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Gravitational Waves
how they are detected




Build your own

Arduino’ Compatible Oscilloscope

This little test toalis designed tabe easily put tagether if yau
need a very basic scope in a hurry.

The maximum sample rate is alaut 700 samples per secand,
and it's limited to the 0-5Y that the Arduina® analague pins

can handle. Still, it's sensitive enalgh to pick Up the 50Hz naise
frarn rains wiring without making contact. &lsoincludes a tone
generator, so yol can compare signal frequencies too.

SKILL LEVEL: BEGINNER

For step-by-step
instructions scan
the QR code.

www.jaycar.com.au/oscilloscope
See other projects at
www.jaycar.com.au/arduine
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IP65 Sealed ABS Enclosures

ABS plastic. IP&5 ratad. Wida ranga,
sizas from S4WEB0E35HmMM to
2401 600 P 0Hmm. HBS120-HBA1 34

Hook-Up Wire Pack
2 metres of 8 different colours of 13

0.12mm haok- up wire. 16 metras total,
WWH3025

100

240V Soldering Irons i
Stainless steal barral, Impact resistant
handle. Elactrically safety approved.
A0W TS1475 $19.95

BOW TS14385 $24.95
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$1 Q95
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CLUB OFFER
BUNDLE DEAL
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Assorted LED Pack
Caontains 3rmm and Smm LEDs of
mixed colours. 100 piacas, 201894

gift card

If we produce or publish your electronics, Arduino or
Piproject, we'll give you a complimantary $100 gift card.
Upload your idea at projects.jaycar.com

Silicon Chip projects:
jaycar.com.au/efsilicon-chip-kits
Kitloack catalogue:
jaycar.com.au/kitbaclcatalogue
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Shop online and enjoy 1 hour clide & collect
or free delivery on orders over 599"
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14 Detecting Gravitational Waves

Deaspite being theorised to exist in 1905, if wasr't untif 2015 that gravitational
waves were actually detected. The article details the properties of gravitational
waves and the efforts fo detect these ripples in space — by Dr David Maddison

61 El Cheapo Modules: 3.8GHz Digital Attenuator

This self-contained TMHz to 3.8GHz digitally programmable attenuator, with an
OLED screen, can reduce a signal fevel by 0-31dB in 1dB steps — by Jim Rowe

70 Review: PicoScope 6426E USB Oscilloscope

The PC-based PicoScope 6428E has four analog channels, 12 bits of resoluiion,
5GS/s sampling rate, a waveform generator and moref — by Tim Blythman

82 Review: Solder Master ESM-50WL Cordless Iron

The Solder Master ESM-50WL from Master instruments is the newest contender
in the sphere of battery-powered soldering frons — by Tim Blythman

90 UT-P 2016 MEMS Woofer

Reproducing audio signals down to 20Hz, the UT-P 2016 midrange driver is only
finy in size, not power — by Allan Linton-Smith
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30 Tele-com — an intercom using analog phones

The "OzPlar’ Tele-com is a pnvate line automatic nngdown unit, also known as
a PLAR orintercom. [t lets you connect two analog telephones to communicate
over short or fong distances — by Greig Sheridan & Ross Herbert

42 Two- or Three-Way Stereo Active Crossover — Part 1

Our Active Crossover can be used for two- or three-way speakers, includes
muting to eliminate switching transients, a subsonic filter to protect subwoofers,
and can work with the Tapped Hom Subwoofer from fast month — by Phil prosser

64 SMD Test Tweezers

Made with just 11 components, cur Test Tweezers measure the value of SMD
resistors and capacitors, plus it shows diode orientalions and calcufates their
forward voltages; afl this is displayed on an OLED screen - by Tim Blythmart

76 Touchscreen Digital Preamp with Tone Control — Part 2

Introduced last monih, we finish off our new Digital Preamp by descrbing how io
build it test it and wire It up — by Nicholas Vinen & Tim Blythmar
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84 Serviceman’s Log
Life on the ‘bleeding edge’— by Dave Thompson

94 Vintage Radio

Reinartz 4-valve reaction radio — by Fred Lever

103 Circuit Notebook
(1) Colour recognition using LEDs and an LDR
(2) Battery charger with WiFi inteiface
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Gravitatlonal waves are ‘ripples’
In spacetime that are produced by
acceleraing masses. Detecting
them ls tricky, as It requires
Incredibly sensltlve equipment as
detalled In the article — Page 14

The Tele-com Intercom provides
you with an easy way to connect
two analog telephones. It provides
all you need to make these phones
functlional — Page 30

This Two- or Three-Way Active
Crossover cah be powered by 24-
30V DC, splitrall DC or low-voltage
AC. It has level control for all three
bands, typlcally draws around
150mA, and has a mono or stereo
output for subwoofers — Page 42

Our SMD

Test Tweezers .
Identifles -
reslstors (1022 to 1M, .

capacltors (1nF to 10uF),

dlodes & LEDs. It runs from a
single lithlum coln cell with around
flve years of standby life — Page 64

Cover image source: www.ligo.
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Editorial Viewpoint

The chip shortage is now a
component shortage

I mentioned the severe semiconductor shortages
in my June 2021 editorial. By that time, we had been
having problems getting some parts for a few months,
but it was clearly getting worse. Many common parts
were unavailable, with long lead times.

Things have only gone downhill since then. It isn’t
just products like ICs and semiconductors that are
becoming hard to get, but even basic components like ceramic capacitors
and inductors are Tunning out. And the situation with semiconductors like
microcontrollers and Mosfets is becoming ridiculous, with whole ranges
completely out of stock and astronomical lead times.

I'mmnotjoking about that. We were trying to buy some NXP Mosfets (PSMN1RO-
30YL) for one of the kits that we sell, and not only were they out of stock
everywhere, but one major supplier quoted us an estimated backorder delivery
date of April 25th, 2024 — over two and a half years from now!

This is a major headache for us. How can we publish constructional projects
if we don’t know whether readers will be able to buy the parts to build them?
Even if we check and stock levels look healthy now, by the time we publish
the article (which can range from a few weeks to a few months), they could all
be gone and not available for a long time.

We used to keep around one month worth of parts for the kits and programmed
microcontrollers we sell, perhaps 10-20 of each. Now we have to keep 6-12
months worth, often well over 100 of each, because of how quickly the suppliers
Tun out of stock and how long it takes to replenish them. So we’re paying alot
more up-front and we have to find space to store them all.

I can only imagine it's an even bigger headache for manufacturers, service
centres and others who have to order in 1eel-size quantities and require a much
more comprehensive range of parts for assembly or repair. And the fact that
everyone is scrambling to get the parts they’re going to need for the foreseeable
future can’t be helping with the shortages.

Given that the lead times for many out-of-stock components are already mid-
to-late 2022, it’s clear that these shortages are not going away any time soon.
By the time that stock arrives next year, much of it might already have been
sold, and what’s left will likely be quickly snapped up.

Fundamentally, the only ways to solve a situation where demand is grossly
outstripping supply is to either significantly increase supply or reduce demand.
Increasing supply is not easy or quick, andI don’t see the demand dropping just
yet (but it will have to eventually). So we’'d all better prepare for this situation
to continue for some time.

ElectroneX postponed again

Given the current Australian COVID-19 situation, it comes as no surprise that
ElectroneX had to be postponed again, this time until April next year. Please
see the full announcement on page 29 for more details.

Exciting competition funded by Dick Smith

Also, don’t miss the competition announcement on page 13 of this issue.
It’s an excellent opportunity for budding electronics enthusiasts to have the
chance to win a substantial cash prize, and it sounds like a fun challenge.
We've timed it so that entrants will have the Christmas/New Year break to
work on their designs.

Depending on how many entries we get and their quality, we might also end
up featuring some of them in the magazine; we'll definitely be featuring the
best entry, as described in the announcement. . '

by Nicholas Vinen

Australia’s electronics magazine

sificonchip.com.au
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“Setting the standard for Quality & Value”

THE INDYSTRY'S CHOICE!

CNC
Machinery

Metal
Working

AGP-155

Automatic Gentre Punch

+ @amm hardened stesl centre punch
+ brgonomically shaped plastic body
+ Curved end to tit into palm

« Automatic single hand operation

am

Crder Coda: FE6E

SAVE $4.50

MKP-2

Mohile Knee Pads

+ Lurable high mpact plastic frame
+ Built4n tool storage tray

* 113kg weight capacity

+ G ol resistant swivel wheels

Croar Coda: AZ615

SAVE $0.50

MGP-6R

Ratcheting Gear Puller $et
+ 160kg load capacity
+ 320-2958mm height range

+ 205 % 240mm plattorm
with rubber top

+ Foot lever operated

Crdar Coda: AZ46

SAVE $11.50

¢s-55 - Circular Plunge
& Mitre Gut Saw

= l&E0mm saw blade

+ Samm et depth @ GoF

+ 457 it saw head

+ 12K ehp, 2400

rdar Coda: WS

- CAMERON
Staff Member

SC1021

ONLINE!OR INSTORE!

Sheet Metal
Fabrication

Wood
Working

WHG-6 - Digital Height
Gauge Wood Working

+ 0 - 180mm measurng range

+ ldeal for saw blades & routers
+ DRO In mm, inches & fractions
+ Q.0Tmm resolution

* Auto on & shut-oft

PTG
R

EF-58 - Engineers Files
5 Pioce Sef - Second Cut M

+ 200mm hardened and temperad files

+ Second cut: Flat, 172 Hound, Hound,
Sguare, [riangular

+ Includes carry case

Ordar Coda: WedE

SAVE $6.00

MLR-454

Hydraulic Motorcycle Lifter
+ 454kg load capaaty

+ 200 - 770mm lift height

+ Foot operated hydraule It

* Front wheel locking vice

+ 1800 x 650mm plattorm

Crder Coda: 4340

.

SAVE 6

IWB-40 - Industrial Work Bench
+ 1800 750 % S00mm

+ 1000kg lcad capadty

+ Heawy duty steel fabricated frame

+ High density laminate top

rdar Coda: gl

 $396 |

SAVE %65

Medium-Duty Pedestal
Drill - Belt Drive

= 16mm dnll capacity
= 2MT spindle

* 12 spindle speeds
= Swivel & tilt table

= Thp, 2404 maotor

rder Coda; Dbl

SAVE $42

e ma

Pri

Workshop
& Automotive

BECOME A,
m;rmmssmm cn
. [/

Lifting
Handling

31-180 - Digital Galiper
+ 150mm / &"

* Hardened /% mechanism

+ Metncdmpenal Settings
-

Four way measurement
A

Crdar Coda: C1E0

SAVE $16.00

Imperial Hex Key Set
with T-Bar Handle
« G5, A2 158, He32,
A6, 14, 816, 318"
+ Chrome vanadiim steg =

+ Adustable 3 detent
positions on | -bar handle

+ Free-spinning rotating handle
Croar Coda: HE21

8

SAVE 15

$B-100 - Handyman
Sandblasting Gabinet

+ Acrylic protedive screen

+ 500 = 500 3 200-360rmm
blast area

+ Includes light, gloves,
qun & ceramic nozzle

Order Coda: S2EE

SAVE $23

PT-2500
Hydraulic Pallet Truck

* 2500k it capacty
+ 1220mm tork length
+ 35 - 195mm

litt height

roar Coda: JUE

SAVE $48

PROMAX 200

ASH]
AL

am

futo Darken Welding Helmet

= Application: Mig & Arc & Grnding
= 9 .. 12 adjustable shade
®» 2 arc act vaticn se1sors
= Ukrz clear vision with
enhanced colour recagnition

= Switching speed 000002 sec

[ sgg |

SAVE $11

VIEW AND PURCHASE
THESE [TEMS OMLINE AT
www.machineryhouse.com.au/SC1021

7 A family
o 2 owned
\ « ! Australian
. ‘ business

Estab lished jo 30

Machine Tool
Accessories

Measuring
Equipment

LED Rechargeahle

Handheld Work Light

+ MWl output: 400 lumens

« 37N 2a00mAh Li-ion battery

+ Bechargeable via UZE

+ 4 Modes: White OB, Hed GOH,
Top Light Cn-Of, Spotlight On-Ct

+ Magnetic base & torch arm end

Ordar Code: TE501

RNB40 - Hut & Blind Riveter Set
+ 130 plece kgt tor sheat alurminium or steel
Includes:

+ Aluminium rvet nut insets: ME, Ma, M2,
M0 - (10 of each siZe)

+ Alurniniurn blind rivets: ©3.2, €40,
M8, admm (20 of each size)

+ Mandrel spanner & blow mould case
Drder Coda: MO0

$99

SAVE $22
APW-140 - Auto Parts Washer

* 140 itre tank

+ 180 tredhr 2404 pump
+ Satety link on hid

+ 1060 520% 270mm

Crder Coda: AZ74

SDC-2L - Steel Service Gart
+ TS X A70x B35mm
Fey lockable table & drawers
Ball bearing drawer slides
Sorewdrier holder tray
Haper towel holder

Order Coda: |51

SAVE $20

RAZOR™ 200 DIGITAL PULSE
AG/DGC - Multi-Function Inverter
TIG/MNMA (ARG} Welder

+ 10 - 200amp

+ 2800 @ 2008 duty cycle

+ Includes 40 TIG torch,
regulator, arc & earth leads

+ 2400 1G5 amp
Crder Code: 11721

GHEAI VALUE!  [Elmaal=]

Simple & Quick
Onfine Freight
Rate Check!

