GLEGCTRONIG

SerViCing & Techno[ogy NOVEMBER 1984/$2.25

Typical problems with RCA CTC97 e Build a digitally cantrolled timer

Clearing up a snowy TVRO picture e Components series

- sﬂ,e Bar Antenna which
. used for RX is located
inside of Portable Unit.  ~———

Incoming
Message

~N ~—~— e L

>
S
Inpeis

e, -
1.6~ 1.8 MHz (FM)

B

TABLE UNIT

WWAWALamericancadiohistorv.com



A A & MAW
A Selhnﬂ Center for
Video Accessories

with the built-in acceptance of TV’s leading name
for Quality Home Entertainment Products

i
Now Zenith brings any combination...

you a carefully selected plus cables in a wide

: F

assortment of the variety of lengths, each
fastest-moving video b— el With gold-electroplated
cassette recorder acces- [Ey— ) R CONNectors.

sories, each individually | : All this with the
packaged and labeled built-in acceptance of

the electronics indus-
try’s leading name for
home entertainment

products!

Call your Zenith
distributor now for his
Christmas ‘84 promo-
tion program so you
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the one line of video
cassette accessories as
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Cordless telephones allow
users to roam up to 1000
feet from the telephone base,
unfettered by a cord. That
physical freedom is bought at
the cost of introducing the
complexity of an FM link
between the base station and
handset. The article,
“Operation and Servicing of
Cordless Telephones”, Part 1
(page 18) explains how these
phones work and how to fix
them. (Photograph and line
drawing for composite art on
the cover are presented
through the courtesy of
Uniden Corporation.)

8 Build this digitally controlled precision timer

By Al Gordon

A simple and fun project, this timer provides timing accuracies
of better than a small fraction of a second over many hours.
Complete construction instructions, illustrations, parts list and
available parts sources are all included.

18 Operation and servicing of cordless telephones

By Paul Yost

With the recent deregulation of the telephone industry and the
rapid flood of telephones into the marketplace, telephone ser-
vicing information has not been readily available. In the first of
a 2-part series, Yost explains how the base stations of these in-
creasingly popular cordless telephones work and how to service
them.

38 What do you know about components? Neons,
lasers and LEDs

By Sam Wilson
Continuing his examination of components, Wilson compares
the operation of neon lamps with that of lasers and LEDs.

44 Typical problems with RCA CTC97

By Homer Davidson

Effective TV troubleshooting requires a knowledge of any
unusual circuits, plus a list of the common component failures.
Davidson examines these items for the RCA CTC97 chassis.

54 Clearing up a snowy TVRO picture

By Tom Moore

Finding the specific component causing a snowy picture is the
key to solving problems with satellite receiver systems. This
article gives some tips to help you isolate where the problem
lies.

58 Test your electronics knowledge

By Sam Wilson

Do you feel overwhelmed by all the new technology today? This
month’s quiz reviews some basic electronics theory which
relates to the new technology. Try your hand to see how much
you already understand.
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Page 18

Part 2 of “Operation and Servicing of Cordless Telephones”
will focus on the handset portion of these phones. It details
the circuitry that causes the phones to ring, dial and operate
at distances up to 1000 feet from the base unit. Tips for ser-
vicing the handset are also discussed.
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Editorial

A

Telephone magic

I have a wonderful instrument on my desk. I pick
it up, push a few buttons, and I'm in contact with
almost anyone, anywhere in the world. It's called a
telephone.

But wait a minute. If I disconnect my telephone
from the modular plug on the floor, it doesn’t work
at all, which points out a truth that we frequently
fail to think about. Although the telephone, an
evolutionary relative of Alexander Graham Bell’s in-
vention, is indeed a technological marvel, it’s not the
telephone itself but the telephone system that allows
me to be in contact with the world.

As with so many other phenomena, both natural
and man-made occurrences, most of what actually
makes the telephone work lies hidden from sight.
More than half of an iceberg, they say, lies under-
water. The root system of a tree extends farther
under ground than the limbs do above it. A modern
building is supported, not by its gleaming marble
facade, but by the network of steel girders hidden
from sight.

So it is with the telephone. When you make a
phone call, the tones or pulses you generate do
nothing until they reach the telephone company ex-
change, where they are converted to switch posi-
tions. It's what happens once the call gets beyond
the telephone exchange that is truly a marvel. Of
course, if it’s just a local call, it will probably just
travel over another set of wires to your neighbor.

But if it’s a long-distance call, that’s when the
magic truly begins. The ecall will probably be
multiplexed; that is, it will be grouped together with
many other telephone signals into a single, complex,
broadband signal. Then that signal might be
transmitted via wires, microwaves, optical fibers or
satellite. And depending on how the call is routed, it
might be multiplexed as part of one group for part of
its distance, then demultiplexed and made part of
another group for another part of its journey.

