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The Functional Safety Ready AVR-DA family is the new generation of AVR
microcontrollers running up to 24 MHz across the full supply voltage range
1.8V to 5.5V featuring intelligent analog and core independent peripherals.

The AVR-DA family uses the latest Core Independent Peripherals and low-
power capability to handle real-time control functions in industrial control,

home appliance, automotive and Internet of Things (IoT) applications. The
Event System and Configurable Custom Logic (CCL) peripherals offer near-
zero latency for time-critical functions. Intelligent Analog peripherals like 12-bit
differential Analog-to-Digital Converter (ADC), Zero-Cross Detect (ZCD), 10-bit
Digital-to-Analog Converter (DAC) and the latest-generation Peripheral Touch
Controller (PTC) put the AVR-DA family in the center of sensor interface, system
monitoring and human interface applications. 5V operation for increased noise
immunity and low-power features ease power supply concerns.

. Product certifications made easier with
Functional Safety supporting documentation
and development tools.

. Add loT and connectivity to your application,
thanks to the high memory densities and
SRAM-to-Flash ratio.

. Design robust and noise-immune
applications with built-in safety features and
5V supply.

. Create state-of-the-art capacitive touch interfaces
using the latest-generation PTC.
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Practical Electronics special offers

33% off all PCBs up to and including those in the December 2019 issue
25% off all PE/EPE print back issues up to the December 2019 issue

Practical Electronics subscription offer

Subscribe to PE hard copy for 12-months and receive a free 12-month back-issue
download of your choice from Volume 28-46 (see page 6).

Subscribe to PE hard copy for 24-months and receive two free 12-month back-issue
downloads of your choice from Volume 28-46 (see page 6), normal price.

Existing subscribers are welcome to renew early for another 12 or 24 months and
still receive the offer — your new subscription will simply be added to the end of your
existing subscription — no issues lost by renewing early and you of course avoid
future subscription price rises!

Subscription offers only apply to direct subscriptions via
Select Publishing Services, our distributor — not via third-
party subscription services.

Payment must be received by close of offer: 30 September 2020

Don’t miss out!
Just call 01202 880299 or visit our secure online shop at:

www.electronpublishing.com
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SILICON GHIP:

Of course we want you to continue to support Practical Electronics . . . but did you know you can also subscribe
to SiLicon CHIP — Australia’s electronics magazine - direct from the United Kingdom (or anywhere else!)
And now there’s a real choice:
(1) A 12 month printed edition subscription (12 issues), delivered right to your mailbox, for $AU150 per year
(that’s about £77 / €87 at time of publication)
(2) A 12 month digital/online edition (exactly the same content as the printed magazine) for $AU85
(about £44/ €50 at press time) — available to view when printed edition is released in Australia.
(3) A 12 month combined printed and online subscription — the best of both worlds — read now and have your printed
edition available for future reference! That’s just $AU170 for 12 months (about £87/€98).

(4) You can order a SILICON CHIP back issue for $AU10 (about £5 / €6) plus P&P — most recent months still in stock
(5) Now you can order SiLICON CHIP archives on flash drive: a quality metal flash drive containing any five year block of

SILICON CHIP —from the first issue back in 1987 until Dec 2019 (see siliconchip.com.au/shop/digital _pdfs for details)

Log onto www.siliconchip.com.au for much more information!

You might also be interested in:

Radio, TV & Hobbies on DVD

Take a trip back in time for the entire Radio, TV and Hobbies magazine, from April 1939
through to March 1965 — ready to enjoy at your leisure, again and again and again.
Comes in a protective case — and it’s just $AU62 plus p&p (about £31.60/€36)

Or you can download the digital edition of Radio, TV & Hobbies: $AU50 (£25.50 / €29)
See siliconchip.com.au/shop/3 for other options. And yes, you can order online!

SILICON GaP

Australia’s Electronics Magazine
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Technical enquiries

We regret technical enquiries cannot be answered over the
telephone. We are unable to offer any advice on the use, purchase,
repair or modification of commercial equipment or the incorporation
or modification of designs published in the magazine. We cannot
provide data or answer queries on articles or projects that are
more than five years old.

Questions about articles or projects should be sent to the editor
by email: pe@electronpublishing.com

Projects and circuits

All reasonable precautions are taken to ensure that the advice and
data given to readers is reliable. We cannot, however, guarantee
it and we cannot accept legal responsibility for it.

Anumber of projects and circuits published in Practical Electronics
employ voltages that can be lethal. You should not build, test,
modify or renovate any item of mains-powered equipment unless
you fully understand the safety aspects involved and you use an
RCD (GFCI) adaptor.

Component supplies

We do not supply electronic components or kits for building the
projects featured, these can be supplied by advertisers. We
advise readers to check that all parts are still available before
commencing any project in a back-dated issue.

Advertisements

Although the proprietors and staff of Practical Electronics take
reasonable precautions to protect the interests of readers by
ensuring as far as practicable that advertisements are bona fide,
the magazine and its publishers cannot give any undertakings
in respect of statements or claims made by advertisers, whether
these advertisements are printed as part of the magazine, or in
inserts. The Publishers regret that under no circumstances will
the magazine accept liability for non-receipt of goods ordered, or
for late delivery, or for faults in manufacture.

Transmitters/bugs/telephone equipment

We advise readers that certain items of radio transmitting and
telephone equipment which may be advertised in our pages
cannot be legally used in the UK. Readers should check the law
before buying any transmitting or telephone equipment, as a fine,
confiscation of equipment and/or imprisonment can result from
illegal use or ownership. The laws vary from country to country;
readers should check local laws.

On yer bike!

Welcome to the September issue of PE. There are very few things
to recommend a pandemic, but one positive trend has been the
rise in cycling as people avoid public transport. Bicycle sales in
the UK have shot up, and although currently the days are long and
the nights short, a great bike light is still a must-have accessory.
(Actually, it’s the law after dark, and rightly so.) If you want
something with a bit more optical oomph then we have just the
project for you: our Ultrabrite LED Light.

I’s not over yet, but...

I'm sure there is still a long way to go before we can declare any
kind of victory over the current pandemic, but little by little some
aspects of life are returning to normality.

In the UK, most retailers that sell Practical Electronics are now
open and stocking your favourite magazine. However, if your
newsagent of choice is not yet open, or you simply prefer to
socially isolate for now, then don’t forget you can buy PE online
from us for exactly the same price (£4.99, postage included).

For our overseas readers, delivery is still frustratingly slow, but it
is speeding up and the great news for our North American friends
is that we are now resuming shipments to US and Canadian
stores. So, Barnes & Noble and other retailers will soon be
stocking PE again

Back issue downloads

It’s always a slightly nerve-wracking time when a new product

is launched on the shop, but I am pleased to report that our new
downloads service has worked well and many of you have taken
advantage of the new low prices, especially for the older issues.
CDs are still available, but the downloads are immediate, cheaper
and more secure. A big thank you to Alan Winstanley and Kris
Thain who are the behind-the-scenes wizards making the website
run smoothly.

Do remember that the downloads service is not just for back issues
— we also sell the latest version for immediate download.

Summer Sale

Last, a reminder that our summer sale is in full swing. If you
fancy a nice summer project, then do please see the ad on page

3 outlining the details, and then head over to the online store for
some PCB bargains!

Keep well everyone
Matt Pulzer
Publisher
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The Fox Report 4

Barry Fox’s technology column

A to D: content rescue

afe bet: everyone has a

shoebox (or many) full of

old analogue audio tapes
and video cassettes. Buried among
the drossy taped episodes of long-
forgotten soaps, once-new movies
that are now regularly shown free
on TV and off-air audio cassette
dubs of music that are now free
on Spotify, there will surely
be a few gems — video tapes
of family and friends, bootleg
audio of long-disbanded bands
and off-air time-shifts of TV
documentaries that now have
historical value.

Anything of real interest or
value needs digital dubbing,
onto hard disk or memory drive,
as soon as possible. Covid-19
lockdown and subsequent re-
strictions on traditional social activ-
ity, such as going to clubs, concerts,
theatres and cinemas, has created
an unexpected window of unhappy
opportunity to get the job done.

Assuming the analogue media has
not physically disintegrated, and you
can find, borrow or buy from eBay a
compatible working player, the ques-
tion becomes — how to capture the
best available quality with the least
possible hassle, at minimum cost?
Some practical tips, generated from
hard-labour trial and error during
my enforced lockdown, may be of
use. Let’s look first at video rescue.

HAMMOND
MANUFACTURING.

4

Extruded encleosures
standard and heatsink

www.hammondmfg.com/1455.htm
www.hammondmfg.com/1455NHD.htm

011256) 812812

sales@hammond-electronics.c

Capturing analogue video
There are two routes to video capture
— analogue and digital.

For the analogue route, plug the
SCART, phono or S-Video outputs on
the tape player into one of the ‘Rescue
your VHS tapes’ capture dongles which

sell for around £20-£30, and connect by
USB lead to a PC. Usually the dongle
comes with a disc offering simple PC
software to control capture. If there
is an option to burn-to-blank DVD,
ignore it. DVD is a dying format, and
VHS-to-DVD transfer introduces too
many opportunities for something to
go wrong. Burned DVDs often don’t
play reliably on all disc players; the
discs don’t last for ever and will need
dubbing off again later as reliable DVD
players become as rare as hens’ teeth.

So, forget about DVD and the MPEG-
2 compression system used for DVD.
Opt instead for hard disk or stick

memory with more efficient MP4 (or
modern improvements on MP4).

All your video tapes will be Standard
Definition and the PC software that
comes with basic dongles will be SD.
If presented with a resolution option,
go for PAL 576/25 (or 30). By and large,
anything larger is just wasting bits and
storage space on coding noise.

It’s probably best to ignore
the capture software that comes
free with a dongle. It will very
likely be overly simple and
restrictive, and probably MPEG-
2, DVD-specific. The slightly
more upmarket commercial
programs ArcSoft Showbiz and
Hauppauge Capture are simple
and easy to use, but my tip is to
go for the excellent free Open
Source capture program OBS
(Open Broadcaster Software):
https://obsproject.com/

Because OBS offers so many user
options, it takes a bit of learning,
but the effort is well worth it in the
end; and a team of gallant volunteer
developers keeps on upgrading OBS.

If you need to edit what you capture,
my recommendation is Shotcut, another
excellent Open Source program that
also requires, but repays, time spent
learning to use it: https://shotcut.org/

Games capture boxes

Instead of using a simple SD VHS-to-
video capture dongle it is actually far
better to use a gameplay capture device
‘box’, which handles HD video. These

Practical Electronics | September | 2020



are sold, for instance by Hauppauge,
to let computer gamers record their
master moves. These device boxes
take in analogue Standard or High
Definition video and audio (composite
or component) from a games console
and use custom ICs to deliver a digital
bitstream which is sent to a PC by
USB. Capture software (Showbiz,
OBS or similar) installed on the PC
does the rest.

Games capture boxes also take in
HDMI digital signals from a console,
as long as they are unprotected — ie,
not movies which are content copy
protected by HDCP.

Games capture boxes will usually
also accept SD analogue video signals
from a tape deck, digitise them and
send the bits to a PC with installed
capture software. It’s all just bitstreams
to the boxes.

(For the sake of completeness, it is
possible to buy separate boxes which
convert protected HDMI digits to un-
protected analogue component video;
but that’s a whole other story).

My tip, though, is to go the second
and ‘more digital’ route, and get the
off-tape analogue video and audio sig-
nals into the digital domain as quickly
as possible. This is easily done with

a simple SCART-to-HDMI converter,
costing less than a tenner online (often
direct from China). Use a phono-to-
SCART plug or cable from the tape deck
to the £10 converter, and a bog-standard
HDMI lead from the converter to the
gameplay capture device.

The signal from the analogue tape is
inherently unprotected, so the HDMI
conversion is also unprotected, and the
capture box treats it like a gameplay
signal — and sends an unprotected
bitstream down the USB cable to the
PC and any installed capture control
software such as OBS.

This works well — I've been doing it
during lockdown.

Pricey boxes...

The one fly in the ointment is the cost
of gameplay capture box. The better
ones cost well over £100. Beware
cheaper ones (around £50 plus) which
will not successfully connect by USB
to a PC; instead they record direct to
a USB memory. Often there will be
limitations on how large the memory
can be (max 32GB) and how it must be
formatted. It’s not easy to monitor what
is being recorded; and very likely the
recording will be broken down into
2GB chunks. It then needs stitching

together. Although this can be done
with software, such as the excellent
Avidemux, available free from several
sources, it’s more work to be done.
Storing a full file, direct to an HDD,
is much more convenient: https://
sourceforge.net/projects/avidemux/

...but watch this space!
Salvation on capture box cost may
however be at hand, in the shape
of low-cost HDMI-to-USB converter
dongle sticks from China. I hear great
things about them and have one on
order for under a tenner. Watch this
space for news of what hopefully ar-
rives before Christmas by sea mail.
In the meantime, be aware. As with
the SCART-to-HDMI converters, it
looks as if many vendors are packaging
the same chipset in slightly different
casings, at widely varying prices. You
may not get more by paying more.

Fluke/Philips PM3092 Oscilloscope
2+2 Channel 200MHz Delay TB,
Autoset etc — £250

Druck DPI 515
Datron 1081

STEWART OF READING

17A King Street, Mortimer, near Reading, RG7 3RS
Telephone: 0118 933 1111 Fax: 0118 933 2375
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(ALL PRICES PLUS CARRIAGE & VAT)
Please check availability before ordering or calling in

HP33120A Function Generator 100 microHz - 15MHz
HP53131A Universal Counter 3GHz Boxed unused
HP53131A Universal Counter 225MHz

Audio Precision SYS2712 Audio Analyser - in original box
Datron 4708 Autocal Multifunction Standard

Pressure Calibrator/Controller
Autocal Standards Multimeter

. - ENI 325LA RF Power Amplifier 250kHz — 150MHz 25W 50dB
HP/Agilent HP 34401A Digital Keithley 228 Voltage/Current Source
Multimeter 6% Digit £325 - £375 Time 9818 DC Current & Voltage Calibrator

HP 54600B Oscilloscope
Analogue/Digital Dual Trace 100MHz
Only £75, with accessories £125

LAMBDA GENESYS PSU GEN100-15 100V 15A Boxed As New £400 Marconi 2305 Modulation Meter £250
LAMBDA GENESYS PSU GEN50-30 50V 30A £400 Marconi 2440 Counter 20GHz £295
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HP6622A PSU 0-20V 4A Twice or 0-50V 2A Twice £350 Tektronix TDS3012  Oscilloscope 2 Channel 100MHz 1.25GS/s £450
HP6624A PSU 4 Outputs £400 Tektronix 2430A Oscilloscope Dual Trace 150MHz 100MS/s £350
HP6632B PSU 0-20V 0-5A £195 Tektronix 2465B Oscilloscope 4 Channel 400MHz £600
HP6644A PSU 0-60V 3.5A £400 Farnell AP60/50 PSU 0-60V 0-50A 1kW Switch Mode £300
HP6654A PSU 0-60V 0-9A £500 Farnell XA35/2T PSU 0-35V 0-2A Twice Digital £75
HP8341A Synthesised Sweep Generator 10MHz - 20GHz £2,000 Farnell AP100-90 Power Supply 100V 90A £900
HP83630A Synthesised Sweeper 10MHz - 26.5 GHz POA Farnell LF1 Sine/Sq Oscillator 10Hz - 1MHz £45
HP83624A Synthesised Sweeper 2 - 20GHz POA Racal 1991 Counter/Timer 160MHz 9 Digit £150
HP8484A Power Sensor 0.01-18GHz 3nW-10pW £75 Racal 2101 Counter 20GHz LED £295
HP8560E Spectrum Analyser Synthesised 30Hz - 2.9GHz £1,750 Racal 9300 True RMS Millivoltmeter 5Hz - 20MHz etc £45
HP8563A Spectrum Analyser Synthesised 9kHz - 22GHz £2,250 Racal 9300B As 9300 £75
HP8566B Spectrum Analsyer 100Hz - 22GHz £1,200 Solartron 7150/PLUS 62 Digit DMM True RMS IEEE £65/£75
HP8662A RF Generator 10kHz - 1280MHz £750 Solatron 1253 Gain Phase Analyser 1mHz - 20kHz £600
Marconi 2022E Synthesised AM/FM Signal Generator 10kHz - 1.01GHz £325 Solartron Sl 1255 HF Frequency Response Analyser POA
Marconi 2024 Synthesised Signal Generator 9kHz - 2.4GHz £800 Tasakago TM035-2  PSU 0-35V 0-2A 2 Meters £30
Marconi 2030 Synthesised Signal Generator 10kHz - 1.35GHz £750 Thurlby PL320QMD  PSU 0-30V 0-2A Twice £160 - £200
Marconi 2023A Signal Generator 9kHz - 1.2GHz £700 Thurlby TG210 Function Generator 0.002-2MHz TTL etc Kenwood Badged £65

£350
£600
£350
POA
POA
£400
POA
POA
POA
POA
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Marconi 2955B Radio
Communications Test Set — £800
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The perils of an

enquiring mind...

...and of streaming channels that stop working and smart TVs that lose functionality when they fail to
update as expected. But it’s not all bad news and this month we have some good tidings regarding
lowish-cost gadgets for hands-on electronics constructors. There’s plenty to take in, so let’s crack on.

any of our character traits
M are inherited, and ever since

birth I have suffered from an
over-enquiring mind (from my mother,
for what it’s worth). I am told that as a
toddler I used to scare the living day-
lights out of my parents by playing
with the aluminium studs that were
used to fasten the cuffs of a newly
bought shirt. My father would never
discard anything that might come in
handy (another attribute that I inher-
ited), so they were left lying around.
No, I did not try eating the studs, but I
did make the technical discovery that
these studs were a perfect fit for the
round openings in 5A socket outlets
that were common in houses in those
days. It’s a miracle that I did not elec-
trocute myself!

Electrical matters fascinated me at
that tender age — and they still do. I
always wanted to know how things
worked and why our family said ‘eye-
ther’ but other people pronounced the
word ‘ee-ther’ (please don’t tell me it
doesn’t matter!). For me, everything
had to be consistent and logical (I know
what you’re thinking) and easy to un-
derstand. Many people are happy to
buy their DIY needs at B&Q, but that’s
not enough for me. I was unable to
rest easily until I discovered that the
firm’s founders were called Richard
Block and David Quayle. Enough of
the prelude, let’s move on now to
some practical electronics.

ROKA — or is it really RoKa?

Almost every reader of this magazine
uses ROKA connectors, but possibly
without using that name. More like-
ly you call it a DC connector, barrel
connector or tip connector (the last
because many low-voltage DC power
supplies are provided with a dozen
or so ‘tips’ that fit the output cable).
Although these low-voltage power
connectors are a German design, they
are now used all over the world. In
the rest of Europe, they are widely
called ROKA or RoKa connectors, a
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name that comes from the initials of
the Robert Karst electronics company
in Berlin, which was responsible for
either inventing or popularising them.
And popular they are, with at least
two dozen different sizes. As Wikipedia
laments, many appear quite similar to
each other, yet are not quite mechan-
ically or electrically compatible. In
addition to a plethora of generic de-
signs of these connectors, there are at
least two different national standards
— EIAJ in Japan and DIN in Germany,
as well as the JSBP connector used on
some laptop computers. That’s only to
be expected, however, if you recall the
old saying that runs, ‘We favour stan-
dardisation fervently; that’s precisely
why we support so many of them’!
Needless to say, there’s not even any
agreement on whether the centre pole
of these connectors should be positive
or negative, although older devices
tend to favour a negative centre pin
and newer ones are centre-positive.
Another rule of thumb is that con-
sumer goods have a positive centre
pin, while professional gadgets, test
instruments and accessories for elec-
tric guitars opt for centre-negative.

Let’s get practical

OK, what do you do when you are giv-
en a Sony Walkman to test and it has
a barrel connector slenderer than you
have ever seen? Other than forking out
£30 for a no-name power supply that
claims to be fully compatible (even
though the photo suggests otherwise),
are you stumped? Not now, because
you can just head off to Amazon and
search for ‘Aceyoon DC Barrel Jack
Adapter’ (https://amzn.to/2AhIJhY).
This is a 38-piece set of DC power tips
in virtually every pattern known to
mankind. Each power connector tip
can plug into a standard 5.5 x 2.1mm
male connector and adapts a power
supply to all of the other 38 sizes. The
advertising indicates that it is intended
primarily for ‘road warriors’ (do peo-
ple still use this 1980s expression?)

Techno Talk

Mark Nelson

but of course it is equally useful in the
home or workshop. Priced at £12.98,
it’s hardly expensive and the quality
is impressive.

Another handy and affordable gadget
I bought recently was a tool for form-
ing wire links and bending component
leads (eBay UK item 232645791410).
Yes, you can do this work without a
jig but if you are populating a large
PCB, it helps to use one of these plastic
tools to ensure every R and C fits the
holes drilled in the board. The price
is £6.95 with free postage, and I am
sure that the same tool can be found
elsewhere on eBay and other websites.

It reminds me of a similar plastic tool
that came free with this magazine as a
cover gift back in the 1970s or 1980s.
I think I still have mine somewhere,
but it was designed for those chunky
big components that we used half a
century ago!

loT = Internet of Trouble?

No, it’s not just my opinion, nor do I
use any IoT gizmos. But it’s clear that
there’s trouble afoot for many people
who have either welcomed the Internet
of Things into their homes or else
are planning to join the smart-home
set in the future. That’s the clarion
warning coming from Scott Helme, a
security researcher, entrepreneur and
international speaker specialising in
hacking and encryption. The problem
concerns a specific kind of security
certificate (the ‘root certificate’) that
authenticates websites that you or
your network connect to. These can
expire, leaving you none the wiser,
with negative consequences. Some
users have found streaming channels
no longer working and payment pro-
cessors having problems too. If you
use smart appliances, I encourage you
to read his webpage at: https://bit.ly/
pa-sep20-rca — but if that leaves you
as baffled as I am, you can read much
more accessible assessments on other
webpages at: https://bit.ly/pe-sep20-ssl
and https://bit.ly/pe-sep20-reg
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Need a programmed PIC for your
Practical Electronics project?

Now available from the Practical Electronics online shop at:
www.electronpublishing.com

Teach-In 8 CD-ROM
Exploring the Arduino

This CD-ROM version of the exciting and popular Teach-In 8 series
has been designed for electronics enthusiasts who want to get to
grips with the inexpensive, immensely popular Arduino microcontroller,
as well as coding enthusiasts who want to explore hardware and
interfacing. Teach-In 8 provides a one-stop source of ideas and
practical information.

The Arduino offers a remarkably effective platform for developing a
huge variety of projects; from operating a set of Christmas tree lights
to remotely controlling a robotic vehicle wirelessly or via the Internet.
Teach-In 8 is based around a series of practical projects with plenty of
information for customisation. The projects can be combined together
in many different ways in order to build more complex systems that can
be used to solve a wide variety of home automation and environmental
monitoring problems. The series includes topics such as RF technology,
wireless networking and remote web access.

PLUS: PICs and the PICKkit 3 - A beginners guide Includes P&P to UK if

The CD-ROM also includes a bonus — an extra 12-part series based around the popular CLELUE GG LU
PIC microcontroller, explaining how to build PIC-based systems.

SOFTWARE

The CD-ROM contains the software for both the Teach-In 8 and PICkit 3 series.

ORDER YOUR COPY TODAY!
JUST CALL 01202 880299 OR VISIT www.epemag.com




Net Work

Alan Winstanley

Lights, camera, action! This month, Net Work retbrns to the complex world of IP security cameras.

ack in Net Work from the
December 2015 issue, I explored

the emerging market of IP se-
curity cameras that were designed for
home network users. After suffering
mixed results with several cheap un-
branded ones, I chose a UCam 1080p
bullet camera. It was a sturdy mid-priced
product that offered IP67 protection,
infrared, one-way audio, Wi-Fi and
Ethernet, along with an SD memory
slot. Snapshots and short video clips
could be saved to a NAS drive (there
was no cloud storage at that time) and
the UCam app allowed video to be
viewed remotely on a mobile phone,
via a wireless hotspot.

Camera set-up

Using the UCam became quite a learn-
ing curve, so this month’s Net Work
outlines a few IP camera practicalities
that I stumbled on over the years.

This type of camera needs initialising
using an Ethernet cable. Once the Wi-Fi
SSID and IP address are configured in
the camera, then in theory Ethernet is
no longer needed and the camera should
operate wirelessly. Despite this, it isn’t
necessarily a great idea to mount it high
up in an inaccessible location (see later).
Also, when locating a camera, consider
how the sun travels through the day and
site the camera to avoid direct sunshine;
at night, a camera’s IR illuminator will
cause dazzle if it’s, for example, indoors
on a window ledge, because the IR light
reflects back off the glass and washes out
the video. It's sometimes better to disable
IR and rely on ambient street lighting or
consider a separate (possibly external)
IR illuminator lamp (eBay).

I found that many cameras of this
type sprout a clunky power and Ether-
net block, with maybe a paltry 12-inch
long lead. The connector block might
need a 1-inch hole or so to pass through
a house wall, possibly needing an
SDS drill followed by some sealant or
cement. Otherwise, pencil in a weather-
proof junction box to house the camera
connectors, before routing the wiring
indoors. I also plugged the camera’s Eth-
ernet port with an RJ45 rubber dust cap
(eBay) once setting up was completed.
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And of course, the camera requires a DC
supply, for which DC extension leads
are commonly bought: mains outlets are
seldom located where they’re needed!

Network camera practicalities
Looking at some software setup snags,
this camera’s settings are accessed by
logging in with a desktop web browser,
which highlighted the next problem:
‘Live View’ stopped working because
popular web browsers stopped support-
ing the legacy Flash-based viewer, so
separate desktop software (supplied)
is used instead. This camera’s settings
menu also configures motion detection
zones, but I found that birds or trees
blowing in the wind triggered false
alarms. The software might offer sched-
uling and alerts by email or uploading
snapshots to a web server, along with
the usual arcane network and storage
settings. It proved best to give both the
camera and the NAS their own static IP
addresses. That way, if the router was
powered down or reset, the IP camera
and NAS would still handshake prop-
erly once the network was restored.
My camera has built-in optional stor-
age, although you can still record images
toaNAS. One problem is the risk of data
loss if the camera is stolen! Many modern
camera systems now promise cloud-
based storage, but free services might
only have a short file retention period.
Typically, subscription-based cloud stor-
age is offered (assuming you’re satisfied
with third-party security) but watch for
charges levied for additional cameras.
One risk is that makers will not fu-
ture-proof apps or software, and products
may become crippled at short notice. On
30 June, Belkin pulled the plug on its
WeMo NetCam range as its cloud-based
video platform was shutting down, leav-
ing ‘many users of the WeMo NetCam
with a product they can no longer use,’
as Belkin helpfully recognised. Also,
last November, the US chain Best Buy
dropped support for their own-brand
Insignia smart device range, leaving
owners of their ‘smart’ appliances (in-
cluding smart cameras) stranded. This
kind of product uncertainty does not
endear users to the smart-device sector.

Apart from using Wi-Fi to hook up
an IP camera, an Ethernet lead can be
used on some (but not all) home cam-
eras. Where Wi-Fi coverage is dodgy, if
amains outlet is available then Home-
plug powerline communications (PLC)
adaptors such as the Devolo range can
conveniently create Wi-Fi access points
and/or provide an Ethernet port, by
using the ring mains to carry Internet
traffic. Devolo has been covered exten-
sively in Net Work in the past and there
are plenty of used Devolo devices on
eBay. A cheap way of implementing
PLC networking at home would be to
try some second-hand Devolo DLAN
500 units —remember you need to con-
nect one mains ‘transmitter’ directly to
your router, and plug in separate Wi-Fi
Add-On Adaptors around the home or
outbuildings (up to 300m away). Note
the new generation Devolo ‘Magic’
mesh range (offering up to 2.4 Mbps)
is not compatible with these earlier
DLAN devices.

In fact, the author installed some extra
DLAN 500 repeaters recently for some
trials, but after a while it was found that
the IP camera had stopped responding
for some reason. Checks showed that the
NAS had also stopped recording a few
weeks earlier! Eventually, it looked like
a total camera reset might be needed:
that’s one good reason not to site such
an IP camera too far out of reach — set-
ting it up again would mean hooking it
to an Ethernet lead and initialising it all
over again. Then the penny dropped:
after adding those Devolo DLAN Wi-Fi
units, I'd also renamed the Wi-Fi SSIDs,

HeimVision’s range is typical of current
battery-operated home security cameras.
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thereby accidentally cutting off the IP
camera’s Wi-Fi access in the process! I
reset the camera after rigging up a tem-
porary Devolo Ethernet port a few yards
away, and the camera burst into life on
Wi-Fi once again.

Network camera innovations
Today, there is more choice than ever
and some of the latest user-friendly smart
cameras address some of these draw-
backs to make installation and operation
far simpler. Amazon’s Blink XT2 starts
at £99 and is typical of the latest wave:
it’s a compact weatherproof 1080p Wi-Fi
camera with two-way audio. Lithium
batteries promise up to two-years life
(but very much less —reportedly as little
as a month —if you use video and audio
monitoring extensively, and swapping
batteries is fiddly). For indoor use, a
micro USB power port allows mains op-
eration (adapter not included). Blink is
intended for smaller areas and is Wi-Fi
only. It uses a proprietary mains-pow-
ered ‘sync module’ (hub) to broadcast
video. Some users complain about time
lag, but what it lacks in performance
it makes up for in ease of setting up.
It’s possible to go further and view on
an Echo Show LCD or link multiple
cameras with the Alexa app as well
as using voice control. Furthermore,
an Amazon Fire Stick would enable
viewing on a TV (as seen on https://
youtu.be/gty7XfUsBf0). Free limited
online storage is included.

Google’s Nest Wi-Fi cameras require
DC power and are surface-mount-
ed using simple magnetic ‘universal
joint” hardware (see https://youtu.be/
wG3F8xzhPlo) so they are not exactly
pilfer-proof. It has a speaker and mi-
crophone, and three hours of cloud
storage is provided free; or choose
‘Nest Aware’, which costs from £5 a
month covering all your Nest cameras.
A single Nest Outdoor camera is £179.

Cameras get a solar boost

A plethora of similar-looking IP camer-
as is now available, often badged with
unrecognised brands so, before invest-
ing, it’s really useful to see what other
users say in product reviews. No con-
sumer IP camera is perfect and whether
a product performs well in practice and
is well supported can be down to pot-
luck. Several branded security cameras
stood out, including Reolink’s Argus
Pro outdoor camera with audio, SD
storage, and a self-contained battery
topped up by a solar panel. HeimVi-
sion’s HMD2 also seems well regarded
and a solar recharger is available sep-
arately. The eufyCam 2C 1080p IP67
wireless camera promises 180-day bat-
tery life, anti-theft alarms and Amazon
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Simplisafe promises whole-home monitored protection, including a security guard

call-out if needed.

