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PIC Programmer &

Experimenter Board

Great learning tool.

Includes programming

examples and a repro-

grammable 16F627

Flash Microcontroller. Test buttons & LED
indicators. Software to compile & program
your source code is included. Supply: 12-
15Vdc. Pre-assembled and ready to use.

Order Code: VM111 - £38-88 £35.94

All prices INCLUDE 20.0% VAT. Free UK delivery on orders over £48
Postage & Packing Options (Up to 0.5Kg gross weight): UK Standard 3-7
Day Delivery - £4.95; UK Mainland Next Day Delivery - £9.95; Europe
(EU) - £12.95; Rest of World - £14.95 (up to 0.5Kg).

!! Order online for reduced price postage and fast despatch !!
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payable to Quasar Electronics Limited.
Please visit our online shop now for full details of over 1000 electronic
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USB Experiment Interface Board
Updated Version! 5

digital inputs, 8 digital

outputs plus two ana-

logue inputs and two

analogue outputs. 8 bit

resolution. DLL.

Kit Order Code: K8O55N - £39:95 £22.20
Assembled Order Code: VM110N - £35.94

Bidirectional DC Motor Speed Controller
Control the speed of

most common DC

motors (rated up to

32Vdc/5A) in both the

forward and reverse

directions. The range

of control is from fully

OFF to fully ON in both directions. The direc-
tion and speed are controlled using a single
potentiometer. Screw terminal block for con-
nections. PCB: 90x42mm.

Kit Order Code: 3166KT - £19.99
Assembled Order Code: AS3166 - £29.99

2-Channel High Current UHF RC Set
State-of-the-art high -
security. Momentary or ' 3
latching relay outputs

rated to switch up to

240Vac @ 12 Amps.

Range up to 40m. 15
Tx’s can be learnt by one Rx. Kit includes

one Tx (more available separately). 9-15Vdc.

Kit Order Code: 8157KT - £44.95
Assembled Order Code: AS8157 - £49.96

USB PIC Programmer and Tutor Board
The only tutorial

project board you

need to take your

first steps into

Microchip PIC

programming us-

ing a PIC16F882 (included). Later you can
use it for more advanced programming.
Programs all the devices a Microchip
PICKIT2® can' Use the free Microchip tools
for PICKit2"™ & MPLAB® IDE environment.
Order Code: EDU10 - £46.74

Computer Temperature Data Logger
Serial port 4-ch temperature

logger. °C/°F. Continuously

log up to 4 sensors located

200m+ from board. Choice

of free software applications

downloads for storing/using

data. PCB just 45x45mm. Powered by PC.
Includes one DS18S20 sensor.

Kit Order Code: 3145KT - £19:95 £16.97
Assembled Order Code: AS3145 - £19.96
Additional DS18S20 Sensors - £4.96 each

8-Ch Serial Port Isolated I/O Relay Module
Computer controlled 8

5A mains rated relay !

outputs and 4 opto-

(for monitoring switch

states, etc). Useful in a variety of control and
port (use our free Windows interface, termi-
nal emulator or batch files). Serial cable can
130x100x30mm. Power: 12Vdc, 500mA.

Kit Order Code: 3108KT - £74.95

channel relay board.

isolated digital inputs b’

sensing applications. Programmed via serial
be up to 35m long. Includes plastic case
Assembled Order Code: AS3108 - £89.95

8-Channel RF Remote Control Set
Control 8 onboard relays

with included RF remote

control unit. Toggle or

momentary mode for

each output. Up to 50m

range. Board Supply:

12Vac, 500mA

Assembled Order Code: VM118 - £71.94

USB /Serial Port PIC Programmer

Fast programming.

Wide range of PICs

supported (see website

for details). Free Win-

dows software & ICSP

header cable. USB or

Serial connection. ZIF

Socket, leads, PSU not included.

Kit Order Code: 3149EKT - £49.96 £29.95
Assembled Order Code: AS3149E - £44.95
Assembled with ZIF socket Order Code:
AS3149EZIF - £74.96 £49.95

8-Channel Ethernet Relay Card Module
Connect to your router 3]
with standard network

cable. Operate the 8

relays or check the

status of input from

anywhere in world. =

Use almost any internet browser even mo-
bile devices. Email status reports, program-
mable timers... Test software & DLL online.
Assembled Order Code: VM201 - £130.80

PICKit™2 USB PIC Programmer Module
Versatile, low cost, .
PICKit™2 Development

Programmer. Programs

all the devices a Micro-

chip PICKIT2 program-

mer can. Onboard sockets & ICSP header.
USB powered.

Assembled Order Code: VM203 - £35.94

Computer Controlled / Standalone
Unipolar Stepper Motor Drlver

Drives any 5-35Vdc 5, 6 [

or 8-lead unipolar step-

per motor rated up to 6

Amps. Provides speed

and direction control.

Operates in stand-alone

or PC-controlled mode for CNC use. Con-

nect up to six boards to a single parallel port.

Board supply: 9Vdc. PCB: 80x50mm.
Kit Order Code: 3179KT - £15.26
Assembled Order Code: AS3179 - £22.26

Card Sales 01279
& Enquiries 467799

Temperature Monitor & Relay Controller
Computer serial port
temperature monitor &

relay controller. Ac- .
cepts up to four Dallas
DS18S20/ DS18B20

digital thermometer sensors (1 included).
Four relay outputs are independent of the
sensors giving flexibility to setup the linkage
any way you choose. Commands for reading
temperature / controlling relays are simple
text strings sent using a simple terminal or
coms program (e.g. HyperTerminal) or our
free Windows application. Supply: 12Vdc.
Kit Order Code: 3190KT - £79-96 £47.95
Assembled Order Code: AS3190 - £59.95

3x5Amp RGB LED Controller with RS§232
3 independent high

power channels.

Preprogrammed or

user-editable light

sequences.

Standalone or 2-wire

serial interface for

microcontroller or PC communication with
simple command set. Suits common anode
RGB LED strips, LEDs, incandescent bulbs.
12A total max. Supply: 12Vdc. 69x56x18mm
Kit Order Code: 8191KT - £24.95
Assembled Order Code: AS8191 - £27.95
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60+ analogue synth module kits are
available with our matching 5U format
front panels, based on the renowned
MFOS and YuSynth designs. Kits range
from VCO's to 16 step analogue

sequencers

A range of 5 single board synths
available, each with essential modular
synth functions. All built into a compact
enclosure, including the popular MFOS
Sound Lab Ultimate

Manufactured in-house, our DI Himeke 'h-l"l-
Oy £30
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attractive ardwood modular : DA sormplatakits o
cabinets and desktop cases are
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including kits, PCB's and individual
components
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of the Month!

SAML11 Xplained Pro Evaluation Kit

Part Number

DM320205

Overview: Key Features:
The SAML11 Xplained Pro evaluation kit is » SAML11 32-bit MCU:
ideal for evaluating and prototyping with the . 24% QABHFZI Arhm CgrEXK!\BAééACr\(;\re

® ®. - asn an
ultra low power SAML11 ARM® Cortex®-M23 - Chip-level security
based microcontrollers integrating robust - Arm TrustZone
security which includes ARM® TrustZone®, - Industry’s lowest power MCU in its class

- Enhanced PTC

secure boot, crypto acceleration, secure key - Op Amps, ADC, AC, Analog Compare

storage and chip-level tamper detection. In -1507816

addition to security the » Xplained Pro extension headers
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embedded control capabilities with » X32 header
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advanced analog. » USB powered
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Getting practical

Here, at last, we are ‘back to the future’ with our first issue of
Practical Electronics. To be clear, this is Electron Publishing’s
first ‘PE’, not the very first issue with that name. In fact, this is

a long-overdue reversion to the magazine’s much-loved original
title, which was launched back at the end of 1964. It was a great
magazine then, and we are determined to continue that tradition
of quality 55 years later.

The aim of Practical Electronics is simple — to provide you with
the best available hobby and home construction projects, theory,
articles, tips and advice to enable you to enjoy the exciting world
of electronics. We will certainly continue with the best of EPE, but
as regular readers will have noticed, as well as a redesign, we are
introducing new material and new columns. Think of it as steady
evolution rather than hasty revolution. For example, this summer,
we will bring back the Practically Speaking column (especially
appropriate for a magazine called Practical Electronics), which
came to an end with the retirement of Robert Penfold in 2016.

We now move on to revamping the website and online shop,
which will take a few months to get right, so for now please

stick with the www.epemag.com for all your online needs. In the
meantime, we will start a new aspect of the magazine’s online
presence via Instagram and Twitter, where you can see previews
and snippets of upcoming items, plus anything else that we think
readers might find interesting. You can find us at:

Instagram
Twitter

practicalelectronics
@practicalelec

We hope you enjoy this first issue of PE, and will join us on our
journey to develop your magazine.

Matt Pulzer
Publisher

Practical Electronics | April | 2019



Follow-on

festival

‘Mark Nelson

Now and again it’s worthwhile following up new developments concerning topics covered previously,
and sharing interesting comments sent in by our loyal readers. So, without further ado, let’s get cracking.

e start with new variants of
Wjunk phone calls. Our Kentish
correspondent reports that
these criminals are getting cleverer. Now
it’s: “The breakdown cover on your Sky

Box has expired, special renewal offers,
just give us your card details’.

Corporate incompetence

He reports his conversation as follows.
I knew it was a scam, so I played along
to waste their time, saying I would re-
new for a year and that they should use
my existing payment details. ‘Oh no, we
can’t do that, data protection means we
don’t keep these details on file,” was the
reply. I told the agent if they didn’t have
my bank details on file, they must be
fraudsters. “**** you’ was the response,
before ‘Sarah’ hung up.

The scammer’s number displayed
on my phone — 020 3807 6171 — is a
virtual number licensed by OFCOM to
DIDWW Ireland Ltd, and should have
been shut down. If you call the num-
ber, it goes through to a professionally
recorded call centre message. Perhaps
the fraudsters have spoofed a genuine
Sky number to reassure anyone who has
second thoughts, but it’s more likely that
the call is routed to the scammers who
have recorded (or copied) a very con-
vincing greeting message. Meanwhile,
OFCOM and the ICO both remain asleep
at the wheel. Note: the real number for
Sky breakdown cover is 0800 561 4457.

Natural human curiosity

Roger from London tells us he had re-
ceived four calls on his mobile over six
days from +265 88 xxx xxx (which is
a number in Malawi). It always rings
once only and then hangs up before you
have a chance to answer. This fraud
exploits people’s curiosity, who then
call the number to see who was calling
them. To call the number displayed will
probably cost you an arm and a leg, es-
pecially if you spend time listening to a
lengthy recorded announcement. This
type of scam is called a ‘Wangiri call’,
Japanese for ‘cut and run’. Malawi is
not the only apparent source of these
calls, which can also purport to originate

10

in Comoros, Liberia, Tunisia, Nauru,
Mauritania, Chad or the Cook Islands.

In reality, the source number is al-
most certainly spoofed, the true location
being in some other country. In fact,
your reply to that number may be ‘ter-
minated short’ at the international
telephone exchange in London and
diverted to a premium rate number
here in Britain, never leaving the UK.
There was a major scandal of this kind
a while back, in which calls to the tiny
country of Tuvalu were answered in
Manchester. For further information I
recommend two Wikipedia articles, bit.
ly/pe-apr19-01 and bit.ly/pe-apr19-02,
and also bit.ly/pe-apr19-03, which ex-
plains the baffling way these calls are
redirected through multiple mobile
networks where the caller ID number
can be altered.

Cheap stamps
In the January 2017 issue, I explained
how Chinese traders selling on eBay and
AliExpress.com could afford to sell so
cheaply. However, I failed to explain the
full story; not only are the goods cheap,
postal costs are also cut-price. Britain’s
Royal Mail has what it calls a strategic
arrangement with Alibaba, the owner of
the consumer marketplace AliExpress.
com. Royal Mail provides these Chinese
exporters with a special deal that enables
them to supply goods for UK delivery
within two weeks, much faster than stan-
dard international postage from China.
Another, often unrecognised factor,
is that China enjoys subsidised postal
rates for items sent to Europe, the US and
many other countries. This is because
the UN (United Nations) still classifies
China as a developing country, despite
the enormous strength of its economy,
which enables Chinese companies to
flood Western markets with products that
are often cheaper than those produced
locally. Cheaper postage is coordinated
via the UPU (Universal Postal Union, an
agency of the UN). The UPU organises
the worldwide postal system and allows
developing nations to pay lower rates
than the wealthiest nations for having
their mail delivered abroad.

Trump stamps his authority on
the UPU

The well-known contrarian Donald
Trump argues that the subsidised rates
enjoyed by China cost the US about
$300m per year. Last October, the US
formally moved to withdraw from the
UPU, so that it could establish its own
prices for delivering international pack-
ages. The consequence of this move
would force Chinese sellers to pay
higher postal costs, bringing to an end
the bizarre current situation in which
it is cheaper to send most parcels from
China to the US than to post them do-
mestically within the US. However,
as commentators observe, Trump has
characteristically overlooked the neg-
ative consequences of his threatened
move. Negotiating postal treaties with
individual countries would be time-
consuming and expensive, as well as
raising prices for US consumers. And
by pulling out of the UPU instead of
working to reform it, the US would
forego a key opportunity to pressure
China to reform, with the support and
backing of allies; it also hands China
greater influence in the UPU.

And finally

Tolerance is a virtue — but it comes at
a price. Where resistors are concerned,
tolerance refers to the percentage of
error in its resistance, or how much
more or less you can expect a resistor’s
actual measured resistance to be from
its stated resistance. For the projects
we build, 5% tolerance (gold band) or
10% (silver band) are normally, well,
tolerable. But what does a resistor
manufacturer do when a client asks
it to supply relatively small numbers
of a non-standard value? The former
Synchronome clock company required
spark quench resistors of exactly 37Q
(no more, no less). According to Andy
Young on the Electric Clocks forum,
suppliers took items from stocks of the
closest standard value having plus or
minus 5% accuracy, selected those of
the exact desired value, stripped off
the existing painted markings and re-
painted new ones.
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NEW! NEW! NEW! NEW! p1co

Technology

PicoScope
9404-05 SXRTO

(Sampler eXtended Real Time Oscilloscope)

* 5 GHz bandwidth

* 4 channels

« Under $15,000

The 9404-05 features four 5 GHz 12-bit channels, each
supported by real-time sampling to 500 MS/s per channel
and up to 1 TS/s (1 ps) equivalent-time sampling.

Both the voltage and timing resolution specifications are
characteristic of the highest performance broadband
oscilloscopes.

Ordering information

PQ181
PQO67

PicoScope 9404-05
PicoConnect 910 Kit

5 GHz 4-channel oscilloscope 14,105

3,095

11,975
2,595

9,900
2,045

For more information please visit www.picotech.com/A280

Copyright © 2019 Pico Technology Ltd. All rights reserved. Errors and omissions excepted.

Six microwave and pulse probe heads with two cables




Net Work

Alan Winstanley

Alan Winstanley reminds reodefs 10 keep @ variety of back-ups in the never-ending drive to go
digital, makes up his mind wheniit comes to smartispeakers, and ‘likes’ a Dubliner for taking a stand!

elcome to this month’s
Net Work, our monthly
round-up of trends and de-

velopments for Internet users. In the last
month or two I've described the moves
towards ‘going paperless’ with ever
more communications being handled
via web-based systems. This raises the
question of how, in a paper-free society
we should save important information
for the future. Taking a last-gasp, vi-
rus-free backup of important folders
onto a portable USB hard disk might
be worth thinking about, especially
to insure against threats from ransom-
ware. The author backs up a RAID NAS
array on a 2TB drive several times a
year, which is a slow and onerous job,
but a valuable insurance policy too.

Back to the future
Another question is that of backwards
compatibility — will you be able to
read key data files in the future? An
example arose recently when compil-
ing a claim for a Payment Protection
Insurance (PPI) policy refund. Read-
ers in the UK will know that Britain’s
Financial Conduct Authority has set a
deadline of 29 August 2019 for claims
about mis-sold policies to be submit-
ted, so in my dusty old archives I found
some floppy disks — Microsoft Money
1.0, no less, and a data backup from
nearly 20 years ago. Would those flop-
pies still read properly? Luckily, indeed
they would, and within ten minutes a
legacy version of MS Money was run-
ning on an old W98 machine and the
data file was imported. Then I printed
a report listing all PPI premiums that
had been paid over many years. After
doing the same with Quicken-based
accounts, claims were submitted via
the user-friendly Resolver website (bit.
ly/pe-apr04). This admittedly extreme
but satisfying example shows there is
something to be said for not only archiv-
ing data files safely, but also retaining
compatible software and the hardware
to run it: you just never know if you
will need it again.

Britain’s HMRC (Her Majesty’s Reve-
nue and Customs) and National Health
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Service (NHS) are also doggedly going
digital. HMRC’s drive for ‘MTD’ (Making
Tax Digital) is ‘encouraging’ (bulldoz-
ing) all taxpayers into ‘doing it online’,
while NHS England is finally banning
fax machines —a vintage back-up tech-
nology that I witnessed in use when a
computer virus took down a hospital’s
IT networks a year or two ago.

Another NHS proposal designed
to ease pressure on services suggests
that patients could have a doctor’s
consultation over the web, by Skype.
Naturally, some are disturbed by the
loss of personal contact and the inac-
cessibility of Skype to some patients.
The idea could be likened to Austral-
ia’s School of the Air, a two-way radio
service that used the Flying Doctor
wireless network to educate children
in remote areas (explained at: bit.ly/
pe-apr05). The invaluable 50-year old
service is being modernised using In-
ternet-based services instead. We will
all have to embrace changes that the
Internet is bringing, and the unstop-
pable trend towards paperless and
impersonal communications march-
es onwards.

Google vs Alexa showdown
Smart speakers such as Amazon’s Echo
and Google’s Home Mini are becom-
ing popular, and for several years the
writer has agonised over which system
to choose (if any at all), mainly because
of privacy fears and the
feeling that the gadgets are
always ‘listening in’. I re-
cently quizzed my Echo
Dot about whether a par-
ticular store in town would
be open on a Sunday. Alexa
triumphantly assured me
that it was, until 4pm, so I
headed off in the car only
to find the store shutters
were firmly down and my
20-mile journey had been
wasted. Back home again
I posed the same question
to Google Assistant, which
declared: ‘No! It’s closed
on Sundays!’

It’s unfair to compare devices directly
this way because Amazon was never
likely to improve upon Google Search
nor the local business data that Google
has curated over many years. There
is no doubt that Google is becoming
ever more refined at a granular level
and eventually my mind was made up
thanks to a seasonal price cut. A trio of
Google Home Minis soon arrived and
one of them now jostles for attention
alongside a forlorn Amazon Echo Dot.