*Remole ar eas may require
depotcollecion n your ioun

NSW (02) 9890 9111

QLD (07) 3715 2200

1/2 Windsor Rd, Nerthmead 625 Boundary Rd, Coopers Flains

YIC (03) 9212 4422
4 Abbotts Rd, Dandenong

WA (08) 93739959
11 Valentine Street Kewdde

25-1
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ELECTRONICS SPECIALISTS TO

» DEFENCE * AVIATION » MINING
o MEDICAL « RAIL » INDUSTRIAL

Our Core Services:
R, EIectronlc

R, 15017025
WEGES Calibration

Preview only.

SWITCHMODE POWER SUPPLIES Pty Ltd wisus s
Unit 1/37 Leighton Place Hornsby NSW 2077
(PO Box 606 Hornsby NSW 1630)

Tel: 02 8476 0300
Email: service@switchmode.com.au Website: www.switchmode.com.au
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SOLDER ‘—/ MASTER

uaioMONTH
daily single charge™
IR

lu OST Function

seconds
to heat up

Lithium lon Powered
CORDLESS SOLDERING IRON

Superior runtime 10 second heat up Boost function

Increasetip heat for 25 secsat 27W when
hesded before returning to preset temp.

Suitable for use in any environment

4

On/Off Button Directplugin
LEDwarklight (alzoactivates'Sleep Mode') tocharge Ideal for:
g — Auto electricians

siose N 0.0E0 _ ’ Car stereo installers
T ? ’ Mechanical workshops
| ! | Truck & taxi companies

Interchangeable Temperature Batterylevel  Carbonfibre Security companies

soldenng tips indicators indicators texture Telco industry
r 25°C ambient termperature. B Based on 40 solders per day for 20 <ing da ith & solder dwell time of 20 seconds per salder. Mari m=k= and 2=

. For distributor enguiries
No gas, No flames, No leaks. No worries.  www.soldermaster.com.au contact us at (02) 95191200
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Helping to put you in Control
TxMiniBlock Head Mount RTD Temp Transmitter

TxMiniBlodk is a cost-effective programmable
RTD temperature transmitter for head
rmounting. With a unique microprocessor based
technology it features full FC configuration of
range and calibration. 4-20m& loop powered.

SKU: SIG-00IR
Price: $97.90 ea

TxMini MIZ RS485

The TxMini-M12-RS485-CM is a Pt100 sensors
with a RS485 Modbus RTU ocutput, It's ideal to
be used in places with space restrictions, M12
connector and terminal connections for PT100.

SKU: NDS-0470
Price: $85.25 ea

UC1414 46 SMS Controller

With 4 digital inputs, 4 relays, 4 analogue inputs and a 1-Wire
interface for up to 8 x 1-Wire sensors,
Comes with RTC Task Scheduler and
supports M2M protocols — Modbus TCR/IR,
SNMP and HTTP AFL.

SKU: ULC-D05
Price: $228.76 ea

TCW24! Ethernet Digital 10 Contral Preview only.

) The TCW241 is an Ethernet control unit with 4
F =, _digital inputs, 4 relay outputs, 4 analogue inputs
¥ oy, s and a 1-Wire interface for up to 8 x 1-Wire

-‘ . " sensors. Contrds voltage temperature and
" humidity.
SKU: TCC-D25
Price: $344.91 ea

Senix ToughSonic® 14 Ultrasonic Sensor
Measures level and distance to liquids and sclids
through air to a distance of 4.3m. Fitted with
4-20m&, O-10 and RS485 Modbus outputs,

Has 2 digital cut for control and alarm functons.

SKU: SNS-0250
Price: $959.20 ea

Process indicator 4-20 mA Loop-Powered
Easy to mount the ITP11 fits into a standard 22.5
mm borehole for signal lamps. The measured
values are scalable and there is also an optional
square root function,

SKU: AKI-DD1
Price: $131.95 ea

RTD Temperature probe with magnet fixing 3m cable
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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MPLAB® Cloud Tools Ecosystem

Discover, Configure and Develop: An Ecosystem for All Your Ideas

MPLAB cloud tools ecosystem is a complete online solution for all skill-level users, to discover, configure,
develop and debug embedded PIC® and AVR® microcontroller (MCU) applications.

Intuitive entry into PIC and AVR MCU development with integrated MPLAB tools
Quick prototyping with Microchip's PIC and AVR MCUs using Curiosity boards
No software installation to start developing PIC and AVR MCU solutions

Designers who use PIC and AVR MCUs can visit the MPLAB Cloud Tools
page and start developing based on their design phase.

}

Search and Discovery: Access MPLAB Discover to find fully configured
and complete source code projects DISCOVER

Configure Code: Easily configure software applications with
MPLAB Code Configurator

Develop and Debug: Developing, debugging and deploying project
applications directly from a preferred browser can be completed
without any software installation with MPLAB Xpress IDE

Contact Information

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

o\ MicrocHIP




SPEAKER

KITS

theI 0 uk \%
Award winning Audiophile speaker kits
Save big $$ on retail by building a kit
No cabinetry skills? No problem!
Preassembled cabinets for Super-Fast DIY

Available in premium finished cabinets
Some kits are available as MDF flat packs

SoundStage!
WOk

Preview only.

SACOUSTICS

www.theloudspeakerkit.com

Ph: (02) 8120 8010
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Our capabilities

CNC Machining
UV Colour Printing

Enclosure Customisation

Assembly
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Ampec Technologies Pty Ltd g8 i]l]]I]E[:
Tel: (02) 8741 5000
Email: sales@ampec.com.au Web: www.ampec.com.au TECHNOLOGIES
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This is a preview of the October 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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Desigh Contest Win $500+

Dick Smith challenges you
Win $500 by designing a
noughts-and-crosses machine
that can beat 14-year old me!

Dick Smith has described in his new autobiography how one
of the turning points in his life, at age 14, was succesfully building a ‘noughts-and-crosses
machine’ (also known as tic-tac-toe) that could play the game as well as anyone. Keep in mind that
this was in 1958, when nobody had computers; it was a purely electromechanical device.

Email Design to Enter ::E Win $500 + Signed Copy of Dick Smith's Autobiography

Four winners to be decided, one
each for the following categories:

) The simplest noughts-and-
crosses playing machine

Design your own noughts-
and-crosses circuit and send
your submission to compo®@
siliconchip.com.au including:

a) Your name and address

b) Phone number or email
address (ideally both)

¢) A circuit or wiring diagram
which clearly shows how the
device works

d) Evidence that your device
can always play a perfect
game (it never loses)

e) Avideo and/or supply
images and text describing it

@) The most ingenious noughts-
and-crosses playing machine

§) The youngest constructor to
build a working noughts-and-
crosses playing machine

@ The most clever noughts-and-
crosses playing machine not
using any kind of integrated
processor

f) Entries requiring software
mustinclude source code

The deadline for submissions is
the 31st of January 2022.

The entry we judge overall to be
the best will also be featured in
our Circuit Notebook column and
receive an additional $200.

Conditions of entry

1}  You must be a resident of
Australia or New Zealand

2} One entry per family (SiLIcoN
CHIp staff and their families
are not eligible}

3} Submissions will be confirmed

within 7 days. If you do not
receive a confirmation of your
submission, contact us to
verify that we have received it
4} Chance plays no partin
determining the winner
5} The judges’ decision is final

6} The winners will be decided by

the 3rd of February 2022 and
will be notified immediately

Dick Smith writes

By 1958 I'd advanced from building crystal radio sets to designing
and building what | called a noughts and crosses machine. it really
was an early computer. | used second-hand parts from a telephone
exchange to build it. It would play noughts and crosses against anyone
and no one could beat it.

This was a great boost to me, because while | was no good at rote
fearning and theory, | was fine at practical things. The fact that my mind
was capable of working out how to build this compiex machine gave
me confidence as | feft school Now | just had to find a job.

Because this was such a turning point in his life and he's so
enthusiastic about youngsters learning electronics, he's putting up
$2000 of his own money to award to people who can come up with
a modern version of his noughts-and-crosses machine. SILICON CHIP
will judge the entries.

Winners will be announced in the March 2022 issue of SILICON CHIP

magazine and will also be contacted directly for payment information.

sificonchip.com.au
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'"The conflrmatlon of the emstence (1] § grawty waves mvolved the most
sensitive measurements ever made. This article de:-;crlbe:-;| the past,

_present, and future efforts to detect these unimaginably, hard-to-
measure (and quite fascinating) phenomena.’

ne of Einstein’s many predictions

that has been proven correct was
the existence of gravitational waves,
predicted by Einstein in 1916 and first
directly observed on the 14th of Sep-
tember 2015.

The idea of gravity as mass distort-
ing space-time was described in Ein-
stein’s General Theory of Relativity,
first presented to the Prussian Acad-
emy of Sciences in 1915, This theory
includes refinements to Newton’s Law
of Universal Gravitation.

General Relativity is the currently
accepted explanation of gravitation,
describing gravity as a geometric prop-
erty of space and time (space-time) in
four dimensions — three of space and
one of time.

There had previously been other
attempts to describe gravitational
waves, but Einstein was the first to get
the concept right.

Einstein thought his prediction of
the existence of gravity waves was of
academic interest only, as he did not
believe they could ever be detected

il A N

due to being so slight. In 1935, he had
second thoughts about the existence
of gravitational waves. But the jour-
nal he presented his paper to, Physi-
cal Review, refused to publish it due
to an erron

Then in 1957, Richard Feynman
said they must be real based on the
theory and used his “sticky bead”
argument to convince others that they
were real.

For details on this, see the website

at siliconchip.com.au/link/abof

Explanation of gravity waves
Unlike Newton, Einstein did not
describe gravi a force. In General
Relativity, space-time is ‘flat’ with-
out matter, but the presence of matter
causes space-time to curve, and this
distortion is manifest as gravity. It is
relatively easy to \'1‘-»113].1'-»9 thisbycon-
sidering a heavy ball placed on a taut
rubber aheet or trampoline (see Fig.1).
Suppose anotherball isin the vicin-
ity of the distortion caused by this
object. In that case, it will eitherrotate

Fig.1: a massive object distorts the surrounding space-time, represented by the
grid, creating a ‘gravity well’ to which other objects are attracted. They may
orhit, bypass or fall into the other object depending on their velocity.

Australia’s electronics magazine
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around (orbit), bypass or fall into the
“gravity well” created by the first ball
(plus make one of its own), depending
upon its velocity.

This means that any mass acceler-
ating through space-time also gener-
ates gravitational waves analogous to
waves on a pond (see Fig.2), with the
wavesbeing distortions in space-time.

An orbiting object is under con-
stant acceleration in the physics sense,
although that does not necessarily
mean a change in its speed. Techni-
cally, the velocity of an object in a
stable orbit is constantly changing
while its speed is constant, because the
direction of the vector is continually
varying, even though its magnitude
remains essentially constant.

Examples of two bodies under accel-
eration that generate gravity waves
include two massive objects, such
as black holes orbiting each other,
or massive objects merging such as a
black hole or neutron star (see Fig.3,
the panel below and siliconchip.com.
awlink/abot).

A stationary (non-accelerating)
object does not emit gravitational
waves, All accelerating objects with
mass, no matter how tiny the mass,
emit gravitational waves, but the effect
is so small as to not be measurable in
any realistic sense. Thus, the obser-
vation of gravitational waves is only
possible when supermassive objects
like black holes and neutron stars
orbit or merge.

Even the orbit of Jupiter about the
Sun does not emit realistically mea-
surable gravitational waves, even
though Jupiter is 318 times as mas-
sive as Earth.

A gravitational wave causes physi-
cal dimensions to change as it passes
through space, by either stretching
or compressing the distance between
objects, but the effect is unimagin-
ably tiny.

Relevant video and audio links

In 2016, University of Westem Australia Emeritus Professor David Blair spoke
to the ABC about the first discovery of gravitational waves in 2015. You can
listen to that program at siliconchip.com.au/link/ab9h

Also seethevideo titled "OzGrav: A new wave of discovery” at https:/voutu.

be/iMwHppyQiZw

Read articles about gravitational waves written by Professor David Blair at
https:/theconversation.com/profiles/david-blair-4285/articles

There is an Australian initiative to explain Einsteinian physics to children,
The Einstein-First Project: www.einsteinianphysics.com

Fig.2: waves on a pond are a familiar analogy for gravitational waves,
although they are (essentially) two-dimensional while gravity waves are three-
dimensional. Seurce: www.pexels.com/photo/water-drop-photo-220213/

Even the gravitational waves formed
by the collision of two black holes
might alter the distance between Earth
and the nearest star system Alpha
Centauri, 41,343,000,000,000km (4.37
light years) away, by about one part
in 1029 or 0.041mm, depending upon
how far away theblack hole is. Thatis
less than the thickness of human hair.

Another way to look at it is thatin
the LIGO detector we will discuss, the
length change is one-thousandth of the
width of a proton (subatomic particle).
No matter how near or far a black hole
mightbe, the effect is incredibly small.

The creation of gravitational waves

involves the loss of energy from the
originating system, such as by orbital
decay (‘inspiral’), merger and ‘ring-
down’ (as the union is consolidated)
of massive objects like white dwarfs,
neutron stars or black holes.