Alexa compatibility. Video is encrypt-
ed and stored internally on a memory
card and technical support seemed to
be highly rated.

The US home security firm SimpliS-
afe has now entered the UK and offers
whole-home protection with wireless
sensors, glass-break alarms, smoke
detectors, flood alarms, panic buttons
and smart cameras. Uniquely in this
market, SimpliSafe also has a profession-
al monitoring option that can, following
confirmation of an incident via cameras,
send the police and a security guard to
your residential property at a low cost.
More details are spelt out on their web-
site at: https://simplisafe.co.uk

Doorbell wireless video cameras are
also catching on, especially because
some 40% of US households have been
victims of doorstep package theft or
‘porch piracy’, according to Security.org
(YouTube is full of ‘porch pirate’ entrap-
ment videos featuring booby-trapped
parcels). Wireless doorbell cameras
include the Google Nest Hello and Am-
azon’s Ring, but there are many others.

Huawei we go again

After more political wrangling, Brit-
ain seems to be on the verge of cutting
Huawei adrift. The UK had thus far
chosen to ‘mitigate’ Huawei’s involve-
ment in the country’s telecoms network
through the Huawei Cyber Security
Evaluation Centre (HCSEC) Oversight
Board. This task force revealed some
sloppy coding and security practices
and broken assurances that the UK’s
National Cyber Security Centre (NCSC)
still felt were manageable, nonetheless.
Further US sanctions on American chip
design software and fabricators means
that, ongoing, alternative chips might
have to be sourced, making it harder to
warrant the security of the 5G telecoms

network. At the time of writing, the
NCSC was revisiting Britain’s relation
with Huawei. Meantime, Huawei’s plans
to build a £400 million opto-electron-
ics research site in Cambridgeshire has
received initial approval by the local
authority, despite American opposi-
tion: Britain’s local planning authorities
never get involved with politics.

SpaceX continues to lob Starlink
satellites into LEO (low-earth orbit),
with ten launches totalling nearly 600
satellites so far. The US FCC had ques-
tioned whether the network’s latency
would in fact be low enough (100ms or
less, according to them) for it to quali-
fy for the US Government’s $20 billion
‘Rural Digital Opportunity’ programme
intended to bring Internet access to
rural districts. The FCC has since sof-
tened its approach to allow SpaceX to
bid for traffic.

Boldly going...
SpaceX also launched a second GPS
III satellite into orbit for the ‘US Space
Force’, making three satellites in total.
These latest-generation GPS satellites
have higher accuracy and anti-jamming
technology — see: www.spaceforce.mil
Britain has been sidelined by the EU
in its Galileo satnav programme, despite
being an investor in the past. Earlier
this year, in pre-Covid-19 times, the
UK trumpeted a hard-to-believe £5bn
programme to build its own satnav net-
work, but these ambitions have since
been downsized. Instead, the UK has
bought a £400 million stake in the bank-
rupt OneWeb satellite network which
may be a fast-track alternative to build-
ing a GPS system from scratch — if the
technology allows. India’s Bharti Global
has matched the bid for this LEO Inter-
net service, though reports mentioned
nothing about offering GPS.
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Anycubic’s UV Photon Zero is a low-cost
introduction to 3D UV resin printing.

China has polished off its own GPS
system with the 35th launch of a Beidou
Navigation Satellite at the end of June,
in a programme intended to make China
self-sufficient (the EU said the same about
its own dependence on US GPS, which
prompted the EU Galileo programme).

In other news
Amazon has launched the Echo Auto,
an in-car adaptor allowing drivers to
access Alexa services while on the road.
Powered by a cigar lighter socket or USB
port, Echo Auto connects to the car audio
via Bluetooth or a 3.5mm lead, and uses
the Alexa app on your mobile phone.
It has eight microphones and has been
optimised to work well over road noise,
Amazon says. It’s available for £49.99
from Amazon and major retailers.
After killing off its five-year old Dash
stick-on hardware buttons that enabled
seamless re-ordering of goods, Amazon
has ditched their barcode-scanning Dash
Wand, a quirky product-ordering gadget
that never really caught on. Virtual Dash
buttons live on in the Amazon app.
The world’s most powerful offshore
wind turbine, the 12MW GE Haliade-X
(see Net Work, January 2020) has been
granted a type approval certificate by
the global certification body DNV-GL
based in Norway. It’s a milestone that
allows GE to bring the wind turbine from
prototype to serial production, says GE.
UV-curing resin printers seem to be
catching on, with small 3D printers
available for as little as £200. The Any-
cubic Photon Zero UV Photocuring 3D
Printer, for example, is available from

Amazon and prints objects up to 95 x
54 x 150mm. Single-colour UV resin
typically costs £41 per litre.

Readers are reminded to be vigilant
when receiving SMS PIN numbers for
2FA authentication (described in pre-
vious months). It was recently reported
that one scammer, described as ‘being
from a bank’s fraud prevention unit
and very convincing’, knew his vic-
tim’s account and cellphone number
and called to glean from him a 2FA
PIN number, after the bank alerted
the victim of an attempted hack. Re-
vealing the PIN that way would have
enabled the crook to finish off the
fraudulent transaction.

PayPal has introduced Honey, a dis-
count voucher ‘bot that automatically
applies the best promo codes on In-
ternet checkouts. You can install the
Honey extension for your browser and
it has already saved the author a few
valuable pounds shopping on a well-
known coffee pod website. Sign up
free at: www.joinhoney.com

That’s all this month — see you in the
next issue for more Net Work!

The author can be reached at:

alan@epemag.ne‘:t‘ =

Order direct from
Electron Publishing

PRICE £8.99

(includes P&P to UK if ordered direct from us)

Teach-In 9 - Get Testing!

This series of articles provides a broad-based introduction to choosing and using a wide range
of test gear, how to get the best out of each item and the pitfalls to avoid. It provides hints
and tips on using, and — just as importantly — interpreting the results that you get. The series
deals with familiar test gear as well as equipment designed for more specialised applications.
The articles have been designed to have the broadest possible appeal and are applicable to all branches of electronics.

£8.99

LECTRONICS
TEACH-IIN § ssiesss

The series crosses the boundaries of analogue and digital electronics with applications that span the full range of
electronics — from a single-stage transistor amplifier to the most sophisticated microcontroller system. There really is
something for everyone!

Each part includes a simple but useful practical test gear project that will build into a handy gadget that will either
extend the features, ranges and usability of an existing item of test equipment or that will serve as a stand-alone
instrument. We’ve kept the cost of these projects as low as possible, and most of them can be built for less than £10
(including components, enclosure and circuit board).

FREE COVER-MOUNTED CD-ROM

On the free cover-mounted CD-ROM you will find the software for the PIC n’ Mix series of articles. Plus the full Teach-
In 2 book — Using PIC Microcontrollers — A practical introduction — in PDF format. Also included are Microchip’s
MPLAB ICD 4 In-Circuit Debugger User’s Guide; MPLAB PICkit 4 In-Circuit Debugger Quick Start Guide; and MPLAB
PICkit4 Debugger User’s Guide.

ORDER YOUR COPY TODAY JUST CALL
01202 880299 OR VISIT www.electronpublishing.com
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Exclusive offer

Win a Microchip Explorer 16/32
Development Kit

Practical Electronics is offering its readers the chance tools while being backwards compatible to the classic
to win a Microchip Explorer 16/32 Development Kit Explorer 16 board.

(DM240001-3) — and even if you don't win, receive In addition to the hardware features provided
a 20%-off voucher, plus free shipping for one by the board, hardware expansion is possible
of these products. through the use of PICtail Plus daughter cards

The Explorer 16/32 Development Kit Worth and mikroBUS accessory boards. Coupled
is a flexible, convenient and ready-to- with  the integrated PICkit-On-Board
start development, demonstration and $110.00 (PKOB), MPLAB ICD 3 In-Circuit Debugger

testing platform for 16-bit PIC24 MCUs, or MPLAB REAL ICE real-time emulation
dsPIC DSCs and 32-bit PIC32 MCUs. (approx £87‘50) and debug facilities, it enables faster
It features all the necessary hardware eqch evaluation and prototyping of applications.
to begin developing and debugging a Included  with the Explorer 16/32
complete embedded application. Development Kit are:

The kit comes with an integrated B Explorer 16/32 development board
programmer/debugger and several new features B 16-bit high memory, super-set device —
that address the latest embedded systems design PIC24FJ1024GB610 Plug-In-Module (PIM) (MA240023)
needs, as well as providing adaptable and easy-to-start  ® Two USB cables (USB A to Type-C and micro-B cables).

Free-to-enter competition

Microchip
Explorer 16/32 Development Kit

How to enter MCIy 2020 winner

For your chance to win a Microchip Explorer 16/32 Kemuel Nesbitt

Development Kit or receive a 20% off voucher, -
incl_uolimg free shipping, enter your details in the He won a Microchip \MPLAG |
online entry form at: MPLAB ICD 4 \ .
https://page.microchip.com,/PE-Explorer-Kit.html In-Circuit Debugger

Closing date
The closing date for this offer is 31 August 2020.
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This tiny (22 x 12mm) circuit board is a high-efficiency LED driver
that delivers a constant 1A or 2.2A. You can use it with a 12V white

LED array to make a (very!) bright bicycle light, a torch or another
light source. It can be powered from a lithium-ion or LiPo battery pack but
there are other options. It also has brightness control and a flashing function.
It's a very compact and modern design, for advanced constructors.

Design by Daniel Doyle — words by Nicholas Vinen

torches on the market, but there are certain advantages
to building your own. You get to choose the battery, so
you could use a high-capacity rechargeable lithium-ion or LiPo
battery that would last for many hours of use. These are not
terribly expensive, and can last for many years if treated well.

You also get to choose the LED(s), so you can use a really
efficient one for maximum battery life and brightness.

And you can also tailor the optics to suit your needs. You
can build it with a tight, bright beam or a wider beam to im-
prove your visibility to objects not directly in front of you.

You don’t necessarily have to use this driver board for a
bike light or torch. It could be used for caravan lighting, to
light the bed of a utility vehicle or the cargo area of a van, in
a shed, or wherever you need a bright light but don’t have
ready access to mains power. The driver board is tiny, so it
can be tucked away just about anywhere. Add an LED and a
battery, and away you go.

It has a flashing mode and

T here are plenty of bicycle lights and LED

Operating principle

This LED driver is a ‘buck’ step-down DC/DC converter with
current regulation. It efficiently reduces the 15-21V battery
supply voltage down to around 12V, as required by the LED
array. The LED voltage is not regulated directly; rather, the
circuit attempts to maintain 1A through the LED array, at
whatever voltage is required, from virtually nothing up to
the full input voltage.

Fig.1 shows the basic configuration of a buck regulator.
Switch S1 is electronically toggled on and off rapidly to
control the current through inductor L1. When S1 is on, the
current flowing through L1 increases at a rate determined
by its inductance and the voltage across it.

Some of this current may flow through the load while the
rest charges up capacitor C1. L1’s magnetic field also charges
up as the current flows.

When S1 switches off, the magnetic field starts to col-
lapse and this forces current to continue to flow into the
load and C1, although at a

two reduced brightness op- SWITCH S1
tions that you can use for | + o

INDUCTOR L1

reducing rate.

also build a higher-power PATH 1

version of the circuit to suit
more powerful LEDs.
It’s a generally useful de- J

longer battery life. You can ‘

=<
z
Igmt
ik

vice. It’s also a good way to
learn about switchmode pow- = - =

'@
PATH 2

+ Since current can no long-
er flow through S1, it must
instead come from the cir-
cuit ground and through di-
ode D1, effectively flowing
in a loop through D1, L1 and

C1/the load, and then back
= = = to ground.

'] ks
L
a

LOAD

er supplies and LED driving.
And while it’s designed to
drive LEDs, it isn’t necessar-
ily limited to only doing that.
With a few small changes,
this board can be used as a
constant current source for a
variety of applications.
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Fig.1: the general configuration of a step-down switching
DC/DC converter, also known as a ‘buck’ converter. When S1 is
on, current flows through it and inductor L1 to the load, charging
up both capacitor C1 and L1’s magnetic field. When S1 switches
off, the magnetic field starts to collapse, which forces current to
continue to flow. This must come from ground, via D1, which
along with the charge in C1, causes the load voltage to drop
slowly until S1 switches on again.

Itisthe energy stored in the
magnetic field which makes
this an efficient circuit, as the
voltage drop across L1 is not
dissipated as heat; most of
that energy is stored while S1
is switched on, and recovered
when it switches off.
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By controlling the duty cycle of S1, we can control the
current through L1 and thus the average voltage across C1.

Circuit description

Fig.2 shows the LED driver circuit, including the internal
details of the LM3409MY controller. In this case, the switch
shown in Fig.1 is actually a MOSFET (Q1).

You should be able to see all the other components from
Fig.1 in this circuit, with the addition of a 0.22Q current-
sense resistor between the supply bypass capacitors and
the source of Q1.

Q1 is a P-channel MOSFET, which means that the con-
troller IC can switch it on hard by pulling its gate down to
0V without needing a boosted gate-supply rail. That means
if the battery is almost fully discharged, the highest possi-
ble LED brightness can still be maintained, as there will be
a minimal voltage drop in the circuit (around 0.25V, mostly
due to the current-sense resistor).

IC1 is powered from pin 10 (Vyy ) and it has an internal
regulator (VccREG.) producing a voltage at pin 9, labelled
Vcc. This is a ‘negative’ regulator which produces a voltage
rail that is relative to Vyy, but about 6V lower. The external
1pF capacitor filters this rail.

Internally, V¢ is fed to the MOSFET gate driver, and this
provides the voltage that the MOSFET gate is pulled down
to (via pin 6) to switch it on. This gives the MOSFET a gate-
source voltage of -6V, more than enough for Q1 to be fully
in conduction. To switch it off, pin 6 is pulled up to Vi, so
the gate-source voltage is reduced to OV.

The benefit of this scheme is that it allows Vyy to be higher
than it otherwise could be. A typical MOSFET has a maxi-
mum gate-source voltage rating of +20V. If the MOSFET gate
were pulled to 0V to switch it on, that would mean that Vyy
could not exceed 20V. Our recommended 5-cell Lithium-ion
battery has a fully charged voltage of 21V, and the circuit
can operate to at least 30V thanks to this internal regulator.

When S1 is on, the current flowing through it and induc-
tor L1 is sensed via the voltage developed across the 0.22Q
resistor. Both ends of this resistor are connected to a dif-
ferential amplifier within IC1. The regulated current is de-
termined by the value of the current-sense resistor, and the
value connected from the Isp; pin (pin 2) to ground, if any.

In this application, no such resistor is fitted. If a resistor
is fitted there, it changes the 1.24V reference voltage which
controls the voltage divider formed by the internal resistors
labelled ‘R’ (at pin 8) and ‘BR’.

This photo of a ‘naked’ bike light really doesn’t do the

LED justice! It is so bright that you risk temporary vision
impairment from looking into it - trust us, that is from
experience, so DO NOT do it! You can also see just how small
the controller board is from this pic. The LM3904 on this
board may get quite warm at higher currents, especially if
it’s in close proximity to the LED and/or if in a small housing.
In this case, a small heatsink is suggested. The battery is a
5-cell, 18.5V, 5000mAh high discharge Li-Po by Turnigy.
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Features and specifications

e Can power a 12V LED array from a 5S
(18.5V) lithium-ion/LiPo battery

e Operates from 5-25V (minimum LED oper-
ating voltage + 2V)

e Delivers 1A (12W for 12V LED) or 2.2A
(26W for 12V LED)

® Can be used with a wide variety of high-
brightness LEDs, including 6V and 12V
(nominal) types

e Three brightness settings plus flashing
mode with pushbutton on/off and mode
control

e Low quiescent current when off
(around 1mA)

e Under-voltage lockout
e Overheating protection
* High efficiency; typically more than 90%.

With no external resistor, 1.24V appears across the ‘5R’
resistor, meaning that 0.248V (1.24V + 5) appears across
the upper ‘R’ resistor. Therefore, a similar voltage must be
developed across the external sense resistor for the current
amplifier’s output to change polarity. This sets the peak cur-
rent to 1.13A (0.248V + 0.22Q), resulting in an average LED
current close to 1A.

IC1 uses a ‘controlled off-time’ scheme for regulation.
With standard PWM, the pulses applied to the gate of Q1
would be at a fixed frequency but with a varying duty cy-
cle. With the controlled off-time scheme, Q1 is switched
off for the same time after each pulse; the on-time varies
to control the duty cycle. This results in a variable switch-
ing frequency.

The advantage of this scheme is that it’s easier to stabilise
the feedback loop to prevent sub-harmonic oscillation. This
avoids the need for external loop-compensation components.
The combination of the 15.8kQ resistor from the output to
pin 4, and the 560pF capacitor from pin 4 to ground, sets
the fixed off-time to be very close to 1pus. So with a 50%
duty cycle, the switching frequency will be around 500kHz.

Diode D1 is a 1.5A schottky diode with an especially low
forward voltage of 0.43V at 1.5A, for maximal efficiency.

The resistive divider at pin 1 (UVLO) sets the input sup-
ply under-voltage lockout threshold to 5V (=1.24V x [1 +
(49.9kQ + 16.5kQ)]). The internal switched 22pnA current
source adds 363mV (16.5kQ x 22pnA) of hysteresis, so that
the switch-off threshold is 5.363V.

This was chosen to shut down the circuit before the ex-
ternal control circuitry no longer has enough voltage to run,
and to allow lower-voltage batteries and LEDs to be used.
It is expected that your battery will have built-in over-dis-
charge protection and so will cease supplying current be-
fore it is damaged.

If not, you would have to change these divider values to
protect your battery. For example, a 5S Li-ion or LiPo bat-
tery should not normally be discharged below 3V per cell
or 15V total. So you could change the 49.9kQ resistor to
183kQ (16.5kQ x [(15V =+ 1.24V) — 1]) (180kQ would do)
and the LED drive will automatically shut off when your
battery drops below 15V.
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Fig.2: this circuit diagram also shows the internals of the LM3409 IC. It’s a constant off-time switchmode current regulator
driving a P-channel MOSFET. The internal negative regulator (V. REG.) takes the supply between pins 10 (Vyy) and 5 (GND)
and produces a third rail at pin 9 (V) which is around 6V below V. This determines the low (on) voltage for the MOSFET
gate, allowing a supply voltage higher than its gate-source rating. Note the 1pF filter capacitor between Vyy and V.
The LM3409 IC does get quite warm during operation — heatsinking may be required, especially in a small housing.

Control circuitry

Pin 3 (EN, enable) of IC1 is driven from the GP1 digital out-
put (pin 3) of 6-pin microcontroller IC2. This pin is driven
high to light the LED or low to shut it off. It can be modu-
lated (eg, using PWM) to provide dimming.

Microcontroller IC2 provides seven different modes: light
off, low, medium or high brightness (continuous) or low,
medium or high brightness (flashing).

These are all achieved by pulse-width modulating or
switching the GP1 output state.

The onboard temperature sensor (TS1) has a digital out-
put at pin 5 (Toygr) which feeds digital input GP2 (pin
4) on IC2. This pin is driven high if the board gets too
hot (over 95°C) and IC2 responds by slowly reducing the
LED brightness.

Its pin 3 hysteresis (HYST) input is connected to Vcc to
provide 10°C of hysteresis, so when the sensor temperature
drops below 85°, pin 5 goes low again, and the LED bright-
ness slowly ramps back up. This prevents damage to the
whole unit if operated for long periods at high brightness
in hot weather.

If the sensor is at 95°C, the LED array is likely to be well
above 100°C, as there will be some distance between them,
and no direct path for heat conduction.

The various modes are selected using external momen-
tary pushbutton S1, which connects between GND and the
GPo digital input (pin 1) of IC2. IC2 has an internal pull-
up current to keep this pin high when the button is not
pressed. It detects when the button is pressed as that pin is
then pulled low.

[ | 4

Scopel: the yellow trace (bottom) is the PWM control signal
from pin 3 of IC2 to pin 3 (EN) of IC1, while the green trace
above is Q1’s gate. The blue trace above that is at Q1’s
drain while the mauve trace at top is the voltage across the
LED array. The time-base for this grab is fast, at 2ps/div,

so you can see the switchmode operation at 568kHz, with
around 100mV of ripple appearing across the LED.

Ibl.‘& o i A ol B el
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Scope2: now we’ve switched the LED to medium brightness
and slowed the time-base to 1ms/div, while keeping the
same traces and voltage scaling as in Scopel. You can see
that the duty cycle is around 80% and the frequency is
200Hz. When the PWM control signal goes low, the LED
drive is cut and the LED filter capacitor discharges until
the switchmode driver is re-enabled.
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IC2 and TS1 are powered from a 5V rail developed by
low-power regulator REG1. This regulator can withstand
input voltages up to 30V (it is the limiting factor in this de-
sign), can deliver up to 100mA and has a quiescent current
of around 1.9mA. As it is not a micropower regulator, an
external power switch is recommended to avoid discharg-
ing the battery when the light is not in use.

Scope grabs

Scopel-Scope4 below show the voltages at four points in

the circuit during different phases of operation. See the

captions for an explanation of what each trace represents.

Scopel Close-up of the switching waveforms, demonstrat-
ing how the LED current is regulated. Note how
the gate pulses in green all have the same positive
width (off-time) while the on-time varies. This is
due to switchmode controller IC1 varying the on-
time in an attempt to keep the current through the
LED at the target level.

Scope2 Shows how the 200Hz PWM brightness control
from IC2 causes the LED driver output to switch on
and off rapidly, reducing both the light output and
power consumption.

Scope3 The same effect but on a lower brightness setting,
with a duty cycle of around 40%.

Scope4 Operation of the unit in flashing mode (4Hz), at a
much longer time scale, corresponding to a whole
second of operation.

Increasing its current delivery

While the ~1A current delivery of this design can give you
a really bright light (around 2100 lumens), it is capable of
delivering more than twice that with a few minor chang-
es, for a theoretical output of around 5000 lumens, with
the right LED(s)!

Replacing the 0.22 0.75W resistor with a same-size 0.1Q
2/3W resistor will set the average current to around 2.2A.
You also need to make the following two substitutions.

Replace D1 with a 3A schottky diode in the same size
package, eg, Comchip CDBA340L-G, Diodes Inc B340LA-
13-F, On Semi NRVBA340T3G or Micro Commercial SL34A.
Replace inductor L1 with Panasonic ETQ-P5M470YFM,
with a current rating of 2.9A and a saturation current of
4.1A, in a package about the same size as the specified
DR74-330-R inductor.

Two other possible inductor options which are slightly
larger are the Murata DD1217AS-H-330M=P3 and Bourns

SRN8040TA-330M, both 8 x 8mm. They will be a tight fit
on the existing footprint, but it should be possible to solder
them to the board without modifications. Both have slight-
ly lower current ratings than the Panasonic part though;
adequate, but barely so.

Construction

Fig.3 shows both sides of the assembled board at actual
size; it’s tiny! The double-sided board is coded 16109191
and measures just 22 x 12mm.

We built our prototype by hand with a regular soldering
iron (using a standard chisel tip), so it isn’t that difficult,
but it definitely requires some skill and patience. IC1 has
closely spaced leads (0.5mm apart) while the other parts
are not quite so tricky, but are still quite small, so you may
need to work under magnification.

The board was designed to be so small to leave as much
room as possible to fit the battery in your light housing.

Fig.4(a) shows where the parts go on the top of the board,
and it’s best to start assembly with this side, specifically,
by soldering IC1 in place. As well as having closely spaced
leads, this part has a thermal pad on the underside. Ideally, it
should be reflow soldered, eg, using a hot-air rework station.

If you have such a station, spread a thin smear of solder
paste on all the pads, place the IC in the correct position
(ensuring its pin 1 goes towards the nearest corner of the
board), then gently heat it with hot air until all the solder
reflows. Don’t let the hot air dwell too long on one area or
you risk burning the PCB or damaging the chip.

The solder under the IC, on the large central pad, is likely
to be the last to reflow. But you need to make sure it does,
or else you could have hidden short circuits under the chip.

If you don’t have a reflow oven or hot air rework station,
the PCB pad has been extended slightly past the body of
IC1, so that you can still heat the pad directly to solder that
thermal pad. You will need a fine-tipped soldering iron to
do it this way, though

To hand-solder this chip, add a small amount of solder
paste to the middle of the big pad in the middle of its foot-
print. If you don’t have solder paste, spread a thin smear
of flux paste over the whole central pad instead. Then lo-
cate the pin 1 dot or divot on the IC (using a magnifier) and
thenrotate it so that it’s near the closest corner of the board.

Rotate the whole lot so the that the chip leads are on the
left and right sides, then add a tiny bit of solder onto one of
the chip’s pads (eg, at the upper-right corner if you’re right-
handed). Heat this solder and gently slide the chip into place.

Thu g 0

Scope3: this scope grab was taken under the same
conditions as Scope2, but now the driver is in low
brightness mode, with the PWM duty cycle reduced to
around 40%.

M uhug 01 132638 2019

1

Scope4: we’ve now switched the driver into flashing mode
and slowed the timebase down again, to 100ms/div, so that
you can see the full effect. The flashing frequency is around
4Hz, and the duty cycle is 50%. Other flashing modes
involve switching between lower LED brightness (PWM-
controlled) and full brightness.
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Having removed the heat, check
to see whether its pins are properly
aligned with the pads on both sides.
If not, heat that solder joint and very
carefully nudge the IC slightly in the
right direction.

We got ours very close on our first
attempt (probably close enough) but
decided to nudge it a few more times
to get the alignment perfect. When
you’re happy, add flux paste to both
sides, then add solder to the diago-
nally opposite pin before drag-solder-
ing the rest of the pins on that side of
the chip.

] =
Fig.4: 3x
S diagrams of
3x actual size H the top and
CON2 bottom of
To LED{s) the PCB.

Fig.3: because the PCB is so tiny
(same-size diagrams at left) we have
also shown the top and bottom at
three times the actual size for clarity.

16.5kQe

Actual

size

Return to the other side and sol-
der all the remaining pins, including
the one you started with. Bridges are
hard to avoid; if you get some, add
more flux paste, then use solder wick
to suck the excess solder off the pins.
When you'’re finished, check them
carefully under magnification. You
should have nice looking fillets on all

L1 33uH

DR74-330R

Besides making

| H sure all the
L) solder joints

| U are good, the

]305‘\‘,F main thing to check
TANT. is that the pin 1 dots of IC1,

IC2 and Q1 are in the right
orientations, along with
the positive stripes on the
two 10pF tantalum capacitors.

CON1
To battery

=
pins, down to the pads on the PCB.

Now add a little extra flux paste to
the exposed part of the central pad

The wiring is shown on both sides
as you can solder in the wires from
either side.

CON2
I ITc LED(s)
and feed some solder onto it. Hold the

heat on there for a few seconds. If you have solder paste
under the chip, it should reflow now. Otherwise, the flux
paste under the chip should help suck some solder under-
neath it (fingers crossed).

If you have a hot air rework station, you can still solder
the chip by hand, then re-heat it to reflow solder paste un-
derneath the IC. That’s what we did, but again, be very care-
ful to ensure that all the solder paste does melt or you will
have trouble later. Also, try not to let the airstream blow
the chip off its pads! It helps to keep the airflow rate low.

Remaining SMDs
With the tricky part out of the way, solder IC2 next. Ide-
ally, it should be pre-programmed (using 1610919A.HEX
code available for downlod frmo thr September 2020 page
of the PE website). Find its small pin 1 dot and rotate it
so that it is facing towards Q1’s mounting position. Then
use a similar technique as for IC1 to solder it in place. It
should be somewhat easier due to having fewer, larger,
more widely spaced pins.

Next, fit TS1 and REG1, both of which can only go in one
orientation due to the differing number of pins on each side.

Follow with Q1, which has even more widely spaced
pins, which can possibly be soldered individually. Ensure
its pin 1 dot/divot and chamfered edge go towards the bot-
tom of the board as shown in Fig.3(a).

The PCB is designed to accept a MOSFET in the SOT-669
package, which has a single large tab in place of pins 5-8,
so there is one large pad for these pins. There is no need to

The 560pF

20

resistor, 33pH inductor and
the two tantalum capacitors
mount on the underside (right)
- note the stripes denoting the
positive end of the capacitors.

worry therefore if you bridge them; in fact, we suggest you
add enough solder on that side of the device to form one,
large solder joint, as we did on our prototype.

There’s also no need to worry about bridges between
pins 1-3 because these all connect to the same point, but
you don’t want to bridge pins 3 and 4, as pin 4 is the gate.
You can use flux paste and solder wick to clean up a bridge
between these pins, should it occur.

You can now fit diode D1, with its cathode stripe ori-
ented as shown, followed by the three resistors and three
capacitors. Make sure you use the correct values for the
two smaller resistors.

Components on the other side

Now flip the board over. There are just five components to
mount on this side of the board, as shown in Fig.3(b). Un-
fortunately, the board will not sit flat at this stage, so you
should find some small plastic shims to place strategically
under it so that it won’t wobble around as you are solder-
ing these final components.

Start with the two smaller components, making sure that
you fit the capacitor in the position closer to the board edge.
You can then solder the two larger capacitors in place. It
helps to have fine tweezers when doing this, as they are
quite close together. As usual, make sure the striped ends
are oriented correctly.

That just leaves the inductor. Spread some flux paste
on its pads, then use the usual technique to tack it into
place before soldering the opposite lead. Put some heat

The two sides of the completed
PCB are shown here rather
significantly oversize, (about
twice life size) just so you

can see what goes where.

capacitor, 15.9kQ
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and solder into the joints to make sure the fillets look
good on both sides.

Preparing the LED

You may be able to buy a suitable LED pre-assembled and
ready to wire up, but the recommended Cree XHP70 LED
generally comes as a bare ‘chip on board’ type LED, which
needs to be soldered to a suitable PCB both for electrical
connections and to get heat out of it. This is then gener-
ally attached to a piece of metal which acts as a heatsink
to keep the LED temperature under control.

It’s a good idea to then mount the PCB on the back of this
heatsink (with a suitable layer of electrical insulation in
between!) so that the PCB can sense the heatsink tempera-
ture and reduce the LED brightness if it’s getting too hot.