They are subscription free, but a
Google account is needed along with
the Home app for Android or iOS.
After a few weeks I've come to appre-
ciate how incredibly useful a Google
Home Mini can be, and its voice rec-
ognition and the sensitivity of its two
far-field microphones are second to
none. I must admit to side-lining any
privacy fears and giving these devic-
es the benefit of the doubt, but in my
view its many benefits now far out-
weigh the need to prefix everything
with, ‘Hey Google’. The Home Mini
also integrates perfectly with a Google
Chromecast TV media player, and
overall the system hangs together very
well. They are 5V USB powered, but
for cordless operation, rechargeable
battery bases for both systems are
made by Ninety?7 (https:/ninety7.com)
available — of course, if a little ironi-
cally — through Amazon (also Argos
and similar).

Thunderbirds’ ‘Brains’ invents a robot. Any resemblance
of the author to either of them is entirely coincidental,
see: https://youtu.be/VOYQ6Q_AQZc
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Even as a spell checker or talking
dictionary, alarm reminder, speaking
clock, simple PA system (eg announc-
ing dinner’s ready) or for operating
smart devices, it is becoming abundant-
ly clear that always-on, voice-driven
smart devices like these are finding
favour in many homes and on many
desktops too. PE readers will probably
prefer the Google device for general
use, while Echo is more family and
shopping orientated.

Century 21 Television

As a child of the 1960s, your spell-
bound scribe looked forward to Sunday
afternoon television, especially the fu-
turistic Thunderbirds series created by
Gerry Anderson’s Century 21 organisa-
tion, which would inspire the writer
to build proper little electronic control
panels and gadgetry for Everyday Elec-
tronics a decade later. Schoolteachers
dubbed television ‘the Devil’s Lan-
tern’, and life and family viewing (with
the emphasis on ‘family’) involved
spending quality time watching live
scheduled broadcasts from just three
channels of public service broadcast-
ing (PSB) and commercial TV.

Fast forward 50 years to the end of
2018, and Britain’s communications
regulator (Ofcom) conducted research
into the viewing habits of children
today. The study focused on the so-
called ‘screen time’ that they spend
viewing streaming video on 21st-cen-
tury appliances such as tablets and
PCs. Ofcom’s January 2019 report, Life
on the small screen: what children are
watching and why (bit.ly/pe-apr06) con-
firmed what many of us suspected and
feared: youngsters’ interest in sched-
uled programmes on PSB had all but
disappeared in favour of watching Net-
flix and YouTube online instead. These
were named as the top two go-to desti-
nations for kids searching for streaming
content, a trend that is widely accepted
to be a permanent structural change,
says Ofcom. Furthermore, the brand
awareness of these streaming packag-
es among children was much higher
than, say, that of the BBC.

Also highlighted was the startling ev-
idence that today’s children preferred
watching Netflix and YouTube alone
in their rooms, and the 20th-century
aspiration of spending ‘family time’
watching TV together — often tuned into
a programme not of a child’s choosing
—was anathema to them. Ofcom found
that kids enjoyed watching what they
want, when they want, and they also
had an extremely strong preference for
keeping in touch with their friends via
social networking and video gaming
rather than in person. No ‘self-driven’
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hobbies, clubs, bike rides or
get-togethers with school pals
for them, though they did often
watch YouTube to glean ideas
connected with their interests
or pastimes. Many parents
tried hard to break their chil-
drens’ online addiction but,
sadly, out-of-school face-to-
face activities were deemed to
be too much bother for this un-
motivated Netflix generation.

According to Ofcom, chil-
dren clearly enjoy searching
Netflix to find content that
they could consume immedi-
ately. They may watch replays
of TV shows like Strictly
Come Dancing or X Factor,
not realising that they origi-
nated from PSB television; in
fact many did not even under-
stand what a traditional TV ‘channel’
was (nor a YouTube channel either, for
that matter). A very common trait was
the instant and effortless gratification
experienced by young YouTubers and
Netflix users who also saw huge re-
wards from receiving streaming video
‘Recommendations’ that popped up
based on their profile and viewing
history. Admittedly, the writer can’t
criticise that as he enjoys using the
same features when searching You-
Tube for music tracks.

Viog on

The influence of vloggers (video blog-
gers) seen as role models by young
viewers was in evidence, as impres-
sionable minds could easily be swayed
by recommendations seen on social
media. Coincidentally, the UK Gov-
ernment’s Competition and Markets
Authority (CMA) recently had to secure
an undertaking from 16 ‘celebrities’ and
self-styled ‘influencers’ to state clearly
when they were actually being paid to
endorse products online, as non-dis-
cerning users might think that the stars
were simply offering their followers
some genuinely ‘impartial’ personal
recommendations.

As an aside, some ‘social-media
influencers’ have created some self-in-
flicted problems of their own. In one
celebrated case, a vlogger failed to see
how offering to ‘plug’ a product or ser-
vice in return for a ‘freebie’ (in this
case, a mention in a vblog in return
for a free hotel stay) might actually
backfire on them. In a vlogger’s mind,
such a ‘business request’ is considered
normal and they have no issues with
any perceived bias or lack of credibility
that this ‘business model’ might en-
gender. However, the doughty owner
of Dublin’s White Moose Cafe & Lodge

Australia’s School of the Air is replacing radio services
with online versions. (Courtesy of NSW.gov.au)

would have none of it, quite rightly,
and a row spilled online. Much of what
is presently wrong with this distorted
media channel was exemplified by an-
other vlogger who, if nothing else, at
least tried to offer a balanced view of
the hotel’s stance, see: https://youtu.
be/toKzUe5D7zs (5 mins, contains
‘language’), which may leave many
Net Work readers feeling a bit exas-
perated! Putting aside any feelings of
Schadenfreude, readers might enjoy a
follow-up piece by life coach Gerald
Pauschmann on YouTube at: https://
youtu.be/zlmarLZpsyQ (13 mins, con-
tains ‘language’).

In their survey, Ofcom observed that
children whose online ‘phone time’
was strictly controlled were in a mi-
nority, as parents struggled to impose
simple rules. Some kids had also fig-
ured out how to circumvent controls
by logging into Netflix using their
parents’ credentials instead. Is all of
this a bad thing? Australia’s School
of the Air shows the good that can
come out of distant communications
between earnest and motivated users.
Today, there are real concerns about
the way that unrestricted, unfiltered
and unedited access to online material
is skewing the values and percep-
tions of today’s young generation,
but Ofcom’s report still offers some
glimmers of hope. Not all youngsters
surveyed were consumed by Netflix
and YouTube, and some were clearly
motivated enough by what they saw
online (eg, watching car repairs on
YouTube) to want to do that as a job
when they grew up —just as I was in-
spired enough to discover electronics
after watching Thunderbirds on TV!

The author can be reached at;

alan@epemag.ngt‘ Z
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By Tim Blythman
NEérneér-0Dase

We’ve produced a number of GPS-based clocks over the last few years, but
they can be problematic if you can’t get a GPS signal — deep inside a building,
for example. But how about this for a clever alternative: program a cheap
Wi-Fi module to act as a time reference, kept accuracy via the Internet!
It pretends to be a GPS unit, so any GPS clock can use it!

time reference can be relied on as being highly ac-
curate — after all, the time code in the GPS signal is
derived from an atomic clock.

The most recent GPS-synchronised clocks we’ve pub-
lished are the Analogue Clock Driver (February 2018);
and the High Visibility 6-Digit LED GPS Clock (January
and February 2017).

In the case of the High Visibility
6-Digit LED GPS Clock, it requires no
manual adjustments for daylight saving
or time zones, as it can determine these
adjustments based on location data from
that same GPS module.

Unfortunately, all GPS-based clocks
are subject to one caveat: they won’t
work well without having a clear ‘view’
of the sky, so that they can pick up the
signals from multiple GPS satellites.
While GPS signals can usually be
picked up indoors, whether you will
get them at a given location depends
on the construction of the building, and
even the weather.

But many readers will already have a
Wi-Finetwork at home and that gives an
alternative source of time that’s almost
as accurate (far more accurate than
you're ever likely to need!). So why not
take advantage of it?

This project takes a cheap and readily
available ESP8266 Wi-Fi/ARM processor module and uses
itto fetch accurate time readings from the Internet and pass
it through to the clock.

The beauty of this system is that it presents this time
reading as if it’s coming from a GPS module, so you don’t
have to make any changes to the clock hardware or soft-
ware. You could build any of our GPS clocks and with just
a small amount of extra effort, get them to run off Network
Time Protocol (NTP) time via your existing Wi-Fi network.
It should even work with commercial, pre-built GPS clocks.

In fact, this concept can be used with any device that
uses a GPS module to get a time signal. It doesn’t need to
be a clock. But keep in mind that it may not be accurate
enough to use as part of a time reference system.

Clock projects that depend on a GPS source as the

How it works

As already noted, we're using an ESP8266 module which is
available pre-assembled, already having an onboard Wi-Fi
transceiver. We program it using the Arduino IDE. IDE stands
for Integrated Development Environment, which means that

14

The NTP Wi-Fi module we chose, the
ESP8266 WeMos D1 Mini Module.

it lets you write code for an Arduino, then compile it and
upload it to the board. And note this point; while we are
using the Arduino IDE, we are not using an Arduino Uno or
related Arduino board!

The software we have developed fetches the current
time and date from an NTP server via the Internet, then it
uses this timestamp in combination with its internal clock
to generate a stream of GPS-compatible (NMEA encoded)
data, including time signals.

It is possible to estimate your loca-
tion based on your Internet IP address,
so our software does just that, trans-
lating the IP into a latitude/longitude
pair using an online service. So if you
are using this module with the High
Visibility 6-Digit LED GPS Clock, it can
use these coordinates to calculate the
correct time zone and daylight saving
rules, and it will display the correct
local time.

While we’ve found that the estimated
position can sometimes be a few dozen
kilometres out, in 99.99% of cases this
will still be in the same time zone, so
the time displayed will still be correct.

However, if you are using a proxy
or VPN, this information may be inac-
curate, as the IP service may return
coordinates based on your proxy loca-
tion. For most home Wi-Fi set-ups, this
should not be a problem.

NMEA GPS data

NMEA stands for ‘National Marine Electronics Association’;
and NMEA 0183 is a specification for communication be-
tween marine electronics systems, including GPS receivers.
Pretty much all GPS receivers produce serial data in this
format, which is why we’ve designed our unit to use this
same standard.

We’ve described the NMEA 0183 standard in detail in the
past and we will give some examples below. But for now,
you just need to understand that the data is sent over an
RS-232 (or similar) serial link, in ASCII text format, with
each distinct line being considered a ‘sentence’.

Each of the ‘sentences’ is prefixed with a code, which
indicates what data is contained within. So units receiv-
ing this data can skip any sentences with codes that they
don’tunderstand. Each sentence contains a series of values
separated by commas and terminated with a checksum,
so that data which is corrupted during transmission can
be ignored.
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Since the information from a GPS receiveris simply serial
ASCII data, it’s easy for a microcontroller to mimic it. A
GPS receiver will usually transmit around 3-10 sentences,
sent once per second. But for our clock projects, only two
are important.

These are the RMC (minimum recommended GPS) and
GSA (fix validity and active satellites) sentences. RMC
contains the GMT/UTC time, date, latitude, longitude,
speed, course and magnetic variation data. GSA indicates
whether the unit has obtained a GPS fix and a partial list
of the satellite IDs used to obtain that fix. See Fig.1 for an
example. This was taken from a real GPS receiver.

Without an actual GPS receiver, the latitude, longitude
and satellite status will have to be fabricated or estimated;
the only information which absolutely needs to be correct
is the time and date.

We’ve also written the software to produce a ‘dummy’
status sentence to show some information about the status
of the Wi-Fi connection. Since this is a sentence type that
the clocks are not programmed to interpret, they will ignore
it. But you could monitor the output of the serial port using
a PC as a debugging aid.

Network Time Protocol

NTP is one of the oldest Internet protocols still in use. It’s
used by pretty much every computer and smartphone to
keep their clocks accurate.

NTP was designed to be simple and fast so that the
overhead of checking and adjusting the time is minimised.
It is well suited to implementation on a small device like
an ESP8266 module. It’s also designed to compensate for
network delays.

Ultimately, NTP time comes from a source which typi-
cally has a caesium atomic clock. From there, the time is
distributed to other nearby servers. Our unit will most likely
be getting its data via a path that is three or more levels (or
‘strata’) removed from the atomic clock.

In other words, we’re synchronising our time to serv-
ers, which synchronise their time to other servers, which
synchronise their time to other servers, which have atomic
clocks attached. Whew!

But you can still expect the resulting time to be accurate
to within about 10ms. Given that we are transmitting this
data to a clock which will be only be displaying to the
nearest second, that should be accurate enough.

To determine the time using NTP, the unit sends out a
number of packets over the Internet to NTP servers and uses
its internal clock to keep track of when each packet is sent
and when a reply is received. The response also includes
the time (according to the server) when our query was re-
ceived and when the response was sent. The packets are
sent using the low-overhead User Datagram Protocol (UDP).

Using this information, we can determine the round-
trip time; ie, the time it takes for our query to get to the
server, plus the time it takes to get the response. Normally,
the route taken by both packets will be similar and so the
delay will be similar.

By subtracting the time that the server spent processing
our request from the round trip time and dividing by two,

$GPRMC, 013115.000, A, 3345.6276,S,15116.8171,E,0.00,157.
35,140218,, ,A*76
$GPGSA, A, 3,05,31,25,29,02,,,,,,,,2.22,2.02,0.92%02

Fig.1: an example of typical RMC and GSA sentences from
a real GPS receiver. The RMC sentence provides basic fix
data such as latitude, longitude, speed, heading, and most
importantly, date and time. In this case, the UTC time is
1:31:15am and the date is 14/02/2018.
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we can get a pretty good idea of how long the response
took to get to us. We can then add that delay time to the
accurate time we receive from the server and that should
be close to the exact time when the response was received.

Since we query a number of servers, if a majority of the
times determined from the responses are within a few mil-
liseconds of each other, then we can be fairly sure that we
have a good determination of the time and we can average
those results and use that as the correct time.

Keeping track of time

The NTP-based GPS Time Source uses its internal oscil-
lator and timer to keep track of time in the short-term,
so it does not need to constantly re-query the servers to
determine the time.

This oscillator’s frequency may not be exactly right and
it could vary with temperature and other factors, but since
we synchronise it frequently using NTP, it should never
drift very far.

In fact, by looking at how it’s drifting each time we get
a time update via NTP, we can account for and cancel out
some of this drift.

That’s important, since we use this oscillator to deter-
mine the one-second intervals on which to send the NMEA
data and this gives the clock its seconds ‘tick’. If that was
inconsistent or worse, glitched (eg, giving two pulses in
short order), you would probably notice.

By default, we perform an NTP update at hourly intervals.
The oscillator in the ESP8266 micro is typically accurate
to within about +0.001%. That means that, uncorrected, it
will drift by up to 42ms each hour. That’s hardly noticeable
and the corrected drift is likely to be well within 10ms.
You aren’t going to notice a 10ms ‘jump’ when the time is
updated from NTP.

One thing we haven’t mentioned yet is that there are
actually two different hardware units which you can use
for this project. One is smaller and cheaper (ESP-01) but
only has eight pins. The slightly larger module (D1 Mini)
has more pins and this allows us to also provide a 1PPS
(one pulse per second) output, for clocks which require it.
See Figs.2, 3 and 4 for details of the D1 Mini.

If available, the 1PPS output is generated from the same
oscillator and is driven high briefly at the same time that we
start to transmit the NMEA data. We’ll get back to discuss-
ing the two different hardware modules later.

NTP always gives UTC or Universal Coordinated Time.
This is the modern, more accurate version of Greenwich
Mean Time, which differs from GPS time by (currently)
18 seconds due to the fact that the GPS satellites are not
adjusted for leap seconds when they occur.

However, the GPS data stream does include information
about how many leap seconds have occurred, so this can
be corrected for.

Most GPS receivers can use this information and so give
the correct UTC time, but some receivers don’t apply the
leap second change at the right time. This means that using
NTP may actually be more accurate than some GPS receivers.

Here’s an alternative
ESP8266 module, the
ESP-01 (available on
eBay and elswhere).
It’s smaller, but it’s
not quite as easy

to program in situ.
We have an article
describing this
module in detail on
page 32 of this issue.
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ESP8266 module

The small size of the
ESP8266 module means
that it can function as a di-
rect drop-in replacement for
many GPS modules.

There are quite a few dif-
ferent ESP8266-based mod-
ules available. Our preference
is for the WeMos D1 Mini,
which includes an onboard
USB/serial converter to sim-
plify programming, as well
as a 5V regulator, allowing it
to be used with both 5V and
3.3V power supplies.

Other modules, like the
slightly smaller ESP-01 can
also be used, but you will need
a USB-serial converter to pro-
gram it and pull-up resistors
are also required to get it to operate in the correct mode.
We’ll show you how to use either module for this project.

The features of the module that we are using are the Wi-Fi
connectivity, serial port and also the onboard LED to report
some status information. While the small PCB antenna on
this module doesn’t have a long range, it’s expected that
it will be used indoors (where GPS isn’t available) and
probably not too far from a router.

servers

* Adjustable baud rate

Circuit diagram
The circuit diagram for the ESP8266 WeMos D1 Mini module
is shown in Fig.2 and its pinout is shown in Fig.3 and Fig.4.
Since this is a pre-built module which does pretty much
everything we need it to do, there’s no additional circuitry
required. We simply feed power into the GND and 3V3 pins
and the emulated GPS serial data appears at the TX pin.

If your clock supplies 5V to the GPS module then you
can feed this into the 5V pin instead. The onboard regulator
then derives the 3.3V supply, which powers the module.

Features and specifications:

* Uses low-cost ESP8266 Wi-Fi module
* Comparable in size to a GPS module
* Little or no assembly required

* Generates standard GPS NMEA data, including
?ime, date, position and signal validity

* Also produces 1PPS pulses (D1 version only)
* putomatically fetches NTP time from Internet

* provides approximate location, for clocks with
location-based time zone support

* Configured via serial port _
* Produces dummy status sentences, for debugging

* power supply: ~70mA at 3.0-5.5V

Regardless, the serial data
output will have a 3.3V swing,
but this is true of most GPS
modules (even if they run off
5V) so the clock should not
have any problem with this.
(5V micros can normally ac-
cept 3.3V logic levels at their
digital inputs.)

You can also use the small-
er ESP-01 Module, but it
cannot easily be programmed
as-is. You will need a bread-
board, some jumper wires
and a few resistors so that
you can program it. You will
also need to add some com-
ponents to the board before
mounting it in the clock, so
that it will operate normally.

The ESP-01 also does not

include a 3.3V regulator, so the host circuit will have to
supply it with 3.3V or thereabouts (3.0-3.6V is acceptable).

Programming it

Regardless of which module you’re using, you need to
install the Arduino IDE and the ESP8266 processor add-
on so that you can upload the code to it. If you haven’t
already done this for a previous project, use the following
steps — and if you do already have this software installed,
check to make sure you have the latest version.