Like electromagneticradiation, such
as light or radio waves, the energy car-
ried by gravitational waves follows
the inverse square law with distance.
That is, if you double the distance,
the signal strength is 1 + 4 (1 + 29); if
you triple the distance, the strength is
1+9(1 +39etc,

However, also like electromagnetic
radiation, the amplitude of the waves

Fig.3: the orbit of two massive objects (in this case, white dwarf stars), leading to the emission of gravitational waves as
their orbits decay toward a final merger. This might end in a supernova explosion, as shown in the third panel. These
types of gravitational waves would be detectable with a space-bome instrument such as LISA. Source: NASA.

sificonchip.com.au
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PRODUCT SHOWCASE

ElectroneX rescheduled to April 2022

Following the ongoing situation
with COVID-19 in N3W and other
states, a decision has been made to
reschedule ElectroneX — the Electron-
ics Design & Assembly Expo at Rose-
hill Gardens from 5-6 April 2022,

Noel Gray, Managing Director of
show organiser AEE said:

We were hopeful that we would be
able to stage the show in November
but it has become apparent that until
the vaccinafion rates reach a high
level and states and business can
open up again, we had no choice but

FlectroneX

i| Ly

Rosehlll Gardens Sydney 5-6 APRIL 2022

Easy-PC PCB design suite version 25 released

NumberOne Systems has announced
therelease of Easy-PC version 25, with
over 25 new technology featuresbased
on userrequests from professional PCB
designers.

Easy-PC is packed with time sav-
ing features providing everything
required to easily create schematics,
PCB layout, and manufacturing out-
puts, making the task of PCB design
much quicker. A set oflibraries is also
included, as is a component search
engine with over 15 million parts
available to download and use for free.

Rugged silicon carbide power solutions now available at 1700V

Microchip has expanded its sili-
con carbide portfolio with a family of
high-efficiency, high-reliability 1700V
silicon carbide Mosfets and power
modules.

Microchip’s 1700V silicon car-
bide technology is an alternative to
silicon IGBTs. This new silicon car-
bide product family allows engineers
to move beyvond IGBTs. It uses two-
level topologies with reduced part
counts, greater efficiency and simpler
control schemes. Without switching
limitations, power converters can
be significantly reduced in size and

sificonchip.com.au

to move the event to 2022.

Whilst there may be a relaxing of
restrictions and travel by November,
for the safety and wellbeing of our
exhibitors, visitors and staff we con-
sider it was better to take a cautious
approach and move the Expo and
SMCBA conference to next year. The
majority of other Expos in NSW have
also had to reschedule to 2022 and it
has been a challenging time for the
exhibition and event Industry.

Last held in Sydney in 2018, the
Expo was almost sold out and exhibi-
tors have been very supportive of the
move to April next year.

ElectroneX is Australia’s major ded-
icated high-tech event that showcases
new technologies, components, con-
tract manufacturing services, man-
ufacturing equipment and supplies

and solutions for the electronics and
manufacturing industries. Alternating
between Melbourne and Sydney, over
1000 senior decision makers attend
including design engineers, elec-
tronic and general engineers, techni-
cal engineers and management that are
involved in design, service or utilise
electronics in manufacturing.
Visitors can register for free to attend
the Expo in April next year at www,
electronex.com.au

Australasian Exhibitions
and Events Pty Ltd
Suite 11, Pier 35-263 Lorimer St

Port Melbourne YIC 3207

Tel: (03) 9676 "’133

mail: iti

Weh: www.auexhibitions.com.au

A few of the new enhancements
found in version 25 of Easy-PC
include:

¢ Differential Pairs with length
matching are now supported in
Easy-PC.

¢ Vias canbe specified as ‘tented’. A
tented via is one that is covered with
solder resist during the manufactur-
ing stage.

¢ New Design Rule Checks have
been added to enhance the checking
of the design so that errors can be rec-
tified at an earlier stage.

weight, freeing up space, or extend-
ing the range and operating time of
battery-powered commercial vehicles
— all at reduced overall system cost.
Features include gate oxide stability,
excellent avalanche ruggedness and
parametric stability., A degradation-
freebody diode eliminates the need for
an external diode with the silicon car-
bide Mosfet. A short-circuit withstand
capability comparable to IGBTs allows
them to survive harmful electrical
transients. A flatter RD3-y; curve over
junction temperature from 0 to 175°C
enables the power system to operate

Australia’s electronics magazine

¢ Resize Shape enables shapes to
be replicated and resized. The resiz-
ing canbebothlarger and smaller than
the original shape selected.

For the additional 25+ Easy-PC
enhancements found in version 25,
go to https:/www.numberone.com/
latest-version

Easy-PC with integrated schematic
capture and PCB Layout starts at $457.

Number One Systems
hitps:/mMumberone.com

sales@numberone.com

at greater stability than other
silicon carbide Mosfets that
exhibit more sensitivity to
temperature.

Other Microchip silicon
carbide products include
schottky barrier diodes at
700V and 1200V, available in
bare die and a variety of discrete and
power module packages.

Microchip Technology Inc.
Unit 32, 41 Rawson Street

Epping 2121 NSW
www_microchip.com

(O CTOBER 2021 29



AL TRO!\ "3 M1000
SOOLEAROOLE na n Transonmes
lalacom Coen M AGAATOVMDY 40

®ta

tercom usmg analog h

AL TRON = M1000 [N
SOOL Y6000 isol o Trensformaern
Telecom Cart Nt ADRL TIDVO140

by Greig Sheridan & Ross Herbert

Put your old analog telephones to use and build an intercom! Perhaps you
have a classic or retro telephone like this red "batphone", or one of the other
Bakelite phones with a real bell that generates a fantastic ring sound. Now you
can not only hear it again but actually speak to someone at the other end!

Technically, the Tele-com is a “pri-
vate line automatic ringdown
unit’, known in the industry as a
PLAR. That means that it allows two
PSTN telephones to be automatically
connected by simply lifting one hand-
set, Colloquially, though, most people
would just call it an intercom.

Because of this, the device which
allows the Tele-com to operate is
referred to as the OzPLAR.

If you need two-way communica-
tion between two nearby locations
such as a house and a shed, ora granny
flat, or just two rooms in a home, it
doesn’t get much more convenient
than this. Pick up the phone and the
other end rings, then when the other
person picks up, you can have a con-
versation.

While the NBN supports analog tele-
phones, we suspect that many peo-
ple (like us) simply haven’t bothered
plugging them in, and now have a box
of spare phones. Rather than throw
them away, now you can put them to
good use.

The central OzPLAR unit to which

30 SILICON CHIP

both telephones are connected
{described in this article) performs
the following functions;
¢ Provides power to the phones
(‘transmission battery feed’).
¢ Detects when a phone is picked
up (‘off-hook detection’).
¢ Automatic ringing of an electro-
magnetic or electronic AC bell.
¢ Ringing uses standard PSTN
cadence — Australia/NZ/UK/EU/
USA (long & short) selectable.
¢ The caller hears a ringtone while
the called telephone is ringing.
¢ Upon answer, ringing ceases
and a speech path is established
between the two telephones.
¢ Both telephones mustbereplaced
on-hook after a call before a new
connection can be established.
¢ Ring-trip (stopping the ring sig-
nal) occurs during either the
silent or ringing period, when
the called telephone is taken off-
hook.
The design isbased entirely on dis-
crete components and logic ICs and
has been designed with flexibility in

Australia’s electronics magazine

mind. The PCB accommodates var-
ious alternative parts for the battery
feed and the ringing generator. See the
features panel for more information.

Circuit details

The complete circuit of the Tele-
com is shown in Figs.1 & 2, with
Fig.2 having the ring related circuitry
(including cadence generation), and
Fig.1 the rest. The overall circuit has
a few basic jobs:

1.Power the telephones

2. Detect when one is picked up

3. When acall is initiated, cause the

called phone to ring and send a
ringtone to the calling phone

4. When the other phone is picked

up, stop the ringtone and estab-

lish voice communications
5.Reset the system when both

phones are restored on-hook

To achieve this, it consists of multi-
ple interconnected circuitblocks. The
left-hand section in Fig.1 is the ‘bat-
tery feed’ and loop detect/ring trip cir-
cuit, whilst the middle section is the
logic engine which detects line status

sificonchip.com.au



Features of the Tele-com

Can be run from 2 x 12V batteries for an off-grid, l s Powered from a 24V DC inline power
portable or temporary setup supply; no mains wiring is involved

. ) ) Support for 48V DC power
Ring tone is provided —1 input {optional}

to the calling party

for improved ringing
of mechanical bells

Superior audio Support for

performance optional
over longer/ bespoke
mismatched lines cadence

{(using an IC-based
battery feed)

Onboard jumpers (or an
external switch) to select

AU/NZ/UK, EU or two
variations of the USA cadence

Choice of inductor-based
or solid-state battery feed

Crystal-locked source for the
cadence generator and ringing
inverter requires no adjustments

Easy to build using locally-available parts
(also readily available overseas})

{off-hook/on-hook) and ensures that
ringing output occurs only when the
first telephone goes off-hook.

The far-right section in Fig.1l
includes the components required
to add an optional polarity reversal
on answer (“ROA™) to the calling
telephone. Public telephones (PT)
connected to Step-by-Step and ARF
crosshar switching systems in the now
discontinued PSTN used the reversal
of the line polarity as the signal to
deposit the caller’s moneyin the coin
tin. This option requires 48V opera-
tion to work.

Off-hook detection & ring trip

When a telephone is taken off-hook,
current passes through the optocou-
pler LED associated with the calling
telephone (OPTQO1 for the one plugged
into CON3/4 or OPTO2 for CON5/8).
Its output transistor therefore conducts
and initiates a series of events to ring
the other telephone.

The voltage across each optocoupler ~ This “batphone” is an exam ple of an old analog telephone that could be used
LED is limited by zener diodes ZD1 & with the Tele-com. It’s im portant to note that not all analog telephones have
ZD2. Atthe same time, a low-pass filter rotary dials, some have push-button keypads instead; both types will work.
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PART 1:
SY PHIL PrROSSER

Two- oaﬂ' HREE'WAY
ACTIVE CROSSOVER

We are frequently asked for active crossover designs because they can
provide significant benefits for driving loudspeakers compared to passive
crossovers. They allow you to use a separate amplifier for each driver, avoid
the need for large power-carrying inductors and capacitors and provide
much closer to ideal performance. This Crossover also suits the Tapped
Horn Subwoofer we presented last month.

hen huilding a really serious

speaker system, an active cross-
over and independent amplifiers for
bass, mid and high frequencies should
be front and centre in your consider-
ation. The general configuration of a
three-way loudspeaker system with
an active crossover is shown in Fig.1.

While excellent results can be
achieved with a conventional pas-
sively crossed-over system, passive
crossovers significantly limit your
driver choices and cabinet design. A
versatile, active solution is the best
way to get the most out of those expen-
sive drivers.

One major advantage of active cross-
overs is that even when the subwoofer
or woofer is driven into clipping,
which they often are, the mid and high
channels remain unclipped and clean.

Another benefit is the ability to
use a 24dB per octave crossover on
the mid-range driver, reducing the
amount of low-frequency signal it
must handle below the crossover

42 SILICON CHIP

point, consequently minimising mid-
range cone excursion. This is often
observable by the mid-range sound-
ing ‘cleaner’.

We have published several active
crossovers in the past, both simple and
complicated. Thereis often a trade-off
between cost and versatility, which
this project seeks to address. This proj-
ectmakes no compromise with sound
quality and includes new features such
as turn-on muting to de-thump the
output and a subsonic filter to protect
your expensive subwoofer.

Ourlast two published designs are a
3-Way Active Crossoverin the Septem-
ber & October 2017 issues (siliconchip.
com.aw/Series/318) and a DSP Active
Crossover and Parametric Equaliserin
the May-July 2019 issues (siliconchip.
com.au/Series/335). Both are excellent
designs but cost significantly more to
build than this one, and the DSP ver-
sion is also quite abit trickier to build.

This version eschews the adjusta-
bility of those two designs to keep the

Australia’s electronics magazine

cost and complexity down. You can
still set the crossover points where you
need them, but that's doneby selecting
resistor and capacitor values, so you
can’t change them on the fly.

In a domestic setting, a typical sub-
woofer, mid-range driver and tweeter
configuration might use crossover
frequencies at say 90Hz and 3kHz.
This system might use a subwoofer
amplifier of 100W plus mid-range
and high-frequency amplifiers of 50W
each (per channel). Many readers
would have these amplifiers already.
Of course, using higher power ampli-
fiers is fine.

The mid-range and tweeter channels
will be delivering only a few watts
of continuous power, but having the
headroom of a 50W or 100W amplifier
means that massive dynamics can be
delivered.

We plan to follow this article up
with a compact, low-cost amplifier of
which you can build five or six into
a single housing along with a shared

sificonchip.com.au



heatsink and power supply. So if you
don’t already have the amplifiers but
want to build a system with an active
crossover, keep an eye out over the
next couple of issues!

Features

The outstanding features of this
design are:

A multi-way active crossover

Because every project is different,
you can use the same board to make
a two-way or three-way crossover by
fitting the parts required and setting a
few jumpers.

Versatile power supply

Excellent results can be achieved
using low-cost class-D amplifiers
available on the internet, but these
mostly require a single DC supply
rail. A higher-power Class-AB ampli-
fier can be used for the best results,
such as our Ultra-LD series, which
provides split rails (+15V DC) for the
preamplifier. This Active Crossover
canrun from either supply type, again
by varying a few components and two
jumper selections.

