 30% mod-
ulation (200 mvrms IF) is 120 mVrms.
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Application Hints (continueq)

Although the (L+ R) monophonic signal is available at
pin 4, normally the signal for the audio amplifiers will be
taken from the matrix which follows the detector. The de-
tected output is heavily filtered at pin 5 to provide a DC
voltage proportional to the average value of the IF carrier.
Because the absolute value detector will not peak detect
on noise, this voltage is an accurate indication of the IF
carrier level and is used to compensate the detected level
of the phase modulated (L — R) signal, which is insensitive
to changes in the average carrier level caused by the AGC
not perfectly tracking the RF signal strength. The internal
load resistance at pin 5 is 9 kQ so that a 10 xF capacitor
gives a 90 ms time constant.

At the matrix the (L — R) signal is added to the (L+R)
signal. The actual amplitude of the (L — R) signal will not
only depend on the control voltage developed at pin 5, but
also on the voltage at the blend input, pin 11. If pin 11 is
held above the internal reference voltage {(4.26V on pin 19)
the (L — R) signal is completely muted and the left and
right channel outputs will be (L + R} information only.

Both left and right channel outputs {pins 9 and 7, respec-
tively) are buffered with sampie and hoid circuits, which
can be used to hold the signal level in the presence of a
detected noise burst. If pin 10 is left floating or grounded,
the S/H circuits will pass the signal. Pulling pin 10to a Vgg
above ground holds the pin 7 and pin 9 output levels. The
capacitors for the S/H circuits are at pins 6 and 8, and
these capacitors will slew fimit the audio signal. The
charge/discharge current is 140 A so that for a 1V swing
at 20 kHz

CPIN 6,8= 0.0022 ;LF

In the PM channel, the signal passes through 5 stages of
limiting before being applied to the detector circuit. The
limiter is stabilized with DC feedback decoupled at pin 2.
Although the carrier switching frequency is relatively low,
the capacitor at pin 2 isrelatively small toenable it to track
dynamic offset voltages in the limiter caused by the simul-
taneous large amplitude modulation of the carrier.

The signal is FM detected in a quadrature demodulator
and then integrated by C7 in Figure 1. The limited
amplitude RF carrier signal switches one set of balanced
input ports to the multiplier, while the other ports are
receiving the signal after it passes through a resonant cir-
cuit tuned to the carrier frequency. A series resonant cir-
cuit is used, driven from a current source in order to
minimize radiation at the carrier frequency. Since this
available signal current is typically 130 zA (peak), the
capacitor, C8, is chosen to ensure switching amplitude
(about 400 mVp-p at the multiplier inputs).

-6
_ 260x 10

|wC| = =20.65x 103

400x10°
-.C=227 pF

Choosing C to be 220 pF gives the inductor nominal
value as
1
L= =556 uH
(@7 x 455 x 10%)2 220 x 10~ 12 #

Although both sets of input ports to the multiplier are
switched, the conversion gain can change since the
multiplier operating currents are internally set. In order to
avoid different levels of (L. — R) from part to part we need to

provide some external means of adjusting the detector
conversion gain. This is most conveniently done by a
potentiometer connected across the tuned circuit which
will dominate the circuit Q if the inductor series resistance
(Ro) is low. With a coil Q, 0f 110, Rp = 14.5Q at 455 kHz. {f we
choose a tuned circuit bandwidth of +30 kHz then the
loaded Q will be 7.5. For a series tuned circuit with a shunt
resistance R we have

a_ Po (13)

Qu R+ RD
and the potentiometer resistance will be approximately
193Q. Now that suitable components have been chosen
for the resonant circuit that yield a gain adjustment and.
the proper bandwidth, it becomes possible to select thein-
tegrating capacitor which gives the nominal (L — R) de-
tected level necessary for best separation. With a 5002 pot
set to 2000 the capacitor value is 0.047 uF.

Also connected across the multiplier output is an active
inductor which serves a two-fold purpose. First, it places a
DC short across the multiplier outputs, preventing offset
voltages exceeding the dynamic range of the next stage.
These offsets can occur because of mismatching in the
multiplier active devices but, more importantly, as the tank
circuit is tuned for resonance (or the input signal is
mistuned) DC terms are present in the multiplier output
which must be cancelled if the output linear operating
range is not to be exceeded. Secondly, the inductor is
tuned with the integrating capacitor to produce a low fre-
quency pole in the output. Since we would like some
means for detecting excess phase signals for noise sup-
pression purposes, the detected stereo identification tone
peak voltage must be reduced below the peak audio volt-
age (remember, in the Magnavox system, the detected
audio is riding up and down on a § Hz waveform that is 4
times the peak audio amplitude). This is done by choosing
the pole frequency to be around 30 Hz. The capacitor has
already been determined as 0.047 yF, so a 30 Hz pole re-
quires that the inductor be aimost 600H! Hence an active
inductor is used.

