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170068 2.10 * Includes % Key

117‘|J(Z\?A: 1 * " Add on and Discount
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*

2 Input Registers

15003 * Constant Repeat
= Calculation
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TERMS & CONDITIONS: ABBEY pays full shipping
charges anywhere in Canada on all prepaid orders over
$25.00. C.O.D. orders, send 25% deposits, balance
C.0.D. All orders shipped same day. Minimum order
10 tubes.
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e ELECTRONIC PARTS
 HiFi ACCESSORIES

* HEADPHONES
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e 8 TRACK TAPES
e CABLES /

g
%mbfandt

e TELEVISION ANTENNAS

Goodmans

* RAW SPEAKERS

Gamasonic Canada Ltd./Ltée,
5780 Royalmount Avenue,
Montreal, Quebec H4P 1K5
Tel: (514) 735-2721

OUR PRODUCTS

[\

>

* AUTOMOTIVE SOUND

* CB MOBILES—BASE

* CAMERAS—MONITORS

? SANYO
e VTR CAMERAS—MONITORS

NEC

SANYO

EQUIPMENT
» TRANSCEIVERS

VTR-CCTV EQUIPMENT

e VIDEO RECORDERS

* VTR EQUIPMENT

* VIDEO RECORDERS

* WINNIPEG * EDMONTON * VANCOUVER

* HALIFAX * TORONTO
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HY5

Preamplifier

HY30

15 Watts into 8Q)

HY50

25 Watts into 8Q)

HY120

60 Watts into 8()

HY200

120 Watts into 8(Q)

HY400

240 Watts into 4Q)

DOMINION ELECTRONICS

The HY5 1s a3 mono hybnd amplifier ideally suited for all apphcations All common input function:
(mag Cantndge tuner etc) are catered for internally the desired function 1s achieved either by a
multi-way swiich or direct connection to the appropriate pins The internal volume and tone circuits
merely require connecting to external potentometers (not included) The HYS 1s compatble with all
[ L P power amplifiers and power supplies To ease construction and mounting a P C connector 1s
supphed with each pre-amplifier

FEATURES: Complete pre-amplifier in single pack
distortion - High overload
APPLICATIONS: H(F
SPECIFICATIONS:
INPUTS  Magnetc Pick-up3mV  Ceram:

Multi-function equalization
two simply combined for stereo
Mixers - Disco - Guitar and Organ

Low noise - Low

Public address

Pick-up 30mV Tuner 100mV Microphcne 10mV
Auxihary 3-100mV input impedance 47k} at 1TkHz
QUTPUTS Tape 100mV Man output 500mV R M S
ACTIVE TONE CONTROLS Treble © 12dB at 10kHz Bass - at 100Hz
DISTORTION 0.05% at 1 kHz. Signal/Noise Ratio 68dB
OVERLOAD 38dB on Magnetic Pick-up SUPPLY VOLTAGE + 16 50V
The HY30 1s an exciting New kit from | L @ 1t features a virtually indestructible | C with short circunt

and thermal protection The kit consists of | heatsink P C board 4 resisiors €& capacitors
mounting kit together with easy to fo'low ronstruction and operating instructions This amphfier is
ideally surited 10 the beginner in audio who wishes to use the most up-to-date technology available
FEATURES: Complete kit~ Low Distortion - Short Open and Thermal Protection — Easy to Build
APPLICATIONS: Updating audio equipment Gurtar practice amplifier Test amphtier Audio
cscillator

SPECIFICATIONS:

QUTPUT POWER 15W R M S into 8:) DISTORTION 0 17 at 15W
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz- 16kHz
SUPPLY VOLTAGE - 18V

3dB

The HY50 leads | L P s total integration approach to power amphher design The amplidie- features an
integral heatsink together with the simplicity of no external components During the past three years
the amplifier has been refined to the extent that .t must be one of the most reliable and robust High
Fidefity modules in the Wor!ld
FEATURES: Low Distoruon
No external components
APPLICATIONS: Medium Power Hi-Fi systems
SPECIFICATIONS: INPUT SENSITIVITY 500mV

Integral Heatsink Only five connecthons 7 Amp output 1ransistorn

Low power d Gunar amplifie

QUTPUT POWER 25W RMS in 8) LOAD IMPEDANCE 4 162) DISTORTION 0 04% a1t 25W at
TkHz
SIGNAL NOQISE RATIO 75dB FREQUENCY RESPONSE 10Hz-46kH:? 3dB

SUPPLY VOLTAGE - 25V SIZE 105 60 25mm

The HY120 1s the baby of I L P s new high power range designed to meet the most exacting
requirements including load hine and thermal protection this ampiifier sets a new standard in modular
design

FEATURES: Very low distornon - integral Heatsink - Load line protection - Thermal protecton

Five connections -— No external components

APPLICATIONS: H.by High quality disco Pubiic address Monitor amplifier Guitar and

yrgan

SPECIFICATIONS:

INPUT SENSITIVITY 500mv

OUTPUT POWER 60W RMS into 8') LOAD IMPEDANCE 3.16¢) DISTORTION O 044 at 60W at

1 kHz

SIGNAI NOISE RATIO 90d8 FREQUENCY RESPONSE 10H7 45kHz 3dB PPLY VOLTAGE

35V

SIZE 114x50x85mm

The HY200 now improved to give an output of 120 Watts has been designed in stand the mos

rugged conditons such as disco or group while sull retaining rue Hi-Fo pertormance

FEATURES: Thermal shutdown ty 10w distortc Load line protecuo tegra Heatsink

No external components

APPLICATIONS: HIF Drsc M ar Power Slave Industna Public address

SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS inte 81) LOAD IMPEDANCE 1-16.) DISTORTION 0 05  at 100W ar

TkHz

SIGNAL NOISE RATIQO 96dB FREQUENCY RESPONSE 10H7-45kH; 308 UPPLY VOI TAGE
T 45y

SIZE 114 10U 85mm

The JY400 1s | | 8ig Daddy of the range ducing 240W inio It has rsigned t
hig disco of pubhic address appuicatans It the amplifier st ed at cont us w
vels a conling fa recommended The f all the qua the rest of the fe

ead the market as a true high power hi fidelity pows Jule

FEATURES: Thermal shutdown V w distormion Loa No ext

omponents

APPLICATIONS: Public addres D 2ow ave 1dustos

SPECIFICATIONS

QUTPUT POWER 240W RMS intn 4.) LOAD IMPEDANCE 4-16)) STORTION 01 at 240W at

T kHz

SIGNAL NQISE RATIO 94dB FREQUENCY RESPONSE 10H7 15kH7 3dB PlY VOLTAGE
c45v

INPUT SENSITIVITY 500mV SIZE 114 « 100 + 85mm
TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS

Available in Ontario from:
GLADSTONE ELECTRONICS

Dealer inquiries invited

15—240 Watts!

Now
Available

MULTI MARK AGENTS LTD.

ELEGTRA ELEGCTRONIGS GO.

UNIT 12,7222 TORBRAM RD, MISSISSAUGA, ONTARIO LAT 3V2 - TELEX 06-968653 - TELEPHONE: (416) 678-0562
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NEWS DIGE

“DO-IT’'YOURSELF’DPM

A 3%-digit panel meter which can
internally accommodate 12 square
inches of user-build signal conditioning
circuitry for measurement and display of
a wide variety of electrical and physical
functions has been introduced by the
Instruments and Systems Group of
Anulog Devices.

Using either a 3%” x 4”, or a smaller
1.1" x 1.43" printed circuit board which
1s connected internally to the basic DPM,
the new AD2022 allows the user to build
in circuitry that will measure and display
such variables as temperature, pressure,
tflow, pH. capacitance. resistance, or
decibels. The self-contained **functional
DPM™ requires about the same amount
of space as a typical 3%2-digit DPM and
uses the industry standard panel cutout
size (3.9"W x |.67"H x 4.5"D).

Available from stock, the AD2022 is
unit-priced at $218 inc. duty and FST
with its companion AC2615 breadboard-
ing card priced at $25.50 including
connector. Tracan Electronics Cor-
poration, 558 Champagne Drive,
Downsview, Ontario M3J 2T9.

The AC2615 PC card is pre-drilled
with 0.100" spacing to accommodate
standard components. When populated,
the function board connects to the
converter board via a 10-conductor
ribbon. The flexibility of the connection
allows the function board to be **folded™
onto the converter board, and the result-
ing “*sandwich’’ slid back into the
AD2022 case.

Al Pollens. Product Marketing Man-
ager. said the extensive use of MOS/LSI
circuitry in the “*second generation™
design of the AD2022 provides the extra
space which gives the AD2022 its broad,
functional design flexibility. He said that
in addition to using Analog Devices’
functional breadboard. users could con-

nect their own printed circuit boards us
to the capacity of the AD2022.

In addition to providing extra circuit
space. the AD2022 offers = 12 @ 20mA
to power analog circuitry and + SV (@
100mA of logic power in its standard
character serial BCD output
configuration, with + 5V output
30mA if the parallel BCD output option
is specified.

Other advantages of the **second
generation’” design include large light-
emitting-diode (LED) displays, 0.5”
high; greater reliability because of the
lower components count; lower power
requirements, less heat build-up and
lower cost.

The AD2022 has a =1.999V DC full
scale range and features auto zero
correctiion. Limited differential input is
standard on the new DPM, and tull
tloating isolation is optional. The
AD2022 can be operated ratiometrically,

With 1975 sales of $30 million.
Analog Devices is a leading supplier of
electronic components and devices used
in measurement and control instrumer ta-
tion and industrial computer systems.

ST e —

TUBES BEAT ANYTHING IN THE AIR

A Russian MiG-25 Foxbat flown
to Japan by a defecting pilot has
revealed the use of vacuum tube
technology in the Fox Fine radar.
The radar has a peak output of
600k W which makes it the most
powerful airborne fire-control radar
known. USAF experts have
concluded that the MiG-25 is
unsurpassed as an extremely tast
high-altitude intercepter. One
wonders what the Russians can do
with advanced semiconductor
technology!

INJECTED

Integrated Injection lLogic has taken
off and looks set ultimatelv to
display TTL and CMOS. Special
frequency control chips for CB use
with both analog and digital
circuitry on one chip have already
been developed and will soon be in
production. 2L is also being looked
at by watch manutacturers because
of its ability to source high currents
from an otherwise micropower chip.
If someone introduces a 4000-type
series of logic functions in 121, we'd
better be ready!

1984

In Britain. the Dataskil software subsid-
iary of ICL is offering un analyvsis to
soccer clubs of their pertormance. A club
can find out what results they need based
on other teams”™ performances. and the
effects of variables such as the absence of
a key player can be predicted. Since the
results can be predicted. why bother to
play the gaimes at all? Plavers would be
spared the time-consuming chore of
practice sesstons and could devote more
time to important activities like appear-
ing on TV chat shows. opening bou-
tiques etc.

POWER BAR

A 15 amp circuit breaker is a standar
feature on the "*Power Bar’ by Ham-
mond Manutacturing. CSA industriadly
certified, this quality unit comes in
4.6, and 8 receptacle models, with an
optional on—off switch, pilot light and
choice of 6 or 15 foot U-ground cords.
A contemporary beige in colour, it is
easily mounted and ideal for residential
or industrial use. Hammond Manu-

Sfacturing Company Ltd., 394 Edin-

burgh Road North, Guelph, Ontaric
NIH IES.
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2K-BYTE STATIC RAM MODULE

Motorola’s Microsystems group has
introduced Micromodule 6. memory sub
system targeted for microcomputer-
based OEM products. This provides the
user with 2048 bytes of static RAM (type
P2102-1 or MK4102 RAMs are used as
the memory clements), organized into
two groups of eight 1024 x 1 bit RAMs.
Typical memory cycle time is 500
nanoseconds.

During manufacture. Micromodule 6
is assigned to base address 7800 (hex) to
7FFF (hex). The user, however. can
change this base address by means of
jumper wires on the module. The base
address can be re-assigned throughout
the range ot 0000 to F800. in 2K byte
increments. The micromodule’s address.
data and control busses have TTL-
compatible buffered inputs; the data bus
has three-state TTL outputs. M6BMMO06
is bus compatible with both the Micro-
module Familty and the EXORciser.
This adaptability permits the user to
utilize the hardware and software fea-
tures of the EXORciser and its options to
aid in system development and produc
tion line troubleshooting.

Power requirement for Micromodule 6
is 1.5 A (max) at +1t Vdc (£5%). The
unit price is $280.00; the 2 to 9 price is
$274.00. Availability from the factory
and authorized Motorola distributors. is
now.

Also new from Motorola is a modular
data acquisition system to the line. The
system consists of an 8-channel.
differential-input module called Micro-
module 5A (MMSA) and a 4-channel
analog output module (MMS5C).

The analog input voltage range of the
MMSA&B is 210 mV to £10V; the
input currentrange is 410 20 mAor 10 to
50 mA (resistor programmable). Input
impedance is 100 M: amplifier gain
range is 1 to 1000 V/V (resistor
programmable).

The MMS5A & B both contain an input
multiplexer, a high gain instrumentation
amplifier. sample/hold circuit. 12 bit
A/D converter. timing/control /address
decodelogicanda +5 Vio =15V de-de
converter.

Like the MMSA& B. the MMS5C is bus
compatible with an EXORCciser or
Micromodule system. The analog output
range is strap scelectable tor =10 V. 0 to
I0OV.x5Vor 2.5V (at5SmA).

The MMSC contains four 12-bit.
hybrid D/A converters. a 12-bit latch.
address decode/write control logic and a
+5Vto +15Vde—dc converter. The
inputs of the D/A converters are double-
buttfered to minimize output glitches.

Unit price of each module is $725.00;
availability . from the tactory and author-
ized Motorola distributors. is now. For
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further information on any of these
products contact Motorola Microsystems
at (602) 244-6815 or the Technical
Information Center. Motorola Semi-
conduct Products, Inc.. P.O. Box
20294, Phoenix, Arizona 85036, U.S.A.

COMPUTERS HAVE EARS

EMI Thrshold have introduced alow cost
voice-input terminal based on the DEC
LSI-11 Microprocessor. This means that
datacan be input to a computer by speech
— a “hands-ott" approach. if you like.
The Threshold 500 performs spectral
analysis of cach spoken word into 32
speech parameters — aspirants. vowels.
long and short pauses and other charac-
teristics. and compares these with pre-
stored reference patterns. If they match.
an output string is generated. With the
addition of a speech synthesizer your
computer could even mutter to itself
under its breath!

MICROCHESS

Microchess. an intelligent chess
playing program which will run on
any 8080 or Z-80 system with 4K of
contiguous memory and an ASCII
input, output device has been
announced by Micro-Ware [.td.

The Microchess documentation
includes a Player's Manual with a
description of the program. and a
comprehensive appendix with details
for canversion of the I/ O routines.
or customization programs.

Features include automatic board
display. multiple levels of playing
skill, castling, and the ability to
reverse the board at any time.

Microchess will be available at a
price of $15.00 from most major
computer stores or direct from?

Microchess (8080), Micro-Ware
Limited, 27 Firsthrooke Rd.,
Toronto, Ont., Canada, M4E 21.2.

SPACE SHUTTLE ON THE TILES

o el

Extremely pure silica glass has been
manufactured for at least 40 years -
longer than jet aircraft have been

around. Now it is to aid and abet the

ultimate aircraft - the U.S. Space
Shuttle. Made into tiles (composed of
96% silica glass) of which 34,000 are
used, the material covers well over
70% of the surface of the Shuttle.

These tiles are incredible heat
‘shedding’ devices (see photo) and will
be expected to withstand temperatures
of up to 12600C for 100 re-entries
into the atmosphere. Previous heat
shields were destroyed on re-entry.

Each tile is precisely milled to fit
exactly against the curvature of the
Shuttle body, thus making the
composite craft as light as possible,
and as aerodynamic as is feasible. This
does however mean that no two of
those 34,000 tiles are alike! Imagine
the little man in a white coat with the
job of fitting them to the aircraft - a
huge 3-D jigsaw puzzle with only one
solution out of 34,000 (i.e. 34,000 x
33,999 x 33,998...x 1) possibilities!
Rather him than me.