Crossover frequencies set by

passive parts

To make the crossover frequency
adjustable using a potentiometer
would require four-ganged potentiom-
eters, which are expensive andresults
in a much larger PCB. Using fixed
resistors and capacitors reduces cost
significantly and avoids the potential
of someone turning a dial that they
really should not touch!

Mono/stereo subwoofer output

This gives you a fair bit of flexibil-
ity. Even if you have two subwoofer
channels, if your crossover frequency
is set below 100Hz, you might want
to use the mono option (ie, drive both
with the same signal).

Subsonic Filtering

Many subwoofer/bass enclosures use
vented,bandpass and sometimeshom-
loaded arrangements. These systems
require frequencies below their range
of operation to be filtered out. Failure
to do this can lead to over-excursion
and/or overheating and failure of the
driver. All professional sound systems
include this.

Turn-on/off delay

An active crossover is connected
directly to a power amplifier and your
expensive speaker drivers. Especially
when operating from a single-rail, the
crossover mustnot generate a ‘thump’

sificonchip.com.au

Features & Specifications

e Two-way or three-way stereo active crossover

e Can be powered from 24-30V DC, split rail DC (+12-15V} or low-voltage AC
(9-12V or 18-24V CT}

Muting to eliminate switch-on and switch-off transients

Subsonic filter to protect vented subwoofers and remove unneeded subsonic

signals

Low noise and low distortion; <0.0022% THD+N, 20Hz-20kHz
Low-cost design using available parts; cheaperthan building pairs of passive

Crossovers.

Mono or stereo subwoofer output.
Level controls for all three bands.
Modest power demands; typically draws around 150mA.

AUDIC
SIGNAL SCURCES

Tunar, Phone,
CD, DVD atc.

PREAMP WITH
SOURCE SELECT &
YOLUME CONTROL

ACTIVE

CROSSOVER
HIGH

Fig.1: the basic configuration of a hifi system using a
three-way active crossover (only one channel shown).
Each individual driver in the cabinet has its own
amplifier, with the signal being split into three to

feed these, each containing signal com ponents over a
different range of frequencies to suit the drivers.

HIGH FREGUENCY
POWYER AMPLIFIERS

{>

MIDRANGE
POWYER AMPLIFIERS

Y

MIDRANGE

LOWY FREGUENCY
POWYER AMPLIFIERS

1OV /S UBVHOOFER

{>

Fig.2: plots of total harmonic distortion plus noise against frequency for
each output, with the test frequencies chosen to be well within the bandpass

of each. The
o1 Active Crossover THD+N vs Frequency, 1V, 20Hz-20kHz BW  gctual harm onic
' distortion is
extremely
.005 low, virtually

= unmeasurable with
= |l ow out .
g (with [subsonic our equipm ent.
£ .002 filter) NHigh-out— These readings are
2 =] B "] ML basically noise;
a Mid out the subsonic filter
2 001 A adds more noise,
S Cow-out hence higher
@ 0005} No suUbsoii readings with it
T iker) enabled (note that
g LF noise is not
= very audible).

.0002

0001 20 50 100 200 500 1k 2k 5k 10k 20k

Frequency (Hz)
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p
Price Changes For

SiLICON CHIP Magazine

From October 31st 2021, the price
of SiLicoN CHIP Subscriptions will
change as follows:

Online Current New
(Worldwide)  Price Price

6 Months 545 550
12 Months 585 595
24 Months $164 5185

Print Only Current New
(AUS) Price Price

6 Months 857 365
12 Months 5105 5120
24 Months 5202 5230

Print + Current New
Online (AUS) Price Price
6 Months 569 575

12 Months $125 $140
24 Months $240 $265
Print Only Current New

(NZ) Price Price
6 Months 561 $80
12 Months $109 5145
24 Months 5215 $275
Print + Current New

Online (NZ)  Price Price
& Months §73 $90
12 Months $129 5165
24 Months $253 $310

Print Only Current New
(RoW) Price Price

6 Months $90 $100
12 Months $160 $165
24 Months $300 $380

Print + Current New
Online (RoW) Price Price

6 Months $100 $110
12 Months $180 $215
24 Months $330 $415

All prices are in Austrafian Dollars

The caver price of the October issue onwards
will be 511.50 in Australia. The New Zealand
caver price will remain the same at $12.90.

SiIeaN
L

Preview only.
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High Definition
Web Cameras
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athervideo conferencing applications. Easyinstallation,

L1 | A elekElird NOW $89
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Indoor Flat Panel
Digital TV Antenna
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Adjustable gain amplifiar.
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SAVE $19.85
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Ideal for finding dropped screws/
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Using Cheap Asian Electronic Modules

By Jim Rowe

This digitally programmable RF attenuator module can attenuate RF
signals from 1MHz to 3.8GHz by 0-31dB in 1dB steps. It doesn’t need
to be controlled by an external microcontroller; it has one built in. You
control it using four small pushbutton switches, while a tiny OLED
screen shows the current setting.

reviewed one of the simpler digi-

tally programmable RF attenuator
modules back in the June 2018 issue
(siliconchip.com.aw/Article/11090). It
could be configured either by a sepa-
rate microcontroller unit (MCU) like
a Micromite or Arduino, or a six-way
DIP switch.

It was based on the Peregrine
Semiconductor PE4302 attenuator
IC, mounted in the centre of a 33 x
24.5mm PCB without any shielding.
Despite that, it turned out to have
quite respectable performance up to
about 1.5GHz. Above that, attenuation
errors tended to grow, but the mod-
ule was still quite practical for many
applications.

Irecently noticed this new digitally
programmed step attenuator for sale. It
is only a little larger, but has a built-in
MCU with a tiny OLED and some
small pushbutton switches for easy
attenuation adjustment.I ordered one
from Banggood (ID number 1769385;
siliconchip.com.au/link/ab8p).

At the time of writing, itis priced at
about $30.00 plus $6.70 for shipping

sificonchip.com.au

to Australia. I haven’t been able to
find any information regarding its
manufacturer, but like most of these
modules, it is almost certainly made
in China.

This module measures 42 x 32 x
22mm overall, not counting the SMA
connectors at each end for RF input
and output. The digital attenuator sec-
tion is on a 33 x 22.5mm PCB inside a
42 x 32 x 10mm CNC machined alu-
minium block which forms the ‘case’.

Most of the control section is
mounted on a second PCB measur-
ing 42 x 32mm, which forms the top
of the case. The 26mm diagonal (38 x
12.5mm) OLED is mounted on top of
the second PCB.

The PE4302 digital attenuator chip
used in the earlier attenuator mod-
ule was made obsolete in 2018 and is
no longer available. This new mod-
ule uses the HMC472 from Hittite
Microwave Corporation, a company
acquired by Analog Devices in 2014,

The HMC472 is similar to the
PE4302 in many ways. Itis described
as a 6-bit digital step attenuator using

Australia’s electronics magazine

GaAs MMIC technology, and can pro-
vide attenuation from 0dB to 31.5dB in
0.5dB steps for DC to 3.8GHz signals.
It comes in a 24-lead Lead Frame SMD
package measuring 4 x 4mm. Unlike
the PE4302, it runs from 5V DC rather
than 3.3V,

The insertion loss at the 0dB setting
is rated at 1.1-1.2dB below 350MHz,
1.5dB at 2GHz and 1.9dB at 4GHz.

I wasn’t able to find a complete cir-
cuit for the new module, but I worked
outabasicblock diagram forit, shown
inFig.1. The HMC472’s RF1 input pin
is coupled to the SMA connector via
a InF capacitor, with its RF2 output
pin configured similarly. Apart from
various bypass capacitors, that is the
whole attenuator section.

The control section is based on an
STM32F103CA8T6 microcontroller.
You may have noticed that it con-
trols only five of the six programming
lines of the HMC472: V1 to V5. The
unused V6 line is the one that con-
trols the 0.5dB attenuator stage inside
the HMC472, which explains why this
module only provides 1dB steps.
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orking with SMD parts can

be tricky. Reading component
markings can be a strain on the eyes,
if the component is even marked!
Devices like SMD capacitors are totally
anonymous and, once removed from
their packaging, almost impossible to
tell apart. These SMD Test Tweezers
make it easier by telling vou all about
a component by simply picking it up.

In some cases, these Tweezers can
also measure the properties of a com-
ponent once it has been soldered to
a board (although, depending on the
circuit configuration, sometimes the
readings will not be accurate).

As time passes, fewer electronic
parts are available in through-hole
variants and increasingly manufac-
turers are building products mostly or

mhisiclevenrllittleYdevice is madelfrom)justiikl
components. Yet it can measure the values of many
SMD resistors and capacitors, plus show diode and LED
orientations and measure their forward voltages. It's quick
and easy to use, and is powered by an onboard button cell,

with a high-contrast OLED screen to show the readings.

entirely from SMDs. They are smaller
and cheaper than through-hole parts,
can be mounted on both sides of a
board (often with internal traces run-
ning underneath) and are also less sen-
sitive to shock and vibration.

Of course, while parts being smaller
can be advantageous, it also presents
problems when working with them.
Certain tools, such as tweezers and a
magnifier, are indispensable.

Once youw've had a chance to try
out our SMD Test Tweezers, we think
you will be adding them to your bag
of SMD tricks!

The tweezers

SMD parts are very awkward toread
with a multimeter. On many occa-
sions, we’'ve been pressing multimeter

Features & Specifications

Compact OLED display readout

Auto power on and off

Identifies and measures resistors, capacitors, diodes & LEDs
Runs from a single lithium coin cell, around five years of standby life

Displays own cell voltage when no component is connected

Can measure components in-circuit under some circumstances

Can perform thousands of measurements before the cell is exhausted
Resistance measurements: 1002 to 1MQ

Diode measurements: polarity and forward voltage, up to about 3V
Capacitance measurements: 1nF to 10uF
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probes into the ends of an SMD part,
trying to get areading, only forit tofly
off and neverbe found again. Tweezers
provide a much more natural way to
do this, and as youdon’tneed toapply
much pressure, there is less chance of
the part taking flight.

Even better, since tweezers are a
convenient way to pick up and han-
dle such parts, if we incorporate the
measuring tool into the tweezers, it
can tell you what part you are han-
dling while you are in the process of
placing it on the board.

The SMD Test Tweezers mea-
sure whatever component is pres-
ent between its tips, so there are no
extra fiddly movements to make. You
pick up the part, and the screen dis-
plays its assessment. The Tweezers
automatically detect the difference
between resistors, capacitors and
diodes, including many LEDs. With a
maximum applied current of 0.3mA
at 3V, there’s virtually no chance of
causing damage.

The Tweezers can measure resis-
tances from around 100 to 1MQ and
capacitances from 1nF to 10pF. These
ranges are slightly limited, butincreas-
ing them would significantly compli-
cate the design, and a large percent-
age of SMD components fall within
those ranges.

sificonchip.com.au
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That time of year is nearly here...

CHRISTMAS

Spice up your festive season
with eight LED decorations!

~Tiny LED Xmas Tree
54 x 41mm PCB
SC5181 - $2.50

Tiny LED Cap
85 x §7mm PCB _
SC5687 —53.00 y '

Tiny LED Stocking
41 x 83mm PCB
SC5688 - $3.00

@
Tiny LED Reindeer
91 x 98mm PCB
SC5689 - $3.00

80 x 92mm PCB N »
SC5691 —$3.00 A S

@
Nx. ’ Tiny LED Star
N7 §7 x 54mm PCB
. ‘:_:5‘5.':«._. SC5692 — $3-00

v
A e T
"\!”‘;

Tiny LED Cane
84 x 60mm PCB
SC5693 - $3.00

We also sell a kit containing all
required components for just
$14 per board ~ SC5579
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Review by Tim Blythman

RiceSTope 6526
SB Osc:llgscgpe

The PicoScope

6426E USB Oscilloscope is
a high-performance software-driven
oscilloscope. As most of our experience is with
standalone/benchtop type ‘scopes, we were interested in

trying it out when Emona Instruments offered to loan us an evaluation unit.

In February this year, we purchased
a BitScope Micro PC-based oscillo-
scope to build a low-cost Virtual Elec-
tronics Workbench (siliconchip.com.
aw/Article/14751). While the concept
is similar — both scopes lack screens
and buttons, connecting to a computer
instead for display and control — Pico
Technology’s 6000E series of PC-based
oscilloscopes is in an entirely differ-
ent league.

The unit we received for testing is
the 6426E four-channel, 1GHz band-
width scope with a maximum 5G8/s
(gigasamples per second) sampling
rate. But there is much more to the
scope than these basic specs imply.

The 6426E has the so-called Flex-
Res feature, which means that it can
sample voltages with a resolution of
eight bits (256 steps), 10 bits (1024
steps) or 12 bits (4096 steps). This is
12 bits of true hardware resolution,
not achieved by averaging multiple
samples of lower resolution.

If the full 1GHz sampling rate is
not needed, then the 6426E can also
perform oversampling and software
enhancement to provide an effective
resolution of up to 16 bits.

This extra resolution can be handy
in audio work or anywhere thata high
dynamic range is needed. It can only
sustain the 5G3/s sampling rate with
the vertical sampling resolution set to
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eight bits, reducing to 1.25GS/s when
using two channels at 12 bits due to
hardware bandwidth limitations.

Given that you'd typically need the
higher vertical resolution when look-
ing at lower-frequency signals like
audio, that doesn’t seem like a signif-
icant problem.

