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1 x Mains Outlet M35149 $9.95

1 x 40 Piece 150mm Plug to Socket Jumper Leads WCE028 $5.95

Jumper Leads Mixed Pack 100 Pieces  Light Duty Hook-up Wire Pack 8 Rolls Heatshrink Pack with Gas Powered Heat Blower
Aomized pack of jumper leads for your Cuality 13 % 0.12mm tinned haok-up wire An assartment of 180 haatshrink tubes in 7 differant colours and
Arduing®, breadboarding and protatyping an plastic spoals. Braolls of differant eolour sizas, plus 1 gas powerad haat gun with Piaza ignition. TH14620
projeas. 150mm lang, WCa027 included. 25m an each rall. WH3009

100

glft card Ifwe produce or publish your electronics, Arduino or _ Silicon Chip projects:
Piproject, we'll give you a complimantary $100 gift card. J‘3""r",g't“t;;;'If‘:f:t';'lzgz';h'p'k‘“

Upload your idea at projects.jaycar.com jayear.com.au/kitbackaeatalogue

‘ [J1800 022 888

W ® * o

* Awesome .‘.;. .
projects by ./ A www.jaycar.com.au
Shop online and enjoy 1 hour clide & collect

or free delivery on orders over 599"

th in ku PO SSi ble. “Excluzions apply - see website for ful

On Sale 24 February to
23 March, 2021




Eemnihcmis

Yol.34, No.3 Marchj2021

10 Hoarding: Urban Electronic Archaeology
Sorting through an extensive collection of electronic items is a task not too
dissimilar o working on an archaeological dig site. If's why it's important to
have items properly recorded to help sort the rubbish’ from the ‘gems’— by Dr
David Maddison

30 Fetrons, and the All-Fetron Radio

Fetrons are a solid-state replacement (tvpically drop-in) for pertode
(sometimes friode) valves. | was so fascinated by them [ decided to design a
radio using only Fetrons — by Dr Hugo Holden

44 The History of Videotape — Quadruplex
The first ariicle in a serfes of four detailing the history of tape-based recording,
starting with Ampex’s quadruplex recorder and ending with the move fo digital
video — by lan Batty, Andrew Switzer & Rod Humphris

72 All About Capacitors

There’s a ot to consider when choosing what capacitors to use for a design, due
to the huge vanety of them. This arficle explains how most capacitors are made,
how each iype differs and what performance you can expect — by Nicholas Vinen
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21 High-Current Four Battery/Cell Balancer — Part 1
Many battery balancers are inefficient due to dumping excess charge for a
given cell. But our new Batfery Balancer redirects that extra charge into other
cells, charging faster with litile heat or waste — by Duraid Madina

68 Mini Isolated Serial Link

This postage-stamp sized module provides isolated, bi-directional, full-duplex
serial communications. It carn easily be used with our new Baftery Balancer to
charge even more bafteries or cells — by Tim Blythman

84 Battery Multi Logger — Part 2

Folfowing on from last month, we will go over the construction, setup, testing
and calibration required to finish your Battery Multi Logger — by Tim Blythmar

92 Electronic Wind Chimes — Part 2

in the final part of this series, we cover how to modify the wind chime itself so
that it can be driven by a series of solenoids. You can then play yvour own tunes
without relying on the wind — by John Clarke
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39 Circuit Notebook
(1) Low-noise mic preamp  (2) Two quartz crystal oscillators using a flip-flop
(3) Displaying digits using single AGB LEDs  (4) The Omnidetector

61 Serviceman’s Log
if it isr't one thing, it's another — by Dave Thompson

100 Vintage Radio
Kriesler Triplex 41-21 poriable transistor radio — by fan Batfy
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Our Batl%ny Balancer can handle up
to four serles-connected batterles
per unit, and sults most common
battery types. It can handle batterles
or cells from 2.5-15V, with a charging
current up to 50A - Page 21

A look at the beglnnings of
videotape recording, starting with
systems llke the BBC’s Vera and
Ampex’s quadruplex VR-1000A -
Page 44

This Minl Isolated Serlal Lnk ¢can
be used with our Battery Balancer
to manage even more batterles or
cells. ButIt's also useful any ime
you need to send Isolated slgnals
between two boards — Page 68

Capacitors come In all shapes
and slzes, and because of this It
Is confusing trylng to plck ohe.
So we've detalled some of the
Important aspects of capacitors,
such as dlelectrics ete — Page 72
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Editorial Viewpoint
Older devices involved
creative engineering

While I am not particularly into ‘retro’ electronics
like vintage radios, vintage computers etc, I find some
of the articles on these topics quite interesting. You
can tell that the designers of these devices had to be
very clever to use the meagre resources available to
them to solve some quite tricky problems.

Take the four-part series of articles on Videotape
Recording starting in this issue (on page 44). Younger readers (say, those
under 30) probably don’t remember much about videotape.

I was young when the VHS/Beta ‘war’ was raging, and by the time I was
old enough to use a VCR, VHS had taken over. I remember the machines
being quite finicky, and they would sometimes go wrong (in the worst case,
‘eating’ a tape) for no apparent reason. But for the most part, they worked
quite well, albeit with video quality that I now consider awful.

Having read the articles mentioned above, I realise now how complicated
the loading systems were. With so many parts having to move in concert, in
a device produced at a relatively low cost, it's no wonder they went wrong
sometimes! So my hat’s offto the engineers that designed those mechanisms;
it must have been a lot of effort to get them to work reliably.

Another thing that’s apparent in reading these articles is how much ‘outside-
the-box’ thinking went into developing the core technologies enabling video
recording, especially helical scan. It seems kind of obvious in retrospect,
but it took lots of smart people many years to develop a device which could
record an hour or two of video on a reasonably compact, easy-to-use and
low-cost cassette.

It was an incremental, evolutionary process too, as is so common with
technological advancements. There were several generations of video
recording between the first useful machines (Ampex quadruplex) and the
final ‘sorted’ generation of consumer machines, which I guess you could say
was hifi VHS.

Each generation made certain improvements, but often retaining
shortcomings that would be addressed in future. It helped that the later
semiconductor technology allowed more signal processing to be crammed
into smaller machines.

I guess my point is that you might enjoy those articles even if you're
too young to remember the technology being described, and aren't terribly
interested in the topics themselves. You might still learn something and
enjoy the journey of discovery.

I can make a similar comment about the article on Fetrons; they are
interesting because they give you a glimpse of the transitional period when
valves were being phased outin favour of transistors, Again, it took innovative
engineering to make transistors operate like valves,

Also, consider some of the techniques described in our Vintage Radio
columns like reflexing, combined mixers/oscillators and some of the design
choices in early transistor sets. Even if you aren't really into radio, you can
appreciate the amount of work that went into getting the most performance
out of a few (then costly) active devices,

That'’s the sort of engineering that I really appreciate, and I think the people
who came up with those ideas must have done alot of brainstorming to reach
those ‘Eureka!” moments.

Nicholas Vinen

Australia’s electronics magazine
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Mixed-Signal MCUs Redefined

Smaller Packages and Upgraded Peripherals for PIC32MK

PIC32MK is a performance-intensive 32-bit Microcontroller (MCU) family
with seamlessly integrated analog. Expanding on the lineup of 100- and 64-pin
packages, PIC32MK is also now available in a space-saving 48-pin QFN,
measuring just 6 x 6 mm for size critical mixed-signal applications.

Optimized for dual motor control systems, these devices are also well-suited
for the automotive space, industrial controls, and anywhere else precision
analog functions in an MCU are required.

Family Highlights

7x 12-bit 3.75 Msps ADCs, configurable as
a single, 12-hit, 25.4 Msps interleaved ADC

« 4x high-bandwidth op amps
= bx high-speed analog comparators

+ Upto 1 MB of ECC enabled Flash
and 256 KB of SRAM

«  Up to 4x CAN FD and 2x USB controllers

+ Package options from 48 to 100 pins in
both TQFP and QFN types

+ Automotive-qualified (AEC-Q100) - Grade 1

Contact Information

Microchip Technology Australia
Email: aust_nz.inquiry@microchip.com
Phone: +61 (2) 9868-6733

microchip.com/SC-PIC32MK

MICROCHIP
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Don’t let this happen to you! If you have a large collection of anything
(including electronics), you must have a succession plan. It would

also be a good idea for you to periodically ‘clean house’ and allow
collectors — young and old - to pick up items you don’t absolutely need.

collection of electronic items which were part ofa de-
ceased estate. As T had been along-time friend of the
deceased, ] was permitted to ‘rescue’ any interestingitems

I found, as they would otherwise end up in a land#fill.
There were a vast number of items in the hoard, but

before I had a chance to go through it, drug addicts and

other thieves were reported to have broken in and taken
anything that could be sold on the street.

What remained (see opposite for an example) was of
little-to-no monetary value, but still of interest to elec-
tronic enthusiasts. In fact, by taking items away, I was
probably saving the estate the cost of disposing of them.

The collection was accumulated over a lifetime, mostly
being purchased from second-hand markets, one being the
well -known Laverton Marketin Leakes Rd, Laverton, Vic.

Many of the other items seem to have been discarded
by industrial or government laboratories.

Most of the items were filthy, with 50 or so years of
accumulated dust and grime, plus damage from being
thrown into a heap rather than stacked correctly. To get
theitems shown here into presentable condition required
extensive cleaning

Unlike some hoards, I did not find much actual rub-
bish, just alot of ‘stuff’ in several general categories:

1) A staggering number of generic desktop PCs. These
were mostly from the 1990s and 2000s,
and not collectible computers (such as
original IBM, Apple or Commodore PCs

Irecently hadthetask of sortingthrough an extensive

10 SirconN CHIP
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might be). He had told me that he usually paid $2-5 each

for these at the weekend markets.

2) Huge numbers of CDs and floppy disks, mostly for com-
puter games, likely never used.

3) Many car parts, mostly incomplete or used, mostly
Holden-related and including at least two ‘grey motors’
and one ‘red motor’.

4) Lots of scrap metal,

5) Numerous pieces of electronic or mechanical equip-
ment, usually incomplete or broken, in various states of
disassembly with components missing or, in the case of
many electrical or electronicitems, with the power cords
cut off. This is likely because it is illegal in Victoria to
sell electrical items without an electrical safety test, and
for the low value of many items, that is not worthwhile,

6) Many broken items, as items covered the floor nearly
everywhere, Apart from a few ‘goat tracks’ with limited
visibility of the floor, mostly one had to walk on these
items to move around the house. If they weren't broken
when acquired, they soon would be. (Some rooms were
unreachable due to items stacked floor to ceiling).

The full extent and composition ofthe hoard is not known
at the ime of writing, because what was recovered and pre-
sented here is only what was obvious and at the surface
level. In many areas, the hoard was a metre or more thick,

A variety of older electronic items I found were hand-
made for various scientific or technical
purposes. Backin the day, it was common
forlarge government, university and com-

sificonchip.com.au



mercial laboratories to make their own
equipment as it wasn't always commer-
cially available, orit would take too long
to order it from overseas.

The items I recovered represent an
interesting cross-section of electronics
for virtually the whole of the twentieth
century. The collection of articles pre-
sented here also includes items he gave
me while he was alive.

Where I found multiple similaritems,
I will show the Australian-made item if
there is one.

Postscript

Although my friend was known by
work colleagues to be brilliant, when
he passed away, there were no funeral
arrangements.

S0 besides showing some interesting
items, this article also serves as some-
thing of a memorial or tribute to hislife.

Appropriately for a collector of elec- yyst a small part of what I was faced with . . . after drug addicts and thieves had
already gone through it.

tronics, his initials were A. C.

a

Vintage Gallenkamp switchboard ammeter (1910s)

| found this Gallenkamp am-
meter, estimated to be made

around 1910, based on a very
similar one | found in a catalog
{see below). It was found half-
immersed in water.

Philips valve radio
‘hattery eliminator’ (1920s)
Valve radio batteries were
expensive. These devices re-
placed two of the three battery
types (the “B” and “C” bat-
teries) with a mains supply. |
The technology at that fime
made it difficult to eliminate
the “A” batiery.
The one | found is a Philips 3003, made in Holland and very popu-
lar in Ausiralia. It appears
that somebody tried to
repair it as many wires
were disconnected.
For more infor-
mation on this de-
vice, including acir-
cuit diagram, see

www, tuberadio.
Philips_3003/

sificonchip.com.au
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Ormond variable condenser (capacitor) (1920s)
This was in a pile of rubbish, but it caught
miy atiention because it had screw terminals. |
measured its maximum capacitance as 450pF
and determined it to be from the UK brand Or-
mond, and almost certainly the No. 3 model.
It featured “S.L.F.” or “straight-line fre-
quency”. This meant that through the ro-
tation of the dial, the corresponding fre-
s quencies would be linearly proportional

Y 1o the dial position.