First, install the most recent version of the Arduino
IDE on your PG, if you don’t already have it. This can be
downloaded for free: www.arduino.cc/en/Main/Software

Next, install the ESP8266 board files. This is also a free
download, but it’s quite large and will take a while. To do
this, open up preferences in the Arduino IDE and under
‘Arduino Board Manager URLs’, enter: http://arduino.
esp8266.com/stable/package_esp8266com_index.json (as
shown in Fig.6).
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Fig.2: circuit diagram of the original WeMos D1 mini, which has now been cloned and is widely available. It’s based on
an ESP8266 Wi-Fi module with onboard processor, but contains extra circuitry to make it easier to program and use.
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Fig.3: there are several different versions of the D1 Mini
board but they are all suitable for this project and have the
same pin-out, as shown here. The one we used (a common
clone) looks like this but there may be slight variation in
the components on the board.

Hit OK, then go to Tools — Boards — Board Manager,
type in ‘esp8266’ in the search box, click on the entry
which appears below and then click on the ‘Install’ button
(see Fig.7). This will result in around 160MB of compilers
and associated files being downloaded and installed on
your computer.

There are two main build options, so we’ll run through
the easier option first. This is using the D1 Mini module.
Go to Tools — Board menu and select the ‘WeMos D1 R2
& mini’ entry. There are no additional libraries to install,
as the basic Wi-Fi feature libraries are installed with the
ESP8266 processor add-on.

Using a micro-USB cable, plug the D1 Mini module into
your PC. Check the ports under Tools — Ports to see that the
driver is installed and select the port. If it is not installed,
the driver can be downloaded from: https://wiki.wemos.
cc/downloads

Open the .ino sketch file (downloaded in a ZIP from
the PE/EPE website) and select Sketch — Upload. If eve-
rything completes successfully, you can jump ahead to
the Setup section.

Using the ESP-01 module

The ESP-01 module is less than halfthe size of the D1 Mini,
which means it can’t fit a lot of the nice features of the larger
board (such as the onboard USB/serial converter). Still, it
isn’t too difficult to build a rig for programming this tiny
module. You will need a separate USB/serial converter with
a 3.3V supply output, as the ESP-01 will not like 5V! For
example search eBay for ‘CP2102-based USB/TTL serial
converter’ —at the time of writing eBay item 333014805451.
See Fig.5 for the connection diagram.

Connect one male/female jumper lead to each of the ESP-
01’s pins except for GPIO2, and run the other end to one
edge of the breadboard. We used red for V¢, black for GND,
orange for TX, yellow for RX, green for RST, blue for GPIO0
and mauve for CH _PD (‘Power down’). The mauve lead
for CH_PD can connect to the same row as V¢, as CH_PD
needs to be pulled up to Vxx for the module to do anything.

Connect another four male/female jumper leads to the
USB-serial converter and then connect these to the ESP-01
via the breadboard as follows: red lead to 3.3V, black to GND,
orange (from TX on the ESP-01) to RXD on the USB/serial
converter, and similarly, yellow (from RX on the ESP-01)
to TXD on the USB/serial converter.
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D1 mini

Fig.4: the only part mounted on the the top side of the D1
Mini module is the ESP8266 sub-module, which contains
the IC itself plus a few passive components inside a metal
shield can. This is the side normally visible when the
module is plugged into another board.

The ESP-01 module needs some pull-up resistors for
correct operation, so connect a 10kQ resistor from the V¢
row to the RST row (between the green and red jumper
leads), and another 10kQ resistor from the Vg row to the
GPIOO row (between red and blue jumper leads). See Fig.5
for details.

Finally, using male-to-male jumpers, add flying leads to
the RST and GPIOO rows (green and blue). These are now
our reset and programming jumpers, and we plug them
into the GND row to activate them. If you prefer, you could
even fit some tactile pushbuttons to the breadboard if you
are going to be using this setup more than once.

To reset the ESP-01, touch the green lead to GND. To
enter UART upload (programming) mode, hold the blue
wire against GND, then briefly touch the green wire to GND,
then release the blue wire. You can even touch the green
wire to the blue wire (while it is against GND) to ensure
everything happens in the right sequence.

Another trick you could use if you want to make the set-
up more permanent is to (carefully!) glue the sockets that
are plugged into the ESP-01 together to form a single large
socket which can be removed as one piece from the ESP-01.
If you are using a cyanoacrylate type adhesive (Super Glue),
gently separate the sockets to allow the glue to penetrate,
apply a small amount away from the ESP-01, then firmly
squeeze them together until the glue takes.

Now, having built our programming rig, we can upload
the code to the ESP-01.

Click Sketch — Upload in the IDE and while the sketch
is compiling, touch GND to the blue wire, then green and
then release the green and release blue. The ESP-01 will

Parts list — NTP Time Source

1 D1 Mini ESP8266 module or
1 ESP-01 module

To program the ESP-01, add:

1 USB/serial converter (see text)

1 small breadboard

2 10kQ 0.25W resistors (1% or 5%)

2 male-to-male jumper wires (to suit breadboard)

11 male-to-female jumper wires (to suit breadboard)
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TO RESET ESPO1, SIMPLY TOUCH
GREEN WIRE TO GND ~ @@EE©@@@@@
TO ENTER PROGRAMMING MODE, < @%% & %%%%%
HOLD BLUE WRETOGND AND THEN  \ ™ s | EEEEE =
TOUCH GREEN WIRE TO GND e B S ool &= cnp
7 EEEE (1D ) [t cH_po44eflo—crio2
USBLART | EEEEE | EEEHEERS T 5_cpio0
[El=)=)E]E] W= 5 wZ
BRIDGE ¢ R4O T T i@ +3.3V: /—RXD
5 o owo S | g%% R
o— - o
NOTE THAT THIS WIRE IS CONNECTED TO \SS%%% EEIHIEE GNp
THE +3.3V PIN, NOT THE +5V PIN %@@@@ = H@B-
W Ol +3.3V

are used to put the module into programming mode.

MINI PROTOBOARD

Fig.5: this is how the ESP-01 module is connected for programming. Note the two loose wire ‘ends’, which

stay in programming mode until it is reset or a sketch
is successfully uploaded, in which case it will run the
uploaded sketch.

Any errors will appear in the bottom pane of the Arduino
IDE window. If you get errors like ‘error: espcomm_up-
load_mem failed’, this is because the computer cannot
send data to the ESP-01. In this case, try the blue/green
sequence again. Usually, the blue LED on the module will
blink on and off in ‘run’ mode, but will only briefly flicker
once in programming mode, so if the LED is blinking, you
may not be in programming mode.

We’ve found that uploading to the ESP8266-based de-
vices is sometimes less reliable than other devices, so it
may simply be a case of trying a few times.

Set-up
With the sketch completely uploaded to the device,
open the Serial Monitor at 9600 baud (you can do this
via the Tools menu or, in Windows, the key combination
CTRL+SHIFT+M). The program will transmit its current
baud rate at 9600 baud before running, so if you see a differ-
ent number or garbage output in the Serial Monitor, check
the displayed baud rate and use that instead.

Within a few seconds, there should be a stream of data
on the screen, similar to Fig.8. The lines beginning with

More preferences can be edited directly’

i sers'ser

it anly when Arduin & not running)

(http://arduino.esp8266.com/stahIe/package_esp8266com_index.isnn)

| Tk | [ |

Fig.6: before you can install the ESP8266 Board file, you
need to tell the Arduino IDE where to find it. You do that in
the Preferences dialog, as shown here.
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‘$GPRMC’ and ‘$GPGSA’ are our emulated GPS (NMEA)
data, while the ‘SESP82’ lines are debugging information
so that we can follow what our NTP-based GPS Time
Source is doing.

These two groups of three lines show the data from a
configured module that has already connected to a Wi-Fi
network. You can see that it updates its time, latitude and
longitude between the first and second group of sentences
(it really is that quick!).

You will probably see something that looks like the first
group repeated, as your unit will not be connecting to a
Wi-Fi network just yet.

To enter the configuration menu, type ‘~’ and press
enter on the Serial Monitor. You will need to have the
serial monitor set up to produce carriage return (CR) or
carriage return/line feed (CR/LF) at the end of each line,
as the menu looks for CR on some commands; this hap-
pens by default.

The menu will appear, as shown in Fig.9. You will need
to configure options three and four to suit your local Wi-
Fi network by pressing ‘3’ and Enter, followed by your
Wi-Fi network’s SSID name and then press Enter. Then
type ‘4’ and Enter, followed by the password and Enter.

As you might imagine, the password is saved in a non-
secure fashion and can easily be viewed by anyone who
has access to the module, so be careful who you give it to.

The NTP server and dummy coordinates should not
need to be changed, but this can be done in a similar

Pl *  fashion if necessary.

TMM:W The dummy coordinates correspond to Sydney, Aus-
T e tralia, so should be a good default if you are using the High
Mo D — e = Visibility 6-Digit LED GPS Clock there! If you are using
Ebto o s f13 the GPS-synchronised Analog Clock Driver, these don’t
inberface scale: zml_m_:m [recuses restart of Ardune)

matter, as the time zone is set in the PIC on the driver PCB.

s i_— 0 L In any case, the unit should get a reasonably accurate
Clrieitr b e T latitude and longitude from the IP web service. It’s only
it ran in the case that this fails that the defaults are used.

EA verify code after upload

[ use external editor

[ Aggressvely cache compled core:

[ Check for updates on startp ) Boards Manager =
=2 - Troe M - emSME

[ Save when verifng oc a1p8368 by ESORI0E Community &

Bowrds inchuded In this package:

Gunaric ESPEZSE Medule. Dlimax MOD-WIFT-ESPE266{-DEV), FodeMOU 0.9 (ESP-12 Modula). odeMCU 1.0 (ESP-12E Modula).
Adalruit HUZZAH ESPBI65 (ESP-12). ESPreasc Lite 1.9, ESPrassc Lite 2.0, Bhoenis 1.0, Bhoenix 2.0, SperkFun Thing. Seestins
ESE-110, WeMos D1, WaMos D1 mini, ESBinn (E55-12 Modula), ESBian (WROOM-02 Medule), willnfo, BSB0uing, 40 Sratemi
gend ToD Range, DigiStuma Oak.

Qokns hels

Morg infp.

Fig.7: this shows how you install the ESP8266 ‘core’ files in
the Arduino Board Manager. This process lets you compile
and upload code to ESP8266-based boards, including the
ESP-01 and WeMos D1 Mini.
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Finally, press ‘9’ and then Enter to
save, then press the reset button on the
side of the D1 Mini to load the new
defaults. You should see a valid IP ad-
dress appear after the second comma
of the ‘$ESP82’ sentence if the Wi-Fi
connects successfully. See Fig.8 for
more detail on this.

Checking the ‘$GPRMC’, ‘$GPGGA’
and ‘$GPGSA’ sentences should reveal
valid data, including the current (UTC)
time and date after ‘$GPRMC’. If eve-
rything seems to be working here, we
can connect it up to our clock.

The D1 Mini also has an onboard
LED to help set-up and troubleshoot-
ing. While it is looking for a Wi-Fi
network at start-up, the LED is on
solidly — so if the LED lights up and
never goes out, the unitis not connect-
ing to your Wi-Fi network. After this,
the LED will blink every time data is
transmitted, which should be once
per second.

Our ESP-01

jumper leads.

Configuring the ESP-01

As well as needing the right combination of pull-ups and
pull-downs to be programmed, the ESP-01 will also need
to be configured to run correctly before connecting it to
a clock. Fortunately, this is easily done by adding solder
bridges to some of the pins to connect them to the correct
voltage levels.

Soldering the pins simply prevents the ESP-01 from
entering programming mode, so it can still be configured
via the setup menu on the serial port if necessary.

Carefully run a bridge of solder between the 3.3V pin
(the top left pin when looking at the top of the board, pins
at the top), CH_PD, RST, GPIO2 and GPIOO (the four centre
pins). This effectively forces the ESP-01 into run mode
every time it is powered up. We found it easiest to bridge
out the four centre pins, then tilt the module to allow the
bead of solder to reach the 3.3V pin.

See the photo on the next page for how the ESP-01 should
look after it has been bridged. Alternatively, you could solder
a couple of short lengths of hookup wire to join the pins.

To connect it to the clock, plug jumper leads into 3.3V
(top left), GND (bottom right) and TX (above GND). From
now on, the ESP-01 can be treated like the D1 Mini and
these are the only three connections you need. Note that
with the ESP-01 module, the blue LED is connected to the
TX pin, so it will flicker to indicate data is being transmitted
but will not solidly stay on while the module is attempting
to connect to Wi-Fi, as with the WeMos board.

programming rig,
corresponding to
Fig.5. It looks a bit
complicated, but
really there isn’t
much to it apart
from a number of

.................
.................
.................

Connecting to the GPS-synchronised Analogue
Clock Driver

There are only three connections needed to work with the
GPS-synchronised Analogue Clock Driver from February
2018: power (3.3V), ground and the serial data. Remove
the battery from the Clock Driver, ensure that JP1 is set to
the 3V position, then wire the unit up to the GPS module
header. See the top photo opposite for details.

This means connecting the 3.3V pin on the D1 Mini to
the V¢ pin on the clock, Ground (‘G’) to GND and TX to
TX. We used some jumper socket lead off-cuts to wire up
our D1 Mini, so it’s easier to remove in future if neces-
sary (for example, if we need to configure it to a different
Wi-Fi network).

You’ll see in the photo that we’ve actually connected
3.3V to the ‘EN’ pad on the PCB, because it’s directly
connected to Vg on the reverse of the clock PCB and it
means that the wires don’t need to cross.

Set the hands of the clock to 12, and re-insert the cells.
You should see the STARTUP LED on the Clock Driver
flash once, then twice as it powers up the D1 Mini. If the
D1 Mini’s LED does not light, check the wiring connections.

The LED should go out again in a few seconds as it con-
nects to Wi-Fi, and provided the Internet connection is
good and the NTP servers are online, the STARTUP LED
on the Clock Driver will flash four times and it will start
double-stepping towards the correct time.

S$GPRMC,000002.000,V,3351.000,5,15112.000,E.0.00,000.00,200718...*29
SGPGGA,000002.000,3351.000,5,15112.000,E,0,04,1.0,0.0,M,0.0,M,,775
SGPGSAAT,.msseeees,1.00,1.00,1.00,72D
SESP82,06,000.000.000.000,0,0,0%78 ;
$GPRMC,215729.688,A,3352,000,5,15110.000,E.0.00,000,00,210218,.,735
$GPGGA,215729.688,3352.000,5,15110.000.E.8,04,1.0.0.0,M.0.0,M,,*72
SGPGSAA,3....0000000,1.00,1.00,1.00,%2F
SESPB82,03,192.168.043.252,1,1,90348198%4C

Longituile Liate

Time IP Address Latitude

Fig.8: sample output from the completed NTP/GPS Adaptor
unit. The GPRMC, GPGGA and GPGSA sentences mimic
those produced by a GPS receiver (hence the GP prefixes)
while the ESP82 sentence contains our debugging data.
You can see that the unit acquired a Wi-Fi IP address
(192.168.43.252) between the first and second instances.
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Fig.9: the NTP GPS Source set-up menu.



Bridging the pins of the ESP-
01 with solder forces it into
‘run’ mode and prevents it
stalling in UART upload
mode. With a bit of care
and a solder sucker, the
solder can be removed
and the ESP-01 can

be reprogrammed if
necessary. The pins
that are bridged are
VCC, CH_PD, GPIOo,
GPIO2 and RESET.
The copper track at
the bottom of the
PCB is the on-board
antenna.

Connecting to the High Visibility
6-Digit LED GPS Clock

The set-up for the High Visibility 6-Digit LED GPS Clock,
from the January and February 2017 issues is similar to
that for the GPS-synchronised Analogue Clock Driver.
Because our prototype unit did not have a 1PPS output
(and it is not required by the clock), we did not connect
it. If you need it, it’s on pin D2 of the Mini.

Ensure that LK1 is set to the 3.3V position and connect
+V to 3.3V on the D1 Mini, GND to G and TX to TX, as
shown in the photo below.

Power on the clock, and after a few seconds you should
see the GPS display indicating that the clock is awaiting
a valid GPS signal. Once valid data has been received by
the clock, it will go to the normal clock display. Since
this clock uses latitude and longitude to set the time
zone, incorrect data here may lead to an incorrect time
being displayed.

If you find the time is incorrect (especially if it is out by
awhole number of hours), the NTP-based GPS Time Source
may not be providing correct latitude and longitude data,
in which case the dummy values may need to be changed.

The NTP-based GPS Time Source updates its time from
the NTP servers every hour. We’ve tried
to program it so thatit won’t ‘jump’ when
that happens; in fact, you probably won’t
notice it. But for the first few hours, as
the drift compensation will not be opera-
tional yet, you may notice an occasional
slight glitch in the time.

Using it with other clocks

and NTP servers

Any device that uses GPS data as its clock
source should be able to use this project.
With NTP being used so widely, the time
provided is quite accurate and the three
connections for power, ground and data
are usually easy to find.

The default NTP server used in our ® CHIP.. ,
sketch is actually provided by volunteers con@ &

who donate their server time to make NTP =1 RevA

widely available. For more information,
see: http://www.pool.ntp.org/en/
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Only three wires are needed to connect the D1 Mini to the
GPS-synchronised Analogue Clock Driver and although
slightly larger than the GPS Module, the D1 Mini is a great
fit for the PCB.

As always, servers on the Internet may come and go,
and there are alternatives. For example, nist.time.gov is
provided by the US government, and it was a server we
tried while testing the NTP-based GPS Time Source. In
practice, because the servers are so far away, the round-trip
time for our data was too long to maintain accuracy, so a
closer server was chosen at: pool.ntp.org

This server is actually a large number of servers around
the world and the Internet’s DNS system tries to point you
to a nearby server.

The server can be changed via the configuration menu
by pressing ‘5’ and Enter, then entering the URL or IP
address of the new server.

Reproduced by arrangement with
SILICON CHIP magazine 2019.
www.siliconchip.com.au

A AR AR
0 50 90 ¢0 808

=& coum
5 LED-GPS Clocky/Timer —

Using a row of header pins makes it much easier to connect our completed
unit to the clock. In this case, we only need three pins.
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Summer is a distant memory, and some of you will no doubt be using
heaters to stay warm. Our new Heater Controller allows you to select
exactly how much warmth you want from the heater and it can even be
fitted with a thermopile sensor for precise temperature control.

ost electric radiators are
pretty crude devices: you
switch ’em on and they get hot.

Butin small rooms, they will quick-
ly get too hot and then you will want
to switch them off or possibly down a
level ortwo, if they have such a switch.

Most heaters pump out too much
heat for a small room, even when they
are on the lowest setting. You really
need a heat controller. Our new Heater
Controller is exactly what you want.
Think of it as a ‘dimmer for radiators’.
But it is a lot more than that.

We should note that some heaters,
typically oil-filled units, do have a
thermostat where the heater switches
off when the air temperature reaches a
set value and then it switches back on
when the heater cools down.

The thermostat is usually mechani-
cal and often makes a clicking noise
whenever the switching occurs, and it
may also cause a neon or LED to flash
on and off at the same time.