The scope feature that we found
most interesting is the sheer volume
of sample data that the unit can cap-
ture, up to four gigasamples. That
means that the 6426E can sustain its
maximum 5GS/s sampling rate (on one
channel) for up to 800ms.

There are great benefits to having
long capture times. Once you have
sampled an event, it will be a great
boon to be able to look over the sur-
rounding times to see the complete
circumstances.

For example, there is nothing more
frustrating than debugging digital

PicoScope 6426E Features & Specifications

communication and only capturing a
fraction of the transaction, especially
if it’s a rare event. This long sample
size potentially allows many seconds
or even minutes of data (atlower sam-
pling rates) to be captured and anal-
ysed after the fact.

These high sampling depth and rate
capabilities also mean that FF T (spec-
tral) analysis canbe more detailed; the
spectrum view can be accessed by a
single click in the user interface.

Range of scopes

The 6426E that Emona supplied us
forreview is just one of Pico Technol-
0gy’s 6000E series of scopes, and it is
pretty well top-of-the-range.

There are nine units with differ-
ent feature combinations listed at the
time of writing. The range starts with
a 300MHz bandwidth unit that lacks
the FlexRes feature, limited to eight

« Voltage resolution: eight bits (256 steps) to 12 bits (4096 steps)
+ Channels: 4 x 1GHz analog, plus 16 x digital with optional MSO pods fitted

+ Sampling rate: 5GS/s maximum
« Capture memory: 4GS

+ Waveform generator. 50MHz, 200MS/s, 14-bit

+ Update rate: 300,000 waveforms per second

- Software: PicoScope 6 and PicoSDK (free}

« Other features include: serial decoding, mask limit testing, high-resolution

waveform timestamping
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bits (256 steps) of vertical resolution.
Also, this basic unit (the 6403E) only
has 1GS of storage.

There are also eight-channel units,
although these are only available with
500MHzbandwidth: the 6304F (eight-
bit resolution only) and 6324E (with
FlexRes).

These scopes can also be fitted with
one or two optional mixed-signal oscil-
loscope (M30) pods. These provide
eight digital signal inputs each; our
review unit was not supplied with
these. But this doesn’t stop the scope
from being useful for digital work.

There is an online tool for config-
uring and viewing the scope options
at: www.picotech.com/oscilloscope/
6000/picoscope-6000-overview

Software

Even before we received the unit to
test, we made sure to download the
necessary software.

In a very refreshing change from
much software these days, the Pico-
Scope 6 software doesnotneed a login
or e-mail address to use or download.
PicoScope Version 6.14.44 is the latest
release and the first version to support
the 6000E series scopes.

On Windows, the software is
around 210MB to download and
around 230MB installed. The instal-
lation process was straightforward
and included the necessary drivers.
It's a good sign when things like this
just work.

There are alsobeta (pre-release) ver-
sions of PicoScope 6 for macOS and
Linux. Early versions of PicoScope 7
are also available. The notes indicate
that this version will eventually sup-
port all current and many discontin-
ued PicoScope models, so ongoing
support looks good.

Hands-on testing

The scope comes in a padded clam-
shell case and with all the basics
needed to use it, including four
500MHz 10:1 passive probes. Active
probes are also available as an option
at the time of purchase.

The front panel features the four
BNC socket inputs plus a pair of test
points for Earth and a square-wave
output.

Therearis dominated by afan grille
with USB and power connections on
one side and three BNC sockets on the
other. These sockets are for the aux-
iliary trigger input, 10MHz timebase

sificonchip.com.au
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The PicoScope 6426E accepts Pico Technology’s intelligent probes as well as
standard passive probes on the front panel. Optional mixed-signal oscilloscope

(MSO) pods for digital signals can be plugged in at lower right.

Up to two MSO (mixed signal oscilloscope) pods can be plugged
into the front of the 6000 series ‘scopes. These are optional
extras and were not included with the unit we tested.

Fy

Standard inclusions are four passive 10:1 500MHz probes. The probes also come
with a variety of useful accessories, including spring tip, ground spring and
colour coding rings. Active probes are also available.
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Screen 1: when the PicoScope application is started, connected probes are
autom atically detected and the trace is displayed. Comm on settings are above
and below the main trace window.

Measurements

“Ay PicoScope 6 - o ®
Eide [Edit Yiews Messurements Jock Help
M ML 2 G|« [smwae  ~[n][[e]tms (]| ¢ ab ~|a] ][4

2ol 32 v | @ x1

- o[ -]

A 4 | Auto

- -v|Di B 1 | O - | » 'l 4 - |}

x10 probe
Coupling DC -
Probe x1 - ]

Resolution Enhancement

=

[ Activate Filtering

Analeg Dptions
DC Offset 4 Jov _»—H - _9_
Bandwadth Limit
Nene 20 MHz 200 MMz ®
200 25.0 00 350 400 450 500
Auis Scaling
Scale | ] _lm | » H'_ | [V ee——
Offset 4 |omo% _-|[v_
Zera Channel Offsets
Tero all tanges
- L

Fy
Screen 2: a comprehensive set of probe settings
are available via a drop-down for each
connected probe. It's handy to have all these
settings in one place.

Screen 3: when the trigger is activated, it p
appears as a yellow diamond that can be
moved around to set both the trigger threshold
and delay. A separate window is used to
modify more advanced trigger settings.
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input and AWG (arbitrary waveform
generator) output.

The body is extruded aluminium
with rubber bumpered commers. It feels
solid and comes with a 12V power
brick of the type that would typically
accompany a laptop computer, and a
sturdy USB 3.0 (A-B) cable, as well as
the necessary manuals.

While we scanned the Quick Start
Guide, getting started was as simple
as connecting the power brick, con-
necting the unit to the computer with
the USB cable and starting the Pico-
Scope software,

Connected probes are automati-
cally detected and displayed. Screen 1
shows the initial display onlaunching
the software with the scope connected.

User interface

While PC-based scopes are neces-
sarily different to the alternative, they
also tend to offer more options. The
trick is learning where all the settings
and selections are hidden. We found
the PicoScope software to be laid out
in a fairly intuitive manner.

An A3 poster guide is available,
briefly explaining the main features
and where their controls are located.

Within the main window, there are
three main rows of controls (plus the
standard window menus). The first
row has the timebase and sample set-
tings, the second the channel ranges.

Interestingly, the vertical channel
ranges aren’t set per division but for
the entire vertical scan. It's not what
we’re used to, but it makes sense to
do it this way, as you typically know
the range of signals to expect and can
simply set the vertical range to match.

Screen 2 shows the settings that are
available for each probe (channel).

A third row below the trace window
has the trigger settings, so the most
commonly used features are suitably
grouped and easy to find.

The PicoScope software makes
excellent use of the PC interface —
the method of setting Triggers is both
remarkable and straightforward. Once
the trigger is enabled, a yellow dia-
mond appears on the screen and can
simply be dragged around to set the
trigger point.

The vertical position of the trig-
ger determines the threshold, while
the horizontal position determines
the delay (or amount of pre-sample
and post-sample). This is shown in
Screen 3.

sificonchip.com.au



Aswell as the basic trigger options,
there are advanced options such as
window, interval, level, runt pulse
and digital boolean logic trigger con-
ditions, including those dependent on
multiple signals.

With the zoom tool selected, aregion
of the trace can be selected for closer
inspection. As well as the zoomed
window, an overview panel is shown,
allowing the zoomed section to be
panned around and inspected. This
is seen in Screen 4.

Features

In the course of working on some of
our current projects, we tried out some
of the different features of the 6426E.
Of particularinterest tous is the serial
decoding feature.

Several protocols can be decoded,
and these are accessed from the Tools
— Serial Decoding menu item. The
dialog box with its options is seen in
Screen 5. We used an 1°C decoder to
monitor signals being sent to an I°C
OLED display. Screen 6 shows the
data being correctly detected, packe-
tised and decoded.

While this looks like quite a bit of
data, what is being displayed is only
a fraction of what the PicoScope has
stored. Up to 32 separate captures are
also kept and can be examined using
the ‘buffer overview’ feature.

This makes it easier to examine lon-
ger sequences, and different captures
can be compared and viewed, includ-
ing any decoded serial data associ-
ated with the raw scope waveforms.
Screen 7 shows the small window
that provides the waveform overview
and allows easy selection of captures
to view.

Menus

We cannot cover all the features
of the 6426E, but we will highlight
some that we thought were of partic-
ular interest.

Taking a screenshot is as simple as
using the Edit — Copy as IImage menu
item. There is also a “Copy as Text”
option to allow easy pasting of data
into a spreadsheet application.

Various measurements can be
applied to a trace, allowing easy
assessment of things like frequency,
duty cycle, RMS value and even digital
aspects such as the number of edges.

These can be applied to the entire
screen display or between manually
set rulers on the screen; the rulers can

sificonchip.com.au

Screen 4: the zoom tools are simple and intuitive. The Zoom Overview allows
the zoomed region to be panned around.

Serial Decoding X

Decoders Lok J
Om 2C-ChAB @

[ Creste 1-Wire

ARINC 429
BroadR-Reach
CAN

CANFD

DALI

pcc

DMX512

Ethernet 10BASE-T
Fast Ethernet 100BASE-TX
FlexRay

12C

125 b

LIN

Manchester

MODBUS ASCII (RS-232, RS-485)
MODBUS RTU (RS-232, R$-485)
Ps/2

SENT Fast

SENT Slow

SPI

UART (RS-232, RS-422, RS-485)
USB (1.0/1.1)

Screen 5: a com prehensive range of serial protocol decoders are available.
We were impressed to see that the DCC digital comm and protocol for model
railways is present.
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Screen 6: we tested the 12C decoder and found that the PicoScope had no trouble
detecting data packets that matched what we expected.
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Screen 7: the Buffer Overview allows up to 32 screens of data'captures to be
viewed and compared. Any applicable decoding is also made available below

the window shown.

simply be dragged and dropped like
the trigger marker. Screen 8 shows the
available measurements.

Aswell as serial decoding, the Tools
menu allows ‘Math Channels’ to be
added. There are simple (sum, dif-
ference, product) channels available
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directly from the menu, but you can
also enter custom equations. The inter-
face for entering equations looks a lot
like a scientific calculator.

There are also Tools menu options
for masks, alarms and reference wave-
forms.
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Within the Preferences settings are
a comprehensive range of functions
to which keyboard shortcuts can be
allocated. While it is easy enough to
use the mouse for most features, we
think thatbeing able to set up shortcut
keys for frequently used actions will
be very handy for people who use the
scope a lot.

Waveform generator

The waveform generator output is
available from one of the BNC sock-
ets at the rear of the scope. It can pro-
duce square waves and sinewaves up
to 50MHz, and other waveforms at
lower frequencies.

Artbitrary waveforms can be taken
from either a CSV file or an existing
scope trace. Digital bitstreams can be
entered asbinary or hexadecimal data.

Conclusion

The 6426E is an impressive machine
with a comprehensive set of features.
Wedidnotfind it wanting in any ofthe
tests we threw at it. In fact, we strug-
gled to get it anywhere near its limits.

It is a handy tool for working with
digital electronics through the numer-
ous decoders, even though it has
impressive specifications in the ana-
log domain.

The 6000E range of ultra-deep-
memory oscilloscopes is available
from Emona Instruments. Ring them
on 1800 632 953 or e-mail testinst@
eIona.com.au

Visit siliconchip.com.aw/link/ab9j
fora list of all the PicoScope products
they sell orrefer to their advertisement
on the inner back cover. S¢
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Each optional MSO pod provides eight digital channels and includes a number
of adapters, ground clips and test hooks to connect to the circuit under test.
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Add Measurement X

Select the channel to measure
o

Select the type of measurement [ = j

Falling Edge Count

= Falling Rate

Frequency

High Pulse Width
Low Pulse Width
Maximum
Minimum
Negative Duty Cycle
Peak To Pesk

Rise Time

Rising Edge Count
Rising Rate

True RMS

F'y

Screen 8: the measurements listed
here can be applied over the entire
span of a buffer, or limited to specific
ranges using adjustable rulers.

The A3136 1.3GHz Active probes are
an optional extra, but are necessary
for working at frequencies higher
than passive probes can support. The
Intelligent Probe Interface powers the
probe from the scope and facilitates
autom atic probe detection and unit
scaling.
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Our new Digital Preamplifier, introduced last month, combines high audio fidelity
with convenience. It provides input switching, volume adjustment, bass/mid/
treble controls via remote control and a colour touchscreen. It can be built as a
standalone unit or integrated into a power amplifier. Having explained how it works,
now we'll go through the construction and testing procedures.

his Preamp brings analog & digital

circuitry together, giving the best
aspects of both. It's a relatively sim-
ple design with excellent audio qual-
ity thanks to its analog roots, but it
avoids the complexity of the multiple,
expensive ICs that would be needed for
a purely digital design. It also avoids
using mechanical parts that can wear
out, like a mostly analog design using
a motorised potentiometer.

It has a good range of features
including a colour touchscreen inter-
face, infrared remote support, a three-
band tone control, a wide gain range
and four stereo inputs.

Last month’s article explained
how all of this is achieved using a
Micromite LCD BackPack, two quad
low-distortion digital potentiometers
and a handful of op amps. Thatarticle
also had all the relevant performance
data. Now that we’ve explained how
it all works, let’'s start on the assem-
bly procedure.

Construction

The main PCB overlay for the Digital
Preamp is shown in Fig.7. This board
is coded 01103191 and measures 206
x 53mm (shown rotated).

