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DIGITAL FREQUENCY METER

Build this superb

1GHz Digital
Frequency Meter

© November, 1987

= - By STEVE PAYOR

This superb 1GHz Digital Frequency

Meter Wl.” Outperform any other There is only one way to describe
instrument in its price range. It uses the  [eperformance of our new 1GH:
highest performance ICs, provides both uperlativel ot for this instru
frequency and period measurements, ment was simple: it had to be the
and features an 8-digit LED readout. Australin, Tt aise b to. melade

both frequency and period
measurement modes, a frequency
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These two views show the new counter in period mode (left) and frequency mode (right). The unit is housed in
an attractive plastic instrument case, with the LED displays hidden behind a red acrylic panel. Note kHz and

usec indicators.

response to 1GHz, switchable
gating times, and an 8-digit readout
with switchable decimal points and
overflow indication.

And, as if that wasn’t enough, the
all-up kit price had to be kept to less
than $300!

It took a lot of doing, but we've
managed to come up with a very
refined design that beats the socks
off anything else going. This design
not only outperforms existing kit
DFMs but also commercial units
costing many times more.

To meet our design objectives, we
selected three key parts for the cir-
cuit: Intersil’s ICM7216A LSI fre-
quency counter, Motorola’s
MC10116 triple differential line
driver, and Philips’ SAB6456 1GHz
divide-by-64 prescaler/amplifier.

The ICM7216A counter IC was
chosen because it contains all the
circuitry necessary to count,
generate gating signals, latch data,
and drive an 8-digit multiplexed
LED display. It also includes a high-
frequency oscillator and control in-
puts for decimal point placement
and gating time.

The 10116 and SAB6456 ICs are
used at the inputs of the 0-100MHz
and 1GHz ranges respectively. Both
are high-speed ECL devices and
feature excellent sensitivity across
their respective bandwidths
around 20mV in the case of the
10116 and 10mV (max.) for the
SAB6456.

The 10116 has been around for a
number of years and has been used
as a 0-100MHz preamplifier in
many commercial DFMs. The
SAB6456 is a more recent device,
originally designed as a switchable
prescaler for use with UHF/VHF
television tuners It has a
guaranteed range of operation from
70-1000MHz.

Three other ECL devices have
also been used in the circuit: two
10131 dual-D flipflops which have
been configured as divide-by-five
and divide-by-two counters, and a
10100 three input NOR gate.

Finally, a few inexpensive CMOS
chips round out the IC count in our
new DFM. These devices are used
for frequency division and logic
switching.

Main features

Let’s take a look at some of the
features of the unit.

As seen from the front of the in-
strument, there are two groups of
four pushbuttons: the RANGE but-
tons, which move the position of the
decimal point, and the FUNCTION
buttons which select the various
period and frequency modes.
Throughout the following circuit
description, these buttons will be
referred to as R1, R2, R3, R4 and
F1, F2, F3 and F4 respectively.

The RANGE buttons select the
gating time when in frequency
mode, and the number of cycles
counted when in period mode.

The FUNCTION buttons select the
various operating modes: either
period or three frequency ranges
(0-10MHz, 0-100MHz or
10MHz-1GHz). Immediately below
these pushbuttons are two BNC in-
put sockets. One of these has an in-
put impedance of 1MQ shunted by
10pF and is used for period and fre-
quency measurements up to
100MHz.

The second input has an input im-

NOVEMBER 1987 33



=
CLOCK
TTL LEVEL ]

6 TRANSLATOR

10Hz-100MHz +5
INPUT
100MHz PREAMP

+2
COUNTER
ICM7216A

A
SCHMITT TRIGGER

16Hz 161
INPUT ( “f: +64

i

DISPLAY

TIMEBASE
RATIO

FREQ/PERIOD
SWITCHING

Fig.1: this diagram shows the main circuit blocks of the counter. Signals applied to the 10Hz-100MHz input
are amplified, and divided by 10 or fed direct to the base of a TTL level translator (Q2). Similarly, signals

applied to the 1GHz input are divided by 128 before reaching Q2. Q2, in turn, clocks an Intersil ICM7216A
counter IC which drives the LED display.

pedance of 50Q and is used for fre-
quency measurements up to one
gigahertz (1GHz).

An interesting feature of the unit
is the provision of four switchable
gating times: .01, 0.1, 1 and 10
seconds for the 10Hz to 100MHz in-
put, and 0.128, 1.28, 12.8 and 128
seconds for the 1GHz input.

The gating time is simply the time
over which measurements are
made before the display is updated.
A long gating time means a higher
count and greater resolution, but
the drawback is slow update times.

Selectable gating times thus
make for a more versatile unit. You
can opt for high resolution or fast
update time, or a compromise bet-
ween the two, as the situation
demands.

In the period mode, the gating
switches select the number of
cycles counted before the reading is
displayed — either 1, 10, 100 or
1000. This mode allows very ac-
curate measurement of low fre-
quency signals (ie, those below
about 10kHz). As before, you can
opt for high resolution, fast update
time, or a compromise between the
two.

All readings are displayed direct-
ly in kilohertz (kHz) or
microseconds (usec), depending on
the mode selected. As you can see
from the photographs, the display
features both kHz and psec in-
dicators, together with LED indica-
tion of the mode selected. Another
LED, situated in the top left-hand
corner of the display, provides
overflow indication.
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Easy to build

We've put a lot of work into mak-
ing this unit easy to build so that the
specs of your assembled kit will
match those of the prototype.

All parts, with the exception of
the power supply components, are
mounted on two printed circuit
boards which are soldered together
at rightangles by means of mat-
ching solder pads. A red acrylic
panel fitted with a Scotchcal label
is attached to the display PCB by
means of the BNC input sockets.
The whole assembly then slides into
matching grooves in a compact
plastic instrument box.

A third PCB accommodates the
power supply components and is
mounted together with the
transformer, on the rear panel. We
did this so that heat-generating
components, such as the power
transformer and a voltage
regulator IC, were as far away
from the sensitive counter circuitry
as possible.

Circuit description

Before getting down to details, it
is interesting to note that only two
logic families are used in this fre-
quency meter: the aforementioned
ECL (Emitter Coupled Logic) for the
high-speed “front end’ circuitry,
and CMOS for the remainder. All
the ICs are common types except
for the 1GHz ECL prescaler (Philips
SAB6456) and the main CMOS
counter/display driver (Intersil
ICM7216A).

Another interesting feature is the

complete elimination of front-panel
wiring. This was made possible by
using PCB-mounted pushbutton
switches and by electronically swit-
ching signal paths. Normally, one
would expect to see a bank of
mechanically latched and interlock-
ed pushbuttons, but here the
mechanics have been replaced by
CMOS logic circuitry.

Viewed as a whole, the circuit is
quite a jigsaw puzzle, so we will ex-
amine it one section at a time, star-
ting with the inputs.

The 0-100MHz input

This input is used for period
measurements to 0.4us (2.5MHz)
when function button F1 is pressed,
and frequency measurements up to
100MHz. The input impedance is
nominally 1MQ with protection
against all but the worst overloads.

Firstly, any DC component of the
signal is removed by the 0.047uF in-
put coupling capacitor. The signal
is then clipped by a pair of BAW62
high-speed silicon diodes in con-
junction with a series 180kQ
current-limiting resistor. Note: do
not substitute other types here as
these diodes have exceptionally low
capacitance (1pF typ.) and a high
current rating.

To maintain a flat frequency
response, the 180kQ resistor is
shunted by an 18pF capacitor (C1)
which compensates for the stray
capacitance to ground across the
820kQ resistor of about 4-5pF
(due to the diodes and JFET Q1).

A JFET source-follower (Q1) is us-



ed to buffer the input signal, and
the voltage gain of this stage is
about 0.7. Not shown on the circuit
diagram, but connected to the
source of the JFET, is a small
“guard’’ track which surrounds the
input circuitry on the PCB. This
helps to minimise the stray
capacitance around the input com-
ponents, and the net result is an ef-
fective circuit input capacitance of
only 6pF.

In practice, by the time we add
an input socket and plug, it is closer
to 10pF.

100MHz preamp

This part of the circuit amplifies
the incoming signal and converts it
to a ““clean” square wave suitable
for the logic and counting circuitry.

At first glance, the requirements
of high gain and a frequency
response flat to 100MHz may seem
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Fig. 2 BASIC ECL DIFFERENTIAL AMPLIFIER

Emitter Coupled Logic (ECL)
was one of the first forms of
bipolar logic to be produced as
monolithic integrated circuits, back
in the early 1960s. Today, it is still
the fastest form of logic available,
with propagation delays of less
than one nanosecond per gate
quite common.

The ECL 10,000 series ICs us-
ed in this project are slowed inter-
nally to make them less critical to
use with normal circuit wiring. The
propagation delay is 2ns and the
rise and fall times have been slow-
ed to 3.5ns.