NEWS DIGES'E sawmsmne: - e o

3-1/2 DIGIT PORTABLE DMM

A 314 digit portable DMM costing
only U.S. $99.95 has just been
announced by the B&K-
PRECISION product group of
Dynascan Corporation. The new
DMM. Model 2800. is a full-feature
instrument that provides a wide
range of accurate voltage, current
and resistance measurcments.

The 2800 features 22 ranges that
measure as high as 1000 volts, DC
or AC. or up to 40,000 VDC with
optional PR-28 probe. Resolution is
to ImV, luA or 0.1 ohm. Typical
DC accuracy is 1% with an input
impedance of 10 megohm. The 2800
also features auto-zeroing and 100%
overrange reading on all ranges.

All ranges are well protected
against overloads. Ohms circuitry
protection ranges from +100V and -
450V DC or 300VAC continuously

to momentary overioads up to 1000
volts DC or AC. All DC and AC
voltage ranges are protected up to
+1000 VDC or AC RMS. Decimal
point polarity and out-of-range
indications are all automatic. The
2800 can be powered by ordinary
“C" cells, optional rechargeable
batteries, or the optional AC
adapter charger (when rechargeable
batteries are used).

The 2800 comes complete with
test leads, detailed operating manual
and spare fuse. A full range of
optional accessories are also
available.

The B&K-PRECISION Model
2800 is sold through electronic
distributors and will be available in
April. For additional information
contact: B&K-PRECISION, Dynas-
can Corporation, 6460 W, Cortland
Avenue, Chicago, Illinois 60635.

The COSMAC Microtutor is a complete small computer system
designed for minimum cost experiments and educational train-
ing. Inputs are entered from eight binary switches and outputs
are displayed on two LED hex displays.

The Microtutor is designed for quick and easy hands-on experi-
ence and is an ideal introduction to computers for everyone. The
Microtutor comes with an easy-to-follow 47 page manual de-
signed to develop an increasingly intimate knowledge and ability
for those having only basic electronics knowledge.

The Microtutor comes completely assembled and foliowing the
step by step procedute of the manual the user will be entering
and using computer programs in a matter of minutes.

= G. $409.95
¥ : :
O\}PﬂlCE $269.95

THE LARGEST ASSORTMENT OF MICROPROCESSORS IN CANADA FROM $9995 upP
MOTOROLA® SIGNETICS & AMI® RCA ® TEXAS INSTRUMENTS

s MONTREAL 4050 JEAN TALON W. = H4P 1W1 ¢ (514) 735-55611 ¢ TELEX 05-25590

QUEBEC 98 OUEST ST-VALLIER * G1K6W8 ¢ (418) 524-4641 « TELEX 011-285
. OTTAWA 1300 CARLING AVE. & KiZ 7L2 *+ (613) 729-5118 <+ TELEX 013-3584
electronics Itd TORONTO 24 MARTIN ROSS AVE. * M3J 2K9 * (416) 661-0220 ¢ TELEX 02-29697
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TOP QUALITY

ETICIRCUIT BOARDS

444  5W Stereo Amp 6.00
570 ReactionTester 5.85

PARTS FOR ETI PROJECTS

LM379S 6.50 LM380N 1.80
LM382N 1.80 LM301A 55
7490 95 7447 1.05
PN2222 25 2N2926G .30
4017 1.55 555 .65
741 49 2N5088 .25
1N4001 6/1.00 1N4148 12/1.00
other parts and boards in stock

THIS MONTH’S SPECIALS
— ELECTROLYTICS —

AXIAL LEADS
10uf  50v

220uf 50v
1000uf 63v
2200uf 40v

8/1.00

. 4/100
2/1.00
3/2.00
Boards postpaid in Canada. IC’s, etc.
add 50c to total for P&P. Ont. residents

add 7% provincial sales tax. NoCOD’s
WRITE FOR LATEST CATALOGUE

C n n ﬁE]CTOR%nII:OSH 1690,

C. PETERBOROUGH,
ONT. K9J 754
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COLOUR CAMERA
Sony of Cunada Ltd.’s new
DXC-1610 Trinicon colour video
camera was designed to complement
the VO-3800 portable videocassette
recorder/ player and the newly-
introduced BVU-100.
introduced BVU-100. Available from
Sony video products dealers across
Canada. the self-contained camera
unit has a four-way power capability
making it ideal for field or mobile
operation. In field operations, the
DXC-1610 may be powered by
either the portable videocassette
recorder or for up to three hours
using the optional BP-60 battery
pack which may be attached to the
back of the camera head. Sony’s
DCC-3000 car battery adaptor or
the CMA-5 AC operated camera
adaptor are available for mobile use.
Features include: adjustable
electronic detachable viewfinder.
F2:1, 17-102mm one touch zoom
and focus lens, built-in electret
condenser mic and colour
temperature compensation filters,
flip-open side panels to facilitate
maintenance. Sony's registered MF
(mixed field) Trinicon tube system in
which the chrominance and
luminance information is sensed by
a single pick-up tube, external mic
input.

This lightweight camera (inc.
batteries, lens. viewfinder) provides
faithful colour reproduction, reliable
performance and high resolution
with no misregistration problems. It
is packaged in an easy-to-carry
aluminum case. Sony of Canada
L.td., Industrial Products Div., 88
Horner Ave., Toronto, Ontario.

SINCLAIR STRIKES AGAIN

The original Sinclair Programmable
calculator was a bit quirky in
operation and limited as a scientific
calculator; this was often a
characiteristic of Sinclair’s calculator
advances. Some readers may recall
the original Sinclair Scientific, which
used to cause users headaches
through its lack of !/x key. These
calculators were great value for
money though, and now Sinclair has
done it again, but this time, the
calculator appears to be
idiosyncracy-frec.

The new Sinclair Cambridge
Programmable is only 414” x 2”7 and
weighs 2 oz. (HP67 is 1 oz.), vet it
has 36 steps of program memory,
parentheses. line numbering and
even conditional and unconditional
branching. Programs may be
single-stepped and edited, with step
and line number being displayed.
Available for this calculator is a
library of 294 programs for only
$10. It looks like Sinclair have
definitely got it right this time
especially at only U.S. $29.95.

IGNITION TRANSISTOR

A new monolithic Darlington
transistor circuit — type number
MJ10012 — designed specifically for
the high-voltage, high-current and
harsh environmental requirements
encountered in automotive ignition
systems has been introduced by
Motoraola.

Despite their improved specifica-
tions, the new automotive
Darlingtoniced competitively. at
U.S. $2.75 in quantities of 100 to
999. The devices are available in
quantity from factory and
distributor stock.

For further information. contact
the Technical Information Center,
Motorola Semiconductor Products,
Inc.. P.O. Box 20924, Phoenix.
Arizona 85036.



ALARMS

Basic Alarm

Photo tntruder Alarm
Intruder Alarrmn

Photo Electric Relay
Low Temperature/Lights out
Temperature Sensor
Coolant level

water Level
Electromic Lock

Car Battery Watchdog
Simple Car Alarm
Simple Lock

AMPLIFIERS &
PREAMPLIFIERS

High Input Impedance
High Impedance Bufter
Low Output Impedance
High Input Impedance
Low Frequency Extender
Virtual Earth Preamp

IC Tape Head Preamg
Simple Stereo Tape Piayer
2.5 watt

20 Watt Slave

10 Watt

Loudspeaker Microphone
Volitage Controlled Amp
Wide Band Amplitier
Video Power Amp
Broadband Amp

SIGNAL PROCESSORS

Fuzz Box

Guitar Fuzz

Fuzz Box

Waa Waa

Disco Autofade

Simple Autofade
Information Transfer
Optical Pulse Conditioner
TV Sound Pickoff
Cracklefree Potentiometer
Voltage to Frequency
Sine to Square Wave
Precision AC to DC
Voltage Processor
Universal Meter

Double Precision

Fast Half Wave

Simpte Chopper

Noise Rejecting SCR Trigger
Phase Shiiter

SIGNAL GENERATORS

Simple

Variable Duty cycle
Fast Edge

FET

Improved Multivibrator
Variable Duty cycle
Stable R.C.

Cheap (CMOS)

Simple TTL XTAL
Uncritical XTAL

Pulse

Zero Crossing

Simple Pulse

Needle Pulse

Stabie Linear Sawtooth
Zener

Noise

Pink

.

— Contents

£

The first in a new series
of ‘ideas books’ for the experimenter

Simple Relaxation
Triangle with independent slope
Exponential

Widerange Multivibrator
Multiple Waveform
Linear Sweep

Step Frequency

Beeper

7400 Siren

Simple Siren

Ship Siren

Two Tone

Toy Siren

Kojak. Startrek. Z Cars
Sound Eftects

Sound Effects

FILTERS

Bandpass

Low & High Pass
Rejection Notch
Bandpass

Cartridge EQ & Rumble
Hum Stopper

Tape Hiss Reduction
Simple Crossover

DIGITAL

Thermometer
Heads or Tails
Binary Calculator
Voltmeter

Seven Segment to Decimal
Die

Random Binary
CMOS Die
Multiplexer Hints
Learning Memory
CMOS Clock

POWER SUPPLIES

Constant

Temperature Stable
Constant

Voltage Controlled
Precision Voltage Divider
Dual Polanty

Simpte Balanced
Voltage Divider

Low Regulated

Short Circuit Protected
Simple TTL Supply
ZN414 Supply

Stable Reference
Transformerless invertor
DC to DC AC

Voltage Multiphier
Automobile Convertor
Shaver Adaptor

-Di
High Voltage From Battery
Variable + ve or -ve output
Simple
12V from Battery Charger
Bucket Regulator
Adjusting Zener Voitage
Vanable Zener
Zener Boosting of Regulators
High Power
Electronic Fuse
Better Fuse
Regulator & Fuse
Fast Actin
SCR Crowbar
Volitage Polarity
NI CAD Discharge
Current Limiting
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TEST

Diode Checker

GO/NO GO Diode Tester
Zener Check

GO/NO GO Transistor Tester
Quick JFET Test

Current Gain Tester

Basic Transistor Tester
Simple Transistor/SCR

SCR Tester

Crystal Check

Crystal Checker

Good/Bad Battery Tester
Battery Tester

Op-Amp Tester

Op-Amp Checker

Theap Logic Probe

Audible TTL Probe

Audible Slow Puises

Lngic Probe

Logic Analyser

| and O Display Probe
Simple High Impedance
Voltmeter

Audio/RF Tracer
Themmocouple Thermometer
Metering Stabilised supplies
Simple Frequency Meter

TIMERS & DELAYS

Low Standby Drain

741 Timer

Self Triggering Timer

Pulse Timer

Pulse Delay

Voltage Controlled Monostable
Sequential Relays

Door Chime Delay

SWITCHING

Touch Triggered Bistable
Touch Sensitive Switch
Electronic Switch

Sound Operated 2 Way
SPST Switch Fiip Flop
Two Signals on one Wire

INDICATORS

Line-o-Light

3 Step Level
Light Level
Bargraph Dispiay
Fuse Failure
Blown Fuse
Back Up Lamp
DC Lamp Failure
FM Tuner Station
Current Flow
Disco Cue

FLASHERS

Dancing Lights
Low Frequency Strobe

Flasher
Ultra Simple

POWER CONTROL

LDR Mains Control
Floodtamp Control

Zero Crossing Sync

Train Controller

Low Differential Thermostat
Simple Temperature Control
Full Wave SCR Control

AUTOMOBILE

Brake Lamp Failure
Courtesy Light Delay
Simple Hazard Light

Light Extender & Reminder
Four Way Flasher
Headtamp Dipper

Wiper Delay

Suppressed Zero Voltmeter
Rev Counter Tachometer
Auxilhiary Battery

DETECTORS &
COMPARATORS

Peak Detect & Hold
Window Detector
Peak Program
Positive Peak
Reaction Comparator

RADIO FREQUENCY

Crystal Marker

100 kHz Marker

RF Voltmeter

RF Detector

LED RF Indicator

RF Amplitier Protection
FET-Radio

Op-Amp Radio

MISCELLANEA

Phase Locked Loop

Touch Doorbelt

Phase Lock Control

Audio Mixer

Virtual Earth Mixer

Plop Eiiminator

Loudspeaker Protection
Digital Capacitance Probe
Digital Tape Recorder Adaptor
Breakdown Dicde Substitution
Dual Function Charger

Dual Mode Amp

Capacitor Substitution
Electronic Capacitor
Speeding Up Darlingtons
Shutter Saver

Thyristor Sensitivity
Sound Operated Flash
Strength Tester

Logic Noise Immunity

TIPS

Identifying 74 Series
Supply Pins

Soldering IC's

Tinning With Solder Wick
PCB Stenciis

Front Panet Finish

DIL Driling

Fluorescent Starting
Avoiding Insulated Heat Sinks
TTL Mains Intertace
Boost Your Mains

High Resistance on Low Meters
High Volitage Electrolytics
Transistor identitication
Template & Heat Sink for
Power Transistors
Transistor Socket

Solder Flow Problems
Qdd Resistor Values
Resistors in parallel
CMOS DIL Handling
\dentifying Surplus ICS
Extending Battery Life
Battery Snaps

Power Supply or Battery
Battery Checking

Muck Remover
Transtormers in reverse
Loudspeaker Checking
improving UJT Linearity
Signal Tracer

Crystal Earpieces

Cheap Varicaps

Zener Lifts Capacitor Rating

DATA

741 Op-Amp Data

B8C 107-109 Data

BC 177-179 Data

CMOS & TTL Data

2N3055 Data

MJ2955 Data

Bipolar Data Tables
Bipolar FETs Rectitiers
Diodes Pinouts Zener Misc
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NEWS DIGEST

MICROCOMPUTER KIT

An 8-bit microcomputer system in
kit form, has becn introduced by
Motorola’s HEP/ MRO Operations
Group. Called the Educator 11. the
kit contains an NMOS 8-bit, MPU.
PIA. 128x8-bit static RAM; two
TTL 512-4-bit ROMs and a TTL
clock circuit. The NMOS
components are the HEP versions of
the popular M6800 microcomputer
products. Educator 1 utilizes the
tfull instruction set and address
modes of the MC6800 MPU. The
clock frequency 1s approximately
625KH7.

An executive program. residing in
the ROMs, contains routines for
examining and modifying memory
locations and MPU registers,
servicing interrupts. transferring
programs to and from cassette tapes,
searching tapes for specific programs
and a routine to test the finished kit.
The executive uses 14 bytes of RAM
for a scratchpad: the remaining 114
bytes are for user programs. An
optional 128x8-bit RAM can be
added to the p.c. board for larger
user programs.

The p.c. board layout 1s quite
simple; kit construction could be
accomplished in one evening. All
components necessary to get the
microcomputer “up and running”
are supplied, even the solder. A
separate power supply is required,
for which a kit 1s available. A
Test-As-You-Build feature provides
for accurate. minimum error
construction

A comprehensive construction
instruction manual is included with
the kit. Nothing is left to chance in
the manual. construction steps are
explicitly detailed. Theory o
operation of the kit's NMOS
microcomputer components are
described in an articulate manrer.
The user 1s “stepped through™
increasingly complex demonstration
progranis. shown the basics of
debugging and how to use the

cassette operation. Applications
programs are described and listed,
along with a listing of the resident
firmware.

Edvucator Il retails for $169.95 and
is ava lable from selected Motorola
JEP and MRO distributors and
other distributors, nationally. The
additional 128x8-bit RAM is also
available at the same locations: the
-ctail price 1s $19.04.

The one complete line of speakers
QaxTroN : ;
SPEAKERS Wwith a very important difference
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The aluminum voice coil form. The low
mass, high-efficiency, moisture-proof, heat-
resistant, high-capacity, long-lasting, gua-
ranteed, aluminum voice coil form. Oak-
tron perfected it, and only Oaktron puts

the aluminum voice coil form in all its
speakers: from 1%’ to 15", for almost
every application imaginable. Order from
our inventory of over 170 models, or send
us your specs.

Send for your copy of the latest Oaktron catalogue today!




J & J ELECTRONICS LTD.,
P.O. Box 1437 E.
Winnipeg, Manitoba R3C 2Z4

Semiconductor Specialists

Do you get our bargain flyers? Send
$1.00 to receive the current literature
and specials and to be placed on the
mailing list for the future publications.

FREE! New 64 page electronics
parts and surplus catalog jam
packed with exciting items and
hard to find bargains for
hobbyist, industry and schools.
Thousands of super buys in;

Electronic parts, motors, hardware,
microphones, semis, fans, assemblies
timers, knobs, connectors.