Asmentioned last month, we don’t
think the bypass relay (RLY4) and its
associated components are necessary,
so we have shown them greyed out.
Instead, we recommend that you fit
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two wire links, shown in red. These
let the signal pass to the output with-
out RLY4 being fitted.

Assembly is pretty straightforward,
with just two SMDs on the board (IC6
& IC7). Those parts are quite large,
similar in size to a 14-pin DIP IC, and
with widely spaced pins are not hard
to solder.

Start with those two parts. Find their
pin 1 markings and make sure they
are orientated correctly, then apply
flux paste to all the pads, rest the IC
on top and tack one pin down. Check
that all the pins are correctly aligned
over their pads, then solder them. With
enough good-quality flux paste on the
pads, you can just load your iron with
solder and drag it across the pins, and
good joints will form.

Clean off the flux residue and care-
fully inspect the joins to ensure they
have all formed properly (with the
fillet touching both the pins and the
pads) and that there are no bridges
between adjacent pins. If you find
bridges, apply more flux paste and use
some solder wick and a fair bit of heat
to remove the excess solder. Repeat
the cleaning and inspection process
to verify all is OK.

Now move on to the resistors, but
leave off the larger 1W resistors for
now. Note that two of the 100£2 resis-
tors need ferrite beads slipped onto
theirleads before soldering —see Fig.7.
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Check each batch with a DMM set to
resistance mode before fitting them to
the board, and vou can then fit those
two wire links shown in red using
resistor lead off-cuts.

Next, mount the diodes. All diodes
are polarised, so check their cathode
stripes against Fig.7 and the PCB silk-
screen before soldering them in place.
D1-D12 are all BAT42 schottky types,
while D13-D15 are standard 1N4148
signal diodes. Follow with zener
diode ZD1.

Bend REG4’s leads down by 90°
about 6mm from its body, insert them
into the PCB and then attach its tab to
the mounting hole securely using a
shortmachine screw, washer and nut.
Once it's solidly attached and square,
solder and trim its leads.

Now you can solder op amps
IC1-IC5 to theboard, ensuring they are
orientated correctly. You can instead
solder sockets if you prefer; theymake
swapping op amps easierbut canlead
toreliability problems long-term. Fol-
low withbridge rectifier BR1, ensuring
its + lead (usuallylonger) goes into the
marked hole.

Install the two trimpots (both 500€2)
and then the three relays in a row,
RLY1-RLY3. Ensure the stripes on the
relays are positioned as shown, as it
is possible to install them backwards.

Next, mount all the TO-92 package
devices. These are transistors Q1-Q3

sificonchip.com.au



RN

LA _‘J .

SILICON DIGITAL

\CHIP

|
|

and Q5-Q7 plus regulators REG1-
REG3. As there are five different device
types in similar packages, be careful to
check the markings so that you don’t
get them mixed up.

Now is a good time to fit all the
ceramic capacitors (two different val-
ues) and MKT capacitors (five differ-
ent values). Refer to Fig.7 and the PCB
to ensure the right ones go in the cor-
rect locations.

Then fit the headers for links
LK1-LK3 but do not insert the short-
ing blocks vet. Follow with the DC
socket (if you plan to use it) and the
18-pin header, plus the 3-way terminal
block, with its wire entry holes facing
the outside of the board.

If you are going to fit LED 1 onboard,
do it now, with its longer anode lead
soldered to the pad marked “A”. Oth-
erwise, you could mount a header in
its place, or solder a twin lead later.

Also install the two 100 1W resis-
tors now. Bend their leads so that
they are suspended a few millimetres
above the PCB surface to allow air to
circulate, as they get pretty hot. As
mentioned last month, you could opt
to use 2W resistors, or perhaps four
4.7Q2 1W resistors arranged in pairs
and mounted vertically to spread out
the heat load.

Then fit all the electrolytic capaci-
tors, with their longer positive leads
to the pads marked with a + symbol.
Note that the two 47pF caps need to
have their leads splayed out to fit the
pads provided.

That just leaves the RCA sockets.
Theright-angle sockets will have plas-
tic tabs that clip into the holes drilled
into the PCB. Once you have pushed

sificonchip.com.au

PREAMP

them down fully so they are flat on the
PCB, solder their leads. You should
also push the vertical connectors down
fullybefore soldering the two tabs and
central pin on each.

Building the BackPack

You have the option of using the
Micromite BackPack V2 with a 2.8-
inch colour touchscreen (May 2017;
siliconchip.com.au/Article/10652)
or the Micromite BackPack V3 with
a higher-resolution 3.5-inch touch-
screen (August 2019; siliconchip.com.
aw/Article/11764).

The main advantages of the 2.8-inch
version are lower power consumption
and the fact that it will more easily
fit into a slimmer case. The 2.8-inch
screen module is 38.5mm tall, while
the 3.5-inch screen is 56.5mm tall. A
1RU case is 44,.5mm tall, so it would
be difficult to fit the 2.8-inch version
into one, while fitting the 3.5-inch ver-
sionwould beimpossible. A 2RU case
would fit either.

Regardless, it's up to yow; build the
one you prefer based on the instruc-
tions published in those previous
issues. Assembly is pretty straightfor-
ward, especially if you're making it
from a kit, so if you're an experienced
constructor, you probably don’t need
instructions.

We can supply a kit for either
version with the microcontroller
pre-programmed with the appropri-
ate software. The 2.8-inch version
is available at siliconchip.com.aw/
Shop/20/4237 while the 3.5-inch
version is at siliconchip.com.au/

Shop/20/5082
Whichever version you purchase,
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This is a preview of the October 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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Review by Tim Blythman

Solder Mast;]? |
ESM-50WL

Cordless Soldering Iron

Battery-powered soldering irons are becoming the preferred choice
when soldering needs to be done away frommains power or in tight
spaces. The Solder Master ESM-50WL from Master Instruments is the

latest contender.

Like the Wagner SI50HSK cordless
soldering iron we reviewed in the
April 2021 issue (siliconchip.com.
aw/Article/14828), the ESM-50WL is
being marketed as a replacement for
butane (gas) powered soldering irons.
However, there are some significant
differences between them.

We received a test unit from Master
Instruments, a company prominent in
the battery engineering space. They
have had substantial input into this
Australian-designed product.

The ESM-50WL Cordless Iron comes
as a complete kit in a padded clamshell
case. It includes the Iron, two tips, a
protective heat-resistant silicone tip
cover, both 12V (vehicle accessory
socket) and universal (100V-240V)

Boost mode gives more power

mains chargers, and a small tube of
lead-free solder.

The kit is ideal for keeping in the
toolbox for those who know theymight
need to use a soldering iron anytime.
The two chargers mean it can be kept
charged no matter where you are.

As you might expect from Master
Instruments, the Iron does not skimp
on batteries. The battery is rated at
14,4V 3.45Ah (50Wh) and comprises
fourPanasonic cells. The chargers are
rated at 1A, so the battery will charge
from flatin a few hours, although gen-
erally vou’ll only need to top it off,
taking less than an hour.

The nominal continuous running
time is up to 270 minutes on ‘low
mode’. We found that we never came

*

close to running it down in our tests,
Master Instruments reckon it’s the
longest-lasting battery on the market.

In use

The ESM-50WL Cordless Iron is a
powerful unit. We used it to assemble a
project PCB, however, we found that it
was overpowered for such a small task,
as even on the lowest setting (480°C),
it put out quite a bit of heat.

We then tried using it to solder
heavy-dutywires onto some 70W LED
panels on a thick aluminium-core
PCB. For this job, it excelled. There
is no doubt that this is a serious tool
for heavy-duty work. It also handled
splicing together some thick copper
wires with ease.

Battery and temperature

(27W) when needed for 25s

Temperature settings: low (480°C),
medium (520°C) and high (5703€;

LED for work ——
illumination

Heating time: Dimensions:

under 10 seconds!

1

235mm X 52mm x 37.8mm

including two interchangeable tips

LED indicators

Comes as a kit in a clamshell carry case Battery: 14.4V 3.45Ah

(50Wh) Li-ion

The power button for the Solder Master ESM-50WL is located on the left-hand side. The vellow indicators on the top of
the device show how hot the tip will become, while the blue lights indicate the battery charge left in 25% steps.
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Forthose that want even more heat,
itsboostmode can provide 27W forup
to 25 seconds.

The controls and LEDs are clear and
visible on the top of the Iron, and itis
well-balanced. The shape lends itself
well to being placed flat on a work
surface between uses, without fear of
melting anything.

An included silicone tip cover can
be fitted while the Iron is hot and
allows it to be packed away safely.
The Iron also has a white LED which
is aimed towards the tip for illumi-
nation of the work. This lights up the
work area nicely, but as it’s only lit
while holding down the heat button,
itisn’t that useful for positioning the
tip before soldering.

Some of the suggested users include
automotive and marine engineers,
telecommunication techs and HVAC
(heat, ventilation & air conditioning)
installers. Those sound like the sort
of jobs that will make good use of the
portability, power and long running
time that this Iron provides.

Construction & servicability

The shell is fire retardant polycar-
bonate and ABS, and the Iron also
appears made to be serviced, with
a full range of spare parts available.
The DC jack, for example, seems to
be a standard barrel type and the tip
holder is a silicone-lined gland, both
of which are well-suited to straightfor-
ward user servicing and repair.

Conclusion

The SolderMaster ESM-50WL Cord-
less Iron is a powerful unitand would
be well-suited as a gas iron replace-
ment for those involved inheavy-duty
work, in difficult situations. The kit
provides a small but complete and
versatile set of accessories to accom-
pany the Iron.

While more expensive than a com-
parable gas iron, we think it has sig-
nificant advantages, including having
several charging options and being
usable in places where an open flame
is not safe.

The SolderMaster ESM-50WL Cord-
less Iron retails for $369.95 and is
available from resellers like Wagner
Electronics Super Store (siliconchip.
com.aw/link/abau). Formore informa-
tion on this and related products, see
www.soldermaster.com.aw/and www.

master-instruments.com. av/category/
Solder_Master/2263 sC

sificonchip.com.au

v/

The soldering iron comes in a padded

—

clamshell case. The case contains the iron with
protective cover, two tips, a universal mains charger, a car

charger and a tube of lead-free solder.

——

This 3D internal view of the soldering iron showing the battery pack is from

the YouTube video:

also has a 3D external view of the soldering iron.
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Life on the ‘bleeding edge’
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Dave Thompson

When new technology comes along, I prefer to sit back and watch what
happens before I take the plunge down that particular rabbit hole. This is a
different philosophy than many people I know, including family members,
who simply must have the very latest widget, gadget and toy available.

Some people seem to need the lat-
est gadgets. Control your home lights,
entertainment system and air condi-
tioner with your phone or home PC?
Check. Have the latest electric car?
Check. Own the latest drone with an
8K stabilised camera? Check. Ask Siri,
Cortana or Alexa to order washing-up
powder for you? Check.

Don’t get me wrong; I'm not averse
to these things and usually embrace
technology, especially if it makes life
easier.

stringent product testing and simply
let their customers do it all for them,
attempting to resolve any problems
that crop up on the fly, in the hope
that product sales will cover the costs
offinishing the development (or recall-
ing it in worst-case scenarios).

Gone are the days of focus groups,
mass testing and in-depth trials. The
problem is that consumer security
and privacy often suffer from this
damn-the-torpedoes, seat-of-the-pants
approach.

The problem with early
adoption is that many man-
ufacturers these days forgo

AN o
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VACUUMING 3 PET CARE |4
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LATEST GAMING

This is a tried-and-true business
strategy, though. Japanese companies
have done this for years. As a non-
technical example, say a manufac-
turer wants to try a different flavour
of ice cream.

In Japan, they simply make it and
release itinto themarket. Ifit takes off,
they reap the rewards. If no one buys
it, they quietly withdraw it and move
on to another flavour.

N CHECK THEIR
) LATEST PURCHASES
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~ SECURITY AND PRIVACY OFTEN SUFFER FROM THIS
DAMN-THE-TORPEDOES, SEAT -OF -THE-PANT S APPROACH
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Electronics Super Store

wagneronline.com.au

AUSTRALIA WIDE DELIVERY - 24x7 ONLINE ORDERING

PH: 02 9798 9233
84-90 PARRAMATTA ROAD, SUMMER HILL NSW 2130

DATA / NETWORKING SOLUTIONS
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MEMS WOOTTL!

Back in May 2020 we told you about the amazing, minuscule UT-P 2017
MEMS Tweeter from USound. We mentioned that it had a “big” brother
(if big is the right word!) — the UT-P 2016 “woofer” or midrange driver.
This tiny device can provide full range reproduction down to 20Hz and
all our tests proved that it also has a great deal of potential.

ustrian developer USound
Alaunched the UT-P 2016 at the

same time as the UT-P 2017.
Both are MEMS or Micro Electri-
cal-Mechanical Systems.

Identical in size, the main difference
between the two is that the UT-P 2016
is intended for wide-range speaker
roles while the UT-P 2017 is designed
as a tweeter.

These devices have the potential tobe
very cheap because they can be man-
ufactured using integrated circuit
(IC) fabrication and device packaging
processes. And from a manufacturing
viewpoint, theyare also easy tomount
because they can be soldered in place
byreflow soldering techniques, which
is how most SMD components are
incorporated into commercial appli-
cations. These MEMSs speakers are in
fact SMD speakers!