ECL ICs are normally designed
to run from a —5.2V supply (VEE),

e

o— +5V
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1
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7
PULL-DOWN §
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a little daunting, but this is achiev-
ed with a standard ECL differential
line receiver (10116) and careful
circuit layout.

Note: readers unfamilar with the
internal circuitry of ECL should
refer to the accompanying panel.

The 10116 contains three dif-
ferential amplifiers, each with com-
plementary outputs. Also provided
is a DC bias voltage, VBB (pin 11),
which we have used to bias the in-
puts of the first stage (IC2b).

The signal is capacitively coupl-
ed from the JFET buffer stage and,
by keeping as much symmetry in the
layout as possible, most of the noise
picked up at this point is effectively
cancelled by the balanced differen-
tial input. This is important
because the proximity of the 8-digit
multiplexed LED display makes for
a very noisy environment.

The DC balance of the first stage
is adjusted by VR1. Since each in-

* All About Emitter Coupled Logic

put draws approximately 13uA of
bias current, this 1kQ multi-turn
trimpot can shift the DC input
voltage by + 13mV.

The voltage gain of the first stage
is about seven.

The second stage (IC2c¢) has some
negative feedback to reduce its
gain. This feedback is applied from
one output to its corresponding in-
verting input by two 100Q resistors.
If IC2c was an operational
amplifier, it would have a gain of
— 1 via the inverting input and + 2
via the non-inverting input, giving a
total differential gain of three. But
since the open loop gain is only
seven (instead of practically infinity
in the case of an op amp), the actual
stage gain is closer to two.

There are reasons for reducing
the gain here. First, using all the
available gain would make the cir-
cuit too sensitive. To give a good
stable reading, a DFM must be able
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OUTPUT +3.4V

OR

CIRCUIT SYMBOL

but they also work quite well from
a +5V supply; ie, Vcc = +5V and
VEe = 0OV.

Fig.2 shows the basic structure
of an ECL differential amplifier.
Depending upon which input is at
the higher voltage, either the left or
the righthand transistor in the dif-
ferential pair will be turned on and
the voltage across its collector
load will be about 0.9V while the
collector of the other transistor will
be at Vcc. Each collector output is
buffered by an emitter follower,
which gives an output voltage sw-
ing between +3.4V (logic low)
and +4.3V (logic high).

An external pull-down resistor is

Fig. 3 BASIC ECL LOGIC GATE

VEE CIRCUIT SYMBOL

required on each used output.

Fig.3 shows how this basic
structure is modified to form a logic
gate. A number of transistors (one
for each input) are connected in
parallel on one side of the differen-
tial circuit, while the transistor on
the other side is connected to an
internally generated bias voltage
(VBB) which is half-way between
the high and low logic levels; ie,
about +3.8V. When one or more
of the inputs is taken above
+3.8V, the current shifts from the
right to the left hand side of the
emitter-coupled circuit and the
NOR output goes low, while the
OR output goes high.
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Altronics Will Deliver Any Of These @aaﬁiyﬁ Products To Your
Door Faster Than Any Other Australian Supplier

Or Your Money Back
(Within 24 Hours To Every Capital City and Suburbs - Allow Additonal 24 - 48 Hours For Gountry Areas)

L OO

Toroidal Power Transformers

Why a Torlod?

© Smaller size and weight to meet modern “slimline”
requirements ® Low electrically induced noise demanded by
compact equipment ® High efficiency enabling conservative
rating whilst maintaining size advantages. ® Lower operating
temperature ® Simple, quick single bolt mounting.

SAVESSSSAVES S $
Great Little PA Amplifier

This natty littie amplifier includes some
remarkable features which, untll now have
only been ble on very expensl:
commercial items e.g. Balanced Mic Input-

; . 160 Watt Models These are the Genuine
This enables you to run very long : A
microphone 3ads without Houblasome g] « — o Cat.No. SEC.V English TOROIDS as
interference or hum pickup. Balanced Ilr:(c » | —_— . M 3050 12 +12 Specified in various
T ies TPt alona s e micanorrs | Rugged Ultlr)a, Qu:et;: Now With Metal M 3055 18418 Electronics Australia Projects
without instability. Constant voltage iecast Frame m gggg ;‘;g : 33
design allows you to switch on one speaker 240V High S pe ifi ion - M 3070 35+ 35
circuit or all circuits together without any P w4 |, i M 3075 40 + 40
noticeable variance in output sound level. Computer Fans M 3080 45 + 45
Output Power Is a genuine 30 Durable Die Cast Aluminium Venturi PBT
watts Into elther 100V rF;Igtsgrc impeller of 94V—0 material. Shaded pole $59.950&
line or 4 Ohms. :

FOR NEXT DAY JETSERVICE DELIVERY

. $259 80mm x 80mm x 32mm 5 Up $55-000a v

Alr Flow 45 C.F.M. Input Power 16W Speed 2300 300 Watt Models
RPM Noise Level 31 dba. Cat. F 1020

A 2000

FOR NEXT DAY JETSERVICE DELIVERY

Cat.No. SEC.V
$24.50ea 4orMore $22.50 | M3s 13
M 3088 25+ 25
120mm x 120 x 38mm M 3090 30+ 30

Air Flow 80C.F.M. Input Power 25W Speed 2600 M 3092 35+35
RPM Noise Level 43 dbA. Cat. F 1030 M 3100 40 #:40

M 3105 45 + 45 I ) i & we' ht .
$24.50ea 4 or More $22.50 $69.5¢a 1?oﬂiﬁﬁa??1%osam.4s§m“.

1.8Kgs. Leads 200mm
Fan Finger Guards | 5 Up $65.00ea °°°"2~.'§£3;"LL§?1§"2‘83;:%'“'"”‘
F 1022 (for 8omm Fan) $1.50
] #1002 gor iommran $1.508 £y gineers Multimeter

$10 Off This Month

Super Compact
Transformer
Delivers 12, 15, 24, 27, 30V
At Up to 10 Amps

Just The Shot for 12 & 24V — Mo
i ina: \ Includes Continuity Buzzer
SuPplIeg-& C_tharg/ng, 10 Watt Twin 20,000 Ohms/Volt DC e 8,000 Ohms/Volts AC. Mirror back-
Ireuits c S ker | ed scale ® Overload protected. 10 amp DC current range.
Multipurpose 120VA g(?'n?gogea ;v' o \ Unique carry handle doubles as a bench stand. i
mm ;

Transtl‘mel’ Great for PA DC Voltage
Another Quality Transformer from Background 2.5, 10, 50, 250, 1000V
Altronics. The M 2175 is wound on MusicC and HiFi ' AC Voltage
expensive grain oriented steel. Look atthe = extension use. 10, 50, 250, 1000V
size! Just 110mm Wide by 65mm High by =~ Over 90,000 sold Declbels
65mm Wide. Weight 1.256)29& M 2178 in Australia. —8db to +62db
s.m""'“"é'.“‘%"o_mv @5A15V @ 4A i DC Current
sooondaryryzo—12V@5A:15V@4A 1-9 $12-95 5, 50, 500mA

Ohm meter 0-6 meg.
Ohms in 3 ranges,50
Ohms centre scale.
8lze 135 x 91 x 39 mm

Includes Battery Tester

1—6$39.9510Up $35.00ea 10 UP $11.00ea

HiFi-| Q 1018
Piezo Normally $39.95
144.8 x 54mm Rectangular Piezo Horn Now $29'95

Speaker suitable for HiFi and Sound
Reinforcement. Full 90 deg. horizontal
dispersion angle ® Freq.Res. 3 to 40KHz
® ©-13: 110db @ 2.8V Cat. C 6120

( Why Risk Unnecessary

 $18.05 up $17 Heart Attack?
R Heart disease sirikes down many people in
- their early 40's (or even 30's). The tragedy §
Solder 20MHz ng ic Probe remains that had such victims been alerted, M

: remedial medical, physical and dietary
200g Reel Input Z 1M Ohm. TTL Logic Hi LED greater than action could have been prescribed to avoid
2-3V. Logic 0 Lo LED Less than 30% Vcc. Min iliness and in many cases restore full bodily
$7ea Detectable pulse width 30 nSec. Cat. @ 1272 health. X 3055
10 or More $6 $29.95 “i" Blood Pressure and Heart
- Rate Monitor 4
H R [ Features:
orn Heia e Non-Microphone Measurement System 2
y - LG Readout Why Pay $1507

BANKCARD HOEDERS — PHONE ALTRONICS TOLL FREE

12-16V coil 20 Amp
Contacts . S 4130

1/2 Price $3.75 L

BANKCARD HOLDERS— PHONE ALTRONICS TOLL FREE 008 999 007

e x 3055 only $110

* PHONE YOUR ORDER—ALTRONICS TOLL FREE 008 999 007 e
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Great Projects To Build

Fantastic New Kit From EA
Super Large LED
Display Module
(Display 150 x 60)

Need to produce an LED display that can be
seen from a long way off? This single digit
153mm high seven segment LED display
module is just what you need. It can be used asa
replacement for both common anode and
common cathode LED displays, can be either
multiplexed or DC driven, and can be provided
with a decimal point on either the right or left.

