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MOTOROLA
m SEMICONDUCTOR MC13024
TECHNICAL DATA

Advance Information

LOW VOLTAGE
LOW VOLTAGE MOTOROLA C-QUAM® MOTOROLA C-QUAM®
AM STEREO RECEIVER AM STEREO RECEIVER
The MC13024 is intended to serve the manually tuned portable and SILICON MONOLITHIC
pocket radio mass market. This part includes all receiver and stereo INTEGRATED CIRCUIT
decoding functions, from antenna to Left and Right audio outputs.
® Full Operation from 1.8 V to 8.0 Vdc Supply
® Low Power, Current Drain (typ) 5.0 mA
® Typical Distortion <1% at 90% L+ R or 50% Single Channel
® Typical Channel Separation >25 dB
® Pilot Tone Detector 2 P SUFFIX
® Combined Two Level Tuning and Stereo Indicator 1 PLASJ L%E/;(Z:EAGE
® “Blend On’’ Stereo Mode
® High Accuracy, Fast Locking VCLO
® Controlied Return to Monaural Under Adverse Conditions w DW SUFFIX
® Minimized ““Tweets and Birdies” #» G PLAiTAIEEP%?éAGE
® Minimized Tuning Transients 1 (80-24L)
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted)

Rating Symbol Value Unit
Supply Voltage Vce 10 Vdc
Operating Temperature TA Oto +70 °C
Storage Temperature Tstg —65to +150 °C

ELECTRICAL CHARACTERISTICS (Ve = 2.2 Vdc, Ta = 25°C, Input RF signal = 40 dBuV at 1.0 MHz directly fed to the
receiver, Modulating signal = 1.0 kHz sine wave at 30% modulation, uniess otherwise noted.)

Characteristic Min Typ Max Unit
Power Supply Voltage — 1.8t08.0 — Vdc
Supply Current, Excluding Current LEDs mA
No Signal 4.0 5.4 6.5
Monaural 5.0 6.0 6.8
Stereo 5.0 6.0 6.8
LED Driving Current
Monaural 0.8 1.2 1.8
Stereo 2.5 4.0 5.5 mA
Sensitivity, Monaural Y
Maximum — 5.0 —
20 dB S/N — 8.0 —
S/N Ratio Monaural 30 38 — dB
Stereo 28 34 —
Channel Separation LtoR 17 25 — dB
RtolL 17 25 —
Recovered Audio (L or R) 9.0 13 16 mVRMS
Stereo Channel Balance — -32 — dB
Distortion Monaural —_ 0.9 1.3 %
Stereo —_ 1.1 2.5

NOTE: 1. A 200 Hz high-pass filter is required at the recovered audio output to filter out the residual 25 Hz pilot frequency.
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GENERAL DESCRIPTION

The MC13024 is a complete C-QUAM® AM stereo
receiver, from the antenna to low level audio. All that
is needed make a complete AM stereo radio is the addi-
tion of the appropriate audio output amplifier. The
MC13024 is intended for use in most types of manually
tuned receivers: pocket portables, “boom boxes,” table
radios, etc. It will operate from 1.8 Vdc to 8.0 Vdc and
requires typically 5.0 mA (notincluding LED). This broad
supply voltage tolerance and low power consumption
makes it ideal for portables using as few as 2 battery
cells. The radios which can be built using this part can
be quite low in cost, while still benefiting from a high
degree of functional sophistication.

FEATURES

The MC13024 contains a wide dynamic range mixer,
IF, AGC, AFC, C-QUAM® decoder, stereo pilot tone
detector, and a signal quality detector. The stereo
decoding and pilot detection are similar to the well-
established MC13020, except for reduced peripheral
components, and the phase-locked loop used for the
L-R detection now is looped around the entire receiver.
In other words, the PLL controls the tuner local oscillator
(VCLO) rather than a detector loop after the IF. The
advantage of this, in manually tuned AM stereo, is sig-
nificant, because it assures that the signal will always
be properly centered in the IF bandpass, which is critical
to good channel separation. This architecture also gives
the radio an AFC tuning behavior which makes it easy
to tune. The PLL has two "“speeds,” provided by current
ratios of 50:1, which give fast lock and low distortion,
respectively.

A signal quality detector circuit monitors lock con-
dition, excess in-phase modulation due to interference,
pilot presence and amplitude, and the movement of the
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tuning element by the user. A proper level of pilot must
be present for several cycles before stereo mode will
be enabled. When all conditions are correct, the tran-
sition from monaural to stereo is done gradually to pre-
vent a transient “’‘pop.” Under aberrated conditions, the
audio may either blend to mono or make an immediate
change to mono, depending on the detected condition.
The LED pin drives a dual purpose indicator: low current
for PLL lock, and full current for stereo mode. Again,
the switching is done “’softly” to prevent transient load-
ing of a weak battery.

The IF gain and the mixer RF gain are each reduced,
in turn, as signal strength increases, to optimize S/N
and prevent overload. The receiver is capable of 20 dB
S/N at 2.5 uV/50 ohm input. At weak signals, the ref-
erence oscillator and quadrature divider are shut off to
minimize “tweets and birdies.”