But we’re getting ahead of ourselves. First, you need to
solder the LED to this PCB, which is often in a ‘star’ shape.
Note that the XHP70 can be run at 6V or 12V, depending on
the configuration of the PCB, so make sure you get a suitable
PCB that’s designed to run it at 12V. Otherwise, the LED
will require twice as much current for the same brightness.

You can sometimes get the LEDs pre-soldered to the star
boards, but we couldn’t find one locally, so we ordered the
LED and board separately (from www.cutter.com.au, but
there are plenty of other local/international suppliers).

We then attached the LED to the board. First, we checked
the T-shaped marking on the underneath to identify the
anodes and cathodes; the bar across the ‘top’ of the T in-
dicates the cathode. This goes towards the side of the star
PCB with the negative (-) pads on it.

We then covered all the LED pads (two small rectangles
plug a larger Z-shaped pad) with a thin smear of solder
paste mixed with some flux paste, placed the LED on top
and gently applied heat from a hot air rework station from
underneath the board. We did it this way to avoid overheat-
ing and damaging the LED lens. Make sure the small pads
on the underside of the LED line up with the two small
rectangles on the star board.

We managed to heat the star PCB from underneath by
clamping it with a hemostat (self-closing tweezers) and then
clamping that in a vice, giving us access to the underside of
the board without having to hold it. You definitely don’t want
to hold an aluminium PCB while heating it to over 200°C!
We had to gently nudge the LED using a metal object when
the solder reflowed to get it properly centred on its pads. In
theory, it should pull itselfin due to solder surface tension,
but ours got ‘hung up’ on something and needed some help.

Wiring and testing

The next step is to solder wires to the board for the con-
trol pushbutton (S1), battery power and the LED(s). As the
board is so small, the wire holes are too, so you aren’t go-
ing to be able to solder heavy leads to it. You’ll be keeping
the wires fairly short anyway, so medium-duty hookup
wire is adequate.

You will probably need to cut away some of the wire
strands at the exposed end, so that you can twist the re-
maining strands together to fit through the holes in the PCB
before soldering them. The current will quickly spread out
through the other strands in the wire, so this should not
cause any problems. But make sure you don’t leave any
loose strands that can short to anything else.

Now solder the two LED wires from the board to the
‘+’ and ‘-’ terminals on the LED star, then use screws and
thermal paste to attach it to a heatsink. Solder the mo-
mentary pushbutton to the end of its wires; its polarity
doesn’t matter.

Before powering it up, carefully inspect both sides of the
board, looking for short circuits between any of the wire

Practical Electronics | September | 2020

Parts list — Ultrabrite LED Driver

1 double-sided PCB, code 16109191, 22 x 12mm

1 5S Li-ion/LiPo battery or similar, 1Ah+

1 5S-capable Li-ion/LiPo battery charger

1 2-pin connector to suit battery

1 chassis-mount waterproof momentary pushbutton switch
(S1) [eg, Altronics S0960/S0961 or Jaycar SP0756]

112V LED array, eg, Cree XHP70.2 P4 bin (2100 lumens at
1A, 4760 lumens at 2.2A)

1 heatsink to suit LED

1 lens to suit LED (optional)

1 DR74-330-R 33pH 1.4A SMD inductor, 7.2 x 7.2mm (L1)

1 waterproof enclosure, large enough for battery and LED(s)

short lengths of medium-duty hookup wire or figure-8

Connector options for battery charging

1 waterproof 4-pin chassis-mount socket [Jaycar PS1009+
PS1005 (10A) or Altronics P9444+P9420 (5A)] or

1 waterproof 6-pin chassis-mount socket [Jaycar
PS1003+PS1005 (10A) or Altronics P9446+P9420 (5A)]

1 4-pin line plug [Jaycar PP1006 (10A), Altronics P9474 (5A)] or

1 6-pin line plug [Jaycar PP1000 (10A), Altronics P9476 (5A)]

Semiconductors

1 LM3409MY switchmode LED controller, MSOP-10 (IC1)

1 PIC10F202-E/QOT 8-bit microcontroller programmed with
1610919A.HEX, SOT-23-6 (I1C2)

1 TC6502P095VCT temperature switch, SOT-23-5 (TS1)

1 LM3480IM3-5.0 high-voltage 5V linear regulator, SOT-23
(REGT)

1 Si4447DY 40V 4.5A P-channel MOSFET, SOIC-8 (Q1)

1 15MQ040 40V 1.5A schottky diode, DO-214AC (D1)

Capacitors

2 10pF 35V SMD tantalum capacitors, low-ESR, D case
[eg, Kemet T495D106K035ATE120]

1 1pF 50V X7R SMD ceramic, size 3216/1206

2 100nF 50V X7R SMD ceramics, size 1608/0603

1 560pF 50V X7R SMD ceramic, size 1608/0603

Resistors
(all 1% SMD 1/10W, size 1608/0603 unless otherwise stated)
149.9kQ 1 16.5kQ 115.8kQ

10.22Q 1% 0.75W, size 3216/1206 [eg, Susumu KRL1632E-
C-R220-F-T1]

solderjoints and nearby components, between components
or component pins and also to ensure that all pins have
good fillets, touching both the pin and the pad.

Magnification and good lighting are critical to success-
fully inspecting a board populated with tiny SMD compo-
nents. It’s also a good idea to clean it thoroughly beforehand,
using a specialised flux solvent or alcohol (isopropyl, pure
ethanol or methylated spirits). Otherwise, flux residue can
get in the way of a proper inspection.

Once you're satisfied that it has been assembled correct-
ly, its time to power it up.

If you have a suitable DC voltage source such as a 15-
24V 1A DC plugpack or bench supply, you can now test
the unit. Wire up the supply leads and use some electrical
tape to make sure they can’t short together, then switch on
power. At first, nothing should happen. If your supply has
a current meter, you should get a reading of no more than
a few milliamps.

If the current reading is significantly more than that,
switch off and carefully examine your board and wiring
for faults.

Now press the pushbutton, and the LED should come on.
Depending on the supply voltage, you should see around
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The Cree XHP70 is shown at left
close to life size, with a larger
scale front and back image at right.
It must be used with a heatsink;
otherwise it would destroy itself.

The star-shaped Meodex at bottom right not ‘:,,_{
only provides some heatsinking but is also a LRL, A
convenient means of connection. L

500mA being drawn from the supply; slightly less if its
output voltage is significantly above 15V. Brief presses of
the button again should change the brightness — cycling
between medium, low and off.

Holding it down for a few seconds should switch the
LED on at full brightness. If you continue to hold it, the
LED should start flashing. Once it’s flashing, brief presses
of the button will change the flashing mode; hold it down
for several more seconds to switch the LED off.

Ifit doesn’t work, most likely you have a soldering prob-
lem, or one of the components is in the wrong location or
was fitted with the wrong orientation. Carefully inspect
the board for problems.

Ifyou don’t find any, try adding flux paste to all the small
IC leads and re-flow them all, either with a soldering iron
that has a clean tip or (even better) a gentle application of
hot air. Re-test to see if that fixed it.

Once you're sure it’s working, switch off the power, dis-
connect the test supply and solder the battery connector
onto the end of the supply wires. Make sure you get the
polarity right (very important!) and use heatshrink tubing
to insulate the solder joints. There are several common
types of lithium-ion battery connector, so you will need
to obtain one that matches your battery (usually from the
same source).

We’ve seen connectors with red/black wire colour cod-
ing that’s actually the opposite of the supply polarity once
it’s plugged into the battery. So check yours, and if this is
the case, use red and black heatshrink tubing to change the
wire colours to avoid mistakes.

Placing inside your bike light

At the outset, we designed this project ‘tiny’, so it could
fit inside a bike light. However, because every bike light is
different, we can’t offer much guidance here.

It may be that you have an old dynamo-type bike light
set gathering dust in a cupboard; these have been largely
superseded by modern lamps which also save your legs
somewhat when pedalling up a hill!

But most of these older-style lights had a fair bit of room
inside the light itself (because there was no battery). One of
these could be worth experimenting with. The battery will
need to be mounted in its own case external to the light —
though this could be beneficial when it comes to charging.
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We should warn you though that many bike lights (espe-
cially plastic ones) may not like the heat of the ultrabright
LED, so you may need to come up with some arrangement
which ensures your bike light doesn’t melt.

Putting it in a case
However, if you need to mount the project in a new case,
the following points might help you.

The case should ideally be a waterproof one if you’re go-
ing to be using it on a bicycle, or anywhere external where
it could be in the weather. You will probably have to in-
stall a waterproof transparent window so that the LED it-
self can be mounted inside the box. It can be made from
clear plastic and sealed with silicone sealant.

You should also seal around the pushbutton switch to
ensure water cannot enter that way. The battery and board
should be securely anchored inside the box so that they
can’t put any strain on the wires.

That just leaves the question of how you charge the bat-
tery. You could open the box up and remove the battery to
charge it each time it runs low (or just swap it for a fresh
one), but that’s hardly convenient. To charge the battery
without removing it, you will need to fit a waterproof sock-
et to the case and make up a cable with a matching plug to
connect to a suitable lithium-ion battery charger.

If you do this, it’s vital to choose a connector where you
can’t accidentally short the pins. That could melt the con-
nector or even damage the battery.

Ideally, multi-cell (series) lithium-ion/LiPo battery packs
should be balance charged. In the case of a 5S battery, that
requires at least six contacts, two of which will carry the
full charging current. But you can get away with the occa-
sional balance charge, so you could compromise by tak-
ing the battery out from time to time, and simply fitting a
two-pin connector for day-to-day recharges (although some
connectors are not available with fewer than four pins).

Another option is to build our April 2017 Battery Bal-
ancer and mount it inside the case, permanently attached
to the battery’s balance connector. That way, it will auto-
matically be balanced each time you charge it. It is a rela-
tively small board, so you should not have trouble fitting it,
and it draws little current when not active (around 25pA).

We suggest that you use a four-pin chassis-mount socket
for regular charging, with the pins wired in pairs for extra
current handling, or a six-pin socket for balance charging.
Suitable connectors are available from both Jaycar and Al-
tronics; see the parts list for details.

Don’t forget to insert the waterproof gasket (if supplied)
when putting the lid on your box.

Reproduced by arrangement with
SILICON CHIP magazine 2020.
www.siliconchip.com.au

Having trouble holding the LED in place while
you solder it? Here’s how we did it: a pair of
tweezers held tight in a bench vice, with the
LED held firmly at the opposite end! A wooden
clothes peg (NOT plastic!) also works well!
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By Geoff
Graham

tkE MiCROMicE

EXPLORE-28

The 28-pin Micromite has been used in many of our projects, and with good
reason. It is a low-cost, powerful microcontroller which allows you to create
advanced devices with minimal effort. Now the Explore-28 will make your
life even easier. It's a small plug-in module with the same powerful PIC plus
a USB socket for comms and programming, giving you everything you need
to get started with the Micromite in one handy package.

he Micromite is a high
performance 32-bit microcontrol-

ler which can be programmed in a
friendly BASIC programming language.
It has a lot of built-in capabilities,
including a variety of communications
protocols (I2C, SPI, serial...), the abil-
ity to easily interface to many devices
(LCD screens, GPS modules, tempera-
ture sensors...). And it’s really easy to
learn how to use it.

To start with the Micromite, you just
need a programmed chip, which you
can then plug into a breadboard.

This is not hard to do, but there is a
bit of fiddling about to be done before
you can start programming the chip.
Many readers would prefer a pre-as-
sembled module that can be immedi-
ately put to use.

That is the essence of the Explore-28.
You can plug it into a USB port on your
laptop and in a few minutes, have a sim-
ple program up and running.

For readers who read the short in-
troductory series Meet the Mighty Mi-
cromite (February to April 2017) and
now follow the Make it with Micro-
mite series (from February 2019), the
Explore-28 combines the 28-pin Mi-
cromite Mk2 with the Microbridge
interface (May 2018).

e APIC32 programmer, so that you can
update the BASIC interpreter when-
ever a new version is released.

e A power supply with a 4-16V input
range and the ability to supply up to
150mA at 3.3V (plus 5V, when pow-
ered from USB) for external circuitry.

This means that if you purchase a pre-

assembled Explore-28 module, you can

immediately start experimenting with

it. You do not need to source the mi-

crocontroller, program the firmware or

setup a breadboard. It is a fully assem-
bled and ready-to-go package.

It is interesting to compare the Ex-
plore-28 to the Commodore 64 from
1982, which also came with a built-in
BASIC interpreter and was the most
popular computer in the 1980s. Many
millions were sold worldwide, for
around US $600 each.

The Explore-28 is fifty times faster,
with much more memory and costs
about US $20. While they clearly have
different end uses, this still illustrates
how far modern semiconductor tech-
nology has progressed.

The Explore-28 printed circuit board
and concept was developed by two Mi-
cromite enthusiasts in New Zealand:

http://geoffg.net

Graeme Rixon and Robert Rozee. It
can be purchased as a kit of parts or as
a completely assembled module from
micromite.org or Graeme’s website —see
the last page of this article for details.

Graeme Rixon also offers a full con-
struction pack, which you can down-
load from his website. This includes the
PCB Gerber files, parts list and firmware.

So, you can get your own PCBs made
and build your Explore-28 modules
from scratch if you wish.

Connections

The Explore-28 has the same ‘form fac-
tor’ as the Arduino Nano, which means
that breakout boards designed for the
Nano will suit the Explore-28. But the
two are quite different in a program-
ming sense; the Micromite is vastly
more powerful and is programmed in
BASIC, not C/C++.

The pin-out of the Explore-28 is
shown in Fig.1. Essentially, it mimics
the pins on the 28-pin DIP version of
the Micromite, except pin 20 which is
not present. The module also includes
two extra pins at the bottom, labelled
+5V, which can be used to feed power
in or out.

Another way to think about it is
thatitis a bit like the Micromite LCD
Backpack V2 (May 2018) but with-
out the LCD, and in a much smaller
package.

The whole module is only a little
bit larger than a 28-pin DIL IC pack-
age but it packs a lot of hardware,
including:

e A 28-pin Micromite pre-pro-
grammed with the latest MMBa-
sic interpreter.

e A USB-to-serial interface, which
allows you to plug the Explore-28
into your computer and immedi-
ately start programming.

Explore-28 features

e Complete microcontroller module with USB interface and power supply

Programmed in BASIC, with 60KB program space and 50KB RAM for variables

19 1/0 pins with 10 capable of being used as analogue inputs

Supports communications protocols including async serial, 12C, SPI and Dallas OneWire
Support for special devices such as temperature sensors, keypads, IR remote controls
Full support for touch-sensitive LCD panels up to 3.6-inch (9.2cm) diagonal

Embedded controller features such as sleep, control over clock speed and watchdog timer
Built-in PIC32 programmer for updating the firmware

Runs from 4-16V @ 50mA

Compact size: 40mm long, 19mm wide and 8mm tall (without header pins)
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RESET
DIG |ANA

SP1OUT | DIG | ANA

PWM 1A | DIG | ANA

PWM 1B | DIG | ANA

PWM 1C | DIG | ANA

COMI: ENABLE | DIG | ANA
GROUND
COM2: TRANSMIT | DIG.
COM2: RECEIVE | DIG | 10

(1) 4 e
T
1 5

WrOQ ~ SR W -

RESERVED CONSOLE |——

33v | 13
SPIIN | DIG | 14
SV OUTPUT or 4V to 16V INPUT

PN AT | 23
i, U, - |
== 1

1 I o | BB
=1

Analog Power (3.3V)

E‘. :;:(3 27 | Analog Ground

ANA | DIG | PWM 2A
25 | ANA|DIG | SPI CLOCK
24 _KNA | DIG |Wl\:‘] 2B
23 | ANA|DIG

22 | DIG | COM1: RECEIVE

21 | DIG | COMI; TRANSMIT

19 [ GrOUND
I8 | DIG| COUNT | BC DATA
17 | DIG| COUNT | € CLOCK

16 | DIG | COUNT | WAKEUP| IR
15 | DIG| COUNT

SV OUTPUT or 4V to 16V INPUT

Fig.1: the Explore-28 has 19 I/O pins, with 10 that can be used as analogue
inputs. Other connections include a 3.3V output, ground and two pins which
can be a 5V output or external power input (4-16V). ANA means analogue I/0
capable, DIG means digital. The other notations refer to the special capabilities
of each pin - see the Micromite User Manual for a full description.

When the Explore-28 is plugged into
a USB port, it will power itself from the
USB 5V supply, and that voltage ap-
pears on the +5V pins. This is useful
if you want to power some other de-
vices from 5V.

You can also power the Explore-28
by connecting an external power source
to either of the 5V pins. The input can
range from 4V to 16V. For example,
you could power the Explore-28 from
a 12V battery.

Butnote that if you are using an exter-
nal power source, you cannot plug the
Explore-28 into your computer’s USB
port at the same time. The two power
supplies will conflict and possibly dam-
age your USB port or computer.

Second, if you are powering the Ex-
plore-28 from a car battery, you will
need to include extra circuitry to pro-
tectit from the excessive voltage spikes
that can be found in an automotive elec-
trical system.

Fig.2: when the Explore-28 is plugged
into a Windows computer, it is allocated
a virtual serial port number by the
operating system. You can check what
COM number was allocated by going
into Device Manager and looking for a
new device listed under Serial Ports (it
is COM5 in this example).

The Micromite chip itself requires
a 3.3V supply, and this is provided by
the onboard regulator. This voltage is
made available on pin 13 so that you
can power external components that
require 3.3V.

Up to 150mA can be drawn from this
pin; however, you will need to make
sure that this does not cause the regula-
tor to overheat and shut down (particu-
larly with high input voltages).

USB/serial interface

The Explore-28includes a PIC16F1455
microcontroller, which is pro-
grammed to act as both a USB-to-
serial interface and also as a PIC32
programmer (used for updating the
Micromite firmware).

This is called the Microbridge and
when it is acting as a USB-to-serial in-
terface, it creates a virtual serial port
on your computer. This acts like a nor-
mal serial port, but it works over USB.

A Devece Mamager = o x
File Action  View Help
e mEmME

I Mondon -
Ny Muttdunction sdagters
&5 Netveork sdapters
W Posble Devicm

v [ Ports (COM & 1PT)

- - = L Lo
I WCH PO Expresy-SERIAL (COM2)
7 Print quese
[ Processan
R R -

W COMS:38400baud - Tera Term VT - a ¢4
File Edit Setup Control Window Help

Fig.3: when you have connected
to the virtual serial port created | g
by the Explore-28, you will
see the MMBasic command
prompt (‘>’), as shown here.
At this point, you can try out
commands, set options, enter
programs and run them. &

Micromite MKII MMBasic Ver 5.05.01 -
Copyright 2011-2018 Geoff Graham
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As mentioned above, we introduced
the Microbridge in the May 2018 issue
of PE, and itis used in the later versions
of the Micromite LCD Backpack (for V2,
see May 2018; and V3 in August 2020).

The Microbridge connects your com-
puter to the Micromite’s serial console.
This is the main programming interface
to the Micromite, and you can use it to
set options, enter programs, run them,
get feedback from running programs
and also receive data.

If you're running Windows, it will
automatically create a virtual serial in-
terface when the Explore-28is plugged
into a USB socket on your computer.
This appears as a COM port, usually
with a high number such as COM5
or COM21.

On Windows 7 and earlier versions,
a device driver may be required (see
https://bit.ly/pe-sep20-win7), but Win-
dows 8 and 10 already have the driver
built in.

You can check the COM number that
Windows allocated to the Explore-28 by
going into Device Manager and look-
ing for a new device listed under Serial
Ports, as illustrated in Fig.2.

The Linux kernel and macOS oper-
ating systems usually do not need any
special configuration and, as an exam-
ple, under Linux Mint, the Explore-28
normally appears as: /dev/ttyACMO.

Accessing the Micromite console
When you plug the Explore-28 into
your computer, the LED marked ‘PWR’
(LED1) will illuminate, to show that it
is powered.

To access the Micromite’s console,
you need to run a terminal emulator
on your computer.

This takes the key presses that you
make and sends them down the se-
rial interface to the Micromite, while
also displaying any responses from
the Micromite.

For Windows, you have several choic-
es. We recommend Tera Term (http:/
tera-term.en.lo4d.com/), but there
are many other terminal emulators to
choose from, with some specially writ-
ten for the Micromite (see the Micromite
resources panel).

The Micromite’s console defaults to
a speed of 38,400 baud, so all you need
to do is configure your terminal emu-
lator for the correct COM port number
and this baud rate.

Then, when you press Enter, you
should see the Micromite command
prompt (a greater than symbol: >’), as
shown in Fig.3.

Atthis point, you have full control of
the Micromite for entering commands
or setting options.

You can experiment by typing
PRINT 1/7 and pressing Enter. The
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The Mighty Micromite

The Micromite is based on the Microchip PIC32, which is a high-perfor-
mance 32-bit microcontroller. While this chip as supplied is powerful, it is
not that easy to write programs for it (the manuals run to over a thousand
pages!) and the standard programming languages used on it are assem-
bler, C or C++. These languages and the programming software are com-
plex and require experience to use properly.

For the average hobbyist, the Micromite firmware makes programming
much easier. It's loaded into the Flash memory of the PIC32 and turns the
chipinto a Micromite. The Micromite firmware insulates you from the com-
plexities of the underlying silicon, while still allowing you to use its features.

To program the Micromite, you use the BASIC programming language,
which is designed to be easy for beginners and allows you to get started
almost immediately.

The BASIC language

The following is an elementary introduction to Micromite programming.
We published a comprehensive three-part series on using the Micromite
in the February to April 2017 issues, so refer to those articles for more de-
tailed instruction. Plus of course the ongoing Make it with Micromite series.

The Micromite version of BASIC is called MMBasic (short for MicroMite
BASIC) which is loosely based on the Microsoft BASIC interpreter that was
popular years ago. ‘Interpreted’ means that the firmware reads through
your program line-by-line, executing each command as it finds them.

BASIC (an acronym for Beginner’s All-purpose Symbolic Instruction
Code) was initially developed by Dartmouth College in the US for teach-
ing programming, and therefore emphasises ease of use. BASIC is also a
powerful language, and it became popular in the 1980s and 90s with the
introduction of small computers such as the Commodore 64 and Apple I1.
These days, it is still used in some large commercial data systems (usu-
ally running Pick Basic).

BASIC program execution starts at the top of the program and contin-
ues until it runs off the bottom or hits an END command. Generally, there
is one command per line, although you can have more if you wish, each
separated by the colon (:) character.

A command can be something like PRINT which will output some text
to the console, PIN () which will set the state of an output pin, or SERVO
which will control a servo motor.

Decisions within the program are made using the IF..THEN command.
So, for example, your program can include something like:

IF t > 30 THEN PRINT “too high”

Your program can also run commands in loops. For example, the follow-
ing will display the numbers from one to ten:

FOR nbr = 1 to 10
PRINT nbr
NEXT nbr

Micromite input/output

The Micromite is intended to be a controller that can be embedded in some-
thing like a burglar alarm or process controller. In this type of role, its abil-
ity to use the I/0 pins to control external devices is critical.

An 1/0 pin refers to the physical pin on the Micromite chip. On the Ex-
plore-28, these are routed to pin headers on the edge of the module, with
the same numbering.

So, when you refer to a pin number in your program, that is both the
physical pin on the chip and the pin header number.

In MMBasic, you configure an 1/0 pin on the chip using the SETPIN
command — it defines the pin as a digital input, digital output or analogue
input. For example, if pin 2 on the chip has been defined as an analogue
input, the function PIN(2) will read the voltage on pin number 2; eg:

PRINT PIN(2) would create a simple voltmeter.

To read the state of a pin configured as a digital input, you use the same
function, but in that case, it will return zero for a low voltage and one for
voltage high. You can set the output level of a pin configured as a digital
output by assigning a value to PIN () . For example, this will set the out-
put on pin 24 to a logic high (3.3V):

PIN(24) =1

There are many other things that you can do with the Micromite’s I/0 pins,
including measuring frequency, timing, generating square waves and more.

Special device support

A great feature of the Micromite is that it has built-in support for many ex-
ternal devices like temperature and humidity sensors, keypads, real-time
clocks and servos. For example, using the TR command, you can receive
commands from an infrared remote control.

This is easy to do, and it adds flair (and utility) to your project when you
can control it by pressing a button on a remote control.

As another example, you can connect a low-cost ultrasonic distance
sensor to the Micromite and with one function, read the distance to an
object in centimetres.

Measuring temperature and humidity is just as easy; MMBasic will
query the sensor for you and return the temperature in degrees Gelsius
and humidity in %RH.

Perhaps the most outstanding feature of the Micromite is its ability to
control a touch-sensitive LCD panel. The Micromite can display text and
graphics and respond to touch inputs on the panel’s face.

Communications protocols

There are many modules and chips that you can buy to measure anything from
air quality to acceleration. These all send their data via some communication
protocol, usually serial, and the Micromite supports four main protocols:
 Asynchronous serial, which is used by computers, lab equipment and
GPS modules.
* 12C, which is used by gas sensors, real-time clocks and many other chips.
e SPI, which is used, for example, by accelerometers, memory chips and
electronic compasses.
* Dallas One-Wire, which is mostly used for temperature sensors.
GPS modules are particularly valuable; they’re cheap (£8-20) and give you
your precise location, altitude, speed, heading and the exact time.
Using the Micromite’s serial interface, it is easy to retrieve this infor-
mation and they open up a world of exciting projects that can be built.

Micromite will return the result of di-
viding 1 by 7, then display the com-
mand prompt again.

This is called ‘command mode’ and
it allows you to try out most BASIC
commands at the command prompt. It
is handy for testing commands while
you are learning the language.

Note that when you type something
on the console or the Micromite sends
some data to your PC, the LED marked
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‘MODE’ (LED2) will briefly flash to in-
dicate that data is being sent over the
virtual serial port.

The tactile pushbutton near the LEDs
(switch S1) is used to put the Micro-
bridge into its programming mode
(more about that later).

A handy feature of the Microbridge
is that you can reset the chip by send-
ing a break signal over the virtual seri-
al interface. In Tera Term, this is done

by pressing ALT-B, and this has the
same effect as cycling the power to
the Micromite.

Programming example

We mentioned how easy it is to get
started with the Explore-28, so here is a
short tutorial to illustrate that point.For
abeginner, the best method of entering a
program into the Micromite is to use the
Micromite’s built-in full-screen editor.
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This is fully documented in the Mi-
cromite User Manual, but to get started,
all you need to know is that the arrow
keys on your keyboard will move the
cursor around the text and the back-
space key will delete the character be-
fore the cursor.

Atthe command prompt, type EDIT
followed by the Enter key. This will
take you into the Micromite’s editor.
Then, enter this short program:

SETPIN 15,
DO
PIN(15) =1
PAUSE 500
PIN(15) =0
PAUSE 500
LOOP

DOUT

To save this program, press the F1
key or CTRL-Q (which does the same
thing). This will return you to the com-
mand prompt. Then, to run the pro-
gram, type RUN and press Enter.

This program toggles the voltage on
pin 15 of the Explore-28 from zero to
3.3V and then back again every second,
and continues doing it forever. You can
test this by probing pin 15 with a volt-
meter, and you should see the voltage
jumping up and down at 1Hz.

While the program is running, you
will not see the command prompt in
the terminal emulator. This is because
the Micromite is now busy, but you
canregain control by pressing CTRL-C.

Thisis the break key and it will inter-
rupt any running program and return
control to the command prompt, so
that you can edit the program or enter
other commands.

Circuit description

The circuit of the Explore-28 is shown
in Fig.4. As you can see, it isn’t terri-
bly complex. It consists of three main
components: IC1, the 28-pin PIC32
microcontroller (the Micromite); IC2,
the PIC16F1455 (Microbridge) which
provides the USB interface; and a volt-
age regulator to provide the 3.3V sup-
ply (REG1).

The PIC32 used for the Micromite
(IC1) is in a 28-pin surface-mounting
package, with most of its pins going di-
rectly to the header pins on the edge of
the board (CON1-CON3). The 10pF ca-
pacitor on pin 20 is critical and must be
a high-quality multilayer ceramic type.
It is used to stabilise the chip’s internal
1.8V regulator, and if it is missing or
the wrong type is used, the Micromite
will not work.

The only Micromite pins which do
not go directly to a corresponding pin
on CON1-CONS3 are: pin 11, the serial
data out line, which goes via a 1.5kQ
resistor in order to protect IC1 if an
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external device attempts to drive it
above +3.3V or below 0V (eg, a raw
RS-232 signal); and pin 20 (VCAP), as
this micro pin is already connected to
the required capacitor.

Several of the micro’s pins also con-
nect to the Microbridge (IC2), to allow
the Microbridge to reprogram the chip
and for its USB/serial function. As men-
tioned earlier, the Microbridge chip has
two functions; it acts as a USB-to-serial
bridge and as a PIC32 programmer.

On power-up, it starts in the USB-to-
serial bridge mode, with the MODE LED
(LED2) off, except for flickering when
there is serial activity. Serial data is
transmitted from pin 6, which connects
to the receive data pin (pin 12) on IC1.

Similarly, the Micromite’s transmit
pin (pin 11) connects to receive (pin 5)
on the Microbridge chip.

A second 1.5kQ resistor between the
TX pin of IC2 (pin 6) and the RX pin of
IC1 (in 12) protects IC2 in case external
circuitry tries to send data to the Micro-
mite while the Microbridge is active.

A 10kQ pull-up resistor from 3.3V to
pin 11 of IC1 prevents glitches on the
serial port when the Micromite is re-
set. Another 10kQ pull-up resistor on
pin 1 (MCLR) prevents spurious resets
of the chip.

The tactile switch on pin 4 of IC2 is
used to place the Microbridge into its
PIC32 programming mode. In this mode,
the MODE LED (LED2) lights up, and
the Microbridge chip uses pin 7 to re-
set the PIC32 and pins 2 and 3 to drive
its programming interface.

In normal operation, these pins are
in a high-impedance state, so the cor-
responding I/O pins on the Micromite
can be used for other purposes.

The Explore-28 is just a little larger
than the original 28-pin Micromite

in a standard dual inline plastic

(DIP) package. But it has many more
features, including a USB-to-serial
interface, onboard PIC32 programmer
and a 3.3V regulator.