All of this happens apparently instantaneously,
and the person you speak with sounds just like a
next-door neighbor. Now that’s magic.

Modern cordless telephones add to the magic.
Now it’'s even possible to communicate over a
distance of up to 1000 feet between the handset and
the base, without a cord, via FM. And for the most
part, the size of the unit is similar to a standard
phone, and, to the caller, the unit operates just like a
standard phone. If youre interested in having a
look behind the scenes to see how these new cordless
types work and how to fix ’em, turn to page 18 in
this issue.
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More quali
accessories for

more DMMs

thananyone else
inthe world.

Fluke has over thirty ways to expand
the horizons of your DMM — even if your
existing DMM is made by someone else.

Take our new, low-priced 80i-400 cur-
rent clamp, for example. It's one of five
different accessories offered by Fluke to
let you take safer, more accurate current
measurements in high energy circuits.

Or consider our universal temperature
accessories. They convert your DMM
into a thermometer for air, surface, and
non-corrosive liquid temperature
measurements.

Fluke also offers a variety of probes to
measure high voltage and probes for
high frequency ac measurements. Plus a
complete selection of test leads, battery
eliminators, carrying cases, and more.

It's the largest selection of DMM
accessories available in the world.

So why spend a lot of money on new
equipment, when all you may really need
are new accessories.

To get the whole story, ask for a copy
of our complete DMM accessories book-
let. It's yours for free by contacting your
local Fluke Distributor, or by calling toll-
free 1-800-426-0361.

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

Eemmeny L PN ]
IN THE U.S. AND NON-
EUROPEAN COUNTRIES: IN EUROPE:

John Fluke Mfg. Co., Inc. Fluke (Hollandg B.V.
PO. Box £9080, M/S 250C P.0. Box 5053, 5004 EB
Everett, WA 98206 Tilburg, The Netherlands
(206) 356-5400, Tix: 152662 (013) 673973, TIx: 52237
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Technology

Marriage
of computer and

audio technology
Floppy audio disk

A home digital audio recording
and playback system that stores
music in digital form on a Floppy
Audio Disk has been introduced by
CompuSonics, a new professional
and consumer electronics manu-
facturer and marketer.

The DSP-1000 allows consumers
to make home digital recordings
from any digital or analog source
(such as compact discs, radio,
records, cassettes and live music),
storing it in digital format on a
high capacity floppy disk. These
recordings never encounter most
of the problems inherent in analog
recording equipment—wear, de-
terioration, drop outs, tape hiss
and surface defects.

The company plans to distribute
the digital recording system
through high end audio dealers
during the first quarter of 1985. It
is compatible with all conventional
stereo components, and employs
features not found on analog audio
cassette recorders.

The DSP-1000 will enable con-
sumers to record up to one hour of
music on a disk. Function controls
include forward, reverse, fast for-
ward, fast reverse, erase, reset,
program, enter, skip, telerecord
and play. The unit also features a
scrolling LED text display that
allows the consumer to interact
with the system.

“The development of the Compu-
Sonics System makes true digital
recording capability available to
the consumer market for the first
time, and as such, represents a
significant achievement in the
history of audio,” said David
Schwartz, CompuSonics presi-
dent. “The system heralds the ar-
rival of a bold new era in the audio
industry, one that marries com-
puter technology and audio tech-
nology together for the first time

SYSTEM SPECIFICATIONS

Hardware
Single chassis containing:

Single board computer with expansion bus
Superfloppy disk drive with controller

RCA jacks

Power supply

Computer interface

Communications interface

Performance

Error correction .. ... ..
Numbers of channels . .
DIA conversion ... ...

Signal to noise ratio .
Channel separation. .
Wow and flutter

..... . .. .superfioppy
......... gumball head type
Spindlespeed . ... ... ... ... . ... . ..... e O .....360 r.p.m.

Scanvelocity ........ ... ... ................ .

Freguency response . . ... .. .......... 10 to 20,000 Hz +0.5dB
Harmonicdistortion ... ... ... ... ... ... ...,

Dynamicrange ..............................

.......... more than 91dB

.......... below measureable limits

.floppy digital audio system

....... 2.6 feet per second
.. .computer generated 48 bit polynomial
2

16 bit linear
.less than 0.007% (1kHz)}

.. .more than 91dB
...more than 91dB

according to the manufacturer.

Tables list the components of the DSP-1000 and show system performance factors,
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Home digital disk audio recording and playback system, the Compusonics
DSP-1000, allows consumers to make home digital recordings from any digital or

analog source.

in one consumer electronics pro-
duct. A product that offers both
immediate and future benefits.”
The DSP-1000 has the built-in
capability to receive the digital
transmission of music from remote
data bases. In other words, it
would be possible with this product
to call up your local music store
and have the latest rock music
album sent to you via telephone
line, right to your blank floppy
disk. In addition, the unit has the
capability to interface with the
IBM Personal Computer, giving

6 Electronic Servicing & Technology November 1984

the user the capability to become
involved with home music editing,
music synthesis, restoration of
noisy source material and high
capacity data storage.