That intermittent noise and light
may be be disturbing if the heater is
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used in abedroom while you are trying
to get to sleep. It can also result in a
noticeable heating/cooling cycle if you
are close to the radiator.

Our new Heater Controller has no
mechanical switching to cause noises
and it incorporates a thermopile in-
frared sensor so it can maintain a set
temperature in a room.

Alternatively, it can be built without
the optional infrared sensor so you can
use it to simply select the amount of
heating that you desire.

We should point out that the Heater
Controlleris not suitable for fan heat-
ers. At the lower settings the fan will
not run and that could cause the unit
to over-heat and fail.

How it works

Our Heater Controllerworks by apply-
ing an integral (ie, whole) number of
full mains voltage cycles to the heater.

WY Jolw Glarke

At lower power settings, fewer cy-
cles are applied and for higher power,
agreater number are applied. We have
included a number of scope grabs to
illustrate this switching operation.

For example, at low power, it may
only apply one cycle of 50Hz 230VAC
out of every 15. At full power, the
mains voltage is on constantly (as if
the controller was not present).

It uses a 15-cycle control period,
which corresponds to 300ms for 50Hz
mains (as in the UK, Australia or New
Zealand) or 250ms for 60Hz.

At half power, there are seven or
eight cycles of mains voltage applied
to the heater out of 15 incoming cycles.

The switching action will not be no-
ticeable with heaters with wound re-
sistance elements, but it will be visible
with radiator elements in silica glass
tubes and very noticeable in those with
halogen lamps. In fact, the flashing of
halogen lamps in those heaters will
drive you bonkers — don’t do it!

The mains voltage is only switched
as it passes through zero volts (ie, ‘zero-
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The Heater Controller can be built in two versions: with a thermopile sensor for
accurate temperature control; or without, which allows you to vary the power
over 15 different levels. The model shown here has the thermopile sensor so you
can ‘dial up’ the temperature that you want.

voltage switching’). This minimises
any generation of electromagnetic
interference by the controller.

Two versions
As noted, this project can be built in
one of two versions: with or without
a thermopile sensor for temperature
control. If you build it without the
optional thermopile sensor, the knob
on the front panel will allow you
to vary the power over 15 different
power levels.

The second version, with the ther-
mopile sensor, provides a non-contact
temperature measurement method by
detecting the infrared radiation emit-
ted by objects outside the box.

This form of room temperature sens-
ing is ideal since the Heater Control-
ler’s circuitry runs at 230VAC mains
potential, and any contact with an
uninsulated external sensor would
be dangerous.

By having the thermopile located
safely inside the unit, with a trans-
parent window for insulation, it is
rendered safe and its operation is not
affected by self-heat-

power supply and the mains voltage
detection circuitry.

As you can see from the photos,
the Heater Controller is mounted in
a low-profile diecast aluminium case
with mains plug and socket leads at
one end, along with a fuse holder. The
adjustment potentiometer is on the lid.

Circuit description

The complete circuit for the Heater
Controlleris shown in Fig.1. We’ll start
by describing the complete version,
which provides temperature control.

The circuit is based around micro-
controller IC1, Triac Q2 and thermo-
pile sensor TS1.

IC1 provides overall control, driv-
ing the sensor and the Triac, which
connects mains power to the heater.

TS1 has four pins and it actually
comprises two separate devices in the
one package. The thermopile IR sensor
is connected between pins 2 and 3,
while an NTC thermistor is connected
between pins 1 and 4.

This is important because the
thermopile senses the difference in

temperature between the room and the
sensor itself. The thermistor allows us
to determine the sensor temperature.
By adding the two temperatures, we
can determine the absolute tempera-
ture of the room.

The microcontroller monitors sev-
eral signals or voltages, which are
internally converted to numbers using
its inbuilt 10-bit analogue-to-digital
converter (ADC).

The voltage across the NTC ther-
mistor in TS1 is monitored by input
AN3 (pin 3), while the voltage at the
output from instrumentation amplifier
IC2 is monitored at input ANO (pin 7).

The setting of the control potenti-
ometer (VR1) is monitored at input
AN1 (pin 6) while the mains voltage
is monitored at digital input GP2 (pin
5), via a 330kQ 1W resistor.

IC1’s GP5 output (pin 2) drives the
base of NPN transistor Q1. In turn, Q1
sinks current from the gate of Triac
Q2, switching it on. Its gate current
flows via the 47Q resistor connected
between the 5.1V supply and the A1
terminal, through the gate and then to
circuit ground via Q1.

This is a slightly unusual configu-
ration. The gate resistor (in our case,
47Q) is normally placed between the
Triac gate and transistor collector, with
the A1 terminal connected directly to
the supply (in our case 5.1V). However,
with that arrangement, noise on the
mains Live conductor could be in-
jected into the microcontroller supply
and cause it to latch up.

In our circuit, the 47Q resistor be-
tween the mains Live and 5.1V sup-
ply provides isolation to avoid this
problem, while still limiting the gate
current in exactly the same manner.

Q2’s A1l terminal connects to the
incoming mains Live supply viaa 10A
fuse. Q2 is used as a switch for making
power connection from mains Live to
the heater, via the A2 terminal.

The DC supply for the microcon-
troller is derived directly from the
230VAC mains supply via a 470nF
275VAC X2-rated capacitor in series
with a 1kQ 1W resistor.

ing due to internal
dissipation, as would
be the case with an
internal sensor.

The Heater Con-
troller can be used
with a 220-250VAC
mains supply at
50Hz or 60Hz. How-
ever, It is not suit-
able for use with
110VAC supplies
without some chang-
es being made to the
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Features and specifications

% Controls 230VAC heaters up to 10A/2300W.

Suitable for use with bar heaters, ceramic heaters or oil-filled
convection heaters. Not suitable for halogen or fan heaters.

220-250VAC mains operation, 50Hz or 60Hz.
Heating power or temperature control

Power control: 15 steps from low to full heating power.
300ms (50Hz) or 250ms (60Hz) cycle.

Temperature control: 15-31°C in 1°C steps.
Zero-voltage switching for low interference.
Triac gate drive: 68mA pulse for 300us after each zero-voltage crossing.

The capacitor’s im-
pedance limits the av-
erage current drawn
from the mains, while
the 1kQ resistor lim-
its the surge current
when the power is
first applied.

It works in the fol-
lowing way. When
the Neutral line is
positive with respect
to the Live line, cur-
rent flows via the
470nF capacitor and
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Fig.1: circuit diagram of the Heater Controller. IC1 monitors the mains zero crossing at pin 5, potentiometer setting at pin 6,
the internal temperature at pin 3 and external temperature difference at pin 7. It uses this information to decide when to
deliver a gate pulse from pin 2, to switch on Triac Q2, which applies one cycle of mains power to the heater at a time.

diode D1 to the 470uF capacitor to
charge it up. On negative half-cycles,
the current through the 470nF capaci-
tor is reversed via diode D2.

Zener diode ZD1 limits the voltage
across the 470uF capacitor to 12V,
and that supply then feeds a second
470uF capacitor via a 47Qresistor and
its voltage is limited to 5.1V by zener
diode ZD2.

This is the supply for the microcon-
troller (IC1) and it is decoupled with
a 100nF capacitor close to the micro.

IC1 monitors the GP3 digital input
at pin 4 and this can be tied to the
5.1V supply or to OV using a jumper
shunt at JP1. When this pin is pulled
high, the reading from VR1 is used to
control the percentage of full power
delivered to the heater.

When this pin is pulled low, the
heater is temperature controlled in-
stead, using TS1 for feedback.

VR1 is connected across the 5.1V
supply with the wiper connected to
the AN1 input, as described earlier.
The 100kQ resistor from the wiper
to ground holds the AN1 input at 0V,

setting the control to minimum, should
VR1’s wiper go open circuit.

Temperature measurement

The resistance of the thermistor in TS1
decreases with increasing temperature
and therefore it has a negative tempera-
ture coefficient (NTC).

Its value at 25°C is close to 100kQ and
will be reduced at higher temperatures.
Its resistance is monitored indirectly at
the AN3 input of IC1, by connecting the
thermistor as part of a voltage divider, ie,
with a 100kQresistor to the 5.1V supply.

The resulting voltage is converted to
a digital value in IC1 and that value is
used to compute the sensor temperature
in °C using a table that lists the expected
voltage against temperature.

At 25°C, the thermistor’s resistance of
100kQ matches that of the fixed resistor,
so the voltage between NTC—and NTC+
should be half of the 5.1V supply (ie,
around 2.55V). The thermistor resist-
ance changes in a non-linear manner
with respect to temperature.

Here’s an online calculator that can be
used to determine how the thermistor

resistance varies with temperature, by
plugging in a Beta value of 3960 and a
resistance at 25°C of 100kQ: http://bit.
ly/pe-apri19-ntc

For example, we can determine that
if the sensor is at 15°C, the thermistor
resistance will be around 158556, giv-
ing a voltage of 3.13V (5.1V x 158556Q
+[158556Q + 100kQ]) across the ther-
mistor (ie, at Vyyui1), assuming the sup-
ply voltage is exactly 5.1V.

So that determines the temperature of
the sensor itself. The thermopile output
voltage allows us to determine the dif-
ference between the sensor temperature
and the room temperature, but it is a
very small voltage and needs amplifica-
tion before it can be measured by IC1.

To achieve this, we use an instru-
mentation amplifier (IC2). The amplifier
gain is set at about 211 by the value of
resistor Rg, 470Q. This amount of gain
gives IC2’s output a slope of 10mV/°C.
(The gain takes into account the losses
in infrared heat through the lens used
to cover the sensor.)

The output voltage of IC2 is refer-
enced against a non-zero voltage so that

The first in this
series of scope grabs
shows the zero-
voltage switching
action of the Triac.
The remainder show
how the number of
cycles is increased to
increase the power.
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we can measure the room temperature
even if it is colder than sensor TS1.

So if the output from IC2 is at this
reference voltage, the thermopile meas-
urement is zero degrees (ie, ambient
equals sensor temperature). The refer-
ence voltage is set by trimpot VR2 to
half-supply — ie, 2.55V.

If the output of IC2 is 20mV above the
reference voltage then the temperature
difference is +2°C.

The micro adds this differential
temperature to the sensor temperature,
computed as explained above, to gauge
the room temperature.

The negative end of the thermopile
(pin 3 of TS1), which connects to the
inverting input of IC2 (pin 2) is con-
nected to ground.

Thus, the positive output of the ther-
mopile, at pin 2 of TS1, can vary above
orbelow ground, depending on whether
the outside temperature is above or
below the sensor temperature.

The thermopile is a voltage source
and it can generate a negative voltage,
despite the circuit not having a nega-
tive supply.

Athermopile is a ‘pile’ of ther-

tisa fﬂ]ﬂ@[ﬂﬂ@@ﬂﬂ@?

posed to infrared energy while
the other set is shielded from *

the infrared and thermally

connected to a reference ther-

mal mass. This is indicated as a heatsink
in the diagram.

The thermopile we are using has 60
thermocouples connected in series, so their
voltages are added together.

The output voltage from the thermopile
varies with the difference between the tem-
perature of the infrared-exposed junctions
and the heatsink-connected junctions. If
the infrared radiation heats the first set of
junctions up to the same temperature as
the heatsink, then their output will be at OV.

The output voltage can be positive or
negative, depending on whether the heat-
sink connected junctions are colder (posi-
tive) or hotter (negative) than the infrared
exposed junctions.

The fact that the temperature measure-
ment is based on received infrared energy
means that this is a non-contact method
of temperature measurement. All objects
which are above absolute zero give off
some infrared energy and the hotter they
are, the more they emit; hence we can use
this energy as a way to remotely sense a
body’s temperature.

The sensor we are using also includes
an NTC thermistor, which is joined to the
heatsink. This allows the heatsink tempera-
ture to be measured. The temperature of the
monitored object (ie, the source of infrared
energy) is the heatsink temperature plus the
temperature measured by the thermopile.

Soifthe thermopile package temperature
is 25°C, as measured by the thermistor,
and the thermopile infrared temperature
measurement is registering 4°C, then the
actual temperature measurement is 29°C

IR TRANSPARENT
mocouples that are exposed oo 1 verTrow £ waoow
to the outside via an infrared ,W [\ i
window. A thermocouple iS  JuNcTIONs™ ~ *filk----fli----7ki A
a junction between two dis-  warcraL A A MATERIAL B
similar conductors, bonded
together as shown. JANL /A1 /A /- REFERENGE

One set of junctions is ex- : ! JUNCTIONS
' 0 AN A .

| HEATSINK | -

BASIC THERMOPILE CONSTRUCTION

(25°C + 4°C). If the thermopile registers
-3°C then the result is 22°C (25°C - 3°C).

The thermopile includes an infrared-
transparent window that allows the infrared
energy into the thermopile. We are also
using an external lens, to protect against
accidental contact with the circuitry on the
inside of the box.

One more thing to note about thermo-
piles: while we said above that the infrared
emissions from an object depend on its
temperature and that is true, they also
depend onthe colour of the object’s surface.

A ‘black body’ is an ideal emitter, with
an emissivity of 1.0 and the thermopile
is calibrated to accurately measure the
temperature of such objects. All other
objects have an emissivity between zero
and one and as a result, the thermopile will
pick up less infrared energy at any given
temperature and so will measure less than
their actual temperature.

Examples of objects with low emissivity
include most shiny objects, for example,
with polished metal surfaces. To accurately
measure the temperature of an object based
on infrared energy, you need to know the
emissivity and divide the measurement by
this value.

In the case of our Heater Controller,
the emissivity of a typical room should be
high enough, and the difference between
internal and external temperature low
enough, that such compensation should
not be necessary.

We do, however, suggest that you avoid
pointing the IR window at very shiny or
polished objects.

However, instrumentation amplifier
IC2 can handle input voltages down to
150mV below its negative supply. The
thermopile output voltage is typically
within +1mV so this is not a problem.

The 100nF capacitors at the ANO,
AN1 and AN3 inputs of IC1 provide
a low-impedance source for the ana-
logue-to-digital converter’s sample-
and-hold circuitry.
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Fig.2: follow this overlay and
wiring diagram to build the full
version of the Heater Controller,
which is capable of operating in
power control or temperature
control modes, as determined by
the position of jumper JP1.

COVER FUSE HOLDER _—]

TUBING

SOLDER JOINTS WITH
HEATSHRINK TUBING

TO MAINS
PLUG

SUPER GLUE
GLAND NUT THREADS

TO MAINS
SOCKET

Zero voltage crossing detection
Pin 5 of IC1 (GP2) is a Schmitt trigger
digital input. This monitors the mains
Neutral via a 330kQ resistor and is fil-
tered with a 4.7nF capacitor. An inter-
rupt in IC1 occurs whenever the voltage
changes from a high (around 4V) to a
low level (around 1V) and also from a
low to a high.

That interrupt occurs when the mains
voltage swings through zero volts in
either direction. The interrupt tells IC1
that the voltage of the mains has just
passed through 0V.

This allows IC1 to synchronise gate
triggering with the mains waveform.
Note that the 4.7nF capacitor at pin 2 in-
troduces a phase lag (delay), but this is
compensated for within IC1’s software.

The voltage at pin 5 is clamped by
IC1’s internal protection diodes. They
clamp at +5.4V and —0.3V. Since the
5.1V supply for IC1 is essentially con-
nected to the mains Live via the 47Q
resistor, the sensed Neutral voltage is
relative to the 5.1V supply.

Controlling power level only

If you only want to be able to control
the heater power and don’t need
temperature regulation, jumper JP1
is set to pull pin 4 of IC1 high. In this
case, there is no need to install TS1
or IC2, trimpot VR2, nor any of the as-
sociated resistors and capacitors (see
Fig.3). This would reduce the cost of
building the unit.

Note that it would be possible to
build the unit so that it could be used
in either mode, by fitting a 250VAC-
rated single-pole double-throw toggle
switch to the box and wiring it in place
of JP1. In percentage control mode,
the temperature sensed by TS1 would
be ignored.
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Construction Follow the overlay diagram appro-

The Heater Controller is built on a
double-sided, plated-through PCB
(printed circuit board) coded 10102181
and measuring 103 x 81mm. This is
mounted inside a diecast box of 119 x
94 X 34mm.

Fig.2 above shows where the com-
ponents are fitted for the full version
of the Heater Controller — which can
regulate the temperature. Fig.3 on the
opposite page shows the components
fitted which are required for just
controlling the heater power level
(percentage).

priate to your version. Start by install-
ing the resistors — you should also
check each resistor using your DMM
(digital multimeter).

Three additional wire links are fitted
for the heater-power-control-only ver-
sion. These are shown in Fig.3; one to
set the mode, in place of JP1, and two
to hold the ANO and AN3 inputs of IC1
at OV. Useresistor lead off-cuts to make
these links now.

Following this, install the diodes,
which mustbe oriented as shown. Note
that there are several different diode
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types: standard 1N4004 diodes for D1
and D2; a 12V 1W zener (1N4742) for
7ZD1; and a 5.1V 1W zener (1N4733)
for ZD2.

IC1 is mounted on an 8-pin DIL
socket, so install its socket now, taking
care to orient it correctly. Leave IC1
out for the time being, though. IC2 is
installed for the full version, soldered
directly on the PCB. Transistor Q1 can
also be installed now.

Fit the capacitors next. The X2 class
capacitors and the polyester types are
usually printed with a code to indicate
their value
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Fig.3: this diagram shows which components can be omitted, to build the unit
only for heater power control. JP1 is replaced with a wire link and two additional
wire links are fitted where shown. The photo below is of the full version and
shows all wiring completed and secured, as in the diagram opposite.

The electrolytic types are marked
with their uF (microfarad) value and
must be oriented with the polarity
shown. The longer lead is positive and
the negative end is usually marked on
the can with a stripe.

The screw terminals and trimpot can
be installed now. The 3-way terminal
block for CON2 is fitted with the lead
entry toward the lower edge of the PCB.
VR2 has its adjustment screw near the
top edge of the board, as shown in
Figs.2 and 3. If you are fitting a pin
header for JP1, then solder this in
place now.

TS1 is fitted for the full version and
is mounted along the edge of the board.
This arrangement is shown in Fig.4.
The sensor is located centrally within
the cut-out on the side of the board,
with the leads to pins 1 and 2 along the
top of the PCB and the leads to pins 3
and 4 along the underside.

You can either use PC stakes to
connect the lead of TS1 to the PCB
terminals, or bend the sensor leads to
fit into the PCB holes directly. Make
sure the leads for pins 1 and 2 do not
short to the pads on the PCB for pins 3
and 4; a small piece of electrical tape
or heathsrink tubing could be used to
insulate them from the board.

Any pigtails on the underside of the
PCB, including the ends of PC stakes,
must be cut short to prevent contact
with the base of the sensor. Leave Triac
Q2 to be installed later.

Preparing the case

Now you need to drill some holes in the
diecast enclosure. Drilling templates
are provided in Fig.5 and can be down-
loaded from the PE/EPE website. The
lid requires a 9.5mm-diameter hole for
potentiometer VR1 and a 4mm Earth
screw hole, so drill them now.