90 SILICON CHIP

These little speakers can be made
far more easily than conventional
moving-coil miniature speakers. It
hasbeen estimated that MEMS speak-
ers will require around one thousand
times less manufacturing time to pro-
duce!

USound woofer performance

Listening tests with the woofer were
encouraging. A variety of music was
auditioned including jazz, piano, clas-
sical and hard rock and the tiny MEM.S
speakers performed admirably with
all genres.

Our Test Bed: the MEMS
speaker was mounted
on a small PCE with the
recommended 3mm gap.
This feeds directly into
our Bruel & Kjaer microphone
but it is slightly different from
the manufacturer’s setup,
accounting for slight
differences in the
specifications. The
back pressure from the small

allows it to “breathe”,
especially at low frequencies.

USOUND UT-P-2016

DOUBLE-SIDED TAPE

FRONT MEMBRANE

port in the rear of the speaker MICROPHONE

7
//

3mm
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Reinartz “4-valve” reaction radio

By Fred Lever

I built this simple battery-powered AM radio set using the “Reinartz”
tuning principal and early 1930s to 1940s components (well, mostly; |
cheated in a couple of places). I did this for a few reasons. One is that it
was a learning exercise; I knew that it was possible to build a radio set
like this, but I didn’t fully understand all the details. Now I do. I also
succeeded in turning a load of old junk into a working radio!
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einartz tuning is also known as

reaction tuning, and I was keen
tobuild a radio using this principle.I
wanted to build it such that it would
appear tobe aradio designed and built
in the 30s. So I drew up the circuit
shown in Fig.1.

I initially toyed with the idea of
using battery triodes such as the type
30 or mains-powered tetrodes such as
type 24A. But I ended up using two
type 57 amplifier pentodes and a type
47 pentode output valve driving the
loudspeaker.

I could have used a type 80 recti-
fierbut instead, I used a silicon bridge
rectifier hidden in a defunct 5V4. This
allowed me to wind the HT secondary
on the transformer as a single winding.
I'also wound on 2.5V heater windings,
with centre taps forbias and grounding.

To get to this arrangement, I had
to do lots of prototyping different
circuits, fabricating of parts and
re-thinking and re-designing when my
tests failed. This article presents the
receiver in its finished state, with a
lot of the development detail left out.

Circuit details

Valve V1isa type 57 pentode which
works as a three-grid stage, with tun-
ing, feedback, gain control and AM
detection. Each grid of the type 57
has some level of DC bias or sig-
nal applied. The combination of the
tapped antenna coil and tuning capac-
itor selects the desired AM signal fre-
quency and this signal is applied, via
a grid-leak resistor and capacitor, to
the control grid (top cap).
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gilioon@sziliconohip.oom.an
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YES! You can also order or renew your SiticoN Cuip subscription via any of these methods as welll
The bhest henefit, apart from the magazine? Suhscribers get a 10% discount on all orders for parts.

$10 MICROS

For a complete list, go to siliconchip.com.au/Shop/8
$15 MICROS

241 G32A-1/SN Digital FX Unit (Apr2 1)
ATmega328P RF Signal Generatar [Jun13), Si473x FMAM/SW Digital Radio [Jul21)
ATmega328P-AUR RGE Stackable LED Christmas Star [Nowa2d)
ATtiny85W-10PU  Shirt Pocket Audio Oscillator (Sep20)
ATtiny816 ATtinyG16 Development/Breakout Board [Jan19)
PIG10F202-E/OT  Ultrabrite LED Driver (with free TCE502P0SSVCT IC, Sep13)
PIC12F1572-/8H  LED Christmas Ornaments [Now2 0, specify variant)
Mano TV Pong [Aug21), SMO Test Tweezers (Dot21)
PIC12F617-I/P Car Radio Dimmer [Aug13], MiniHeart Heartbeat Simulator [Jan21)
Refined Full-Wave Universal Mator Speed Controller [Apr2 i)
Model Hailway Level Grossing (two required —$15/pair) (Jul21)
PIC12F675-1/P Mator Speed Controller [(Mari3), Heater Controller [Apr18)
Useless Bax 103 [Dec1®)
PIC12F675-/8N  Tiny LED Xmas Tree (Now13)
PIC16F1455-/F  Microbridge (May17), USE Flexitimer [Juneid)
Digital Interface Madule (NowiB), GPS Finesaver [Jun13)
Digital Lighting Caontroller LED Slave [Dec20)
PIC16F1455-/8L  OI' Timer Il [Jul20), Battery Multi Lagger [Feb2 1)
PIC16F1458-/F  5-Way LCD Panel Meter (Now13), IR Remate Control Assistant (Jul20)
Ultrasonie Cleaner [Sep20), Electronic Wind Chime [Feb21)
204 DC Motor Speed Controller [Jul21)
PICI6F1705-/P  Fexible Digital Lighting Controller Slave [Qct20)
PIC16F88-E/F Automative Sensor Madifier [Deci)
PIC16F88-/P Remate-controlled Preamp with Tone Contral [Mar15)

UHF Repeater (May 19, Six Input Audio Selector [Sep19)
Universal Battery Charge Contraller [Dec13)

KITS, SPECIALISED COMPONENTS ETC siliconchip.com.au/Shop/

SMD TEST TWEEZERS KIT (CAT 5C5834) {ocT21)
PCEs, micro, cther onboard parts and heatshrink [no cell or brass tips) $35.00
NANO TV PONG SHORT FORM KIT (CAT SC5885) {AuG 21)
PCE and all onboard parts only [does nat include cantrallers) $17.50
MODEL RAILWAY LEVEL CROSSING {Uee 21)
- Pair of programmed PIC12F617-1/Ps $15.00
- 1501820P-based audio recording and playback maodule $5.00
MINI ISOLATED SERIAL LINK COMPLETE KIT (CAT SC5750) 4R 21)

All parts required to build the project including the PCE $10.00

AM/FM/SW RADIO AN 21)
- PCE-mount right-angle ShA socket [SC4315) $2.50
- Pulse-type rotary encoder with |ntegral pushbuttan [SCHE11) $3.00
- 16x2 LCD module [does nat use 12C module) [5C4138) $7.50
LED GHRISTMAS ORNAMENTS (CAT 5C5579) {wav 20)

Complete kit including micro but na cain cell [specify PCE shape & colaur) $14.00

RGB STACKABLE LED CHRISTMAS STAR (CAT SC5525) {wav 20)
Complete kit including PCE, micra, diffused RGE LEDs and ather parts $38.50
MICROMITE LCD BACKPACK V3 KIT (CAT SC5082) {AUG 19)
Includes PCE, programmed micros, 3.5in touchsereen LCD, UB3 1id, mounting hardware,
Mosfets for P backlight contral and all other mandatnnr on-board parts $75.0
Separate/Optional Componants:

-3 .5-inoh TFT LCO touohsoreen (Gat § CH062) $35.00
- DHT22 temp/humidity sensor [Cat 5C4150) $7.50
- BMP150 [Cat SC4343) OR BMP250 [Cat SC4595) temp/pressure sensor $5.00
- BME280 temperature/pressurefhumidity sensar [Cat SC4608) $10.00
-D83231 real+time olook SOIC-16 IC (Cat 8C5103) $4.00
- 2301024 1MB RAM [S01C-8) [Cat SC5104) $5.00
- AT255F041 512KE flash (SQIC-8) (Cat SCH105) $1.50
- 10pF 164 X7R through-hale capacitor [Cat SC5108) $2.00
VARIOUS MODULES & PARTS
- 64x32 pixel white 0.49in OLED (SMD Test Tweezers, Dot21) $10.00
- pair of ADBAO3ARZ10 (Toushzoresn Digital Preamp, Sep21) $35.00

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

ATSAMLIDET16A-AUT High-Current Battery Balancer [Mar21)

PIC16F1458-/80 Four-Channel OC Fan & Pump Contraller [Dec18)
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)
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)
Advanced GPS Computer [Jun21)
Touchscreen Digital Preamp [2.8in/3.5in version] (Sep21)

PIC32N1 70F256B-1/50 Battery Multi Logger [Feb21), Battery Manager BackPack [Aug21)

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), Touchscreen Audio Recorder (Junid)

$20 MICROS

1.5KW Induction Motor Speed Contraller [Aug13)

CLASSIC DAC [Feb13)

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

- 8i4732 radio IC (8id73x FM/AN/SW Radio, Jul21) $15.00
- EAZ-BMU relay [PIC Programming Helper, Jun21) 3.00
- YK2328U7GELF GPS maodule [Advanced GPS Computer, Jun2 1) $25.00
- MCP4251-502E/F [Advanced GPS Computer, JunZ 1) $3.00
- pair of Signetics NEBBANs [Arcade Pang, Jun21) $12.50
- 2.8-inoh touohsoreen LCD module (Lab Supply, May21) $25.00
- 5pin FyY-1 digital effects IC [Digital FX Unit, Apr21) $40.00
- 15m 02 3W SMD resistor [Battery Multi Logger / Arduina PSU, Feb21) $2.50
- DE3231[M) real-time clock SMO IC [Battery Multi Logger, Feb21) $3.00
- Pair of C5018534 transistors (Electronic 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 IC [H-Field Transanalyser, May20) $2.50
- AD8485 thermooouple interface (D1Y Reflow Oven Controller, Apr20j $12.50
- SiE7H1AR 2.5kV isolated Masfet driver IC [Charge Contraller, DeclS) $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 1 blue —$0.70 § cyan —$1.00 4 pink (1 only) —$0.20
- 150182 0-based vaice recorder / playback module [Junk Mail, Aug 19) $4.00
- 23LCW1024- /P SRAM 8 MCPTY3531T (UHF Repeater, May13) $11.50
- MCP1700 339 L0O requlator (suitable for USE M&K Adapatar, Feb13) $1.50
- 1nF 1% MKP [5mm) or ceramic capacitor (LG Meter, Jun18) $2.50
- ESP-01 Wik Module (El Cheapo Modules, Aprig) $5.

00

- WiFi Antennas with U FL/IFX connectars [Water Tank Level Meter with Wi, Feb13):
50Bi—$12.50 | 2dBi (omnidirectional) — $10.00

- NRF24L01+FA+NA transceiver, SNA connector & antenna (El Cheapo, Jan 18) $5.00

- ERA-25M+ MMIC & ADCH-804+ choke (BGHz+ Frequency Counter, Oct17)  $15.00
- ¥31053 Geeetech Arduino MP3 shield [Arduino Music Player, Jul17) $20.00
- MAXY219 red LED contraller boards [EI Cheapo Modules, Juni7):

5x8 SMO/DIP matrix display — $5.00 § 5-digit 7-segment display —$7.50
- AD95E33 005 madules [Apr1vy:

gain control (DDS Signal Generator) —$25.00 fno gain control —$15.00
- microsD card adaptor (Bl Cheapo Madules, Janiy $2.50
- 053231 real-time olook module with mounting hardwara $7.50
- CP2102 USBE-UART bridge $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
DCC FROGRAMMER [INC. HEADERS) 0CT18 504716 §750 NUTUBE GUITAR DISTORTION /OVERDRIVE PEDAL  MARZ0 01102201 $?.5[]
L WITHOUT HEADERS 0CTi8  D9107181  $5.00 THERMAL REGULATOR INTERFACE SHIELD MAR20 21109181  $5.00
GP5-5YNCHED FREQUENCY REFERENCE NOV1IS  D4107181  §7.50 L PELTIER DRIVER SHIELD MAR20 21109182  §5.00
LED CHRISTMAS TREE NOViS 16107181  $5.00 DIY REFLOWY OVEN CONTROLLER [SET OF 3 PCBS)  APR20  D1106193/5/6 $12.50
DIGITAL INTERFACE MODULE NOV1E 16107182 $2.50 7-BAND MONO EQUALISER APH20 01104201 §V.50
TINNITUS/ANS OMNIA KILLER [JAYCAR VERSION) NOViIS  D1110181  $5.00 L STEREOD EQUALISER APH20 01104202 §7.50
L ALTRONICS VERSION NOV1IS  D1110182  $5.00 REFERENCE SIGNAL DISTRIBUTOR APH20  CSE200103  §7.50
HIGH-5ENSITIVITY MAGNETOMETER DEC1G  D41D1011 1250 H-FIELD TRANSANALYSER MAY20 06102201  $10.00
USELESS BOX DEC1G  DB111181  §7.50 CAR ALTIMETER MAY20 05105201  §5.00
FOUR-CHANMNEL DC FAN & PUMP CONTROLLER DEC16 05108181  $5.00 RCL BOX RESISTOR BOARD JUnZD 04104201 §V.5D
ATtinyE16 DEVELOPMENT/BREAKOUT FCB JANTG 24110181 §5.00 L CAPACITOR /INDUCTOR BOARD JUNZD 04104202 §V.5D
ISOLATED SERIAL LINK JANTS 24107181 $5.00 ROADIES' TEST GENERATOR SMD VERSION JUn2D 01005201 $2.50
DAB+FM/AM RADIOD JANTS 06112181 $15.00 L THROUGH-HOLE VERSION JUNZD 01005202 §5.00
L CASE PIECES [CLEAR) JAN1S 5045849 $.00 COLOUR MAXIMITE 2 PCB [BLUE) JuL2o 07107201 §10.00
REMOTE CONTROL DIMMER MAIN FCE FEB13 10111151 §$10.00 L FROMT 8 REAR PANELS (BLACK) JUL20 SC5500 $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 10111193  §10.00 L ACRYLIC CASE PIECES /SPACER [BLACK) JUL20  5C5443 §7.50
MOTION SENSING SWITCH [SMD) FCE FEB13  D5102191  $2.50 IF REMOTE CONTROL ASSISTANT PCE (JAYCAR]  JUL20 15005201  $5.00
USE MOUSE AND KEYBOARD ADAFTOR FCE FEB13 24311181  $5.00 L ALTRONICS VERSION JuL20 15005202 §5.00
LOW-NOISE STEREQ PREAMP MAIN PCE WMAR1S 01111119 $25.00 USB SUPERCODEC AUGZ0D 01106201 §1250
L INPUT SELECTOR PCE WMAR1S 01111112 $15.00 L BALANCED ATTENUATOR NOV20D 01106202 §7.50
L PUSHBUTTON FCE MARIS  D1111113  $5.00 SWITCHMODE 7EXX REPLACEMENT AUG2D 18105201  $2.50
DIODE CURVE PLOTTER WMAR1S  D4112181  §7.50 WIDEBAND DIGITAL RF POWER METER AUG20 04108201 §5.00
L UB3LID [MATTE BLACK) MAR1S 504927 $5.00 ULTRASONIC CLEANER MAIN FCBE SEP20  D4105201  §7.50
FLIP-DOT (SET QF ALL FOUR FCBs) APR19 5C4350 $17.50 L FRONT 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 G-PIN ATtiny FROGRAMMING ADAFTOR SEP20  D1110202  §1.50
L DRIVERFCE APR1G 19111184 §5.00 D1 MINI LCD WIFI BACKFACK 0CT20 24106121 §5.00
ICESTICK VA ADAFTOR APR1G 02103191  $2.50 FLEXIBLE DIGITAL LIGHTING CONTROLLER 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 XM AS ORNAMENTS NOV20D  16111191-0 §3.00
3.5-INCH LCD ADAFTOR FOR ARDUIND MAY1S 24111181 $5.00 30 LED STACKABLE STAR NOVZ2OD 16108201 1250
D5P CROSS0VER [ALL PCBs —TW0O DACs) MAY1S  5C0E023 $40.00 L RGEVERSION (BLACK) NOV2D 16108202  §12.50
L ADC PCE MAY13  D1106191  §7.50 DIGITAL LIGHTING MICROMITE MASTER NOv2D 16110201 §5.00
L DAC PCB MAY13  D1106192  §7.50 L CP2102 ADAFTOR NOV2D 16110204  §2.50
L CPUPCE MAY13  D1106193  $5.00 BATTERY VINTAGE RADIO POVWER SUPPLY DEC20 11111201 §7.50
L PSUFPCE MAY13 01106194  §7.50 DUAL BATTERY LIFESAVER DEC20 11111202 §2.50
L CONTROLPCB MAY13 01106195  $5.00 DIGITAL LIGHTING CONTROLLER LED SLAVE DEC20 16110205  §5.00
L LCD ADAFTOR MAY13  D1106196  $2.50 BK1158 A /FM/SW RADIO JAN21  CSE2003024 $10.00
STEERING YWHEEL CONTROL IR ADAFTOR JUNTS 05105191 §5.00 M INIHEART HEARTEEAT SIMULATOR JAN2T 01109201 §5.00
GP5 5PEEDO/CLACKA/QLUME CONTROL JUNTS 01104181 §7.50 I BUSY GO ANAY [DOOR WARNING) JAN2T 16112201 $2.50
L CASE PIECES [MATTE BLACK) JUNTS 504887 $10.00 BATTERY MULTI LOGGER FEB21 11106201 §5.00
RF SIGNAL GENERATOR JUNTS 04108191 $15.00 ELECTRONIC WIND CHIMES FEB21 23011201  §10.00
RASPBERRY FI SPEECH SYNTHESIS/AUDIO JULis 01108191 $5.00 ARDUINGD O-14v POWER SUPFLY SHIELD FEB21 18106201  §5.00
BATTERY ISOLATOR CONTROL FCB JUL1S 05106191  §7.50 HIGH-CURRENT BATTERY BALANCER (4-LAYERS]  MAR21 14102211 1250
L MOSFET PCE [20z) JULis 05108192 $10.00 WM ISOLATED SERIAL LINK MARZ1 24102211 §2.50
MICROMTE LCD BACKFPACK V3 AUG1S 07106191  §7.50 REFINED FULL-WAVE MOTOR SPEED CONTROLLER  APR21 10102211 §7.50
CAR RADIO DIMMER ADAFTOR AUG13 05107191 §5.00 DIGITAL FX UNIT PCB (POTENTIOMETER-BASED)  APRZ21  D1102211  §7.50
PSEUDO-RANDOM NUMBER GENERATOR AUG1S 16106191  $5.00 L SWITCH-BASED APR21 01102212 §7.5D
4D0aF SIMULATION SEAT CONTROLLER PCE SEP13 11109191 §7.50 ARDUIND MIDT SHIELD APH21 23101211 §5.00
L HIGH-CURRENT H-BRIDGE MOTOR DRIVER SEP13 11109132  §2.50 L X5 TACTILE PUSHBUTTON SWITCH MATRIX APR21 23101212 §10.00
MICROM ITE EXPLORE-23 (4-LAYERS) SEP13 07105191 $5.00 HYERID LAB POWER SUFFLY CONTROL PCE MAY21 16104211 $10.00
SIX INFUT AUDIO SELECTOR MAIN PCE SEP13  D1110191  §7.50 L REGULATOR PCE MAY21 16104212 §7.50
L PUSHBUTTON FCE SEP13 01110192 $5.00 VARIAC MAINS VOLTAGE REGULATION MAY21 10103211 §7.50
ULTRABRITE LED DRIVER SEP13 16109131  $2.50 ADVANCED GPS COMPUTER JUw21 05102211 §V.5D
HIGH RESOLUTION AUDIO MILLIVOLTMETER 0CTi9 04108151 $10.00 PIC PROGRAMM ING HELPER 8-FIN FCE Junzt o 24108211 §5.00
PRECISION AUDIO SIGNAL AMPLIFIER 0OCT19  D4107191  $5.00 L §14/20-FIN FCB Juwzl 24108212 §V.5D
SUPER-3 FM RADIO PCB SET NOV1S  D6109181-5 $25.00 ARCADE MINIPONG Jungt 08105211 §35.00
L CASE PIECES & DIAL NOWV13  5CH166 $25.00 5473 FMARM /SW DIGITAL RADIO JuL2i CSE210301C §7.50
TINY LED XMAS TREE [GREEN/REDAMHITE) NOV1S 16111191 §250 204 DC MOTOR SPEED CONTROLLER JuLzi 11oog211 §V.ED
HIGH POWER LINEAR BENCH SUPPLY NOV1S 16111181  $10.00 MODEL RAILWAY LEVEL CROSSING JuLzi 09108211 $5.00
L HEATSINK SPACER [BLACK) NOV13  5CH168 $5.00 COLOUR MAXIMITE 2 GENZ [4 LAYERS) AUG21 07108211 §15.00
DIGITAL PANEL METER / USE DISPLAY NOV1S 18111182  $2.50 BATTERY MANAGER SWITCHMODULE AUG21 11104211 §5.00
L ACRYLIC BEZEL [BLACK) NOWV1S  5CE167 $250 L |fOEXPANDER AUG21 11104212 §2.50
UNVERSAL BATTERY CHARGE CONTROLLER DEC13 14107151 $10.00 NANQ TV PONG AUG21 08105212 §2.50
BOOKSHELF SPEAKER PASSIVE CROSSOVER JAN20 01101201 $10.00 LINEAR MIDIKEYBOARD [ KEYS) AUG21 23101213 §5.00
L 5UBWOOFER ACTIVE CROS50VER JAN2D 01101202 §7.50 TOUCHSCREEN DIGITAL FREAMP SEP21  D1103191 1250
ARDUINO DCC BASE STATION JANZD 09207181 §5.00 L, RIBBON CABLE / IR ADAFTOR SEF21 01103192 §2.50
NUTUBE VALVE FREAMPLIFIER JAN2D 01142191 $10.00

TUNEAELE HF PREAMPLIFIER JAN20 06110191 §2.50 2-/3-WAY ACTIVE CROSSOVER OCTZ1 01108211 $15.00
4G REMOTE MONITORING STATION FEB20 27111191  $5.00 TELE-COM INTERCOM OCTZ1 12110121 $30.00
LOW-DISTORTION DDS (SET OF 5 BOARDS) FEB20  D1106192-6 $20.00 SMD TEST TWEEZERS (3 PCB SET) OCTZ1  04106211/2 $10.00

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

Advertise your product or services here in SILICON CHIP

FOR SALE

FOR SALE

KIT ASSEMBLY & REPAIR

QB wer

PMD WAY offers (almost) sverything
for the electronics enthusiast— with full
warranty, technical support and free
delivery worldwids.

Visit pmdway.com to get started.

LEDsales

LEDs and accessories
for the DIY enthusiast

LEDs, BRAND NAME AND GENERIC
LEDs. Heatsinks, LED drivers, power
supplieg, LED ribbon, kits, components,
hardware — www.ledsales.com.au

Lazer Security

QUALITY LED PRODUCTS + MORE
Massive parts clearance sals, limited
stock. Go to lazer.com.au

ASSORTED BOOKS FOR $5 EACH
Elsctronice and other related subjects
— condition varies. Some books may
have already been sold. Bulk discount
available. All books can be viewed at:
slllconchip. com.auw/link/aawx

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

sllicon@ slliconchlp.com.au

3 tronixlabs

TRONIXLABS PTY LTD would like
to thank all of our customers for their
suppor tand feedback. For any enquiries
or customer technical support, please
email support@tronixiabs.com

PCB PRODUCTION

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.ldelectronlcs.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@ gmall.
com

DAVE THOMPSON (the Serviceman
from SILICON CHIF) is available to
help you with kit assembly, project
troubleshooting, general electronics 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

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. SiLiIcoN 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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NotesI&IErratal

Tapped Horn Subwoofer, September 2021: the Altronics C3088 driver specified for
this design has beendiscontinued. Wagner Electronics (www.wagneronline.com.au)
sell suitable alternatives: the SB Acoustics SB20PFC30-8 (555) and SB20PFCR30-8
(556.50). These cost less than the originally specified driver and give very similar
performance. The only design change required is to increase the diameter of the
driver hole from 180mm to 187mm.

Touchscreen Digital Preamplifier, September 2021: in the circuit diagram (Fig.6)
on pages 42 & 43, the Vg pins of IC6 and IC/ are incorrectly shown connecied to
+12V. They actually connect to +5.5V.

Battery Manager, August 2021: in Fig.3 on page 72, Q2 has been incorrecily drawn
with a P-channel Mosfet symbol. It is an N-channel Mosfet, like Q1 and Q3. The
gate, drain and source pins are marked correctly.

Bush VTR103 AM/FM radio, Vintage Radio, August 2021: in the circuit diagram
(Fig.2) on pages 102 & 103, capacitor C11 should have been shown in series with
L5, not L6. This means that C11 and L6 forma parallel resonant network, not series
resonant as stated in the text. Also, the right-most label in the photo at the bottom
of p100 is wrong. It is the YHF RF amplifier load coil, not the YHF antenna coil.

Single-Chip Silicon Labs FM/AM/SW Digital Radio Receiver, July 2021: the
specified 3.3V regulator for REG2 (LM2936-3.3) has swapped input & output pins
compared to the footprint on the PCB. So if you use this regulator, install it facing
the opposite direction to that shown in Fig.5 on page 68, or mount it on the opposite
side of the PCB but with the flat side facingas shown. Also note that its part code
is incorrectly written as LP2936-3.3 in the circuit diagram, Fig.3, on page 67.

7-Band Stereo Equaliser, April 2020: an error has been found in the 7-Band Stereo
Equaliser PCB (01104202 RevB). There is a missing track between the 10nF and
2.2nF capacitors above IC7 - they should be in parallel, but only one side of the
pair is connected. This causes the second-highest band 1o operate at the wrong
frequency. If you have a PCB with this error, solder a short length of wire (eg, a
component lead off-cut) between those two pads. This error will be fixed with the
RevC PCB.

CLASSIC DAC, February-May 2013: revised firmware for the DAC(0110213B.HEX)
is available for download from our website. This fixes pushbutton debouncing
problems and includes changes to the IR reception code 1o better reject noise.
Also, some people have complained that one or more TOSLINK input LEDs light
up when there is no signal present. This is usually fixed by adding 30pF ceramic
capacitors across the empty pairs of pads near the TOSLINK receivers.

The November 2021 issue is due on sale in newsagents by Monday, October
25th. Expect postal delivery of subscription copies in Australia between October
25th and November 12th.

IAdvetisingjindex

Altronics

Ampec Technologises ................
Analog Devices

Dave Thompson .....................
Dick Smith Contest..................
Digi-Key Electronics ..................
Emona Instruments ................
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Jaycar..............
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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
Dl

.
N

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

RO T
1
/
o
Ce80800P
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£ =i
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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 THE WORLD'S DATA CONSUMPTION DIDN'T a

- ALSO CONSUME MOST OF THE WORLD’S POWER?

Today's data centers can require as much power as a small city. And that
demand limits what businesses and industries can achieve. But what if
power were unlimited? ADI breakthroughs in power efficiency are helping
unlock a future without limits to computing power.

Analog Devices. Where what if becomes what is. ANALOG
See What If: analog.com/Whatlf DEVICES