External DC Supply Required 20 - 24V at 150mA

K 1225 $49.95

This Natty Single Button Securlty Lock Is Just The
Shot For Your Garage, Workshop, Wine Cellar

Or Front Door
, 4—Digit
Combination Lock
This electronic combination lock
has a four digit security code
which is entered using a single
pushbutton switch. For added
security, each number of the code
must be entered within certain
time restraints. Once the correct
code has been entered, the circuit
triggers a solenoid operated door
catch to uniock the door.
Altronic Kit Housed In sturdy
Jiffy Box.

K 1925 $35.00

TRANSISTOR ASSISTED
IGNITION WITH DWELL
EXTENSION

Dead easy to build and (even better) there
* are only 3 electrical connections required
to the car wiring system.

K 4010

The Power House Arrives

Massive 600 Watt Inverter
Operates from 12 or 24 Voit systems via
Int | wiring 1
Big brother to our 300W Model this brilliant design can be internally connected for
either 12 or 24V operation. Full 600 watt output — and that will power a fantastic array of
appliances e.g. Lighting, Electric Motors, Electric drills, Hi Fi, TV Sets, Computer.
An absolute must for House Power or for the Truck, Tractor etc.

K 6770 Complete Kit $399.00
K6775 Fully Built & Tested $499.00

Excludes Solenoid Door Catch
(Available from your local Security Store)

LIS YIS TROERTEN

e

With Soldering Statlons Costing $150 and
More, This Represents Excellent Value

Temperature Controlled
Soldering Station:

(EA Sept.'88)
Controls the-temperature of your
standard soldering iron. Suitable for
irons rated from 20W—75W - Standard
soldering iron plugs straight in, no
need for modification.
The Altronics Kit comes complete —
Pre-punched and silk screened.K 6400

$35.00

-

Zener Tester

Used with your muliti:
meter - Reads exact
zener voltage up to
60V. K 2620

$12.50

Save A Bundle On
Those Dangerous
Pesticides

Build EA's Great '
Ultrasonic Pest
Repeller

EA’s "Pest Off” generates frequencies
between 23KHz and 64KHz claimed to be
the best for driving off most vermin and.

Mosfet Power Amp
Module 150 Watt

Here is a high power, general
purpose power Amplifier module
suitable for HiFi, guitar and PA
applications employing sturdy,
reliable MOSFET's in the output
stage.

K 5120 $75

SPECIFICATIONS:
Power Output
150W RMS into 4 Ohms
100W RMS .into 8 Ohms
(At onset of clipping)
Frequency Response
20Hz to 20KHz +0 -0.5db
_ 10Hz to 60KHz +0 -3db

BIOWIHQ Fusesli 1 Volt RMS forylull output

Blowing Your |
Cool?
You Need
J The
Electronic
Fuse
K 2535 $32.50

Hum

98db below full output

Nolise

114db below full output

Total Harmonic Distortion
0.006% @ 1KHz 12W

0.03% @ 10KHz 12W

Stabiiit

Exceptional (tested to full output
driving 3.3uF into short circuit at
10KHz).

All you do is clip the unit across the DC fuse
holder (fuse removed), dial up the required
current (max. 10A) and if the circuit draws
more than this then the circuit "trips” or
opens. Thus power is removed from the
device.

Features: Fast blow - slow blow setting

e Manual reset button e LED fuse tripped
indicator ® Operates off 1 single 9V battery
(not supplied) ® Two current ranges0-1A &
0-10A e Any current setting available up to
10A e Current Settings easily adjustable
via. a pot and calibrated scale. ® Housed in
a rugged Jiffy Box.

A Must for prototyping and service work.
No Electronic workshop should be without
one.

Video Enhancer
Sharpens up your picture when Copying
. Video to Video

Screecher Car
Burglar Alarm

This alarm drives off wouldbe thieves with
an ear splitting modulated tone. Once
activated it is near impossible to stay within
the confines of the car.

Features: Entry Delay e Exit Delay e Alarm
Timer ® Lamp Flasher ® Three second soft
alarm reminder. Piezo siren produces
modulated tone of 110db at 1 metre. Simple
to build and install. Two Sensor Inputs

DIGITAL -
PHOTO TIMER $79.50

This classy digital timer allows prescision
timing for photographic processing from 1
second up to 9 minutes 59 seconds in 1
second increments.

Features: Large easy to read LED displays.
Hold switch which interrupts timing and
focus switch which bypasses the timer

settings. K 1850

Here's a simple but effective video enhancer that is
super easy to bulld at a fraction of the cost of
commercial models. Unit sharpens picture detail,
and can actually improve the quality of a copy by
amplyfying the top end of the video signal K 5825

| $42.50

K 4360
$39.95

Ultrasonic Movement Detector

This Ultrasonic Movement Detector provides aaded protection against illegal entry via.
an open window etc. Connects directly to an alarm with a normally open input. Detects
any movement up to 3 metres within an angle of 30 degrees. Will operate directly off 12V
i.e. Car Battery etc.

K 4400
$29.50

* PHONE YOUR ORDER—AL{8DNICS TOLL FREE 008 999 007 e

BANKCARD HOLDERS— PHONE ALTRONICS TOLL FREE 008 999 007

=RVICE DELIVERY

FOR NEXT D




'Z0 JIojesuex) [9A3] JO aseq 3Y) 0} }I3IIP Paj Io ‘G)] pue FJI saSe)s Iojunoed Aq paplalp uay} axe seuss ayy, ‘gD ajes
WON 01 paj axe (1)) symoad Japessaxd zgoy pue (zJ1) dureaad zHNO0T 29} woaj sfeusis ‘Anmoir [aued juoxy ay) :H'S14

8L LY
ayy0a TINVd LNOHd

4313 ADNINOIYL ZHOL

1307 NOLLNSHSNd Woud (SOWD) v4

HOLYISNVHL SOW3-103

H3LNNOD SOWD
V9LZL 0L
d-dAv ‘ZHWOL-0

00EZ-dIWTH
ezl
4—HILON
M0T38 WOHd GIMIIA
86ZINZ S8YSNZ
5 v 6v508 1 s As+ — ¢
(e )3 I(e o o)3 (e e )9 & ZH91L 0L 0
. ) 82k | aoNanpawd| b 0 00
Y|
T - ZHNDOL 0L
_ H e\;ﬁ M ok e T
e ) THWOL 0L
G L+ ZHY AONINDINS 0oL O
La 1+ st | qowad 000 L
N
PLBNL ouvy NoiSING [avidsia | 3o v €4 24 14
NIVIS-38d TIVHIA0 | SLINA S1NdNI NOILINNA
(193) ¥4 LE] ., UL
& = = ZHgL ZHWOOL mnor (=) aomad (
oy - - 1031 9071 iER] v031 VLENL
o . e Y31vIS34d ZHIL
$a37 NOILONNA 3 po-
3 b . =
L
b ! — ooz L 21 d soLY . H:_.
3 > b < T % %) s 20 [
br5ag Dy 6530 v Gho B b 4)can L g =
9 - < < o X
) | 4 . P . Pk W L W
A+ v0zL AY14SI0 SLIND —o
W S
N S ¥I09IHL_LLIAHOS ONY dWV3Hd ZHINOOL 5 ZHOL-ZHINOL
10" T lm MAOL
- 2 OOLY ! oL
. 21907 T04LNOD = soLy L\ 0 AS+ ;
= _ voLy
?Es_ YNIIS W| voLY W= s oowy i . .
& Gl 113 L
= 6 g : %L AL 2 %l sl
e ot Y 1 m_“ : el WZZ  30NVIVE 00 ST - 10 Twoze =
9L 2 0 = =
h o $ Lzomvacz e
5 w2
vl . Al T |z==35__._ 1ndNI o N
H Mot 0 H ZHNOOL-ZHOL
H;. o .._-s. il
AG+ —=—@ £ P & 4 19
YILNNOD S+ SNONOUHINAS

AS+ <

SILICON CHIP

38



Most of the counter circuitry is mounted on two PCBs which are soldered together at rightangles. This view shows the
parts on the main counter PCB. The Intersil ICM7216A is at the right.

to ignore the noise which is always
present on the signal. The sensitivi-
ty we have chosen is about optimum
for most audio and RF measure-
ments without the need for an input
attenuator.

The second reason for using
negative feedback has to do with
maintaining the high-frequency per-
formance, which will be discussed
a little later.

The third stage, IC2a, may ap-
pear similar to the second stage,
but in this case the feedback is
positive rather than negative. This
means that IC2a functions as a
Schmitt trigger rather than as a
linear amplifier.