If building the full version, follow
the instructions below. Otherwise, go
to the heading titled ‘PCB location’.

The first hole to be drilled in the box
base is for the lens. This is on the side
of the box and is 9mm in diameter.

Once drilled, fit the lens into the
hole with the two protruding locat-
ing prongs on the rear rim of the lens
housing, both facing downward. At-
tach three of the four 8mm spacers to
the PCB with the screws from the top
of the PCB. The omitted spacer can be
the one nearest VR2 or near fuse F1.

Now place the PCB into the box with
the thermopile sensor entering the lens.
While holding the PCB in place, press
the PCB toward the lens so that it is
held tightly in place.

Align the PCB so it is squarely posi-
tioned in the box and mark the mount-
ing hole position for the missing spacer
on the base of the box, then drill this
hole to 3mm and check that the hole
is correctly positioned.

Ifadjustment is needed, file the hole
with a small needle file so it is correctly
positioned. Once correct, remove the
spacers and lens, and place the PCB in
the box. Align it with the hole already
drilled. When the PCB is squarely
positioned, mark out and drill the
remaining three holes.

PCB location

Note that when the PCB is in the box,
the CON1 screw terminal end of the
PCB sits further away from the end of
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1 double-sided PCB coded 10104181,
103 x 81mm

1 diecast aluminium box 119 x 94 x
34mm [Jaycar HB-5067]

1 Fresnel lens for IR sensor (Murata
IML0688) [RS components Cat 124-
5980] t

1 M205 10A safety panel-mount fuse
holder with 10A M205 fuse (F1)
[Altronics S5992]

1 4-way PC mount terminal barrier
(CONT) [Jaycar HM-3162]

1 3-way PC-mount terminal block with
5.08mm pin spacings (CON2)

2 cable glands for 5-10mm cable

1 DIL-8 IC socket

1 3-pin header with 2.54mm spacing and
shorting block T

1 2m-long 10A mains extension lead

1 knob to suit VR1

4 4mm eyelet connectors

4 8mm-long M3 tapped nylon spacers

3 M4 x 10mm screws

2 4mm ID star washers

3 M4 hex nuts

8 M3 x 5mm machine screws

4 stick-on rubber feet

10 PC stakes t

1 100mm length of 3mm-diameter
heatshrink tubing

1 25mm length of 6mm-diameter green
heatshrink tubing, if required for
eyelet lugs

3 100mm lengths of 250VAC 7.5A mains
wire (for VR1)

4 100mm long cable ties

Parts list — Heater Controller

Semiconductors

1 PIC12F675-I/P microcontroller
programmed with 1010418A.hex (IC1)

1 AD623AN instrumentation amplifier
(IG2) t

1 ZTP135SR thermopile sensor (TS1)t
[element14 Cat 2506255]

1 BTA41-600BRG insulated tab 40A
600V Triac (Q2)
[element14 Cat 1057288, RS
Components Cat 687-1007]

1 BC337 NPN transistor (Q1)

112V 1W (1N4742) zener diode (ZD1)

1 5.1V 1W (1N4733) zener diode (ZD2)

2 1N4004 1A diodes (D1,D2)

Super glue, heatsink compound, solder

Capacitors

2 470uF 16V PC electrolytic

1 10uF 16V PC electrolytic t

1 470nF 275VAC X2 class

7 100nF 63V or 100V MKT polyester
14.7nF 63V or 100V MKT polyester

Resistors (0.25W, 1%)
1330kQ 1W 2 100kQ §
11kQ1W  2470Q §

11kQ 1
2470

1 20kQ multi-turn top adjust trimpot
(code 203, 3296W style) (VR2)t

1 10kQ linear 24mm potentiometer (VR1)

(T not required for power control only
version)

(§ 1 required for power control only
version)

(F 2 required for power control only
version)

the box compared to the other end.
This allows space for the cable gland
nuts. Holes for the fuse, cable glands
and Earth screw can also be drilled
now, making sure these are drilled at
the CON1 end of the box.

Re-attach the 8mm-long spacers to
the PCB. Then bend the Triac leads
up at 90°, 4mm from the body of the
Triac. Insert the leads into the PCB
from the underside.

Fig.4: this diagram
and the photos at right

The PCB can now be secured to the
case with the screws from the under-
side into the tapped spacers. Mark out
the Triac mounting-hole position on
the base of the case. Remove the PCB
again and drill to 4mm. Clean away
any metal swarf and slightly chamfer
the hole edge.

Re-attach the PCB and adjust the
Triac lead height so the metal tab sits
flush onto the flat surface, then secure

and below show how
the sensor is mounted,
with its lens emerging

through an 11mm hole P 2@ S
drilled through the TOP j SC / UNDERSIDE
side of the case. OF PCB 2018 OF PCB

SENSOR 1 ORIENTATION SENSOR 1
] % ’—\TAG (—‘ % ]
3 4 4 3

)
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the Triac with the M4 screw and nut.
Note that the metal tab is internally
isolated from the leads and so does
not require any further insulation
between its tab and case. Solder the
Triac leads at the top of the PCB, then
trim them short.

Now remove the screws to gain
access to the underside of the PCB
and solder the Triac leads from the
underside. The four stick-on rubber
feet can now be attached to the base
of the case now.

The case lid should be fitted with a
panel label. We have designed three
labels. One is for the power-control-
only version, one is for a temperature-
control-only version and the third
option is for when JP1 can be used to
select either control mode. These label
files can be downloaded from the PE/
EPE website.

Once the label has been attached,
cut out the potentiometer hole and
Earth screw hole with a hobby knife.

Wiring

Cut the 10A extension lead in two, to
provide one lead with a plug on the
end and another with a socket. Where
the lead is cut depends on how long
you prefer each lead.

You may prefer a long plug cord
and short socket lead, so the heater is
located near to the controller. Alter-
natively, the lead can be cut into two
equal lengths. Before cutting though,
make sure you have sufficient length
to strip back the insulation, as detailed
in the next two paragraphs.

Now strip back the outer insulation
sheath by about 200mm on the socket
lead so you can get a suitable 100mm
length of Earth wire (green/yellow
stripe) for the connection between the
chassis and lid.

Then cut the blue Neutral wire and
brown Live wires to 50mm. Some of
the spare 150mm brown wire length
can be used later to connect from the
fuse to CON1.

HEATSHRINK
TUBING
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The plug lead outer sheath insula-
tion should be stripped back to expose
100mm of wire — this leaves sufficient
length of Earth and Live leads. Cut the
Neutral wire to 50mm. Pass these wires
through the cable glands and connect
as shown in Fig.2, stripping back the
insulation before terminating to the
fuse and CON1.

Make sure the plug lead and socket
lead are placed in the correct cable
gland and wired as shown. Note that
when wiring the fuse holder, heat-
shrink tubing should be placed over
the wire terminals. Heatshrink tubing,
3mm in diameter is suitable. Pass the
wires through the tubing before solder-
ing to the terminals.

Close-up view of the mains input
and output section of the Heater
Controller. Don’t forget to place the
protective shroud over the mains
terminal block.
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Fig.5: drilling and cutting templates for the diecast aluminium box and lid.
The ‘D’-shaped fuseholder hole should be drilled to 11mm and then filed to the
shape shown here, to prevent the fuseholder from rotating. This drilling guide
can be downloaded from the PE/EPE website.

Cut the shaft of VR1 to 12mm long
and file the edges smooth. Then at-
tach the three 100mm lengths of 7.5A
mains-rated wire to its three terminals
and cover with 3mm heatshrink tub-
ing. The other ends connect to CON2.
These wires are held in place using
a cable tie that feeds through holes
in the PCB.

Attach VR1 to the lid and note that
the potentiometer must be oriented as

shown, so it fits beside the mains-rated
capacitor on the PCB. Fit the knob; you
may need to lift out the knob cap with a
hobby knife and re-orient the cap so its
pointer position matches the rotation
marks on the panel. Apply a smear of
heatsink compound to the underside
of the Triac before installing the PCB
inside the case.

Connect the Earth wires to M4 crimp
or solder eyelets and cover with green
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heatshrink tubing. The eyelets attach
to the side of the case and the lid us-
ing an M4 screw, star washer and nut.

IC1 can now be plugged in, taking
care it is oriented correctly. Insert the
10A fuse into its holder. Press the cover
onto the terminal barrier (CON1) to
prevent accidental contact.

Check your construction carefully
and especially check that the Earth
wires (green/yellow striped) actually
are connected to the case and Earth pins
on the mains plug and socket. Check
this with a multimeter set to read low
ohms. The cable glands need to be tight-
ened to hold the mains cords in place.

Because these are easily undone,
the thread of the glands should have a
drop of super glue (cyanoacrylate) ap-
plied to the threads before tightening.
This way, the glands cannot be easily
undone. Attach the lid using the four
screws supplied with the case.

If you fitted the pin header for JP1,
now plug the shorting block into the
percentage (%) position. Connect a
heater to the controller and with the lid
in place, apply power and check that
the power can be varied using VR1.

The following text only applies to
the temperature-control version, so if
you built this, unplug the unit, open
up the lid and shift the shorting block
into the alternative position.

Setting up the thermopile

The reference voltage needs to be ad-
justed now, and this procedure also
compensates for any offset voltages
present in TS1 and IC2.

Do not plug the unit into the mains
directly during this procedure! You
will need a supply that is between 5V
and 9V DG, (eg, a 9V battery) connected
between the 0V PC stake and the V+
PC stake on the PCB.

Monitor the thermopile voltage us-
ing a multimeter connected to the OV
(black) and Thp (red) terminals, then
adjust VR2 so that the voltage at Thp
is half the voltage measured at the
terminal that’s labelled 5.1V. So for
example, if the supply is 5.1V, Thp
should be set to 2.55V.

This adjustment must be done when
the thermopile is measuring the same
temperature as its own body. To ensure
this, place a matte black object larger
than the diameter of the lens directly
in front of it.

This object needs to be the same
temperature as the sensor, so place it
nearby and leave it for an hour or so,
to ensure that they are very close in
temperature.

This ‘black body’ can be a block of
wood painted matte black, the side ofa
black plugpack, a piece of matte acrylic
or a black-handled kitchen utensil.

Final calibration
Final calibration is done with the unit
powered from the mains, so make sure
the lid is in place.

First, measure the ambient tem-
perature with a thermometer and set
VR1 to that setting, noting that cali-
bration can only be done if the ambi-
ent temperature is within the range
of 15-31°C. Switch on the power, and
after about five seconds, check if the
load is on or off. An incandescent
lamp makes a suitable load (and you
can see if it’s on!).

Calibration is made by adjusting
VR2, but this adjustment must be
done only after power is switched off.
So the adjustment will be a trial-and-
error procedure.

VR2 needs to be adjusted clockwise
if the load does not switch off when
VR1 is set to just under ambient tem-
perature. Adjust VR2 anticlockwise if
the load is still off, with VR1 set to
ambient temperature.

During this procedure, ensure that
the lens is not blocked and has a good
view of the room and is not pointed
at a large window, oven, fridge, air
conditioner or another source of
heat/cold.

Temperature control mode

When using the Heater Controller
as a thermostat, the thermopile will
need to be placed so that the room
temperature can be monitored.

This room temperature is best
detected by using a non-shiny black
object placed near the thermopile
lens. The object should absorb the
surrounding heat from the room air,
allowing the thermopile to take the
temperature reading.

In practice, you may just need to
place the controller box and lens near
to any object of any colour to have
satisfactory temperature control.

The acceptance angle to the ther-
mopile via the lens is about 84°. This
can be visualised as a cone projecting
out from the lens with an 84° angle at
the base. This is close enough to 90°
that 100mm from the lens, the area
that is observed by the thermopile is
a circle of 200mm diameter. In other
words, it is a 1:2 ratio of the distance
from the lens to the spot size.

Take care not to have the thermo-
pile facing the heater itself. The high
infrared level from the heater will
cause the controller to switch off
the heater. Bar radiator elements can
reach 380°C, while convection heaters
will be significantly above ambient.

Reproduced by arrangement with
SILICON CHIP magazine 2019.
www.siliconchip.com.au
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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 =

[CIRCUITSURGERY)
X ko ek et s [PORE
PRACTICALLY{SPERKING] ,@

 The techniques of slecironic
sroject consiruction

 Over 40 different circult ideas

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: B Moisture Detector B Quiz
Machine B Battery Voltage Checker B Solar-
Powered Charger ® Versatile Theft Alarm B Spooky
Circuits ® Frost Alarm ® Mini Christmas Lights ®
iPod Speaker B Logic Probe ® DC Motor Controller
B Egg Timer B Signal Injector Probe B Simple Radio

[ &, A
HECTRONICS ™
TEAGH-IN 5 =

UNRISTART)

TWOTEACH:INS FOR
THE PRI CE O ONE!

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

B 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

FECTRONICS
TEACHHIN 4 =

ABROAD:BASED, #
INTRODUCTION TOELECTRONICS 71
o]

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

m 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. y \ s

loie - uronel

£8.99

%
ELECTRONICS
TEACH-I 6

RASPBERRY

ELECTRONICS TEACH-IN 7 - CD-ROM
DISCRETE LINEAR CIRCUIT DESIGN
Mike & Richard Tooley

Teach-In 7is 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
i) Headphone Amp
iii) Tone Control
iv) VU-meter
v) High Performance Audio Power Amp.

PLUS

&

&
“ELECTRONIGS

Audio Out - an
analogue expert’s take
on specialist circuits

Practically Speaking —
the techniques  of
project building.

PRACTICALLY SPEAKING.
o e ot
=y

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:

W Teach-In 8

B Microchip MPLAB
IDE XC8 8-bit compiler

B PICkit 3 User Guide

PLUS...
B | ab-Nation Temteas A
Smartscope software. “*,lll'lllltl‘

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



Using Cheap Asian Electronic Modules Part 15: by Jim Rowe

The ESP-01 Wi-Fi
Data Transceiver

The ESP-01 is a very popular Wi-Fi transceiver module based on the
ESP8266 IC, which is designed to allow almost any microcontroller
to connect to a Wi-Fi network. To make this as easy as possible, the
chip is programmed to respond to Hayes AT modem text commands.
That’s not all — the chip can be re-programmed to perform a variety

of different tasks.

Wi-Fi networking has been around
now for 20 years, after being
adopted as a standard protocol in 1999
—the same year the Wi-Fi Alliance was
formed. Since then, it has grown stead-
ily in popularity, especially in mobile
devices. It’s also quite handy for wire-
lessly connecting computers to routers/
modems and peripherals like printers.

Responding to this growth in Wi-
Fi popularity, in mid-2013, Chinese
semiconductor manufacturer Espressif
Systems (based in Shanghai) released
its ESP8266 chip. This is a complete
SOC (system on a chip), combining a
32-bit RISC (reduced instruction set
computer) microcontroller with a full
TCP/IP (internet protocol) stack and all
of the components needed for a Wi-Fi
data transceiver.

But the ESP8266 didn’t really make
an impression in the Western world
until 2014, when another Chinese
firm, AI-Thinker, released its ESP-01
Wi-Fi transceiver module. This was
based on the ESP8266, but what made
it particularly popular was its cost at
less than $4.00.

So the ESP-01 module and the
ESP8266 chip are not new; they've
been around for over three years, and
we’ve used them in the Internet-based
‘GPS’ Time Source project — published
in this issue on page 14.

That project actually features dif-
ferent modules based around the
ESP8266 chip; there are dozens of
different boards, many of them de-
signed to be compatible with the
Arduino system. Most of the information
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in this article regarding the ESP-01 ap-
plies equally to those other ESP8266-
based modules.

We are taking a closer look at the
ESP-01 module and ESP8266 chip here
since they have numerous Wi-Fi and
‘Internet of Things’ (IoT) applications.

As an aside, Espressif has recently
released a follow-up to the ESP8266
chip: the ESP32 series, which incor-
porate Wi-Fi and dual-mode Bluetooth
transceivers and dual-core micros.

Although modules using the ESP32
chips have started to appear, their pric-
es are significantly higher than that of
the ESP-01 at around $9.00. But the
ESP-01 still has some other advantag-
es, such as lower power consumption
in some situations. This has renewed
interest in the ESP-01, especially since
it’s the easiest way to get started with
Wi-Fi at the lowest cost.

About Wi-Fi

Wi-Fi is a technology for wireless
local area networking, with devices
complying with the IEEE 802.11 pro-
tocol standards. A large part of this is

based on a patent (US5487069) devel-
oped at the CSIRO in Australia, by a
team led by radio astronomer Dr John
O’Sullivan.

The IEEE 802.11 protocol was
first released in 1997 and has since
been revised and updated numerous
times. 802.11 is a set of MAC (media
access control) and PHY (physical
layer) specifications for implementing
WLAN (wireless local area network)
data communication in the 2.4GHz,
3.6GHz, 5GHz, 5.9GHz and 60GHz
frequency bands.

There are many different versions
of the 802.11 protocol. Those that are
most popular for Wi-Fi are 802.11a,
802.11b/g/n and 802.11ac. These
mainly differ in terms of their PHY
specifications, as shown in Table 1.

The ESP8266 chip

The ESP8266 is a self-contained
Wi-Fi networking transceiver and
microprocessor, packaged in a sin-
gle 32-pin QFN SMD chip measuring
only 5 x 5mm. It operates in the in-
ternationally unlicensed 2.4-2.5GHz

Table 1: IEEE 802.11 Network PHY Standards commonly used for WiFi

Protocol Frequency (GHz) | Bandwidth (MHz) | Stream data rate (Mbit/s) | Modulation | Approximate range (m)
802.11b 24-25 22 1,2,55,11 DSSS 35 indoors, 140 outdoors
802.11g 24-25 20 6,9,12,18, 24, 36, 48, 54 OFDM 38 indoors, 140 outdoors
802.11n 2.4/5.25-5.35 20/40 6.5-65/13.5-135* MIMO-OFDM | 70 indoors, 250 outdoors
802.11a 5/3.7 (USA) 20 1,2 OFDM 35 indoors, 120 outdoors
802.11ac 5.25-5.35 20/40/80/160 6.5-86.7/58.5-780* MIMO-OFDM 35 indoors
802.11ad 60 2,160 Up to 6.75 Gbit/s OFDM 60 indoors, 100 outdoors

DSSS: Direct Sequence Spread Spectrum  OFDM: Orth I F y Division Modulati

MIMO-OFDM: Multiple Input, Multiple Output antennas with OFDM * Figures using a guard interval (Gl) of 800ns
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Fig.1: block diagram of the ESP8266 IC. The left-hand side of the diagram contains

the RF sections, while the right-hand side is the baseband and CPU section.

ISM (Industrial, Scientific and Medi-
cal) band and is compatible with the
802.11b/g/n protocols.

The downside to the 2.4-2.5GHz
band is that it is also used by Bluetooth
devices, microwave data transceivers
using the Nordic nRF24L01+ chip and
is also plagued with various sources of
noise like microwave ovens. So this is
asomewhatnoisy band, and becoming
noisier all the time.