CB accessories, speakers, trans-
formers, telephones. leds. 1Cs. optics
wire alarm parts. meters, amplifiers.
Kits. photocells, TV parts, audio
accessories, computer parts, power
supplies, bulbs, transmitters, fuses,
switches, tape, heaters. crystals, ete.
ete. Over 100 top namestereo brands
discounted. Amazing values for
evervone. We are hig buvers of
factory clearouts, distress merchan-
dise and government surplus.
Largest inventory of surplus in
Canada

ETCO ELECTRONICS, Dept.
ETI, 183G Hymus Blvd., Pointe
Claire, Quebec. H9R 1E9

For Sale
Forty Years of Service Data

120 Rcc TV manuals #1 to #124

34 Rcc Radio manuals #20 to #54
plus binders of radio

from 1927 to #20 manual.

Over 100 Service manuals of all kinds
sufficient to fill 18 foot shelf.

$500.00 or best offer by June 1st.

Hundreds of old type tubes,
new and used — make offer.
Ken’s Radio & Music

348 Colborne St.,
BRANTFORD (519) 752-3797

PHOTOGRAPHY BUFFS

Build 8 digit timer for less
than $50.00. Auto on-off safe-
-light and enlarger. Accuracy

0.01%. Range: 2 sec to 10 million
minutes !! Complete plans and
schematic. $3.00 CAN. To:

B. Lapointe, 10431-139th St.,
Surrey, B.C. V3T 4K3. AIRMAILED
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Professional
Counters at
Aftordable

Here are professional HP quality
electronic counters at prices that are
really affordable. Choose the one that best
fits your needs.

HP’s low priced “frequency only”
units use the highly desirable direct
counting method for 1 Hz resolution in
1 sec. Models 5381A to 80 MHz, 5382A to
225 MHz and 3383A 10 520 MHz.
Modular capability is yours in the
5300B/5305B counter to 1300 MHz.
By simply replacing the lower

module, it can become any of 7 other
models including a DMM or battery
operated model.

20708A

g 194gesn” "

Higher sensitivity? Add Model 10855A
Preamplifier and get 22 dB gain. 2 1o
1300 MHz, $266.

They all offer high accuracy, high input
sensitivity, input attenuator. rugged metal
cases. They're built to the same high
quality standards as our most sophisti-
cated $9000 counter, and tested and
calibrated to the industry’s finest fre-
quency standards. The 5383A and 5305B
have fused inputs, too. All this is backed
by HP’s extensive world-wide sales and
service network.

Contact your nearby HP field engineer.
or write.

* Duty and taxes extra where applicable

HEWLETT @' PACKARD

Sales and service from 172 offices in 65 countries.
Canada: 6887 Goreway Drive, Misslssauga, Ontario L4V 1L9
Other offices: Dartmouth, Montreal, Ottawa, Winnipeg,
Calgary, Edmonton & Vancouver.
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ETI Project

i

BATTERY
TEST

[

A simple and versatile control unit,

with internal siren and battery.

FOLLOWING ON from last
month’s Burglarproof Your Home
article, we present the ET| burglar
alarm. The circuit i1s simple
reliable and versatile. Based on a
single CMOS chip, the standby
current is very low, making a
line power supply non essen-
tial. Several versions are possible,
depending on the particular
circumstances where it will be
used. We built the simplest
version, and will describe it fully,
with details of possible modifica-
tions and additions

BASIC UNIT

The basic unit is self-contain
ed, apart from sensor switches. A
12V battery is used as the
power supply, this battery is
capable of powering the system
for about a year. if the siren is not

ETI CANADA — MAY 1977

conditicn the batterywill powerthe
siren for about 6 hours conti-
nously. A battery test facility is
included in the design, which
displays the on load voltage. We
used a 12V siren similar to the weli
known “Sonalert”, mounted inside
the case. Our siren has a sound
output of about 93dB meters —
quite lcud!

Other features of the basic unit
are, on/off keyswitch on front
panel, bell test button and LED
fault indication. The box itself is
fitted with anti-tamper micro-
switches, so that it can only be
openec¢ in the off position,
without sounding the alarm.

Another important feature is
the 30 second delay facility. This
ensures that when you switch the
unit on -— the alarm will not
sound for 30 seconds but any

) : —
& ALarm Q:\
ALARM
° FauLy 4
e o TesT
[ ) @ PY oN
S . 9 osr{(' N
)
[ ) e ® R
C e . . Gow'fli-'ON'
D s
S E— »
/
activated! When in the alarm fault will light the front panel

LED. Also if you have to walk
over a pressure mat or open an
alarmed door, to leave, you have
the delay to do it in

SENSORS AND SIRENS

Three types of sensor can be
used with the system. Normally

open circuit types, such as
pressure mats; and normally
closed types such as reed
switches biased by magnets.

Changeover contacts can also be
used, wired to break the normally
closed circuit and short the open
circuit when operated, this is
possible as one wire iscommon to
both circuits. Connection to the
unit is via a standard 180 5 pin
DINplug and socket, all the pins
are not used, and external bell
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ETI BURGLAR ALARM

SECURITY
SWITCHES
(DOORS R4
WINDOWS ™
etc } NOTE Ry 15 seleeted to yive 10mA through
SCR1  270R was used in the prototype If
» 21 external umit relay 15 used, Ry can be omitted.
FROMT 1M4143
DOOR
BY-PASS
SWITCH
N2 SW2a.h
1N4148 SELL -
c B 12 TEST
—-— —0O—4 M 1C1/2 1C1/3
r 1 13 waz | p3 RS 4001 4601 R6
56,7 1N4148 10k a2 PR2
|PRESS 2N2222
|MAT
(SwITeH
4 é |
R?2
10M
+
: é M1
I .
| D R
beoo ~—O0—

Circuit diagram of basic alarm

units can be wired via
connector if required.
As shown the unit is suitable

this

for shop display protection,
trailer protection or even as a
tent alarm -- a pressure mat

under your ground sheet! For
some homes the internal siren will
be all that is needed, however,
the only way to find out is to try it.
If you get lots of complaints from
your neighbours or a rapid visit by
men dressed in blue -- it's loud
enough! Obviously it is best to try
it out at a civilised time -— not 4
am._ If the internal siren is not loud
enough, you will need an external
alarm. This will be described
further on.

INSTALLATION

Bearing in mind the general
guide lines given last month, the
installation can be worked out.
Points to remember are, cover all
external doors, and if unecono-
mical to protect all windows -— to
cover the internal doors as well,
with the odd pressure mat in
hallways and on stairs to comple-
te the protection.

Even though single core wire
can be used for the closed circuit
wiring, we prefer to use 3 or 4
core throughout, as this gives
more flexibility in sensors and
also creates uncertainty in the
mind of a would be by-passer. It
also looks like telephone wiring if
installed neatly.
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If a shunt switch is not fitted to
the main exit, the alarm will
sound on entry, this can be
unpopular with neighbours. So a
shunt switch is strongly recom-
mended.

OPERATION

In operation the unit is turned
on, by the front panel keyswitch.
lf the LED lights it means that
part of the circuit is either open
or closed incorrectly, if this
happens switch off and find the
open door, or chair on pressure
mat etc. To check if you have
found the fault switch on again

-— the LED should remain unlit. A
point to note is that you can only
test the battery with the unit
switched off — this is to prevent the
battery being flattened by a
burglar keeping the test button
depressed (if he managed to get
up to the box without setting off
the alarm).

Assuming that you have fitted
a shunt switch to the exit, you can
now leave and lock the door
behind you. This is why a shunt
switch inside the main lock is
preferred to a separate shunt
switch; if you forget to operate a
separate switch the door is
unprotected.

Close-up of board and wiring, this was an earler version — hence slightly different
to overlay shown.
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—How it worlss—

The circuit is based around a 4001
CMOS quad NOR gate, with the gates
connected as invertors (cheaper than
using invertors!). The input to ICla is
derived from the closed circuit sensors
and the open circuit sensors. In the
normal state the output is low and Ql is
off. When either R2 is shorted or the
positive supply from Rl is interrupted
the gate changes state. Ql is turned
hard on and LED 1 illuminates. R4 and
C1 form a timing circuit, which prevents
ICIb from giving a low output for 30
seconds from switch on. After this
period. if LEDI is on 1Clb and IClc
charge state switching on Q2, which
triggers SCR1 which self latches. Rx is
to make sure SCR1 passes at least 10mA
if a bell is used which breaks its own
circuit. R11 is selected to draw 100mA to
simulate a load for the battery. R10
makes sure that Cl is fully discharged
when the alarm is switched off. in order
to get consistent timing periods.

General view of the basic unit, note anti-tamper microswitches (SW2 a,b)

—Parts List

Resistors all 5% oW

R1.3.7.8 Tk

R2 1OM

R4 ™M

RS 2k7

R6 10k

R9 100R
R10 47R
R11 120R
RX ‘see text)

Capacitors
47 F 16V wantalum

Semiconductors

1IC1

Q1.2
D1.2.3
D4

SCR1
LED1
SW1 (a,b)

SW2 ‘a b)

PB1 2

CD4001A

2N2222 or similar
IN4 148 or similar
IN40O1 or similar
100V 3A thyristor
TiL 209 or similar
Lockswitch

Microswitch
normally open)
Push to make
release to hreak

Sensor switches  see text

Miscellanczous

Meter Panel type 0-15V
Case 11% x 5 x 7 inches
Battery 12V + connector
Siren 12V type

PCB. nuts. bolts. wire, 5 pin Din plug
and socket. Insulating kit for SCR1 etc

SIREN
+Ve

TO
EARTI
PRESSURE
MAT
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KEYSWITCH
SW1a

SECURITY
SWITCHES
DOORS
WINDOWS etc.

ETI ALARM

Overlay and PCB
layout (both full size)
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ETI BURGLAR ALARM

On returning open the main
door and then switch the unit off.

CONSTRUCTION

Construction is quite straight-
forward, most of the components
are mounted on a PCB. The main
point to watch is that CMOS is
involved, the usual precautions
should be taken. Make sure your
Jron is earthed and fit the I1C last.
All bolts must be fitted with two
nuts to prevent external removal.
The front panel mounted parts
should be epoxyed into place,
also to prevent external tamper-
ing. The two microswitches
SW2a+b should be fitted so that
the front panel keeps them
depressed when in place. General
layout is easily seen from the
photographs.

The unit should be screwed in
position through the back panel
when complete.

EXTERNAL UNITS

If an external siren or bell is
needed there are three ways this
can be done. The simplest, but
least secure is to run it in parallel
to the internal siren via twin
wires. A 1A fuse should be placed
in each of the leads -+ so that a
short circuit will not flatten the
battery. Obviously the battery life
will be reduced when powering
two alarm sirens.

The second method is to run a
relay in parallel with the internal
siren, the external unit then needs
its own power supply. The relay
should be mounted at the main
unit. The external power supply
can be another battery or a line
power supply.

The disadvantage of both
these methods, is that if the wires
are cut the external alarm will not
sound. If the cable is run inside
metal tubing this is not so much of
a problem.

BEST METHOD

The best method is to use a
sensor circuit with a relay output.
This can be obtained from
another CMQOS circuit similar to
the main unit — only simpler.
Again a relay is connected across
the siren but if the wires to it are
cut the external siren will sound.
The standby current is about
1.A so the battery can be left
connected permanently. A sug-
gested interwiring diagram is
shown.
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—O0-
1A
SIREN
—O0
1A EXTERNAL
UNIT

SIREN

sigen
EXT T
12V
80ARD m

RLAY
(=

TO ALARM |
CIRCUIT |

|
|
|
|
|
|
|
:
% msmw RLM& I
|
|
: T |
|
|
|
l
|
|
|
!
T
|

TAMPER
SWITCH

Top.: Simplest external siren circuit.
Middle: Addition of a 12 volt relay (RLA 1) gives another simple external siren circuit.
Bottom: Most secure method, involves the use of a CMOS chip, circuit below.

NV —¢
RLA1 RLE] +
-
12v1
CONTROL SIREN =
80X

RLB

TAMP " ]
SWITCH. Pins 7,5,6,9,8,12,13

are cannected to ground

UP AND DOWN I

Another possible modification
is to add an upstairs/downstairs
facility to the main unit. This can ]
be done by duplicating the main BATT
board and adding an extra TEST b
keyswitch to the front panel, LED 1 LED 2
together with a second LED. The o
interconnection for this is also GATE GATE

CIRCUIT
R 8

CIRCIIT B
T a

shown.

The batteries should be check- GATE
ed at least once a month, and
replaced when on load they
register below 11 volts. ®

Method for interconnecting two modules
for up/down circuits.
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CERAMIC CARTRIDGE

PREAMPLIFIER

Use of charge amplifier improves performance cf ceramic cartridges.

MOST amplifiers of commercial
design, including our own ET1 designs,
omit facilities for ceramic cartridges
and allow only for the use of magnetic
cartridges. This is because magnetic
cartridges are capable of much better
performance than ceramic although
top line magnetics are much more
expensive.

Magnetic cartridges are expensive to
build whereas ceramic cartridges are
relatively cheap to build so there is a
crossover point, and many top line
ceramic cartridges are much better
value-for-money than are magnetic
cartridges in the same price range.
Hence many people with limited funds
have asked for details of a preamplifier
input stage specifically tailored for use
with ceramic cartridges.

The two types of cartridge, ceramic
and magnetic are entirely different in
terms of electrical qualities. The
ceramic cartridge has a much higher
output, the working load impedances
of theiwo are entirely different and
the magnetic type requires
equalization whereas the ceramic type
does not {or does it?}). The magnetic
provides an  output which is
proportional to stylus velocity whilst
the ceramic provides an output
proportional to acceleration. This
means that where a record is recorded
with constant acceleration
characteristic the output from a
ceramic cartridge would be flat with
frequency whereas the output from a
magnetic cartridge would be a
response rising with frequency at 6
dB/octave. Conversely if a constant
velocity record characteristic were
used the ceramic output would fall
with frequency at 6 dB/octave.

Today all records are recorded to the
RIAA standard of equalization. Tnis
attenuates bass and boosts treble to
provide a characteristic very close to
constant acceleration. This procedure
gives best compromise between the
conflicting requirements of
signal-to-noise ratio and of pickup
trackability. To replay an RIAA
equalized record with a magnetic
cartridge we must use a preamplifier
having the reverse characteristic, i.e,
bass must be boosted and treble must
be cut in order to obtain a flat
frequency response, This process is
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used on all preamplifiers for magnetic
cartridges and is loosely just known as
equalization.

However a perfect ceramic cartridge,
when replaying RIAA  equalized
material would give an unequalized
response as shown in Fig. 1. In order
to make ceramic cartridges easier to
use manufacturers build in a broad
mechanical resonance at the high
frequency end to boost the response.
At the low end, the rise in response
below 50 Hz is cured by selecting a
terminating impedance which causes a
roll off at about 130 Hz. The response
of such a cartridge would be as shown
in Fig. 2. If the bass end were not

corrected rumble of the turntable
would be accentuated and this is
clearly not desirable.

Thus clearly, the impedance into
which a ceramic cartridge works is of
great importance and with this in mind
we investigated different methods of
matching the cartridge to the amplifier
with a view to obtaining the utmost
from ceramic cartridges.

DESIGN APPROACH

The ceramic pickup may be
simulated by a voltage source and a
series capacitor.

The value of the capacitor and the
magnitude of the voltage source vary

Fig. 2. Response of Decca Deram showing effect of terminating impedance at low
end and of mechanical equalization at top end.
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Fig. 1. Typical response of a ceramic pickup without mechanical equalization.
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Fig. 3. Overall response of a Decca Deram into a charge amplifier.
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Fig. 4. Response of charge amplifier. Roll off at low end is designed to compensate for
rising response of cartridge in this area.

from manufacturer to manufacturer
but lie in the range 200-900 pF and
100 to 1000 mV at 1 kHz and
5cms/second.

One of the most popular and readily
available cartridges is the Decca Deram
and we performed all our tests with
this cartridge. The unit has an output
of about 150 mV and a capacitance of
600 pF. The recommended load
impedance is 2 megohms and this gives
the response as shown in Fig. 2.The
bass response can be improved but
only at the expense of greatly
increasing the rumble. The dip at 2
kHz can readily be compensated for
but we have not experimented in this
area.