Blank disks for the system will
be available at the same time the
hardware unit is delivered at
retail, and through the same
distribution outlets. Although
prices have not yet been finalized,
it is expected that the recorder will
carry a suggested retail price of
$1200, and individual disks will
retail for $6.



2200 SERIES

TE

PORTABLEOSCILLOSCOPES

You can’t judge a scope
by its cover.

When you look at our simplified,
practical internal design, you
see why the Tek 2200 Series
delivers unparalleled high
performance and reliability in
the field. You get quality that's
unmistakably Tektronix in scopes
so advanced, they cost you less
to buy and own.

Through an inncvative new con-
cept in scope design we reduced
the number of mechanical parts
by 65%. Reduced cabling by
90%. Virtually eliminated board
electrical connectors. And elimi-
nated the need for a cooling fan.

The result: a scope with
designed-in simplicity that
increases reliability as it cuts
downtime and repair costs. All of
which means outstanding value in

“Prices F.O.B. Beaverton, Oregon

13-year warranty includes CRT and applies to 2200
family oscilloscopes purchased after 1/1/83. Scopes
are UL listed, CSA and VDE approved.

a compact, lightweight package
that your service technicians will
appreciate.

Plus, you get a selection of per-
formance to precisely match your
needs. There are the 60 MHz
single time base delay 2213A at
$1200* and the 60 MHz dual
time base 2215A at $1450* And at
100 MHz, the dualtime base
2235 at $1650™ and the 2236
with an integrated counter/timer/
multimeter at $2650*

The industry’s first three-year
warrantyt is testimony to 2200
Series dependability. Adding
value to value are a variety
of optional service plans that can
economically extend this cover-
age to five years.

Consider what you're paying
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now in downtime, in service, in

back-up scopes. On the bottom

line, a Tek 2200 Series scope will

save you money, time and trouble

now and in the years to come.
Contact your Tek Sales

Engineer for a demo today. Or

call 1-800-426-2200, Ext. 201.

In Oregon, call collect:

(503) 627-9000, Ext. 201.
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Build

this
digitally
controlled
precision
timer

By Al Gordon

RC-controlled IC timers are
useful. That is, until timing
tolerances of better than about
two percent, or long timing
periods are required. Capacitor
leakage, tolerance variations,
dielectric absorption, and
temperature variations for both
timing resistors and capacitors, in
addition to inherent IC problems,
such as threshold and discharge
pin bias currents and power supply
changes during the timing inter-
val, all play a role in reducing the
timing accuracy of these RC con-
figurations. And even with preci-
sion components, two percent ac-
curacy translates to a 72-second
error in just one hour. What to do?
One solution is to go crystal-
controlled digital.

This project provides timing ac-
curacies of better than a small
fraction of a second over many
hours; and if you are near a Jim-
Pak distributor or a Radio Shack
store, you should have little trou-
ble in obtaining the parts to build
it. Furthermore, the project can be
easily modified to provide alter-
nate selectable timing periods and
the output can be used to drive
relays, incandescent bulbs, or
other logic in addition to the piezo
buzzer used in this project. The
precision timer is readily usable
for many applications, such as in a
darkroom, as an amateur radio/CB
ID or repeater timer, in the kit-

chen, when studying, or in many
other situations which require a
specified timing duration.

Refer to Figure 1. The heart of
the precision timer is Ul, a type
MM5369 combination oscillator/di-
vider. Y1 produces a 3.579545MHz
reference for the oscillator that is
trimmed by variable capacitor, C2.
Internal to U1l is a module 59,659
divider which produces a 60Hz, 50
percent duty-cycle square wave at
pin 1. Asynchronous counters U2
through U8 are 4017 divider/-
counters and are ripple con-
figured: the carry output of one
(pin 12) sequencing the clock input
of the next one (pin 14) in cascade.
U2 and U3 are divide-by-6
counters while U4, U5 and U6 are
pure decade counters. Division is
further accomplished by U7 and
U8, and the decoded outputs are
brought out to S2, which selects
the appropriate pin that directly
drives BZ1.

U9 is a 4001 Quad 2-input NOR
gate chip, half of which is wired as
an RS latch debouncer for S3,
which pulls the reset inputs of U4
through U8 low when the switch is
actuated. Confirmation of this
reset occurs via Ul0, a Quad
2-input NAND gate in which three
gates over two logic levels light
LED2 for five seconds, confirming
the zero setting on the counters.

During the course of the timing
interval, proper functioning of the
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The precision timer uses an MM 5369 timer in conjunction with a color-burst
crystal to provide a stable, highly-accurate time base.