Parts list -
Micromite Explore-28

1 four-layer PCB coded 07108191,
39 x 18.5mm

1 15-pin male header, 2.54mm pitch
(CON1)

1 6-pin and 8-pin male header, 2.54mm
pitch (CON2,CON3) (optional)

1 mini type-B SMD USB socket (CON4)
[Altronics P1308, element14
2300434]

1 mini SMD tactile pushbutton switch
(S1) [element14 1629616]

Semiconductors

1 PIC32MX170F256B-501/SO
microcontroller programmed with
MMBasic, SOIC-28 (IC1)

1 PIC16F1455-1/SL microcontroller
programmed for Microbridge, SOIC-
14 (IC2)

1 MCP1703A-3302E/DB low-dropout
3.3V regulator, SOT-223 (REG1)

2 red SMD LEDs, 2012/0805-size
(LED1,LED2)

Capacitors (all SMD 2012/0805
ceramic)

1 10pF 6.3V X5R

2 4.7uF 16V X5R

2 100nF 50V X7R

Resistors (all 1% SMD 2012/0805)
2 10kQ (Code 103)
41.5kQ (Code 152)
110Q (Code 100)

The power supply is based on a low-
dropout linear regulator (REG1; Mi-
crochip MCP1703) with a fixed out-
put of 3.3V.

This powers both the Microbridge
chip (IC2) and the Micromite (IC1)
and as mentioned, is also made avail-
able on pin 13 of CON1 for external
circuitry to use. The MCP1703 can
source up to 250mA, with about 50mA
of that being used by the Microbridge
and the Micromite.

Besides the critical 10pF capacitor
described above, there are two 100nF
bypass capacitors for the 3.3V sup-
plies of IC1 and IC2, plus 4.7pF input
bypassing and output filtering ceramic
capacitors for REG1.

PIC32 programmer

We mentioned above that the Micro-
bridge chip can act as a PIC32 program-
mer for loading firmware updates into
the Micromite (IC1).

You essentially get this feature for
free, which is handy, as previously you
needed to purchase a separate PIC32
programmer to take advantage of new
releases of the Micromite firmware.

If you purchased the Explore-28
as a fully assembled module or a kit,
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both microcontrollers (the PIC32 and
PIC16F1455) will be supplied pre-pro-
grammed, so this programming feature
is only required if you want to update
the firmware with a new release.

The process of loading new firm-
ware into the Micromite is painless
and only takes a minute or two. Start
by switching the Microbridge into its
programming mode and then, using
free software on your laptop, you up-
load the new firmware via USB to the
Microbridge, which in turn programs it
into the flash memory of the Micromite.

To enter into the programming mode,
momentarily press the tactile switch
on the Explore-28. The Microbridge
chip will then immediately switch to
its PIC32 programming mode, and the
MODE LED will illuminate to confirm
this. If you did not intend to enter this
mode, you can revert to the USB-to-se-
rial mode by simply cycling the power.

The software you need to reprogram
the Micromite is called pic32prog. The
Windows version is available from the
September 2020 page of the PE website,
while the macOS and Linux versions
are available from other sites.

The Windows version does not
need to be installed; you can copy

the executable to a convenient loca-
tion and start a command window in
that folder.

New versions of the Micromite firm-
ware can be found at the author’s web-
site, http://geoffg.net/micromite.html
(scroll to the bottom of the page). The
Micromite firmware download on the
PEwebsite is also updated periodically,
but there may be a delay between a new
release and it appearing on our website.

Generally, the firmware is contained
in a .zip file, along with the Micro-
mite manuals, so you need to unzip
its contents and locate the firmware
file (it has a .hex extension). Then,
copy this file to the same folder as the
pic32prog program.

Programming the firmware

To program this file into the Micromite
chip, run pic32prog with the follow-
ing arguments:

pic32prog —-d ascii:comxx
yyyy.hex

Here, xx is the COM port number and
yyyy . hex is the name of the firmware
file. The COM port number is the same
as thatallocated by Windows when the

Microbridge was in its USB-to-serial
converter mode.

As an example, if your Microbridge
was allocated the virtual serial port of
COM23 and the file that you wanted to
program was Micromite_V5.05.09.hex,
the command would be:

pic32prog -d ascii:com23
Micromite_V5.05.09.hex

Before you do this, make sure that you
have closed the terminal emulator that
you were previously using to communi-
cate with the Microbridge in its USB-to-
serial mode. Not doing this isa common
mistake and it will cause pic32prog to
abort with an error message, because

it cannot open the virtual serial port.
When you press enter at the end of
this command, pic32prog will upload
the hex file to the Microbridge, pro-
gram it into the PIC32, then read back
the programmed data to verify that the
programming operation was executed
correctly. The whole operation will take
less than a minute and sample output
of the whole process is shown in Fig.5.
After the programming operation, the
MODE LED will switch off, the Micro-
bridge will revert to operating as a USB-
to-serial converter, and

the Micromite will
REG1 MCP1703A-3302 aqtomatlcally restart
+5V l Ut l 3.3V with the new firmware.
Updating the Micro-
47 PFI L I4-7 W l]OOnF L5ka mite’s firmware will re-
= J.- = I | | set any options set and
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T e L Kitomiateion o
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2 o Vss PIC32MX170RB10 .
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Fig.4: the circuit of the Explore-28 module is elegant in its simplicity. IC1 is the PIC32 which We have often cov-
runs MMBasic; IC2 is the Microbridge which provides a USB serial port and the ability to ered soldering sur-
reprogram IC1; and REG1 is a low-dropout regulator which provides both ICs with a 3.3V face mounted com-
supply rail, derived from USB 5V or a source of 4-16V DC fed in via CON1 and/or CON2. ponents before, and
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using them is nothing to be feared.
The secret is to use plenty of flux paste
and keep only a small amount of sol-
der on the soldering iron’s tip. The flux
makes the solder flow smoothly around
the joint while using only a minimal
amount of solder means that you will
avoid solder bridges and blobs.

The PCB used for the Explore-28 is
a four-layer board, coded 07108191,
measures 39 x 18.5mm, and has com-
ponents mounted on both sides. It is
available from the PE PCB Service.

The overlay diagrams, Figs.6(a) and
(b), show where the components are
mounted, along with top and bottom
layer tracks.

We haven’t shown the two inner
layers because that would make the
diagrams hard to read. The outer layer
tracks shown are used for signal rout-
ing, while the two inner layers con-
sist of a ground plane and a power
(+3.3V) plane.

These cover most of the board and
only have holes where vias pass be-
tween the top and bottom layers.

Other vias are used to connect these
planes to component pins.

While Fig.6 shows where all the com-
ponents need to be mounted, the silk
screen printing on the board will also
guide you during assembly.

It’s best to solder the SMD compo-
nents on the bottom side first (the side
with IC2 and REG1), then add the com-
ponents to the top side, and finish with
the pin headers.

Before soldering IC2, if you haven’t
purchased a pre-programmed kit, you
need to program it with the Micro-
bridge firmware. This can be down-
loaded from the PE website or from:

icropite 5.

nicrocont

2

- Version 2.8.2208

ge Ualulenko

Ht:hut ETTS
Adapter: . sedii 1CSP ui
Proces
Flazh menory:
Boot menor

6 ?a (PE)

1 >

T BT C AT BN B IR0 BRSO S O S S R R A 0
BEURAHUERI done
npnnunpEEREsERR RN REBRERREERBERANRRBERRERRIRBIRRYE done
IIIHIIIIHFIIII!IIIIIIT don

»255 hytes per

= 58§
= 18-8-8
B 505

b

N

3 7h

8 vB381
done

Fig.5: the typical output from pic32prog after it has programmed a new version
of the MMBasic firmware into the Micromite using the Microbridge. The whole
operation is straight forward and takes less than a minute.

http://geoffg.net/microbridge.html
(scroll to the bottom of the page).

You will also need a narrow SOIC
programming socket to do this, so un-
less you have one, you're better off ac-
quiring a programmed chip.

You do not need to program the
PIC32 microcontroller used for the
Micromite because the Microbridge
will do that for you when you have
finished construction.

Solder IC2 on the bottom side of the
board first, taking care that its pin 1 dot
is oriented towards the nearby empty
square pads, as shown in Fig.6.

If you bridge two pins with solder,
clean up the bridge by applying a little
flux paste and then solder wick.
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Follow with REG1, which can only
go in one way around. It’s best to ap-
ply a little flux paste to the large pad
first, then solder the three smaller pins
before finishing with the large tab. You
may need to turn your iron up to get a
good solder joint on the tab.

Now add the seven resistors and
five capacitors to the bottom side, be-
ing careful not get any of the different
values mixed up.

Flip the board over and then solder
the USB socket. Make sure its five sig-
nal pins line up correctly with the pads
(aided by the two plastic posts going
into holes on the board), then solder
those signal pins and ensure there are
no bridges between them.

CON2/3 (UNDER)

28 CON2/3 [UNDER) 155V 15 5V
Ggocacanl egoges) EEEEEEEEREEEEEE
I : 2 :. A A N N J—/—/_—/‘
1 CON4 LED]nff-ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ —m .
T —— PWRES ilg W
[DDDDDDDDDDDDDDD] o =
1 CONT (UNDER) 145V ) @ = gl FON4
~ n ®
ACTUAL SIZE MgBE;; . 15 - " . :,:.
CONI 145 < RIRIRIRIRG AT IRIRIN N =56
‘DDDDDDDDDDDGDDD‘ R A S A A A S S S S D S
15k9D'gJE|115mﬂ:ﬂ47uF oo aoooooadoaaodo
1 5kn ]lOOnF E _DE 1 ‘ 1 CON1 (UNDER) 14 5V
‘°"m Con ey BT f g 2:1 SCALE FOR CLARITY (DOUBLE ACTUAL WIDTH & HEIGHT)
[naunaun’o]auﬂuﬂi}‘ 1 CON1 14 5
28 CON2/3 155V N i
T RIS BT A W V™ PR T (IS PR D[P )
Fig.6: use these same-size photos and PCB overlay diagrams (top g AT
and bottom view) as a guide to assembling the Explore-28. 1.5k ! = [E.skea" oo
Because the Micromite Explore-28 is so small, we’ve also prepared | 10ka Tj e = UTiske o
the twice-life-size diagrams at right to make life a little easier! 1.5k “ = |]:|]10!kﬂ 2
As mentioned in the text, it’s easiest to populate the bottom side 100 ‘ = C | 1| Ses
first (with IC2 and REG1) since these components are all similar ‘EOO“F =0l eS| [(LTljour  Crj @ REGT
heights, so the board should still sit relatively flat while you solder 100nFI]:|] ° T a7uEp o el

the remaining components on the top side. If you’re having trouble
getting it to sit flat, try plugging a pair of 15-pin headers into a

breadboard and then resting the PCB on top.
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The Explore-28 is designed to plug into a standard
(solderless) breadboard for easy prototyping. Using
the pre-assembled module, you can plug it into a
USB port on your laptop, and in a few minutes have

a simple program running.

If there are bridges, apply some flux
paste and clean them up using solder
wick. Then solder the four large mount-
ing tabs, to hold the socket firmly to
the board.

With that done, you can continue
with soldering IC1; again, watch its
orientation — pin 1 goes at the opposite
end from the USB socket.

Then fit LED1 and LED2, with their
cathodes (generally indicated with a
green stripe or dot) towards the ‘K’
shown in Fig.6 (shown on the PCB itself
as white squares). But note that while
most LEDs have a green dot or stripe

to indicate the cathode,
we’ve seen LEDs where it
indicates the anode.

So to be extra safe (and
avoid a lot of fiddly rotat-
ing of components later),
it’s best to probe each end
of the LEDs with a mul-

- . timeter set on diode-test
- mode.

When they light up, the
red probe is on the anode
and the black probe on
the cathode.

Finish up by soldering
pushbutton S1 in place,
followed by the headers,
fitted to the underside of
the board as shown.

Testing

To test the completed
Explore-28, simply con-
nect it to a USB port on
your computer and pro-
gram the latest firmware
into the Micromite as
described above (if your
Micromite chip wasn’tal-
ready programmed).

Then check that you
can get the MMBasic command
prompt via a terminal emulator. If
you can, it means that everything is
working perfectly.

If you do not see the virtual serial
port created by the Microbridge on your
computer, the first thing to check is that
the voltage regulator is producing 3.3V
(measure between pins 13 and 8).

If this is OK, then the Microbridge
chip is probably at fault, with the most
likely causes being poor soldering or an
incorrectly programmed chip.

If you can connect via the USB-to-
serial interface but you do not see the

Where to buy the Explore-28...
... parts, kits and modules

e A full kit, major parts or a
complete pre-assembled module
is available from the dedicated UK
Micromite store at:
https://micromite.org/

¢ Also visit the Rictech Ltd website
for a downloadable construction
pack with PCB and firmware:
www.rictech.nz/micromite-products

Micromite’s prompt, you should check
that the Micromite was programmed
correctly, that the capacitor on pin 20
is of the correct type and, of course,
that your soldering is good.

A handy check is the current drawn
by the completed module. This is nor-
mally about 36mA.

You would need to connect an am-
meter between a 4-16V DC supply and
the bottom row of pins on the board to
measure this.

Ifitis closer to 15mA, the Micromite
chip is not running correctly, while a
current draw of less than 5mA points
to a problem with the voltage regulator.

So, there you have it. The Explore-28
is an easy-to-use microcontroller mod-
ule that you can use as the brains of
your next project. It is a fun electron-
ic building block to play with and an
excellent way of learning to program
in the BASIC programming language.

Reproduced by arrangement with
SILICON CHIP magazine 2020.
www.siliconchip.com.au

Micromite Resources

Latest firmware versions, manuals and tULOMIAIS: ..........cccvoiiiiieecieee ettt sttt eene s http://geoffg.net
‘Getting Started with the Micromite” and ‘Micromite User Manual’: ........................... http://geoffg.net/micromite.html#Downloads
The Back Shed forum, where many knowledgeable users can help newcomers:.... www.thebackshed.com/forum/Microcontrollers

Microbridge Resources

Firmware for the Microbridge (PIC16F1455) in the Explore-28: ........cccoovovvivvevevenees http://geoffg.net/microbridge.html#Downloads
pic32prog, used to program new firmware into the Micromite (Windows).............. http://geoffg.net/microbridge.html#Downloads
P32P, a user-friendly GUI interface for pic32prog.exe (Windows): .... www.thebackshed.com/docregister/ViewDoc.asp?DoclD=21

Terminal Emulators

Tera Term, the standard terminal emulator used with the Micromite: ..........cccooeovieiiesececeee e http://tera-term.en.lodd.com/
GFXterm, a terminal emulator designed specifically for use with the Micromite. It works with the Micromite’s

built-in editor and supports a set of graphics extensions: ................. www.thebackshed.com/docregister/ViewDoc.asp?DoclD=22
MMEdit, a complete IDE (Integrated Development Environment) specifically designed for the Micromite. It includes

advanced features such as colour-coded text, formatting, download and run, and more: ............ www.c-com.com.au/MMedit.htm
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Using Cheap Asian Electronic Modules Part 24: by Jinm Rowe

Three Steppel
Motor @[FDW@[F@@

Want to build your own 3D printer or CNC
machine? You'll need multiple stepper motors
to control it, and a way to drive them. Or
maybe you have some stepper motors from old
printers or disc drives and want to reuse them.
Here are three of the most common stepper
motor driver modules and how to use them.

This article assumes you
understand the basics of how
stepper motors work. If you
want an introduction to this type of
motor then read Paul Cooper’s excel-
lent Using Stepper Motors series in the
October 2019 to February 2020 issues.
Our first driver module is also the
largest, at 60 x 55 x 28mm, including
the finned heatsink for the driver IC.
It’s based on the ST Microelectron-
ics L298N dual H-bridge driver chip
and is currently available on eBay
for around £3 to £4.50 (at the time of
writing see item 182636983939). If
you don’t mind waiting up to amonth
for delivery, then AliExpress sell this
item for nearly half the eBay price.
The ‘N’ on the end of the chip ver-
sion signifies thatit’s in a 15-pin Mul-
tiwatt Power package, intended to be
mounted vertically on a heatsink. ST
Micro also make a similar version
(L298HN) intended to be mounted
horizontally, and a version in a Pow-
er-SO20 SMD package (L298P).
Fig.1 shows a simplified block dia-
gram of what’s inside the L298. It has
two full H-bridge drivers (using bipo-
lar power transistors) and so can drive
both stator windings of a standard two-
phase bipolar hybrid stepper motor.
Each bridge has an enable input
and two logic control inputs, and both
bridges have their negative supply
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connections brought out separately, to
allow for an external current-sensing
resistor (RSA and RSB, shown inred).

The L298 can operate from supply
voltages from 6-46V and can handle up
to 2A per bridge. The inputs are TTL
compatible. This makes it the most
rugged of the driver ICs we’re looking
at here, especially when it’s fitted to
that 23 x 25 x 15mm finned heatsink.

Fig.2 shows the full circuit of the
L298N-based driver module. In ad-
dition to the L298N chip itself (IC1),
there’s regulator REG1, which pro-
vides a 5V supply for the logic cir-
cuitry from the stator supply voltage
Vus, if no separate 5V supply is avail-
able. REG1 is enabled simply by leav-
ing the jumper shunt in place on the
‘5V_EN’ header.

There are also eight MDDM7 fast-
switching silicon diodes to ensure
that all four outputs of IC1 are pro-
tected from damage due to back-EMF
spikes from the motor stator wind-
ings, at the end of each current pulse.

The upper diodes prevent the out-
puts from swinging more positive
than one diode forward-voltage drop
above the supply voltage (Vys), while
the lower diodes prevent them from
swinging below ground by more than
one diode forward drop.

Note that there are no current-sens-
ing resistors fitted between the Sense,

£
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T
L4
&
'

(pin 1) and Senseg (pin 15) pins of IC1
and ground. Instead, these pins are
brought out to the two pairs of header
pins (CSA and CSB) at the right-hand
end of the 6x2 pin DIL header, just be-
low IC1 in Fig.2.

This allows you to connect in cur-
rent-sensing resistors if you wish,
or just short both pins to ground (by
leaving the jumper shunts in place) if
you do not need current monitoring.

The other four pairs of header pins
(U1-U4) allow you to disconnect
the four 10kQ pull-up resistors be-
tween the control inputs of IC1 and
+5V. Four of the five indicator LEDs
(LEDs1-4) show when each of the four
logic inputs is high, while the fifth
(LED5) is a 5V power-on indicator.

This module is quite flexible but it
does have one significant shortcom-
ing: it is purely a dual H-bridge step-
per driver, lacking any built-in index-
ing controller.

ST Micro make a matching control-
ler chip for use with the L298, called
the L297. This can control the L298
for full- or half-stepping, wave mi-
crostepping and clockwise or anti-
clockwise rotation. It can also sense
the voltages across the current sens-
ing resistors CSA and CSB, and use
PWM to control and regulate the sta-
tor winding currents. However, the
L297 chip costs around £10 — two to
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Fig.1 (right): block diagram of the L298N IC, which is shown as
part of the module above, attached to the heatsink.

three times the price of the L298 mod-
ule itself. Instead of using an L297
controller chip, you can use software
running in your Arduino, Micromite
or some other micro. Developing this
can be a bit of a challenge but it is by
no means impossible.

By the way, the L298N module isn’t
restricted to driving a stepper motor.
It can also be used to drive a pair of
conventional brushed DC motors —
one from each of the two H-bridges.
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— O 1
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All you need to do is feed one input
of each bridge with a PWM (pulse-
width modulated) pulse stream. You
could drive one input for clockwise
rotation and the other for anticlock-
wise rotation.

DRV8825-based module

The next module is much smaller and
combines a stepper motor controller
and driver, both within the Texas In-
struments DRV8825 chip. The mod-

INSIDE THE 1298 DUAL FULL-BRIDGE DRIVER

ule measures just 20 x 15 x 16mm, in-
cluding the stick-on heatsink; and is
currently available from eBay suppli-
ers for around £1.25 each (at the time
of writing, see item 392867154045).

The DRV8825 chip packs a lot into
a 28-pin SSOP (SMD) package, as you
can see from the internal block dia-
gram in Fig.3.

There are two full H-bridge drivers,
labelled MOTOR DRIVER A and MO-
TOR DRIVER B. These use N-channel
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Fig.2: complete circuit diagram of the L298N-based stepper driver module. CSA and CSB can be fitted with two current-
sensing resistors if needed, otherwise they can just be shorted to ground.
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power MOSFETs and can operate

The 10nF capacitor between pins

INSIDE THE DRV8825
with a supply of 8.2-45V, with VMA CP1 (1) and CP2 (2), and the 100nF
a drive capability of up to 2.5A I '~ vwe  capacitor connected between the
(for each channel) at a supply [ o Vep pin (3) and the motor voltage
voltage of 24V. ow CHARGE [ - line Vy, are needed so that the in-

Each driver has provision for VP3OUT <= & | INERwy | S50 PUMP oo ternal charge pump can develop
connection of current-sensing re- = o e the high-side gate drive voltage for
sistors at the bottom of each bridge H L vcp  the two internal H-bridge drivers.
(Isgna and Igpng)- AVREF r The chip’s Isgna and Iggyp output

The block above the motor driv-  BVR¥F current-sensing pins are connect-
ers is a charge pump used to de-  Fome aoury €4 to ground via 0.1€Q resistors, to
velop the gate drive supply forthe  pecay SN “[')‘(RDI\T/%‘ [ allow the regulation circuitry to
upper MOSFETs in each bridge. ENBL A aourz  OPerate. Trimpot VR1, shown at

Then at upper left, there’s a pmopeo [ upper left, allows the maximum
3:3V regulator, which can pro- mope CONTROL S ISENA F:urrent level in each m(?tor wind-
vide the current reference volt- mope2 LOGIC/ ing to be set to any desired level,
ages for the two bridges (AVggr  REsET INDEXER J by setting the voltage at the AVyg
and BViggp). SIEEP 4 and BV pins.

The DRV8825 also includes its STEP The DRV8825 data sheet advises
own stepper control logic/index- DIR MOTOR BOUTT  that there is an op amp with a gain
er block, shown atlower left. This  FauUlm 4 DRIVER of five in the feedback circuit from
has STEP and DIR logic inputs for s BOUT2  the Igpna and Iggys pins, so the re-
basic motor control, plus three lationship between the maximum
MODE control inputs (MODEO, SUTOOWN SENB motor winding current, the sensing

MODE1, MODE2) which deter-
mine the stepping mode.

A total of six different stepping
modes are available: Full-stepping,
half-stepping, quarter-stepping and
three different microstepping reso-
lutions (8/16/32 microsteps per full
step). The microstepping is performed
using PWM current control, togeth-
er with synthesised sine and cosine
waveforms.

Internal feedback from the Iggna
and Igpng pins allows the PWM cir-
cuitry to regulate the motor winding
currents at the same time. The chip
supports fast, slow or mixed current

Fig.3: block diagram of the DRV8825 IC.

The SLEEP input allows the inter-
nal circuitry to be shut down for very
low current drain between active mo-
tor drive periods. There are also ENBL
and RESET inputs, both of which have
internal pulldowns. And there’s a
FAULT output, which goes low if the
device detects an over-temperature or
over-current condition.

Fig.4 shows the full circuit of the
DRV8825-based stepper driver mod-
ule, and there’s little in it apart from

decay modes.

the DRV8825 chip (IC1).

resistor values and the Vggp volt-
age (set by VR1) is straightforward:

Iniax = Vrer + (5 % Rgpnse)

So with the 0.1Q sensing resistors
used in this module, the maximum
winding current (Iy,x) will be equal
to Vggr % 2. As a result, VR1 can eas-
ily set the maximum current level up
to 2.5A. For example, setting VR1 so
that Vggp = 1.0V will give a maximum
winding current of 2A.

Asyou can see, despite its tiny size,
the DRV8825 has a surprising range
of capabilities, including a very flex-
ible built-in indexing controller to
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Fig.4: complete circuit diagram of the DRV8825-based stepper driver/controller module. While this circuit is less complex
than the L298N-based module shown in Fig.2, it doubles as a controller and driver instead of only being a driver.
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i
The DRV8825 (left) and TB6612FNG-based module (right) shown slightly enlarged. Note the stick-on heatsink for the
DRV8825, which would likely be required when driving large stepper motors with windings that pull 1A or more.

simplify controlling a stepper motor
from a micro.

TB6612FNG driver module
The third stepper motor driver module
is based on the Toshiba TB6612FNG
chip. It’s slightly larger than the
DRV8825-based module, measuring
only 20.5 x 20.5 x 11mm, including
headers. It’s available from suppliers
on eBay for around £2.40 each — at the
time of writing see item 254645741337.

Fig.5 shows a simplified block
diagram of what’s inside the TB-
6612FNG, which comes in a 24-pin
SSOP SMD package. It’s basically a
pair of H-bridge drivers, each driven
from a control logic block. So in many
ways, it’s rather like the L298N, ex-
cept that the H-bridges use LDMOS
power transistors rather than bipolar
power transistors.

The TB6612FNG is rated to oper-
ate at a maximum motor supply volt-

age (VM) of 15V, and to deliver out-
put currents of up to 1.2A average or
3.2A peak, for each channel. But it
also needs a logic circuit supply volt-
age (V) of between 2.7V and 5.5V,
and there is no on-chip regulator to
derive this from the motor supply.
So this must be supplied externally.

Note that although the ground con-
nection of each H-bridge is brought
out to a pair of device pins (3 and 4,
9 and 10), these pins are all linked
together inside the device.

You therefore can’t individually
monitor or control bridge currents.
You’d have to use a single resistor,
and it would develop a voltage cor-
responding to a vector sum of the two
bridge currents.

By the way, like the L298N, the
TB6612FNG does not include any
indexing/control circuitry ahead of
the control logic. So it too needs ex-
ternal indexing hardware or software

to drive a stepper motor.

On the other hand, it’s suitable for
driving a pair of brush-type DC mo-
tors, using PWM input signals to con-
trol motor speed and the Apq/Ane
and By1/Bpye signals to determine
rotation.

Fig.6 shows the actual circuit of
the TB6612FNG based driver module,
and clearly, there is very little in it
apart from the main chip itself (IC1).

There are just three bypass capaci-
tors on the supply lines and two 8-pin
SIL headers (CON1 and CON2) to
make the input and output connec-
tions. It couldn’t be much simpler.

Trying them out

Since the driving schemes of the
L298N and TB6612FNG are quite sim-
ilar, we’ve decided to concentrate on
demonstrating how to use the L298N
and DRV8825-based modules. And
we’re going to demonstrate driving
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18 Fig.5 (left): block diagram of the TB6612FNG driver IC.

INSIDE THE TB6612FNG MOTOR DRIVER IC
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Fig.6 (above): complete circuit diagram of the TB6612FNG-based module
which is only a driver module and does not have any control circuitry.
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Currently, there are quite a few new step-
per motors available via eBay and other
online sources.

Here’s a sample of those we found in
the standard NEMA sizes, together with
their price range:

NEMA 11 from around £9-£30 each de-

pending on specification
NEMA 17 £7.50 each or five for £26
NEMA 23 around £25 each

There were also many small non-NEMA
steppers available at much lower prices.

For example, a 28BYJ-48 5V unipolar
stepper motor bundled with a ULN2003
driver module was around £3 each or £12
for a pack of five.

one from an Arduino and one from
a Micromite.

You should not have difficulty
adapting our examples to different
combinations of the modules and con-
trollers if it turns out that you’d prefer
to use some other pairing.

First, let’s start by driving the
L298N-based module from an Ardui-
no. While this module lacks its own
indexing controller, the Arduino IDE
comes with a library called ‘Stepper’
which has functions to perform in-
dexing. That makes hooking up con-
troller chips like the L298N (or the
TB6612FNG) quite easy.

Fig.7 shows how we connected the
L298Nmodule to an Arduino Uno and
a typical bipolar stepper motor. The

connections between the Uno and the
module inputs are the defaults for the
Stepper library, so it’s important to
follow these carefully.

The stepper motor windings are
each connected to either the MOTOR
A or MOTOR B output terminals,
while the Vs and GND terminals are
connected to the motor power supply.

All the jumper shunts are left in
place on the module.

Also, note that the module’s cen-
tre GND pin needs to be connected to
one of the GND pins of the Arduino.
That’s because there is no other con-
nection between the two GNDs, and
the control signals would otherwise
not work correctly.

The Arduino IDE Stepper library
comes with some example sketches
written by Tom Igoe. We adapted one of
these to make it easier for our readers.
It’s called SCstepper_oneRevolution.
ino and you can download it from the
September 2020 page of the PE web-
site. It directs the stepper motor to ro-
tate in one direction by a full revolu-
tion, then reverse and rotate back by a
full revolution.

The number of steps required for a
full revolution needs to be added to
the sketch before you run it. The cor-
rect figure for many motors is 200, so
that is the default.

If you find this sketch interesting,
you’ll find another three sketches in
the ‘Examples’ folder of the Stepper
library folder on your PC (if you have
installed the Arduino IDE). These
will all work with the setup shown in
Fig.7, performing different functions.

Microstepping with the Micromite
We decided to drive the DRV8825-based
module with a Micromite because its

inbuilt indexer made it a little easier
to program ‘from scratch’.

Fig.8 shows how we connected the
module between the Micromite and
a bipolar stepper. The main STP and
DIR inputs of the module are driven
from pins 10 and 9 of the Micromite,
with the SLP and RST inputs both
driven from pin 16.

Similarly, the ENBL input is driven
from pin 22, while the M0, M1 and
M2 mode control inputs are driven
from pins 21, 18 and 17 respectively.

On the output side, the motor wind-
ings are connected to the A1, A2, B1
and B2 pins, while the motor supply
is connected to the Vi, (+12V) and
GND pins. The two GND pins are also
connected together, and on to a GND
pin on the Micromite. This is done to
ensure that both the module and the
Micromite have a common ground.

An electrolytic capacitor of at least
100pF must be connected between the
Vuma and GND pins of the module, as
shown in Fig.8.

This is to provide a low impedance
reservoir from which the module’s
H-bridges can draw current pulses —
without any impedance from induct-
ance in the power leads.

The USB-UART bridge module at
top centre in Fig.8 is to program the
Micromite from your PC, as well as
to provide the Micromite with 5V DC.

Note that while the DRV8825 module
comes with a tiny (9 x 9 x 5mm) finned
heatsink which can be attached to the
top of the DRV8825 chip using an ad-
hesive patch, it is unnecessary when
driving a small stepper motor from a
12V supply. Presumably, it would be re-
quired if the module is driving a reason-
ably large stepper motor with windings
drawing over 1A from a 24V supply.
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MOTOR
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A

STEPPER MOTOR

WINDING
B

Fig.7: wiring diagram to connect the L298N-based driver module driving a
4-wire bipolar stepper motor with an Arduino or compatible board. Note that
the module’s ground connection needs to be wired to the Arduino’s ground
connection otherwise the control signals will not work properly. The program is

available from the PE website.
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Stepper Motor Controller
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The three screengrabs of the example microstepping program for the DRV8825 running on a Micromite. From left to right
there is the main menu at power-up, the SET FUNCT sub menu (which determine how the drive pulses should be sent)
and then the SET MODE sub menu (which is used to select the stepping mode).