Another system commonly used is to
load the unit with a low impedance
(e.g. 75 k ohm) which causes a loss of
bass below 3 kHz, and then boost the

bass  again electronically.  This
overcomes the need for a very high
impedance. Such a technique
combined with a rumble filter to cut
the rising response below 50 Hz can
give good results. However due to the
large differences between various
makes a different network needs to be
designed to suit the bass roll-off
characteristic of each cartridge type.
A third system which we propose,
is to use a ““charge’ amplifier.

CHARGE AMPLIFIER

With the charge amplifier the input
impedance is zero — how then dages it
work? A conventional inverting
amplifier is shown in Fig. 5. and, as
anyone familiar with amplifiers will
know, the output voltage will be:—

TABLE 1
Sl c 2
unity 560 pF 0.0082uF 390 k
6dB 330 pF 0.015uF 180 k
12 dB 150 pF 0.039uF 47 k
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R2

S
AMPLIFIER OUTPUT

Fig. 5. Conventional inverting amplifier
stage.

R2
Vout =
R1

* Vin

What is not always realized by
beginners is that R1 and R2 need not
be resistive — they may be capacitors,
inductors or combination of
impedances. It is only the impedance
that is important. Since the output of
the ceramic pickup is a capacitor we
may connect it directly to the input of
an inverting. amplifier and use a
capacitor as the feedback element. The
gain of the stage now becomes the
ratio of the two capacitor impedances.
Although the impedance of the
capacitor drops with increasing
frequency the ratio remains constant,
Therefore, with a ‘perfect’ amplifier,
the frequency response is flat at all
frequencies.

In real circuits we generally need a
bias resistor across the feedback
capacitor. This causes a roll-off at the
low end similar to that obtained when
using a FET amplifier.

If a response down to 10 Hz is
required a resistance of 50 megohm
minimum is required. However this is

c2
]
LA
c1 o
HIGH GAIN uTePuT
|—< INVERTING >>———6—0)
AMPLIFIER

BIAS
NETWORK

-
cz:l:

Fig. 6. Basic charge amplifier with bias and
filter network. Gain control elements are
capacitors. Bias network R1, 2, 3 and C3
are required for dc stability and to roll of
bass response.

+V{10-18V)

2N5459

OouUTPUT

R3
470k

ov

Fig. 7. Circuit of FET follower used to
obtain the responses shown in Fig. 2.
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much too high for correct biassing and
a different technique is called for.

With the arrangement illustrated in
Fig. 6, the effective resistance is:—

=R2+R3_
R2

provided R2 << R1, 3and
Xe3 << R2

If the value of X.; approaches R2
the effective resistance drops and, if
the value of R2 and C3 are properly
chosen, a 12 dB/octave cut-off at the
low end can be obtained which
effectively removes the rising low-end
response due to the recording
characteristic.

Other advantages of the charge
amplifier are firstly that it is easy to
obtain gain (unlike the source
follower FET approach) and secondly
that cable capacitance does not affect
the performance in any way. One
disadvantage is that the cables are
slightly microphonic and movement of
the leads can cause an output — this
however is not an insurmountable
problem.

The overall response of the Decca
Deram Cartridge into a charge
amplifier is given in Fig. 3, and as can
be seen the response at the low end is
greatly improved. As said before the
drop around 2 kHz could readily be

R R1

eff

compensated for but this was not
considered necessary.

If a pickup having a different
capacitance were to be used the only
change would be in the gain of the
amplifier — the frequency response (of

+V{(10-18V)

the amplifier) remains the same. If the A
gain is too high then simply changing :
the feedback capacitor to a higher OUTPUT
value will restore it. However, if the [INPUT
low frequency cut-off is to be
maintained both R4 and C3 must also R8
be altered. Table 1 illustrates the 470k
values required.
O é ©

CONCLUSION GRE ov

Cost for cost the ceramic cartridge is R3 RS
better vaiue for money than the m2 M2
magnetic type. The use of a properly —\
designed preamplifier can produce a jpc2z
substantially flat response. L

However whilst an aimost perfect Fig. 8. Circuit of practical charge
frequency response can be obtained by amplifier for ceramic cartrid.gesFlfvh;ch
properly processing the output froma  £7% T8 AvCiRe PERERI OV
cartridge like the Decca Deram it can
never sound like the Shure V15 MK 3!
Other factors transient one feels that if it were done

such as
response and channel separation are
generally not as good as those of a

magnetic  cartridge. Whether the
inbuilt  mechanical resonance s
actually respansible for the poor

transient response is probably known
only to the cartridge manufacturers —

electronically it may well be better.
This has not been presented as a
normal project but rather as a basis for
experimentation. The circuit described
has been built up and does give the
response expected. Try it. The results
may be surprising. ®
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- Projection

PROJECTION TV started around 40
years ago using the Kerr Cell. Briefly,
the Kerr Cell was a device which, with
the passage of current, changed its
light-passing characteristics. Thus, a
high intensity light source could be
used to project an otherwise weak
image onto alargescreen. This offered
hopes forthe then fledgling pre-war TV
industry to get around the problem of
necessarily small pictures from the
small picture tubes then available —
some as small as 6 inches. However,
war breaking outin 1939 stopped all TV
work and the miniscule production of
cathode-ray tubes was diverted to war
to fill the voracious appetite of radar.

The Kerr Celi never did make it and
was forgotten, never to return. But the
mass production of Cathode-ray tube
learnedinwar,faunched TVasweknow
it today. It's remained essentially the
same since, with the only real change
coming with colour. Not until Henry
Kloss’'s projection TV emerged in a
practical form, has any real change
occurred. Doubtless the Ediphor
system comestomind, —theonewe're
all familiar with from its wide use in
projection of boxing fights in large
auditoriums. But its price tag runs into
$130,000 and therefore is only of
limited appeal. GE has a system for
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By Jim Essex

classrooms and small auditoriums,
but, again, the cost is too high, —
around $39,000. Henry Kloss decided
he’'d do better, using material readily
available from regular TV sets.

No, it's not done with mirrors (as in
the early TV’'s) which used a mirror-
backed lid which, when raised,
reflected the image to the viewer.
Methods to enlarge this image were
virtually exhausted when the industry
saved the day producing first the 17-
inch pix tube, followed by the 21 inch
which remained the standard of the
trade for many years. In most of us,
there was always that gnawing thought
of — “why couldn’t the best of the old
be wed to the new to produce a
useable, practical image bright
enough to fili a screen similar to those
used for home movies?” Well, it
remained for Henry Kloss to do this.

Perhaps a word about him might be
in order, here, He was an MIT drop-out,
who, to fill his craving for develop-
mental research, turned to audio. TV
wasn't his cake, watching it only a few
hours a week, — more out of curiosity,
the screen being far too small to excite
his interest. He developed a loud-
speaker when sound demanded
something better than was currently
available for the new breed of long-

playing records now appearing in the
early 50s.

In the best traditions of people who
like to work on electronics in their
basements, spare room or what-have-
you, he put together what he thought

the industry lacked in an audio
speaker, sold it and AR (Acoustical
Research) was formed to produce it.
He was in business. It was only amatter
of time before the inevitable happened,
if you could do it for sound, why not
TV? Now president of a high quality
audio products firm making, along
with the speaker, — steareo cassette
decks — among other things, the
question of TV and why it couldn’t be
made more enjoyable, returned.

GREAT OAKS
About eight years ago he began like
most experimenters, — from the

bottom. He boughta TV kit, built it from
scratch, then convinced himself it was
technically possible to produce an
image 10 times the size and still have
“an interesting brightness” as New
Yorker magazine put it. Down the’
street were other interesting people
doing other interesting things with
pictures. Like Edwin Land who hit it big
with the Polaroid Land Camera. The
“Brain Mafia” — as most of his age
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group and usually MIT grads were
called, — were hitting their stride!

His claim of having never invented
anything, — “l just put . . . together
seemingly unrelated ideas in intel-
ligible packages and make them work,”
as Mark Jacobson put it describing
Kloss in his story, may be over-
simplifying it. But when yourealizeitis
an ordinary TV chassis that powers his
revolutionary system, you may just say
to yourself, — “why didn't | think of
that?” Of course, he put his money
where his mouth was, — which may be
the only real difference, like two million
dollars!

Within a half-dozen years, he had the
model 1000-A ready. Now, they are
seen throughout the US. — and
recently in Canada.

FIRST SIGHT

| first saw one at Arnie's Restaurant,
— a medium sized, rather dimly-lit
dining house located near the
University of Waterloo, an ideal place
for students to judge its merits. Atone
time in my career, | had worked at the
University, and my scientific curiosity
was somehow re-kindled at this huge
screen — atthe moment, showing the 6
pm news. From where | sat, | could
clearly see three lenses, brightly
flooded with light in the now familiar
red, green, blue triad simulating the 3
guns of a colour pix tube. But, |
reasoned, you can’t achieve an image
that big (it looked almost 7 ft.) by just
magnifying an image of a CRT, even it
they'd provided three separate CRT's
to accomodate the three primary
colours. No. And as | learned later,
there's certainly more to it than that,
although 1 understand Sony, for
example, do just that; magnify a high
intensity image — but from only one
CRT, — and project it on a somewhat
smaller screen. It is not too bright, and
has obvious limitations. How did Henry
do it?

The manager of Communications
for the Advent Corporation and who |
subsequently came to know, — Mr.
Joseph B. Hull, Jr., — described Henry
Kloss's system and the company Kloss
heads, now not only making high-
quality audio products, but projection
TV as well.

The heart of the system, he
explained, is the patented “Lightguide
Projection Tube” and the Schmidt
optical system, a lens originally
designed for wide-angled telescopes
for observatories. But first, consider
the Lightguide tube, designed and
manufactured by Advent, called the
Advent “VideoBeam” Tube. You recall
how the three guns in a colour tube
respond . . . individually, to the three
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colour signals transmitted. There’s
one red, one blue and a green gun.
When properly combined on a
corresponding “triad” pattern on the
CRT's face (after passing the hurdle of
a shadow mask, incidentally, and
thereby reducing the brilliance on the
tube’s face) we achieve white and any
colour in the spectrum between that
and black. Or, in other words, a full
range of visible colour can be
reproduced.

Two limitations are evident; — the
discrete three-dot arrangement to
produce one tiny segment of picture
with the obvious inherent fuzziness
which results, and the tremendous
angle (90 degrees at maximum) the
beams must sweep to fill a raster. This
is not to mention the near-impossible
task of making each beam fall on its
own corresponding dot on the tube
face after “ramming through” the
shadow mask, — all of which has a
deteriorating effect on the ultimate
brilliance and clarity which can be
achieved. In the video beam tube — of
which there are three, remember, not
three separate guns within one tube as
in conventional Color TV — only one
electron gun is present. The electron
gun’s output is made to sweep back
and forth across a 3 inch phosphor,
properly coated to provide one of the
three required guns or tubes needed to
form the triad. Since this light-emitting
“target” need provide only one colour,
it can be uniformly coated with the
single desired colour phosphor:
4C(refer to fig. 1) The efficiency thus
obtained leads to a linearity (un-
iformity) across the screen not
possible with the clusters of “colour

The business end of the Advent Console
showing the three lens system. each lens
being fed by its own CRT.

dots” characteristic of present colour
tubes. Brightness uniformity is also
enhanced by the beam having to
sweep over a mere 15 degrees instead
of the 90 degrees in conventional
CRT's. You may now ask how this
picture on the refatively small screen —
actually about 214" wide, — is gathered
and focused onto a large, external
screen almost 6 ft. across?

THEY DO IT WITH

Referring back to fig. 1, the light
given off the small screen — or target
— is directed towards the rear of the

[RED, BLUE OR GREEN)

ELECTRON BEAM

ELECTRON GUN —

ADVENT LIGHT GUIDE PROJECTION TUBE

PHOSPHOR COATED INTERNAL SCREEN

]/

¢ 1374 ADVENT CORPORATION

# IMAGE PROJECTED YO 4 174" x 5 2/3' SCREEN

y
—

CORRECTOR LENS

SPHERICAL PROJECTION MIRROR

Fig. 1. The basic Advent Light guide projection tube and connector lens. A single tube is

used for each of the three basic colours.
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tube where it strikes a highly polished
mirror located at the end. There it is
reflected outward along the axis of the
tube where it is gathered by the lens.
The mirror focuses the light from each
point on the target to the corres-
ponding area of the big screen across
the room.

Thus, the colour dots or lattices of
conventional TV’s are not required, nor
is the shadow mask — making for
higher efficiency than is possible in a
direct-view pix tube. This is the “key”
to getting bright projection results.
And of course, the optics being
“inside” the tube, there’s no way they'll
come out of adjustment. Before, on
theatre projection systems, a trained
technician was needed to do the job.
All critical optical adjustments are thus
made at time of manufacture, and
vulnerabte optics are out of the way of
dust or damage. The front of the
corrector lens only is exposed and this
can be dusted occasionally, of course.

Voltages and control circuit
functions are identical with con-
ventional TV's, but instead of driving
three guns within one tube envelope,
the TV circuitry is used to drive
individual guns in three separate, high-
intensity small-screen tubes which are
extremely bright. In addition, coupled
with this system, is a special screen —
designed to reflect the maximum light
and detail from a surface made of
highly reflective aluminum with a rigid
foam backing. Manufactured under
license from Kodak, it is five times
more reflective than a regular
lenticular or beaded screen as used in
most home movies. Besides this, it is
specially curved in both the horizontal
and vertical to exactly match the sweep
of the light travelling in a huge arc from
the “TV set” 7 feet away.

This, of course, produces “critical”
viewing areas — or seating, wherein

The Videoheam receiver-projector in use. An idea of the size of the screen can be gained

from the viewers.

optimum viewing is enjoyed —
although this is quite large and really
offers no restriction. (see diagrams 2
and 3 for seating detail and screen
dimmensions). The screen surface is
understandably somewhat delicate, to
prevent smudge marks from fingers
when handled, for example.

SET-UP

When the “Videobeam” TV is set up,
the three tubes form a Triad, — green
on right, red on left, blue at bottom-
viewed from rear. Now, if a “dot” of
light from each was aimed on the
screen, properly converged so the light
from each over-lapped the other, you'd
get a clear, sharp corresponding

WHITE “dot” on the reflective screen.
When swept, you obtain a raster about
3 times the size of aregular 26" TV tube
— or approximately 85" corner to
corner.

The screen's distance from the
“control’'box” type TV is critical —
about the only thing that is — and a
string cord is provided so this exact
distance can be checked at any time —
especially after moving furniture when
the Advent cabinet just might get
pushed inadvertantly out of place by
an over-enthusiastic housewife. Within
the set itself, a cross-hatch pattern is
available at the push of a switch so that
correct convergence is always
assured. Minute adjustments can be

33"

(]
—— 22%" —

i
|
!
)
!
I

THE VIDEOBEAM RECEIVER-PROJECTOR
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1270 14°

18° 70 20°

PRIME

HORIZONTAL VIEWING AREA

ACCEPTABLE UNACCEPTABLE

NOTE. THE QUALITY OF THE PICTURE IN THE AREA  FIG 2
LABELLED ACCEPTABLE HAS LOWER BRIGHTNESS

AND LESS COLOR INTENSITY, BUT NEVERTHELESS

REMAINS ENJOYABLE TO VIEW,

Fig. 2 (a) and (b) Showing the vertical and horizontal viewing

area.

made by anyone at any time, although
once set, there shoutd be no need to
change them.

LIGHT BEAMS

It is this “physical distance” which
achieves what's accomplished within
the smaller dimmensions of a regular
CRT (and which contributes to the arc
having to be only 15 degrees within a
Videobeam tube as compared with the
conventional color TV tube's 90
degrees). Thus, light beams replace
electron beams once leaving the
Schmidt optics and a whole new
method of re-structuring light is now
possible. And, of course, the results
are nothing short of breath-taking.
Perhaps the best definition of this is
Henry Kloss's exclamation when
demonstrating the system and a
commercial appeared. “Look”, said
Kloss. “Look, there’s a fly in that
commercial. A fly flying around one of
the babies. You'd never see that on a
conventional set.”