Two operational transconductance amplifiers (OTAs) are
used to realize the simulated inductor. The actual induct-
ance value is proportional to the size of the capacitor at
pin 14 such that

L=Cek (14)
k=1.8x1010H/xF

For 600H, we need a 0.033 uF capacitor. A 100 kQ resistor is
shunted across pins 15 and 16 to prevent peaking in the
low pass filter.

Alignment of the detector (in fact the entire alignment for
the decoder) is straightforward. The blend input is shorted
to ground and the coil is tuned for resonance at 455 kHz by
adjustment until the voltage on the capacitor at pin 14
matches the reference voltage at pin 19. Because the
charge current for the capacitor is only 1 A, this point is
easily loaded and the best way to connect a DVM is be-
tween pins 14 and 19 rather than from pin 14 to ground.
Next, with left only or right only information modulating
the carrier, the potentiometer between pins 17 and 19 is ad-
justed for maximum separation. For example, with right
only signais, the potentiometer is set to minimize the left
output signal at pin 9. At 1 kHz, 30% PM, the left signal
level should be ~ 30 dB down.




Application Hints continueq)

The detected (L — R) signal is connected internally to the
matrix through a variable gain block controlled by the aver-
age level of the IF carrier—the voltage developed at pin 5.
By this means, the separation adjustment carried out
above will not be impaired by the AGC characteristics of
the receiver. A second gain control is placed between the
(L — R) signal and the matrix. This gain block is controlled
by the mute/blend input at pin 11 and enables stereo/mono
switching or a gradual blend from stereo to mono as the
RF signal deteriorates. The control amplifier is equivalent
to a differential pair biased at Vger with 5 kQ between the
bases and a series 50 k{2 to pin 11, For a 100 mV differential
across the pair

Vein 112 VRgr = 100 X 107 x (§0—5+—5> =Vpgr£ 1.1V

A control curve is shown in the typical performance
graphs and, above 5.36V, the decoder will be in the mono
mode; below 3.16V the decoder will be in the stereo mode.

The iast part of the decoder to be described is the PM out-
put and excess phase detector, Figure 5. A buffered dif-
ferential (L — R) signal current from the PM integrating
capacitor is supplied to this circuit which has a DC to AC

033

('

ratio such that each degree of detected phase deviation
causes a 1.2% changein the current drawn from each side
of the detector. For each side, with no signal, 10% of the
total current is supplied by collector | of the upper PNP
device. The remaining 90% is supplied by collector il
through a diode D. When a signal is present, as the peak
phase deviation increases, one side will draw more cur-
rent and the other side correspondingly less. The differen-
tial current component is buffered to pin 13 to provide an
output for the stereo identification tone detector. A 30%
modulated audio signal will cause pin 13 to sink and
source 54 zA and the stereo identification tone, reduced in
level by the PM detector low pass filter, produces 14 A
peak. .

When the peak phase deviation exceeds 75° this indi-
cates that noise must be present and the peak current
drawn in one side is less than 10% of the quiescent value.
Collector Il will be transferring ail of its current to the other
side (which will be drawing greater than 190% of the quies-
cent current) and the diode for collector Il will cut off. The
difference between the current demanded, and that deliv-
ered by coliector | is coupled over to pin 12 which then pro-
vides an excess phase indication.
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FIGURE 5. Excess Phase Detector




. ‘\‘(\:, " /}‘ f!,’" , 52\

{ Q“*) 2 2

Application Hints (continueq) 0

A complete Magnavox system decoder is shown in Figure 6, the RF signal improves, the DC level at pin 4 will go below
including a suggested stereo tone detector. This consists Vger enabling the stereo mode if a stereo tone is simulta-
of a5 Hzfilter followed by a full wave rectifier connected to neously present,
the .ste.reo/mono blend‘input p?n n. Thg 6xcess phase out- A complete decoder PCB for the Magnavox system, based
putis filtered and applied to pin 11, as is a filtered voltage on the circuit of Figure 6 is shown in Figure 7 along with a
fn?m the apsolute value detec?o.r. Excess phgse qutpgts component stuffing guide. Set-up is straightforward, fol-
will force pin 11 above Vger, giving automatic switching lowing the procedure outlined earlier
into mono in the presence of noise in the PM channel. Sim- '
ilarly, a weak RF signal will cause switching into mono. As Vee
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Application Hints (continueq)

Component Side

Copper Side .

FIGURE 7. Magnavox Decoder PCB
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LM1981 AM Stereo Decoder

Physical Dimensions inches millimeters)
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