In our test, the winding current was
only about 330mA and even without
the extra heatsink, the DRV8825 be-
came only barely warm. The module
PCB provides copper patches on both
sides under the chip, linked by an ar-
ray of vias. So it already has a useful
amount of heatsinking.

After studying TI’s datasheet and
application notes, I was able to write
a Micromite program to control a step-
per via the DRV8825 module.

This program is named DRV8825
stepper driving program.bas and you
can download it from the September
2020 page of the PE website.

When loaded onto a Micromite with
LCD BackPack, at power-up it will pre-
sent you with the main screen with
six touch buttons, shown in Screen 1.
The buttons are labelled SET FUNCT,
SET MODE, < DIR, DIR >, START and
STOP. Pressing SET FUNCT loads the
SELECT FUNCTION screen shown in
Screen 2. This lets you choose from
one of five functions:

et

SINGLE Send a single step pulse
each time

CONTIN Send a large number of
step pulses)

1/2 REV ~ Send pulses for a half

revolution of the motor)
FULL REV Send pulses for a full
revolution)
Send pulses for one full
revolution in one direc-
tion, followed by pulses
to make the motor return
in the opposite direction
to its original position).
The sixth button on this screen is
labelled RETURN, allowing you to
get back to the main screen without
changing the existing selection.

If you press the SET MODE button
on the main screen, you’ll be present-
ed with the SELECT STEPPING MODE
screen shown in Screen 3. This allows
you to select one of the six stepping
modes provided by the DRV8825:
FULL STEP, HALF STEP, 1/4 STEP,
1/8 STEP, 1/16 STEP or 1/32 STEP.

FWD-REV

Touching any one of these buttons
selects the desired mode and switches
you back to the main screen.

The two red buttons on the main
screen are used to select the direc-
tion of motor rotation. And touch-
ing the START button at lower left
should result in the motor performing
the selected function, using steps of
the mode you’ve selected. The STOP
button allows you to stop the motor
at any time.

This program demonstrates a fair
number of possibilities when it comes
to using the Micromite to control a step-
per motor using the DRV8825 module.

Some useful links on each of the
modules are listed below:
www.st.com/en/motor-drivers/1298
www.ti.com/product/DRV8825
siliconchip.com.au/link/aama

Reproduced by arrangement with
SILICON CHIP magazine 2020.
www.siliconchip.com.au

STEPPER MOTOR

MOTOR MOTOR
WINDING WINDING
B A
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Fig.8: wiring diagram for the DRV8825-based driver module connected to a
4-wire bipolar stepper motor and Micromite. The 100pF electrolytic capacitor is
required to provide a low impedance supply for the module’s two H-bridges.
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Cheap and easy compact
speaker enclosures

by Julian
Edgar

Want to build speaker enclosures but put off by the woodwork involved?
Julian Edgar describes a novel technique using clay-fibre flowerpots. They
look stunning — and sound excellent, too.

peaker building is great

fun, but one of the greatest chal-

lenges in home Hi-Fi speaker
construction is making the enclo-
sures. Typically, speaker enclosures
are constructed from veneered or
plastic-coated particle board, and to
develop good-looking and stiff enclo-
sures usually requires access to some
pretty serious woodworking machin-
ery. A different approach is to base the
enclosure design around flat-pack fur-
niture — but when taking that route,
the expense quickly adds up.

However, the enclosure design cov-
ered here takes a completely different
approach — you could say, a radically
different approach! Rather than make
arectangular enclosure from compos-
ite board, this approach uses clay-fibre
flowerpots (planters) that are glued to-
gether. Constructing the compact en-
closures takes hours rather than days,
and the cost can also be quite low. Fas-
cinatingly, this method of enclosure
design also has major benefits to the
sound that’s developed.
First, let’s go back to the beginning

—how did such an unusual approach
come about?

Beginnings

Near where I live, there is a small-
scale manufacturer of very expensive,
esoteric speaker enclosures. The en-
closures are spherical and are hand-
made from concrete. The outer sur-
faces are polished or painted, and the
enclosures sit on avant-garde sheet
metal stands.

I wandered in one day to experi-
ence the sound. On the one hand I
was impressed — the music sounded
incredibly open and spacious—and on
the other, underwhelmed. What I was
most underwhelmed by was the price.
The cost of the speakers was way out
of my budget, and so I started think-
ing about building my own.
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The constructor of the concrete en-
closures uses custom moulds in which
the concrete is cast. On my visit, he
told me of the years of development
that had gone into the technique, and
how he’d had plenty of failures along
the way. For a one-off pair of enclo-
sures, the time and effort in my mak-
ing moulds would be horrendous, sol
wondered — was there another way of
achieving a similar outcome?

That’s when I discovered the joys
of flowerpots!

The enclosures
The enclosures shown here use ordi-
nary flowerpots, also called ‘planters’,

but crucially they are made from clay-
fibre (also often listed as ‘fibre-clay,
‘fibreclay’ or similar). This material
uses a mixture of traditional clay and
fibre — the latter is apparently a waste
product from pulp mills. Acoustical-
ly, itis relatively dead (the pots don’t
ring when tapped) and can be worked
and cut with normal tools — more on
this in a moment.

Pot shape - not just spheres

The pots I use are hemi-spherical —
that is, when two are glued together,
they form a sphere. However, de-
pending on the shape of the pots that
you start with, you can have all sorts
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of shapes. For example, if you glue
together two pots having extended
sides, you will end up with more
of a prolate spheroid. (Yes, I had to
look that one up — it means an elon-
gated sphere.)

The curved walls of the enclosures
provide excellent stiffness, reduce in-
ternal standing-wave reflection, and
potentially have some advantages in
reducing diffraction effects (there are
no front enclosure edges).

Although the precise shape is not
critical, do use circular ones, not the
box-shaped ones, which are weaker,
heavier and lack the acoustical ad-
vantages of pots with continuous ro-
tational symmetry.

While I haven’t done so, it may
also be possible to glue a flat piece
of particle board within the mouth
of an elongated pot and mount the
speaker driver on that. (This would
still massively reduce the amount of
work needed to be done over build-
ing a conventional enclosure.)

Flowerpot selection

When selecting appropriate pots, you
first need to consider the internal vol-
ume required for your design. For ex-
ample, does your final enclosure de-
sign need to have a volume of 15 litres
—or 30 litres? Using off-the-shelf flow-
erpots, you obviously won’t be able
to have an infinite variety of internal
volumes available, but if the sound
is to be good, you’ll need an internal
volume that is close to the required
design spec.

Second, ensure that the flat surface
(the one on which the pot normally
sits) is large enough in diameter to take
the main bass driver (the woofer). In a
two-way system, I mount the tweeter
externally, but if you want the tweeter
to be in the same panel as the woofer,
the flat part of the pot will need to be
larger. In ported designs, I use the rear
flat area of the enclosure for the port.

Finally, the quality of clay-fibre
flowerpots varies considerably, so
ensure that you have solid examples.

(And where to source the pots? Just
wander along to your nearest large
garden supplies store. Looking online,
Homebase has a wide variety of clay-
fibre pots.)
In addition to the clay-fibre pots,
you will also need:
B Water clean-up industrial adhesive
B Polyester fibre internal damping ma-
terial (I use low-cost quilt wadding)
B Acoustic components (drivers,
crossovers, terminal blocks, ports)
B Basic tools, including an electric
drill and an electric jigsaw. An an-
gle grinder is useful and hastens
the work, but you could use ahand
file instead.

How to construct your enclosures
The accompanying photo panels and
captions give you the main construc-
tion details. There is room for consid-
erable innovation and personalisation,
so stick to the basic techniques, but
don’t be afraid to add your own de-
sign flourishes.

Fig.1. (above) The first step is to buy a pair of the bowls. At

the time of writing, these bowls were available in 28cm, 34cm,
40cm and 51cm diameters, and in black or white finishes. The
one used here is 34cm (external) diameter with a black finish.
Two glued together give a 16-litre internal volume. (The ear
defenders give a sense of scale and are a reminder to wear PPE
when using power tools or working on a dust-generating job!)

Fig.2. (above right) Here is the as-bought bowl turned upside-
down. While it isn’t super clear in this pic, the bowl rests on
‘feet’ which are formed into the bowl. To gain a flat surface,

these feet need to be ground off.

Fig.3. (opposite) A normal metal grinding disc mounted in an
angle grinder does a good job of removing the ‘feet’. Again,
it’s a dusty job and so it's best done outside with the operator
wearing goggles, hearing protection and a dust mask.
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Fig.4. Here’s the view with the base smoothed. To get it as flat
as possible, follow-up the grinder with the use of a belt sander,
or moderately coarse sandpaper and a sanding block.

Fig.5. The next step is to mark the cut-out required for the driver.
Be careful in sizing this hole — too small and there will be the
need for lots of further grinding; too large and you will not get
the driver to seal in the hole. Note the pot drainage hole.

Fig.6. The hole for the driver can be cut out with an electric
jigsaw — this pic shows the piece that’s been removed. Use a
coarse wood-cutting blade — and expect to get only a few holes
out of the blade before it is blunt. Don’t go like a bull in a china
shop — you can crack the bowl if you push too hard.
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Fig.7. Here is the hole immediately after the jigsawing had been
done. It’s difficult in the clay-fibre mix to follow the line accurately
(there are small pebbles in the material too), so it’s better to err
on the side of undersize rather than oversize. The hole can then
be ground back to the line by carefully using the angle grinder or
a half-round file.

Fig.8. It’s hard to see, but the arrow points to one of the speaker
mounting holes that has been drilled. If you have a masonry drill
bit, you could use that (not with a hammer drilll) but these holes
were drilled with a normal HSS (high-speed steel) bit. Drill the
holes sufficiently large that machine screws can be inserted —
nyloc nuts and washers will go on the inside of the bowl.

Fig.9. Use silicone sealant under the edge of the speaker frame.
This is important because despite smoothing with the grinder
and sandpaper, the mounting surface is likely to not be perfectly
flat. You don’t want air leaks around the edge of the driver.
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- Flowerpot speaker acoustic design -

The complete acoustic design ot
loudspeaker systems is well be-
yond this article — however, here
are some tips.

The most critical component to
get right in terms of enclosure sizing
is the woofer. Woofers are available
with Thiele-Small specifications,
and there are free online calcula-
tors into which these specs can be
plugged. The software will quickly
show you the required enclosure vol-
ume, and whether it is better that it
be sealed or ported. (And in ported
designs, the software will also show
you the required diameter and length
of the port.)

Note that the easiest way of meas-
uring the internal volume of the pot
is to fill it with sand, measuring the
required volume of the sand with a
measuring jug. (If using two pots, ob-
viously double this volume.)

Thiele parameters

If you would like to measure the
Thiele-Small specs of the driver your-
self (perhaps you have an unknown

driver for which the specs are not
available) Irecommend Woofer Tester
2, a combination hardware/software
package that connects to a PC and al-
lows quick and easy driver testing
and enclosure modelling. [ reviewed
this package in the May 2017 issue
of EPE/PE.

However, probably the easiest
(and potentially cheapest) way of
sourcing decent drivers, crossovers
and an enclosure design, is to buy
a good quality second-hand pair of
speakers close to the enclosure vol-
ume you are chasing. If the particle
board cabinets are a bit knocked
around, you can pay very little for
such speakers. You then just transfer
everything (woofer, tweeter, crosso-
ver, port and terminal block) into
the flowerpot enclosure. With the
added wadding and usually acous-
tically better enclosure, the sound is
very likely to be improved over the
original — and of course, the speak-
ers will look stunning.

In the enclosure design you can see
here, [used Alpine SPR-17S 6.5-inch

‘lype R Gomponent Splits — these are
sold for use in cars. This set comprises
nominal 6.5-inch woofers with cast al-
loy frames, 1-inch dome tweeters, and
full crossovers (not just capacitors).

The bass drivers lend themselves
to compact ported enclosures, and
the crossovers have variable tweet-
er attenuation so you can tweak the
high-end response as you wish. The
drivers also have plenty of power
handling and, since in ported enclo-
sures their efficiency is fairly high,
lots of sound volume is available.
At the opposite end of the spectrum,
they also still sound good with only
a few watts powering them.

The enclosures have an internal
volume of 16 litres and are tuned to
49Hz, with a port 50mm in diam-
eter and 118mm long. The tweeter
is mounted below the main enclo-
sure, and the crossover and port are
mounted on the rear.

The sound of the finished speakers
is outstanding — especially in their
transparency and their ability for the
vocalist to be ‘with you in the room’.

Fig.12. The port tube
needs to be the correct
diameter and length to
match the enclosure
design. PVC pipe is
cheap and easy. This
port is 50mm in diameter
and 118mm long.

Fig.10. The driver installed in the hole. Note the use of washers
and nyloc nuts on the speaker mounting screws. Tighten these
when the sealant is yet to set — but be careful not to over-tighten
or you could crack the bowl.

Fig.13. The port glued
into place. For this task,
and also gluing the
bowl halves together,

| used water clean-

up Liquid Nails. Note
that this glue was also
used to seal the ‘water
drainage hole’ provided
in the original bowl.

Fig.11. With the driver
installed, it’s time to tackle the
other bowl. The other bowl,
its ‘feet’ already ground off,
needs a hole made for the
port tube. | found the easiest
way to do this was to use

the jigsaw to cut a series of
radial slots like this, with the
pieces then broken off by

the careful use of pliers. The
hole was then filed to final shape. The hole doesn’t have to be
perfect — the industrial glue used to secure the port in place will
fill any small gaps. (Don’t use an expensive holesaw to make this
opening — the teeth will soon be blunt and the holesaw ruined.)
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Fig.14. Now is also
the time to feed

the cable through

a hole drilled in the
bowl, and seal it
with further glue.
Either solder the
wires to the woofer’s
terminals or equip
the cable with push-
on terminals to make
this connection.

| chose to mount
the crossover on

the rear of the
enclosure, but

it could also be
mounted inside.

Fig.15. This photo shows two steps. The first is that polyester
quilt wadding has been placed around the inside of the lower
bowl. Ensure that there is enough projecting upwards from the
lower bowl so that when the two bowls are glued together, the
wadding covers the inside surfaces of the upper bowl as well.
Also ensure the rear of the driver and the port are not blocked
by the wadding. The second step is to glue the two halves
together. Use a generous amount of glue around the rim of the
lower bowl. The upper bowl is then carefully lowered over the
lower bowl, ensuring the wadding goes inside the upper bowl as
it is lowered. (This job is best done by two people.)

Fig.16. The bowls

are pushed together
and then a wet finger
used to smear the
glue around the join,
ensuring that the

gap is filled. A damp
cloth is then used to
carefully remove the
surplus glue. (The glue
must be of the water
clean-up type!) Note
the chalk witness line
(arrowed) that shows
the correct alignment
of the bowls as they are joined. This line is made earlier when the
best rotational fit is found — because their lips aren’t dead-flat, the
bowls fit together better in some orientations than others.
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Fig.17. The tweeter is mounted below the main enclosure. |
could have run the tweeter cable within the square tube, but in
normal use the cable is not as visible as it is here. The physical
position of the tweeter makes a substantial difference to the
sound — it must be as far forward as the main driver.

Fig.18. (above) The next step
is to mount the crossovers on
the rear ‘flat’. The crossover
was glued into position just
below the port.

Fig.19. (right) The stand
shown here was made from
square tube. You can make
any type of stand you wish

— but the speaker must be

off the ground to work at its
best. (Also, when you are
buying the pots, check out the
available pot stands!)
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Regular clinictby lan®Bell

ecently, on EEWeb’s forum,
Robinson-Constantin Chera

posted a question asking about
simulating an amplifier circuit, writing: ‘I
need to implement the following circuit
[Fig.1] in LTspice butI don’t know what
Voms Vg Ve and Cinfinite are... Can you
help me with the symbols for it?’

This is a basic operational amplifier (op
amp) type circuit; or more specifically,
the initial gain stages of an op amp
without the power-amplifying output
stage. The circuit is typical of those
designed for implementation as
integrated circuits (ICs), where transistors
are used wherever possible and resistors
are kept to a minimum. The amplifier
only uses one resistor (R2) the other
resistor in the schematic (R1) is a load
and the capacitor (C,) is also part of
the load. Circuits like this can look
like an impossible mass of transistors
if you are not familiar with the various
building blocks which are used — so
Fig.2 highlights the various sections.

The following outlines the circuit’s
structure (also refer to Fig.2) — if the
terminology here is not all familiar,
don’t worry because we will explain
its operation in more detail later. The
amplifier has two stages. The first stage

Differential amplifiers

comprises a differential amplifier formed
by Q1 and Q2, biased by the current
source formed by Q6 and Q7, and
connected to an active load formed by
Q3 and Q4. Q6 and Q7 form a current
mirror, with Q6 providing the reference
for Q7 to deliver the bias current to the
differential amplifier. The second stage
is a common-emitter amplifier using
Q5, for which Q8 is an active load. Q8
is a current source to provide bias and
act as a high resistance load; like Q7 its
reference is provided by Q6.

We discussed the common-emitter
amplifier with active loads in a recent
Circuit Surgery article (PE, December
2019) so we will focus on the differential
amplifier in this article.

Spicing up the circuit

Robinson-Constantin posted a couple
of LTspice schematics on the forum and
received feedback. We will not look at
those specifically, but will discuss some
general issues about setting up this
(and similar circuits) for simulation.
The schematic in Fig.1 is a typical
‘textbook’ circuit (we will refer to it
as such, although of course the source
may be a web page). The aim of such
circuits is often to explain operating

principles, and some things may be left
out to simplify the explanation or focus
on a particular aspect, which may lead
to problems with simulation. Textbook
circuits may be idealised to facilitate a
discussion of key points without getting
bogged down in complexities.

SPICE can simulate highly idealised
circuits, but the assumptions may not
match reality, particularly with active
devices such as transistors, which again,
may cause problems. This will be more
likely if ‘real’ transistors are used in the
simulations (models of actual devices),
as Robinson-Constantin did. Default
models match NPN and PNP transistor
characteristics, which is unlikely with
real device models — the circuit may
‘unbalance’ and fail — typically one
or more transistors may get stuck in
saturation. Similar issues were discussed
in the December 2019 article on active
loads. Even the default transistor models
may not give the desired results without
some tweaking to match what is implied
by any assumptions.

Before worrying about these things,
you need to set up the schematic —
copying the basic schematic from the
textbook is probably straightforward,
but you may need to add components

Common-emitter
amplifier

Actie load for
differential amplifier

-

O Ve

4

P

Q6

Differential
amplifier

008

Fig.1. Robinson-Constantin Chera’s amplifier circuit.
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Fig.2. The circuit in Fig.1 with the various building blocks identified.
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to account for the input signals, power
supplies and loads. Robinson-Constantin
asks about Vg, V, and Vi - these are the
inputs signal (Vgy, v,) and supply (V).
The value of V was not specified in the
original post, but later 10V was used.

It is often a good idea to simulate
circuits with a load, even if the value
is idealised (eg, to a very large value)
while the basic operation is confirmed.
Changing the load’s value will provide
insight to the circuit’s performance. In
Fig.1, R1is the load and C,, is a coupling
capacitor which is chosen to have a
much lower impedance than R1 at the
frequencies of interest. If this condition
is met then the specific value is generally
not very important in a simulation.

In textbooks, supplies are often just
labelled (eg, Vi in Fig.1), but for a
simulation you will need to put voltage
sources on the schematic to account
for each power supply — in this case
there is only one, but split supplies
are common, and some circuits have
multiple supply voltages.

Differential signals
The circuit in Fig.1 is a differential
amplifier, so it has two inputs and we can
use two voltage sources in the simulation
to set up the input signal. Differential
signals are carried on two wires, so the
signal of interest — the signal we want
to amplify — is the voltage between the
two wires. For example, this could be
1mV, but the individual voltages could
be —-0.5mV and +0.5mV or 1.9995V and
2.0005V, or an infinite number of other
possibilities. The voltage difference does
not completely describe the situation,
we also need to specify the average
value of the two voltages, called the
common-mode voltage, which is 0V and
2V respectively in the two examples.
In Fig.1 the common-mode voltage
is applied to the two inputs with two
equal Vg, DC voltage sources. Having
established the common-mode voltage,
the wanted signal — the difference — can
be applied using a signal voltage source
on one of the inputs. Exactly the same
setup can be used in the simulation, but
actually only one SPICE voltage source
needs to be use per input because one
can be set to be DC at Vi, and the other
to be a sinewave source of amplitude v,
with a DC offset of V,,. Alternatively,
we can use two DC-plus-sine sources
with 180°-out-of-phase sinewaves of the
same frequency and half the amplitude
of the desired differential input signal.
Differential-input circuits such as op
amps can only operate over a limited
range of common-mode voltages, and
the circuit in Fig.1 is no exception.
We must use a suitable value and 0V
might seem like a simple option, but

44

it will not work for Fig.1. Unlike many
basic op amp examples, which use a
split positive and negative supply with
0V in the middle, the circuit in Fig.1
operates on a single supply, so Vg, =
0V would switch off the transistors in
the amplifier — it would not work. We
need V,, to be about half the supply
voltage for optimal operation. Similarly,
we need to set a suitable value for v,
which we will discuss later.

Current sources

As indicated above, in ICs, circuits
based on transistors are typically
more economical and provide better
performance than using resistors. Basic
transistor amplifiers use resistors (for
example, a potential divider connected
to the base) to set the operating point
— the current flowing in the transistor
with no signal present. Instead of using
resistors, the operating point can be
set by using a circuit which sets up a
constant current, equal to the operating
point current, into the transistor. During
operation the transistor’s total current
will vary around this point as the signal
changes, just as it does with resistor-
based biasing.

The circuit in Fig.1 uses a basic
current source — a two-transistor current
mirror, as shown in Fig.3, where the
transistors have been labelled to match
their role in Fig.1. The base-emitter
voltages (Vyg) of the two transistors
are exactly equal because they are
connected directly together, so if the
transistors are identical, and have the
same environmental conditions (in
particularly their temperatures are
equal), then the currents in both devices,
which are controlled by Vy;, must be
equal. It follows that two currents I,
and I, in Fig.3 are almost equal. They
are not exactly equal because some
of I, is diverted to provide the base
currents, but this is typically a very
small proportion (typically 1/50 to /100
or less), so values are very close. If we
apply a current (I,) to Q1 we get the
same current flowing in Q2, thus the
circuit can copy, or ‘mirror’, a current
from one part of a circuit to another.

b \ "copy

Q6 Q7

Fig.3. The basic matched-transistor
current mirror.

Transistors with identical characteristics
and environment are referred to as
‘matched’. They are often used in IC
designs, where designers can use layout
techniques to ensure the transistors are
closely matched. For discrete designs,
matched transistors in a single package
are available.

In the circuit in Fig.3, Q6 is ‘diode
connected’ — the base and collector
are shorted so the transistor acts as a
diode (the base-emitter junction). It is
easy to establish a fixed current in Q6
by connecting the collector to a fixed
voltage via a resistor — exactly as in Fig.1,
where the collector of Q6 is connected to
the supply via R2. This will fix the V;
of Q6 and Q7 and cause a fixed current
to flow in Q7 (I,,,). Thus, Q7 acts like a
constant-current source with one end
connected to ground.

As just discussed, Q6 and R2 provides
the reference Vi to set the current in
Q7. Within reason, we can connect more
transistors in the same way and get
further copies of the reference current
in Q6. This is done in the circuit in
Fig.1 — Q8 provides a second copy of
the reference current. Transistors can
only be added ‘within reason’ because
each diverts more base current from the
reference and makes it more difficult to
ensure they are all matched.

Differential amplifier

When investigating a circuit with
multiple blocks it can be useful to
simulate individual sections. The circuit
for an LTspice simulation of just a basic
differential amplifier is shown in Fig.4,
this uses resistors instead of an active
load to make it simpler (R1 and R2 in
Fig.4 instead of Q3 and Q4 in Fig.1).
Similarly, the bias is provided by an
ideal current source rather than the
circuit implementation in Fig.1. The
circuit uses a +15 V split power supply
(v3 and v4, to provide an illustration of
this in LTspice, in contrast to the signal
supply of Fig.1 (LTspice version shown
later). The supply lines are vcC and -V
(labelled as nvEE). The input signal has
0V common mode as this is the middle
point of the split supply.

The circuit in Fig.4 uses a custom
transistor model (myNPN) based on the
default LTspice NPN model. Only two
parameters are changed the saturation
current (IS) and the Forward Early voltage
(var). The defaultis IS = 1.0 x 10-16A,
but using 1.0 x 10-1#A brings the value
closer to typical signal transistors. The key
effect is to scale the base-emitter voltage
to emitter current relationship, shifting
the Vy; for a given collector current. We
will look at Early voltage later.

Notice the symmetry of the differential
amplifier — it is key to its operation
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whereas IE is fixed by virtue of the
constant-current source.

The lack of response to common-
mode inputs helps makes the design of
very high-gain DC amplifiers possible.
If the temperature of a single-transistor
amplifier changes then the bias currents
and voltages shift. In capacitively coupled
(ie, AC) circuits this does not matter
because the temperature changes are slow
and are below the cut-off frequency due
to the coupling capacitor. However, if

vcc

R1 R2
15k 15k
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g
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T SINE(O 1m 1k)

IE

1m
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Fig.4- Basic differential amplifier LTspice schematic.

— to achieve it the two transistors must
be matched. It has two inputs (B1 and
B2 on Fig.4) and two outputs (C1 and
c2, also on Fig.4). Small differences
in the input voltages cause relatively
large changes in the output voltages,
also in a differential manner (ie, as one
output voltage increases, the other will
decrease by the same amount). We can,
however, choose to use only one output
(‘single-ended’ output). Key points to
understanding the circuit’s operation
are: first, a transistor’s collector and
emitter currents are very sensitive to
changes in base voltage; and second,
the emitters are connected to a constant-
current source (IE).

The constant-current source means that
the sum of the two emitter currents must

A50mV 120mV 90mV  &0mV  -30mV

0mv

always be equal to IE. If the two base
voltages are equal, and the transistors
are exactly the same then it follows that
1 will split equally between the two
transistors; that is, they will draw the
same base current, and their collector
currents will be equal. Since the two
collector resistors are equal the voltages
dropped across them will also be equal
(assuming there is no output current). If
the two input voltages change together
(a common-mode input signal) then
the symmetry will not be disturbed,
1E will still split equally between the
two transistors. At first, though, it may
seem that changing the input voltage
must change the collector and emitter
currents, but it does not have to because
the emitter voltage is free to change,

150mV

30mV 60mV  90mV  120mV

Fig.5. Plot of output voltages at the collectors vs input voltage difference (voltage

between the bases) for the circuit in Fig.4.
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there is no capacitive coupling then any
changes in voltages due to temperature
(or other forms of ‘drift’) are effectively
indistinguishable from required low-
frequency signals and will be amplified.
If the temperature of a properly matched
differential pair changes, however, both
transistors are affected equally and there
is no change in the output (the drift
is a common-mode signal). The worst
place to get drift is in the first stage, as
the error is amplified by all subsequent
stages; thus, having a differential pair as
the first stage is a good way of reducing
overall drift.

If we change the (still equal) input
voltages by a large amount, then the
circuit will cease to function as just
described. For example, if we take the
input voltages down to near the — Vg
rail then the current source may no
longer function properly. This would
determine the amplifier’s common-
mode input range.

The high sensitivity of the transistor’s
collector and emitter currents to base
voltage comes into play when we make
the voltages at the two inputs slightly
different. This breaks the symmetry and
causes a larger proportion of IE to flow
in one transistor than in another. For
example, if we increase VB1 slightly and
decrease VB2 by the same amount then
a greater proportion of IE will flow in
Q1 than Q2. This will cause the voltage
drop across R1 to be larger than that
across R2, so vc1 will be lower than
vc2. In op amp terminology, if we take
a single-ended output from C2 then VB2
will act as the inverting input and vB1
as the non-inverting input.

DC Sweep

It is useful to look at the relationship
between the input voltage difference (VB2
—VB1) and voltages at the two collectors
over a range of DC values for the input.
We can plot this using a DC sweep
simulation in LTspice. To do this, select
the DC sweep simulation command,
select the source as V1, set sweep type
to linear and select the range (start
and stop voltages) and the increment
value. The simulator will calculate DC
voltages in the circuit for all values of
the selected source starting at the start
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V(B2,B1)
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Fig.6. Plot of differential input voltage (VB2 — VB1) and differential output voltage (VC2 -
VC1) for the circuit in Fig.4.

by g,,B. where R is the collector resistor
value (equal to both R1 and R2). g,
is the transconductance gain of the
transistor — the ratio of collector signal
current (output) to base-emitter signal
voltage (input). People are generally more
familiar with B (or hy,) as the transistor
gain — this is the current gain, but
using transconductance is often more
convenient when we are dealing with
a voltage input.

We often assume that B is fixed at
100 if we do not have more specific
information, and indeed the default
transistor model in LTspice uses this
value. g, is more complex in that it
varies with bias current, so we can’t
assume a fixed value. Specifically, g,, =
oo/ Vy where I is the bias or quiescent
collector current and V7 is the ‘thermal

voltage, stepping by the increment until
the stop voltage is reached. Stepping
v1 by 1mV from -150mV to +150mV
and plotting the voltages at C1 and C2
produces the result shown in Fig.5.

Fig.5 shows that differences over
a few tens of mV result in most of
IE flowing in one or other of the two
transistors. Over a large input difference
range the response of the circuit is
exponential, but in the range of a few
mV difference between the inputs the
change in the output voltage is near-
enough directly proportional to the
input difference (the central part of
the curves in Fig.5 are straight). So, we
have a linear differential amplifier for
small input voltage differences.

The voltage gain of the circuit in Fig.4
(difference-in to difference-out) is given

voltage’, a term which occurs in many
semiconductor equations. V; varies
with temperature but is about 26mV
at 27°C — a commonly used default
value in rough calculations (27°C is also
LTspice’s default temperature). For the
circuit in Fig.4, I, is I;/2 = 0.5mA, so g,
=0.0005/0.026 = 19.2mS (g, is current/
voltage which is 1/resistance, which is
measured in siemens, symbol S). The
gain is therefore 0.0192 x 15,000 = 288.
Knowledge of the expected gain and
the linear input range indicated by
Fig.5 informs the choice of input signal
amplitude for a transient simulation.
1mV is used in Fig.4. The result is
shown in Fig.6 — the output amplitude
is 270mV, so the gain (270) is close to
our rough calculation. Fig.6 shows a plot
of voltage differences — note the syntax
for the waveform v (X, Y) is the voltage
at X measured from Y. Such plots can
be obtained by right-clicking on wire x
and selecting ‘Mark Reference’ from the
menu, then clicking on Y.