According to Radio Retailing maga-

 zine of December 1925, this “improves the tuning of a set and has

been developed to meet conditions which were becoming almost
intolerable, narmely, the crowding of the stations in the lower part
of the present broadcast range”.

Headphone and headphone parts
(1920s to 1940s)

The oldest such item | found was made by
Brandes Lid, London, and marked “superior
matched tone”. It is one driver from a pair of
headphones. According to radiomuseum.org,
thisitern dates fromapproximately 1924-1932,
Itis marked “BBC” (probably not the broad-
caster) and “Made in England”. [ts nominal
impedance is 100002,

| also found aBrunet & Gie driver fromtheir
Casques et Ecouteurs Type F model, dated
around 1924 (according to radiomuseum.
org). It was available with an impedance of
gither 5002 or 200002,

Another was a complete set of Australian-
made Q-Plus brand headphones. | could not
find any information online about them, but
(-Plus was an Ausiralian manufacturer op-
erating from 1947 to at least 1965.

MAapcH 2021 11
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Build It Yourself
Electronics Catalogue

Serving electronics enthusiasts since 1976.

Yours FREE with this issue of Silicon Chip. If you didn't receive your copy,
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Helping to put you in Control

Universal Input to 4-20mA Transmitter
Universal Thermocouple, RTD and voltage Input
to 4-20mA Transmitter mounted in an [P&5
weatherproof box.

SKU: KTA-367
Price: $132.28 ea

ESP32 Controller

Arduino-compatible ESP32 controller with 2
relay outputs, 2 transistor outputs, 2 opto-
.« isoclated inputs, 2 0/4-20 m& analog [/0s, 2

o : 0-10%DC analog [/0s and 4 GPICs, Interfaces
" o ©using USB, RS-485 serial, [2C, Wi-Fi or

—

Bluetooth, DIMN rail mountable,
SKU:KTA-332
Price: $251.90 ea
Digirail OEE WiFi ;

The DigiRail CEE is the ideal tocl to monitol
and examine the performance of your

production lines, It reads the sensors that
monitor the operation of machines, devices
or processes and determine operation time.

SKU: SIG-111
Price: $241.95 ea

NID30-RR PID Temperature Controller

MN1030-RR Compact sized PID Temperature
Controller with auto tuning FID 230WAC
powered, Input accepts thermocouples J, K, T, E
and Pt100 sensors, Two Relay outputs,

SKU: NDC-322
Price: $105.55 ea

700W ELDM Brushless AC Servo Motor
Leadshine ELDME07 BWASHM-A4 750 W
brushless AC servo motor with 1000 line
encoder.

SKU: MDT-457
Price: $306.85 ea

Brushless Servo Motor Drive

The ELD2-RS7030 brushless servo drive, power
range from 25W to 12000/, are special DCinput,
rmotion control product designed for machines and
applications that request a best balance between
reazonable cost and outstanding performance with
MFC/vibration suppression.

SKU: SMC-411
Price: $380.83 ea

RTD Temperature probe with magnet fixing
RTD probe with magnet fixing for surface
temperature measurement. -50 to 200 9C,
Silicon Cable 3 meters,

SKU: CMS-007
Price: $142.95 ea

For Wholesale prices
Contact Ocean Controls
Ph: (03) 9708 2390

oceancontrols.com.au

Prices are subjected to change without notice.
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Properly balancing batteries is critical for a long life, especially if they

are lithium-based rechargeable types. But many balancers are inefficient,
as they dump excess charge for a given cell, restricting how fast you can
charge the batteries and wasting power. Not this one - it redirects that extra
charge into other cells, so you can charge fast with little heat or waste!

ost rechargeable batteries

consist of an array of nomi-

allyidentical cells, connect-

ed in series, parallel or series/parallel

to meet particular voltage, current, and
capacity requirements.

Batteries with many series-connect-
ed cells often only expose the connec-
tions at the extreme ends.

Forexample, atypical lead-acid car
battery has six cells (2Vx 6 =12V) but
only two terminals.

To charge such a battery, we apply a
higher voltage than the total of all the
cells across those two terminals, and
current flows through all six cells, in-
creasing their state of charge.

But there is no guarantee that each
cell starts with an identical voltage,
and despite their identical construc-
tion, cell capacity can vary, especially
as the battery ages.

This is not a big problem with car
batteries because lead-acid cells toler-

sificonchip.com.au

ate slight overcharging well. By over-
charging the battery alittle, cells with
a lower charge get a chance to ‘catch
up’ to the others, while the most high-
ly charged cells dissipate the charging
current as heat.

Despite this, large lead-acid battery
banks (as might be used in a renewable
energy installation) will lastlonger if
they are kept balanced. In this case,
you might have several batteries in
series, so not only do you need to be
concerned about inter-cell balancing
within a given battery, vou also need
to consider balancing the charge be-
tween batteries.

The fact that you might be using bat-
teries with different ages and possibly
even from different manufacturers
makes this even more critical.

Then thereis the case oflithium-ion
and similarrechargeable cells. Thereis
a great variety of lithium chemistries
around, but many of them do not tol-

Australia’s electronics magazine

erate overcharging. They also can be
easily damaged by over-discharging,

So keepinglithiumrechargeable bat-
teries balanced is even more crucial.

Since this Balancer can handle cell
voltages as low as 3V and as high as
15V, it is suitable for a wide range of
balancing tasks, including balancing
the cells within a lithium-ion battery,
orbalancingindividual lithium-ion or
lead-acid batteries.

Each Balancer can handle up to four
cells (or groups of cells) or batteries,
and you can combine multiple balanc-
ers for larger installations.

Avoiding cell damage

One conservative option would be
to immediately stop charging as soon
as any cell reached its maximum per-
missible voltage, but that would leave
the remainder of the cells not quite
fully charged.

Leftunchecked, what might start as

MAapcH 2021 21
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Not quite vintage radio . . . or is it? by

Fleel e

oneand
only ali-Fetron radio

You would probably be aware that there are some similarities
between valves (aka vacuum tubes) and field-effect transistors, or
IFETs. You may also know that some people have created valve-
equivalent devices based on FETs.

But did you know that there were commercially-made semiconductor-
based triode and pentode equivalents known as “Fetrons”?

I am fascinated by these, so I built a superhet using little else.
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he Fetron, a unique combina-
Ttion ofN-channel Junction Field

Effect Transistors (JFETs), using
the Cascode configuration, was a prod-
uctofresearch and developmentin the
Aerospace and Avionics industry (by
the Teledyne Company in the USA) in
the early 1970s.

They were built primarily as a plug-
invalve orsolid-state pentode replace-
ment, although triode equivalents
were also made.

The basic idea behind the Fetron
was to have the electrical properties
of a pentode, but no microphony and
no heater power consumption, along
with the other advantages of semicon-
ductors: greater efficiency and reliabil-
ity, with lower noise and higher gain.

Fetrons usually had a much high-
er amplification factor than the valve
theyreplaced. Teledyne also produced
arange ofsemiconductor devices such
as high-voltage Junction FETs and they
still produce beyond excellent-quality
miniature RF relays.

Every Teledyne product I have
inspected and used has always im-
pressed me withits innovative nature,
outstanding manufacturing quality, ex-
cellent physical appearance and elec-
trical performance.

Because of this, I decided to engi-
neer a multi-band radio composed of
entirely Fetrons, powered by a single
90V battery or DC supply, and incorpo-
rating some of my other favouriteTele-
dyne devices.

Replacing valves with
semiconductors

The idea of replacing a valve with
a plug-in transistor substitute has oc-
curred to many people since the in-
vention of the transistor.

Although there are mathematical

models for transistors as voltage-to-

Reproduced rather significantly larger
than life size, this is the TS6AKS5

used in the Fetron Receiver. The

type number is designed to show its
equivalence to the 6AKS valve.

current control devices, fundamen-
tally, they are current-to-current con-
trol devices.

I know that some people disagree
with this (for example, audio guru
Douglas Self], but it is generally ac-
cepted to be true.

In most instances, the input (base-
emitter) current controls the output
{collector-emitter) current.

Valves, on the other hand, are
voltage-to-current control devices or
transconductance amplifiers, where
usually the grid-to-cathode voltage
controls the anode-to-cathode current.

Transistors in the grounded-emitter
configuration have a much lowerinput
resistance than valves in the grounded-
cathode configuration.

When high-voltage JFETs arrived on

the scene, they were possible substi-
tutes for the triode valve. They had a
similar transfer function of gate volt-
age versus drain current, compared to
grid voltage versus anode current for
the triode. Also, JFETs have a simi-
larly high input impedance to a valve,

In the grounded-source or ground-
ed-cathode circuit, both the JFET and
the triode are influenced by the ef-
fective amplification of the drain-to-
gate (or anode-to-grid) capacitance —
known as the Miller effect.

This capacitance, which is intrin-
sic to the device, is multiplied by its
amplification factor. This limits the
high-frequency response and results
in significant input to output feedback
as the operating frequency increases.

In triode circuits, if a tuned circuit
with a similar resonant frequency is
placed in both the grid and the an-
ode circuit, oscillations occur due to
the feedback capacitance and the two
resonant circuits exchanging energy
with each other.

Historically, the Miller capacitance
problem was solved with an added
neutralisation capacitor feeding back
an out-of-phase signal from a coil ex-
tension on the anode resonant circuit
to the grid (or to the base in a transis-
tor circuit) via a small adjustable ca-
pacitor.

In early transistor radios, interme-
diate frequency (IF) amplifiers using
devices such as the OC45, which had
a sizeable internal feedback capaci-
tance, required neutralisation.

Later, better transistors such as the
0C169, AF117 or AF127 had a much
lower feedback capacitance and didn't
require neutralising in 455kHz IF
stages.

In vintage TRF radios based on
triode valves, the added neutralising
capacitor was called a Neutrodon and

CASCODED JFETS

Fig.1: four more-or-less equivalent inverting amplifier circuits. At left is the pentode valve, followed by a paix
of triodes in a cascode configuration, two JFETs in the same configuration and the simplified scheme used in the
Fetron (which requires specific JFET characteristics).

V+ V+
OUTPUT
K
| weur K
vo —_ ] Vo
FETRON
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The History of Videotape - part 1
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Audiotape recording and playback
predate videotape, with early
magnetic recording of audio demon-
strated in 1898, Oxide tape was invent-
ed in Germany in 1928, By the time
serious work on videotape recording
started in the 1950s, audiotape was
already widely used.

Audiotape use amplitude-based re-
cording; a stronger signal creates pro-
portionally stronger magnetic patterns
on the tape. Audio signals are in the
frequency range of 20Hz to 20kHz,
a range of ten octaves or three dec-
ades. This is not especially difficult
to achieve with magnetic tape.
Videotape, however, needs to cover

SirconN CHIP

3,

the range of 60Hz to at least 4.2MHz
for the US NTSC standard, or 50Hz to
5MHz for CCIR/PAL (see Fig.1). Thisis
arange approaching 17 octaves. That's
a much bigger challenge.

On playback, tape head output dou-
bles for every doubling in frequency
(ie, output increases at 6dB/octave).

Let’s say that we can get away with a
video signal that has a signal-to-noise
ratio (SNR) of 40dB. From 50Hz to
5MHz, the signal ratio due to the 6dB/
octave effect is 100dB! That means
that our tape system SNR needs to be
at least 140dB (Fig.2). That is simply
not possible. So video signals cannot
be recorded and played back using

Australia’s electronics magazine
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conventional amplitude recording.

Another reason why amplitude re-
cording cannot be used for video is
that any tiny variations in tape-to-head
contact (dropouts) would severely af-
fect the replayed picture (Fig.3). Vari-
ations in the tape’'s oxide layer would
also cause major visual disruptions,
especially if the signal level falls and
the synchronising signals cannot be
detected.

Tape-to-head speeds
Tape systems work well up to a fre-
quency where the wavelength of the

recorded magnetic pattern approaches
the width of the tape head's magnetic

sificonchip.com.au
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Fig.1: the recording bandwidth needed for a direct (linear) analog transcription of
standard audio and video (PAL) signals. The horizontal axis is logarithmic; video
covers 16.5 octaves (five decades) while audio covers 10 octaves (three decades).
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The BBC's Video Electronic Recording
Apparatus (VERA) was an attempt to
record video onto tape in a similar
manner to audio. It used stationary
heads and a very high tape speed,
necessitating huge tape reels. Despite
their size, each reel only lasted 15
minutes! Source: www.violdboys.com

Ampex’s Harold Lindsay (left) and
Alexander M. Poniatoff (right)
with the well-regarded Ampex 200
audiotape recorder. Source: www.
historvofrecording.com

Fig.2: the signal from the tape head increases by 6dB for every doubling in fiequency. This shows the impossibility of
recording a video signal directly to tape, since to avoid saturation at 5MHz and signals below 50Hz being lost in the noise,
the system would need an impossibly high dynamic range of 140dB.

gap. At precisely one wavelength, the
signal on one side of the head has the
same amplitude and polarity as that
on the other side. With no difference
in the magnetic field, there is no out-
put from the head.