ADVERTISEMENT

THE TV SERVICE INDUSTRY’S
— INSTANT —

LOVE AFFAIR

WITH ITS NEW DIAGNOSTIC COMPUTER

ACCURACY IS TOTALLY INDESCRIBABLE

(FCR START UP, SHUT DOWN OR ANY HV RELATED PROBLEM)

SIMPLICITY OF OPERATION IS AMAZING

Remove the TV set’s Horiz Output Transistor, install Super Tech’'s Interface Plug in the now empty
socket then, make one ground connection. Hook up is universal, no other connections are required.

WHAT HAPPENS NEXT WILL ASTOUND YOU

(Con’t. on Page 10)
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ADVERTISEMENT
(Con’t from Page 9)

SUPER TECH warcw

TAKES LESS THAN 30 SECONDS
TO ACCURATELY
CHECK OUT THE ENTIRE CIRCUIT !

This includes the Primary LV Supply, Regulated LV Supply, Horiz Osc and Driver, Horiz output Circuitry,
Initial Start Up Circuit, B+ Resupply or “Run” Circuit, HV Multiplier, Entire Flyback (every aspect),
The Yoke, Each and Every Scan Derived B+ Source, and a!l Shut Down Circuits.

After checking the above circuits, it will then *“power up” the TV set and allow you to visually observe the
operation of all other circuits on the set’'s CRT. (Even in cases where a Shut Down, Start Up, Osc Driver,
LV Regulation, or B+ Run Supply Problem, or combination of problems exist, it will still power up the
TV set). This allows you to verify tuner, audio, Video, Chroma, AGC, ABL, etc. for accurate estimates !

In the process, it will light up the title of those circuits that are working in green and,
indicate the circuit or circuits that are not working with either a red or an unlit green light.

100% ACCURACY IS GUARANTEED

In just two short hours of practice, any technician can become proficient at using his Super Tech
computer. Once he does, he will then be able to accurately diagnose any type of a Start Up, Shut Down, or

Hi-Voltage related problem in any TV set that employs a Horiz Qutput Transistor---IN THIRTY
SECONDS !

REGARDLESS OF WHICH CHASSIS YOU ARE WORKING ON,
SUPER TECH ALREADY KNOWS HOW THE CIRCUIT WORKS'!

* No Test Points To Locate * No Probe Work To Keep Track Of
* No Schematic To Read or Follow * No Voltages To Decipher

WHEN IT COMES TO TELLING YOU WHICH CIRCUIT HAS FAILED,
SUPER TECH DOES NOT RELY ON ANY OF YOUR KNOWLEDGE WHATEVER.

SUPER TECH DOES ITS OWN THINKING !

Super Tech is so totally accurate, it will spot such things as a Dynamic Short in the 2nd Anode of a CRT.
If a circuit that relies on Scan Derived B + is shorted, Super Tech will tell you so. In most cases, it will
also teli you which of these circuits is shorted. Its Flyback test is so sensitive and accurate it will even
spot Hi-Voltage Arcs. Flybacks with integrated Triplers pose no problem for Super Tech. In less than
five seconds, the Mark IV Super Tech will spot any type of a shut down problem, even those that are being
caused by a shorted CRT, Vertical, Video, or Color Output circuit, and tell you which circuit(s) are causing
the set to shut down. From beginning to end, the entire test sequence takes less than 30 seconds.

10 Electronic Servicing & Technology November 1984



ADVERTISEMENT

ORDER YOUR SUPER TECH TODAY!

BY CALLING DIEHL ENGINEERING AT (806) 359-1824

It will arrive in less than ten days. The very same day as it does, locate a working TV set to use for test
purposes.

(RCA CTC 85 thru CTC 125 Chassis are good candidates but any set that uses a Horiz Output Transistor wili do just fine.)

NEXT, SIMULATE THE FOLLOWING PROBLEMS BY USING CLIP LEADS.

e Short the 2nd Anode to Chassis Ground. e Short out the Initial Start Up Circuit

* Short the LV Regulator (E to C or A to K). e Short out the Horiz Driver (€ to C).

e Short some (or all) of the Flybacks
Secondary Windings to Chassis Ground.

e Disconnect the B+ “Run” Supply for the
osc / driver circuit.

e Disconnect the Emitter to Ground Circuit
for the Horiz Output Transistor

e Open the Primary LV Supply e Short across the Primary of the Flyback.

e Short Across the Horiz Yokes Discharge
Capacitor.

e Short across the Fail Safe, Shut Down
or X-Ray Protect Transistor or Zener
(E to C or A to K).

e Disable the Driver Circuit for the e Short out a Vertical Output Transistor.
LV Regulator.

‘ ‘ . e Short out a Color Output Transistor.
e Disconnect one side of the Damper Diode.

Do all of the above simultaneously or
create each of the above problems one at a time

— it won’t make any difference to your Super Tech. Because of Super Tech’s inherent
design, neither the TV set nor the computer can be damaged even when all of the above
problems exist. Just hook it up properly and follow the simple step by step instructions.