The g, equation shows that the choice
of bias current from the current source
influences the gain of the circuit. Running
the circuit at a higher bias current
provides more gain but has other effects
too. Power consumption will be higher
at higher bias currents and a transistor’s
base-emitter resistance is dependent
on bias current. Increasing operating
currents result in a proportional decrease
in base-emitter resistance and hence
reduced differential input resistance.
This will need to be considered in a real
design but will not affect the simulations
discussed here as the inputs are driven
by ideal voltage sources.

Active load

The gain of the circuit in Fig.4 can be

increased by increasing the collector
resistors as well as

increasing the bias
current; however, this
also has its limiting
factors. The output
voltage with no signal
present is Vo — Rol/2,
the supply minus the

vce = =
R2 myPNP myPNP
47k £ s
‘fHI Out
3 100p
V3 01 02 B2
TF myNPN myNPN
s Vi
10
SINE(550u1k00180) SINE(5 50u 1k)
8 -
|
w
.model myNPN NPN(IS=1E-14 VAF=100)
Ngz\l B6 ]/Q]'NPN .model myPNP PNP(IS=1E-14 VAF=100)
.
Y f/’ }\Qsl X .tran 0 3m 1m
oA A el

] voltage dropped by the
resistor with the bias
R1 current flowing through
it. Increasing R reduces
this voltage, but it cannot
go much below 0V or
X7 Q1 and Q2 will start to
saturate (the emitters are
at —Vgp). This limits the
maximum R at a given
bias current. Increasing
V¢ could compensate,
but this is likely to

Fig.7. LTspice schematic for the first stage of the circuit in Fig.1.
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be constrained by the
requirements of other
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Fig.8. Plot of differential input voltage (VB2 — VB1) and output voltage (Vout) for the circuit in Fig.7.

circuitry, and realistically cannot be very
large. The solution is to use an active load,
as in the circuit in Fig.1, which has Q3
and Q4 in place of the collector resistors.
Active loads allow bias currents to be set
to any reasonable level while presenting
an effective resistance value equal to the
transistor’s output resistance, which can
be as high as megaohms.

Q3 and Q4 in Fig.1 form a current
mirror like that in Fig.3, except using
PNP transistors. Recall the discussion
on the symmetry of the differential
amplifier. If we assume that the current
mirror is ideal, then with no differential
signal present (equal base voltages for Q1
and Q2) the circuit’s balance is preserved.
Q1’s and Q2’s collector currents are both
I./2. Q1’s collector current acts as the
reference for the mirror and is copied
from Q3 to Q4 where it exactly matches
Q2’s collector current. However, if we
apply a voltage difference, then Q1’s
current copied to Q4 will not match
the current in Q2. We cannot have two
different currents in the same wire, so
what happens? The answer is that the
transistors are not perfect current sources
and have some resistance between
collector and emitter, referred to as their
output resistance (r,). The difference
between Q4’s and Q2’s collector currents
will flow in their output resistances. The
resistances of the two transistors are in
parallel as far as this difference current
is concerned, so the effective value is
the parallel combination of Q2’s and
Q4’s output resistance, which is r /2,
assuming they are matched.

Comparing this with the gain formula
for the circuit in Fig.1 indicates a
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possible gain of g, r,/2 but the current
delivered to the output is twice that of
the circuit in Fig.4 because the current
from Q1 is mirrored to the output (at
C2), doubling the potential differential
gain to g, r,. However, although the
differential amplifier with active load
is symmetrical in current terms, the
diode-connected transistor Q3 presents
a low resistance, so the voltage signal
at C1 in Fig.1 is small. Therefore, we
use the single-ended output from C2,
which provides half the gain compared to
differential output (if it were available),
so the gain is g, r./2.

Early voltage

The value of a transistor’s output
resistance depends on a parameter called
the Early voltage (V,); specifically, r, =
Va/Ieq where I is the collector bias
current. This is like the g, and base-
emitter resistance discussed earlier in
being dependent on bias current. The
default value for V, in calculations
is typically 100V, but for the default
transistor models in LTspice it is infinite,
so simulation results will not match
expectations unless this is changed.
Therefore, the Early voltage (VAF
parameter) has been set to 100 in the
simulations used here. The value of r,
for the circuit in Fig.4 is 100/0.0005
= 200kQ, which does not have much
effect in parallel with R of 15kQ, but
including it gives the gain as 268, which
is closer to the simulation.

Finally, we get to the simulation of
the input stage of Fig.1. The LTspice
schematic is shown in Fig.7. Here we
have somewhat arbitrarily chosen a

current of 200pA for the mirror reference
(100pA bias each for Q1 and Q2), R2 is set
using (Vo — Vgg)/Les = (10 — 0.6)/200nA
= 47kQ. With this bias current we get
g, = 100nA/0.026 = 3.85mS and r, =
100/100pA = 1MQ, so the gain is 1IMQ
x 3.85mS/2 = 1923. Simulation results
are shown in Fig.8. The simulated gain
is about 1970.

The gain of the circuit in Fig.7 is
strongly dependent on the load
resistance — driving a low resistance
will dramatically reduce the gain. This
is why an extremely high load resistance
was used here. The output resistance
is around 500kQ, so setting R1 to this
value will half the output voltage. The
second stage in Fig.1 presents quite a
low resistance load to the differential
amplifier, so the gain from the input to
Q2’s collector in circuit in Fig.1 will be
much lower than the circuit in Fig.7.
However, the second stage can add
significant gain, so overall the circuit
can have a higher gain than with just
the single stage. Despite this, it can be
argued that the circuit in Fig.1 wastes
much of the potential gain from the
differential amplifier, and many op amp
designs use circuits with a much higher
input resistance for the circuit directly
after the differential stage.

Simulation files

Most, but not every month, LTSpice

is used to support descriptions and
analysis in Circuit Surgery.
The examples and files are available
for download from the PE website.
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Fig.39. By adding an ultrasonic distance module, the MRB can be programmed to avoid crashing into objects.

e how come to the last
part of our Micromite Robot
Buggy (MRB) mini series. The

objective this month is to enable it to
roam autonomously without crashing
into anything, which means it will need
to have some form of obstacle avoidance
mechanism. So, this month we are going
to show you how to implement this
feature by using a low-cost ultrasonic
distance sensor mounted on the front
of the MRB (see Fig.39). This will
require us to make a simple hardware
modification to the TFT module that we
originally assembled back in Part 15.
For our MRB program code to interface
with the ultrasonic distance sensor,
we will use the Micromite DISTANCE
command. As usual, MMBASIC greatly
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simplifies everything for us; in this case,
the DISTANCE command communicates
directly with the ultrasonic sensor,
returning a numeric value that represents
the distance (in centimetres (cm)) to an
object positioned in front of it.

We will start this month by working
through the hardware modification to
the TFT module, and then we will test
that it works correctly by writing a five-
line demo program that incorporates
the DISTANCE command. This demo
program will perform the function of a
basic, yet highly accurate Digital Tape
Measure — a great little project in its
own right. We will then take this demo
program and modify it slightly so that
it forms the basis of our MRB obstacle
avoidance code.

Concept of obstacle avoidance
The ultrasonic (US) distance sensor
hardware, along with the MMBASIC
DISTANCE software command, enables
our program code to measure the
distance (in cm) to any object that is
in front of the MRB. By continually
measuring the distance value while
the robot is moving forward, the
MRB program code can be made to
automatically ‘apply the brakes’ should
the distance value fall below a certain
threshold value.

Micromite code

The code in this article is available
for download from the PE website.
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Fig.40. The low-cost Ultrasonic distance
module used in the MRB has just four
pins. Two pins supply 5V power, and
the other two pins connect directly to
Micromite 1/O pins.

For example, consider setting a
threshold value in the MRB code to
10cm. Whenever the distance measured
is greater than this 10cm threshold, then
the MRB can be allowed to continue
to move forward without the risk of
hitting anything. However, as soon as
the measured distance falls below the
10cm threshold, then the program code
can be written to automatically stop the
MRB from moving forward, and hence
prevent it from crashing into an object.

This distance-measuring method
of obstacle avoidance is much better
than implementing some fancy form
of front-mounted mechanical ‘bumper-
switch’ (as used in some other mobile
robots). Implementing the bumper-
switch method means that the robot
has to actually crash into an object
first in order to apply the brakes. For
this reason, we consider the bumper-
switch method as collision detection
rather than obstacle avoidance.

The HC-SR04 module

The US distance sensor module that we
are using here is the readily available
HC-SR04. It comprises a US transmitter,
and a US receiver, along with just a few
support components. It has four pins
presented on a 0.1-inch header (see
Fig.40). Two pins supply the required
5V power, and there are two control
pins. The control pin marked “TRIG’ is
an input trigger, and the ‘ECHO’ control
pin is an output. The module operates
as follows: when a pulse is sent to the
TRIG input pin from an external device
(in this case from the Micromite) the US
transmitter sends out a short pulse of
US waves. The US receiver then waits
for a short period of time to see if it can
detect these US waves being reflected
(ie, bounced) off an object directly in
front of it. If it sees a reflection, then
the ECHO output pin sends out a pulse
to an external device (the Micromite).
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The time between the transmission
of the US wave and the reception of
any reflected waves (the time between
sending a TRIG pulse and receiving the
ECHO pulse) will infer the distance to
the object — much like the way radar
operates using electromagnetic waves.
The Micromite performs all of the timing
calculations from within firmware
(whenever the DISTANCE command
is used) and conveniently returns a
calculated distance as a numeric value
— more on this later.

Fig.41. A small piece of
stripboard acts as a mini-
riser board. This allows

the US module to have an
unobstructed view over the
animated LED eyes.
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Circuit diagram

The circuit connections for adding
obstacle avoidance to the MRB is also
shown in Fig.40. As always, it is just
a matter of connecting the external
hardware (ie, the US distance sensor) to
the relevant power pins and Micromite
I/0 pins. It really could not be any
simpler as there are only four physical
connections required. Out of the four
connections, only two are required
to be connected to I/O pins on the
Micromite. Checking which Micromite
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pins are still available for use on the MRB, we only have

pins 17 and 18 that are currently unassigned to anything

— therefore we will use these two I/0 pins. Hence the four

connections that need to be made are:

B Vce connected to 5V (the 5V pin is physically to the right
of Micromite pin 15)

B TRIG connected to Micromite pin 17

B ECHO connected to Micromite pin 18

B GND connected to 0V (which conveniently is on Micromite
pin 19).

All four of the US distance sensor module pins can be
brought together into a 4-way header on the TFT module;
however, we will need to make a slight modification to
the TFT stripboard first. We must also ensure that the US
distance module is physically mounted in such a way that
it can face forwards on our MRB without being impeded by
the animated eyes (if installed). This we can do by adding
a new mini-riser board (see Fig.41).

Modifications to the TFT module

The assembly of the TFT module was discussed in Part 15
(PE, April 2020). Referring back to Fig.5 from that article,
you can see that the Micromite pins that are required for the
US module (pins 17, 18, and 19) were not included in the
header (J2) that ultimately plugs into the MKC. Therefore, the
main modification to the TFT module requires the addition
of these three downward-facing pins into J2. The stripboard
layout from Part 15 is recreated here in Fig.42, and it has
been updated to show the required US modifications in red.
As can be seen, in addition to the three pins for J2, there
are seven track cuts, four wire links to insert, and also the
soldering of a new mini-riser board via a 4-way right-angle
header pin (see Fig.41).

Begin by making the seven track cuts on the MRB TFT
module; ensure you follow the usual practice of marking
out first, then checking the positions at least twice. Once
the cuts are made, do a quick visual check to ensure that
no copper swarf is bridging across neighbouring tracks.

Next, insert the three downward-facing pins into the
plastic housing of J2 into positions V15, V16 and V17. These
three new pins will ultimately be inserted into the MRB
daughterboard, so do check that their length matches the
existing downward-facing pins that are on the TFT module.

Next, install the four jumper links, as shown in Fig.42;
again, make sure you check for and remove any accidental
solder bridges with neighbouring tracks.

Mini-riser board

The mini-riser board is built from a small piece of stripboard
4-tracks wide, by 10-holes long (high), as shown in Fig.41. To
this we need to solder a 4-way socket (that the US distance
module plugs into), and a 4-way right-angle pin header (to
solder the mini-riser board directly to the TFT module).
Note that there are no track cuts or wire links needed on
the mini-riser board.

Begin by cutting out the required size stripboard and
solder the 4-way socket and the 4-way right-angle connector
as shown in the various photos in Fig.41. Perform a visual
check and ensure you remove any solder bridges between
neighbouring tracks. Last, carefully solder the mini-riser
board to the TFT module into positions A11-A14 (highlighted
in red in Fig.42).

It is now time to mount the modified TFT module (complete
with the new mini-riser board) onto the MRB daughterboard.
Insert the US distance sensor into the 4-way socket, ensuring
the US transmitter and receiver units are facing forwards.
Plug in all relevant modules so that the MRB can be powered
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up as usual. We will now load a simple test program to check
that the US distance sensor is working correctly.

Testing the US distance sensor

Begin by downloading the file MRB_DigitalTapeMeasure.txt,
and then install it onto your MRB in the usual manner. On
running the program, you should see the TFT screen clear
to a blue screen with a thin green border. In the centre of
the screen there should be a number (displayed in white).
This number represents the distance being measured by
the US sensor.
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Fig.42. The original MRB TFT module from Part 15. The required
US modifications are highlighted in red.
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Fig.43. Side view of the completed Micromite Robot Buggy.

If the number displayed is -2, then
the Micromite is not seeing the US
sensor correctly. If this happens, first
check the US sensor is inserted correctly
into the 4-way socket. If this is fine,
then you will need to carefully check
that all modifications made to the TFT
module match Fig.42.

Once you observe a number on the
screen other than -2, then position your
hand in front of the US module so that
the US waves can bounce off it (or use
a book). Now move your hand back and
forth in front of the US sensor and you
should see that the number displayed
on the TFT changes — increasing in
value as you move your hand away
from the sensor, and reducing in value
as you move your hand towards the
sensor. If this appears to work, then
point your robot towards a nearby
wall and you should see the number
remain reasonably static. Now use a
tape measure to measure the actual
distance between the US sensor and the
wall — you should find the displayed
number on the TFT is within a couple
of centimetres of what you measured.
If not, then you may need to slightly
alter the angle of the US sensor so that
it is pointing at right-angles to the wall.
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If all is working as described above,
point the MRB towards various other flat
objects and check the accuracy of the
distance shown on the TFT. Note that any
object made from a soft material (such
as a cushion or an item of clothing) may
not be able to reflect the US waves and
hence will not be detected; therefore,
ensure you use relatively solid objects
for this test, and you should find that
your MRB is now operating as an accurate
digital tape measure.

The DISTANCE command

Press Ctrl_cC to stop the program
running, and type EDIT so that you
can take a look at the code. The Main
Program comprises of just five lines of
code, as follows:

DO
d=DISTANCE (17,18)
TEXT . , .STRS (INT (A) ) ey o
PAUSE 100

LOOP

As you saw when you ran the
DigitalTapeMeasure program, the
above code continually displays the
measured distance on the TFT screen.
The code is just a simple DO..LOOP

with the magic happening in the line:
d=DISTANCE (17,18). The format of the
DISTANCE command requires two values
to be passed — these are the pin numbers
that connect to the TRIG pin and the
ECHO pin respectively. The MMBASIC
Firmware will then automatically send
a pulse to the TRIG pin (output), and
will wait for a reflection pulse on the
ECHO pin (input). The time taken to see
any reflected pulse is then converted
into a numeric value that represents
the true distance (in cm).

In the above code, this numeric value
is loaded into variable d. Note that the
DISTANCE command automatically
configures the two Micromite pins to
the relevant I/0O state — in other words,
there is no need to use the SETPIN
command to configure pins 17 and 18.

The second line of code in the Do..
LOOP uses the TEXT, STR$ (..) and INT
commands to display the integer value
of d on the TFT (effectively the integer
value drops any decimal places making
an easier-to-read display).

Finally, the PAUSE command is
included in the DO..LOOP to prevent
the TRIG pulse from being generated
too soon after the previous measurement
was triggered.
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PolLabs

For more information or
software download please visit

WWW. poscope.com/epe

Connect, Control

- Ethernet

- Web server

- Modbus

- CNC (Mach3/4)
-10

- Encoders

- LCD

- Analog inputs
- Compact PLC

Drive

- up to 256
microsteps

-50V/6A

- USB configuration

- Isolated

- up to 32
microsteps
-30V/25A

Measure

- up to 50MS/'s

- resolution up to 12bit

- Lowest power consumption

- Smallest and lightest

- 7 in 1: Oscilloscope, FFT, X/Y,
Recorder, Logic Analyzer, Protocol
decoder, Signal generator

Scrolling further down the code into
the subroutines section, you will see
that there are quite a few lines of code,
each containing many numbers. These
numbers are part of what is known as a
‘CFunction’. This topic is well beyond
the scope of this series; however, in
essence, they contain the code that
adds the DISTANCE command into
MMBASIC. For more information, refer
to the Distance.pdf file (available for
download from the September 2020
page of the PE website)

So, in summary, to measure the
distance of an object from the sensor, and
to then load the result into a variable,
you simply use the command syntax:
variable = DISTANCE (TRIG pin_
number, ECHO_pin_number)

Adding obstacle avoidance to

the MRB

We will now modify the code from last

month (MRB_IR_Control.txt) to include

obstacle avoidance. Currently, if you
run the MRB_IR_Control program and

press the blue arrow button on the 44-

button IR transmitter, then the MRB

will move forward at the set speed.

The MRB will continue moving forward

until you either:

B Stop it

B Select turn (to the left or right)

B Or the MRB hits an object (in which
case there is a chance the motors can
be damaged by being put under too
much stress).

Now download MRB_IR_Control with_
ObstaceAvoidance.txt (available from
the September 2020 page of the PE
website) and install it on your MRB.
RUN the program and point your
MRB towards a wall. Then press the
‘Forwards’ button on your IR remote
and observe what happens. If all is
well, your MRB will automatically stop
short of the wall with a notification on
the TFT screen, as well as an animated
eye effect being displayed. However,
you may feel more comfortable to be
on standby just in case it does not stop!

This version of the program simply
monitors the measured US distance
whenever the MRB is moving forward. If
this value is below a threshold distance,
the MRB is made to stop (as discussed
at the start of this article). As well as
stopping the motors, we also call an
animated eye-effect subroutine, as well
as displaying a warning message on the
TFT screen.

As usual, the Micromite’s program
code is commented throughout, so do
take a look and have a go at altering the
stopping distance (and see how close
you can get it to stop in front of objects
before there is a collision).

The code to do all of the above-
mentioned features should be reasonably
familiar to you by now, but if not, then
please read the comments included in
the code to help you understand how
it all works.

Allowing the MRB to explore
by itself

Finally, this month we will run one
more program that you should then
use as a basis to write your own robot
code. Download MRB_Self_Explore.txt
from the September 2020 page of the
PE website and install it on your MRB.
This program will allow your MRB to
roam freely without crashing into large
objects. The IR transmitter is used only
for two things: to start exploring (press
the blue forward arrow button) and for
the emergency stop (press any other
button on the IR transmitter).

RUN the program and press the blue
forward arrow button. This will make
your MRB move and it will appear to
go off and roam around by itself. Any
time you feel it necessary to apply the
emergency brakes, simply press any
other button on the IR remote — this
may be necessary if the MRB has run
into a small undetected object.

The point of this program is really
for it to be the basis for you to create
your own MRB functionality. By now
you know how to write code to:

B Move the MRB

B Avoid the MRB hitting objects

B Draw and animate the eye images

B Make beeping sounds (and play
simple tunes)

B Write to the colour TFT touch screen

B Control via an IR remote control
(or from your Terminal program via
Bluetooth).

The design concept of the MRB was
to bring together many of the topics
that we covered in the Make it with
Micromite series.

Do please have a go at writing your
own MRB program code. Start simple,
and continually add new features. Any
time you feel you’'re struggling then
simply drop me an email and I will
gladly help you out.

Next month

That’s enough Robot Buggy for now —
but we may return to it. In the next issue
we will move on to a brand new topic:
Micromite UART communication. Until
then, have fun, and please do stay safe!

Questions? Please email Phil at:

contactus@micromite.org
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Max's Cool Beans

5§

By Max the Magnificent

Flashing LEDs and drooling engineers — Part 7

ell hello there! How nice it is to see you
Wagain. It probably won’t surprise you to hear that

things have been progressing apace here at Maxfield
Manor with regard to my 12 x 12 ping-pong ball array. I should
perhaps warn you that we will be leaping from topic to topic
with the agility of young mountain goats in this column, so
please take a moment to make sure you're wearing appropriate
clothing before we proceed further.

Blinded by the light

Let’s commence by reminding ourselves that each of our pixels
(ping-pong balls) contains a tricolour LED called a NeoPixel.
Furthermore, each NeoPixel contains red, green, and blue sub-
pixels, each of which can be driven with 256 different levels
from 0 (0x00 in hexadecimal = 0% = fully off) to 255 (OXFF
in hexadecimal = 100% = fully on).

I don’t know about you, but whenever I'm working on a
project like this, questions pop into my mind and I realise
that there are all sorts of things I don’t know. For example,
suppose we were to light up one of our pixels 100% red. Now
suppose we were to light up an adjacent pixel with 100%
green and 100% blue, resulting in cyan. Does this mean that
the cyan pixel is twice as bright as the red pixel? In turn, does
this mean that we should really light the green and blue sub-
pixels at 50% (128 in decimal = 0x80 in hexadecimal) so as
to achieve the same brightness as the red pixel?

Similarly, if we were to take another pixel that’s adjacent to
our original red pixel and light all three sub-pixels to generate
white, does this mean that we should really set the red, green,
and blue sub-pixels to 33% (85 in decimal = 0x55 in hexadeci-
mal) in order to achieve the same brightness as the red pixel?

I thought it might be a good idea to test things out. As you
may recall from my previous column (PE, August 2020), our
NeoPixels are connected together as a single string numbered
from 1 to 144 (there’s also a sacrificial pixel 0, which we’re
using as a voltage-level converter, but this plays no part in
the visible portion of the display).

We're considering our array to be an (X,Y) matrix with both
X (horizontal) and Y (vertical) positions numbered from 0 to
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That’s what | call a pixel array... and the shirt’s not bad either!

11, and with pixel (0,0) in the bottom left-hand corner. Also,
we created a simple function called GetNeoNum (), which ac-
cepts X and Y values as arguments and returns the number
of the corresponding NeoPixel in the string.

As a first test of this brightness/contrast conundrum, I cre-
ated a simple sketch (program) that fills the outer pixels with
100% white and an inner 4 x 4 square of pixels with 100%
red (Fig.1a). Then we drop the surrounding white to 33%.
Next, the sketch fills the outer pixels with 100% red and the
inner square with 100% white (Fig.1b). Once again, we sub-
sequently drop the white to 33%. We then cycle back to per-
form the whole sequence over and over again. If you wish, you
can download this sketch and peruse and ponder it at your
leisure (it’s file CB-Aug20-01.txt — available for download,
along with the other three files discussed in this column, on
the September 2020 page of the PE website). For your delec-
tation and delight, I've also created a short video showing all

(a) Red inner 100%; White outer 100% <-> 33% (b) Red outer 100%; White inner 100% <-> 33%

of this in action (https://bit.ly/20G9lgg).

As an aside, you may recall from an earlier column (PE,
July 2020) that the creators of Adafruit’s NeoPixel library
provided two ways for us to specify the colour of a pixel.
Let’s suppose our string is called Neos and that we want to
set the colour associated with pixel 42 to have red, green,
and blue colour components of 128, 0, and 255, respec-
tively (these would be 0x80, 0x00, and OxFF in hexadeci-
mal). If we wish, we can specify the colours individually
using a statement like:

Fig.1. First contrast test.
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Neos.setPixelColor (42, 128, 0, 255)
Or:
Neos.setPixelColor (42, 0x80, 0x00, OxFF)
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As an alternative we can specify all three colours together as
a single numerical value using a statement like:

Neos.setPixelColor (42, 8388863)

where the number is specified in decimal, or:

Neos.setPixelColor (42, 0x8000FF)

with the number specified in hexadecimal. Using a single
numerical value in hexadecimal makes our lives a lot easier,
so that’s what we’ll do. This explains why you will see the
colour definitions in my sketches looking something like
the following:

#define COLOR_WHITE OXFFFFFFU
#define COLOR_BLACK 0x000000U
#define COLOR_RED 0xXFF0000U
#define COLOR_GREEN 0x00FFO0QU
#define COLOR_BLUE 0x0000FFU

Note that adding ‘U’ (or ‘u’) characters on the end of these
values informs the compiler to regard them as being unsigned
(see this month’s Tips and Tricks column for more discussions
on the difference between signed and unsigned values). Most
of the time this won’t be necessary, but every now and then...
Next, I started to wonder if my 4 x 4 centre square was a tad
small (16 pixels) in comparison to the surrounding area (128
pixels), so I decided to increase its size to 6 x 6. Fortunately,
due to the way I created my original program, all I had to do to
generate the new version was to change two definitions: Xy_
CENTER_MIN was changed from 4 to 3, while XY_CENTER_MAX
was changed from 7 to 8. Once again, you can download this
sketch (CB-Aug20-02.txt). And, once again, I've created a short
video showing all of this in action (https://bit.ly/20G9lgg).
Personally, I think the 33% white looks a bit washed out.
My conclusion is that, if we were trying to use our array to
represent images or to play extremely low-resolution videos,
then we would probably vary the intensity of each sub-pixel
to balance everything out. By comparison, in the case of our
simple effects, we probably want to make everything as bright
as possible, which — happily — is my default position anyway.

Feeling random?

To give our effects an ‘organic’ feel, we're going to be using
the C/C++ random () function, which accepts two arguments
and returns a random result as follows:

result = random(min, max);

The min argument is optional. If this value is not specified,
it will default to 0. This value is also inclusive, which means

it may appear in the result. By comparison, the max argu-
ment is required and (for all sorts of reasons we won’t go

Red Yellow

(a) Subtractive (inks, paints, and pigments)

(b) Additive (light)

Fig.2. Subtractive and additive primary colours.
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into here) it’s also exclusive, which means it won’t appear
in the result. Another way to look at this is to observe that
when this function is called it will return a result between
min and (max - 1).

A bit of a drip

For our first series of effects, we’re going to imagine that our
array is lying flat on the floor and that occasional drips of
water — virtual raindrops, if you will — are randomly falling
from the sky. Whenever a virtual drip lands on one of our
pixels (ping-pong balls), that pixel will light up bright white
for a short period of time.

You may find it advantageous to download the sketch as-
sociated with this effect (file CB-Aug20-03.txt) and reference
it in conjunction with these discussions.

As you will see, we declare two integer global variables
called 01dx and 01dY, which we will use to keep track of
the (X,Y) coordinates of the last pixel that was lit up. We ini-
tialise both of these variables with random values between 0
and 11 in our setup () function.

Most of this sketch is self-explanatory. The interesting part
is where we generate the (X,Y) coordinates associated with a
new drip as follows (the +1s associated with the maximum
values are there to offset the fact that, as we just discussed,
the random () function treats its maximum argument as
being exclusive):

do
{
newX = random (MIN_X, (MAX X + 1));
newY = random (MIN_Y, (MAX_Y + 1));
} while (condition);

This loop will be executed at least one time, and it will keep
on executing until its condition is met (ie, returns true).
But what condition should we use? One alternative would
be to say:

((01ldX == newX) && (01ldY == newY))

In this case, the loop will keep on executing until the new
pixel is different from the old pixel, but there’s nothing to
prevent the new pixel from being horizontally or vertically
adjacent to the old pixel.

Personally, I prefer a tad more differentiation, so I opted to
swap the && (logical AND) operator for the || (logical OR)
operator and use:
((01dX == newX) || (0ldY == newY))
This means the new pixel cannot be on the same row or
column as the old pixel.

The only other things to note about this sketch are that we
also use the random () function to vary the duration of the
flashes associated with each of the drips and the gaps between
drips. Also, the last thing we do at the end of each cycle is
set the values of 01dx and 01dY to be the values of newX and
newY, respectively. This means that the pixel we just flashed
will be considered to be our old pixel the next time we pass
through the loop. Do you even need to ask?! Yes, of course

I've carefully crafted a video showing all of this in action (see:
https://bit.ly/20G9lgg).

Do you believe in colour fairies?

When I was a little kid, I had a book that described how the
red, yellow, and blue colour fairies spent the night repainting
everything, which explained why all of the colours looked so
bright and fresh each morning.
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0° Primary

330° Tertiary FFRed 30° Tertiary
Rose 0000 Flysh Orange
FF 00 80

300° Secondary
Magenta
FF 00 FF

60° Secondary
Yellow
FF FF 00

270° Tertiary

X 90° Tertiary
Electric Chartreuse
Indigo 80 FF 00
80 00 FF
240° Primary 120° Primary

Blue Green
00 00 FF 00 FF 00
210° Tertiary 150° Tertiary

Azure 180° Secondary  Spring Green
00 80 FF Cyan 00 FF 80
00 FF FF

Fig.3. The colour wheel we will be using in our experiments.

This all made perfect sense to me, especially since I knew
from school that the fairies could generate other colours by
working together: red and yellow made orange, red and blue
made purple, yellow and blue made green, and so forth.

Later, my teacher explained that red (R), yellow (Y), and
blue (B) were primary colours. What she didn’t say was that
this was just one possible set of primaries, because the term
‘primary colours’ simply refers to a small collection of three
or more colours that can be combined to form a range of ad-
ditional hues, shades, tints and tones. For example, print-
ers use cyan (C), magenta (M), and yellow (Y) inks as their
primary colours. Furthermore, although it’s possible to mix
cyan, magenta, and yellow to form black, printers typically
use a special black pigment. We use the letter K to represent
this pigment because B could be confused with blue. This
explains why we use the term CMYK when we’re talking
about printer ink.

Now, the thing about inks, paints and pigments is that they
are subtractive in nature. One way to think about this is that
we start with a white background illuminated with white
light. The white background reflects all of the frequencies in
the white light. When we start to add our colours, each colour
absorbs (subtracts) some of the frequencies from the white
light (Fig.2a). Furthermore, when inks, paints, or pigments are
mixed together, they each absorb different frequencies. Basi-
cally, what we see is what’s left over; that is, what isn’t ab-
sorbed. When all of the colours are mixed together, they absorb
all of the frequencies leaving us with nothing to see (ie, black).