So the combination of head gap
width and tape speed determines the
frequency at which head output falls
to zero, and thus the maximum record-
able frequency.

For the NTSClimit of 4.2MHz and a
practical head gap of only 2.5pm, the
required tape speedis 21 metres/sec (2
%x2.5 x10% x 4.2 x10% x 107). That’s the
entire length of an old-fashioned 2400
foot/731mreelin about 35 seconds! It's

sificonchip.com.au

worse for the CCIR/PAL bandwidth of
5MHz, needing a tape speed of 25m/s,
giving a reel playtime under 30 sec-
onds. So it is not practical to use lin-
ear tape recording for video recording,

VERA

Despite all these apparent problems,
some hardy folks did give amplitude
recording a try. The BBC's Video Elec-
tronic Recording Apparatus (VERA)
from 1952 took on the challenge, us-
ing stationary heads and a very high
tape speed.

Unable to accommodate the re-
quired 405-line standard’s bandwidth
of 3MHz with amplitude recording, Dr

Australia’s electronics magazine

Peter Axon's teamingeniously split the
entire signal into three bands.
Band A contained signals 50Hz~100
kHz (including synchronising signals),
frequency modulated onto a 1MHz
carrier. Band B contained signals
100kHz~3MHz using amplitude mod-
ulation. Band C frequency-modulated
the audio signal onto a 250kHz carrier.
Splitting the video bandwidth did
allow the 405-line bandwidth of 3MHz
to be accommodated, and demonstrat-
ed the principle of recording video
on tape.
VERA's development lasted until
1956, by which time US company
...continued on page 48
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dadtrical power. Intermal piezo crystal ignitor. TS1310

FlUFiEsd
e

NOW

NOW

Portasol $1 29
Pro Piezo Gas SAVE $16
Soldering Tool Kit

Quality pro piezo iron. Includes tips, cleaning sponge/
tray and storage case. Temp range up to 480°C. Fiezo
ignition. 75W equivalent aledtrical power. TS1318

—
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NOW

$2495

SAVE $3
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100 Piece
Driver Bit Set

Includes magneatic halder, Phillips bits, slottad
hits, tars, tamperpraot, pin drive, wing nut
driver ate. Suits standard 1/4" driver handla.

i
TDZ2038 5ee websita forfull contents. i
|

OW
$3 Q95

SAVE $10

110 Piece 12V
Rotary Tool Kit

Cill, saw, sand, polish, carve or grind
inyour warkshap or out on the road.
12 @ 12,000RFM. TDZ2451

73 Piece m

Multifunctional Serewdriver Set
Open all kinds of electronic devices. 52 Steal
predsion bits. Storage case. TD2134

ONLY

$92695

Cable Tie Box

Kit consists of 100 pesx 200mm,
100 pesx 150mm, 200 pest
100rmm. Sea-through flat storage
case 400 pieces. HP1214

Assorted Solder Splice
Heatshrink Padc
Cluickly create sealed soldarad jaint in ana
go. Indudes assorted colours and sizesto suit
various cablae size. 42 pieces. WHES43

trade
card

We reward our industry professionals




NOW FROM
=1s:%0 $4955
12V Deep Cycle Modified SAVE UP TO $20
. p y. SAVE $40 .
AGM" Batteries Sinewave Inverters
Deasigned to store large amounts Powrar small appliances such as laptops,
of enargy. Superior deep cycling 1 ZV' 7 . 2A/ 2 4V'3 . 6A stereos, computers, phonea chargers etc. where
parformance for different recreational mains socketisn't available. 12VDC to 240VAC.
and industrial applications. B - | tte I‘y Ch arger Includes battery lead and alligator clips.
75Ah SB1680 R Fully automatic ? state chargertor 12 or 24% lead acid =L el 2l NOW $49.95 SAVE $10
100Ah SB1682 {Weat cell, Gel cell, AGK) and lithium iron phosphate L TR NOW $69.95 SAVE $10
120Ah SB14683 {LiFePO4) batteries. Built-in protection. IP&5 rated. BOOW MI5308

#*AGM = Absorbant Glass Mat MB3613

NEED A LARGER CAPACITY?
1504h & 2008h available

for special order only.

See in-store or online for details.

Ultra High Capacity
10004 12/24V Lithium
Jump Starter

Li ight

protecion,

65W Fixed Slim MP3 i SAVE $20

SOW Manual
120W Fixed Slim

3-30VDLC Tester
With Voltage/Polarity

High Power

Mains Power Sup plieé

i p or power

12VDC 5A 65W
24VDC 2.5A 65W
48VDC 1.25A 65W 1

Desktop Style

Power Supplies

Wersatile switchr ¢ i High Current

nfigur 2 Core Power Cables

12VDC 5A b

12VDC 5A(5 Plugs) . $4.95/m $3797roll

24VDC 2.7A b 4 $9.95/m $429/7roll
i $14.95/m $63%/roll

12V 140A Dual Battery Isolator Kit 4
Powsar your aledrics without flattening your main starter battery. | — (
Automatic isolation. Easy to install. MBS 880 o

=D 0
= B ! .

P it Y

-

Heavy Duty
Jumper Leads with LED
: uilt-in LED light.

Non-contact y 600A True
AC Voltage Detector RMS AC/DC
frarm 4 Clampmeter

Stainless Steel
Wire Stripper/
ers



Improve your sound & vision

'I/.__ ' | ) ) = ] E

STREAM AUDIO QR VIDED VIA BLUETQOTH
Bluetaoth®5.0 supports Dual Audiawhich allows youta

3

NOW

$9Q95

SAVE $10

2 Channel
Soundbar Speaker
With Bluetooth® 5.0

Enhance the sound of your T, and can also ba used as a
standalone speaker. Includes 3.5mm stereo and digital
optical inputs. 2:14W Output. Wall Mountable.

HAC5233

Bluetooth® 5.0
Transmitter &
Receiver

with Optical
Multi-directional. Can stream audio to orfrom

your Bluetooth® device to play on your stereo,
speaker etc. TOSLINK Optical input & output. 242112

Audio Mixer
With Bluetooth® Technology
Compad & rechargeable, ideal for straet
busking, outdoor parties, etc. 3 .5mm Awxiliary
input & output. 6.5mm microphone input.
1500mah rechargeable battery. AMAZ30

L]
Rechargeable *
Headphones
with Bluetooth®
Technology
Amazing sound quality.
Listen to your music
wirelassly via Bluatooth'.
USE Rechargeabla,
Built-in mic. AA2129

JUsT

$3995

Concord Flexible TV Replacement
Coax Leads Power Supply
Super flaxible, Easy to run for Masthead
through ertertainment Amplifier
cahinets and alang F-socket

skirting boards, RGa quad paowar injecar
shielded. 14WVDC@150mas
TV Plug To TV Plug 3m LT3258

JUsT

$20Q95

WWTAE0 $14.95

TV Plug To F-Plug 3m
WWTAE4 $14.95

TV Plug To F-Plug 20m
WWTAT0 $34.95

Kingray VHF/UHF
Masthead Amp
High gain with LTEAG filters to compansata for

Sea website for FROM redistribution of broadeast frequencias, LT3251
full range. $1 495 Sea wabsite for details.
$ NOW $ NOW $ NOW
3 o5 o5 o5
529 265 A 79
SAVE $10 SAVE $8 s ' SAVE $10
‘ O —d
- 4
_‘ Roadies

Cable Tester
Test Spaakaon,

Speaker Polarity Tester | RCA, LUSE, FJ45
Digital TV With Tone Generator j cables. LED
Signal Strength Meter Sinewave tone generator, speaker i indicators. Bullet-
Easy toread podket sized OVB-T palarity and RCA cable tester, Output e proaof metal
matar. Correctly adjust the angle of range: OV-EW. 9V spaaker popper, RCA construction,
your digital TV antenna, LT3332 ar alligator dips connection. A40414 AL0ADE
FROM
FROM FROM Concord 4K HDMI 2.0 57995 ’
$Q95 $1995 Amplified Cables
Armplifiad transmission,
o Aweaids signal loss,
DVI-D to 10m WQ7437 $79.95
HDM I Adaptors HDMI Cable 15m WQ7438 $99.95
Socket to Socket PA3640 $9.95 1.5mLong 20mWa7435 5119
Plug to DVI-D Sochet PA3542 $9.95 WOQTA0T $19.95 30mWQ7439 $139
Socket to DVI-D Plug PA3S544 $9.95 3.0mLong

MiniPlug to Socket FA3545$12.95 WOT405 $29.95

TERMS AND CONDITIONS: REWARDS /CLUEB MEMBERS FREE GIFT, % 5AYIMNG DEALS, & MEMBERS OFFERS requires ACTIWE Jaycar Rewards £ membership at
time of pumh aze. Referto webaite for Rewards # membership T&C s IN-STORE QLY refers to company owned stores and not available to Pesellers. Fage 1: FREE 1

% Tkg Flazhforge Filament with purchase of Adventurer 300 Frinter[TL4254), select from TLA249-TL4274. Page 1: Mulibuys: 2« WC 5250 for $24% Page 2: FREE 232G R
micro50card (XC4992) with purchaze of Inspection Camera[QC5714). SUPPLY SHAIN DISRUPTIOM. We apologize forfactors out of contral which may resultinsome
items may not being available onthe adverized on-2ale date of the catalogue.

stream music to 2 different spaakers at the same tima.

GREAT FOR TV
ORMUSIC

Concord 2-Way
4K HDMI Splitter
Simultaneously split to two HOMI displays
frarm ana HOMI saurce. Up to A22K video
resalution. High-Cynamic-Ranga (HOR)
videa support. Mains adaptor included,
ACE000

4K

JUsST
Concord 4-Way $1 29
4K HDM | Switcher
Switch up to 4 different HDOMI displays. Up
ta Mx2K videa resalution. High-Dynamic-
Range (HDR)video support. 3.5mm stereg
audio output socket. ACE110

1080P
HD

JUsT

$179
1080p HDMI

Cat5e/Caté Over IP Extender

Send high definition &Y signals to a screen
inanather raom up to 150m away using a
Cat5e/t cable through a comman router
ar Ethernat switch. Infrared remote caontral
axtander, AC17E2

Additional Receiver AC1753 599,95



Arduino® Compatible
NANO Board

Fully compatible with all the features of the full
Duinatech boards but on a tiny DIP-styla form.
ATMega328P microcontraller, 4801 81 8Hmm.
XCA414

®®

$79 3 ?ﬁ
20% OFF \ .;.3;

RS-232 to

TTL UART Converter Module
Connect alegacy device [ or computer) to
yaur existing Arduing® board to directly
communicate with a huge variety of serial
pearipherals. Full RS-232 part. XC3724

O®
NOW

$395

Ethernet Expansion Module
Aonetwark shiald that enables you to set
your Arduing® up as web server, contral
your projed aver your netwark ar evan
conned your Arduing® ta world wide wab.

NOW

X441z o . whean power is disconnactad, Onboard &
25% OFF @ axtarnal antanna options, XC3710
Jiffy Boxes
Wanufactured from Flexible
ABS plastic. Sizes are Light Duty
cormpliant with industry Hook-up Wire

standards externally and
PCB fitting intarnally.
Various sizes available,
Black/gray colour.

UBS HBAO1E $3.45
UB3 HBAD13 $4.50
UB2 HBAD12 $7.95
UB1 HBAD11 $5.25

10% OFF

Infrared Receiver Module

Read the signals sent by mast IR remate
contrals, Pair it with the TX Madule
(XC4425 $4.95 sold separately) to make a
universal ramate contral, XC4427

RF Transceiver Module
Adds a versatile 433MHz
radio to your Arduing®
praject allowing two-way

NOW wireless communication
$31 Q5 between Arduinos. Indudes
artenna, 1.9-3.6VDC
20% OFF aperating valtage, XC4522

$2095

Arduino® Compatible
UNO R3 Board

Stackable design makes adding expansion shields
easy. Powered from 7-12VDC ar from your computars
USE part. AThMagal&u2 LUSB-Sarial chipset.