The block diagram of Fig.1 shows
what’s inside the ESP8266. On the
left are the RF sections, including the
transmitting and receiving sections,
the T/R switch, an LNA (low-noise
amplifier) and an RF balun for con-
necting to one or two antennas.

On theright is the baseband section,
which includes an integrated 32-bit
RISC CPU, a memory controller with
both ROM and SRAM, all of the regis-
ters and sequencers for implementing
a full TCP/IP stack and interfaces for
SDIO (SD cards), SPI (serial peripheral
interface), GPIO and I?C communica-
tion with external MCUs and/or exter-
nal Flash memory.

Incidentally, the RF output power
in 802.11b mode is +19.5dBm, or just
under 100mW. When this output is
being provided in transmit mode the
chip’s current drain from the 3.3V
supply is 215mA, corresponding to
around 710mW.

In receive mode, with 1024-byte
packets, the current drops to around
60mA (<200mW). The chip also has
two power-saving modes: standby
mode, where only the RTC and watch-
dogremain active (current <1mA); and
deep-sleep mode, where only the RTC
remains active and the current falls to
below 12pA. The chip can be woken
to transmit packets in less than 2ms.

The ESP-01 module

Physically, the ESP-01 module is quite
small, measuring only 25 x 14.5mm,
including the PCB track antenna and
the 8-pin interface connector.
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Fig.2 shows the complete circuit
for the latest version (V2) of the ESP-
01 module and there’s very little in it
apart from the ESP8266EX chip itself,
a tiny 26MHz crystal and a 250Q80
1MB Flash memory chip. There are
two LEDs, one to indicate when the
module is powered up (LED1) and
the other to indicate when serial data
is being transmitted (LED2).

All of the connections to and from
the external micro are made via CON1
at upper left.

Voltage levels

The module is designed to operate
from 3.3V and should not be connected
to a 5V supply. The logic inputs of the
ESP8266EX are not tolerant of 5V, so if
your external micro operates from 5V
the interconnections need to be made
vialogic-level translation circuitry. We
have read that applying 5V to its in-
put pins does no harm, but this is an
undocumented feature and we don’t
suggest you rely on it.

Default setting

Another point to note is that the
ESP8266EX chips used in the latest
versions of the ESP-01 module (V2) are
programmed to communicate with an
external PC or micro at a default rate
of 115,200 bps (baud), while earlier
versions were set up for 9600 bps. This
can cause complications when you try
touse the newer ESP-01 modules with
an Arduino Uno or equivalent.

Connecting to a PC
Interfacing the ESP-01 module with a
computeris quite easy. All that’s need-
ed is a USB-UART bridge module to
provide a communications link with
the computer (viaa USB port) and also
to derive power from the computer via
a5V-3.3V LDO (low-dropout) regulator
to reduce the supply voltage to 3.3V.
The basic circuit needed is shown in
Fig.3, although we’ve shown two ver-
sions of the USB-UART bridge module

The ESP8266 is a low-power, self-
contained Wi-Fi chip. The main use
of the ESP8266 is to provide a Wi-
Fiinterface for other microcontroller
devices. However, the ESP8266
IC is powerful enough to be used
as a low-power computer, com-
bined with being able to flash the
firmware with your own program
code using a bootloader. It has an
extensive API provided on ROM,
which implements various timer,
hash (MD5 and SHA1), Wi-Fi and
TCP/UDP functions. A list of API
functions can be found at:
siliconchip.com.au/link/aaj4
siliconchip.com.au/link/aaj5

Some potential uses include:
® Remote file manager

® Web server

® Ad-hoc network

® Data logger

® Baby monitor

—one with a micro USB socket and the
other with a type A socket. Both use
the popular CP2102 chip, for which
there’s a VCP (virtual COM port) driver
in most versions of Windows, Linux
and macOS.

Note that although the popular USB/
UART bridge modules also provide a
3.3V output, this is generally only ca-
pable of supplying 100mA or so. That’s
why you need to use an additional
LDO regulator, like the LM1117T
shown, to provide for the higher cur-
rent levels needed by the ESP8266
when it’s transmitting data packets.

Your PC will be able to communi-
cate with the ESP8266 and hook up to
alocal Wi-Firouter and network, using
a standard communications terminal
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Fig.2: complete circuit diagram for version 2 of the ESP-01 module. The PCB track antenna has a range of approximately
300m under good conditions with line of sight and possibly 10m, at best, indoors.

program like Tera Term. Note that this
won’t give your PC direct access to the
wireless network, since it won’t have a
network driver that understands how
to communicate with the ESP8266.

Programming it directly

While you can certainly use the
ESP-01 module purely as a wireless
‘bridge’, it’s also possible to program
the ESP8266 directly —ie, to run some
code without a separate micro. That’s
because the ESP8266 does have a built-
in CPU of its own, together with RAM
and EEPROM.

In fact, ESP8266/Arduino enthu-
siasts have come up with a nifty
Arduino board package which allows
the ESP8266 to be programmed via
sketches written in the Arduino IDE,
using standard Arduino functions
and libraries. Information about this
Arduino ‘core’ is available at: https://
github.com/esp8266/Arduino

Using it with an Arduino
Connecting the ESP-01 module to an
Arduino is a little more complex than
you might expect, mainly because of
the need to power the module with its
own 5V-3.3V LDO regulator and also
because logic-level translation cir-
cuitry is needed to interface between
the module and an Arduino’sI/O pins.
The easiest way to do this is to use
a Wi-Fi module interface shield such
as the Freetronics ESP1SH, which is
shown in Fig.4. The shield mounts on
the top of an Arduino and provides an
8-pin header socket for plugging in an
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ESP-01 module and an L.D1117 3.3V
LDO to power the module plus logic-
level translation circuitry for the TX
and RX data lines.

There is also a pair of pushbutton
switches. S2 is for reprogramming the
ESP-01’s Flash memory, and the other
switch (S1) is used to reset both the
ESP-01 and the Arduino together.

Last, but not least, there is an 8-way-
by-3 header strip, which allows you to
link the level-shifted ESP-01 TX and
RX lines to one of eight possible pins
on the Arduino.

Link header

That link header on the ESP1SH shield
is important because of the point
mentioned earlier, about the latest

ESP-01 modules being programmed
to communicate at 115,200 bps. This
a problem with the Arduino Uno and
its clones because the ATmega328 CPU
used in these modules has only one
hardware UART, which is normally
used for communication with the PC
via the onboard serial/USB bridge.
To communicate with another serial
device like the ESP-01, you need to use
a software-driven serial port with a dif-
ferent pair of pins for the TX and RX
lines. But these software-driven serial
ports can only operate at a maximum
speed of 38,400 bps. However, there is
a workaround. First, you download a
do-nothing sketch to the Arduino and
set it running, so that it ignores the
hardware UART temporarily.

+3.3V0—
USB-UART DTRO-—
BRIDGE < RXI©O
USING A »™X00 4 L4 | N g
i 72102 GNDO-_{ cHPENl4~ 3
(MICRO USB SOCKET] +5V© > O O—GPIO2
RS o2-choo
AITERNATIVE _* e [0 &
D—IUORXD
VERSIONS ™ g
DTRO=— >
== ‘Ser smoel ESPO1 WIFI MODULE
E=—=H USNGA +svo—3 BASED ON AN ESP8266
CP2102 GNDO
[TYPE A USB SOCKET)  +3-3VO-—
REG1 IM1117T:3.3 M1zt
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Fig.3: if you want to connect the ESP-01 module to a computer, all that’s needed
is a USB-UART bridge like the CP2102, and an LDO regulator to reduce the USB

port’s 5V supply voltage to 3.3V.
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A

An enlarged view of the latest ESP-
01 module. It features a few SMD
components including a 26 MHz
crystal and 1MB of Flash memory.
The GND pin is at the top-right of the
PCB, while V is at the bottom-left.

Then connect your ESP-01 module
to the same hardware UART RX and
TX pins (DO and D1). You can then
reprogram the ESP-01 directly from
the PC so that it defaults to a data rate
of 38,400bps or less, making it com-
patible with the software serial port.

Then reconnect the ESP-01 TX and
RX lines to a different pair of pins on
the Arduino and set those up as a soft-
ware serial port.

Alternatively, you could simply use
the hardware TX and RX pins to com-
municate with the ESP-01 with the
limitation that you must disconnect
it when re-programming the Arduino
board. This will limit your use of the
Serial Monitor for debugging, though.

Things are a lot easier if you use an
Arduino Mega, Mega 2560R, Freetro-
nics EtherMega or the Duinotech
Mega, because these all use either the
ATmega1280 or 2560 processors, both
of which have a larger Flash memory
plus an additional three UARTs. Each
ofthese can provide a serial port which
operates at 115,200 bps or more.

The ESP1SH shield’s header strip
allows you to link up the ESP-01’s TX
and RX lines to any serial port you
wish, without the need for reprogram-
ming. In the case of the Mega2560R,
all you need to do is connect the ESP-
01 TX line to pin 19 (RX1) and the
RX line to pin 18 (TX1) using a pair
of short male-to-female jumper leads.
This is shown in both Fig.4 and the
photo under it.

We’ll look at what’s involved in
programming an Arduino Mega to use
the ESP-01 module for Wi-Fi commu-
nication shortly. In the meantime, let’s
look at how the ESP-01 can be linked
to a Micromite.
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Connecting a Micromite?
How to connect an ESP-01 module to a
Micromite is shown in Fig.5. Note that
we still need to use an LM1117T LDO
regulator to provide 3.3V to the ESP-
01, since its current drain is somewhat
higher than that available from the
Micromite’s own 3.3V regulator. But
the TX and RX lines from the ESP-01
can be directly connected to the RX
and TX pins of the Micromite, since
no level translation is needed.
There’s no problem with data rates
either, providing you use the connec-
tions shown, which use the Micro-
mite’s hardware UART port (COM1).
This can operate at 115,200 bps with-
out any problems, provided you are
running the Micromite at a clock
frequency of 40MHz (the default),
50MHz, 30MHz or even 20MHz.

Wi-Fi via the ESP-01

Because the ESP8266 chip in the ESP-
01 module is designed to communicate
via standard Hayes AT modem text
commands, using it to add Wi-Fi capa-
bilities to your microcontroller project
is relatively easy. All your Arduino
sketch or MMBasic program needs to
do is set up the ESP8266 chip using

the appropriate AT commands, and
then respond to the data it gets back
from the ESP8266.

Ifthis sounds a bit daunting, you can
find a list of all the commands here:
http://bit.ly/pe-apri9-esp

If you want to use the ESP-01 mod-
ule with a Micromite, you’ll get a lot
of help and guidance by studying a
program that Micromite guru Geoff
Graham has written. The program
is called WEBServer.bas and can be
downloaded without charge from the
PE/EPE website.

Using an Arduino Mega

As mentioned earlier, the easiest Ar-
duino to connect with the ESP-01 mod-
ule is the Mega. It’s especially easy if
you use a Wi-Fi shield like the Freetro-
nics ESP1SH to interface between the
two, as shown in the photo overleaf.

The ESP1SH shield makes most
of the connections between the ESP-
01 and the Arduino Mega, when you
plug it in.

The only additional connections
you need to make are between the
level-translated TX and RX lines of
the ESP-01 (the uppermost and lower-
most rows of pins on the shield’s 8x3
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An enlarged photo of the silicon die and metal layers of an ESP8266 (a variant
of the ESP8089). The RF section is at upper left and takes up a large portion of
the chip. The area below and right is memory while the I/O pads are along the

edges. http://bit.ly/pe-zepto
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Fig.4: connecting the ESP-
01 module to an Arduino
via the Freetronics ESP1SH
shield. The benefit of using
this shield is that it provides
an 8-pin header to plug

the module into, handles
the level shifting from 5V
to 3.3V, and logic-level-
translation circuitry for the
transmit and receive pins.

However, this of course is
not the only way to connect

programming header) and the 1019/
RX1 and 1018/TX1 pins of the Ar-
duino Mega. As shown in the photo
below and in Fig.4, these added con-
nections are made by short male-to-
female jumper leads.

Justremember to remove the jumper
shunts which come with the ESP1SH
shield, because these can only be used
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to connect the ESP-01’s TX and RX
lines to the Mega’s IO0/RX0 and 101/
TX0 hardware UART (or to pins I02-
107 for using a software serial port).
The jumper lead from one of the
uppermost TX pins of the shield’s 8x3
header needs to be connected to the
Mega’s I019/RX1 socket (blue lead in
Fig.4), while the lowermost RX pins

= the ESP8266 to an Arduino.

on the header should be connected to
the Mega’s I018/TX1 socket (red lead
in Fig.4). If you get these two connec-
tions swapped, your Mega won'’t be
able to communicate with the ESP-
01 module.

Programming the Mega for Wi-Fi
communication via the ESP-01 is fairly
easy. You’'ll find quite a few Arduino

All that’s needed when using
the Freetronics ESP1SH is two
jumper leads to connect the  /
transmit and receive lines.
www.freetronics.com.au/
products/esp-01-wifi-module-
shield

Links for using the ESP-01/ESP8266
https://espressif.com

http://bit.ly/pe-ESP8266-01
https://forum.arduino.cc/index.php?board=11.0
http://bbs.espressif.com
www.electrodragon.com/w/Wi07c
http://bit.ly/pe-ESP8266-02
www.sparkfun.com/products/13678
https://en.wikipedia.org/wiki/ESP8266
https://github.com/espressif
https://github.com/esp8266/Arduino
https://github.com/tttapa/ESP8266
https://github.com/acrobotic/Ai_Docs
https://github.com/espressif/esp8266_mp3_decoder/
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sketches on the web which illustrate
how you can use the ESP8266, and
there’s also a Wi-Fi Library available on
the main Arduino website (see www.
arduino.cc/en/Reference/Libraries).

To get you started, I've adapted
a simple pass-through sketch that I
found on one of the websites so that
it’s capable of running straight away
on the Mega/ESP1SH/ESP-01 setup.
The sketch makes the Mega behave
as a relay station or mirror between
your computer and the ESP-01 and
its ESP8266.

So any AT commands sent from
your computer via the Arduino IDE’s
Serial Monitor utility are relayed
to the ESP8266. Likewise, any re-
sponses from the ESP8266 are relayed

| I N TN TN N N N N N N A
consid 0686608680 4668
(CONNECTIONSTOICD)  gNpio 1
RX O ﬂ% D
X > CHP_EN 40 Oa—GPIO2
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siof- oD %‘/ out
sior our” “IN
404
S0 Fig.5: when connecting the ESP-01 to
RESETIO~ a Micromite you still need a 5V-3.3V
LDO regulator. However, no level

translation is needed, so the data pins
can be connected directly.

back to the IDE’s Serial Monitor. This
makes it easy to try sending various
AT commands to the ESP-01 and to
see its responses.

The sketch is listed at the end of this
section and you can also download it
from the PE/EPE website.

The screen grab shown in Fig.6
shows how this works. The lines un-
derlined in red are those with the
AT commands sent to the ESP-01/
ESP8266, while those without any un-
derlining show the responses coming
back from it. The first AT command is
basically just an enquiry to see if the
ESP8266 is awake, with it returning
‘OK’ if it is.

Similarly, the command AT+GMR
resets the ESP8266 and also gets it to

-
@ COM20 (Arduino/Genuino Mega or Mega 2560)

(22, "
|DK
[aTsaMm
|AT version:0.60.0.0(Jan 29 2016 15:10:17)
|SDK version;1.5.2(7eseS54£4)
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Fig.6: the sample serial pass-through program running on an Arduino Mega.
This program merely repeats data to and from the ESP-01 module.
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respond with information concerning
its firmware.

Thenthecommand AT+CWMODE=1
directs the ESP8266 to assume Wi-Fi
client mode, as opposed to access
point mode (mode 2) or client/access
point mode (mode 3).

The additional command shown
in Fig.6 is AT+CWLAP, which asks
the ESP8266 to list any Wi-Fi access
points currently available within its
range. Of the three lines you can see
in Fig.6, the last line corresponds to
my office network router, while the
other two are routers or peripherals
in nearby homes.

The other point to note from Fig.6 is
that the Arduino Mega I was using at
the time had been allocated to virtual
COM port 20 (top left), while the IDE
Serial Monitor was communicating
with the Mega and ESP8266 at 115,200
baud (bps).

Why not try programming the ESP-
01 Wi-Fi module yourself?

// Sample program from Fig.6.
void setup() {
Serial.begin(115200);
Serial1.begin(115200);
}
void loop() {
if (Serial.available())
Serial1.write(Serial.read());
if (Serial1.available())
Serial.write(Serial1.read());

}

Loading your own code onto

the ESP8266

If you do this, you will lose the AT
command set capabilities, since these
are provided by the default code load-
ed into the ESP8266 processor. But it
does allow the ESP-01 to become an
independent module without the need
for many external components.

The best demonstration of this is in
our NTP Clock project article on page
14 of this issue, where we turned an
ESP-01 into a device which pretends
tobe a GPS module, supplying NMEA
data from its serial port and a 1pps
signal — but it actually gets the time,
date and location data from NTP and
location servers on the Internet. This
allows you to use a GPS-synchronised
clock in alocation where a GPS signal
is not available.

We won'’t go into great detail about
how to program the ESP8266 yourself
here, as you can refer to that article on
page 14 and examine its source code
(which can be downloaded from the
PE/EPE website) to see how it works.

Reproduced by arrangement with
SILICON CHIP magazine 2019.
www.siliconchip.com.au
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Part 3 | by Paul Cooper' | soundtronics.co.uk

successfully built and tested the

VCOs, mixer, VCF and the power
supply. This month, we continue with
the main PCB, working on the VCA, echo,
noise and headphone amplifier sections.
This is an exciting stage, although we are
only halfway through the build, you will
be able to start creating sounds.

First, a reminder of a useful PCB as-
sembly aid covered in Part 2—use 25mm
standoffs on the pot side of the PCB
with 30mm M4 screws and lock nuts.
These provide clearance for the compo-
nent leads and the pots/switches (see
Part 2, Fig.28). If you have purchased
your components from Soundtronics.
co.uk then you will find that the com-
ponents for each section on the PCB
are bagged individually. The complete
parts list was published in the February
2019 issue, but as an aid, the VCA, echo
and headphone amplifier all have part

I ast month, you should have
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designators beginning with ‘5xx’. The
noise generator has the following parts:

Resistors (all 0.25W 1% metal film)
R3 1kQ

R12 3kQ

R14 20kQ

R4, R16 100kQ

R1,R17,R18 470kQ

R13 1MQ

Capacitors

C1, C3, C5, C7 100nF 5mm X7R
dielectric radial ceramic
Radial electrolytic
10pF 25V

C2,C9

Other

Q1 2N3904 transistor NPN TO-92 60V
U1 Dual op amp BiFET TL072CP

P1 20kQ Multi-turn cermet preset top
adjust SIL

8-pin turned-pin 0.3-inch DIL IC socket

timate

Fig.44. Echo and headphone amplifiers
components, C519 is located just outside
the border.
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\ ;
Q1 collector cut off /
not connected.