The positive feedback around
IC2a causes it to latch in either the
1 or O state when no signal is pre-
sent. To toggle the output, the signal
amplitude must exceed the
hysteresis voltage which is about
450mV.

By working backwards from the
here, we can calculate the
theoretical sensitivity of the instru-
ment; ie. 450mV divided by 2 (se-
cond stage gain) divided by 7 (first
stage gain) divided by 0.7 (JFET buf-
fer) divided by 0.82 (input protec-
tion) = 56mV p-p, or 20mV RMS.

Any noise signal with an amp-
litude of less than 56mV peak-to-

peak will thus be ignored.

At frequencies above 50MHz, the
sensitivity of the Schmitt trigger is
degraded somewhat by the phase
shift (propagation delay) within the
ECL amplifier. Thus, the positive
feedback becomes less positive. At
the same time, the negative feed-
back around the previous stage
becomes equally less negative; ie.
the gain of the second stage actual-
ly increases slightly.

The serendipitous result is a
relatively constant sensitivity up to
around 100MHz, without the need
for small ‘“‘peaking” capacitors
across the feedback resistors.

Fig.6 shows the measured perfor-
mance of one of the prototypes. The
sensitivity was better than 20mV
RMS over most of the frequency
range, rising to around 90mV at
140MHz. The small “bumps” at
50Hz and 500Hz were caused by in-
ternal noise — from mains hum and
the multiplexed digital display
respectively.

This noise slightly degrades the
theoretical noise immunity, reduc-
ing the maximum amount of
“ignorable” noise at the input
socket from 56mV p-p to about
30mV p-p.

A test point is provided at the
output of IC2a for setting up and

testing the above circuitry. The
state of the Schmitt trigger can be
monitored by plugging a 1.7V red
LED into a pair of Molex pins on the
PCB. The number of turns of trim-
pot VR1 required to turn the LED on
or off provides a convenient check
of circuit operation.

Following IC2a, the now digital
signal is routed to the base of TTL
level translator Q2 via one of two
paths: either directly via ECL OR
gate IC3d when F1 or F2 is selected,
or via IC3b and a high-speed divide-
by-10 counter when function F3 is
selected.

The 1GHz input

This input is used for frequency
measurements from 10MHz to
above 1GHz, and is selected by
pressing function button F4.

Surprisingly, this is one of the
simplest parts of the circuit, thanks
to the use of a Philips SAB6456 UHF
prescaler (IC1). As mentioned
above, this IC is normally intended
for use in TV tuners where its func-
tion is to divide down the frequency
of the local oscillator, as part of a
frequency synthesiser circuit.
Because it is designed to be driven
by small-amplitude sinusoidal
signals over a wide frequency
range, it is ideal for our application.
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Fig.6: the measured sensitivity of the prototype was better
than 20mV RMS over most of the range, rising to about 90mV

at 140MHz.
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Fig.7: the SAB6456 has a guaranteed range of operation from
70-1000MHz with a sensitivity of 10mV. Actual devices have a
cutoff frequency of typically 1.7GHz.

Pins 2 and 3 are differential ECL
inputs, which are biased internally,
so that the only external parts
needed are two input coupling
capacitors. These capacitors
should ideally be leadless ceramic
‘“chip” types, since the inductance
of the leads on ordinary ceramic
capacitors can be a problem at
1GHz. However, we have found that
Philips miniature ceramic plate

capacitors (2222-629 series) are
useable, provided they are seated
right down on the PCB, with an ab-
solute minimum of lead length.
Note: this applies to all the
0.01uF ceramic capacitors used
throughout the circuit for high-
frequency coupling and bypassing.
No overload protection is provid-
ed on the 1GHz input since the
usual pair of back-to-back diodes

would provide too much of a
capacitive load at 1GHz. In any
case, most applications will not re-
quire a solid connection to this in-
put. The sensitivity is very high, and
according to the manufacturer’s
specifications, is guaranteed to be
better than 10mV RMS from 70MHz
to 1GHz (Fig.7).

The typical input sensitivity at
1.2GHz is, in fact, a mere 50uV
RMS, and the input will usually
oscillate at this frequency when no
signal is applied. In practice, this is
of no consequence since the
prescaler will stop oscillating when
a valid signal is present. In fact,
this self-oscillation provides us with
a convenient way of checking the
DFM operation on the 1GHz range
— pressing the F4 button, with no
input connected, should give a
reading of around 1.2GHz.

Note that the maximum input
voltage for reliable counting is
300mV RMS. The input impedance
is 5600 is parallel with 5pF at low
frequencies, and 30Q in parallel
with 1.5pF at 1GHz.

Inside the SAB6456 (IC1) is a
binary counter which can be set to
divide by 64 or 256, depending upon
the mode control pin (pin 5). With
pin 5 open circuit the division ratio
is 64.

What we would really like is a
divide-by-10 or divide-by-100
prescaler, but such devices are
quite expensive. Instead, we have
managed to make do with the
divide-by-64 option, followed by an
additional divide-by-2 stage im-
plemented with normal ECL cir-
cuitry. The fact that our 1GHz
signal is divided by 128 instead of
100 does not cause any real pro-
blems, as will be shown next month.

As shown in Fig.7, the actual
cutoff frequency for the SAB6456 is
typically 1.7GHz. After dividing by
128, this leaves a signal of 13MHz
for the ICM7216A counter chip.
Since typical 7216 devices can
count to 15MHz, our DFM can com-
fortably exceed its nominal 1GHz
specification.

The differential outputs of the
SAB6456 are at pins 6 and 7 and
the output voltage swing is typically
from +4V to +5V. The addition of
emitter follower stage Q3 to pin 7
gives us normal ECL signals and

NOVEMBER 1987 41



PARTS LIST FOR 1GHz DFM

1 plastic instrument case, 200
x 160 x 70mm (W x D x H)

1 display PCB, code
sc041-1187-1, 194 x 61mm

1 main counter PCB, code
sc041-1187-2, 190 x 556mm

1 power supply PCB, code
sc041-1187-3, 54 x 44mm

1 translucent red acrylic panel,
195 x 64 x 1.5mm

1 Scotchcal label, 195 x

27mm

10MHz parallel AT-cut crystal

BNC panel sockets

momentary contact

pushbutton switches

2155 power transformer

push on/push off SPDT

mains switch

mains cord and plug

cord clamp grommet

two-way mains terminal block

solder lugs

PC pin connectors

5mm metal standoffs

25mm 6BA screws and nuts

7mm dia. plastic plug (as

used with mains sockets)

rubber feet

0N =

— —

ok 01N RO ok i =

»

Semiconductors

1 SAB6456 prescaler IC
(Philips)

10116 ECL line driver
10100 ECL 3-input quad
NOR gate

10131 ECL dual D flipflops
ICM7216A 10MHz universal
counter

4024 7-stage binary counter
4016 quad bilateral switches
4017 decade counters

16 BC549 NPN transistors

1 2N4258 PNP transistor

- N -

I g

these are applied to pin 10 of IC3c
which forms part of the signal path
control logic.

Control logic

IC3 is a quad NOR gate, type
10100, which selects the ap-
propriate signal routing. Pin 9 of
this IC is a common enable input
which is grounded, so that IC3a, b,
¢ and d function as 2-input NOR
gates.

When button F1 (period) or F2
(frequency to 10MHz) is pressed,
pin 13 of IC3d and pin 5 of IC3a go
low. IC3a is used as an inverter, so
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2N5485 N-channel FET

BAWG2 high-speed silicon

diodes

1N4001 silicon diodes

1N914 silicon diodes

7805 5V 3-terminal regulator

common anode LED displays,

Hewlett-Packard HDSP-5501

or equivalent

2 red light bar modules,
Hewlett-Packard HLMP-2300

5 miniature red LEDs

1 red LED (for testing)

Capacitors

1 2200uF 16VW axial
electrolytic

1 1000uF 16VW PC
electrolytic

5 10uF tantalum

2 0.1uF ceramic

15 0.01uF Philips miniature

ceramic plate, type

2222-629 (0.2-inch lead

spacing)

0.047uF ceramic

0.022uF ceramic

0.0022uF ceramic

100pF ceramic

39pF NPO ceramic

18pF ceramic

4-40pF trimmer capacitor

Resistors (0.25W, 5%)

2 x 10MQ, 1 x 1MQ, 1 x 820k,
1 x 180k, 2 x 47kQ, 3 x 10kQ,
11 x 4.7kQ, 3 x 2.2k2 1%, 4 x
1kQ, 15 x 470Q, 2 x 27090, 1 x
120Q, 4 x 10092, 1 x 33Q, 1 x
1kQ multi-turn trimpot

Miscellaneous

Mains rated cable (32cm), hook-
up wire (50cm), heatshrink
tubing.

0W=~Nhr W=

[ e e e e I

its output goes high and resets
flipflop IC4b. At the same time,
IC3d gates the signal from IC2a
through to the ECL-CMOS level
translator (Q2).