5307 5 3Hmm, XCA410

NOW

$795

10% OFF

20% OFF @

Tri-Axis Digital Tilt Sensor

IUsa this high performance acceleration
sensarin your project ta detect direction,
aswell azfree fall, pulse, and shaka
detection. 12 bit and 8 bit digital outputs.
12C digital output interface, XC3732

&)

Arduino® Compatible
MEGA 2560 R3 Board

Cur mast powerful Arduing® compatible board. Boasting
rmare [ pins, maore memary, mora PWE outputs, more
analogue inputs and more serial ports. ATMega 2550
micracantrallar, 5301 08Wx 1 5Hmm, XC4420

®®

NOW

$395

20% OFF

Red Laser Diode Module

Mead a red laser light far your latest
projea? Just connect this diode madula
ta SVDIC and you're good ta gol Usa it
with our light sensar madule (XC4444
$5.95 sold separately)to make a laser
tripwire, XC4490

(SO

NowW
$425

10% OFF

$1 495

GPS Receiver Module

With On-board Antenna

Add GPS functions to your naxt Arduing®
project. 2.5m accuracy to pin point your
lacation. Flash memary retains data even

Breadboard Layout $495

Prototyping Boards

Transfer your breadboard dasign
without having to rewark it.

Small 25 Rows/400 Haolas HPPE70 $4.95
Large 59 Rows/852 Holes HPRE72 $9.95

Cuality 13 = 0,12
tinned hookup wire
on plastic spools.

2 different colours
available. 25m rall.
Red WH3000
Black wWH3001
See website for full range.

RGB LED Module

Can be intarfaced with a variety of
microcontrallers, 4 pin header, 3.3-5V0DC.
XCAA28

5%



NOW
5695
10% OFF

8 x 8 LED
Dot Matrix Module

&4 red LED matrix Easily controlled with the LED Cantral
library. Display custam characters, ar use multipla
modulestagather tamake a scrolling display. XC4499

20% OFF

128 x 64 LCD
Dot Matrix Module

Alarger display with ool white on blue graphics. Similar
to the character LCD's with inbuilt charactar ROM, but the
flexibility ta show graphics as well. 8 bit, 4bitand serial

intarfaces available. XC4817

1.3" 128ﬂx 64 OLED
Monochrome Module

For projedsthat don't require full eolour,

Wide viewing angle to eliminate eye strain. XC3728
ALSO AVAILABLE: 15" OLED Colour Module XC3724
NOW $54.95 20% OFF

ONLY
$495

Prototyping Shield for Wi-FiMini
Create custom hardware and add features
tayour projec ar build custom sensor nodas
ar autput madul es. XC3850

ONLY

$1 295

Prototype Shield with Breadboard for MEGA
This shield givesyou plenty of raom ta prototype your
latest MEGA project. Stackable. Provides accesstaoall of
the MEGA's pinz and plenty of salder pads to prototype

ONLY

$1 595

Prototyping Board Shield
Thiz stackable shield makes sami permanent pratotyping
simpla. Pravides solder-pad access to all of the Arduing's
ping, and a large area of izolated pads. Includes raset

on, XCA416 button, XC4482
@® & @®
NOW NOW NOW
$1 1 o5 $995 $595
20% OFF 20% OFF 25% OFF

24V 5A MOSFET Driver Module

Accapts Pulse Width Modulation (PWH) input to drive
2DC loads from you Arduing®, Operate lighting, DC
matars, pumps, solenaids, ete. 3.3V-5VDC, XCA488

@®

Motor & Servo Controller Module

Has 2x5Y sarvo ports conneded tathe Arduing's high-
resolution dedicatad timer to ansure jittarfres operatian.
Control up ta four DT maotaors or twa stepper matars.
5-16VDIC, XCA472

Stepper Motor Controller Module

Allaws full contral of two DC matars or one steppar-
matar, Provides 44 at up to 30, Onboard 5V regulatar ta
paowar your Arduing’ main board, 3-30VDC, XC4492

NOW

NOW
$1 1 @5 $395
20% OFF 25% OFF 20% OFF

Active Buzzer Module

The easy way toadd sound to your projed. Hook up a
digital pin and ground, and use the tonal) function to get
your Arduing® beeping XC4424

MP3 Audio Player Module

Flay MP3, WA, ar WA files from an anboard migrasSD
card (186GB XC4987 $19.95 sold separataly) with your
next eledronics praject. 5W power, XC3748

Microphone Sound Sensor Module

Graat far any projed ta detect sounds. Includes bath
analague (for waveform)and digital output with
adjustable thrashold for simple sound detaction. XC4438

# I“(’ -
LED Tester Solderless Breadboard / f o T -, 5 = ./:
Checks function, with Power Supply >/ T g 5 Piece .
brightnass, 230 tie-point breadboard ; ,-"f A J: _-_ g & Stainless
colour and with rernovable power ONLY > Steel Tool Set
palarity of light supply madula, Power ‘.g,wa Set of 5x115mm
amitting diodas from USB ar 12V $21 o5 $2495 cutters & pliers, "P‘d "ﬂ
(LED). AADZTA plugpack. 84 mixed _gt Soft ergonomic ™ ey, & ™~
length/eolour grips. TH1812 A -
ONLY LED-TESTER BTN ERcS Assorted LED Pack - &
FB3819 Cortains 3mm and Smm LEDs of ONLY

KA

$1 395

mixed colours. 10=5mm maounting
hardware. 100 piecas. 201594

$3495

RASPEERRY Pl COMPATIBLE
Thisicon indicates that the
product will wark inyour
Raspherry Pi project.

Arduino® based project.

ARDUINO® COMPATIELE
Thisicon indicates that the
product will wark in yaour

jaycar.com.au/projects



169 %169
SAVE $50 SAVE $50

13.8V 40A
Switchmode Bench
Power Supply

High current general workshop power supply for
equipment, component testing, etc. Banana socket style
binding post output. Internal cooling fan. MP3089

SAVE

50

9" High Resolution
Auto LCD Monitor
with HDMI Input

|deal for car or truck. Equipped with anti-glare

Now ON THESE St i o LGN s
Solder/  >199 PRODUCTS
Desolder SAVE $50 a— NOW

/

%319
savEsso 12V 30A
Charger for
Lithium & Lead
Acid Batteries

Charges 12V and 24V lead acid, AGM and
lithium [LiFePO4) batteries from 504h to 300Ah,
with or without load. Automated 5-stage charging

for Lead Acid and 2-stage charging for LiFePO4
batteries. 12V 30A or 24V 15A output. MB3621

-
Rework Station
60W Soldering iron and 300W
rework blower. Dual digital display.
Adjustable temperature up to 480°C,
Quick heat-up.
TS1648

et

that thingi#~  thatthing .

you need, Cn - you want. o TV, ¢

For full details on hows to enter, drawing & rules head to: jaycar.com.au/dmax-jaycar

*Terms and conditions. Starts 12:01 AM AEDT 2&2{21. Ends 11:59 PM AEST 30M4¢ 21, Qpen to AUST residents who fulfil the entreligibility requirements. Frize is a 21MY Isuzu D-MAX 4w L5U Automatic valued at up to $67,998 (inc GET).
Frize draw 10:00 A6 AEST 135027 at Lewel 2, 17 York 5t Sydney NS 2000, Winners notitied via e mail by 14527 and published at jaycar com aufdm e jaycar by 1705027, Promoter is Jayear Py Ltd. ABM 65 000 087 236 320Vidona Rd Rydalmers NSW 2178
Authorised underMEW Authorty Mo, TROOF 16, and ACT Permit Mo, TR 2100078 and 54 Permit Mo, T21/71. Actual prize vehide not shown, specitications may vary. For tull terms and conditions reter to jaycar. com. aufdmascte ms
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OFFERS & WHAT'S ON! JOIN NOW! think. possible.

D 1800 022 888 ONLINE ORDERS
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Over 100 stores 8& 130 resellers nationwide
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SERVIEEMANISIECGRE.

If it isn’t one thing, it’s another

Dave Thompson

Sometimes, even when there are no customers lining up, work comes
along anyway. It isn’t always welcome, but when your tools go down, you
have to fix them. It doesn’t help that I'm afflicted with the Serviceman’s
Curse, so I'm allergic to paying for replacement tools when it’s possible

to (uneconomically) fix them!

Over the past year, plenty of local
businesses have folded; there simply
isn't the customer traffic to keep the
doors open any more due tolockdowns
and general economic malaise.

While our overall revenue has
dropped, as you would expect with
a lot less work coming in, the silver
lining is that I finally have some free
time to get onto those little jobs that
I'd been putting off.

Those of you who live the rock and
roll life of a serviceman know that
sometimes things don't go according
toplan, An anticipated five-minute job
can easily turn into a two-day mission
in the flash of a shorted battery connec-
tor or a clumsily-placed screwdriver.
That sort of thingdoesn'thappen tome,
of course! ButI do hearrumours that it
happens to other, less-careful people.

The first small job created itself
when I went to use my soldering sta-
tion, and the pencil was still cold 10
minutes afterI switched it on. The as-
tute among you will know soldering
irons are meant to be hot, so the fact
thatI could hold on to the wrong end
of it without being burnt told me that
something was up!

Items)CoverediThisiMonth

® |t's always the other thing

® Coin counter repair

® Alternative security systems

® LED rose garden repair

® Electric fence energiser repair
*Dave Thompson runs PC Anylime
in Christchurch, NZ.

Website: www.pcanyime.co.nz
Email: dave@pcanytime.co.nz

. r

sificonchip.com.au

The pencil connects to the soldering
station using one of those multi-pin
screw-on plugs, sometimes called a
GX-16 series connector.I removed and
re-connected it, and it seemed sound,
so [ guessed that the pencil’s element
had gone open-circuit.

Confirming this theory proved to be
more difficult than I imagined, main-
ly because the pencil itself appears to
be a moulded unit. Everything is set
into it at manufacture, and it cannot
be disassembled to reveal the in-
nards. The cable stress reliever at
the bottom can be prised out, but
the element appears to have no /
means of being removed, other \y,_ 7 ’ !
than by cutting into the pencil’s
plastic body.

This makes them inexpensive to
manufacture, but not great for re-
pairs. I think they expect people to
throw away the dead pencil and buy
a new one. The problem is that I've
used this pencil for a while now and
having just ‘broken in’ a new tip, it
is perfect for the work I do. To bin
it without at least trying to repair it
would be, well, frankly against my
serviceman’s code!

So electrical checks would have
to be made via the GX connector. I
searched for circuit diagrams online
for my model. Once located, my mul-
timeter confirmed there was no resist-
ance or continuity through the element
from any of the pins, let alone the
designated ones, which told me all I
needed to know. It was dead!

ot

(o

&
fo Ty r |
(= LT,
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Borrowing a spare

Fortunately, I have a spare pencil,
But when I say spare pencil, I mean
spare soldering station. Whileitis very
much like my usual one, I originally

SOMETIMES THINGS DON'T
GO ACCORDING TO PLAN
(serviceman plans; God laughs)

Australia’s electronics magazine MARCH 2021 61
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This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.
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For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.
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ELEGTRONICS SUPER STORE

OVER 40 THOUSAND PRODUCTS
ONLINE 1500+ PAGE CATALOGUE
AUSTRALIA WIDE SHIPPING

Preview only.
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AUDIO/VISUAL ACCESSORIES
SPEAKERS / PRO AUDIO
ELECTRONIC COMPONENTS
DATA & ELECTRICAL
TOOLS & TEST EQUIPMENT
BATTERIES & MORE!

BUY ONLINE AT
WAGNERONLINE.COM.AU

VISIT OUR SYDNEY STORE

84-90 PARRAMATTA ROAD
SUMMER HILL, NSW 2130

02 9798 9233
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serial Link

0

This tiny module (about the size of a postage stamp) provides
bidirectional, isolated, full-duplex serial communication. That makes it
ideal for when two (or more) boards running from separate supplies need
to pass information to each other. It can also carry isolated logic signals.
Among its many other uses, it can be used to join two of the Battery
Balancers (described in this issue).

r I Vhe High-current Four Battery
Balancer project starting on
page 21 can handle more than

four batteries (or cells) by stacking

multiple units.

But for that to work, they need to
communicate with each other, even
though their ground potentials will
be quite different; possibly as much
as 60V DC apart.

To connect their onboard serial
links so they can work as a single unit,
a serial isolator is needed. This little
device uses optoisolators to provide
thousands of volts of effective isola-
tion while allowing the serial data to
pass through unchanged.

Anotherimportant use for a device
like this is connecting a computer toa
device that you're testing, to prevent
any possibility of damage should the
device malfunction and feed a high
voltage to its serial pins.