Fig.45. Noise components, note the collector
lead of Q1 is cut off / not connected.

While it is not critical which sec-
tion you choose to populate first with
components, the echo and headphone
amplifier are best done together be-
cause they share the same PCB section
(Fig.44).

There are relatively few components
for the white noise generator, but do
remember to cut off the collector lead
from transistor Q1 (Fig 45). The reason
for this is explained in the circuit de-
scription later in this article.

That just leaves the VCA components
(Fig.46) to solder in before we move
onto the pots and switches.

The technique for soldering the pots
and switches is exactly the same as
described in the last issue (Part 2).
This time, however, we only have
three toggle switches for the VCA
and seven pots to solder in. The pots
‘click’ into the PCB, and the switches
are mounted on the aluminium back
panel (Fig.47). Fig.48 shows the PCB
ready to lower onto the back panel,
which has been pre-prepared with M4
screws and spacers.

Place spacers and M4 nuts on the
protruding M4 studs and hand tighten
to ensure an even 10mm gap between
the PCB and back panel (Fig.49). Then
solder the three toggle switches, fol-
lowed by the potentiometers using the
same technique described last month
(see Fig.35).

After assembly of this month’s four
sections (modules), there will be a

1)

Fig.46. VCA components — don’t miss
R506 near the bottom edge of the PCB.

Fig.48. Ready to drop the PCB in place, the seven pots are ‘clicked’ in position on the PCB.
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complete audio path from the waveform
generators (VCOs and noise), through
the mixer, VCF and echo, and finally
to the headphone amplifier. Fig.5 from
Part 1 graphically shows this — follow
the solid green arrows. This does mean
we can now start to become familiar
with the synth controls. To do this,
the stereo jack socket for the head-
phones output needs connecting up.
In the final build, all of the jack sock-
ets, including the headphone jack are
soldered onto a dedicated PCB on the
rear panel. For now, we can simply
wire the jack socket to JST connector
J902. Solder J902 into position noting
its orientation (Fig.50).

The JST lead assembly is supplied
pre-made, so it can be plugged straight
into J902 (Fig.51). For now, we only
need the first three wires connected to
Gnd, L and R (ground, left and right).
The remaining seven wires can be tied
back and insulated with tape.

Now solder the wires to the stereo
jack socket. This is a switched socket
with contacts that open when a jack
plug is inserted. We don’t need the
switching function, so only the three

w
—
=
v
-

Q

o
-2

Fig.50. J902 jack socket header — note
the orientation.
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Fig.49. The PCB has been retained in position prior to soldering the pots and switches.

soldered connections are required
(Fig.52).

The MIDI Ultimate is a monophonic
instrument, so it does not matter which
way around L and R are connected to
the jack socket; but by convention, the
left channel (white wire) is the tip of
the jack plug.

You will now be able to directly
listen to the audio output of the synth
using a set of headphones. If you want
more volume, then wire a mono jack
socket to the line output (yellow wire)
on J902 so you can plug in an exter-
nal amplifier.

Before we test what we have built
so far, let’s describe the circuits for
VCA, echo, headphone amplifier and
noise generator.

Voltage Controlled

Amplifier (VCA)

The VCA signal input comes from the
output of the low-pass filter and its
output is fed direct to the input of the
echo effect module. (Irecommend read-
ing Jake Rothman’s Audio Out articles
on VCA techniques, including the use
of transconductance amplifiers — EPE,

Fig.51. The black, red and white wires are
needed for the headphone jack.

September and November 2018). The
function of the VCA is to vary the am-
plitude of the audio signal from the
VCF using a control voltage. The con-
trol voltage can originate from:

@ Either of the low-frequency oscillators
@ Either of the envelope generators
® The sample and hold (S&H)

® MIDI auxiliary channel

@® Various combinations of the above.

In addition, there is manual initial-level
control (VR502) of the base amplifica-
tion level.

The VCA circuit in Fig.53 consists
of three main areas:

1. U502.1 non-inverting control voltage
mixer, similar to that at the front end
of the VCF described last month. The
output of U502.1 is the sum of the
voltages of: VR501 (ADSR), the ini-
tial-level pot VR502, VR503 (LFOs)
and the R506 (S&H / MIDI Aux).

2.U502.2 / Q501 / Q502 con-
trol-voltage-to-exponential-current
converter, which (again) is near
identical to the VCF

3.U501.1 current-controlled amplifier
at the output. The positive current

Fig.52. The black ground wire connects
to the lug on the flat corner, audio left
(white) and audio right (red) as shown.
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Block diagram of the internal signal processing of the PT2399.

from the exponential converter is
provided to the amp bias input of
an LM13700. Since the transcon-
ductance through the amp rises with
increasing control voltage (converted
to current via the exponential con-
vertor) the signal fed to the input
grows in amplitude at the output.
The current through the LM13700 is
converted to voltage by the built-in
buffer amplifier (on-board Darlington
pair) and fed to the output U501.1
via pin 8.

The VCA will need calibrating for op-

timum performance, but that will wait

until we have the LFOs functioning.

Echo effects

The MIDI Ultimate includes an echo-ef-
fects module that creates additional
harmonics by mixing a delayed output
signal with the original.

The circuit is based around the echo
processor IC PT2399 from Princeton
Technology Corporation, which is widely
used in commercial effects products.

The PT2399 (Fig.54) contains an
analogue-to-digital converter (ADC),
44kB of sample storage RAM and a
digital-to-analogue converter (DAC).
The minimum possible delay is 30ms
and the maximum is 340ms. Just a few
external components for the PT2399
are needed to complete the echo-ef-
fects circuit (Fig.55).

The PT2399 is rated to 5V, so volt-
age regulator U505 has been added to
derive the 5V at pin 1 locally from the
+12V rail. Three controls are provided:
® VR505, which sets the delay time
® VR506 for the number of repeats

(how long the echo continues)
® VR507 for the amount of echo in

the output signal.

distortion ranging from 0.15% at short
delays to 1% at the longest delay.
C528 stabilises the internal refer-
ence voltage, and C529 and C527 are
used in the modulator/demodulator
circuits respectively. C516, C518 and
C519 are DC-blocking capacitors on
the audio signal lines. C522/R529 and
C523/R530 provide low-pass filtering
to the input and output summer op
amps to reduce noise associated with
the sample edges of the ADC. Input
and output filtering is provided within
the PT2399 defined by the capacitors
C524/C525. A proportion of the echo
output from pin 12 of U506 is fed via
VR506 (length of the echo), C518 and
R528. Near maximum settings of the
repeats control, pot VR506 will result
in a build-up of sounds from continual
looping — do try it for yourself!

Headphones ampilifier

The MIDI Ultimate is a monophonic
instrument that would not be pleas-
ing to hear out of just one earpiece of
a pair of headphones. The solution is
to simply split the audio signal from
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Fig.55. MIDI Ultimate echo circuit.
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Fig.56. MIDI Ultimate stereo headphones amplifier circuit.

the echo circuit to two separate am-
plifies (Fig.56), one for each of the
left- and right-hand channels for the
headphones. VR505 is the master level
(volume) control and precedes both
the mono line output socket and the
headphones amplifiers.

Each of the amplifiers is based on the
1W LM386-4 IC. Note the ‘-4’ suffix,
which indicates an IC with a higher
supply voltage rating than the ‘-1’ and
‘-3’ versions. The circuit is fairly simple,
with just a few external components
around each of the amplifier ICs. Looking
at the left-hand channel, C512 removes
any DC from the signal prior to ampli-
fication, and C510 after amplification.
R519/R520 attenuate the input signal
voltage level by around the same amount
as the LM386-4 amplifies, thus giving
a voltage gain of approximately unity.
C514 is a bypass capacitor to help with
any power supply noise reduction. The
left- and right-hand amplifier outputs
connect to the stereo jack socket on the
rear panel of the enclosure.

Noise generator
We go to great lengths to keep circuit
noise out of our circuits. Circuits with

cyclic waveforms such as clock genera-
tors, and mains hum orradio interference
can propagate unwanted noise through
our circuits and appear in the audio
signal path. These sources of noise are
very unwelcome —but, here is a circuit
that deliberately generates noise. Such
‘noise generators’ are a popular feature
of analogue synths because they can
be used to produce percussive sounds,
or simply wind and sea sound effects.
However, not just any old noise will do,
we need a noise source that in theory
has uniform power across all frequen-
cies. Fig.18 and Fig.19 from Part 1 show
scope traces of the MIDI Ultimate’s noise
source and its spectrum after the low-
pass filter. You may well hear noise
sources described by a colour: ‘white
noise’ is the ‘brightest’ sounding. Before
the advent of digital TV, you could hear
white noise as TV static when no pic-
ture transmission was present. ‘Pink
noise’ is ‘softer’; noise where the power
is attenuated by 3dB/octave. ‘Red noise’
(also referred to as ‘brown’ or ‘Browni-
an noise’) is softer again — the power is
attenuated by 6dB/octave. We can use
the VCF to emulate pink and red noise
from our white-noise source.

R17
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Fig.57. MIDI Ultimate white noise generator circuit.
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The noise generator circuit in Fig.57
is based around Q1, which is a re-
verse-biased NPN bipolar transistor
(type 2N3904). 12V is connected
through R1 to the emitter of Q1, and
C2 provides filtering of any power
supply noises. The noise signal re-
sults from the reverse biasing of the
emitter-base junction beyond its emit-
ter-base breakdown voltage level. This
results in an avalanche effect in which
electrons cascade across the junction,
banging into each other and making lots
of electrical noise, but at a low voltage
level. The noise from Q1 is pre-am-
plified with a gain of 50 by U1.2, and
any DC component is removed by C5.
Further amplification is provided by
non-inverting amplifier U1.1, whose
gain is adjustable by P1 to provide a
noise level of +5V.

It’s possible the 2N3904 you use
may not generate enough noise. If so,
simply swap it out with another one
if you cannot get sufficient noise after
amplification. It is recommended that
you cut the collector leg from Q1 to pre-
vent pickup of noise/EMI (see Fig.45).

Testing

Prior to applying power, insert the

chips for the VCA, noise, echo and

amplifiers sections. While there are
now ten 25-turn presets, we can leave
their adjustment to later — except for

P1. You may wish to adjust P1 if you

find the noise generator level needs

to be louder.
Before we start testing, set the panel
controls as follows:

® For each VCO, set the coarse and
fine frequency controls and pulse
width to mid position (50%). The
modulation and PWM modulation
fully counter-clockwise (0%)

@ Mixer controls all fully coun-
ter-clockwise (0%)

@ VCF frequency cut-off fully clock-
wise (100%), resonance fully
counter-clockwise (0%)

@® VCA initial level fully clockwise
(100%)
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Fig.58. The MIDI Ultimate ready for testing the Part 3 build stages.

Table 3: Schedule of tests to prove functionality of the headphone amplifier, VCA, echo and noise sections on the PCB

Number Test Pots Result
Check audio path including | Mixer ‘'VCO1 sq’ to 100% Increase ‘Master’ level
1 headphone amplifiers slowly from 0% to until the sound level is comfortable IR T
L The square wave tone will reduce until

2 Check VCA Reduce VCA initial level from 100% to 0% it can no longer be heard

VCA initial level 100%

VCO1 coarse frequency 0%

0 0

Echo delay 100%, Echo repeat 75% Pulses of square wave tones with
3 Check echo increasing echoes

With your left hand, rapidly turn VCO coarse frequency

control back and forth while slowly increasing the

echo level pot

. Put all pots to the start position Sound of white noise. If quiet, adjust

g Check noise generator Noise pot on mixer to 100% preset pot P1 to increase noise level

@ All echo controls to fully coun-
ter-clockwise (0%)

@® Master level fully counter-clock-
wise (0%)

@ All toggle switches to centre off.

Important — check you still have the
correct wiring polarity from Part 2
before applying power. Plug in your
headphones or amplifier and power
up the synth — all should be silent
(Fig.58). The PCB is printed with de-
scriptions for each of the pots to aid
identification.

Now perform the tests listed in Table 3.

Test 1 —This is to prove a square wave
signal from VCO 1 passes through the
mixer, the VCF, the VCA and the echo
effect, and can be heard on the head-
phones. Turning the VCF frequency
cut-off control counter-clockwise will
reduce the level of harmonics and will
sound ‘smoother’.

Test 2 — Turning the VCA initial level
counter-clockwise will simply reduce
the volume of the square wave, the VCA
comes into its own when modulated
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with a control voltage from an ADSR
or LFO in Part 4.

Test 3 — Echo is best demonstrated
with a rapidly changing or intermit-
tent sound. With the VCF cut-off fully
clockwise and the VCO 1 coarse fre-
quency control fully counter-clockwise,
a very-low-frequency square wave will
be produced. By rapidly changing the
VCO frequency back and forth (fre-
quency modulation — FM), you will
hear the echo increase as you increase
the echo level pot.

Test 4 — The last audio signal source to
prove is the white noise generator. We
will set the average noise voltage level
in a later issue, but for now, adjust P1
if it sounds too quiet. You can further
experiment by adjusting the VCF cut-
off frequency and resonance controls
to create pink and red noise.

If you are new to synths, you may
be wondering about its potential for
producing music. We have seen many
DIY synth demo videos that create
weird and wonderful sound effects, but
we thought we would try something

different — actual music compositions!
So, to give you a taster, two videos have
been published on the Soundtronics
Youtube channel. I openly admit to not
being a musician I but had great fun
learning about the MIDI Ultimate and
the MIDI recording software. Search
Google for ‘soundtronics Midi Ultimate
youtube’ for our YouTube channel.

While there are no modulation sourc-
es yet, you can still experiment with
the controls you have available and
create sound effects.

Note that a term you are likely to
come across with synths is a ‘patch’,
which describes the settings and inter-
connections used to create a particular
sound. While the term’s origins come
from synths where the interconnections
were made using plug-in patch leads,
it is still used today, even for digitally
programmed synths. We will provide
some example patches in Part 6.

Next month

In Part 4 next month, we will add the
LFO, ADSR, S&H and repeat gate mod-
ulation sources. These will really begin
to bring the MIDI Ultimate to life.
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by Mike Tooley

Your project is finished and ready to
go, but the job isn’t done until you've
found an appropriate source of power.
This could be as simple as choosing
a suitably rated mains adapter or as
complex as designing a switched-mode
power supply with multiple outputs
and battery backup. Our latest series
— Teach-In 2019 - is here to help, and
will provide you with insight into all

aspects of powering your electronic
projects and designs.

Last month, we introduced switched-
mode power supplies (SMPS) and
explained the basic principles of
buck (step-down) and boost (step-up)
switching regulators. This month, we
will be taking a detailed look and
exploring the controller chips used in
most oftoday’s switched-mode supplies.
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These versatile devices offer a neat
solution to the problem of controlling
and regulating the output of an SMPS.
Our Practical Project takes the form of
an efficient SMPS regulator. So that you
can explore the operation of the circuit
at individual component level we have
based the design on a handful of discrete
components rather than a dedicated
SMPS controller.

A wide range of dedicated SMPS con-
troller chips is available, and this can
greatly simplify the task of designing
and building a power supply based on
switched-mode technology. As well as
improvingreliability and performance,
the use of a dedicated controller chip
can significantly reduce component
countand circuit board size; also, ready-
made switched-mode regulators are
available at bargain prices from several
componentretailers and on-line sources
(see Fig. 5.1).

SMPS controllers usually combine the
function of a converter (with or without
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Fig.5.2. Simplified arrangement of an SMPS controller combining the functions

of converter and regulator.
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Fig.5.4. A buck regulator based on a UC3842 SMPS controller. The circuit
delivers 4.5V at 100mA from a nominal DC input of 15V.

an external power switching device)
with that of a regulator and switching
source based on a pulse-width modu-
lated (PWM) oscillator working with an
error amplifier and voltage reference.
Other features, such as an internal
voltage reference, current sensing and
limiting, soft-start and standby power
control can also be incorporated in
controller chips.

The UCx84x family of controllers
manufactured by Texas Instruments
provides the necessary features to

control an SMPS. The simplified in-
ternal architecture of the UC3842 is
shown in Fig.5.2. Fig.5.3 shows how
the Texas Instruments UC3842 SMPS
controller chip can be used in a simple
buck regulator that produces an output
of 4.5V at 100mA without the need for
an external switching transistor.
Fig.5.4 shows a buck regulator based
on the UC3842. This device operates
from a supply current of just 11mA, but
has a very much greater output drive
capability. Note that the output of the

- = = 4 +
+12V O Favavevey o
1 at 34
) 3 4704
D1
Ve outT  1inNss22
a
+ I +
o — LMZ596-y5.0 '° R —
2200 ™™ 100n ™™ 100n ™1™ 1001
GND ON/OFF
3 5
oV o 0 0V

Fig.5.7. A buck regulator based on an LM2596-V5.0. The circuit delivers a
fixed output of +5V at 3A and can make an excellent replacement of a fixed

three-terminal linear voltage regulator.
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Fig.5.6. Load regulation characteristic
for the circuit of Fig.5.4.

UC3842 is often fitted with additional
Schottky diodes (not shown in Fig5.4)
to prevent the chip’s substrate becom-
ing negatively biased. Other family
members (such as the UCC3802 and
UCC3809) have low-current CMOS
outputs and therefore don’trequire this
precaution. The device operates with
switching frequencies of up to 500kHz
and the internal oscillator frequency
is set by means of a single resistor and
capacitor (R2 and C3 in Fig.5.4).

The circuit was designed to replace
a somewhat inefficient low-voltage
supply based on a 4.7V shunt Zener
diode. The circuit delivers 4.5V at
100mA from a nominal DC input of
15V and operates with an efficiency
approaching 90%, whereas the linear-
mode shuntregulator which itreplaced
only manages 30%, or so. The line and
load regulation characteristics for the
circuit of Fig.5.4 are shown respectively
in Figs.5.5 and 5.6.

The LM2596 SMPS controller

The Texas Instruments LM2596HV
series of regulators are monolithic in-
tegrated circuits that also provide a full
range of functions for use in a wide vari-
ety of SMPS applications. These devices
are available in fixed output voltages of
3.3V, 5V, 12V and also in an adjustable
output version. The chips are available
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in a standard 5-lead TO-220 package,
and also 5-lead TO-263 surface-mount
and SOP-8 packages. For most home
construction projects, we recommend
the 5-lead TO-220 version because this
package is much easier to handle.
The LM2596 incorporates an external
shutdown feature with a very economi-
cal 30pA standby current. The output

switch includes cycle-by-cycle current
limiting, as well as thermal shutdown.
Last, but not least, the LM2596 control-
ler makes possible an easy-to-build yet
fully functional SMPS using only four
external components!

Fig.5.7 shows a very simple buck
regulator based on an LM2596-V5.0.
The circuit delivers a fixed output of
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Fig.5.8. Practical wiring considerations for the circuit shown in Fig.5.7. To
avoid noise and instability, the heavy lines should be kept as short as possible
and should use wide PCB tracks. A single common/0V (ground) connection
should be used for both input and output and the feedback wiring (shown in
red) should be routed well away from the inductive component (L1).
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Fig.5.9. A complete 3.3V 3A SMPS regulator based on the variable output

version of the LM2596 chip.