The process has been proven by
having the first 100 manufactured sold
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FIG.3 THE VIDEOBEAM SCREEN

close to the plant in Cambridge,
Massachusetts. This way, close
monitoring could be done and minor
flaws corrected. Now, they are nation-
wide and making over 100 Model
1000A’s per week*. Conventional type
TV circuitry can be used to power the
three tubes, which operate direct from
the chroma output normally used to
drive the red, green and blue guns. The
voltage requirements for the three

tubes are paralleled with the HT being .

actually about 28kV. All other
adjustments are the same, like vertical,
horizontal, focus, etc and the complete
unit operates on 110V, 60 Hz,
consuming about 160 watts. The
complete unit (including screen) sells
for $3,995.00 FOB Cambridge for the
model 1000A with the Schmidt Lens
system. A less expensive model — the
model 750 using a refractive lens
system — sells for something less. |
asked Joe Hull the difference between
the two and he said it was in the
method of light-gathering that diff-
erentiates the one from the other. “The
Schmidt system has a very wide
aperature — 0.7 to be specific. This
means that about 35% of the light

DIMENSIONS ARE APPROXIMATE

emitted by the phosphors survives the
projection process, which, if you are
familiar with optics, you will recognize
as being remarkably efficient. The
refractive system is not as “fast”, with
an aperature of f1.3, or about half the
efficiency of the 1000A’s Schmidt
system. However, be sure not to
misinterpret that factor of about 2; the
eye can barely recognize a 50%
difference inbrightness. . . .”Inother
words, the difference in picture
brightness is comparable to an audio
level difference of 3 db, which is barely
discernible. The refractive system is
less expensive than the Schmidt, and
this may be an indication of things to
come; the same — or nearly the same
result — at lower cost. Certainly, when
Henry Kloss started out, he envisaged
a relatively low-cost home entertain-
ment medium that'd be readily
available to most everyone.

*The Electrohome Company in
Kitchener, Ontario, are manufacturing
the Model 750 under special licence
from Advent Corporation, marketing it
under the name “ELECTROHOME-
ADVENT".
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MK 50361-50362 ALARM CLOCK MOSTEK

THESE ARE MOS CIRCUITS, using deple-
tion-load ion implantation process. Both
chips work in 12 or 24 hr mode and will
drive displays directly. Features included are
10mA/segment LED drive; low voltage
backup (9v); forward or reverse time
setting; intensity control; non-MPX display;
24hr alarm in three modes — tone, radio or
tone plus radio; variable ‘'snooze’ (1-59
mins); count hold; summer/winter time
switch; clear on switch on; leading zero
suppression in 12hr mode. ON 50362
ONLY" Four Year Calendar; choice of date
display format; second alarm time.

The snooze inhibits an activated alarm for
10min periods. The ‘sleep’ will activate the
radio for between 1-59 mins (adjustable).

POWER FAILURE

At the occurrence of power failure, the
digits will flash at 1Hz to indicate incorrect
time displayed. Set 2 (forward) switch should
be closed (once power is restored). This
mode is triggered when the colon output
goes to Vgg and may occur at initial
power-on.

DISPLAY MODE

The input is three state. Operation is as
follows-

Display Input Mode

Vss Alarm time displayed
Open Time displayed
Voo Seconds displayed

When in alarm mode, the time displayed
is that to which the alarm is set. It may be
altered by use of the time set procedure,
given below.

SETTING

The setting mode allows either a forward
setting or reverse setting of the display. The
setting inputs are-

Set 1 or

Set 2 Input Mode
Vss Forward Set
Open —
Voo Reverse Set

When either the set 1 input or set 2 input is
connected to Vgg the display will increment.
Connecting the input to Vpp will decrement
the display. When the display is not being
set, the inputs should be left open. The set 1
input changes the hours digits at two counts
per second. The set 2 input changes the
minute digits at two counts per second.
Carrys or borrows are not allowed during
time setting.

DISPLAY FORMAT

The display format is used to select a 12
hour display, 24 hour display or to blank the
display. The connections are-

Display Format Input Mode
Vss 12 Hour
Open Blank Display
VDD 24 Hour

In the 12 hour mode, the hours digits will
display time in 12 hour format with a PM
output. When the input is connected to Vpp,
the format will be 24 hour time. In the blank
mode the segment outputs will float,
allowing wire-or conditions.
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COLON

In normal operation, the colon flashes at
one Hertz rate for an activity indicator. The
colon output conducts to Vgg with a 50%
duty cycle in the 60Hz mode and 40% duty
cycle in the 50Hz mode. The colon is off
when displaying calendar, seconds or sleep
time.

Vay E . 40] sF 4
se3  [2] [39] sty
TH L /PM E [38] s0 3
™, (4] [37] scs
™, [5] [36] INTENSI Ty
coton  [§] [3] s8 3
snooze/sLEER[7 | 3] say
st [g] [33] sc,
sev2(9] [32) sr,
TIME SELECT (40 X 50361 N E SE 2
50760 w2 [11] (39 sc,
DISPLAY FORMAT [12 [29) se.
TIME 8ASE SELECT[13] [28] sap2
ve (4] 27 sc
oIsPLAY MODE (15 [26] sF
WAKE SELECT E E SE |
ALarm enaLE[1” [2a] so |
Voo E E Sch
tone out [19 [22] se
RAO10 OUT [20 [21] sa,
28 [ [a0] sF 3
sey  [Z] (39) sty
THys P (3] 58] so3
o [4] [37] scs
w, 5] [3¢) nTENSITY
coton [6] 58] ses
snooze /sLEER( 7 | [3a sas
sev i [a] 53] se.
set 23] [32) sf,
TIME SELECT 1O K 50362 3] st»
50760 wz [11] [30) sc,
DISPLAY FORMAT [12] E s8
TimE BasE SeLeCT [13] [2a] sao,
AUXILIARY E E SG |
DISPLAY MOOE [15 [26] sF |
WAKE SELECT [16 [25] se
ALARM ENABLE [17 E so
Voo E E S
Tone out [19 [22] ss ,
RADIO OUT [20] [21] sa
INTENSITY

The intensity input regulates the current of

the segment outputs and colon output.

The intensity input regulates the current of
the segment outputs and colon output. Over
a range from 3K7) to 30K\ for the
intensity resistor (Rggnse). the following
equation may be used to predict segment
current {lggg);

VEWD LED n volts)
leee - 18 )

RSENSE (n kohms)

Segment current is relatively independent of
the voltage on the segment pins, therefore
the LED display voltage supply need not be
well filtered. For minimum value of Rgpnge
(intensity control resistor), care should be
taken to insure total circuit power dissipation
does not exceed safe operating limits.

AM/PM OUTPUT

When in the 12 hour operating mode, the
TH3/PM output conducts to Vgg when
active. The indicator will change states when
the hours change from 11 to 12. When in
the 24 hour mode this output drives
segments A, D & G on the most significant
digit. Consideration must be given to wiring
the display to accommodate both 12 hour
and 24 hour operation using the same
display.

TIME SELECT (Daylight saving time)

Connection of the time select pin to Vgg
will advance the time by one hour. By
opening the connection, the time will return
to the original time. Connecting this input to
Vpp will reset the clock to the Power Up
mode.

ALARM ENABLE/WAKE SELECT

The alarm can operate in three modes
according to the voltage on the wake select
pin. The states are defined as-

Wake Input Mode
Vsg Tone
Open Radio
Voo Radio followed
by Tone

The Alarm enable pin enables alarm 1 when
connected to Vgg. If it is left open it will
disable the alarm due to an internal resistor.
When the alarm occurs it may be disabled
and immediately re-enabled and will activate
24 hours later at the alarm time. The alarm
will self-disable after one hour of operation.
The output tone will be in the range of 200 to
1000Hz and conducts to Vss 8.3% of the
time at a 1Hz rate.

Radio out, when activated by either the
alarm or sleep function, will conduct to Vss.

When the radio followed by tone mode is
selected, radio out conducts to Vgg at alarm
time. Eight minutes later the tone output will
be enabled. Both remain on until inhibited by
the alarm enable control, snooze, or the

automatic alarm reset which occurs after one
hour.

SNOOZE/SLEEP INPUT

The snooze and sleep inputs use a single
pin to select snooze or sleep. The connec-
tions are

Snooze/Sleep Mode
Vsg Snooze
Open No Change
VDD Sleep

The Snooze feature will temporarily turn off
an activated radio and tone outputs to allow
an additional 10 minutes’ sleep. Momentar-
ily connecting snooze to Vgg will activate the
snooze. If left open an internal pull-down
resistor will maintain the snooze feature
inoperative.

Connection of the pin to Vpp will display
the sleep time in minutes in the minutes
digits. The time will start at 10 minutes. and
the set 2 input is used to set the sleep time.
Radio out will conduct to Vgg for the amount
of time set. After the time decrements to zero
radio out will turn off, provided that the
Snooze/Sleep input is not being held at V.

If the snooze is active, the sleep input will
reset the snooze function. The snooze input
will reset an active sleep time.
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RECOMMENDED OPERATING CONDITIONS (0°C to 45°C)
PARAMETER Min Max Units
Operating Voltage, VDD -12 -16 Volts
Standby Voitage, VDD -8.0 -12 Volts
input Logic Levels:
Set 1, S/et 2, Dissop}g\éyodg, \
'Sleep, z, Display
GENERALIZED CIRCUIT (12 HR. DISPLAY FORMAT) Eg‘:g‘g‘i Alahm Enable. Wake Y
Select, Time Select, Time Base
ser 1 ronwans = Select, Auxiliary Vgs —1.0 Vss Volts
‘88 S('l REV(IS( e 'u}IPu 3 E P
v N AT A VDD Vvpp + 1.0 Volts
o0
e -
st12 ronuano o a . . oo Intensity Control 3 30 K—~OHMS
SET2 ] o
P «(vtns( ° D Segments, Colon ~26 Volts
w A A B <
SNQO!( SNOOZE/SLELP
SL((' ™2 5 |NC
w4 A r‘;"‘.‘w
563 2 I o Lt ;
ARM QLE g ALARM ENABLE e e0 | :
ALAlll ENABLE -~ 3
it v 7 ! oo o s SELECTABLE 12 HR. OR
. n vl SD L] t
A Y <D S 24 HR. DISPLAY
__—v:-.?:\_ :.uz SECECT - s $ |
aDi0 /TN T4 1
SA3 34 ' A
[RR
L1 x DIseLay TISPLAY FORMAT
) e 2 ,‘0:,,"‘\‘»— 2 B
COLON 6 —{ %—
COUNT WMIBIT TIME BASE SELECT
cone . |13 FeBRSE = 6
SRR PR -1 ) SG2 33 . ; *
WINTER TiME TIME SELECT sre 2 | Z : E C
] s.l.:ls::'n vm[\—'lc sE2 3t o l s — K}_‘
wo & A i H 04sD1
sCz 30 : < 1
I ALARM 2 se2 29 ; 2 : D
| —— T sa2/s02 28 T g i
T reouns P s ! TH I
e ! MK5036 N -
!
' MKks03é2N | TH3
1 N | sa 27 e i
A ) AUXILIARY NPUT B T, i
o\ (30!62 oNLY) s 26 0
| |
AGH T DAY[° SE1 25 L e :
o1 2 ie P Lo DAY/ MONTH ch 12 HR
ss| | vgg sci 23 : < I} -5 d _/
Voo s81 22 g I
R sar 2 o b o MONTH/DAY 24HR
50/60H: mN'—K}——U 50/50 Hz I INTENSITY (S 1
YONE‘QOUY RADK) QU o 36 —@—w
| | INTENSITY Vv gp < B
’A\!RM 'QAI!\D
PM INDICATOR
ViLED

<«

(VR D

(

»

OO

i

a

¢
bt

A
AR

FUNCTION SETTING

The displayed function is set using the set
inputs while the appropriate function iss
displayed using the display mode input and
auxiliary input. The set 1 input changes the
hours or month digits at two counts per
second. The set 2 input changes the minute
or date digits- at two counts per second.
Carrys or borrows are not allowed during
setting except for an illegal month date
combination.

The MK 50362N contains an auxiliary
input which allows the selection of additional

features. All other functions operate like the
MK 50361N.

ETI CANADA — MAY 1977

The additional features are selected by

using the Display Mode

Input and the

Auxitiary Input. The selection is-

Function
Alarm 1 Set
Current Time
Seconds
Month Date
Date Month
Alarm 2 Set
Time Zone

Display
Mode
Input
Vss
Open
Voo
Open
Open
Vss
Voo

Auxiliary
Input
Open
Gpen
Qpen
Vss
Voo
Vss
Voo

MONTH—DATE CALENDAR

The calendar is a four year calendar
Connecting the Auxiliary input to Vgg will
display a Month-Date format. A Date-Month
format can be selected by connecting the
Auxiliary input to Vpp. The display mode
input must remain open.

SECOND ALARM TIME

The second alarm time can be displayed
by connecting the Display Mode input and
the auxiliary input to Vgg. To enable the
alarm, the Alarm Enable pin should be
connected to Vpp. Alarm 2 will not have an
automatic shutoff. Disabling either alarm will
reset snooze.
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HD 0165 KEYBOARD ENCODER HARRIS

S —————————

The HD-0615 Keyboard Encoder is a 16 fine to four-bit parailel encoder intended for use with manual data entry devices such as

calculator or typewriter keyboards.

Inputs are normally wired through the key switches to the +5.0V
accomplished with two Encoder circuits by the use of double pole

In addition to the encoding function, there is a Strobe output and a Key Rollover output which energises
whenever two or more inputs are energised simultaneously. Any four-

bit code can be implemented by proper wiring of the input lines.
power supply. Full typewriter encoding up to eight bits can be

key switches or single pole switches with two isolation diodes per key.

Outputs will interface with all popular DTL and TTL logic families. The circuit is packaged in a hermetic 24-pin dual in-line package and

operates over the temperature range of 0°C to + 75°C.