Once these problems have been simulated, spend just two hours with your Super Tech
practicing how to troubleshoot them. If you have any problems or questions call us for
assistance. We will explain to your satisfaction exactly what you are doing wrong.

If at the end of just two short hours of practice, you are unable to diagnose any of the
above problems one at a time in less than 20 seconds or, all of them at the same time in
less than 60 seconds, don’t even bother to keep your Super Tech overnight. Super Tech
is easier to use than any other piece of test equipment including scopes, analysts,
generators, flyback ringers and even most meters. Most technicians are all but totally
familiar with using their Super Tech in only fifteen minutes. If you haven’t learned to use
yours in two hours - - - perhaps you never will. If this is the case, put your Super Tech
right back in its box and return it immediately. We will very promptly refund all of your
money including postage both ways. All we ask is that you hook it up properly and
follow the simple step by step instructions that come with your unit. If you do, you will
immediately fall in love with your Super Tech O QO sigh'!

Super Tech sells for only $995.00. If you consider the amount of time, effort and
headaches it will save you, then add those savings to the amount of additional profitit
will earn you, Super Tech is truly the greatest bargain in test equipment today.

DIEHL ENGINEERING, 6004 ESTACADO, AMARILLO, TEXAS 79109

If you have any doubts as to whether Super Tech can do what we have stated, if you have any reservations
as to whether or not you could learn to use one, if you think that our claims are exaggerated or overstated
in any way, we will be happy to send you an actual instruction manual. This in itse!f will convince you.

To order your Super Tech call (806) 359-1824 For aninstruction manual circle( 8 ).
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Build

this
digitally
controlled
precision
timer

oscillator and the divider chain is
confirmed through U3 by test light
LED1 which flashes at a 1.75Hz
rate when PB1 is depressed. R4
and R5 limit the current through
these monitor LEDs.

Constructing the timer

Construction is not critical. The
PC layout indicated in Figure 2 is
only a suggestion, as practically
any arrangement is acceptable. If
you choose to follow the layout ex-
actly, transfer the PC pattern onto
a 3” x 6” single-sided board. After
preparing the board, mount the
resistors, IC sockets, fixed
capacitor C1, crystal and trimmer
capacitor C2 onto the board. Then
solder the required jumpers on the
top side of the PC board and one
end of several-inch lengths of
hookup wire from the top of the
PC board onto the alphanumerical-
ly designated pads. The free ends
of the wires will be connected later
to B-, B+, 81, BZ1, LEDI,
LED2, SW3, PB1, S2, as well as
the T, 10, 80, 60, 90 and 8 hour ter-
minals of S2. Don’t forget the
ground return wires for LEDI,
LED2, BZ1 and S3a. Figure 2
shows the connections on the
board for these wires. Install all
ICs in their sockets, taking precau-
tions not to generate any electro-
static discharges, as they are all

CMOS devices.

The case for this project pro-
totype is the LMB CR-632, al-
though any suitable plastic or
metal container may be used.
Holes should be drilled in the case
for mounting the PC-board spacer
screws, S1, S2, S3, PB1, LEDI1,
LEDZ, screws to mount BZ1, and
the screw holes for the 9V battery
holders. Holes should also be
drilled so that the leads from BZ1
may enter the case interior from
the outside, preferably through a
grommet. The panel markings
may then be applied and the
switches, LEDs, buzzer, and bat-
tery holders may be mounted to
the case. The PC board should be
installed on Y-inch spacers in the
bottom of the case.

Starting it up

Connect the 9V batteries and
turn the power on. Turn S2 to 7.
BZ1 should sound for about one
second at about four-second inter-
vals. This confirms the proper
operation of the buzzer. Turn S2 to
the 10-minute position and actuate
momentary toggle switch S3.
LED2 should light for about five
seconds and then go off, indicating
that the counters have reset to
zero. Press PB1. LED1 should
flash at about 1.75Hz rate, in-
dicating that the oscillator and
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PC board layout is not critical, as even point-to-point wiring may be used successfully. Component and jumper
notations show where the board connections are made for the various switches and indicators.
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Build

this
digitally
controlled
precision
timer

first dividers are functioning. Suc-
cessful completion of the above
tests indicate that the timer is
operating normally.

Next, the crystal oscillator
should be calibrated, although a
non-calibrated oscillator will pro-
vide fair accuracy. Attach an ac-
curate frequency counter to pin 7
of Ul. Turn both the counter and
the precision timer on and allow
about a 30-minute warmup. Make
certain the counter is grounded to
the common of the timer (the
grounded center connector of S3 is
a good place). Adjust C2 with a
non-metallic alignment tool until
the counter reads 3.57954MHz.