Note that when two ECL gates
share a common output pull-down
resistor, either or both gates can
take the output high, and so an OR
function is obtained without using
any extra gates. Thus, the ECL-
CMOS translator (Q2) can be
driven by IC3d when the output of
1C4b is low, and by IC4b when IC3d
is low.

When button F3 is pressed (fre-

quency to 100MHz), we need to in-
sert a divide-by-10 circuit. This is
done in two stages: a divide-by-5
stage consisting of IC5a, IC5b and
IC4a, and a divide-by-2 stage con-
sisting of IC4b.

Before we discuss how the
divide-by-5 and divide-by-two
counters work, note that IC4 and
IC5 are dual D flipflops, with two
clock inputs per flipflop which are
ORed together. Pin 9 is a common
clock input for both flipflops, while
pins 6 and 11 are separate clock in-
puts. Either input can be used to
clock the flipflop, provided the
other is taken to a logic 0, or
grounded.

The D flipflops operate as
follows: when the clock input goes
to a logic 1, the data present at the
D input is latched by the flipflop
and appears at the Q output.

The divide-by-5 counter

This is a synchronous counter.
All three flipflops (IC5b, IC5a and
IC4a) are clocked simultaneously
from the 100MHz Schmitt trigger
output via IC3b. When the counter
is not needed, it is stopped by apply-
ing a logic 1 to the Reset input (pin
4) of IC4a. However, if F3 is press-
ed, pin 4 of IC4a goes low and the
counter functions again.

The three flipflops are connected
to operate as a shift register; ie,
each input is connected to the out-
put of the previous flipflop. The in-
put to the first flipflop, however, is
connected to the OR of the Q-bar
outputs of the last two stages. This
gives a count sequence which
divides the clock signal by 5.

The divide by two counter (IC4b)
is wired with the Q-bar output con-
nected to the D input. This means
that each cycle of the clock signal
causes the flipflop to toggle and so
provide a divide-by-two function.
As before, the counter is stopped by
applying a logic 1 to its Reset input
(pin 13).

Now let us look at the function
button logic which involves ten
transistors from Q4 to Q14. This
part of the circuit controls the
signal switching to the ECL-CMOS
translator (Q2). Normally, Q4 to Q6
are on while Q7-Q14 are off.

Let’s say that function button F1
is pressed (ie, period mode is
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Electronic switching means that internal wiring has been kept to an absolute minimum. Matching slots at the front of the
case accept the main PCB and front panel assembly, while power supply components are mounted on the rear panel.

selected). When this happens, the
F1 line is latched high by IC13
(4017) and so transistors Q7 and Q8
are turned on. This then turns on
LED 4 and LED 2 which are the
period mode and usec display in-
dicators respectively.

Q8 also controls Q4 via diode D9.
Normally, Q4 is turned on by its
4.7kQ base resistor and pin 13 of
IC3d and pin 5 of IC3a are both held
high. When F1 is pressed, however,
Q8 turns on and pulls Q4’s base low
via D9. Q4 thus turns off and pin 13
of IC3d and pin 5 of IC3a are pulled
low by Q4’s 4.7kQ emitter resistor.

IC3d is now enabled and gates
the signal from the 100MHz preamp
through to the base of the ECL-
CMOS level translator (Q2), as
discussed previously.

Note that, during this time, IC4b
is held reset by the high on the out-

put (pin 2) of IC3a, while IC4a is
held reset by Q5 which is on. Thus,
the divide-by-5 and divide-by-2
counters are disabled. Q6 is also on
and disables IC3c which controls
the signal routing for the 1GHz
input.

If F2 (10MHz) is now pressed, Q7
and Q8 turn off and Q9 and Q10
turn on. This turns on LED 5 and
LED 3 (via D5) which are the mode
and kHz indicators respectively. Q4
is again turned off, this time via D8,
and so IC3d again gates through the
signal from IC2a to the base of Q2.

If F3 (100MHz) is pressed, Q11
and Q12 are turned on and light
LED 6 and LED 3 (via D6). Q12 also
turns off Q5 which releases the
reset on IC4a and thus enables the
divide-by-5 counter. At the same
time, pin 2 of IC3a goes low and
enables IC4b. As a result, signals

from the 100MHz preamp are now
gated via IC3b and pass through the
divide-by-5 and divide-by-2 stages
before being fed to the ECL-CMOS
translator.

Finally, when F4 (1GHz) is press-
ed, LED 7 and LED 3 light and Q6 is
turned off by Q14. Q5 is on and so
IC4a will now be disabled. The
divide-by-2 counter (IC4Db),
however, will still be enabled by the
low on pin 2 of IC3a. Thus, when F4
is selected, signals from the 1GHz
divide-by-64 prescaler are gated by
IC3c and fed to the divide-by-2
counter (IC4b).

That'’s all we have space for this
month., When we resume next
month, we’ll describe the counter
circuitry and the latching circuitry
for the pushbutton switches. In ad-
dition, we’ll give you all the con-
struction details.
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BUILD-IT-YOURSELF
‘AT GOMPUTER!

At last! The perfect opportunity for the hobbyist to build the perfect computer. . .
Perfect because it has in it what YOU want! All the features of the “AT” - blinding
speed, high expandability, and so on - but you put it together yourself - and $ave!

There’s more: each board or module comes with a full 12 month warranty PLUS
individual, professionally prepared manuals - no Jinglish to decipher!

And best of all, you don’t have to buy it in one hit: add what you want, when you

want it (and when the pocket allows it!)

Look at the features:

SUPERB QUALITY HINGED CASE

“Baby AT” case in heavy gauge steel, heavily covered in damage-resistant bone crinkle

finish. The lid is hinged and locks up for instant internal access - no more undoing screws!
Large enough for expansion - but features a footprint of just 430mm square! Cat x-1005

ONLY $175
200W POWER SUPPLY

Completely pre-assembled - even to the on/off switch and input sockets! Simply
slots into place in cutouts provided in case. Heavily plated steel case for minimum RFI|
with integral whisper-quiet fan. 200W capacity is ready for . . . anything! catx-1010

ONLY $275

“BABY AT” MOTHERBOARD

Again, completely pre-assembled. No risk of dry joints -

you just connect appropriate cables (as described in
detailed manual included). On-board capacity for 1Mb

RAM and 8 slots for expansion in true“AT” format.

Offers 6, 8, 10 & 12MHz speed (switch & software selectable)
giving outstanding software compatability PLUS blinding
speed when you need it, and time & date memory with
battery back-up. cat x-1000 JUST $995

PLUG-IN CARDS

Cards for the various graphic standards, printer ports, serial ports,

etc etc. Choose the one that suits your requirements -
and remember, you can always upgrade later!

CGA plus Parallel Printer Card Cat X-2010 $129

MGA plus Parallel Printer Card Cat X-8141 $149

EGA Card with Hercules compatability Cat X-2013 $399
Serial/Parallel/Game Card Cat X-2012 $139

DISK CONTROLLERS

Your choice of hard/floppy or floppy disk controller card: choose
the one that suits your needs best. Both plug in to motherboard.

Floppy Controller (2 disk drives 1.2Mb or 360Kb) Cat X-2014 $129
Hard/Floppy Controller (2 of each) Cat X-2008 $399

DISK DRIVES

Also include appropriate cables.

1.2Mb Floppy Disk Drive Cat X-2200 $269

20Mb Hard Disk Drive Cat X-2203 $795

(Other higher capacity Hard Disks available if required)

KEYBOARDS

Two types available:
84 Keys with top quality “Alps” keyswitches Cat X-3820 $129.00

101 Keys - with numeric keypad Cat X-3821 $149.00

J
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Build (or give!) a Kit
this Kitmas...

Kits make great gifts: beats a pair of sox anytime!

Dick Smith’s own
Fun Way Into
Electronics

Here's great value: the Fun Way One gift box. All the
components needed to build any of the projects in
Fun Way One . . . and the book is included too! All
this for under $25! Cat K-2605
Projects to build include:
Dog & Cat Communicator
Beer Powered Radio

Morse Code Practice Set
Crystal Sets

Mini Amplifiers And much, much more

Fun Way One
Project Packs

Two project packs to allow you to build any of the
kits. Project Pack One allows you to build any of the
first ten kits in Fun Way One. Project Pack Two
gives you the additional components required to
build any of the 20 kits (needs Pack one too!) Note -
Fun Way One book is NOT included with these kits.

Fun Way One: Project Pack One 5895

Cat K-2600
gos

Sz 45°

\ Fun Way One:
Project Pack Two
\ Cat K-2610

Fun Way TWO

Ready for something more advanced? Fun Way Two
has another twenty projects to build - all on modern
printed circuit boards. And we even teach you how
to solder!