TRUTH TABLE
INPUTS ovs. ELECTRICAL CHARACTERISTICS
1 2 3 L) 5 & 7 B 9 10 1t 12 13 14 15 16 1 2 3 4 St Kpo UMITS
PARAMETER SYm UNITS TEST CONDITIONS
LLotot ot Lttt Lt ot L L Lt otlhoH e owow MIR | TVP | MAX
H L L L L L L L L L L L L L L L H H H H 1 H Iaput Currem .y |IN 17 mA le =450V
L H L L L L L L i L L L L L L L L H L] H L H
L L H i L L L L L L L L L L L L H L H H L H g VOI_ 02 +04 VIN =485V IUI.' 10mA
t t t : : t t t t t t :: t t t t : : : : : : 0C | Dutput Voltage +04 v Vi 435V g = 32mA
L 2 e S A I T N R ] 11 Voy +24 | 440 Vi = Open Curcurt, Igy = ~240..A
L L t t t L L3 L L L L L L L L L H L L H L H ]
L L L L L L L H L L L L L L L L L L L H L H Operating II:C 52 mA One Input at +$ 25V
L L t L L L L L H L L L L L L L H H H 1 L H Power Supply Current
[ S L i L L L L L H L L 3 L L i L H H L t H o
TS S S S SO S EE Maximum| Iecp 23 mA All 1npots a1 +5 25V
L L L L L L L L L L L H L L i L L L H L t H A
Lot L L L L L L L L [ S T 8 HoHL L L H Tgase * 25°C
LoL L L L L L L L L L L L H L L L H L L L H A.C.| Skew Time {Note 1} TSK (1] 200 ns VCC = V) 450V
L Lt L Lt L L L L L L Lt K LMoL L L L H €, < 50pF
L L L L L L L L L L L L L L L H L L L L L H
ANY TWO DR MORE HIGH X X X X L t
50V / INPUTS ?Vcc 5.0V
O—¢ A 1w d DUAL MONDSTABLE
0—0/‘——— L oTLonoeey L1502 DR EQUIVALENT] K
I3 22— PARALLEL COLLECTOR 2uF
: a_{n Mp— 2 BINARY GATE
;s 5 ] DUTPUTS
I I 3 ¢ HD-0165
l 11— 1 ’
1 | AUXIL S |
A B — OUTPUTS KAD
10— n 2 p— KR
]
, 1n—o
, 22—
o n—s
Vo7
] q
A Figure 2. SWITCH BOUNCE ELIMINATION
Al s_|s 23
1 GNO
KEYBOARD 5
Figure 1. GENERAL CONFIGURATION FOR
ENCODING TWO TO SIXTEEN KEYS
+5.0V SUPPLY DOUBLE POLE INPUTS QUTPUTS
o KEY SWITCHES
M.S.B. \
3 T
' : HD-0165
é I ? QUTPUTS
' STROBE
! KRO
p— L.S.B.
p— 7~
—
OPEN COLLECTOR
GATE
—
—
i TO CIRCUIT
| OF FIGURE 2
] HD-0165
'
: STROBE
_0/ ! KAD
. ’
Figure 3. ENCODING UP TO 256 KEYS
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TTL 7400N TTL LOW POWER SCHOTTKY | LED'S C/MOS LINEARS
SNT400N .19 SN741268 .46 SNT74LSOON .25  SN74LS155N L.35 | Lironix CD4000BE .15 (D4073BE .29§ LMS01AH -45
SN7401N .19 SN74128N .55 SN74LSOLIN .25  SN74LSISEN 1.35 | 4 .99 | CD4001BE .19 Cpao7sBE .29f LM301AN-8 (mini dlp) -39
SN7402N .19 SH741324 .89 SN74LS02N .25  SN74LS157N 1,05 LS 1.00) CD4002BE .19 cp4076BE  1.50f LM304H .95
SN7403N .19 SN74136N .48 SN74LSO3N .25 2577:1{212%‘3‘ 1%3 12 ‘60| CD400EBE  1.19  cD4077BE .29f LM305H 95
SN7404N -23 SN74141N 1.09 SN74LSO04N .29 smusfsl;« 1250 | ‘70| Cp4007BE .19  Cp4078BE 2290 LM307H 40
SNT405H .23 SN74142N 2.50 SN74LSOSN .29 GRIAALOLt L74 70| cpaoosse .99 cnsosimE 290 | m3o7n-s (mini dip) =S
SN74061 .49 SN74143N 2.60 SN74LSOBN .25 30 | RL2 27| cD4009BE .49 Cpios2BE .29 R :
SN7407N .49 SN74144N 2.60 SN74LS09N .25 SN74LSL63N 1,50 CD4010BE .49 cpaogsse  .eof LM308H -9
SN7408K .22 SN74145N .89 SN74LS1ON .25 SN74LS164N 1,50 | Texas inst'mis{ cn4ollBE .19 CP40BeBE .69 LM309H -99
SN7409N .22 SN74147N 2.50 SN74LS1IN .25  SN74LS165N 1.75 | o) 4qy g0l cD4012BE .19 (Cp4301BE .65] LM309K 1.79
SN7410N .19 gN74148N 1.49 Su74LS12N .25  SNT4LS166N1.75 | o " go| CO4013BE .47 cCpasoasr  1.25F LM311H 99
SN7411N .29 SN74150N 1.50 SN74LS13N .63 SN74LS168N 1,75 TIL113 "20 CD4014BE .79 Cp4S07BE .60 LM318H 150
SN7412N .19 $N74151N .98 SN74LS14N 1.14  SN74LSI69N 1.75 T4 cpaolsBE  .B9 cpasioBE  1.350 mazak 6.95
SN7413N .45 74LS1SN .25 SN74LS170N 2.95 | TIL114 110 a7 ¢ 4 2 "
SN74152N 4.50 SN CD4016BE . coasilee  1.as§ uaciy %
SN7414N  1.25 gnN74153N .89 SN74LS20N .25 SN74LS174N 1,10 | TiL116 1.05| cp40178BE .89  Cp4S12BE .95 a
SN7416N .39 SN74154N 1.50 SN74LS2IN .25 SN74LS175N 1.10 | TIL117  1.20| CLA401BBE .89 (pas514BE  2.50 | LM33SN .99
SN7417d .39 gN74155N .98 SN74LS22N .25 SN74LS18IN 3.25 | y|L 1919 90| CD4019BE .49 (pisisse  2.50( LMSSSN-8 .49
SNTAZON .19 sn74156N .69 SNT4LS26N .35 SNTALSL9ON 1.59{ 7). 438 5| CD4020BE 1.15 cpasiepe  .95] LMSSGN-14 .89
SN742IN .29 sy7q157N .69 SN74LS278 .30 SN74LS19IN 1,59 o\ i5g 5.l CD4021BE .79 Cp4s178E  4.00] LM70SCN-14 29
SN7422N .19 gn94159N 2,25 SN74LS28N .35 SN74LS192N 1.59 | o oo, D) CD4022BE .99 cp4S1EBE  1.05| LM711CH 60
SNT423N .29 cnrgleon .99 SNT4LSION .25 SNTALSLOIN .59 | TIL20S "4o] CD4023BE .19 cp4SI9BE 69| | M723CH 55
SN7425N .29 gu74161N .99 SN74LS32N .32 SN74LS194AN 1,25 ! 42 cpao2sBE .89 cpasomE  L.19| a o
SN7426N .32 gujalean .99 SNT74LS33N .38 SNT4LS195AN 1.25 | TIL220 18] Cp4025BE .19 cpas22sE 1. 30| LM723CN-1 :
SW7427H .30 gn7g1638 .99 SN74LS37N .35 SNT4LS196N 1.35 | TIL22Y 21| Cp4026BE  1.75 Cpas2eBE  1.30| LM733CN-14 1.10
SN7428N 230 gN74164N 1.10 SN74LS3I8N .35 SNT4LS197N 1.35 | TyL222 36l cpao27BE .44 Cp3s278E 1.75| LM739N-14 1.25
SW7430N  .1Y gu94)6SN 1,10 SN74LS40N .29 SN74LS22IN 1.29 | 1 309 3.95] CD4028BE .85 Cpas28BE  1.15| LM740CH 9.95
SN7432N .29 2y74leen 1,35 SN74LS42N .80  SNT4LS240N 1.95 | o g il cp4029BE .99 CD35IIBC  1.20 | LM741CH .45
SN7433N .30 Zu74167n 2.98 SN74LS47A 1.20  SN74LS24IN 1.95 [ LIl ROl T04030BE .49 CD45I9BE .99 | | M741ON-B (minidip) .34
SNT437N <36 SN74170N 2.60 SN74LS48N .99 SNT4LS242N 1.90 - CD403IIBE  1.75 CLAS43BE  1.95 LM7410N-14 '35
SN7438N +36 gN74172N 6.98 SN74LS49N .99 SN74LS243N 1.90 | TIL305  4.50| -p4034BE  2.50 CL4555BE .69 :
SN7440N 219 gN74173N 1.55 SN74LSSIN .25 SN74LS244N 1.95 | TIL306  7.95| cp4o3seeE  1.15 C04556BE .69 EMZATCN IS 58
SH7442N .59 gn9g4174n 1.15 SN74LSS4N .25 SN74LS247N 1.15| Ty 307 7.95| cp4040BE 1.15 CC4SB1BE 3,25 | LM74BCN-8 (minidip) .38
SN744310 1.29 gugg)75n  L99 Sn74LSSSN .25 SNTALSZ4BN ii; TIL308 7.95| CD4041BE  .BY CD4582BE 1,25 | LM748CH .39
SN74441W  1.30 gnq4176N L85 SN74LS63N 1.49Y S:74L5251N 1,25 ] TIL309  7.95| cD4042BE .84 CC458B5BE 1,49 LM776CH 3.75
SH74450 <99 sN74177N .85 SN74LS73N .39 SN74Ls253N 1.25 | TIL311  Bgs| CD4043BE -79 40014PC .79 § LM1437N-14 .49
SNT446AN .99 Su7g178N 1.25 SNTALSIAN td) Shvaisason 1.o3| TI312  yeof COA04BE .79 4008sec ylio | |mtaseH 2]
SNT447AN .89 gy74179N 1.25 SN74LS75N .64 SN o 601 cpsoaeBE  1.55 4co97PC -89 § LM1458N-8 (mini di 59
SN7448N -95 gsu74l180N .99 SN74LST6N .39  SN74LS258N 1.25] TIL313  1.60| -pgo49sE "47 4Q098PC 8o -8 (mini dip) d
SN7450N <19 gn9418IN 2.75 SNT4LST8N .39 SN74LS259N 1.59| TIL31 1.45] cpaosose .47 40160PC 1.3 LM1488D 1.50
SHT4SIN .19 guqgy1gon .79 SNT4LSBIAN 1,29 SNT4LS260N  .29] Ty 32 85| cososise .89 401eipc .35 [ LM1489D 1.50
SH74530 .19 sn7418aN 1.95 SNTALSESN 1,35 SNT4LS26IN 2.25| 1) 66 95| p4os2se 189 4a0le2pc  1.35 | LM3046N-14 58
5";‘23” -19 SN74185A 1.85 SN74LS86N g9 SN74LS266N 49| L g 's5| cpa0sIBE .89 40l63pC 1035 | LM3302N-14 79
SNTacoN -1 sn74lsen 9.95 SN74L590N .74 SNTALS273N L.80| L ol | cpdoeose  1.35 40174PC 1,25 | | M4136N-14 145
SNTAT04 L34 o4190N 1,33 SN74LSOIN .99 SN74LS279N .64 W50 h40e6BE .74 4017SPC .28
SNT472N .27 guaaigin 1.33 SN74LS92N .74 SN74L5280N 1.95| LSB00  1.85| ~pi06gBE .29 40192PC 1,35
SN7473N .33 guo419an 1.10 SN74LS93BN .74 SW74LS283N 1.25 1 Eairchild CDI069BE .29 4G193PC 1,35
SNT474N .33 gn94193N 1.10 $NT4LS9SAN 1,50 SN74LS290N 1.05 | pcpgge .59 <D4070BE .39 40194PC 1,25
SNTATSN .47 2Uiiioin g9 SN741S95BN 1,35 SN74LS293n 1.0s | [Snoe “eg| Coo7lBE .29 40195PC  1.2s
SN7476N .36 guog)1gsN .59 SN74L396N 1129 SN74LS29SAN1.55 | CCo Cea| CpaoI2BE .29
SNT48ON .49 Suluioel Tga SN74L3107N .44 SN74LS298N 1.55 ;
SuTasamN 10T sn74l9n .84 SNIGLSION .43 SNTALS32AN 2-?9 ’;E&a"";"\ Z: LINEAR VOLTAGE REGULATORS
: +19 sn74198N  1.99 $NT4LSI12N .44 SN74LS3I25N 2.75 . =
SN7483AN .90 Zuliioct (Tgq SNT4LSII3N .44 SNTALS3I26N 2.80 | MV5054-1 .21 UK RS 250 i:ﬁi?;g?e‘g’:}'agﬁ (EgrIEr EeYmi
SN7484AN .99 SN74LS114N .44  SN74LS327N 2.70 1.45 { e
SN748SN 1. 35 SN74221N 1.10 TN o6 2 FND357 1. 7BHOSKC 7.95 5 Amp 5 Vot Positive Regulator T03
-3% sn74246n 1.35 SNT4LSIoAN 1§q SN74LS3S2N 1.20 ) ENDSOO 1.50 7800 Series .79 Positive Voltage Regulator 1 Amp
Slvegon  310e SN782478 1.29 SN74LSIaaN 1is0 SN74LSISIN 135 | pupghy ysp TO-3 /LM340K 5.6, 8. 12, 15, 18, 24 Volis
147 SN74248N 1,15 SN74LS125N .64 oNTALS3ISSN .64 Lunesr 2.95 7800 Series  1.35 Positive Voltage Regulators (Plastic) 1 Amp
SN7430AN .47 gn74249N 115 eNT4LS12en .64 SN74LS366N .64 70 TO-20AM340T 5.6, 8, 12, 15, 18, 24 Volts
SNT49LAN .69 sn74251N .99 TNTirSl3en 110 SN74LseTN .64 | FNS700 . 78MOQ Series .59 Positive Voltage Regulator % Amp
SN74oAN 47 SN74259N 175 SnaLsIaan .29 SHIALSIeEN .64 e Power TO-5/LM340H  5.6.8, 12, 15, 18, 24 Volts
SNTagan t4a SN74265N .59 SNT4LSL36N .49 SNI4LSITSN .64 78L00 AWC .49 Positive Voltage Regulator 100 MA
SU7495An  |¢9 SNT427IN 1.74 eN74Lo138y 1.10 SN74LS377N 1.80 | Transistors Series T0-92 26.5.6.2.82, 12, 15 Volts
Jgq SN74276N .89 SN74LS139n 1,10 SUTALSITEN 1.35 | 1ipogs 39 7900 Series  2.50 Negative Voitage Regulator 1 amp
SN7496N .84 . SN74LS3IBE6N .49 103 M 15. 18, 24 Volt
SN7497N 2.85 SN74278N 1.99 SN74LSL45N 1.05 TIP30C .54 0-3 /LM320K 5, 6.8, 12, 15, 18, 24 Volts
95 SN74279N .59 Jars1sin 1.05 SNTALSININ 2.25 | 1ip3ia 45 7900 Series TO- 1.59 Negative Voltage Regulator 1 amp
SN74105N .60 SN74284N 4,00 SN74LS670N 3.25 | 1ip33c .83 79MOO Series 1.59 Negative Voltage Regulator % amp
*33 SN742B5N 4.00 ; TIPA1A 65 TO-5/LM320H 5, 6, 8, 12, 15, 20, 24 Volts
SNTL0TN L33 Q742908 .69 We offer the largest variety of current | oo 0 74 78MGT2C 1.35 Dusal In Line Adjustable 4 Terminal Positive
HIMIGERT - o800 oo 69 production Texas Instruments and | 10,7 &0 Voltage Regulator
CIROCE - odB o SR fed Fairchild Semiconductor only 74LS | Tipyq2 70 TIMGT2C 1.35 Duai In Line Adjustable 4 Terminal Negative
g:;:}ié: ,'33 SN74351N 1.79 devices from stock. Even through the | TipP116 70 Voltage Regulator -
74118N 1.50 SN74365N .59 competition for current production | TIP117 90 78GU1 TO-220 1.60 1 Amp Adjustable Positive Voltage Regulator
by . SN74366N 59 i TiP121 1.05 79GU1 TO-220 1.50 1 Amp Adjustabie Negative Voltage Regulator
SN74119N 2.50 . major manutactured 74LS devices is jat
SN74120 SN74367N .59 de th TIP122 1.20 78GKC TO-3  2.00 1 Amp Adjustable Positive Voltage Regulator
o onE SN74368N 59 el 76 00 (A R DUG TIP125 1.05 79GKC TO-3 250 1 Amp Adjustable Negative Voltage Regulator
Sy 3 SNrirson 1024 best prices possible. As our COSS | 1)pyp 138
N N .49 . hi i 1. |
SN741238 69 SN74393N 1.2¢ decrease, we pass (hesavingsontoyou. | Tipess 89 T «QNLY MAJOR MANUFACTURERS SUPPLIED”
SN741254 ,46 SN74490N 1.59 our customer. TIP3055 = This i rtial listing. O lete catal list
“This is a partial listing. Our complete catalogue lists
TA BOOKS ’ . A ] -
stEﬁoAs INSTR\DJEISRCERT:TTENDA o pRICE | Many more device types & series which are available
MOS AND BI-POLAR MEMORIES | (cg1011  Understanding Solid State 365 | "Our gquality cannot be surpassed”.
. Electronics “How can you beat the combination — the finest quality;
C1702A (1 Microsecond) N 3 ! 5
256 x 8 EPROM 11.65 | LCB189Y 5%'::"“’)’;3::9”? Jor 1525 | current production; latest date code devices from the
C1702A (1.5 Microsecor;g) 775 | Lcca0a Power Data Book 4.75 | major manufacturers as Texas Instruments & Fairchild
c2708 1K :2:%;:()5:1?50 NS) e300 | Lccar2 TTL Data Book 6.45| Semiconductor — At the lowest prices — Surely an
S \ LCCa131 Transistor and Diode Data Book 6.25 beatabl inati Get th t value f
8080A 8 Bit MOS Cpu (2 Microseconds)  19.45 LCC4151 Linear and Interface I.C. Data Book 475 | unbea able combination. Get the most value for your
2102;‘(‘;, 1QK f:&c :I:rgllgf:‘s:\i:( (350.:2 g:g LCC4200 Semiconductor Memories Data Book 345 Dollar”. . R . .
B B B0 Bit Static Snift Register 585 | LCCA4230 Optosiectronics Data Book 385| Active Electronic provides the three essentials in
3341APC 4 x 64 MOS Fifo 1 Mhz Shift LCCa241 Linear Cortrol Circuits Data Book 3.75 Semiconductor Dis"ibu!}ion -
Register 5.85 FAIRCHILD DATA BOOKS 1. QUALITY
TMSO0117NC  Decimal Arithmetic Processor 13.00 Power Data Book 3.90 2. INVENTORY
LCM1001 Microprocessor Learning Module 180.00 BrPolar Memory Dgta Book 3.25 -
TMS4024NC 64 x 9 Fifo 8.95 Linear Integrated Circuit Data Book 388 3. PRICE )
TMS4050NL 4K Dynamic Ram Plastic 300NS  9.25 Low Power Schottky and 3 We now offer the lowest mix pricing for major
(18P mfecr'";'g.?'gag"éook ?:30 manufacturers devices only; with the largest variety of
WERITT O DY"”"'C(;": ’;'“"C SOBS R .20 devices available from stock, from one source.
Alady Raytheon Linear Integrated Circuit Data Book 1.95 We offer Rolls Royce quality at Volkswagon pricing.
Avs'.lg“)ii 4K Static Raamel:ol;:r; 4 (450 NS) 6.95 Solid State Scientific CMOS ‘B’ Series Data Book 3 25 yce q y
SQ")I
Single 5V Supply 19.45 Unitrode Semiconductor Data Book

93415PC 1K Ram 40NS Open Collector 14.30

sz wfEi I Active Electronic Sales Corp.