By comparison, light is additive. The set of primary light
colours with which we are most familiar are red (R), green
(G), and blue (B). One way to think about this is that we start
with a black room and add our primary light sources. Red and
green add together to form yellow, red and blue add to form
magenta, and green and blue add to form cyan. When they
are all combined, red, green, and blue are perceived as white.

Technicolor drips
The reason for our interest in primary colours is that the next
version of our drip program is going to illuminate our pixels
with randomly selected colours. Since we
have red, green, and blue subpixels, each
of which can be assigned values from 0 to
255, we have the potential for 256 x 256
x 256 = 16,777,216 (224) different hues,
shades, tints and tones.
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Of course, some of these little rascals are going to be dim
and lacklustre but — from our experiments in contrast at the
beginning of this column — we know that we want our colours
to be as bright and shiny as they can be. One way to represent
colours is to use a colour wheel (Fig.3).

As we see, our three primary colours (red green and blue)
can be combined to form three secondary colours (yellow,
cyan, and magenta) and six tertiary colours (with more exotic
names: flush orange, chartreuse, spring green, azure, electric
indigo, and rose).

These 12 colours are the ones we will use in our sketch,
which you can download if you wish (CB-Aug20-04.txt). If
you compare this sketch to our previous version, you will ob-
serve that the only difference is that — as opposed to lighting
our pixels with white — for each virtual drip we now use the
random () function to select one of our 12 colour options.
Once again, I've created a video showing all of this in action
(https://bit.ly/20G9lgg).

Next time

I must admit that I do like the coloured drips featured in our
last sketch, but simply turning our pixels hard on and hard
off is not very subtle and lacks a little je ne sais quoi. One
way in which we can add a soupgon of sophistication is by
fading the colour up, holding it steady, and then fading it
back down again, so this is what we’ll do in my next column.
Until then, have a good one!

Cool bean Max Maxfield (Hawaiian shirt, on the right) is emperor
of all he surveys at CliveMaxfield.com — the go-to site for the
latest and greatest in technological geekdom.

Comments or questions? Email Max at: max@CliveMaxfield.com

55



Max's Cool Beans cunning coding tips and tricks
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2020), we noted that when people are first introduced

to the C/C++ programming languages, one of the first
data types to which they are introduced is the int, which
stands for ‘integer’. We also noted that we may decide to
declare our integers as being signed or unsigned:

I n my previous tips and tricks column (PE August

signed int John;
unsigned int Jane;

A signed int can be used to represent both positive and nega-
tive values, while an unsigned int can be used to represent only
positive values. Interestingly enough, the C/C++ standards don’t
explicitly define the size of an int. All they say is that an int
should be a minimum of two bytes (16 bits). In the case of an Ar-
duino Uno with its 8-bit data bus, the size of an int is indeed two
bytes; in other computers it can be two bytes, four bytes, or more.

A 2-byte (16-bit) variable can be used to represent 216 = 65,526
different patterns of 0s and 1s. In the case of a signed int, these
patterns can be used to represent both negative and positive
values in the range —32,768 to +32,767. By comparison, in the
case of an unsigned int, these patterns can be used to represent
only positive values in the range 0 to 65,535.

Hey, short stuff!
There are also short and long flavours of the int:

signed short int Fred;
signed long int Bert;
unsigned short int Mary;
unsigned long int Beth;

In the same way we assume a number like 42 to be positive with-
out explicitly writing it as +42, the compiler will assume that an
unqualified int is signed, which means we may omit the signed
part of the declaration if we wish:

int John;
short int Fred;
long 1int Bert;

Similarly, if we declare something as being of type short or long,
the compiler will happily assume that we are talking about inte-
ger values, so we may also omit the int part if we wish:

int John;
short Fred;
long Bert;

The C/C++ specifications state that the minimum size ofa short
int is two bytes (16 bits), while the minimum size of a 1ong
int is four bytes (32 bits).

Fixing the width
It can be a tad disconcerting when one first discovers that the
size of the different types of integers can vary from one machine
to another. The reason behind this is to allow the compiler to
make use of its knowledge of the targeted processor’s internal ar-
chitecture to use optimal data sizes for that particular machine.
Things aren’t too bad if you are a hobbyist writing code for only
one processer. However, depending on the size of the numbers
you are trying to represent, problems may arise if you try to port
your code from a machine that supports four-byte integers to one
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whose integers are only two bytes in size, for example. In order
to get around this, we can use the fixed-width integer types that
have been available since the v11 release of C++; for example:

int8_t Cuthbert; // Unequivocally 8 bits (one byte)
uint8_t Clarence; // Indubitably 8 bits (one byte)

There are also 16-bit (int16_t and uint16_t), 32-bit (int32_t
and uint32_t), and 64-bit (int64_t and uint64_t) equiva-
lents of these fixed-width types.

A dangerous thing

‘A little knowledge is a dangerous thing,” as the old saying goes.
Suppose you are writing a program for an Arduino Uno and you
know that the counter you are using to control a for () loop will
only ever count up to 100. In this case, would you be better off
using an int8_t (8 bits) rather than an int (16 bits), thereby
saving a byte (8 bits) in memory? For example:

for (int8_t i = 0; i < 100; i++)
{

// Do something cunning here

}

Generally speaking, the answer is ‘no’. The problem is that using
a smaller variable in order to save memory may negatively impact
the performance of your program. Unless you are intimately fa-
miliar with the workings of your compiler and the internal ar-
chitecture of your processor, you are best advised to use an int
and let the compiler use its detailed knowledge of the processor’s
architecture to make optimal decisions for you.

Having said this, if you do have specific requirements, then by
all means use the appropriate fixed-width types. In the case of
the programs for my 12 x 12 ping-pong ball array project, for ex-
ample, you will observe that I declare all of my colour values as
being of type uint 32_t (ie, unsigned 32-bit integers). The equiv-
alent would be an unsigned long in the case of the Arduino
Uno, but I prefer to be explicit in the case of these declarations.

But wait, there’s more!

I come from the days where every memory location and every
clock cycle were considered to be precious commodities. Com-
puter magazines used to have columns of cunning tricks for doing
things like swapping the upper and lower four bits in a byte in
the least number of clock cycles or using the smallest number of
instructions or consuming the least amount of memory.

Some designers of embedded systems are pushing the bound-
aries of the processors they’ve been instructed to use. In this case,
they may decide to use the minimum width and fastest minimum
width types that have been supported by C since 1999 (known
as C99-compliant compilers); for example:

int8_t Bob; // Fixed width signed
// 8-bit integer
int_least8_t Dan; // Minimum width signed
// 8-bit integer
int_fast8_t Sam; // Fastest minimum width
// signed 8-bit integer

Of course, there are unsigned versions of these types, along with
16-, 32-, and 64-bit variants, but I'd advise holding off on using
these little scamps until you are 100% sure you are aware of any
and all implications.
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Part 2: Software tools for the PIC18F

of my start as a writer for the magazine. Back in 2005,

articles were submitted by paper copy months in ad-
vance, followed by many iterations, all requiring that alterations
still fitted within the same layout. ‘If you take five letters out,
add five letters in” was standard practice. 15 years later we
rework articles through email but there are still many itera-
tions to create our published output. In 15 years, editorial
processes have changed, but I still recognise and remember
the magazine I read as a child in the 1970s, and the authors
who I was fortunate enough to work with since becoming an
author. It’s with great fondness I remember John Becker, my
former technical editor, who was both my professional liaison
with the magazine and my hero from the 1970s.

September 2020 marks the 15th anniversary

Tools for the job
So, onto this month’s article, where we look at the software tools
available for developing programs on Microchip PIC processors.

In the July issue we covered how we selected the PIC18F47K42
(in a 40-pin DIL package) to form the basis of our PIC18 ‘Ex-
perimenter’ board. We chose the PIC18F47K42 through a long
selection process — there are around 17,000 Microchip processors
to choose from — because it offers a broad range of peripherals,
in an easy-to-work-with package. It has not been used in projects
within the magazine before, which makes it an interesting can-
didate. There has been no particular reason why it has not been
used before — authors tend to stick with older processors they
are familiar with — but the PIC18F47K42 offers a wide range of
peripherals and lots of memory, which will make it adaptable
for many different projects.

Before we delve into the hardware aspects of any designs
based on this processor, we need to get the software development
environment installed, and a level of familiarity established.
This is true whether you are a hobbyist or a professional

P—
N
MicrROCHIP

Fig.1. Microchip debuggers (I-r): PICit 4, Snap, PICkit 3. We
strongly recommend the PICkit 4, but the PICKit 3 is also a good
choice. The Snap, however, is too limited for this project series.
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developer; having a complete development environment and
being comfortable using it can make a huge difference to how
easy it is to build a project, quickly.

PIC vs Arduino

Developing software for the PIC processor is very different
to platforms such as the Arduino, which comes with over a
hundred libraries and example applications. Microchip focus
on providing a few key low-level driver libraries, and just a
handful of example applications. Their low-level documen-
tation for the processor is excellent however, so writing any
new driver libraries is possible, and allows you to fine tune
your software to match your application’s needs, and the ca-
pabilities of the processor. It does, however, require that you
understand more about what is going inside the processor.
That’s fine — it’s the reason why we experiment with PIC pro-
cessors, to learn more about what is going on. If this learning
opportunity does not interest you and you only want to get a
project up and running as quickly as possible, then an Arduino
development system would be more appropriate. The benefit of
learning more about the processor itself is that it will provide
you with many more options to solving a design challenge,
and with more complex designs, enable you to create a solu-
tion that would not be possible on a simple Arduino platform.

MPLAB X IDE

Developing software requires a number of different tools. At a
minimum, you need the following:

® Text editor

® Compiler

® Driver libraries

B Programmer/debugger

B Programming interface

To pull all these requirements together Microchip have cre-
ated an Integrated Development Environment (IDE) called
MPLAB X, which combines the code editor, programmer and
debugger capabilities into a single application. The IDE is
really a framework application that allows other PC programs
to be configured, run and the results viewed all within the
same application. It’s possible to run the compiler, see a list
of error messages from that complier in an IDE window, that
when you click the mouse on them will cause the offending
line of code to come up in the editor window. Using MPLAB
X is not a hard-and-fast requirement; you could edit your
programs using your favourite editor, then compile the pro-
gram in a command shell. However, Microchip’s IDE simply
makes the process easier and quicker to perform.

In addition to MPLAB X we will also need a compiler. This
is a standalone application that will convert our programs,
written in text files in the ‘C’ programming language, into the
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binary format that the processor understands. Microchip pro-

vide three different compilers for the different PIC families:

® MPLAB XC8: all 8-bit PIC devices, from the PIC10F to the
largest PIC18F

® MPLAB XC16: all 16-bit PIC devices, PIC24, dsPIC33

® MPLAB XC32: all 32-bit PIC devices, such as the PIC32

These have to be download separately to MPLAB X but are
very easy to install.

The programmer and debugger capabilities are pre-built into
MPLAB X and do not require a separate download.

With the above components you have the minimum software
necessary to start developing programs. However, one further
download provides a set of goodies — example drivers and
sample applications — that will make our life easier, especially
if we are using UART, I*C or SPI communications. Confusingly,
Microchip provide three different software packs to fulfil this,
called MLA, Harmony and MCC.

MLA is the old and now deprecated ‘Microchip Libraries
for Applications’, which has been replaced by MCC, ‘Micro-
chip Code Configurator’. MCC is used with 8-bit devices, such
as the PIC18F family. Harmony is a similar pack of libraries,
but targeted to 32-bit devices, so of no interest to us today. We
will be installing MCC and will be making frequent use of it.

In summary, our installation process will be MPLAB X, the
XC8 compiler, followed by MCC. If you plan to use a 16-bit
or 32-bit processor in the future, feel free to install those two
compilers too, as they can co-exist with no issue. MPLAB X
is smart enough to choose the correct compiler for your proj-
ect, as we will show later.

Last, but not least, Microchip have helpfully made these tools
available not only for Windows, but also Linux and macOS PCs.

...and the cost?

The great news is that the MPLAB X IDE and the MCC libraries
are free — however, the situation is a little more complicated with
the compiler programs. They are provided for free, but you can
pay to unlock commercial/professional features. The professional
versions provide additional optimisations in the translation to
a code binary, and this can result in a 20-30% improvement in
code space use compared to the ‘free’ version of the compiler.
There may also be some reductions in the amount of RAM used.
In our opinion, for hobbyists, these improvements do not justify
a fairly expensive purchase of a professional compiler licence.
The ‘free’ version is not crippled in any way; all compiler fea-
tures are available — the difference is in the optimisations the
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compiler performs to reduce code size. This would be important
if you were building a large number of products and would like
to use smaller, cheaper versions of a microcontroller. For hob-
byists, we can simply purchase the device with larger memory
that costs perhaps 50p more. To reiterate, you are not missing
out on features by avoiding an expensive purchase.

Programming interface

Microchip processors require a small piece of hardware, called
a ‘debugger’, to transfer programs to a device. The tool of choice
is the PICkit 4 from Microchip, which costs around £55. The
previous generation debugger, the PICkit 3, can also support
the processor we are using and is cheap secondhand on eBay
(from £12). Clones of the PICKkit 3 can be purchased on eBay for
as little as £15, but we strongly recommend using the official
device. We will focus on using the PICkit 4 in this and future
articles. It’s a solid product that should last for years — we have
never had a Microchip debugger fail on us in 25 years, the only
issue is that every decade or so new processors become available
that require a programmer update, but you will be required to
update your programmer only if you want to use those new ICs.

There is a lower-cost debugger available from Microchip
called the ‘Snap’, which costs around £18. It can program the
PIC18F47K42 but has limited features, comes as just a bare
PCB and in our opinion is just too basic for our plans. You
can see these three debuggers in Fig.1.

On a historical note, our first emulator for the PIC16 series
of processors cost around £900 back in 1995!

The debugger is connected to the PC via a USB cable (sup-
plied with the debugger.) Five signals connect the debugger
to your target PCB via an 8 pin 0.1-inch pitch header socket.
Hook-up wires can be used to make the connection, but we
prefer to fit an 8-pin header strip to our boards and plug the
debugger in directly — we will provide an 8-pin header strip
on our experimenter board.

Installation preparation

In the following sections we describe the setup for PCs run-
ning the Windows OS, as this is the most common setup. The
installation process for other operating systems will be simi-
lar — check online for exact details if you are using Linux or
macOS operating systems.

Before we install the latest versions of the software (Mi-
crochip update their software tools frequently) we will want
to remove any previous versions. Your creations will not be
deleted by these steps, just the very large IDE and compiler in-
stall files, which can add up to many gigabytes of disk space.
If you do not have Microchip tools installed you can skip to
the ‘Installation’ section below.

To remove earlier versions, first click on the ‘Start’ button,
then type ‘Add’, and select ‘Add or Remove programs’. From
the drop-down list that appears, as shown in Fig.2, type ‘mplab’
in the search box to filter just the Microchip software com-
ponents. Now remove all ‘Microchip’ installed features. You
will have to do these one at a time. Left click on an item in the
list, then click the ‘Uninstall’ button. Follow the instructions,
and when done, repeat for all the other entries. We had about
a dozen entries for multiple old versions of the toolchain, so
this bit of spring-cleaning freed up over 10GB of disk space.

Installation

We start by installing the latest version of MPLAB X IDE, which
at the time of writing is version v5.40. In your browser, go to:
https://www.microchip.com/mplab/mplab-x-ide and scroll down
to the ‘Downloads’ tab. Click on the text MPLAB X IDE v5.40’
to start the download. Don’t worry if the version has been up-
dated, changes are likely to be minimal. Microchip make regular
updates to their software tools (typically when new processors
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Fig.3. The MPLAB X main window.

are added, but also for bug fixes and improvements.) MPLAB
has been in development and maintained for many years.

Once downloaded, double click the file to start the instal-
lation process. Other than clicking to accept the software
licence terms, accept all defaults. We recommend that you do
not change the installation folder as this will make installing
the compiler and MCC libraries difficult.

Close to the end of installation a Windows Security pop-up
will be displayed. Click ‘Install’ to install the hardware drivers
for the debugger tool. At the end of installation, a Setup pop-up
appears; untick the three checkboxes — we will perform these
steps manually. Click ‘Finish’ to complete the installation.

Now for the compiler; in your browser, go to: https://www.
microchip.com/mplab/compilers. and scroll down until you
see the ‘Compiler Downloads’ tab. Click on that, and then
click on ‘MPLAB® XC8 Compiler v2.20’. Again, this version
may have been updated by the time you get to it, so it may be
v2.21 or similar. This is fine; compiler updates rarely impact
users of the tool, and just provide minor bug fixes. Again, once
downloaded, double-click on the file to start installation. Other
than clicking to accept the software licence terms, accept all
defaults. The installation process will update MPLAB so that
it ‘knows’ a compiler has been installed.

We can now start MPLAB X IDE by double-clicking on the
newly created desktop icon, or by clicking on the Windows
‘Start’ icon and typing ‘mplab x’. Be careful at this point — the
MPLAB X IDE installation process installs another useful appli-
cation, a programmer utility, that is amusingly called MPLAB
X IPE. Given this differs by only a few pixels on the screen,
it’s easy to click on the wrong one. We ended up deleting the
desktop icon for IPE by right-clicking on the desktop icon and
selecting ‘Delete’. This removes the short-cut icon from the
desktop, but leaves the program installed and ready to

Adding MCC

Our final installation step is to bring in MCC — the drivers that
we can add to our projects. MCC is not just a set of source
files, it’s a complete GUI (graphical user interface) that helps
simplify the process. Confusingly, there are several ways to
install MCC; we will do it within MPLAB X itself, as the IDE
has a ‘plug-in’ tool already built in.

Click on the ‘Tools’ menu option, followed by ‘Plugins’ (not
‘Plugins Download).

Click on ‘Available Plugins’ and scroll down until you see
‘MPLAB Code Configurator’. Click the check-box, then click
on the ‘Install’ icon at the bottom of the window, as shown
in Fig.4. Click ‘Next’, then accept the licence agreement, and
click ‘Next’ to start the installation process. MPLAB X will
now download MCC and install it; so this may take a minute
or two. At the end, MPLAB X will need to restart, so just click
‘Finish’. MPLAB X will restart automatically after a few sec-
onds and complete the installation process. We are now ready
to create our first project.

If you have a PICkit 4 debugger, go ahead and plug that in now.
The front of the device should illuminate blue once connected.

In MPLAB X IDE, click on the ‘File’ menu option, followed
by ‘New Project...’. In the ‘Categories’ section of the pop-up
window leave ‘Microchip Embedded’ highlighted and click
on ‘Standalone Project’ followed by ‘Next’. In the highlighted
‘Device:’ field, type in the name of our processor, ‘PIC18F47K42’.
If you have a PICkit 4 plugged in then select it from the “Tool’
drop-down list. Click ‘Next’. We can select the compiler we
will be using; XC8. This should be shown in this list, so click
on that and then click ‘Next’.

Finally, we have to give our project a name (type ‘test’) and
specify where this project will live on your PC’s disk. This di-
rectory will hold your project settings and all the source files
you create. For now, it is an empty project and we shall leave
MPLAB X at this point and return to it once we have com-
pleted our hardware design.

Coming up next

In the next article we will start the design of our experiment-
er PCB. Our intent is to make clear the thought process going
into the design of the board and explore the capabilities of the
processor. We will be focusing on using the processor rather
than diving into the details of internal processor peripherals.
We are going to cover: GPS location reporting, digital compass,
various display technologies, speech output, PC connection via
USB, Wi-Fi communication, interfacing with Amazon Alexa,
Servo motor control, analogue input.

Some are more ambitious than others, but it will be a fun
journey and we hope you will join in. The PCB will be avail-
able from our usual suppliers, and full PCB Gerber and design
files available should you wish to etch your own, although as
a double-sided design this might be challenging.
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Fig.4. MCC installation via MPLAB X.
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Low-noise Theremin Power Supply - Part 2

the importance of a low-noise

power supply for sensitive audio
applications, such as a Theremin. This
month, we will move on from theory and
actually build one. In fact, we will offer
notjust one, but four circuits based around
the same flexible PCB, supplying different
voltage outputs.

I ast month, we discussed

Basic design

For linear power supplies we have to fac-

tor in all the losses, as shown in Fig.15:

B Headroom required by the regulators,
(the minimum difference between the
input and output voltages is around 2V
for the LM317 used here).

B Regulation figure or the voltage droop
of the transformer at the expected load
current.

B Total forward voltage drop (V) of the
rectifier diodes (1.4V for silicon or 0.5V
for Schottky devices).

B Minimum input voltage at the bottom of
the ripple waveform. This can be mini-
mised by fitting the biggest smoothing
capacitors (C10/13) physically possi-
ble in a small PSU, typically 1000 to
2200pF.

Since it is a bridge-rectifier/capacitor
circuit, the output voltage is theoret-
ically equal to the peak AC (x1.4 the
RMS input voltage), which gives us
a useful boost. However, there is no
such thing as free energy, this comes
from a corresponding rise in the cur-
rent drawn. All these factors limit the
real-world current that can be drawn
to around 120mA if the regulated volt-
ages are set to around 9V and 15V. At

least we won’t need any heatsinks on
the regulators at this level. This circuit
is thus ideal for powering the Ther-
emin or other sensitive circuits and
we also have an isolated 15V supply
for the audio amplifier, which avoids
interaction between the two sections.

PCB layout
Getting low hum on the output is depen-
dant on the PCB track layout. It is very
important to ensure the charging pulses
from the rectifiers to the smoothing ca-
pacitors do not get superimposed on the
output. This can easily be achieved by
making sure the two lines from the recti-
fier go directly to the smoothing capacitor
pins with no other connections along these

Headroom
v ltage

Peak v Itage at smoothing capacitor: 15.5V

Voltage
losses

15.5V
1V mains fluctuation
Transformer regulation
(= ries with load current)
Total loss is é.rév(;e)ctmer
approx 6.5V P
for max load 1V ripple.
x.(a ries with load current)
2V regulator
headroom
9V
Required regulator output @ Itage: 9V
Time

Fig.15. Taking account of the cumulative losses in linear power supply design.

Fig.16. PCB tracks from the rectifier to the
smoothing capacitors. These have nasty pulses
on them due to charging currents. Nothing else
must be connected or 100Hz noise will result.
Note the following on the above PCB: the track
jumps from D3 to C10 on the other side of the
board. (Red is the positive (+) line and the black
dotted is the negative line (-)

tracks. The lines to the regulators then
have to be taken directly from the capac-
itor pins. This practice is called ‘noding’
or ‘starring’. The two paths on the PCB are
shown in Fig.16. There is no provision
for the Zobel network on the PCB, since
the components are rather large and the
Theremin works fine without it. If you do
want one, it will have to be hard-wired to
the board, possibly using a small board as
shown in Fig.31. Note that only one Zo-
bel network will be needed for dual rails,
since the two windings are well-coupled
magnetically via the transformer.

Regulators

The low noise of the LM317 voltage reg-
ulator has been recognised for years by
the audio community. In the 1980s it was
expensive, now it is a cheap commodity
component. It has lower noise because it
uses a band-gap voltage reference rather
than a Zener diode. The reference can also
be decoupled with an external capacitor,
which knocks the noise down by a further
factor of 10. A classic example of a band-gap
reference is the difference between silicon
and germanium diode junctions being set
t0 0.43V by adjusting the currents flowing
through them. The 0.43V is the point of
maximum temperature stability. In the case
of the LM317, the band-gap is made from
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Vour = 1.25 x (1 + R2/R1)

Input Output

b LM317 fh
Adj
1.25V
Adjust
pin
Vo —1.25V
(e OOV

LM317
front v ew

LM317

Adj Input
/
Output

Fig.17. Basic LM317 voltage regulator
circuit. A relatively low-resistance voltage-
setting divider reduces variations due

to variations in the regulators quiescent
current that flows out of the adjust pin.

two dissimilar silicon junctions giving a
reference of 1.25V using one of the late
Bob Widlar’s unique circuits. (He’s worth
looking up on Wikipedia). By scaling this
voltage using a resistor network, any de-
sired voltage from 1.2 to around 32V can
be obtained, as shown in the basic circuit
in Fig.17. The equation is basically the gain
of a non-inverting op-amp multiplied by
the 1.25V voltage reference:

Vot = 1.25[1+(R2/R1)]
R1isusually 120Q to 240Q; note that 120Q

uses more current, but gives a more pre-
dictable voltage.

| Primary | | Secondary 1
L
11V
29V
230-240V
240mA max
continuous
18V
N
Secondary 2

Top v ew

Fig.18. The transformer secondaries can
be connected in series if needed to get a
single-rail higher voltage supply up to 30V.

Practical Electronics | September | 2020

Fig.19. A suitable internal fuse holder — this is insulated so you can’t get a shock off it. It

must be placed in the live wire.

If you want an on-line calculator then
https://circuitdigest.com/calculators/
Im317-resistor-voltage-calculator is good.
Note the overall tolerance of the set volt-
age of the LM317 is about 10%, so a bit
of resistor tweaking may be needed. Make
the calculated R2 value a bit bigger than
required, and then put resistors in parallel
with R2 to tweak its output down to create
the required voltage.

Here’s a list of some typical voltages and
the associated value of R2 (R1 = 120Q):

5V 360Q

6V 453Q E96
7.5V 600Q

9V 7500

12V 1kQ

15V 1.3kQ

18V 1.6kQ

22V 2kQ

24V 2.2kQ

25V 2.32kQ E96
28V 2.55kQ E96
30V 2.7kQ (33kQ in parallel with 3kQ)

Some values are from the E96 series. These
are inexpensive now, about 3p from Mous-
er; eg, Part no. MFR-25FBF52-2K32.

Above 15V, the transformer windings
will have to be put in series (see Fig.18)
unless the current drawn is very low. (With
Schottky diodes and around 30mA load it
is possible to get 18V.)

Protection

Over-current

The LM317 has a short-circuit current lim-
it of 1.5A, assuming a massive heat sink.
This is so high that it’s useless, something
else usually blows up first. Here we will
have to use a fuse in series with the pri-
mary. A low value (250mA) time-delay
is about right. Don’t just rely on the 13A

fuse in the mains plug. This can be wired
as shown in Fig.19 or you can use a pan-
el-mounted holder.

Thermal

A 127°C or 105°C non-resetting thermal cut-
out is placed in series with the primary to
guard against the transformer overheating.
It’s physical placement against the earthed
laminations is shown in Fig.20. If it trips
it has to be replaced.

Over-voltage

The absolute maximum input voltage to
the LM317 is 37V. If the secondaries are
connected in series (Fig.24), the off-load
voltage can breach this so replace the stan-
dard protection diodes with Zeners.

Components

The devices are not hard to source —
see the transformer notes below and in
Part 1. Explain versions. This list is for
the +9V/+15V version. there are some
changes for the +30V version marked
with an asterisk, ‘*’.

Resistors
R1 1kQ 5% 0.5W
R3,R5 120Q 1% 0.25W

Fig.20. Location of the thermal cut-out;
vital if you use a plastic or wooden case.




R2,R4 Seeabovetableforrequired values  Note: the electrolytic capacitors determine

(use 0.25W, 1%) the life expectancy of linear power sup-
R2a*  33kQ plies, so use long-life types (> 2000 hours
Rz 2.2Q,0.25W, 5% (optional Zobel)  at 105°C) such as those by Nichicon, Ke-
met and Panasonic. They don’t need to
Capacitors be low equivalent series resistance (ESR)
C1 10nF ceramic, 5mm X7R types (see capacitor ‘tuning’ later). All
C2-C9  100nF ceramic, 5mm X7R electrolytics used are radial.
C10 2200pF 25V (*1000pF, 50V)
C11,12 100pF 25V (*35V) Semiconductors
C13 2200pF 25V (*1000pF, 50V) IC1,2 LM317T positive adjustable volt-
C14,15 100pF 25V age regulator
Fig.21. The output cable of DC power Cz 4.7pF, 63V any non-polarised type  D1-D8 SB40 1A 40V Schottky rectifiers
supplies is often the polarised figure-of- (optional Zobel) (used where low voltage drop is
eight type, typically cheap speaker cable. required. If 1.4V can be accom-
Note the rubber grommet. modated then use 1N4002. For

lower noise use UF4002)

P N D9-D12 1N4001 (*22VBZY61, 1.3W zener)
&, D9 &= }= &
Mains | =7 D10e— = Miscellaneous
i @29 Pad 5 .
input @ o) & °‘—.ﬂ:l.—‘D1 Eeslict [ Y B Fuse holder, Camden Boss single fused
SREE ?  Thermal cutout L L @P ., terminal block (Rapid 21-0740 with
° Py —{ D2 15V, T250mA 20mm fuse)
N<—0 . _ ﬁ%" . we{R3ePadb | B [EC connector (Rapid Bulgin 51-4336
z - @c® ® or Chinese 23-0.100) .
£ - g o T-=p4 AL B .g_a:’ 7 B Rubber boot (Cliff Rapid 23-0350)
8 e -eDs " = B M3 x 40mm fixing screws (Rapid 51-
E<t—2 . : o N 3341)
L —{ [l—eD6 25V .
T TS5 1= ®— .5y W Die-castbox, 115 x 90 x 55mm Eddy-
o o —eD7 7 e Pad9 stone. Hammond 120 x 100 x 60mm
) !
\ . Pad 10 Rapid 30-7070.
S ) e I—e08 Ic2 = B Thermal cut-out SetFuse X1 (Rapid 26-
L A 1 & PR 0940 (127°C) or 26-0900 (105°C))
9 : D1 fe=={] e ) B TO220 clip-on heatsink
“For Theremin link earth pads B-8 B Rubber grommet for enclosure cables

exit hole (Rapid 04-0202)
Fig.23. Standard low-noise Theremin +9/+15V power supply for the circuit in Fig.22.

Note earth link B is linked.

D9
1N4002
1
1
Vin 1c1 Vout

? . O +9V to
LM317 Theremin
Adj| R3 D10
1200 1N4002

0.25W

Thermal
cutout 127°C | T1
16V
1V +1 C10 +1 C11

o= 22000F  F2 100pF

T 717" | e
Mains input Pad 6
230-240V ! | !