Fun Way Two Bonus Pack includes
the Fun Way Two book, a quality
soldering iron, a pack of solder,

a nine volt battery, AND the most
popular kit in Fun Way Two: the

Wireless Microphone.
N Cat K-2620 $2695

Fun Way THREE

The real professionals! Build the Fun Way Three kits
and you'll be ready to tackle most projects. The Fun
Way Three Bonus Pack includes. —====-
the Fun Way Three book and not
one, but TWO popular Fun Way
Three kits: the Cricket and the
Mini Amplifier. Great value!

Cat K-2670 s2 995

One, Two and
Three Gift Box

If they're really into electronics, they'll LOVE the gift
box. It has kits to build from all three Fun Way
books: nearly one
hundred dollars value for
only $59.95! Build a
flashing brooch, a

and more.

Catk-2680 9 5995

And the really big
one... Getthe
Jumbo Gift Box!

Over thirty great projects to build from all three Fun
Way books. And the books are included! Over $120
worth of goodies crammed into this value-packed
box. Any kid from 6 to 60 would think it was
Christmas. (Now that sounds like a good ideal).

Cat K-2690 59995

How do you test a
Zener?

Let's see. Out with the power supply. Work out the
series resistor. Get the voltmeter and put it across
the zener. Turn on the supply. Woops! Wrong
resistor. One cooked Zener . ..
Or you can build the Zener
Diode Tester. Very simply and
accurately checks Zeners
without danger. Expecially
handy in the service lab
when the markings are
worn off!  Cat K-3051

$2995

Look Mum.
No Bike!

Bikes (the vroom vroom variety) are, unfortunately,
very vulnerable. Don’'t become the victim of a very
vulnerable vroom vroom. Fit a bike alarm to your
bike and it'll scream its head off if some light
fingered larrikin tries to lift it. Easy to build, easy to

fit - suits most bikes. Cat K-3249 $ 3 995

And one for the
Car, Too!

Police statistics are staggering: and your car could
be next. Build this simple alarm and the odds are
back on your side. It's very easy to make, operates
on “voltage drop” principle so no holes are needed
for key switches, etc. It works! Cat K-3250

31 695

DICKE'SMITH
ELECTRONICS

PTY LTD

ORDER BY PHONE: TOLL FREE
DSXpress ON (008) 22 6610
For 24 hour despatch

Or the Deluxe Job

The ultimate in protection! One of the best alarms
around - better than most commercial units.
Includes its own siren output (doesn’t rely on car
horn), has provision for back-up battery .. . and it's
about the best investment you could make for your
car. Cat K-3252

Add an ignition

Killer for 100%
Protection

Nothing’s worse than a car that misbehaves.
Especially if you're trying to knock it off. Imagine. It
starts, but very soon splutters and stops. Bill Sykes
thinks the car’s crook and goes off searching for
another! You return to your car, reset the ignition
killer - and drive away! Cat K-3255

32295

Want a GREAT
AMPLIFIER?

Build yourself a MOSFET AMP. It's great! And our
value-packed kit makes it even greater! 42 watts
per channel into 8 ohms - with professional specs
and features. Comprehensive step-by-step manual
included to make it easy on you. Compare it to
commercial amplifiers at three and four times the
price! Cat K-3515

70cm YAGI KIT

Build your own Yagi for UHF. This 13 element
design is simple to construct (all the hard work is
done for you!) Strictly while stocks last. Cat K-6305

70cm Phasing
Harness

Want to stack a couple of Yagis for more gain? Use
this ready-made Phasing Harness. At UHF every uB
(microBel - as distinct from dB) is a help - so help

yourself! Cat K-6299 -
While

$4 0% stocks

last!




SERVICEMAN'’S LOG

With friends like that

““With friends like that, who needs enemies?‘‘ So goes the
popular saying, implying that someone one trusted as a
friend has not come up to scratch in a crisis or, worse, has
deliberately betrayed that friendship, usually for his own
personal gain. Cynical though the expression may be, there
seems to be a lot of it going around.

These thoughts were prompted
by a recent experience involving a
customer and a video recorder. He
was one of my regular customers
and the recorder was a model
AV14 manufactured by Mitsubishi
and marketed by AWA. This is a
relatively recent model which first
appeared about three years ago,
and one with which I am
reasonably familiar.

So when the customer opened the
conversation with the innocent
remark, “Will you have a look at
this recorder for me?”’, I expected
some fairly routine electrical or
mechanical fault. “‘Sure”, I replied,
“What seems to be the problem?”

Then he dropped the bombshell:
“It’s been dropped”’.

That rocked me somewhat. Of all
the things one should not do to a
video recorder, dropping it would
be at the top of the list. Of course
there is dropping and dropping —
how far had it fallen, on what had it
landed, and at what angle? These
were questions I wanted to ask, if
only to help me assess the likely
damage and chances of repair. But
the sheepish look on the customer’s
face when he made the announce-
ment suggested that such questions
might not be diplomatic, at least at
this stage.

Picking up the machine, I turned
it over and gave it a casual inspec-
tion for obvious signs of damage. At
first I found nothing, then a closer
look revealed a slight flattening of
the metal top cover in the rear left
hand corner, amounting to only a
few millimetres. Well, at least I
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could visualise the angle at which it
had landed. And with only that
much damage externally, maybe
the situation wasn’t so bad.

But when I looked through the
front loading opening it was a dif-
ferent story. The cassette carrier
was at a nasty angle relative to the
opening, with the left hand side
several millimetres higher than it
should have been. That set my im-
agination racing; I could visualise
the main frame being twisted or,
more likely, fractured, in which
case the machine would be a write-
off.

I passed these thoughts on to the
customer, and suggested that he
leave it with me until I had time to
open it up and take a more detailed
look. And if the damage wasn’t as
drastic as I feared, I could probably
give him some idea of what it would
cost to fix. And so we left it at that.

A closer look

A few days later, when things
were a bit slack, I pulled the top
cover off the machine and took a
closer look. The mechanical deck is
well covered by the main printed

Special Notice

These notes are being con-
tributed by the author who, from
1950 until July of this vyear,
wrote ‘“The Serviceman” in
another magazine. We feel sure
that regular readers of that series
will welcome the opportunity to
continue following his electronic
adventures in Silicon Chip.

circuit board, which would have to
be lifted before I could examine the
main frame. However, I was
agreeably surprised to find that the
board itself did not appear to have
suffered in any way. I later con-
firmed that there were no cracks of
any kind.

Moving the board clear is a
somewhat fiddly job in this model.
As well as removing the screws
holding the board itself it is
necessary to remove the front panel
and undo a number of screws
which hold the operating controls.
These are attached to the main
board by flexible leads and some
care is needed to ensure that these
are not damaged as the board is
folded back.

In fact, this part of the exercise
was completed without incident,
and I was then able to get a good
look at the main frame. Strangely
enough, the real problem was not
immediately obvious. As far as I
could see, the frame was neither
bent nor cracked and, possibly due
to some kind of optical illusion, it
took me a few seconds to work out
how it was that the cassette carrier
was crooked, even though neither it
nor the main frame seemed to be
damaged.

A frame-up

But suddenly all became clear.
The main frame was sitting at an
angle, relative to the case, and this
was why the cassette carrier did
not line up with the front opening.
And closer examination revealed
just why the frame was at this odd
angle.

The frame is of cast aluminium
and is supported in the case by four
round pins, or spigots, about 5mm
in diameter, which are part of the
casting. They are fitted with rubber
bushes which, in turn, fit into
recesses moulded into the plastic
case. And this was where the
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damage had occurred.

The spigot near the front left
hand corner of the frame had
broken off, together with a small
piece of the frame, about half the
size of a little finger joint. But that
was not all; it had wedged itself
under the frame in such a way as to
lift the left hand corner of the deck,
thus creating the odd angle. Such
are the weird things that happen
when the irresistable force meets
the immovable object.

It wasn’t much of a job to retrieve
the piece of broken casting,
whereupon the frame moved back
into place and, in spite of the miss-
ing support, sat reasonably firm. So
normal did everything appear, in
fact, that I decided to try loading a
cassette. And if it loaded, perhaps
it would even play.

So I applied power and, when
there was no smoke or other signs
of distress, pushed a cassette into
the carrier. The carrier accepted it
and deposited it on deck in the
usual way. Well, so far so good and,
thus encouraged, I pressed the play
button. For a moment I thought this
function was going to work also, but
I was disappointed. The two guide
rollers — (5) and (9) in the accom-

panying diagram — which normally
pick up the tape and wrap it around
the drum, moved only a short
distance, then jammed.

Finding this fault took a little
more time and proved even
stranger than what had happened
so far. I withdrew the cassette and
examined the deck in greater
detail. To understand what I found
it will be necessary to refer to-the
accompanying diagram and in par-
ticular to the tension pole (1) on the
extreme left hand side.