Slice 40.95
AM2902PC Carry Look Ahead Circuit 415 . .
AM280SPC  Quad 2 Input Bus Transceiver  10.55 “New catalogue available on request” Minimum Order 5647 Farrier St. ¢ Montreal, Que. H4P 2K5
AM2907PC  Quad Bus Transceiver with Tri- o §10.00 and add $1.00 to cover postage and handiing. o Phone: (514) 735-6429
State Receiver and Parity 91 i .S. Funds, duty inctuded. All Federai and
AM2909PC 4 Bit Cascadabie Microprogram 9.30 ::veif\::; "?al:ess e:tra. I yoz wish to pay in Canadian Toronto, Ontario
AMZIIBPC  Quad Derogeater with Stendard Funds. please add 5% 44 Fasken Drive, Unit 25, Rexdale, Ontario
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OPERATIONAL AMPLIFIERS (OP-AMPS) CAN be
simply described as high-gain direct-coupled voltage
amplifier ‘blocks’ that have a single output terminal but
have both inverting and non-inverting input terminals.
Op-amps can readily be used as inverting, non-invert-
ing, and differential amplifiers in both a.c. and d.c.
applications, and can easily be made to act as
oscillators, tone filters, and level switches, etc.

Op-amps are readily available in integrated circuit
form, and as such act as one of the most versatile
building blocks available in electronics today. One of
the most popular op-amps presently available is the
device that is universally known as the “741” op-amp
In this article we shall describe the basic features of this
device, and show a wide variety of practical circuits in
which it can be used.

BASIC OP-AMP CHARACTERISTICS AND CIR-
CUITS :

In its simplest form, an op-amp consists of a
differential amplifier followed by offset compensation
and output stages, as shown in Fig. 1a. The differential
amplifier has inverting and non-inverting input
terminals, a high-impedance (constant current) tail to

+ve RAIL

INVERTING
INPUT

NON INVERTING O
INPUT

Ve RAIL

COMMON O ov
LINE 2

Fig. 13 Simplified op-amp equivalent circuit.

give a high input impedance and a high degree of
common mode signal rejection. It also has a
high-impedance (constant current) load to give a high
degree of signal voltage stage gain.

The output of the differential amplifier is fed to a
direct-coupled offset compensation stage, which

—

effectively reduces the output offset voltage of the
differential amplifier to zero volts under quiescent
conditions, and the output of the compensation stage is
fed to a simple complementary emitter follower output
stage, which gives a low output impedance.

INVERTING ~

INPUT
OP-AMP ouT
NON-INVERTING +
INPUT

Fig.1b Basic op-amp symbol .

LINES OF SUPPLY

Op-amps are normally powered from split power
supplies, providing +ve, —ve, and common (zero volt)
supply rails, so that the output of the op-amp can swing
either side of the zero volts value, and can be set at a
true zero volts (when zero differential voltage is applied
to the circuits input terminals.)

The input terminals can be used independently (with
the unused terminal grounded) or simultaneously,
enabling the device to function as an inverting,
non-inverting, or differential amplifier. Since the device
is direct-coupled throughout, it can be used to amplify
both a.c. and d.c. input signals. Typically, they give
basic low-frequency voltage gains of about 100 000
between input and output, and have input impedances

- of 1M or greater at each input terminal.

Fig. 1b shows the symbol that is commonly used to
represent an op-amp, and 1c shows the basic supply
connections that are used with the device. Note that
both input and output signals of the op-amp are
referenced to the ground or zero volt line.

SIGNAL BOX
The output signal voltage of the op-amp is
proportional to the DIFFERENTIAL signal between its
two input terminals, and is given by-
eoul=A0(e1_82)
where A =the open-loop voltage gain of the op-amp
(typically 100 000).

4 em——
e ——
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Fig. 1c Basic supply connections of an op-amp.

e,=signal volitage at the non-inverting input
terminal.

e,=signal voltage at the inverting input terminal.

Thus, if identical signals are simultaneously applied
to both input terminals, the circuit will (ideally) give zero
signal output- If a signal is applied to the inverting
terminal only, the circuit gives an amplified and
inverted output- If a signal is applied to the
non-inverting terminal only, the circuit gives an
amplified but non-inverted output.

By using external negative feedback components,
the stage gain of the op-amp circuit can be very

precisely controlled.

needed to switch the output from a negative to a
positive saturation level, this change can be caused by a
shift of only 0.02% aon a 1V signal applied to the
sample input. The circuit thus functions as a precision
voltage comparator or balance detector.

SUPPLY
+Ve
| +Ve SATURATION
[}
1
i
|
< - ot _ DIFFERENTIAL
<+ - a—NO 1}
4 3 2 11 T 5 3 4 leg-ey) INPUT
mV II mvV
|
—Ve SATURATION !
—Ve
SUPPLY .

Fig. 2b Transfer characteristics of the differential
voftage comparator circuit.

GOING TO GROUND

The op-amp can be made to function as a low-level
inverting d.c. amplifier by simply grounding the
non-inverting terminal and feeding the input signal to

SUPPLY
+Ve
OP-AMP
REFERENCE +
VOLTAGE
le,)  SAMPLE SUPEL OUTPUT
VOLTAGE v
—-Ve
i le,)
Fig. 2a Simple differential voltage comparator
circuit.
TRANSFER REQUEST

Fig. 2a shows a very simple application of the
op-amp. This particular circuit is known as a differential
voltage comparator, and has a fixed reference voltage
applied to the inverting input terminal, and a variable
test or sample voltage applied to the non-inverting
terminal. When the sample voltage is more than a few
hundred microvolts above the reference voltage the
op-amp output is driven to saturation in a positive
direction, and when the sample is more than a few
hundred microvolts below the reference voltage the
output is driven to saturation in the negative direction.

Fig. 2b shows the voltage transfer characteristics of
the above circuit. Note that it is the magnitude of the
differential input voltage that dictates the magnitude of
the output voltage, and that the absolute values of input
voltage are of little importance. Thus, if a 1V reference
is used and a differential voltage of only 200uV is
ETI CANADA — MAY 1977

+Ve
SUPPLY
OP-AMP
+
T
INPY QUTPUT
—Ve
SUPPLY
oV
Fig. 3a Simple open-loop inverting
d.c. amplifier.

the inverting terminal, as shown in Fig. 3a. The op-amp
is used ‘open-loop’ (without feedback) in this
configuration, and thus gives a voltage gain of about
100 000 and has an input impedance of about TM.
The disadvantage of this circuit is that its parameters
are dictated by the actual op-amp, and are subject to
considerable variation between individual devices.

CLOSING LOOPS

A far more useful way of employing the op-amp is to
use it in the closed-loop mode, i.e., with negative
feedback. Fig. 3b shows the method of applying
negative feedback to make a fixed-gain inverting d.c.
amplilier. Here, the parameters of the circuit are
controlled by feedback resistors R, and R,. The gain, A
of the circuit is dictated by the ratios of R; and R,, and
equals R,/R,.

The gain is virtually independent of the op-amp
characteristics, provided that the open-loop gain (A,) is
large relative to the closed-loop gain (A). The input
impedance of the circuit is equal to R,. and again is
virtually independent of the op-amp characteristics.
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Fig. 3b Basic closed-loop inverting d.c. amplifier.

It should be noted at this point that although R+ and
Rz control the gain of the complete circuit,-they have
no effect on the parameters of the actual op-amp, and
the full open-loop gain of the op-amp is still available
between its inverting input terminal and the output.
Similarly, the inverting terminal continues to have a
very high input impedance, and negligible signal
current flows into the inverting terminal. Consquently,
virtually all of the R, signal current also flows in R,, and
signal currents i, and i, can be regarded as being
equal, as indicated in the diagram.

Since the signal voltage appearing at the output
terminal end of R, is A times greater than that
appearing at the inverting terminal end, the current
flowing in R, is A times greater than that caused by the
inverting terminal signal only. Consequently, R, has an
apparent value of R,/A when looked at from its
inverting terminal end, and the R,~R, junction thus
appears as a low-impedance VIRTUAL GROUND point.

SUPPLY

INPUT OUTPUT

R2
o— o +——0

Fig. 4a Basic non-inverting d.c. amplifier

INVERT OR NOT TO INVERT . ..

it can be seen from the above description that the
Fig. 3b circuit is very versatile. Its gain and input
impedance can be very precisely controtled by suitable
choice of R, and R,, and are unaffected by variations in
the op-amp characteristics. A similar thing is true of the
non-inverting d.c. amplifier circuit shown in Fig. 4a. In
this case the voltage gain is equal to (R,+R,)/R, and
the input impedance is approximately equal to
30

(Ao/ A)Zin where Zin is the open-loop input impedancw
of the op-amp. A great advantage of this circuit is that it
has a very high input impedance.

FOLLOW THAT VOLTAGE

The op-amp can be made to function as a precision
voltage follower by connecting it as a unity-gain
non-inverting d.c. amplifier, as shown in Fig. 4b. In this
case the input and output voltages of the circuit are
identical, but the input impedance is very high and is
roughly equal to A, X Z .

The basic op-amp circuits of Figs. 2a to 4b are
shown as d.c. amplifiers, but can readily be adapted for
a.c. use. Op-amps also have many applications other
than as simple amplifiers. They can easily be made to
function as precision phase splitters, as adders or
subtractors, as active filters or selective amplifiers, as
precision half-wave or full-wave rectifiers, and as
oscillators or multivibrators, etc.

SUPPLY
+Ve

OUTPUT

SUPPLY

o oV 0

Fig. 4b Basic unity-gain d.c. voltage follower

OP-AMP PARAMETERS

An ideal op-amp would have an infinite input
impedance, zero output impedance, infinite gain and
infinite bandwidth, and would give perfect tracking
between input and output. Practical op-amps fall far
short of this ideal, and have finite gain, bandwidth, etc.,
and give tracking errors between the input and output
signals. Consequently, various performance parameters
are detailed on op-amp data sheets, and indicate the
measure of “goodness” of the particular device. The
most important of these parameters are detailed below.

OPEN-LOOP VOLTAGE GAIN, A, This is the

low-frequency voltage gain occuring directly between
the input and output terminals of the op-amp, and may
be expressed in direct terms or in terms of dB.
Typically, d.c. gain figures of modern op-amps are
100 000, or 100dB.

INPUT IMPEDANCE, Z,. This is the impedance
looking directly into the input terminals of the op-amp
when it is used open-loop, and is usually expressed in
terms of resistance only. Values of 1M are typical of
modern op-amps with bi-polar input stages, while
F.E.T. input types have impedances of a million Meg or
greater.
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OUTPUT IMPEDANCE, Z, This is the output
impedance of the basic op-amp when it is used
open-loop, and is usually expressed in terms of
resistance only. Values of a few hundred ohms are
typical of modern op-amps.

INPUT BIAS CURRENT, I,. Many op-amps use bipolar
transistor input stages, and draw a small bias current
from the input terminals. The magnitude of this current
is denoted by I, and is typically only a fraction of a
microamp.

SUPPLY VOLTAGE RANGE, V, Op-amps are usually
operated from two sets of supply rails, and these
supplies must be within maximum and minimum
limits. If the supply voltages are too high the op-amp
may be damaged, and if the supply voltages are too low
the op-amp will not function correctly. Typical supply
limits are £3V to £156V.

INPUT VOLTAGE RANGE, V, ..., The input voltage to
the op-amp must never be allowed to exceed the supply
line voltages, or the op-amp may be damaged. V. is
usually specified as being one or two volts less than v,.

OUTPUT VOLTAGE RANGE, V... It the op-

amp is over driven its output will saturate and be
limited by the available supply voltages, s0 V., IS
usually specified as being one or two volts less than V.

DIFFERENTIAL INPUT OFFSET VOLTAGE,
V, In the ideal op-amp perfect tracking would
exist between the input and output terminals of the
device, and the output would register zero when both
inputs were grounded. Actual op-amps are not perfect
devices, however, and in practice slight imbalances
exist within their input circuitry and effectively cause a
small offset or bias potential to be applied to the input
terminals of the op-amp. Typically, this DIFFERENTIAL

INPUT OFFSET VOLTAGE has a value of only a few .

millivolts, but when this voltage is amplified by the gain
of the circuit in which the op-amp is used it may be
sufficient to drive the op-amp output to saturation.
Because of this, most op-amps have some facility for
externally nulling out the offset voltage.

COMMON MODE REJECTION RATION, c.m.r.r. The

ideal op-amp produces an output that is proportional to
the difference between the two signals applied to its
input terminals, and produces zero output when
identical signals are applied to both inputs simultan-
eously, i.e., in common mode. In practical op-amps,
common mode signals do not entirely cancel out, and
produce a small signal at the op-amps output terminal.
The ability of the op-amp to reject common mode
signals is usually expressed in terms of common mode
rejection ratio, which is the ratio of the op-amps gain
with differential signals to the op-amps gain with
common mode signals. C.m.r.r. values of 90dB are
typical of modern op-amps.

TRANSITION FREQUENCY, f. An op-amp typically
gives a low-frequency voltage gain of about 100d8B,
and in the interest of stability its open-loop frequency
response is tailored so that the gain falls off as the
frequency rises, and falls to unity at a transition
frequency denoted f;. Usually, the response falls off at a
rate of 6dB per octave or 20dB per decade. Fig. 5
ETI CANADA — MAY 1977
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Fig. 5 Typical frequency response curve

of the 741 op-amp.

shows the typical response curve of the type 741
op-amp, which has an f; of 1MHz and a low frequency
gain of 100dB.

Note that, when the op-amp is used in a closed-loop
amplifier circuit, the bandwidth of the circuit depends
on the closed-loop gain- If the amplifier is used to give a
gain of 60dB its bandwidth is only 1kHz, and if it is
used to give a gain of 20dB its bandwidth is 100kHz.
The f, figure can thus be used to represent a
gain-bandwidth product. '

PARAMETER 741 VALUE

Ay OPEN-LOOP VOLTAGE GAIN 10048
2N INPUT IMPEDANCE ™M

2, OUTPUT IMPEDANCE 150R
1% INPUT BIAS CURRENT 200nA
Vs imax) MAXIMUM SUPPLY VOLTAGE +18V
Viimax) MAXIMUM INPUT VOLTAGE 13V
Vo imaXx) MAXIMUM OUTPUT VOLTAGE 14V
Via DIFFERENTIAL INPUT OFFSET VOLTAGE 2mV
c.at.m.r. COMMON MODE REJECTION RATIO 90d8
Fr TRANSITION FREQUENCY 1MH2Z
S SLEW RATE 1V/uS

Table 1 Typical characteristics of the 741 op-amp.