Operation

The rotary switch selects the
piezo sounder mode. In the T (for
test) position, BZ1 will sound for
about 3.5 seconds to verify proper
operation. The other positions
select the timing intervals from 10
minutes to three hours. To actuate

TIME IC, PIN #
20’ U7, pin 4
40’ U7, pin 10
50° u7, pin 1
6 hrs U8, pin 10
9hrs U8, pin5
12 hrs U8, pin 9
Optional times besides those

shown on the schematic may be
programmed by connecting dif-
ferent IC pins to the rotor of S2 by
using this table.

the timer, throw the reset toggle
switch S3 to its momentary posi-
tion. Timing begins upon release
of the switch. While S3 is actuated,
and for about five seconds after its
release, the reset check LED2 will
light to verify zeroing of the
counters. During the timing inter-
val, proper counting operation can
be verified by pressing the timing
test push-button PB1 which causes

The precision timer provides ac-
curacy to within a few parts per
million using readily available parts.

Drill all the holes in the cabinet prior
to lettering and coating with a protec-
tive Krylon coating.

Two 9V batteries were used in the
prototype, although a single battery
will provide operation for a long time.
Current draw is 10mA when the
buzzer is sounding, and less than
1mA while timing.
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The PC board shown is ready for
removal of the etch resist. Either
direct or photographic methods may
be used for the timer project.
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Besides a piezo buzzer alarm, other devices may be triggered by the precision
timer such as this 5V relay which may control high current devices.

Local sources
1 Jim-Pak distributor
2 Radio Shack store

Mail sources

3 Jameco Electronics
1355 Shoreway Road
Belmont, CA 94002
415-592-8097

S

Circuit Specialists
P.0. Box 3047

Scottsdale, AZ 85257
800-528-1417

w

Digi-Key Corporation
P.0. Box 677

PARTS LISTS

DESIGNATOR DESCRIPTION AVAILABILITY CODE
R1 1K, YW resistor all
R2,R3 10 MQ, %W resistor 2,3,6
R4,R5 4709, %W resistor all
Ct1 47 pF disc capacitor all
G2 5-60 pF trimmer capacitor 1234
U1 MM5369 oscillator/divider 345
u2-us 4017 decade counter/divider all
ug 4001 Quad 2-input NOR gate all
u10 4081 Quad 2-input AND gate 2
S1 SPST toggle switch all
S2 6-position rotary switch 23,4
PB1 SPST push-button switch all
§3 DPDT momentary toggle switch (Alcoswitch MTA-206R:

C/H JMT-226; Calectro 35-014; Sprague QSP-1119-01,

or equivalent) 4
BZ1 Piezo buzzer 123,56
LED1, LED2 Standard LED and holder 12,356
Y1 3.579545 MHz Crystal 23,456
Miscellaneous items: 9V battery holders and snaps, case {LMB CR-632, or equivalent). knob, IC
sockets, grommet

Thief River Falls, MN 56701
800-346-5144

[o2)

Edlie Electronics
2700 Hempstead Turnpike

Levittown, L.1., NY 11756-1443
516-735-3330

the timing check LEDI1 to flash on
and off. The buzzer will sound at
the end of the timing interval.

Variations

Other options are available for
the timer. Figure 3 shows a table
which lists optional time periods
and the IC and pin numbers, which
should be brought to S2 in the
event that different times are
desired. Another possible
modification is the use of a
12-position rotary switch (such as
a Radio Shack 275-1385) for S2 to
provide more available time op-
tions. Also, the timer output can
be used to drive LS (low power
Schottky) TTL loads, a transistor

switch or any other output which
draws 12mA or less. As an exam-
ple, Figure 4 shows a transistor
switch driving a relay if higher
current control is desired. Also, if
the piezo buzzer is used and is to
remain on for long periods of time,
a 100Q resistor should be placed in
series with BZ1. If BZ1 is not on
for long time stretches, a single
battery may also be used instead of
the two-battery arrangement of
the prototype.

This project has a wide variety of
uses, limited only by the imagina-
tion of the builder, and provides
yet another example of improved
accuracy and resolution by going

digital. asy..
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Consider the LogicScope 136

® The LogicScope 136 is the next logical step in test instru-
mentation for you. It combines many of the features and capa-
bilities of sophisticated logic analyzers and oscilloscopes . . .
and it fits in your hand. Never before has so much technology
been available in so small an instrument, at such a low price.
® The pocket-sized LogicScope 136 is made possible by a
patented breakthrough in display technology. The conven-
tional cathode ray tube has been replaced by a unique array of
400 LED’s that permits simultaneous display of two digital
waveforms.

B The 136 can be used for viewing single shot events, or
repetitive waveforms. It can be operated in real time mode, or
in memory mode which permits acquisition and storage of up to
24 128-bit waveforms. These can be recalled, logically com-
pared (AND, OR, EXCLUSIVE OR) to other stored/input
waveforms, or output to an external device via an RS 232 port.
® lts very low cost, convenience and ease-of-use make the
LogicScope the ideal instrument, for designing, troubleshoot-
ing or repairing digital systems.