Ifyouhave a single Battery Balancer
and wish to monitor or control its op-
eration on a computer, it would be a
good idea to use this isolator between
the two, for safety.

We already published the Zero
Risk Serial Link in January 2019
(siliconchip.com.au/Article/11360)
for this purpose, but that board in-
cludes a power supply for the isolated

68 SirconN CHIP

By Tim Blythman

device, which often isn't necessary.
That makes the board much larger
and more complicated than necessary.
In cases where both communicating
devices have individual power sup-
plies, this design is a better choice.

New design

By dispensing with the power cir-
cuitry and using six passive SMDs,
we've managed to squeeze the re-
quired circuitry into a PCB that meas-
ures just 26.5 x 23.5mm.

That's small enough to be connect-
ed inline with your serial link and
encased in a short length of large di-

These same-size renders of the front
(left) and rear (right) of the Isolated
Serial Link PCB show just how tiny it
is. Whether you use vertical header
pins, as shown here, or horizontal,

as shown in our photos, is up to you.
Incidentally, the renders were taken
directly from the new Altium Designer
21, which we reviewed in January
(siliconchip.com.au/article/147 05).

Australia’s electronics magazine

ameter heatshrink tubing. Despite this
small size, itisn't hard to build.

Fig.1 is the complete circuit dia-
gram. The operation is simple. On
the transmitting side, a current loop
is formed between the TX pin and
the selected supply rail (3.3V or 5V)
via one optoisolator LED (OPTO?2 for
CON1 and OPTO1 for CON2). This
is via a 2202 current-limiting series
resistor.

S0 when the TX pin is high, no cur-
rent flows through the LED, and when
itis low, about 10mA (for a 3.3V sup-
ply) or 18mA flows. This pulls the RX
pin at the opposite end low by acti-
vatingthe Darlington transistorin the
other half of the optoisolator.

When no current is flowing through
the LED, the Darlington is off, so that
pin is held high by a 1k£2 pull-up re-
sistor.

The configuration is identical for
data flowing from CON2's TX pin to
CON1's RX pin as it is in the other
direction. A 100nF bypass capacitor
stabilises the voltage across the Dar-
lington on either side.

Pin headers CON1 and CON2 are
identical, and could be soldered di-
rectly to one of the communicating
boards (eg, a Battery Balancer) using
four of the six pins.
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Capacitors are proha/hly the mnst nﬂl

3

sizes. Some are much smaller than
a grain of rice, while others are huge
and used in banks to launch aircraft
welighing many tonnes into the air!

Because there are so many differ-
ent types, it can be very confusing try-
ing to choose one. Even if you know
what capacitance and voltage rating
you need, there could be hundreds
or even thousands of matching parts.
Some ofthose might not work at allin
your circuit, while others might work
but not very well, and some will be
very expensive. You need to narrow
the choice down to just ahandful and
then pick one.

We have tried to break the following
descriptions into digestible sections,
despite their complexity. If you find
yourself overwhelmed, give yourself
time to digest what you have read so
far, then read the rest later.

Capacitors come in all shapes and

Capacitor dielectrics
Fundamentally, a capacitor is just
two conductors (originally flat plates)
separated by aninsulator (the “dielec-
tric”). Butbecause the area of the plates
required for any significant capaci-
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sungerstnod of the p: pasm

By Nlchulas Vmen

tanceis quitelarge, modern capacitors
are typically arranged as many layers
of smaller conductors and insulators
connected in parallel, allowing for a
more compact package.

In some cases, the ‘plates’ are not
even flat but instead are spiral coils,
or 3D structures such as the etched
surface of a metal foil or granular ma-
terials.

Etched or granular materials have a
much higher capacitance per volume,
as capacitance is proportional to sur-
face area and inversely proportional to
the distance between the plates.

This creates a tradeoff; thinner di-
electrics give more capacitance, but
have a lower breakdown voltage, so
the maximum voltage applied to the
capacitor must be kept lower. This is
the main reason that a capacitor with
a higher voltage rating, but the same
capacitance, tends to be physically
larger; its dielectric layer(s) need to
be thicker.

The type of insulating (dielectric)
material used has a strong effect on
capacitor behaviour, and for this rea-
son, capacitors are mostly categorised

by the dielectric type. Different dielec-

Australia’s electronics magazine

/

tric types have their own trade-offs in
terms of capacitance, voltage ratings,
linearity, current handling and more.

Some widely used dielectric mate-
rials for capacitors are:

¢ Ceramics (typically metal oxides)

¢ Metal oxide layers (in electrolytic

capacitors)

¢ Plastic films

¢ Mica

¢ Paper

¢ A Helmholtz plane of solvent

molecules (as in ‘double layer’
super/ultracapacitors)

The most common types of capac-
itors in use today are ceramic and
electrolytic, followed by plastic film
types. These three types of capacitors
have important sub-categories which
strongly affect their behaviour.

One property of all dielectric mate-
rials is the dielectric constant (“K").
The larger this number, the higher the
capacitance for a similarly construct-
ed device. K can vary with tempera-
ture, voltage, age and other properties.
While high K values make for greater
capacitances in a small volume, there
are significant penaltiesin other areas,
as we describe below.

sificonchip.com.au



Ceramic capacitors

Fig.1: the range of

If you look at the PCB of just about 2% capflcitanf:es and voltages
any modern electronic device, you will W NPO/COG X7R available in 3.2 x 2.5mm
find it covered in ceramic capacitors. s30v (125°C) Sl\él]) cer a]]]:ic capamt:lns
They are cheap, reliable, performvery & today. Both larger anc

. . . D 250V smaller sizes are available,
well and are available in a wide range 5 extending th ¢
f itances and voltage ratings. 2, % eneuig fie 1aee o

ol capacl ge 85 3 values down to 0.1pF (1.6

Because nllodernl ceramic capaci- 3 sav x 0.8mm) and up to 47 0pF
tors are fabricated in bulk, they can 25V (4.5 x 3.2mm). Note how
have anywhere from one to many 16y some types of ceramic
thousands of layers. This gives them Tov dielectric are available to
a wide capacitance range, from frac- oay B higher working voltages,
tions of a picofarad up to hundreds ~'|"SMD EIA 1210 . {tb( and others to a higher
of microfarads, in a small package — 4ovl- 3.2x2.5mm (1057C) maximum capacitance.
see Figs.1-3. {original source:

Ceramic capacitors are typically ro " ITQF ted i - " Wikipedia)

- ated capacitance

bust and long-lasting, and are not po-
larised (they can handle negative or Connecting ; Protective Ceramic disc
posiﬁve[vol{ages]. g terminal Ce[:_;::c::zrrs coating N / (dielectric)

Ceramic capacitors are available ' Electrodes ' \
with voltage ratings from just a few Electrode |
volts up to several kilovolts. Ceramic
capacitors with voltage ratings above Hold-off kink —_

500V tend to use different types of ce-
ramic to those below 500V, and have
slightly different properties.

Connecting
terminal

# rs x Dielectric Constant x Active Area

The most common ceramics used  Capacitance =
Dielectric Thickness
are based on titanium dioxide (TiO;) . e
\ . . . s Voltage Rating is
or barium titanate .[BaTlog] W:’Vlﬂl addi stormined by the
tives to tweak their properties. Dieleciric thickness

As there are so many different pos-
sible combinations, they are arranged
in various categories based on their
performance. The categories are based
on theinitial tolerance of the capacitor
(ie, the variation ofreal samples from
the rated value), how the capacitance
changes with temperature (the temper-
ature coefficient) and how it changes
with applied voltage (the voltage co-
efficient).

The most common type codes are
NPO or COG (different names for the

rrninulion

< Nickel plating
Dielectric -7 & Tin plating

Thickness .L;: - Acive area

Ceramic Powder @

Ceramic Slurry @'—'"’('

Electrode Metal
same category), |B, S8L0, X5R, X58, Pow:gr @ szen
X6S, X7R, X78, X8L, Y5V and Z5U. o\ Sheot

To take three examples, NPO/COG
types have very close tolerances and
no or minimal capacitance variation
with temperature or voltage. They
also have a low dielectric constant,
so they are relatively large for a giv-
en capacitance value and voltage rat-
ing. As a result, they are also quite
expensive.

Electrode Ink “—%,
Stacking ) @
~ Screen

Lamination

Fig.3: the manufacturing process for multi-layer SMD ceramic
capacitors. To keep the cost low, they are made in large sheets and
after lamination is complete, the sheets are sliced up into individual

Fig.2: the structure of typical

SMD and through-hole ceramic
capacitors. SMD 'chip’ ceramics
are made of many layers; through-
hole disc capacitors may have a
single layer construction, as shown
here, or increasingly these days,

a similar internal structure to a
multi-layer SMD capacitor. Multi-
layer through-hole capacitors are
usually encapsulated in epoxy, while
the single-layer disc types can be
encapsulated in ceramic. {original
source: Johanson Dielectrics)

MAKING MULTI-LAYER

Tape CERAMIC CAPACITORS
Casting
Termianem@

Termination

Termination

capacitors. Those are then fired (similarly to ceramic pottery) and Finished MLCC Firing
the end terminals are added, which provide a way to solder to the isned
. . . PR capacitors
capacitor while also electrically joining every second layer. :
{eriginal source: Johanson Dieleciries) %
sificonchip.com.au Australia’s electronics magazine * MARCH 2021 73



S LS ]
e

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

74 Smrcon Cee Australia’s electronics magazine siliconchip.com.au



ST,
L™

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

sificonchip.com.au Australia’s electronics magazine MaRcH 2021 75



S LS ]
e

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

76 Smrcon Cee Australia’s electronics magazine siliconchip.com.au



ST,
L™

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

sificonchip.com.au Australia’s electronics magazine MaRcH 2021 77



S LS ]
e

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

78 Smrcon Cee Australia’s electronics magazine siliconchip.com.au



ST,
L™

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

sificonchip.com.au Australia’s electronics magazine MaRcH 2021 79



S LS ]
e

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

80 Smrcon Cee Australia’s electronics magazine siliconchip.com.au



ST,
L™

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

sificonchip.com.au Australia’s electronics magazine MaRcH 2021 81



S LS ]
e

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

82 Smrcon Cee Australia’s electronics magazine siliconchip.com.au



ST,
L™

This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.

sificonchip.com.au Australia’s electronics magazine MaRcH 2021 83



L |

N

CH

In Part 1 of our new Battery Multi-Logger last month, we described how
it combines the functions of a Micromite LCD BackPack along with
voltage and current sensing hardware, and power-saving techniques, all
on a single PCB. Now we’ll go over the construction, testing, setup and
calibration procedures so you can build and use it.

efore gettingto the assembly in-
B structions, let's quickly review
the Logger’s capabilities.

¢ It can handle batteries from 6-100V
and monitor up to three bidirec-
tional currents of up to 10A using
its onboard shunts, or much more
(to 100A or beyond) using exter-
nal shunts.

¢ Its own power consumption is less
than 1mA while actively logging
with the screen off.

¢ It can display the current and histor-
ical data on a 2.8-inch baclklit LCD
touchscreen, and the data can also
be downloaded to a computer over
USB for further analysis.

¢ It tracks the current battery state-
of-charge in both amp-hours (Ah)

84 SirconN CHIP

and watt-hours (Wh), and it has a

current measurement resolution of

around 0.1% of full-scale, which

equates to 10mA steps when using

the internal shunts.

All of these functions are built onto
a small PCB. As all the user interface
foatures are accessed via the touch-
screen, it can easily be integrated into
other devices through a rectangular

cutout in the case.

Construction

The Battery Logger is built on an
86mm x 50mm double-sided PCB
coded 11106201. Fig.5 shows where

the components go, on both sides of
the board.
As usual for assembling a board

Australia’s electronics magazine

with many 8MDs, it is useful to have
the following on hand: flux paste, sol-
derbraid (wick), a magnifier, tweezers
and an adjustable temperature iron.
The smallest parts have pad spacing
under 1mm, so solder bridges are al-
most inevitable, hence the need for
flux paste and solder wick.

Since flux tends to generate smoke,
use a fume extraction hood or work in
an outdoor area, where the smoke can
more easily dissipate.

One of the most fiddly parts is the
USE socket, CON5, so start by fit-
ting that. Dispense flux onto the pads
and then sit the USE socket in place;
it should lock into the holes in the
PCEB. Add some more flux to the tops
of the pins.

sificonchip.com.au
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Our finished
Electronic Wind Chime.
It’'s based on a
commercial wind
chime but ours
works when there’s

SirconN CHIP

e modified a Carson
Home Accents “Amaz-
ing Grace” 640mm Son-

net Wind Chime to incorporate the
solenoid drivers.

It is a 5-chime type with
31.5mm outside diameter tubes.
) The longest tubeis 590mm and
o shortest at 450mm.