SLEW RATE. As well as being subject to normal
bandwidth limitations, op-amps are also subject to a
phenomenon known as slew rate limiting, which has
the effect of limiting the maximum rate of change of
voltage at the output of the device. Slew rate is
normally specified in terms of voits per microsecond,
and values in the range 1V/us to 10V/us are common
with most popular types of op-amp. One effect of slew
rate limiting is to make a greater bandwidth available to
small output signals than is available to large output
signals.

THE 741 OP-AMP.

Early types of i.c. op-amp, such as the well known
709 type, suffered from a number of design
weaknesses. In particular, they were prone to a
phenomenon known as INPUT LATCH-UP, in which
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the input circuitry tended to switch into a locked state if
special precautions were not taken when con-
necting the input signals to the input terminals, and
tended to self-destruct if a short circuit were
inadvertently placed across the op-amp output
terminals. In addition, the op-amps were prone to
bursting into unwanted oscillations when used in the
linear amplifier mode, and required the use of external
frequency compensation components for stability
control.

OFFSET
NC v+ OUT NULL
-~ I I o e
1
et T e
OFFSET  — + _
NULL  INPUT INPUT {AND CASE)
in Minidip or DIP 741 T05 741
8p v (TOP VIEW)

(Top View)

Fig. 6 Outlines and pin connections of the two
most popular 741 packages.

These weaknesses have been eliminated in the type
741 op-amp. This device is immune to input latch-up
problems, has built-in output short circuit protection,
and does not require the use of external frequency
compensation components. The typical performance
characteristics of the device are listed in Table 1.

The type 741 op-amp is marketed by most ic
manufacturers, and is very readily available. Fig. 6
shows the two most commonly used forms of
packaging of the device Throughout this chapter, all
practical circuits are based on the standard 8-pin
dual-in-line (D.1.L. or DIP) version of the 741 op-amp.

MV
R2
™
R1
10k
INPUT
o

Fig. 8a x100 inverting d.c. amplifier.

-9V OuUTPUT

o- 2 o

Fig. 8b Variable gain (x1 to x100) inverting
d.c. amplifier.

ouT

10k
(OFFSET NULL)

TO SUPPLY
—Ve

Fig. 7 Method of applying offset nulling to the
741 op-amp.

The 741 op-amp can be provided with external
offset nulling by wiring a 10k pot between its two null
terminals and taking the pot slider to the negative
supply rail, as shown in Fig. 7.

Having cleared up these basic points, let's now go
on and look at a range of practical applications of the
741 op-amp.
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BASIC LINEAR AMPLIFIER PROJECTS. (Figs. 8 to
1).

Figs. 8 to 11 show a variety of ways of using the
741 in basic linear amplifier applications.

The 741 can be made to function as an inverting
amplifier by grounding the non-inverting input terminal
and feeding the input signal to the inverting terminal.
The voltage gain of the circuit can be precisely
controlled by selecting suitable values of external
feedback resistance. Fig. 8a shows the practical
connections of an inverting d.c. amplifier with a pre-set
gain of x100" The voltage gain is determined by the
ratios of R, and R,, as shown in the diagram.

The gain can be readily altered by using alternative
R, and/or R, values. If required, the gain can be made
variable by using a series combination of a fixed and a
variable resistor in place of R,, as shown in the circuit of
Fig. 8b, in which the gain can be varied over the range
x1 to x100 via R,.

VARIATIONS

A variation of the basic inverting d.c. amplifier is
shown in Fig. a. Here, the feedback connection to R,
is taken from the output of the R,—R, output potential
divider, rather than directly from the output of the
op-amp, and the voltage gain is determined by the
ratios of this divider as well as by the values of R, and
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R1
™M
O— VWV —
~ e}
R3
10k
INPUT
OUTPUT
R4
100R
ov
O- = 4 o)
Fig. 9a High impedance x100 inverting d.c. amplifier,

R,. The important feature of this circuit is that it enables
R, which determines the input impedance of the
circuit, to be given a high value if required, while at the
same time enabling high voltage gain to be achieved.

The basic inverting d.c. amplifier can be adapted for
a.c. use by simply wiring blocking capacitors in series
with its input and output terminals, as shown in the
x100 inverting a.c. amplifier circuit of Fig. 9b.

c1
R1
u 10k .
o— A T
+ |
INPUT
OUTPUT
ov
O O

Fig. 9b x100 inverting a.c. amplifier.

NON-INVERTING . ..

The amp can be made to function as a non-inverting
amplifier by feeding the input signal to its non-inverting
terminal and applying negative feedback to the
inverting terminal via a resistive potential divider that is
connected across the op-amp output. Fig. 10a shows
the connections for making a fixed gain (x100) d.c.
amplifier.

The voltage gain of the Fig. 10a circuit is determined
by the ratios of R, and R, If R, is given a value of zero
the gain falls to unity, and if R, is given a value of zero
the gain rises towards infinity (but in practice is limited
to the open-loop gain of the op-amp). If required. the
gain can be made variable by replacing R, with a

ETI CANADA — MAY 1977

R2

100k
INPUT QUTPUT
R1
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Fig.10a Non-inverting x 100 d.c. amplifier.

potentiometer and ccnnecting the pot slider to the
inverting terminal of the op-amp, as shown in the circuit
of Fig. 10b The gain of this circuit can be varied over
the range x1 to x100 via R,.

... AND RESISTANCE TO INPUTS

A major advantage of the non-inverting d.c. amplifier
is that it has a very high input resistance. In theory, the
input resistance is equal to the open-loop input
resistance (typically 1M) multiplied by the open-loop
voltage gain (typically 100 000) divided by the actual
circuit voltage gain. In practice, input resistance values
of hundreds of megohms can readily be obtained.

RV1

100k
INPUT OUTPUT
R1
1k01
o- b g

Fig. 10b Non-inverting variable gain (x1 to x100) d.c. amplifier.

BLOCKING OUT

The basic non-inverting d.c. circuit of Fig. 10 can be
modified to operate as a.c. amplifiers in a variety of
ways. The most obvious approach here is to simply wire
blocking capaciters in series with the inputs and
outputs, but in such cases the input terminal must be
d.c. grounded via a suitable resistor, as shown by R, in
the non-inverting x100 a.c. amplifier of Fig. 11a. f this
resistor is not used the op-amp will have no d.c.
stability, and its output will rapidly drift into saturation.
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Clearly, the input resistance of the Fig. 11a circuit is
equal to R,;, and R; must have a relatively low value in
the interest of d.c. stability. This circuit thus loses the
non-inverting amplifier's basic advantage of high input
resistance.

2 C2
Ou1
c1
oul I-—O

R2
100k
OUTPUT
INPUT
R3 R1
100k 101
o— oV o

Fig. 116 Non-inverting, high input-impedance,
x100 a.c. amplifier,

DRIFTING INTO STABILITY

A useful development of the Fig. 11a circuit is
shown in Fig. 11b. Here, the values of R, and R, are
increased and a blocking capacitor is interposed
between them" At practical operating frequencies this
capacitor has a negligible impedance, so the voltage
gain is still determined by the ratios of the two resistors,
Because of the inclusion of the blocking capacitor,
however, the inverting terminal of the op-amp is
subjected to virtually 100% d.c. negative feedback
from the output terminal of the op-amp, and the circuit
thus has excellent d.c. stability. The low end of R, is
connected to the C;—R, junction, rather than directly to
the ground line, and the signal voltage appearing at this
point is virtually identical with that appearing at the
non-inverting terminal of the op-amp-

+9V
2 c2
oul
C1 (7
ou1 I—O
2
R2
™
R3 OUTPUT
100k
(NON )J-(zi32
INPUT POLARISED T u
R1
10k1
o— S
Fig. 11a Non-inverting x100 a.c. amplifier.
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Consequently, identical signal voltages appear at
both ends of R;, and the apparent impedance of this
resistor is increased close to infinity by bootstrap action.

This circuit thus has good d.c. stability and a very
high input impedance' In practice, this circuit gives a
typical input impedance of about 50M.

VOLTAGE FOLLOWER PROJECTS (Figs. 12 to 13).

A 741 can be made to function as a precision
voltage follower by connecting it as a unity-gain
non-inverting amplifier. Fig. 12a shows the practical
connections for making a d.c. voltage follower. Here,
the input signal is applied directly to the non-inverting
terminal of the op-amp, and the inverting terminal is
connected directly to the output, so the circuit has
100% d.c. negative feedback and acts as a unity-gain
non-inverting d.c. amplifier.

The output signal voltage of the circuit is virtually
identical to that of the input, so the output is said to
‘follow’ the input voltage. The great advantage of this
circuit is that it has a very high input impedance (as
high as hundreds of megohms) and a very low output
impedance (as low as a few ohms). The circuit acts
effectively as an impedance transformer.

r—O

OUTPUT

INPUT

o Yo

Fig. 12a d.c. voltage follower.

PRACGTICE, AND ITS LIMITS

In practice the output of the basic Fig. 12a circuit
will follow the input to within a couple of millivolts up to
magnitudes within a volt or so of the supply line
potentials. If required, the circuit can be made to follow
to within a few microvolts by adding the offset null
facility to the op-amp.

The d.c. voltage follower can be adapted for a.c. use
by wiring blocking capacitors in series with its input and
output terminals and by d.c.-coupling the non-inverting
terminal of the op-amp to the zero volts line via a
suitable resistor, as shown by R, in Fig. 12b. R, should
have a value less than a couple of megohms, and
restricts the available input impedance of the voltage
follower.

LACED UP OHMS

If a very high input-impedance a.c. voltage follower
is needed, the circuit of Fig. 12¢ can be used. Here, Ri
is boostrapped from the output of the op-amp, and its
apparent impedance is greatly increased. This circuit
has a typical impedance of hundreds of megohms.
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Fig. 12b a.c. voltage follower.
c2
ci Out
ko
R1
100k QUTPUT
{NON c3
INPUT POLARISED) TZpZ
R2
10k
oO— ov 0
Fig. 12c Very high input-impedance a.c. voltage
follower.

DRIVING CIRCUITS AMP-LY

The 741 op-amp is capable of providing output
currents up to about 5mA, and this is consequently the
current-driving limit of the three voltage follower
circuits that we have looked at so far. The
current-driving capabilities of the circuits can readily be
increased by wiring simple or complementary emitter

1
2N3704
oO——
———O
INPUT
OUTPUT
R1
10k
ov
O ® O

Fig. 13a Unidirectional d.c. voltage follower with boosted
output (variable from OV to +8V at 50mA.)
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follower booster stages between the op-amp output
terminals and the outputs of the actual circuits, as
shown in Figs. 13a and 13b respectively.

Note in each case that the base-emitter junction(s) of
the output transistor(s) are included in the negative
feedback loop of the circuit- Consequently, the 600mV
knee voltage of each junction is effectively reduced by a
factor equal to the open-loop gain of the op-amp, so the
junctions do not adversely effect the voltage-following
characteristics of either circuit.

The Fig. 13a circuit is able to source current only,
and can be regarded as a unidirectional, positive-going.
d.c. voltage follower. The Fig. 13b circuit can both
source and sink output currents, and thus gives
bidirectional follower action. Each circuit has a
current-driving capacity of about 50mA- This figure is
dictated by the limited power rating of the specified
output transistors' The drive capability can be increased
by using alternative transistors.

OUTPUT
INPUT _av
R1
10k
ov
O— -0

+ Fig. 13b Bidirectional d.c. voltage follower with boosted
output (variable from OV tot 18V at 50mA/.

MISC AMP PROJECTS (Figs. 14 to 22)

Figs. 14 to 22 show a miscellaneous assortment of
741 amplifier projects, ranging from d.c. adding circuits
to frequency-selective amplifiers.

Fig. 14 shows the circuit of a unity-gain inverting d.c.
adder, which gives an output voltage that is equal to the
sum of the three input voltages. Here, input resistors R,
to R, and feedback resistor R, each have the same
value and the circuit thus acts as a unity-gain inverting
d.c. amplifier between each input terminal and the
output. Since the current flowing in each input resistor
also flows in feedback resistor R, the total current
flowing in R, is equal to the sum of the input currents,
and the output voltage is equal to the negative sum of the
input voltages. The circuit is shown with only three input
connections, but in fact can be provided with any
number of input terminais. The circuit can be made to
function as a gg-called "audio mixer’ by wiring blocking
capacitors in senes with each input terminal and with
the output terminat.
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R1 AN
100k R4
100k

OUTPUT

ov

Fig. 14 Unity-gain inverting d.c. adder, or ‘audio mixer’,

FIG. 15 shows how two unity-gain inverting d.c.
amplifiers can be wired in series to make a precision
unity-gain balanced phase-splitter. The output of
the first amplifier is an inverted version of the input
signal, and the output of the second amplifier is a
non-inverted version.

DUTPUTY

1
INVERTED}

QUTPLT
2

(MON
INVERTED)

ov

0

Fig. 15 Unity-gain balanced d.c. phase-splitter.

FIG. 16 shows how a 741 can be used as a
unity-gain differential d.c. amplifier. The output of this
circuit is equal to the difference between the two input
signals or voltages, or to e,-e, Thus, the circuit can aiso
be used as a subtractor. In this type of circuit the
component values are chosen such that R,/R,=R,/R,,
in which case the voltage gain A,=R,/R;" The circuit
can thus be made to give voltage gain if required.

ANAA
R2
100k
R1
100k
R3
100k
INPUT
2
INPUT
1
\ oV
O—

—0

Fig. 16 Unity-gain differential d.c. amplifier, or subtractor.

FIG. 17 shows the amp can be made to act as a
non-linear (semi-log) a.c. voltage amplifier by using a
couple of ordinary silicon diodes as feedback elements.
The voltage gain of the circuit depends on the
magnitude of applied input signal, and is high when
input signals are low, and low when input signals are
high. The measured performance of the circuit is shown
in the table, and can be varied by using alternative R,
values.

3
c1
10u R1
= H |_As/e\év\
TABLE ——O
INPUT
OUTPUT
o ov
INPUT voLTS | R 09 || G 6 b
RMS) VMR.MSJ GAIN VOUJRMS) GAIN
1uv 1MONV X110 21nV x 2
10muv 330wV X33 170mv x17
100wV 450 MV X4 5 360mV X336
v 560 mV X056 470uV | X047
v 600uV X007| 560uV (X005

Fig. 17 Circuit and performance table of non-linear
{semi-log) a.c. voltage amplifier.
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R2
10k
R +9V
10k TO 10M 6
(SENSITIVITY) > & -0
-9V
A OouTPUT
el
2N3819
RS c1
™ 1z
ov Vv {SEE TEXT)
o O
Vin Viv Vin Vin Your
(R, = 10KSt) (R = 10OKQ) (R, = IMQ) (R, = 10MSY)
50 mV 500 mV SV 50V 285V
20mV 200 mV MY 20 V METIRY
10 mV 100 mV [RY% 10 V 279V
Smv S0mv 500 mV sV o0V
2mV 0mv 200 mV 2V 203V
fmV 10 mV 100 mV 1 v (IR Y
500 uV S5mVv S0mv 500 mV [FENAY
200 Vv ImVv 20 mv 200 mV 040V
100 vV I mV 10 mV 100 mV Q20V
S0uv 500V Smv Semv [TNETAYS

amplifier.

Fig. 18 Circuit and performance details of constant-volume
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FIG. 18 shows how the 741 can be used together
with a junction-type field-effect transistor (JFET) to
make a so-called constant-volume ampilifier. The action
of this type of circuit is such that its peak output voltage
is held sensibly constant, without distortion, over a
wide range of input signal levels, and this particular
circuit gives a sensibly constant output over a 30dB
range of input signal levels.

The measured performance of the circuit is shown in
the table. C, determines the response time of the
amplifier, and may be altered to satisfy individual
needs.

ACTION TAKEN

The action of the Fig. 18 circuit relies on the fact that
the JFET can act as a voltage-controlled resistance which
appears as a low value when zero bias is applied to its
gate and as a high resistance when its gate is negatively
biased. The JFET and R, act as a gain-determining a.c.
voltage divider (via C,), and the bias to the JFET gate is
derived from the circuits output via the D,-C, network.
When the circuit output is low the JFET appears as a

Finally, to complete this section, Figs. 21 and 22
show the circuits of a couple of variable-frequency
audio filters. The Fig. 21 circuit is that of a low-pass
filter which covers the range 2.2kHz to 24kHz, and the
Fig. 22 circuit is that of a high-pass filter which covers
the range 235Hz to 2.8kHz. In each<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>