Circle (7) on Reply Card

AV americantr.

Consider its Engineering & Field Service Applications:
8 On microprocessor-based systems, check the timing rela-
tionship of various parameters relative to the system clock and
other key events. Its storage capability allows visual and logi-
cal comparison of non-repetitive waveforms to known refer-
ence signals. Output in the start-up of the digital device can be
compared to reference signals to determine the operating state
of the device. Questionable waveforms can be stored for analysis.
W lts light weight and small size make the LogicScope conve-
nient to take on every service call. The 136 provides much
more information for trouble shooting a digital system or pe-
ripheral thdn a logic probe or digital multimeter, without hav-
ing to lug an oscilloscope or logic analyzer along.

Contact us for the name of your local distributor

POCET LeCHNOLOCY, INC.

7320 Parkway Drive, Hanover, MD 21076
301-796-3300
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ration
and servicing of

cordiess
telephones

By Paul Yost

For many decades, if you wanted
telephone service in your home or
business, you had to lease your
telephone. You had no choice be-
cause ownership wasn't allowed.
Also, selection and style were ex-
tremely limited. Wall or desk-
mount in basic black was just
about it.

Then a few years ago, the FCC
deregulated the telephone indus-
try, allowing consumers to own
their telephones. This opened up a
whole new industry for both manu-
facturers and services. Many new
types and styles of telephones
came into being. Everything from
sophisticated, hi-tech telephones
with mierocomputer control to
decorative Mickey Mouse tele-
phones appeared. Perhaps the
most interesting and innovative of
the new phones to appear is the
cordless telephone.

What is a cordless telephone?

A cordless telephone is a modern
communications device that offers
telephone service with the added
convenience of wireless portabili-
ty. It consists of two main parts: a
base unit that connects directly to
the incoming telephone line and a

Editor's note: This is the first installment of a 2-part ar-
ticle that describes the theory of operation and some
adjustment and servicing procedures for today's cord-
less telephones. This first segment deals primarily
with the circuitry of the base unit. The portable hand-
set portion will be treated in detail next month.

handset, or portable unit, that the
user talks and listens with. (See
Figure 1.) It is a cordless telephone
because there is no intercon-
necting cord between the two
units. They are instead connected
via a low power, duplex FM carrier
system that allows both parties to
talk and listen at the same time
(the way a normal telephone con-
versation occurs).

Because there is no cord, the
user is free to move about his home
or neighborhood up to a range of
1000 feet. And, because cordless
phones are classified as low power,
an operator’s license is not re-
quired by the user.

Most cordless telephones pro-
duced until this year operate on
frequencies in the 1.7 and
49.8MHz bands. Today, there are
more than 10 million in use in the
United States, with about two
million additional ones being sold
each year. Recently the FCC
allocated additional spectrum at 46
and 49MHz, but because most
cordless telephones currently in
the field are 1.7 and 49MHz, this
discussion only covers these.
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Part One

Getting started

The most surprising thing about
cordless telephone servicing is the
amount of test equipment you
don’t need. Although there is a
multitude of test equipment avail-
able to aid the cordless telephone
servicer, (some pieces made
specifically for cordless telephone
servicing) you really only need
four pieces of equipment to prop-
erly do the job:

e 50MHz oscilloscope

e volt-ohmmeter

¢ frequency counter (,0MHz mini-
mum)

e M deviation meter

I want to stress here that the
oscilloscope must be of 50MHz
bandwidth minimum. You will not
be able to get by with a 10, 20, or
30MHz bandwidth. Also, the VOM
must have a minimum isolation im-
pedance of 1MQ. Anything less
may load down some of the more
sensitive circuits and give you an
inaccurate reading.

Of the four pieces of test equip-
ment needed to service cordless
phones, three of them are general
purpose test equipment commonly
found on a test bench. The only ex-
ception is the FM deviation meter.

Basically, an FM deviation
meter is a modulation meter. It
measures the amount of FM modu-
lation on a carrier. This meter is
used to set the modulation levels of
both the handset and base, making



sure they are neither too high nor
too low for proper operation.
Deviation meters range in price
from $200 to more than $1000, de-
pending upon their frequency
range and accuracy. However, be-
cause cordless phones are low
power and relatively low in fre-
quency, the lower-cost meter will
suit your purpose very well.
Because cordless phones are
classified under Part 15, no FCC
license is required to service them.

The circuitry (How it works—
how to fix it)

For this section, we are going to
examine the model EX-3000 cord-
less telephone manufactured by
the Uniden Corporation. This
model was chosen for several
reasons. First, a lot of these
phones are in use. Secondly, it is
well thought out and engineered.
Also, the EX-3000 is a good, basic
model to study. Its circuitry (both
transmit and receive) is similar to
that used in all Uniden phones. Ifa
person became familiar with how
this model works, he would have
little or no difficulty working on
most of the other models.