The solenoids are supported
on a circular ring made from
9mm MDF (medium-density fi-
breboard). This ring is held in place
with an inverted U-shaped piece made
from MDF and a couple of right-angle
brackets. The whole frame is attached
to the wind chime’s attachment hook
with an M5 screw and nut.

For our prototype, the clapperplate
was made using an 80mm diameter
piece of 1mm aluminium sheet, The
plate (shown in Fig.7) is designed to
cater for the 5-chimes arranged 72°
apart around the diameter.

The plate includes holes for the
strings and a slot to allow the clap-
per plate to be placed over the clap-
per while its central support string is
still attached.

The frame needs to be sized so the
base plate can be positioned at a height
where the solenoids and levers are in-

Australia’s electronics magazine

Part 2: finishing it off — by John CGlarke

Last month, we described how our new
Electronic Wind Chime worked, and how
to build the electronics. Now we get to the

tricky bit — modifying the wind chime itself
so it can be driven by a series of solenoids.
Fear not, because we have detailed
instructions on how to accomplish this, and
finish the build by putting it all together and
setting up the electronics.

line with the top of the clapper plate.

There are two holes for the string
attaching each solenoid to its chime.
These need to be far enough apart
so that the string does not touch the
chime tube when pulled taut. This
clapper plate can be glued in place, or
held with a small self-tapping screw
into the clapper after the string has
been threaded.

The 100mm x 10mm rectangular
solenoid levers are made from 1mm
aluminium sheet; the two end holes
are 3mm in diameter. Note that two
holes are not centred, but placed close
to one side, to give the best rotational
movement when attached to the sole-
noid plunger.

The pivot point is a wood screw into
the base plate. This should be long
enough and screwed in sufficiently
for the lever to sit horizontally, with-
out being too tight to move.

The hole in the solenoid plunger
was drilled to 2.5mm and then tapped
for an M3 thread. That allows thelever
to be secured at the fulcrum with just a
10mm-long M3 screw and no nut, with
the screw acting as a bearing, Alterna-
tively, you could drill 3mm diameter
holes and secure them with machine
screws and nuts.
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MINI ISOLATED SERIAL LINK COMPLETE KIT (CAT SC5750) 4R 21)
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Short Form kit {with GPU module): includes the programmed Waveshare CPU
muodue and everything included in the shart form kit above [Cat 5C5503) $140.00

MICROMITE LCD BACKPACK V3 KIT (CAT 5C5082) {AUG 19)

Includes PCE, programmed micros, 3.5in touchsereen LCD, UB3 1id, mounting hardware,

M osfets for FWh backlight control and all ather mandatory on-board parts $75.00
Separate/Optional Componants:
- 3.5-inch TFT LCD touchscreen [Cat 505062 $30.00

*Priosz valid for month of magazine izzue only. All pricez in Auzhalian dollarz and inolude GST whers applicable.

$15 MICROS

PIC16F1458-/80 Four-Channel OC Fan & Pump Contraller [Dec18)

PIC16F877A-I/P  £-Digit GPS Clock (MayD3), 16-bit Digital Pat (Jul10), Semtest (Feb12)

PIC32MMO256GPM028-1/88 Super Digital Sound Effects [Aug13)

PIC32M1 70F2560-501P/T  44-pin Micromite Mk2 [Aug14), 4DoF Simulation Seat {Sep 13)

PIC32NX1 70F 256B-501/8P  Micromite LCD BackPack W1-¥3 (Feb16 /May17 / Aug19)
Touchscreen Valtage / Current Ref. [Oct16), Deluxe eFuse (Aug17)
Wicromite DDS far IF Alignment [Sep 17), Tariff Clock [Jul13)
GP5-Synched Frequency Reference (Mow13), Air Quality Manitor [Feb2)
RCL Baox (Jun20), Digital Lighting Controller Micromite Master [(Now20)

PIG32MTX1 70F 256B4,/50 Battery Multi Logger [Feb21)

PIC32MX270F 266B-501/8P ASCII Video Terminal (Jul14), USE M&K Adaptor (Feb13)

PIG3 2N 795F 31 2H-80I/PT  Maximite [Mar1 1], miniMaximite [Nowi1), Colour Maximite
[Sep12), Tauchscreen Audio Recarder [Junid)

$20 MICROS

1.5KW Induction Motor Speed Contraller [Aug13)

CLASSIC DAC [Feb13)

Digital Audio Delay [Dect1), Quizzical [Qct11)
Ultra-LO Preamp [Mowd 13, LED Musicolour [Qct12)

Stereo Echo/Reverb (Feb 14), Digital Effects Unit [Oct14)
Wicromite Explare 64 [Aug 16), Micromite Plus [Now1)
Wicromite Explare 100(5epi6)

$30 MICROS
Colour MaxiMite [Sepi12)

D5P Crossover/Equaliser [May19]), Low-Distartion DD5 [Feb20)
OIY Reflow Cven Controller [Apr0)

te PIC33FJBAMCB02-E/SP
te PIC33FJ128GP306-1/PT
dePIC33FJ128GPE02-1/SP

PIG32MX470F512HH/PT
PIG32MX4 70F 512H-120/PT
PIG32MX4 70F 512L-120/PT

PIG3 2MX6 85F 512L-80I,PF
PIG32MZ 204 8EFHO64-1,PT

- DHT22 temp/Mumidity sensor [Cat SC4150) $7.50
- BMP130 [Cat 504344 OR BMP250 [Cat SC4595) temp/pressure sensor $5.00
- BMEZ280 temperature/pressure/umidity sensar [Cat SC4608) $10.00
- D53231 real-time clock S01C-16 1C (Cat SC5103) $3.00
- 23LC1024 1ME RAM [S0IC-8) (Cat SC5104) $5.00
- AT255F041 512KE flash (SQIC-8) (Cat SC5105) $1.50
- 10uF 164 X7R through-hale capacitor (Cat SCH1086) $2.00
VARIOUS MODULES & PARTS
- CP2102 USBE-UART bridge $5.00
- 15m 02 3W SMD resistor [Battery Multi Logger / Arduinag P5U, Feb21) $2.50
- D53231[M) realtime clock SMO IC [Battery Multi Logger, Feb21) $3.00
- MCP4251-502E/F [Arduino Power Supply, Feb21) $3.00
- Pair of C50158534 [Electranic Wind Chimes, Feb21) $6.00
- IPFE0F03P4L04 [Dual Battery Lifesaver / Vintage Radio Supply, Dec2D) $5.00
- 162 LCD module (Digital RF Power Meter, Aug2 ) $7.50
- W52812 Bx5 RGE LED matrix module (Q1' Timer 11, Jul20) $15.00
- WMAXD35 function generator IC [H-Field Transanalyser, May20) $25.00
- MC1496F double-balanced mixer [H-Field Transanalyser, May20) 2.50
- AD3495 thermocouple interface (D1Y Reflow Owen Caontroller, Apr2d) $10.00
- SiE7H1AR 2.5kV isolated Masfet driver IC [Charge Contraller, DeciS) $5.00

- 1/0 expander modules (Nov13):
PCASGES — $6.00 § POFE574 —$3.00 | MCP23017 — $3.00
- 5MD 1206 LEDs, packets of 10 unless stated otherwise (Xmas Ornaments, Now20):
yellow —$0.70 amber —$0.70 { blue —$0.70 § cyan —$1.004 pink (1 only) §$I].2I]
0

- 150182 0-based vaice recorder / playback module [Junk Mail, Aug 19) 4.0

- 23LCV1024-1/P SRAM & MCPY3331T (UHF Repeater, May13) $11.50
- MCP1700 3.3 L0O requlator [suitable for USE M&K Adapatar, Feb15) $1.50
- LM4865MX amplifier & LFROCY regulator (Tinnitus/nsomnia Killer, Novid)  $10.00
- 2.&inch touchscreen LOD module with S0 card socket (Tide Clock, Jul18)  $22.50
- ESP-01 Wik Module (El Cheapo Modules, Aprig) $5.00

- WiFi Antennas with U FL/IFX connectors (Water Tank Level Meter with WiFi, Febig):
5dBi—$12.50 § 2dBi (omnidirectional) — $10.00
- NRF24L01+FA+NA transceiver, SNA connector & antenna (El Cheapo, Jan 18) $5.00
- Wehlas 01 Ardumu—cumpatlble boards with WiFi [Sep17, Feb18):
Thingspeak data logger —$10.00 101 B2 with external antenna socket —$15.00
- ERA-25M+ MMIC & ADCH-804+ choke (BGHz+ Frequency Counter, Oct17)  $15.00
- 053231 real-time clock module with mounting hardware [El Cheapo, Qct16) $5.00