This pole, as its name implies, is
used to tension the tape on the sup-
ply side of the drum after the two
guide rollers have wrapped it
around the drum. It is mounted on a
small plate, pivotted on a pin and
held in place with a circlip, and
which has a short rod extending
downwards through the deck. This
rod is engaged by a lever which ex-
erts the required tension on the
tape via the tension pole.

This mechanism sits in close pro-
ximity to the curved cut-out in the
deck through which the guide
rollers, and particularly the supply
side guide roller (5) moves during
the tape wrapping process. And, by
some queer quirk of the forces

generated by the fall, the short
downward projecting pin on the
plate had been forced out of its own
opening and into the guide roller
slot, effectively jamming the guide
roller.

And while the fact that this had
happened at all was puzzling, the
real surprise was yet to come. I
couldn’t believe that this displace-
ment had taken place without some
degree of distortion to some of the
parts involved, particularly the ten-
sion pole plate.

I removed the circlip, pulled the
plate out, and examined it careful-
ly. It did not appear to be bent or to
have suffered any other form of
damage. I replaced it in its correct
position, refitted the circlip, then
tried the cassette again. And this
time it worked; the carrier ac-
cepted the cassette, deposited it on
the deck and, when I pressed the
play button, the two guide rollers
picked up the tape, wrapped it
around the drum, and set it in
motion.

I had connected the machine to a
TV set and was gratified to see a
picture come up on the screen.
Granted, there was evidence of
tracking error — not surprising
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considering what it had been
through — but I felt confident that
this would respond to routine
adjustment.

So much for complacency

All of which was very encourag-
ing and I felt that I could now
regard the machine as repairable
and even make a fair estimate as to
what it would cost. So much for my
complacency. The setup had been
running for only a few minutes
when the picture suddenly went
very snowy, and I had visions of all
kinds of nasty faults involving
hairline cracks in the main board
and the time that might be
necessary to track them down.

Fortunately, I made a few simple
tests first. I stopped the tape, swit-
ched the TV set to an off-air chan-
nel, and was rewarded with a
snowy picture in that mode also.
Further investigation showed that
the condition could be created or
cured by simply wriggling the plug
in the “RF OUT” socket on the
recorder. Well, that meant a repair
job in that section, but I didn’t an-
ticipate that it would be all that
difficult.

So it was time to contact the
owner, explain the situation, in-
dicate the likely cost of repair, and
see what he wanted to do about it. I
rang his home number and the
phone was answered by his wife.
When I explained who I was and
that I was calling about the video
recorder the reply was a rather flat
and slightly aggressive ‘“‘Oh that”.

It didn’t need Sherlock Holmes to
deduce that there was some lack of
domestic agreement in the matter
of the video recorder.

Naturally, I wasn't keen to
become the meat in any sandwich
but, on the other hand, I needed so-
meone to make a decision. But
before I could say any more, the
lady launched into the story about
the recorder, ‘“‘People seem to take
my husband for a soft touch. He
bought this recorder in a pub for a

THE VIDEO HAD REEN
INVOLVED IN A MARI\TAL

BREAK UP.......
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hundred dollars, from one of his
mates’’.

She went on to explain that this
mate had been involved in a marital
breakup and was short of ready
cash. So he had offered my
customer ‘‘this beaut video
recorder for a hundred dollars”.

Of course, he had conveniently
forgotten to mention anything about
the recorder’s unfortunate en-
counter with a hard floor, and so
the deal was struck, my customer
believing that he had acquired a
real bargain. It was only when he
brought the machine home and
tried to use it that he found it
wouldn’t even accept a cassette.
Exactly how he eventually learned
what had happened to the machine
was not revealed. Perhaps he tackl-
ed his mate; perhaps he heard it
from somebody else. But one thing
is certain: with friends like that,
who needs enemies?

So much for history

So much then for the history.
What about the present? I explain-
ed to the lady that her husband may
not have done so badly after all. I
felt sure that the recorder could be
repaired, with a possible outlay bet-
ween $150 and $200, with the latter
figure as a firm upper limit. This
meant that they would get a
recorder for between $250 and
$300 — a bargain by any
standards.

As a bonus, there was the fact

that the machine was a current
model and, based on my examina-
tion of it, one that had had very lit-
tle use. In that sense it was almost
brand new.

Apparently I was a better
salesman than I realised because,
by the time I finished, the lady gave
me the go-ahead to fix the machine,
without waiting to discuss it with
her husband. (Curse my fatal
charm).

But now I had to deliver the
goods. The most important job was
to somehow refit the spigot to en-
sure that the deck would remain
stable. Fortunately, the nature of
the break made this easier than it
might otherwise have been. First,
there was the fact that the spigot
had not broken off cleanly but had
taken a piece of the main frame
with it. And second, the angle of the
break was such that such stress as
it would normally encounter would,
if anything, tend to press the two
pieces of metal together, rather
than the reverse.

There was also the fact that,
dropping aside, there is not a great




deal of stress on these spigots; they
merely support the weight of the
deck. Taking all these factors into
account, the repair I envisaged was
somewhat unorthodox but, I felt,
quite practical. It was based on an
epoxy mixture called ‘‘Plasti-
Bond”’; a product which, if mixed
correctly, cures to a rock hard
finish.

So I mixed up a batch, coated the
two mating surfaces to provide an
adhesive function, pressed them
together, then built up a thick
coating around the joint, taking ad-
vantage of as many irregular con-
tours of the frame as possible to
provide the best possible grip. The
result was a substantial block of
epoxy around the joint which
should withstand any reasonable
stress it is likely to encounter.

The next thing to be tackled was
the fault involving the “RF OUT*
socket. This socket is mounted on a
metal box which contains the split-
ter amplifier and getting at this is
quite a job. It is closely linked to the
tuner as well as the main board and
a lot of leads have to be undone,
many needing the solder sucker,
before the box can be withdrawn
far enough to work on it. Then the
soldering iron is needed to open the
box because the lid is soldered on.

I eventually gained access to the
inside of the box and the rear of the
socket. The pin from the socket pro-
trudes through a hole in a printed
circuit board and is soldered to a
narrow copper pattern surrounding
the hole. The hole is rather larger
than the pin, the solder forming a
bridge across the gap.

This arrangement doesn’t im-
press me very much because even
normal plugging and unplugging
likely to be encountered in typical
use must tend to move the pin slight-
ly, putting a stress on the soldered
joint and copper pattern. In this
case there had been an abnormal
stress on it because the body of the
socket was bent several degrees
relative to its mounting lugs, and
the copper pattern had been pulled
away from the board and broken,
although making intermittent
contact.

I removed the socket, straighten-
ed it, then refitted it. I ran some
solder around the pin in an effort to

.
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fill up the hole in the board and pro-
vide mechanical rigidity, then
replaced the missing copper pat-
tern with a short length of fine
wire. I reasoned that if there was
any movement by the pin, the wire
should be flexible enough to cope
with it.

Looking at the damage to the
socket etc, I evolved a theory as to
how it had come about. I suspect
that the lead from the ‘“RF OUT”
socket to the TV set was rather
short and, when the recorder fell,
this lead took most of the weight,
even if it wasn’t short enough to
prevent one corner of the machine
hitting the floor.

We’'ll never know for sure, of
course, but something had certainly
put a lot of stress on that socket.
And it had also contributed a lot to
the cost of the repair, due to the dif-
ficulty of getting at the fault.

Only the tracking now remained
to be adjusted and this was a fairly
routine job. When it was finished,
the recorder turned in a first class
performance and I had no qualms
about have advised the owner to let
me go ahead with it. The final bill
came out about midway between
the figure I had quoted and the
owner paid up quite happily.

All that was several weeks ago,
but the owner was in the shop a few
days ago on another matter and
confirmed that the recorder is per-

forming beautifully and had been
given ‘“‘a bit of a flogging*‘. I also
gained the impression that any in-
itial reservations on the part of his
good lady, concerning his
“bargain’’, had long since been
dispelled.

So I not only saved a recorder; I
might have saved a marriage as
well!

A fallen General

My next story is on a quite dif-
ferent theme although some aspects
of it are just as puzzling. It concerns
a General GC-181 48cm colour TV
set, one of several belonging to a
local motel and used in the guests’
apartments. And the initial descrip-
tion from the owner was simple
enough; no picture and no sound.

This description was confirmed
when I finally switched the set on in
the workshop; there was no sound
— and neither was there any pic-
ture for the very good reason that
we had a classic case of frame col-
lapse. Initially, I couldn’t decide
whether this was likely to be two
separate faults, or whether there
was a common factor, such as a
supply rail, which could be respon-
sible for both.

But before trying to track the
faults on a logical basis I decided to
give the set a routine check, dic-
tated by long experience. This set
consists of a chassis and main
board mounted horizontally in the
bottom of the cabinet, plus several
auxiliary boards mounted vertical-
ly on the main boards by means of
plugs and sockets. Among these are
the IF Board, Vertical/Power
Board, Audio/Horizontal Board etc,
plus a Neck Board on the tube.