The base

TR1 is the RF receiver amplifier.
Its sole purpose is to amplify the
incoming 49.8MHz signal received
from the handset, then pass it on
to the mixer stage. The receive
antenna for TR1 is the telescoping
rod antenna located on the side of
the base unit. Fully extended, it is
1/8-wavelength long. This antenna
is used solely for receiving. It is
not used as a transmitter.

TR2 is the mixer transistor. It
mixes or heterodynes the received
signal with the output of the first
local oscillator, TR6. The frequency
of TR6 will always be 10.695MHz
below that of the received signal.
This difference, 10.695MHz, is the
first IF frequency. For all practical
purposes, this 10.695MHz signal
can be thought of as being
10.7MHz (the common IF frequen-
cy). The reason why it is 5kHz
lower in frequency is explained
later.

Figure 1. Cordless telephones consist of
two distinct components: the base unit
and the portable handset

The 10.695MHz IF output from
TR2 is filtered by FL1, a crystal
filter, then applied to the input (pin
16) of IC1. A commonly found FM
receiver chip, the IC1 performs a
multitude of functions. It is an IF
amplifier, a mixer, a limiter and a
demodulator all in one package.

First, IC1 amplifies the
10.695MHz IF input then injects it
into its internal mixer circuitry.
This mixer mixes the 10.695MHz
IF with a 10.240MHz signal, ob-
tained thkrough pin 1 from the
phase lock loop reference oscilla-
tor (pin 8 of IC3). This second mix-
ing action creates the second IF
frequency of 455kHz.

This is why the first IF is
10.695MHz. If it was 10.7MHz, the
second IF produced would be
460kHz instead of 455kHz. A 5kHz
difference at 10.7MHz is only a
0.05 percent difference, whereas
the difference for 455kHz is 1.1
percent: a more significant dif-
ference that would have affected
receiver sensitivity and conse-
quently the unit’s range.

The 455kHz second IF comes out
pin 5 of IC1, is filtered by FL2, a
ceramic filter, then goes back into
the chip via pin 3. From here, the
signal is limited (limiting is
discussed further in the handset
section), then demodulated back in-
to audio by the discriminator sec-
tion. The detected audio comes out
pin 9 then continues over the audio
amplifier section.

For troubleshooting purposes,
it'’s easier to think of this chip as a
black box with two inputs
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(10.695MHz and 10.240MHz) and
one output (the audio). If the two
inputs are present, but there is no
output, the IC is defective and
should be replaced.

TR3, TR4, and TR5 are the
audio amplifiers. The audio from
pin 9 is amplified in turn by each of
them, then inductively coupled
through transformer T1 to the
telephone line to be heard by the
other party.

In many ways, the
receiver circuitry is similar
to most types of
superheterodyne FM
receivers.

In many ways, the receiver cir-
cuitry used in this and other cord-
less phones is similar to most types
of superheterodyne FM receivers.
It is straightforward and simple in
design and layout, yet still well-
engineered and reliable.

Receiver alignment

Receiver alignment for this unit
is easy to perform. Just follow
these steps:

1) Take the handset unit (once
you have verified that it is
operating properly), turn it to the
talk mode, then set it next to the
base receive antenna.

2) Connect the oscilloscope
probe to the input (pin 16) of IC1.

3) At this point, you should see
the 10.695MHz IF signal on the
oscilloscope screen. It shouldbe0.1
to 1V peak-to-peak in amplitude.
Actual signal strength depends on
the current base alignment and

proximity of the handset.

4) Adjust L2, L3, L4, and L9 for
maximum signal indication at pin
15. (Note: The local oscillator,
TR6, may be unstable at maximum
signal. When adjusting L9, adjust
for maximum indication, then back
up 1/4 turn for stability.

The FM discriminator used in
IC1 is the quadrature type (the
same type used in many TV sets)
and the quadrature coil is L5,
located on pin 8. The best way to
set L5 is by monitoring the audio
output at pin 9. All handsets on the
lower frequency cordless phone
models transmit a constant pilot
tone in the audio range. For
Uniden phones, this tone is at
either 5.3, 6.0 or 6.7kHz, depend-
ing on the unit’s security or P
code. At the output on pin 9 should
be the detected pilot tone. On your
oscilloscope screen, it will be ap-
proximately 0.2V peak-to-peak.
Adjust L5 to where the pilot tone
looks most like a sine wave (least
distortion) at maximum amplitude.
This completes the receiver align-
ment. (If it sounds easy to do,
that’s only because it is.)

Pilot tone

As mentioned earlier, the hand-
set not only transmits voice audio
to the base, it also transmits a pilot
tone. The pilot tone serves two
purposes. First, it provides access
security for the base, and second,
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