# P&P priosz are within Auchalia. Dverceas? Plaos an order on our webzite fora quote.
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PRINTED CIRCUIT BOARD TO SUIT PROJECT DATE PCB CODE  Prios PFIINTEIJ CIRCUIT BOARD TO SUIT PROJECT DATE PCB CODE  Prios
THEREMIN JANTE 23112171 §12.50 CAR RADIO DIMMER ADAFTOR AUGTS 05107191 $5.DD
PROPORTIONAL FAN SPEED CONTROLLER JANTE 05111171 §2.50 PSEUDO-RANDOM NUMBER GENERATOR AUG1S 16106151  §5.00
WATER TANK LEVEL METER [INC. HEADERS) FEB1G 21110171 §7.50 4DaF SIMULATION SEAT CONTROLLER PCB SEP13 11109191 §7.50
10-LED BARAGRAFH FEB1S  D4101181  §7.50 L HIGH-CURRENT H-ERIDGE MOTOR DRIVER SEP13 11109192  §2.50
L 5IGNAL FROCESSING FEB1G  D4101182  $5.00 MICROMITE EXPLORE-28 [4-LAYERS) SEP13 07108191  §5.00
FULL-WAVE MOTOR SPEED CONTROLLER WMAR1S 10102181  $10.00 SIX INFUT AUDIO SELECTOR MAIN PCB SEP13  D1110191  §7.50
VINTAGE TV AN MODULATOR WMAR1S 02104181  §7.50 L FUSHBUTTON FCB SEP13 01110192 §5.00
AM RADIO TRANSMITTER WMAR1S DE101181  §7.50 ULTRABRITE LED DRIVER SEP13 16109191  §2.50
HEATER CONTROLLER APR1G 10104181  $10.00 HIGH RESOLUTION AUDIO MILLIVOLTMETER 0OCT15 04108191 $10.00
DELUXE FREQUENCY SWITCH MAY1S 05104181  $7.50 PRECISION AUDIO SIGNAL AMPLIFIER OCT19  D4107191  §5.00
USE PORT PROTECTOR MAY1S 07105181  $2.50 SUPER-3 FM RADIO PCB SET NOV1G  D6109181-5 §25.00
2 % 12V BATTERY BALANCER MAY1E 14106181  $2.50 L CASE PIECES & DIAL NOWV19  5CH166 $25.00
USE FLEXITIMER JUNTE 19108181 §7.50 TINY LED XMAS TREE [GREEN/REDANMHITE) NOVIG 16111191 §2.50
WIDE-RANGE LC METER [INC. HEADERS) JUNTE  5C4618 §750 HIGH POWER LINEAR BENCH SUPPLY NOV1G 16111181  §10.00
L WITHOUT HEADERS JUNTE 04108181 §7.50 L HEATSINK SPACER (BLACK) NOV19  5CE165 $5.00
L CASE PIECES [CLEAR) JUNTE  5C4609 §750 DIGITAL PANEL METER / USE DISPLAY NOVIG 18111182  §2.50
TEMPERATURE SWITCH MK2 JUNTE 05105181 §7.50 L ACRYLIC BEZEL [BLACK) NOWV19  5CE167 $2.50
LiFeP 04 UPS CONTROL SHIELD JUNTE 11108181 $5.00 UNVERSAL BATTERY CHARGE CONTROLLER DEC13 14107191 §10.00
RASPBERRY FI TOUCHSCREEN ADAFTOR JuLis 24108181 $5.00 BOOKSHELF SPEAKER PASSIVE CROSSOVER JAN20 01101201 §10.00
RECURRING EVENT REM INDER JUL1E 19107181 $5.00 L, SUBVWOOFER ACT IVE CROSSOVER JANZ2D 01101202 §7.50
BRAINWAYE MONITOR (EEG) AUG1ES 25107181 $10.00 ARDUIND DCC BASE STATION JAN20 08207181 $5.00
SUPER DIGITAL SOUND EFFECTS AUGTE 01107181 $2.50 NUTUBE VALVE FREAMPLIFIER JAN2D 01142151 §10.00
DOOR ALARM AUG1E 03107181 §$5.00 TUNEABLE HF PREAMPLIFIER JAN20 06110151 §2.50
STEAM YWHISTLE / DIESEL HORN SEP18  D9106181  $5.00 4G REMOTE MONITORING STATION FEB2D 27111191  §5.00
DCC PROGRAMMER [INC. HEADERS) 0CT18 504716 §750 LOW-DISTORTION DDS [SET OF 5 BOARDS) FEB2D  01106192-6 $20.00
L WITHOUT HEADERS 0CTi8  D9107181  $5.00 NUTUBE GUITAR DISTORTION / OVERDRIVE PEDAL  WAR20  D1102201  §7.50
OFTO-ISOLATED RELAY (INC. EXT. BOARDS) OCTi6 1010718172 §7.50 THERMAL REGULATOR INTERFACE SHIELD MAR20 21109181 $5.00
GP5-5YNCHED FREQUENCY REFERENCE NOViIS  D4107181  §7.50 L PELTIER DRIVER SHIELD MAR20 21109182  §5.00
LED CHRISTMAS TREE NOV1S 16107181 $5.00 DIY REFLOW OVEN CONTROLLER (SET OF 3PCBS)  APR20  D1106193/45/6 $12.50
DIGITAL INTERFACE MODULE NOViS 16107182  $2.50 7-BAND MONO EQUALISER APH20 01104201 §7.50
TINNITUS/ANS OMNIA KILLER [JAYCAR VERSION) NOV1IS  O1110181  $5.00 L STEREOD EQUALISER APH20 01104202 §V.50
L ALTRONICS VERSION NOViIS 01110182  $5.00 REFERENCE SIGNAL DISTRIBUTOR APH20  CSE200103  §7.50
HIGH-5ENSITVITY MAGNETOMETER DEC1G 04101011 §12.50 H-FIELD TRANSANALYSER MAY20 06102201 $10.00
USELESS BOX DEC18  DB111181  §7.50 CAR ALTIMETER MAY20 05105201  $5.00
FOUR-CHANMNEL DC FAN & PUMP CONTROLLER DEC15 05108181  $5.00 RCL BOX RESISTOR BOARD JUNZD 04104201 §V.5D
ATtiny816 DEVELOPMENT/BREAKOUT FCB JANTS 24110181 $5.00 L CAPACITOR /INDUCTOR BOARD JUnZD 04104202 §V.5D
ISOLATED SERIAL LINK JANTS 24107181 §5.00 ROADIES' TEST GENERATOR 5MD VERSION JUNZo 01005201 §2.50
DAB+FM/AM RADIO JANTS 06112181 $15.00 L THROUGH-HOLE VERSION JUNZD 01005202 §5.00
L CASE PIECES [CLEAR) JANTS 504849 $.00 COLOUR MAXIMITE 2 PCB [BLUE) JuLzo 07107201 §10.00
REMOTE CONTROL DIMMER MAIN FCB FEB13 10111151  $10.00 L FROMT 8 REAR PANELS [BLACK) JUL20  SCE500 $10.00
L MOUNTING PLATE FEB13 10111192  §$10.00 OL' TIMER |1 PCB [RED, BLUE OR BLACK) JuL2o 19104201 §5.00
L EXTENSION PCE FEB13 10111153  §$10.00 L ACRYLIC CASE PIECES /SFPACER [BLACK) JUL20  5C5443 §7.50
MOTION SENSING SWITCH [SMD) FCB FEB13 05102191  $2.50 IF REMOTE CONTROL ASSISTANT PCE (JAYCAR)  JUL20 15005201  $5.00
USE MOUSE AND KEYBOARD ADAFTOR PCE FEB13 24311181  $5.00 L ALTRONICS VERSION JUL20 15005202 §5.00
LOW-NQISE STEREQ PREAMP MAIN PCE WMARIS 01111119 §25.00 U5E SUPERCODEC AUG20 01108201 §12.50
L |NPUT SELECTOR PCE WMARIS 01111112 $15.00 L BALANCED ATTENUATOR NOV20D 01106202 §7.50
L PUSHBUTTON FCE WMAR1S  D1111113  $5.00 SWITCHMODE 7EXX REPLACEMENT AUG20 18105201 §2.50
DIODE CURVE PLOTTER WMARIS  D4112181  §7.50 WIDEBAND DIGITAL RF POWER METER AUG20  D4108201  §5.00
L UB3LID [MATTE BLACK) MAR1S 504927 $5.00 ULTRASONIC CLEANER MAIN FCE SEP20 04105201  §7.50
FLIP-DOT (SET QF ALL FOUR FCBs) APR19  5C4850 $17.50 L FROMNT PANEL SEP20  D4105202  §5.00
L COILPCE APR1G 19111181 §5.00 NIGHT KEEPER LIGHTHOUSE SEP20 DB110201  §5.00
L PXEL FCE [16 PIXELS) APR1G 19111182 §5.00 SHIRT POCKET AUDIQ OSCILLATOR SEP20  D1110201  §2.50
L FRAME PCE (5 FRAMES) APR1G 19111183 §5.00 L 3-PIN ATtiny FROGRAMMING ADAFTOR SEP20 D1110202  §1.50
L DRIVERFCE APR1G 19111184  §5.00 D1 MINI LCD WIFI BACKFACK 0CT20 24106121 §5.00
ICESTICK VGA ADAFTOR APR1G 02103191 §2.50 FLEXIBLE DIGITAL LIGHTING CONTHOLLER SLAVE  OCT20 16110202 §20.00
UHF DATA REPEATER MAY13 15004151  $10.00 L FRONT FANEL [BLACK) 0CT20 16110203 §20.00
AMPLIFIER BRIDGE ADAFTOR MAY13 01105191 $5.00 LED XMAS ORNAMENTS NOV2O  16111191-0 §3.00
3.5-INCH LCD ADAFTOR FOR ARDUIND MAY1S 24111181 $5.00 30 LED STACKABLE STAR NOV2OD 16109201 1250
D5P CROSS0VER [ALL PCBs — TWO DACs) MAY19 506023 $40.00 L RGEVERSION (BLACK) NOV2OD 16108202 1250
L ADC PCB MAY13  D1106131  §7.50 DIGITAL LIGHTING MICROMITE MASTER NOV2D 16110201 §5.00
L DAC PCE MAY13 01106192 §7.50 L CP2102 ADAFTOR NOV2D 16110204 §2.50
L CPUPCE MAY13  D1106193  $5.00 BATTERY VINTAGE RADIO POWER SUPPLY DEC20 11111201 §7.50
L PSUFPCE MAY13 01106194  §7.50 DUAL BATTERY LIFESAVER DEC20 11111202 §2.50
L CONTROL PCB MAY13  D1106195  $5.00 DIGITAL LIGHTING CONTROLLER LED SLAVE DEC20 16110205  §5.00
L LCD ADAFTOR MAY13 01106196  $2.50 AN S RADID JAN21  CSE2009024 $10.00
STEERING YWHEEL CONTROL IR ADAFTOR JUNTS 05105181 $5.00 M INIHEART HEARTEEAT SIMULATOR JAN2T 01109201 §5.00
GP5 5PEEDO/CLACKA/OLUME CONTROL JUNTS 01104181 §7.50 I'M BUSY GO AMAY [DOOR WARNING) JAN2T 16112201 §2.50
L CASE PIECES [MATTE BLACK) JUNTS 504887 $10.00 BATTERY MULT I LOGGER FEB21 11106201  $5.00
RF 5IGNAL GENERATOR JUN1IG 04106191 §15.00 ELECTRONIC WIND CHIMES FEBZ1 23011201 §10.00
RASPEERRY FI SPEECH SYNTHESIS/AUDIO JUL1S 01108181 $5.00 ARDUIND 0-14v POWER SUPFLY SHIELD FEB21 16106201  §5.00
BATTERY ISOLATOR CONTROL FCE JULiS 05106191 §7.50

L MOSFET PCE [20z) JULiS 05108192 $10.00 HIGH-CURRENT BATTERY BALANCER (4-LAYERS)  MARZ1 14102211  $12.50
MICROMITE LOD BACKFPACK V3 AUG1S 07106191 §7.50 MINI ISOLATED SERIAL LINK MARZ1 24102211  $2.50

We also sell an A2 Reactance Wallchart, RTV&H DVD, Vintage Radio DVD plus various hooks at siliconchip.com. au/Shop/3



YINTAGE RADID

Kriesler’s 41-21 mantel/portable set

By lan Batty
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The Kriesler "Triplex'" 41-21 is an all-transistor,
battery-powered radio which uses reflexing.

It was produced in the late 50s/early 60s and
was sold with a plastic case that came in one of
three colours (pink, brown or red).

Engineers are a chummy lot. Dur-
ing my Air Force days, I encountered
a variety of engineering types needed
to keep an aircraft flying: mechanical
engineers for the engines, airframes
and controls, electrical engineers for
the electrical systems and controls,
electronics engineers for the radio,
radar navigation and instrument sys-
tems, and commerce types for supply-
ing all the parts needed.

ButwhenItook alook at the Kriesler
41-21 (manufactured from 1959 to
1961), I started wondering whetherthe
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mechanical engineering folks at Kre-
isler were ‘in dispute’ with the elec-
tronics engineer cohort.

Surely no-one could have come up
with the labyrinthine dial drive in
this otherwise fine set unless they had
some axe to grind. Yes, I get thatit'sa
way of accommodating a 130mm long
dial with a 41mm diameter drum on
the tuning gang, when an 82mm diam-
eter drum would otherwise be needed.
But I would have putin a 2:1 gear set
to the drum and simplified the rest of

the arrangement.

Australia’s electronics magazine

Electrically, the setis also somewhat
interesting. It uses a reflexed second
intermediate frequency (IF) amplifier,
with that transistor also acting as an
audio preamp. The design is similar
to the Philips MT4 that I described in
September 2017 (siliconchip.com. au/
Article/10806).

Like that set, the reflexed stage
needs carefully-managed signal lev-
els, so the 41-21 has a two-gang vol-
ume control potentiometer. More on
that later.

So despiteits dial drive, it's an Aus-
tralian set worth an article.

First appearances

The curved, rippled front with its
coloured inset and black case rear is
a pleasing alternative to the “square
black box” so often resorted to in the
late 50s/early 60s.

The“sliderule” dial is some 130mm
long; plenty of space to list all the sta-
tions of the day. The side-mounted
volume control is placed for easy ad-
justment. The separate on/off switch
eases the load on the volume control;
ie, it doesn’t need to be rotated every
time you turn the set on or off, giving
a longer trouble-free life.

Circuit details

The set’s circuit is shown in Fig.1.
The main difference between the 41-
21 and the identically-cased 41-21A1is
the 21A’s use of a single-tuned third
IF transformer.

All transistors are Philips/Mullard
“OC” series germanium PNPs, with a
negative power supply (ie, positive
ground).

Ferrite rod L2 is tuned by the anten-
na section of the tuning gang, C3A. A
low-impedance secondary matches to
the base ofthe converter via capacitor
C2, in parallel with 2.2k resistor R1
(the bottom half of the converter's bias
divider). C2 is there to overcome the
resistance of R1 at radio frequencies

sificonchip.com.au
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This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.
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The cho'ce IS YOURS!

Regardless of what you might hear, most people still prefer a magazine which
they can hold in their hands. That’s why SILICON CHIP still prints thousands of

copies each month — and will continue to do so.
But there are times when you want to read SILICON CHIP online . . . and that’s
why the online version www.siliconchip.com.au is maintained at the same time.

WANT TO SUBSCRIBE TO THE PRINT EDITION? (as you’ve always done!) No worries!
WANT TO SUBSCRIBE TO THE DIGITAL (ONLINE) EDITION? No worries!
WANT TO SUBSCRIBE TO BOTH THE PRINT AND THE DIGITAL EDITION? No worries!

SILICON CHIP, Australia’s most read, most respected and most valued electronics reference
magazine, makes it so easy for you. And even bhetter, we offer short-term subscriptions
(as short as six months) so you can effectively “try before you commit”.

And, of course, as a subscriber, you’ll know you’ll never miss an issue AND $ave money!

Here’s the deal:

If you're in Australia, you can subscribe to the print edition {only) of SiLicoN CHIF for $105 for a full 12 months
(12 issues) — that's almost $15 less than the over-the-counter price AND we pick up the postage.

If you're overseas, you can subscribe to the print edition — email us for the rates for your particular country.

If you're anywhere in the world, you can subscribe to the online edition of SiLicon CHF for $AUSS,

And, of course, from anywhere in the world, you can subscribe to both print and online editions — in Australia, the
price is just $125 (only $20 more than the print edition price). Overseas — again email us for the rates in your country.