[oe]

1N4002
i<

Vin 1c2 Vout

LM317 J- !
Adi| Rs D12
1200 1N4002

D11
154 D1-8: UF4002

C2-9: 100nF, X7R

E O——4¢

0.25W +| c15
100uF
Y c13 ' 2V
1kQ B L c14
0.5W ':'gg?lo(“F) T 100uF
min - 25V
T T |
! l o0V
Pad 11

BB link for Theremin

Fig.22. Full circuit diagram of the power supply with the Zobel add-ons in red. +9V and + 15 dual power supply for Theremin. By
changing the links and values of R2 and R4 to 1kQ this can be made into a £12V supply for op amp circuits (see Fig.27).
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those made by Roberts and
B Bush. This is anice little extra
22y I'thought up after the Theremin
1 . .
supply was designed, built
D1,2,7,8: 1N4002 - [Pad 4] . ,
C2/3.8,9: 100nF, X7R Vinl 1o oL oisov and finished. We haven'’t got
LM317 Lo space to cover it this month,
Adi| R3 D10 so it will be described in the
Thermal 120Q BZY61
T lon 0.25W ZIVAR [P next column.
10004F 4 a .
L L : o on Links on the PCB
Roa < R2
o 330 3k 100pF On the PCB overlay there are
LT BT T T v | three link positions A, B and
I R2a in parallel with R2 Lo C, as shown in Fig.23 These are
: 8
| creates a resistor of 2.75ka0) needed to connect the power
: supply DC ground or 0V to the
I ground lifted (by R1 and C1)
| . . .
mains earth connection. Link
- . ) ) .
Fig.24. Spgle SOV rail designs for discrete A connects the 0V of the 17V
pre-amplifier circuits. Note that the AC secondary winding power
R secgndanes are in series and it's worth supply rail to mains earth. Link
0.5W putting a heatsink on the regulator. B connects the mains earth to

4 B
& ol &
Mains : D10
input *—» 30V
L0 $ $ : [EI D1 '01 .
Thermal cutout @cC39
T anzzfs"ﬁk°"@ pads
[ {
® ® g Pad 6
a
N<——L9 . _ o—m—- 90 Lo ov
>
.g % mPad 7
s Iy 2 Scs
o
3 _Pad 8
® 17v @ :
AC
o D7 Pad9
-~ Pad 10
b)) e—CTrens J
°
@ Pad 11
J

Fig.25. Low-noise, single-rail +30V power supply. Very handy for single-rail preamplifiers
using discrete circuitry. Note the three links to the left of C10/13.

Transformer and PCB

These can be obtained from the PE PCB
Service. Other parts are available from
the author.

jacob.rothman@hotmail.com

01597 829102

Power supply connectors

The mains input socket is pretty much
standard, thanks to the IEC (International
Electrical Commission). However, for the
output connectors, prepare to enter a stan-
dardisation minefield, it’s complete chaos.
You can use screw terminals, 4-pin male
XLR sockets, terminal blocks or one of the
huge range of so-called DC connectors with
an outer and centre pin.

One so-called ‘standard’ in the audio
industry for guitar pedals is a 2.1mm DC
connector wired centre pin negative. An-
other ‘standard’ is polarised the cable.
Normally, figure-of-eight thin speaker cable
is used with the rib or printed line denot-
ing positive. This can be seen coming out
of the protective rubber grommet in Fig.21.
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Variations

There are four variants of the power supply
using the same board. This was originally
designed for the PE Theremin, but with
simple variations can be used to power a
multitude of audio circuits.

1) +9V and +15V dual-rail — this is the
‘standard dual-rail power supply shown
in Fig.22 It is designed to power a Ther-
emin and its associated amplifier driving
the speaker. If the amplifier is not used,
then the 15V power supply can be omit-
ted and the circuit simply becomes a
low-noise +9V supply.

2) Single-rail +30V —higher voltage design

for discrete pre-amps and single rail op

amp circuitry, as shown in Fig.24

+12V general-purpose dual-rail —ideal
for low-power op amp applications such
as pre-amps and musical synthesisers.

Shown in Fig.27.

4) Positive-earth -9V —designed for germa-
nium circuits, such as Tonebender fuzz
pedals and old 1960s radios, typically

3)

the 11V-AC-fed power supply
rail 0V line. Link C connects the positive of
the 17V fed supply to the OV of the 11V fed
supply. This is used to make centre-tapped
dual rail supplies.

Note that when using the Theremin
+9/+15V power supply the mains earth
is connected to the 0V of the 9V supply.
This is because the Theremin needs a stable
earth reference —more so than the amplifier.

Capacitor ‘tuning’

Since voltage regulators are a negative-feed-
back control system with a falling open-loop
gain at high frequencies, the reduction in
output impedance becomes less effective
at high frequencies. This means the output
impedance of linear voltage regulators is
slightly inductive. This can cause a reso-
nant noise peak with the output capacitor
(C12)ifitis alow ESR (around 0.1Q) type.
National Semiconductor application en-
gineer Robert Pease showed in his book
Troubleshooting Analogue Circuits, that
a bit of loss in the output capacitor was
necessary. An ESR of 0.6Q2 to 3Q was need-
ed to avoid noise peaks. (To see the noise

Fig.26. Basic board before final voltage
setting resistors R2 and R4 are added.
Note the blue snubber capacitors across
the rectifiers.
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F|g.27.l 12-0-1 2V low-noise supply uses thzle' b9 um (SAL) 123 series capacitor
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0.25W + (1:15 . (ESR = 0.01€) in series with
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® g/ - - —12v 4700 -
z - g % . resistor
£ ) A 5 Signal generator
& T g ._ED_.D4-0—0 eBe oC o 2\I/gpk gk 100Hz
3 %DS Pad 8 20k |Square wae
> @c® ~{Ril-= o '
7y PY l:[, D6 it [ ey BC337 Output
AC o 'P :1 .
( : - ¢ a
o—ﬂj—o.m D7S"P1a" Cljpl_(on® oV O ov
$' Sas + P%j 10 Connect across output =
| e—{T-eD8 of power supply
g oe2 & o
D1 2._|:|]__. Pad 11 : )
N Fig.28. Switched load for power supply
< transient-response testing.

Fig.28. Low-noise, dual-rail 12-0-12V power supply. A useful general-purpose supply —
handy for op amp circuits. Note the link from Pad 4 to Pad 11, and the A link.

effect more clearly, disconnect the adjust ~Switched-load testing
pin decoupler capacitor C11). A link to  The way to test for poor dynamic load re-
the original 1989 article by E Dietzis here: ~ sponse is to put a ‘scope probe set to AC
https:/bit.ly/pe-aug20-dietz on the output and dab a load on and off. A
Making C12 a large value, say 470pF,  better way, is to electronically switch the
will swamp this noise problem, but load on and off with a transistor, such as
then another problem emerges in that a  the circuit shown in Fig.28. By driving the
lower frequency ringing of a few cycles  transistor with a square wave from a sig-
(around 80mV pk-pk) can occur if the nal generator at around 100Hz the sweep
regulator load is switched on and off.  of the ‘scope can be synchronised to get  Fig.29. The blue capacitor is a solid-
This is because too big a capacitor across  a good view. aluminium manganese dioxide (MnO,)
the output reduces the open-loop gain of By using these techniques I was able  Philips output capacitor (C12). This has a
the whole system, causing ringing asthe  to get the noise down to 0.8mV peak-to  relatively high and consistent ESR, which
negative-feedback loop seeks to correct  peak. An output capacitor (C12/15) of  gives a stable response in response to
its self in a sluggish manner, then over-  around 47pF to 100pF with an ESR of  changing loads. The silver-coloured metal-
shooting. This effect is proportional to  around 1Q works, and is cost-effective  cased tantalum capacitor has a series
load current. Again, a dampingresistance  for both problems. A cheap wet electro-  resistor to increase reliability. (Note these
in series with the capacitor can reduce lytic could be used, but this will have a  photos are of the positive earth -9V PCB,
this problem. short life. A good solution is a manganese ~ which is covered next month).
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Fig.30. Stages in cutting the hole for mains

IEC socket in die-cast box (top to bottom):

a) Mark out area to be removed and cut

down the two vertical sides with hack saw.

b) Grip ‘tab’ firmly with pliers

c) Snap off ‘tab’ with pliers.

d) Position the socket to mark out the
screw holes.

to 22pF works fine — see Fig.29. A polymer
SAL capacitor works effectively as well.
A diode (D10,D12) is used to protect the
regulator adjust pin from discharge on turn
off or output shorting. In the current-limit-
ed tantalum circuit, a 1N4148 is sufficient.
If no resistor is used, a 1N4001 is needed,
as previously specified.

Construction

Although it’s tempting just to solder the
transformer to the PCB, that’s not strong

Practical Electronics | September | 2020

enough mechanically; it needs to be bolted
down. I've had pieces of equipment where
the transformer has sheared off the PCB
when dropped. It’s not good having a lump
of steel loose inside the box! Remember to
employ the standard electronic construc-
tion technique of soldering after bolting,
to the prevent the soldered joints being
strained. A suggested mounting arrange-
ment is shown in Fig.1, Part 1, where 3mm
bolts are used. The core is also earthed by
the bolts, essential to ensure safe operation
of the thermal cut-out. Incidentally, it’s a
good idea to use a smear of heatsink com-
pound to aid thermal coupling between the
thermal cut-out and the transformer core.
This should be pressed firmly against the
core prior to soldering. (see Fig.20). Re-
member to solder it quickly, otherwise it
may overheat and go open-circuit!

Testing

The first thing to do is to make it safe to turn
on. There is mains voltage on the board; if
you are not scared of it, you should be. I
always tape over exposed tracks and insu-
late terminals with silicon rubber sleeves.
I also put a rubber boot over the mains
input connector. Check there is earthing
continuity from the earth pin on the plug
to metal box. If there is no continuity you
could be electrocuted.

When turning on, listen for any buzzing
noises from a stressed transformer or odd
cracks and hisses from incorrectly inserted
electrolytic capacitors swelling up. I know
it sounds paranoid, but I've been on the
receiving end of exploding electrolytic ca-
pacitors from inexperienced students, so I
insist on them wearing glasses. If it pass-
es this test, switch off and feel for any hot
components. If okay, switch on again and
measure the output voltage. Next, put on a
suitable load resistor to give the maximum
current draw required. This will normal-
ly be a big high-wattage type and will get
hot. For example, if you are making a 12V
power supply and need a 100mA output,
then use a 120Q 2W resistor. Finally, while
loaded, check components for excessive
heating. Note, it may take about 30 min-
utes for the transformer to reach its full
running temperature. At this point it’s
worth checking the electrical noise level.

On the case

Electronics belongs in metal boxes. They
provide electrical safety when earthed,
electromagnetic fields are screened, heat
can get out without ventilation holes, they
can’t catch fire and they don’t fall apart
after two years. After a good 30 years life
they can then be effectively recycled, like
all metals. Steel is more effective than alu-
minium alloys at reducing magnetic fields,
but it is harder to drill and it can buzz me-
chanically if the transformer is too close
to any of the panels.

- H

Fig.31. Interior of power supply — the
small board on the side is the Zobel — the
‘wacky circuit’ from Part 7.

Fig.32. A view of the 30V board; note
the links on the diode section and the
regulator heatsink.

Socket mounting
The round DC connectors are relatively
easy to mount with a 12.5mm (half-inch)
hole. It should really have an anti-rota-
tion flat on it but this needs a £400 metal
punch set-up. It can be quite difficult cut-
ting a rectangular hole in a metal box for
the IEC socket. However, here’s a little
technician’s trick I've used over the years
to make it easier. It works very quickly
with die-cast boxes, which although they
are expensive, have always been the best
choice for hand-built electronics. The
stages involved are shown in Fig.30. The
interior of the case is shown in Fig.31. The
30V board is shown in Fig.32.

I have loads of these power supplies
in my studio and they are not humming
along nicely like the wall-warts used to.

Next month

In the next issue we will finish this power
supply project with a handy positive-earth
—9V variant.
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ARDUINO FOR DUMMIES
John Nussey

Arduino is no ordinary circuit board. Whether you're an artist,
a designer, a programmer, or a hobbyist, Arduino lets you
learn about and play with electronics. You'll discover how to
build a variety of circuits that can sense or control real-world
objects, prototype your own product, and even create inter-
active artwork. This handy guide is exactly what you need to
build your own Arduino project — what you make is up to you!

u Learn by doing — start building circuits and programming
your Arduino with a few easy examples — right away!

B Easy does it — work through Arduino sketches line by
line, and learn how they work and how to write your own.

H Solder on! — don’t know a soldering iron from a curling
iron? No problem! You'll learn the basics and be prototyp-
ing in no time.

® Kitted out — discover new and interesting hardware to
turn your Arduino into anything from a mobile phone to a
Geiger counter.

H Become an Arduino savant — find out about functions,
arrays, libraries, shields and other tools that let you take
your Arduino project to the next level

B Get social —teach your Arduino to communicate with
software running on a computer to link the physical world
with the virtual world
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You’ll acquire valuable skills — and have a whole lot of fun.

H Explore the features of commonly used Arduino boards
m Use Arduino to control simple tasks or complex electronics

B Learn principles of system design, programming and
electrical engineering

m Discover code snippets, best practices and system
schematics you can apply to your original projects

® Master skills you can use for engineering endeavours
in other fields and with different platforms
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ETI BUNDLE (1) Teach-In 3, 4 and 5 — all on CD-ROM - only £18.95

ELECTRONICS TEACH-IN 3 - CD-ROM
Mike & Richard Tooley

The three sections of the Teach-In 3 CD-ROM cover a
huge range of subjects that will interest everyone involved
in electronics — from newcomers to the hobby and
students to experienced constructors and professionals.

The first section (80 pages) is dedicated to Circuit
Surgery, EPE/PE’s regular clinic dealing with readers’
queries on circuit design problems — from voltage
regulation to using SPICE circuit simulation software.
The second section — Practically Speaking —
covers hands-on aspects of electronics construction.
Again, a whole range of subjects, from soldering to
avoiding problems with static electricity and identifying
components is covered. Finally, our collection of

Ingenuity Unlimited circuits provides over 40 circuit designs submitted by readers.
The CD-ROM also contains the complete Electronics Teach-In 1 book, which

provides a broad-based introduction to electronics in PDF form, plus interactive

quizzes to test your knowledge and TINA circuit simulation software (a limited

version — plus a specially written TINA Tutorial).

“ELECTRONICS ..
TEACH-IN 3 ==

CIRCUITISURGERY|

 The how and why o circult dosis

ELECTRONICS TEACH-IN 5 - CD-ROM
JUMP START
Mike & Richard Tooley

15 design and build circuit projects for newcomers or
those following courses in school and colleges.

The projects are: ® Moisture Detector B Quiz
Machine B Battery Voltage Checker B Solar-
Powered Charger B Versatile Theft Alarm B Spooky
Circuits ® Frost Alarm ® Mini Christmas Lights ®
iPod Speaker B Logic Probe m DC Motor Controller
B Egg Timer W Signal Injector Probe B Simple Radio

[ . A
HECTRONICS ™
TEAGEHIN 5 ==

iy PLUS

Receiver B Temperature Alarm.

PIC’n’ Mix — starting out with the popular range of PIC

microcontrollers and Practically Speaking — tips and techniques for project construction.
The CD-ROM also contains:

B Complete Teach-In 2 book, a practical introduction to PIC microprocessors

m MikroElektronika, Microchip and L-Tek PoScope software.

The Teach-In 1 series covers everything from electric current through to

microprocessors and microcontrollers, and each part includes demonstration circuits

to build on breadboards or to simulate on your PC.

ELECTRONICS TEACH-IN 4 - CD-ROM
A BROAD-BASED INTRODUCTION TO
ELECTRONICS

Mike & Richard Tooley

The Teach-In 4 CD-ROM covers three of the most
important electronics units that are currently studied in
many schools and colleges. These include, Edexcel
BTEC level 2 awards and the electronics units of the
Diploma in Engineering, Level 2.

The CD-ROM also contains the full Modern
Electronics Manual, worth £29.95. The Manual
contains over 800 pages of electronics theory,
projects, data, assembly instructions and web links.

A package of exceptional value that will appeal
to anyone interested in learning about electronics —
hobbyists, students or professionals.

899

HECTRONICS
TEAGH-IN 4 ==

ABROAD-BASED #
INTRODUCTION TOELECTRONICS 71
e

Three Teach-ins for the great price of

£18.95

PLUS you also get the contents of the
free CD-ROM from each issue...

... S0 that’s another TWO Teach-Ins and
The Full Modern Electronics Manual!

What a Bargain!!

ETI BUNDLE (2) Teach-In 6, 7 and 8 — all on CD-ROM - only £18.95

ELECTRONICS TEACH-IN 6 - CD-ROM
A COMPREHENSIVE GUIDE TO RASPBERRY Pi
Mike & Richard Tooley

Teach-In 6 contains an exciting series of articles that
provides a complete introduction to the Raspberry
Pi, the low cost computer that has taken the educa-
tion and computing world by storm.

This latest book in our Teach-In series will appeal
to electronics enthusiasts and computer buffs who
want to get to grips with the Raspberry Pi.

Teach-In 6 is for anyone searching for ideas to use
their Pi, or who has an idea for a project but doesn’t
know how to turn it into reality. This book will prove
invaluable for anyone fascinated by the revolutionary
Pi. It covers:

B Pi programming

B Pi hardware

B Pi communications

B Pi Projects

B Pi Class

B Python Quickstart

| Pi World

H ...and much more!

The Teach-In 6 CD-
ROM also contains all
the necessary software
for the series, so that
readers and circuit
designers can get
started quickly and
easily with the projects
and ideas covered.

c8.99

FELECTRONICS
TEACH-N 6

RASPBERRY Pi

ELECTRONICS TEACH-IN 7 - CD-ROM
DISCRETE LINEAR CIRCUIT DESIGN
Mike & Richard Tooley

Teach-In 7 is a complete introduction to the design of
analogue electronic circuits. It is ideal for everyone
interested in electronics as a hobby and for those
studying technology at schools and colleges. The
CD-ROM also contains all the circuit software for
the course, plus demo CAD software for use with the
Teach-In series.
W Discrete Linear Circuit Design
B Understand linear circuit design
B Learn with ‘TINA’— modern CAD software
B Design simple, but elegant circuits
B Five projects to build:
i) Pre-amp
ii) Headphone Amp
iii) Tone Control
iv) VU-meter
v) High Performance Audio Power Amp.

PLUS

899

&
CEECTRONICS

Audio Out - an
analogue expert’s take
on specialist circuits

Practically Speaking —
the techniques of
project building.

DISCRETE LINEARICIRCUIT{DESIGN]
P

ELECTRONICS TEACH-IN 8 - CD-ROM
INTRODUCING THE ARDUINO
Mike & Richard Tooley

Hardware: learn about components and circuits
Programming: powerful integrated development system
Microcontrollers: understand control operations
Communications: connect to PCs and other Arduinos.

Teach-In 8 is an exciting series designed for
electronics enthusiasts who want to get to grips with
the inexpensive, popular Arduino microcontroller, as
well as coding enthusiasts who want to explore
hardware and interfacing. It will provide a one-stop
source of ideas and practical information.

The Arduino offers a truly effective platform for
developing a huge variety of projects; from operating
a set of Christmas tree lights to remotely controlling a
robotic vehicle through wireless or the Internet.

Teach-In 8 is based around a series of practical
projects with plenty of information for customisation.
This book also includes PIC n’ Mix: ‘PICs and the
PICkit 3 — A Beginners
guide’ by Mike O’Keefe
and Circuit Surgery
by lan Bell — ‘State
Machines part 1 and 2’.
The CD-ROM includes
the files for:
B Teach-In 8
B Microchip MPLAB

IDE XC8 8-bit compiler
B PICkit 3 User Guide

B | ab-Nation T ma sy g
Smartscope software. """‘f""m

ORDER YOUR BUNDLE TODAY!
JUST CALL 01202 880299 — OR VISIT www.electronpublishing.com



CLASSIFIED ADVERTISING

Practical
Electronics

word (minimum 12 words).

If you want your advertisements to be seen by the largest readership
at the most economical price then our classified page offers excellent
value. The rate for semi-display space is £10 (+VAT) per centimetre
high, with a minimum height of 2:5cm. All semi-display adverts have a
width of 5.5cm. The prepaid rate for classified adverts is 40p (+VAT) per

Cheques are made payable to ‘Practical Electronics’. VAT must be
added. Advertisements with remittance should be sent to: Practical
Electronics, 113 Lynwood Drive, Wimborne, Dorset, BH21 1UU.

Tel 01202 880299 Email: stewart.kearn@wimborne.co.uk

For rates and further information on display and classified advertising
please contact our Advertisement Manager, Stewart Kearn — see below.

Practical Electronics
reaches more UK
readers than any other
UK monthly hobby
electronics magazine.
Our sales figures prove it.

We have been the leading
monthly magazine in
this market for the last
twenty-seven years.

BOWOOD ELECTRONICS LTD

Suppliers of Electronic Components

www.bowood-electronics.co.uk

Unit 10, Boythorpe Business Park, Dock Walk, Chesterfield,
Derbyshire S40 2QR. Sales: 01246 200 222

Send large letter stamp for Catalogue

MISCELLANEOUS

VALVES AND ALLIED COMPONENTS
IN STOCK. Phone for free list. Valves,
books and magazines wanted. Geoff
Davies (Radio), tel. 01788 574774.

PIC DEVELOPMENT KITS, DTMF kits
and modules, CTCSS Encoder and
Decoder/Display kits.

Visit www.cstech.co.uk

Practical Electronics | September | 2020

Electrical Industries Charity (EIC)
We help people working in the
electrical, electronics and energy
community as well as their family
members and retirees.

We use workplace programmes that
give the industry access to financial
grants and a comprehensive _
range of free and i

confidential services. e Slectrc

www.electricalcharity.org charity

( COASTELECTRONICS

BREAKOUTS-COMPONENTS-
CONTRACT DESIGN-3D PRINTER PARTS-
MUSICAL-MICROCONTROLLERS
WWW.COASTELECTRONICS.CO.UK

Andrew Kenny - Qualified Patent Agent
EPO UKIPO USPTO

Circuits Electric Machinery Mechatronics

Web: www.akennypatentm.com

Email: Enquiries@akennypatentm.com
Tel: 0789 606 9725

ADVERTISING INDEX
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Web www.electronpublishing.com

For editorial contact details see page 7.
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Next Month - in the October issue

High Power - 45V/8A Variable Linear Supply

This adjustable bench supply can deliver heaps of power — up to 360W in total — making

it ideal for the test bench or just general-purpose use. It can operate as a voltage or

current source at 0-45V and 0-8A. An entirely linear, analogue design, it's fan-cooled with
automatic fan-speed control, short-circuit/overload protection and thermal self-protection.

Arduino-Based Digital Audio Millivoltmeter

If your hobby or business involves audio — at any level — you really must have an audio
millivoltmeter in your test gear arsenal. Once you've used one, you'll wonder how you
managed without it. It's useful for setting up and calibrating audio systems, doing
performance measurements and troubleshooting audio equipment, and much more.

" gpcoN

Precision Audio Signal Amplifier T o

You can never have too much test equipment. Even if it is pretty specialised; even
if you only need it once every blue moon, there will come a time when you do

need it. This one fits the bill perfectly: you're not going to need it every day, but _ .
when you do, you'll thank your good sense that you do have one on hand! - |

Practically Speaking

Next month, Mike Hibbett looks at laser cutters — what are
they, how do you use them and where do they fit in project-
based electronics.

PLUS!
All your favourite regular columns from Audlio Out, Cool Beans and Circuit

Surgery, to Electronic Building Blocks, PIC n” Mix and Net Work. on sale 3 September zozo

WELCOME TO JPG 11 | NEW subscriptions hotline!
Selling Electronics in Chesterfiel N

~ e o/ = 0 -
Open Monday to Friday 9am to 530pm [ — Practlcal
And Saturday 930am to S5pm i
LT -
» Aerials, Satellite Dishes & LCD Brackets ™ ' | 4 KT Ele ctron Ics

- Audio Adaptors, Connectors & Leads

+ BT, Broadband, Network & USB Leads :

+ Computer Memory, Hard Drives & Parts = | We have changed the way we sell and renew

Lo Equ.ipment’ Lightmg - gl i | subscriptions. We now use ‘Select Publisher

) EXtenS'V? Electighi Compone.n 2 Services' for all print subscriptions — to start a
- ICs, Project Boxes, Relays & Resistors .. ..

. Raspberry Pi & Arduino Products new subscription or renew an existing one you

- Replacement Laptop Power Supplies 3 ' have three choices:
- Batteries, Fuses, Glue, Tools & Lots more... '

1. Call our NEW print subscription hotline:
01202 087631, or email: pesubs@selectps.com
T: 01246 211 202 p : o o
E: sales@jpgelectronics.com B 2. Visit our shop at: www.electronpublishing.com
JPG Electronics, Shaw’s Row, ' :

0ld Road, Chesterfield, S40 2RB 3. Send a cheque (payable to: ‘Practical

W: www. jpgelectronice il oo Electronics') with your details to:
i - ; 7 Practical Electronics Subscriptions, PO Box 6337,
Bitapna ."’.G;'“*";A"":m J B Bournemouth BH1 9EH, United Kingdom
Inn 2 = 1o 3 )
& . < | Remember, we print the date of the last issue

3
§ . Rose & Crown

of your current subscription in a box on the
address sheet that comes with your copy.

0| ) <JP G )

Electronics Digital subscribers, please call 01202 880299
& o or visit: www.electronpublishing.com

Published on approximately the first Thursday of each month by Electron Publishing Limited, 1 Buckingham Road, Brighton, East Sussex BN1 3RA. Printed in England by Acorn Web Offset Ltd., Normanton WF6
1TW. Distributed by Seymour, 86 Newman St., London W1T 3EX. Subscriptions UK: £26.99 (6 months); £49.85 (12 months); £94.99 (2 years). EUROPE: airmail service, £30.99 (6 months); £57.99 (12 months);
£109.99 (2 years). REST OF THE WORLD: airmail service, £37.99 (6 months); £70.99 (12 months); £135.99 (2 years). Payments payable to ‘Practical Electronics’, Practical Electronics Subscriptions, PO Box
6337, Bournemouth BH1 9EH, United Kingdom. Email: pesubs@selectps.com. PRACTICAL ELECTRONICS is sold subject to the following conditions, namely that it shall not, without the written consent of the
Publishers first having been given, be lent, resold, hired out or otherwise disposed of by way of Trade at more than the recommended selling price shown on the cover, and that it shall not be lent, resold,
hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade or affixed to or as part of any publication or advertising, literary or pictorial matter whatsoever.
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Did you know our online shop
now sells the current issue of
PE for £4.99 inc. p&p?

R Practical
Electronics

The UK's premier electronics and computing maker magazine

Flowerpot speakers! ‘ PIC n' Mix ‘ Circuit Surgery EIect" on 7

A low-cost route to Software tools for Understanding
high-quality Hi-Fi the PIC18F Differential amplifiers

Ultrabrite LED WIN! Don't miss
bike light Explorer 1632 our Super

Development

Kit Summer Sale!

1 HMéet the
Micromite
Explore-28

Mastering stepper
motor drivers

Robot Buggy —~
Ultrasound = '/ !

Building the =
Low-noise

theremin PSU
PLUS! il
Cool Beans ~IEven cooler ping-pong baill lig %s Sep 2020 £4.99
Net Work — IP secUrity cameras sass 2% | | | | ‘||||||
9l 57.

Techno Talk — The perils of an enquiring mind... 726527573016
www.electronpublishing.com | @practicalelec | practicalelectronics

I

772633 /

i

/@ practiealelectronic
s

You read that right! We now sell the current issue of your favourite electronics
magazine for exactly the same price as in the High Street, but we deliver it
straight to your door — and for UK addresses we pay the postage. No need to
journey into town to queue outside the newsagent. Just go to our website, set
up an account in 30 seconds, order your magazine and we’ll do the rest.

www.electronpublishing.com



® 15%

I"lf’ :
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scount:

Use code PE15
| dnurmg checkout

hmmad tlme cmly'

er Diode Analyser
(inc. LEDs, TVSs etc)

ZEN50 2¢"

Popular product!
The Atlas ZEN (model ZEN50) is ideal for testing Zeners, VDRs,
transient suppressors, LED strings and many other components.

- Measure Zener Voltage (from 0.00 up to 50.00V!)

- Measure Slope Resistance.

- Selectable test current: 2mA, 5mA, 10mA and 15mA.

- Very low duty cycle to minimise temperature rise.

- Continuous measurements.

- Single AAA battery (included) with very long battery life.
- Gold plated croc clips included.

- Can measure forward voltage of LEDs
and LED strln.s too.

Semiconductor Analyser
- Identify your semi’s

DCAS55

Now with backlit display and AAA battery!

Connect any way round to identify the type of component
and the pinout! Also measures many parameters
including transistor gain, base-emitter voltages, MOSFET
thresholds, LED voltages etc. Complete with a
comprehensive illustrated user guide. Includes an Alkaline
battery so you're ready to go straight away.

- Transistors (including NPN/PNP, darlingtons, Si & Ge).

-Measure hFE, Vee and leakage.

-Diodes and LEDs. Measure VF.

-MOSFETs. Measure VGs(th}

- Gold plated hook probes —

-Long battery life.

-Freetechnical [
support for life.

-Comprehensive

instruction book.

-2 year warranty.

"‘-
o

Advanced firmware!

The powerful LCR45 meter that not only identifies and measures
your passive components (Inductors, Capacitors and Resistors)
but also measures complex impedance, magnitude of impedance
with phase and admittance too! Auto and Manual test modes
allow you to specify the test frequency and component type.

- Continuous fluid measurements.
- Improved measurement resolution: (<0.2pH, <0.2pF).
- Test frequencies: DC, 1kHz, 15kHz, 200kHz.

- Measure the true impedance of speakers and more.

- Great for hobbyists and professionals.

Inpedance 268K
+25.6 +3i155.10

uivalent Series Resistance
and Capacitance Meter

ESR70"

Now with backlit display and AAA battery!

The new improved ESR70 is great for identifying capacitors
(especially electrolytics) that are suffering from high ESR.
ESR is a great indicator of capacitor condition, especially in
applications demanding high ripple currents such as
reservoir capacitors, SMPSUs, motor capacitors etc.
Includes Alkaline AAA battery and a very comprehensive
user guide. The ESR70 will
even perform a
controlled
discharge of
your caps!

with dlscount!

It's only possible to show summary specifications here. Please ask if you'd like detailed data. Further information is alse available on our website. Product price refunded if you're not happy.

www.peakelec.co.uk Atlas House, 2 Kiln Lane, Harpur Hill Business Park
sales@peakelec.co.uk Buxton, Derbyshire, SK17 9JL, UK. Tel: 01298 70012