RADIO CONSTRUCTION

Layout is not much more critical than any high per-
formance AM receiver. Care must be taken to provide
a good ground plane and short leads on signal paths.
Take special care to keep the reference oscillator com-
ponents close to Pin 22 and protected from coupling
from the pilot bandpass output, Pin 24. Also take care
with the ever present threat of RF radiation from the
audio output back into the antenna. This can be con-
trolled by proper component location and good (close)
RF bypass on the amplifier V¢ and good snubbers on
the audio outputs. Keeping in mind that this is a phase-
detecting receiver, it is important to mount coils
securely and avoid movable wires in tuned circuits. A
lot of individual preference will go into each imple-
mentation; the components shown here are only
intended to provide a good working start.
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OUTLINE DIMENSIONS

P SUFFIX NOTES:
1. CHAMFERRED CONTOUR OPTIONAL.
PLASTIC PACKAGE 2. DIM “L" TO CENTER OF LEADS WHEN FORMED
] A- ~l CASE 724-03 PARALLEL.
A Amanann i 3. DIMENSIONS AND TOLERANCES PER ANSI
24 13 Y14.5M, 1982.
4. CONTROLLING DIMENSION: INCH,
o 12
1 MILLIMETERS INCHES
VUMV L—— DIM [ MIN_| MAX | MIN | MAX
cA r_ A | 3125 | 3213 | 1230 | 1265
( - ) B | 635 | 685 | 0250 | 0270
QUEIH D_i C | 369 | 444 [ 0145 | 0175
T- ! X NOTE 1 D | 038 | 051 | 0015 | 0020
SEATING v 00— 3 1.27 BSC 0.050 BSC
PLANE l__ N- F | 102 ] 152 | 0040 | 0.060
E ~m G 2.54 BSC 0.100 BSC
G l— F J an J | o8 { 0.30 | 0.007 | 0.012
K | 280 | 355 | 0.110 | 0140
D up [+]0250000® [1]6® | L 7.szlasc O3B
M| o [ 15 | e | 15
0250010® |T]A
M 5000® li ® I N | 051 [ 101 [ 0020 | 0040
NOTES:
DW SUFFIX 1. DIMENSIONS A AND B ARE DATUMSAND TIS A
PLASTIC PACKAGE DATUM SURFACE.
—-A}- 2. DIMENSIONING AND TOLERANCING PER ANS!
= CASE 751E-03 Y14.5M, 1982,
ABEAARAARBEBEARABAARRA (SO-24L) 3. CONTROLLING DIMENSION: MILLIMETER.
24 o 4. DIMENSION A AND B DO NOT INCLUDE MOLD
PROTRUSION.
[B-] Pl4]025000®[8 ®] 5. MAXIMUM MOLD PROTRUSION 0.15 (0.006)
[©) 12 2R PER SIDE.
i s O O s R Y R MILLIMETERS | INCHES
G DIM | MIN | MAX | MIN | MAX
A | 1525 | 1554 | 0601 | 0612
R X 45° B | 740 | 760 | 0292 | 0.299
’ l C | 235 | 265 | 0093 |0.104
D | 035 | 049 [0014 |0019
{ c sme j% i F_| 041 [ 090 [0016 [ 003
e PLANE == G 1.27 BSC 0.050 BSC
I_ i X I J_| 0229 0317 | 0.00%0 | 0.0125
Dzn K M F J K| 0127 | 0292 | 0.0050 [ 0.0115
T o
[0z 0010 ®[1]8 Oa O P 101.105 1o§s 0.30;5 0.48:5
R | 025 | 075 0010 | 0029
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Motorolareserves the right to make changes without further notice to any products herein. Motorola makes no warranty, representation or guarantee regarding
the suitability of its products for any particular purpose, nor does Motorola assume any liability arising out of the application or use of any product or circuit,
and specifically disclaims any and all liability, including without limitation consequential or incidental damages. “Typical” parameters can and do vary in different
applications. All operating parameters, including ‘“Typicals” must be validated for each customer application by customer’s technical experts. Motorola does
not convey any license under its patent rights nor the rights of others. Motorola products are not designed, intended, or authorized for use as components in
systems intended for surgical implant into the body, or other applications intended to support or sustain life, or for any other application in which the failure of
the Motorola product could create a situation where personal injury or death may occur. Should Buyer purchase or use Motorola products for any such
unintended or unauthorized application, Buyer shall indemnify and hold Motorola and its officers, employees, subsidiaries, affiliates, and distributors harmless
against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any claim of personal injury or death
associated with such unintended or unauthorized uss, even if such claim alleges that Motorola was negligent regarding the design or manufacture of the part.
Motorola and ®) are registered trademarks of Motorola, Inc. Motorola, Inc. is an Equal Opportunity/Affirmative Action Employer.

Literature Distribution Centers:

USA: Motorola Literature Distribution; P.O. Box 20912; Phoenix, Arizona 85036.

EUROPE: Motorola Ltd.; European Literature Centre; 88 Tanners Drive, Blakelands, Milton Keynes, MK14 5BP, England.

JAPAN: Nippon Motorola Ltd.; 4-32-1, Nishi-Gotanda, Shinagawa-ku, Tokyo 141, Japan.

ASIA PACIFIC: Motorola Semiconductors H.K. Ltd.; Silicon Harbour Center, No. 2 Dai King Street, Tai Po Industrial Estate,
Tai Po, N.T., Hong Kong.
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