Most of the plugs and sockets are
6-pin types, some boards using two
or more such devices to provide the
necessary connections. The setup is
a very convenient one for servicing,
but has not been without problems
of its own. The plugs, or male
connectors, are mounted on the
main board and the sockets on the
auxiliary boards, and connections
between these are prone to failure.

It is the plugs on the main board
which are the main offenders. The
pins pass through the board and
are soldered to the copper pattern
on the underside, and it is here that
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faulty joints are frequently en-
countered. As a result, I have long
since made it a practice to tackle
these joints as a matter of routine
whenever I encounter one of these
sets, regardless of the fault. And it
is surprising how often nothing
more is needed to fix the fault.

This procedure is further en-
couraged by the fact that the under-
side of the main board is fairly easy
to get at. Undoing three screws will
release the main chassis and allow
it to be pulled back far enough in
the cabinet to reveal most of the
main board underside. And, being a
relatively small set, it is easy to tip
the cabinet on its side to make it
easy to work on.

Having done this, and prompted
by the frame collapse, I naturally
looked first to the two plugs which
feed the vertical board. And there it
was; around one of the pins (pin 12
of P403) was a tiny patch of what
looked like green corrosion. The
green lacquer on these boards
made it difficult for me to be cer-
tain until I checked with a
jeweller’s loupe, but then there was
no doubt.

But there was something strange
about the condition. For one thing,
it appeared to be quite small and
confined to this one spot. And even
stranger, the corrosion was quite
wet. Now I have encountered dry
joints, fractured joints, and many
kinds of faulty joints, but this is the
first time that I have found a wet
joint. But there it was, and I can of-
fer no logical explanation for it. I
checked carefully for evidence of
spillage of any kind around the
cabinet or anywhere inside the set,
but there was not the slightest sign.

So I set to repair the damage.
Having cleared away the corrosion
I soldered a short length of tinned
copper wire to the pin and then
soldered this to the copper pattern
some little distance away, where it
should bypass any long term cor-
rosive effects on the copper track.
Then I switched on the set and tried
again.

Still no sound

It came good, at least in that I
had a picture. But there was still no
sound. So it appeared that there
were two separate faults. I pulled
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out the audio/horizontal board,
which, as its name implies, carries
the audio output stage and horizon-
tal oscillator stage, and re-
connected it via extension leads, of
which I have several for this set.
Then I reached for the voltmeter for
a routine check.

I didn't get far. The supply rail
for the audio stages is supposed to
run at 15V but was, in fact, closer
to 100V. Just where this was com-
ing from I had no idea initially, but I
didn’t like the chances that the
three transistors involved — the
two output transistors and the
driver — had survived the
situation.

It was the physical location of the
audio board that gave me the clue.
It sits alongside the vertical board
which had suffered the faulty plug
connection. More importantly, this
plug is directly alongside the plug
for the audio board, and pin 12 of
the latter which carries the 15V
supply is alongside pin 12 for the
vertical board, which sits at around
106V. What'’s more, the two copper
tracks run side by side for some
distance.

And that’s where the trouble
was. What ever the moisture was
that had corroded the joint had also
apparently penetrated the board
and created a path between the two
tracks. It is not the first time I have
encountered such leakage problems
and I have developed a treatment

which has proved very effective in
the past.

The idea is to dig a trough bet-
ween the two tracks. I use a very
small drill, driven by a variable
speed power drill, and used as a
simple router. It requires a little
skill but is not all that difficult if
one takes one’s time. I took about 15
minutes to do this job but, at the end
of that time, all signs of the
spurious voltage had vanished. I
finished it off with a spray of CRC
Clear Urethane Seal Coat, 02049,
which is available in an aerosol
pack.

Then I turned my attention to the
audio board and the transistors. As
it turned out, only the two output
transistors, TR952 and 953, had
been damaged and, interestingly
enough, one of them had gone open
circuit. This was fortunate
because, otherwise, the spurious
voltage would not have been so im-
mediately apparent. Y’gotta win
sometimes!

Anyway, that was it. Two new
transistors put the sound section
back into action and, after a routine
check-up, the set was returned to
its owner. But I'm still puzzled
about the corrosion and what caus-
ed it. And why was it so isolated?

We'll never know

We'll never know I suppose, but
here is one other interesting point.
My regular readers will recall that
several years ago — September
1983 to be exact — I told a story
about a set from a motel, a Prece-
dent GC-181 (no relative of the
General GC-181), in which severe
corrosion was the major problem.
In that case, the corrosion was
almost certainly caused by the
previous proprietor attempting to
repair some soldered joints using
spirits of salts as a flux.

Well, this latest case came from
the same motel. Was this another
legacy from our heavy-handed
plumber-cum-serviceman, but one
which had lain dormant for all
these years? I agree that the time
factor is against this theory, unless
the degree of pollution was ex-
tremely slight, and it took all these
years and perhaps some excessive
humidity to provide the final straw.

So what do you think? L
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Be the boss of DOS

MS-DOS BIBLE, by Steven Simrin.
Published 1985 by Howard W. Sams,
Inc Indianapolis, Indiana. Soft
covers, 190 x 248mm, 385 pages.
ISBN 0 672 22408 9. Price $39.95.

Anyone who buys an IBM PC or
PC-compatible immediately comes
up against the mysteries of DOS
which stands for Disc Operating
System. IBM PCs use PC-DOS while
compatibles use MS-DOS but both
are virtually identical since they
were created by the same company,
Microsoft.

Some DOS manuals are positively
labyrinthine in their approach
while others are quite good.
Ultimately, the hard road of ex-
perience is the only way to become
proficient at using DOS commands
but you can be helped along con-
siderably by a well-written book on
the subject. And even if you are
quite proficient at using DOS and
may be using it for quite advanced
programming, a reference book on
DOS can still be very useful.

Such a book is the MS-DOS Bible,
written by Steven Simrin.

The MS-DOS Bible assumes no
prior knowledge on the part of the
reader. The only assumption it
makes is that you have just pur-
chased or have otherwise gained
access to a PC and want to know
how to turn it on. Most people buy-
ing a PC will also have a specific
purpose for which they have pur-
chased software and therefore

their initial involvement with DOS
will be as minimal as possible. As
time goes on though, you need DOS
more and more if you are to fully
utilise the power of your computer.

At Silicon Chip we found
ourselves in just this situation when
we began setting up our computers
to cope with the task of preparing
and editing copy, and transmitting
it via modem to the typesetters.

We found MS-DOS Bible quite
helpful as we created batch files,
disc directories, installed hard disc
drives and otherwise readied the
systems for work.

There are twelve chapters in all,
plus a number of appendices.

Some of the chapter headings are
as follows: MS-DOS Files, Direc-
tories, Paths and Trees, Installing a
Fixed Disc, MS-DOS Batch Files,
Redirection, Filters and Pipes,
EDLIN, the MS-DOS Text Editor
and Structure of MS-DOS.

As with MS-DOS itself, you only
need to use as much of the book as
is required for the task of the mo-
ment. It makes a very good
reference. Highly recommended.
Our sample copy came from Jaycar
Electronics.

Logic made clear

Understanding Digital Logic Cir-
cuits, by Robert G. Middleton.
Published 1982 by Howard W. Sams
Inc, Indianapolis, Indiana. Soft
covers, 136 x 215mm, 392 pages,
copiously illustrated with diagrams.
ISBN 0 672 21867 4. Price $34.95.

For people who have grown up
with the analog side of electronic
circuitry, the transition to digital
logic can be difficult. There is such
a large range of new devices to
learn about and the different logic
families are not compatible.

There is one consolation that we
can offer to anyone who is present-
ly making that transition: when you
finally do become familiar with
logic circuitry, there is less to it
than meets the eye. Certainly, it is
not as complex as the great range
of analog circuitry.

Now we have just come across an
ideal book to teach yourself about
logic circuits. Entitled ‘“Understan-
ding Digital Logic Circuits” by
Robert G. Middleton, it is written
specifically for service technicians.
They are now having to repair some
of the more exotic equipment such
as radio scanners, two-way radios,
pushbutton TV tuners, VCRs and so
on, all of which contain more and
more logic circuitry.

While the book is written with
technicians specifically in mind,
anyone who has a smattering of
electronics will find it easy to
follow. It starts off with two
chapters on gates which are really
worthwhile. If you fully absorb all
that is in those two chapters, in-
cluding the material on negated (or
reverse) logic, you will be well up
on the subject.

We won't bother to give a full
description of the 19 chapters but

suffice to say that the subject of
logic circuitry is very well covered
with a practical approach
throughout. There are chapters on
Adders, Flipflops, Registers,
Counters, Encoders and Decoders,
Parity Generators and Checkers,
Multiplexers and Demultiplexers,
Memories, Digital Voltmeters and
Transmission Lines.

We can highly recommend this
text. It is one of the best we have
come across and is available from
Jaycar Electronics. £
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