While your subscription is current, you can download software, PCB patterns, panel artwork etc FREE OF CHARGE!

Want more information? Log onto our website and click on “subscriptions”

www.siliconchip.com.au



PRODUCT SHOWCASE

Raspberry Pi Pico - available from element14

element14 has announced the avail -
ability of the first product built on
Raspberry Pi-designed silicon: Rasp-
berry Pi Pico. This new product brings
high performance, low cost, and ease
of use to the microcontroller market,
in a $5 development kit.

The Raspberry Pi Pico is available

to purchase from https:/au.element14.
com/3643332

Crocus CT220 - the industry’s first TMR contactless

Mouser is now stocking the CT220
XtremeSense contactless current sen-
sors from Crocus Technology.

The CT220 sensors are powered by
Crocus' XtremeSense tunnel magneto-
resistance (TMR) 1D technology, which
enables them to detect slight changes in
AC or DC. The sensors offera 2.7V to
5.5V supply voltage range and 1.2mA
supply currentratingin a 5-lead SOT23
package.It measures the magnetic field

Postponement of ElectroneX to September 2021

AEE, organisers of ElectroneX, have
been closely monitoring the COVID-19
situation and following recent out-
breaks and border closures over the
Christmas period, and have made the
decision to postpone ElectroneX (Elec-
tronics Design and Assembly Expo) at
Rosehill Gardens in Sydney until 15-
16 September 2021 which also brings
the Expo back into the normal Sep-
tember timeframe.

This cautious approach will provide
sufficient time for the vaccine roll-out
to be implemented and for state gov-
ernments to provide more certainty in
relation to their border closure policies

106 SirconN CHIP

Attheheart of the Raspberry PiPico
is the RP2040, a Raspberry Pi-designed
micro. It features two 133MHz ARM
Cortex-MO+ cores; 264KB of on-chip
SRAM; 26 GPIO pins; dedicated hard-
ware for commonly used peripherals
and a programmable I/O subsystem
for extended peripheral support; a
4-channel ADC with internal tempera-
ture sensor; and built-in USB 1.1 with
host and device support.

The RP2040 microcontroller offers
high performance for integer work-
loads, a large on-chip memory, and a
wide range of I/O options, making it
a flexible solution for a wide range of
microcontroller applications.

Key features include:

Memory: 264KEB of on-chip SRAM;
2MB of on-board QQSPI Flash.

Interfacing and mechanicals: 26
GPIO pins, of which three can be used
as analog inputs. 0.1-inch through-

of the current flowing through a bus-
bar or PCB trace and converts it to an
analog output voltage that represents
the field and current.

These sensors achieve a typical total
output error of +0.5% while sensing
fields as low as 5mA. CT220 current
sensors feature an inherently high iso-
lation, making them theideal solution
for applications where product safety
compliance is a requirement.

hole pads with castellated edges for
SMT assembly.

Power: on-board power supply to
generate 3.3V for the RP2040 and ex-
ternal circuitry. Wide input voltage
range, from 1.8V to 5.5V, giving de-
signers the flexibility to select their
preferred power source.

Developer tools: simple drag and
drop programming via micro-USE,
3-pin Serial Wire Debug (SWD) for
interactive debugging. C-based SDK,
MicroPython port, and extensive ex-
amples and documentation.

To find out more about the Raspber-
ry Pi Pico, visit www.element14.com/

community/docs/DOC-96021/

elementi4
72 Ferndell Street
Chester Hill, NSY¥ 2162

Phone: 1300 361 005
Weh: hitps://au.elemenii 4.com/

current sensors

These applications include motor
controls, solar inverters, power dis-
tribution units and power supplies,
and Internet of Things (IoT) devices.

To learn more, visit www.mouser.
com/new/crocus-technology/crocus-
ct220-xtremesense-sensors/

Mouser Electronices Inc.
Phone: {852) 3756 4700
Weh: www. mouser.com/

which is currently having a major im-
pact on interstate business.

Due to thelead time thatisrequired
for the promotion of the show and the
need for companies and visitors to be
able to freely travel to NSW, we believe
this is the best decision to help ensure
the overall success of the Expo.

In accordance with the terms and
conditions, all contracts and pay-
ments that have been made will be
transferred to the rescheduled dates.

If you have any questions in rela-
tion to the rescheduling please con-
tact Noel Gray on 0407 943 817 or Vee
Johnson on 0422 399 318.

Australia’s electronics magazine

EleclroneX
=

electronics design & assembly expo

AEE ElectroneX

Moel Gray — Managing Director AEE
PO Box 5269

South Melbourne, ¥Y1G 3205

Phone: (03) 9676 2133

Mohile: 0407 943 8§17

Weh: www. elecironex.com.au/
Mail: ngray@auexhibitions.com.au
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This is a preview of the March 2021 issue of
SILICON CHIP.

For access to the full 112 pages of content in
the magazine, purchase the issue at our
website: www.siliconchip.com.au

Or take out an online subscription for access to
the latest issues.
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MARKET CENTRE

Cash in your surplus gear. Advertise it here in SILICON CHIP

PCB PRODUCTION

KIT ASSEMBLY & REPAIR

PCB MANUFACTURE: single to multi-
layer. Bare board tested. One-offs to
any quantity. 48 hour service. Artwork
design. Excellent prices. Check out our
specials: www.ldelectronles.com.au

FOR SALE

GREAT VALUE PARTS and more are
found in the Tronixlabs eBay store via
tronixlabs.com.au — for enquiries
or support please email support@
tronlxlabs.com

LEDs, BRAND NAME and generic
LEDs. Heatginks, fans, LED drivers,
power supplies, LED ribbon, Kits,
components, hardware, EL wire.
www.ledsales.com.au

ASSORTED BOOKS FOR $5 EACH
Selling assorted books on electronics
and other related subjects — condition
varies. All books can be viewsed at:
slllconchip. com.auw/link/aawx

Email for a postage quote, quote
photo numbers when referring to a book:

sllicon@ slliconchlp.com.au

VINTAGE RADIO REPAIRS: slactrical
mechanical fitter with 36 years ex-
perience and extensive knowledge of
valve and transistor radios. Professional
and reliable repairs. All workmanship
guarantsed.

$17 inspection fee plus charges for parts
and labour as required. Labour fees $38
p/h. Pensioner discounts available on
application.

Contact Alan, VK2FALW on 0425 122

415 or email blgalradloshack@ gmaill.
com

DAVE THOMPSON (the Serviceman
from SILICON CHIF) is available to
help you with kit assembly, project
troubleshooting, general slectronics and
custom design work. No job too small.
Based in Christchurch, NZ but service
available Australia/NZ wide.

Email dave@davethompson.co.nz

KEITH RIPPON KIT ASSEMBLY &
REPAIR:

* Australia & New Zealand;

* Small production runs.

Phone Keith: 0409 662 794

kelth.rippon@ gmall.com

alwaysiavailahlejwith
theselhandyihinders

These binders will protect your
coples of SILICON CHIP. They
feature heavy-board covers,
hold 12 Issues & wlll look great
oh your bookshelf.

Order online from WL

siliconchipfcomfau/Shop/d

e |

I ADVERTISING IN MARKET CENTRE I

Classified Ad Rates: $32.00 for up to 20 words (punctuation not charged) plus $1.20 for each additional word. Display adsin ||
Market Centre (minimum 2cm deep, maximum 10cm desp): $82.50 per column centimetre perinsertion. All pricesinclude GST.
Closing date: 5 weeks prior to month of sale. To book, email the text to silicon@siliconchip.com.au and include your name,

address & credit card details, or phone Glyn {02) 9939 3295 or 0431 792 293.

T e Tt

WARNING!

SiLIcoN CHIP magazine regularly describes projects which employ a mains power supply or produce high voltage. All such
projects should be considered dangerous or even lethal if not used safely. Readers are warned that high voltage wiring
should be carried out according to the instructions in the articles.

When working on these projects use extreme care to ensure that you do not accidentally come into contact with mains
AC voltages or high voltage DC. If you are not confident about working with projects employing mains voltages or other high

voltages,you are advised not to attempt work on them. Silicon Chip Publications Pty Ltd disclaims any liability for damages
should anyone be killed or injured while working on a project or circuit described in any issue of SILICON CHIP magazine.

Devices or circuits described in SiLIcON CHIP may be covered by patents. SiLicoN CHIP disclaims any liability for the
infringement of such patents by the manufacturing or selling of any such equipment. SiLicoN CHIP also disclaims any
liability for projects which are used in such a way as to infringe relevant government regulations and by-laws.

Advertisers are warned that they are responsible for the content of all advertisements and that they must conform to the
Competition & Consumer Act 2010 or as subsequentlyamended and to any governmental regulations which are applicable.
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USB SuperCodec, August-October 2020: in the Fig.13 circuit diagram on page
88 of the September 2020 issus, pin 12 of IC7 (SDOUT) should not be shown
connected to pin 9 of IC6. Instead, it goestothe 125_ADC1 connection at the right
edge of Fig.12 on p86.

Car Altimeter, May 2020: the design is missing one schottky diode (D8) which
connects from the cathode of ZD1 (schottky anods) to the positive terminal of the
battery (schottky cathods). This is needed to charge the battery. It can be added
to the underside of the PCB, as shown in the accompanying photograph.

6GHz Touchscreen Frequency Counter, October-December 2017: in the
circuit diagram on pages 30 & 31 of the October 2017 issue, a 1uF bypass
capacitor is missing between the anode and cathode of REF1. Also, in the
overlay diagram (Fig.3) on p86 of the November 2017 issus, the board shown
is RevA; the final {(RevB) board adds a 100uF capacitor just to the left of REG2,
with its positive lead towards the regulator.

The April 2021 issue is due on sale in newsagents by Thursday, March
25th. Expect postal delivery of subscription copies in Australia between
March 23rd and Aprif 9if.
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“Rigol Offer Australia’s Best

Value Test Instruments”

RIGOL DS-1000E Series

» 50MHz & 100MHz, 2 Ch
b 1GS/s Real Time Sampling
» USB Device, USB Host & PictBridge

FROM s429 ex GST

RIGOL DG-800 Series

» 10MHz to 35MHz
» 1 & 2 Qutput Channels
» 18Bit, 125MS/s, 2M Memory Depth

FROM 5479 ex GST

Power Supp
l - UJM;/ \;.l
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RIGOL DP-832

» Triple Output 30V/3A & 5VI3A
» Large 3.5 inch TFT Display
» USB Device, USB Host, LAN & RS5232

“"u5749 ex GST

Function/Arhitrary Function
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RIGOL DS-1000Z/E - EREE OPTIONS

» 50MHz to 100MHz, 4 Ch; 200MHz, 2CH
» 1GS/s Real Time Sampling
b 24Mpts Standard Memory Depth

FROM 5649 ex GST

RIGOL DG-1000Z Series

» 26MHz, 30MHz & 60MHZz
» 2 Qutput Channels
» 160 In-Built Waveforms

FH“HS725 ex GST

900000002

RIGOL DSA Series

» 500MHz to 7.5GHz
» RBW settable down to 10 Hz
» Optional Tracking Generator

FROM 51,321 ex GST

k. m
> Productl

RIGOL MS0-5000 Series

b 7OMHz to 350MHz, 2 Ch & 4Ch
b 8GS/s Real Time Sampling
» Up to 200Mpts Memory Depth

FROM 51’56 g ex GST

RIGOL DM-3058E

» 5 1/2 Digit
» 9 Functions
» USB & R&§232

“"“3789 ex GST
Real-Time A

e S New
i - - - -3 Produetl

RIGOL RSA Series

» 1.5GHz to 8.5GHz
» Modes: Real Time, Swept, VSA & EMI
» Optional Tracking Generator

FROM s3,21 0 ex GST

Buy on-line at www.emona.com.au/rigol

Perth
Tel 08 9361 4200 EMO N
Fax 08 9361 4300

web www.emona.com.au

Sydney Melbourne Brisbane Adelaide
Tel 02 95193933 Tel 03 98890427 Tel 07 3392 7170  Tel 08 8363 5733
Fax 02 9550 1378 Fax 0398890715 Fax 07 3848 9046 Fax 08 83635799

email testinst@emona.com.au
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WHAT IF WE MADE CARS MORE LIKE TREES? A LOT OF TREES.

Electric vehicle batteries, equipped with Analog Devices battery management
technology, can prevent 60 million tons of CO2 emissions every year. Which is
the same as 71 million acres of trees, but maybe not quite as pretty.

ANALOG
Analog Devices. Where what if becomes what is. DEVICES
See What If: analog.com/Whatl|f AHEAD OF WHAT'S POSSIBLE™