+5V at 3A and can make an excellent
and highly efficient replacement for a
fixed three-terminal linear voltage regu-
lator such as a 7805 (see EPE, February
2019, page 37).

Practical wiring and

layout considerations

The wiring and PCB layout of a
switched-mode power supply is far
more critical than that of most linear
powersupplies. The penalty for not pay-
ing close attention to circuit layout can
resultin significantamounts ofnoise be-
ingradiated from a circuit board and its
associated wiring, as well as conducted
alonginterconnectingleadsand cables.
This high-frequency noise is a product
ofthe fast switchingaction of the SMPS,
butit canbe greatly reduced by carefully
positioning decoupling capacitors (C1
to C4 in Fig.5.7) in close proximity to
the SMPS controller and other switch-
ing device. It is also essential to ensure
a very short, direct and low resistance
path to the circuit’s ground connection.
Fig.5.8 illustrates this important point.

Using off-the-shelf SMPS modules
At this point it is important to men-
tion that off-the-shelf SMPS modules
are becoming widely available at very
moderate cost and it is well worth in-
vestigating a ready-built module rather
than attempting to design and construct
an SMPS from scratch. Fig.5.9 shows
the circuit of a complete 3.3V 3A SMPS
regulator based on the variable output
version of the LM2596 chip. The PCB-
mounted version of this circuit (see
Fig.5.10) is readily available at low
cost from several retailers and on-line
sources (search for ‘LM2596 module’ at
eBay, Banggood and GearBest). Do shop
carefully — there are several variants,
so make sure you buy what you need.

The performance of the circuit in
Fig.5.91s outstandingand can be gauged
from the load regulation characteristic
shown in Fig.5.11. This graph clearly
shows how the SMPSregulator’s output
voltage (3.3V) remains substantially
constant over the full range of load
currents up to the rated maximum
output of 3A.
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Fig.5.10. A low-cost off-the-shelf buck regulator based on the

circuit shown in Fig.5.9.
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Fig.5.11. Load regulation characteristic
for the buck regulator shown in Fig.5.9.
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This month’s Practical Project takes the
form of an SMPS regulator based on
discrete component technology. The use
ofindividual components will allow you
to investigate voltages and waveforms
within the circuit and also allows you
to make changes to component values
which would be impossible inside an
SMPS controller chip. The circuit has
been kept as simple as possible and uses
just four transistors and three diodes.

The SMPS regulator is designed to
produceafixed outputvoltage of 6V atload
currents up to 2A. The circuitincorporates
apre-setadjustment so that the output can
be typically set between 5.6V and 6.8V.
The circuit is ideal for supplying power
to small microcontrollers (eg, Arduino
or Raspberry Pi) from a vehicle battery
or from an unregulated 12V DC mains
adapter. The circuit’s specifications are
as follows:

Input voltage 10V to 15V

Output voltage 6V

Adjustment range 5.6V - 6.8V approx

Load current 2A max.

Switching freq 45kHz approx

Noise <50mV pk-pk at 1A
output

Line regulation 6%

Load regulation better than 4%
Output resistance 0.125Q

The circuit of our SMPS regulator is
shown in Fig.5.12. The differential
arrangement formed by TR2 and TR3
acts as a simple error amplifier with
feedback voltage derived from the
potential divider consisting of R6, RV1
and R7. The output of the error amplifier
is derived from the collector of TR3 and
applied to TR4, which drives the gate
of the power switching MOSFET, TR1.

ABCDEFGHI JKLMNOPQRSTUVWXYZabcdefghiijk

ABCDEFGHI JKLMNOPQRSTUVWXYZabcdefghi]jk

Fig.5.13. Stripboard layout of the SMPS regulator.
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Fig.5.12. This month’s Practical Project is an SMPS regulator based on discrete components.
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To provide the switching pulses, TR3
and TR4 form an astable oscillator with
positive feedback via C2, which sets the
switching frequency (approximately
45kHz). The square wave pulse
waveform appearing at the drain of TR2
is rectified by means of fast-switching
diode D1, and the positive output
voltage is developed across C3, which
actsasareservoir capacitor. LED D2 and
its associated current-limiting series
resistor (R8) indicate the presence of
the DC output voltage.

You will need...

Perforated copper stripboard (24 strips

each with 37 holes)

2 2-way PCB screw terminal connectors
(ST1, ST2)

2 10Q resistors (R1, R5)

2 1kQ resistors (R3, R4)

1 4.7kQ resistor (R2)

2 2.2kQ resistors (R6, R7)

1 330Q resistor (R8)

1 89Q 1W resistor (R9)

1 1kQ miniature pre-set resistor (RV1)

2 220pF 35V capacitors (C1, C3)

1 100pF ceramic capacitor (C2)

1 470uH ferrite cored inductor (see text)

1 RFP30NO6LE (TR1) (see text)

2 BC212L NPN transistors (TR2, TR3)

1 BC548 NPN transistor (TR4)

1 BYW29 (D1) (see text)

1 2.7V Zener diode

1 red LED (D3)

2 small TO220 heatsinks (see text)

4 stand-off pillars and mounting screws

Construction

The stripboard layout of the SMPS
regulator is shown in Fig.5.13. Note
that there are 29 track breaks on the
underside of the board and 11 links on
the upper side. The pin connections for
the semiconductor devices are shown
in Fig.5.14. The two TO-220 heatsinks
should be rated at 9.1°C/W, or better.
Furthermore,toimproveheatdissipation
the two power semiconductor devices
(TR1 and D1) are mounted directly
on their respective heatsinks. These

must not be allowed to
make contact with the

N\

enclosure or any other
component parts.

As always, once the
assembly is complete it
is well worth carrying
outacareful inspection
of the circuit board,
particularly checking
the off-board wiring o
and links to connectors
ST1 and ST2.

We have used very
conservatively rated
devicesfor TR1and D1.
Both of these comp-
onents are reasonably

anode cathade
1N4728

(a) D1

(d) TR1

gds

RFP3ONOGLE

a ’ I k
/
| anode @ cothode

{1/ Underside view

(c} D3

collector

collector

base base

emitter emitter

(2) TR2, TR3 and TR4

common but many
similar semiconductor
devices are available and can be used
instead. For example, TR1 could be
any suitably rated N-channel MOSFET
switching transistor with a maximum
voltagerating of greater than 50V and an
‘on’ resistance of less than 0.1Q. (Note
that the drain connection of this device
is connected directly to the mounting
tab and therefore it will be at the same
potential as the heatsink when no
insulating washers are fitted).

The switching diode (D1) isan ultrafast
rectifier designed specifically for use
in a wide range of SMPS designs,
but any similar device can be used
provided that it is rated for a current
of at least 5A and a voltage of greater
than 50V. Finally, the ferrite-cored
inductor used in the switched-mode
boost converter must berated at 2A and
have a DC resistance of less than 0.3Q.
A suitable component is available from
Murata Power Solutions (part number
1447423C — sold by mouser.co.uk as
part number 580-1447423C). We will
be discussing ferrite components in a
later Teach-In 2019.

Fig.5.16 and Fig.5.17 show the line
and load regulation characteristics
for the SMPS regulator respectively.
Note that the minimum and maximum

Fig.5.15. The finished SMPS regulator.
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Fig.5.14. Device connections for the SMPS regulator.

recommended input voltages are 10V
and 15V respectively, and that the
output voltage is 6V on no load and
falls to 5.75V on full load. If you need
to maintain 6V at full load it will be
necessary to adjust RV1 accordingly (in
which case the no-load output voltage
will rise to around 6.25V).

Next month

In Part 6 of Teach-In 2019 next month,
we will introduce voltage multipliers
and our Practical Projectwillbe asimple
low-current 9V-to-15V supply converter.
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Fig.5.16. Line regulation characteristic
for the SMPS regulator.
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Fig.5.17. Load regulation characteristic
for the SMPS regulator.
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Get it Right! - Selecting equipment wire and cables

Fig.5.18. Power supply wiring should
normally be based on insulated
stranded equipment wire, which is
both flexible and able to operate with
the relatively high current present in
most power supplies.

Last month, our Get it Right feature
showed you how you to select the right
fuse for your project. This month, we
look at cabling and wiring. The choice
of cables and wires can often be baffling.
Most of us will be familiar with terms
such as ‘hook-up wire’ or ‘equipment
wire’, but what do these terms mean and
how do you know that they are safe to
use with the relatively high currents and
voltages found in most power supplies?

Let’s start with some basic properties
of wires and cables, the most obvious

Fig.5.19. Additional insulation should be applied to
equipment wire carrying AC mains voltages.

of which relates to the diameter of the
copper conductor used. We usually
specify wire by means of a term referred
to as ‘standard wire gauge’ (SWG) or
‘American wire gauge’ (AWG). Although
these ratings are similar, they are not
quite the same, asindicated in Table 5.1,
whichrelates to the most common sizes
of wire found in electronic equipment.

When a conductor is carrying current
itmay become warm due to theresistive
I’R power loss in the wire so we have
included typical values ofresistance (per
metre), together with a recommended
maximum continuous current rating
(not the same as the ‘current capacity’
quoted by some manufacturers). The
quoted recommended maximum current
is that which can be used without
significant power loss and temperature
rise but, in many applications, it may
be necessary to consider other factors
such as ambient temperature, wiring
layout and conductor length.

The term ‘hook-up wire’ usually
applies to low-voltage / low-current
applications and often comprises a
single solid tinned copper core with
a coloured PVC insulating outer
jacket. Hook-up wire is fine for general

Fig.5.20. Colour-coded equipment wires can aid

use in electronic projects, but often
inappropriate for use in power supplies
where voltages and currents can be
appreciable. For most applications, a
stranded copper core will be necessary.
This aids overall flexibility and because
the current is shared between several
conducting paths the overall diameter
(compared with solid core wires) can
be reduced for the same current flow.
Typical stranded ‘equipment wire’
consists of 16 individual tinned copper
cores, each of 0.2mm diameter with an
insulating wall of 0.3mm thickness and
an outer diameter of 1.65mm. Such wires
(20 AWG) are suitable for short runs (ie,
less than 1m) carrying currents up to 3A
at voltages of up to 1kV. Note that all
external interconnecting cables should
be double insulated (not only should
the individual conductors be insulated
but there should also be an outer jacket
providing further insulation — think
typical mains appliance cable).
Finally, it is well worth adopting
a consistent colour-code system so
that wires can be quickly and easily
identified. The scheme adopted by the
author is based on the resistor colour

code and is shown in Table 5.2.

equipment assembly and fault finding.

swe | Dia | awg | Dia. | Approx.resistance | Recommended max. Colour Application
(mm) (mm) (per metre) continuous current (A) Black 0V (common negative supply)

14 | 203 12 | 205 0.005 10 Brown | Signal ground

16 1.63 14 1.63 0.010 6 Red Positive supply voltage

18 122 16 129 0.017 4 Orange | Regulated supply (low-voltage)
Yellow | AC (low-voltage)

20 0.91 19 0.91 0.034 2 -
Green Protective earth

22 0.71 21 0.72 0.054 1.2 Blue Negative supply

24 0.56 2 0.57 0.086 0.7 Mauve | Standby supply (hot battery)

26 0.46 25 0.46 0.137 0.5 Grev Control (power good)

28 0.38 27 0.36 0.276 0.2 White High-voltage supply

Table 5.1 Comparable SWG and AWG wire ratings.
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Table 5.2 Colour coding for equipment wire.
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Backing Baxandall - Part 1

fter volume and balance,
A::)‘ne controls are the most com-
on audio process. Tone con-
trols are essentially RC filters that alter
the audio signal — cutting or boosting
frequency bands according to the lis-
tener’s taste. They are typically used to
compensate for deficiencies in the au-
dio chain, from source material to room
acoustics. Much the most common tone
controls are treble and bass, which ap-
pear in Hi-Fi amplifiers, electric guitar
amplifiers and even effects pedals, as
we will discuss in this article.

Acclaim without reward

How would you feel if you designed a
circuit that was used in tens of millions
of devices and you just got a $25 watch
for it? That’s what happened to Peter
Baxandall, who invented the bass and
treble tone control circuit used in nearly
all audio amplifiers for the last 60 years.
He never seemed to mind, being more
interested in circuitry than money. If he
was around today, in the culture of in-
tellectual property, then it might have
been a very different story. Having won
the watch in a competition at the 1950
British Recording Association, aged 29,
he refined his tone control and published
it in the October 1952 issue of Wireless
World — and everybody used it.

Passive vs active
The first audio bass and treble controls
were passive and consequently had high

Article by Jake Rothman
PCB and circuit by Mike Grindle
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Fig.2. Difference between passive EQ
curves and Baxandall’s active equaliser:
(top) Passive bass/treble lift and cut by
varying response-curve slope; (bottom)
Active bass/treble lift and cut by varying
the pivot frequencies.

losses. In passive equalisation (EQ) cir-
cuits everything is attenuated except the
frequency that needs to be boosted. This
approach requires a lot of post-EQ gain,
typically 18dB, resulting in high noise
levels when set flat. To avoid this, the
gain could be placed before the tone
control circuit, but then that amplifier
stage would be prone to clipping, re-
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ducing headroom.
This headroom/
noise conundrum
has always afflicted
audio design, but
Baxandall fixed it
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Fig.1. The original passive bass-treble equaliser, based on the EJ
James design (Wireless World, February 1949) and used in many

amplifiers until Baxandall improved it.
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Fig.3. Inverting op amp with variable gain.
Note that the pot can be thought of as
two resistors: input resistance R, and
feedback resistance R;.

problems of availability and stereo
matching, but Baxandall’s design used
standard, easy-to-source linear pots.
For reference, a passive tone control is
shown in Fig.1. R3 and R4 are loading
resistors to ensure the response is flat
in mid-position with the log Alpha pots
specified. (Note that not all log pots are
the same; for example, Alps and Alpha
log pots have a different ratio (curve)
from other manufacturers.)

Different curves

Classic bass and treble controls have a
‘pivot point’ in the centre of the audio
band, at around 1kHz. The pivot point
is the frequency unaffected by a tone
control. Referring to Fig.2, cutting or
boosting the treble cuts or boosts fre-
quencies to the right of the pivot point
only, and vice versa for the bass. There
are differences in the way passive and
active bass/treble controls behave, espe-
cially with respect to their pivot points.
Subjectively, the passive curve sounds
better because its pivot point does not
move. With the active version of the tre-
ble control, the pivot point’s frequency
drops, moving towards the centre as the
boost is advanced. This can have the ef-
fect of also boosting the mid-range as the
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Fig.4. Converting the circuit in Fig.3 to
variable treble gain by inserting capacitors.

treble is boosted, making it sound ‘hard-
er’. For the bass control, the pivot point
frequency rises with bass boost, again
boosting the mid-range signals. This ef-
fect sounds more noticeable, and hence
is good for sales and cheaper speakers,
if not audio accuracy. The difference
between the two curves is shown in
Fig.2. Japanese amplifier manufacturers
combine the best of both with a special
topology shown later which has a more
subtle effect and works well with Hi-
Fi amps driving high-quality speakers.

The Baxandall boost/cut curves are
equal and opposite, which is seen as a
virtue because if you apply too much cor-
rection to a recording it can be reversed.
I also used to use it as a pre-emphasis/
de-emphasis system to reduce noise in
the days of analogue tape.

Bring on the valves

Baxandall’s original circuit used valves,
but is does not matter what type of ac-
tive element is used — valve, bipolar
transistor, FET or op amp — the princi-
ple is the same. The Baxandall design
is based on the standard inverting am-
plifier configuration, and it’s probably
easiest to understand the op amp version
in Fig.3, shown giving variable gain.

Baxandall - op amp version

In most Baxandall designs just one active
element is used, and that will be the ap-
proach in the circuit built next month.
However, the Baxandall control can be
split into separate bass / treble sections
to simplify analysis — typically one op
amp each, whch reduces interaction

2oka

--— —_—
Input | © 9 .

Cgass
47nF

o o]

Fig.5. Making the inverting op amp circuit
with variable bass gain.
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between the controls. To make analysis
simple, we will now look at the ‘dual-ac-
tive-element’ approach, examining one
control at a time.

Before we go any further, here is a very
useful general tip. When analysing pot-
based circuits, always look at the three
main pot positions: fully counter clock-
wise, mid-point and fully clockwise.

Treble section analysis

First, we’ll look at the treble section, as
shown in Fig.4. When the pot is turned
fully clockwise (wiper to the left — ‘CW’
on the diagram) boost occurs, because
the total input resistance is low relative
to the feedback resistance. Remember,
with an inverting op amp stage, the gain
is equal to the feedback resistor divided
by the input resistor (see Fig.3). Because
a capacitor is in series, boost only occurs
at high frequencies. When the pot is fully
counter-clockwise (CCW) the capacitor
is effectively across the feedback resis-
tor, making a simple first-order low-pass
filter. This tells you that the maximum
slope of the Baxandall is 6dB/oct (per
octave). In practice, it rarely gets there,
operating typically at 4dB/oct with a
phase shift of less than 90°. The noise
is only 6db more than the unity-gain op
amp when set flat. This means it has a
gentle effect on the sound, which meets
with approval from most of the Hi-Fi
fraternity. (There are purist audiophiles
who disapprove of all tone controls. I
should tell them just how many filters
their music has been through during its
production!)

Bass section analysis

Moving on to the bass control in Fig.5,
the capacitors are in parallel with the
pot rather than in series with it, so the
effect is opposite to the treble control
discussed above. The values are also
much higher. When fully clockwise,
(boosted) there is an RC network across
the feedback capacitor, as shown in the
equivalent circuit in Fig.6. It is effec-
tively a 50kQ feedback resistor with a
33nF capacitor across it. The other ca-
pacitor is shorted out. In ‘cut mode’,
the capacitor is in series with the in-
put, causing high-pass filtering or bass
cut —the equivalent circuit is shown in
Fig.6. Of course changing the values of
the capacitors changes the pivot point
and boost frequencies. For Hi-Fi, the
bass capacitors are often bigger, and the
treble capacitors smaller, to limit the ef-
fect to the audio extremes and minimise
the effect on the mid-range.

Budget Baxandall

Since the bass capacitor is alternately
shorted out at both extremes of the pot
rotation, a single capacitor can be used,

33nF

4.7kQ

Bass boost mode

33nF

Fig.6. Equivalent circuits based on Fig.5,
showing the effect of bass boost and cut
pot positions.

wired across both ends of the pot. This
is called the Baxandall ‘single-capaci-
tor bass control’ (here the pivot point is
fixed). The treble capacitors can also be
minimised by wiring one cap in series
with the wiper. If this is done for both
sections then we have the ‘two-capaci-
tor Baxandall tone control’, as shown in
Fig.7. This has the disadvantage of giving
alow input impedance across the whole
audio band when the treble is boosted,
instead of just at the high frequencies
being boosted. This loading effect on
the preceding stage means it is not the
best design for low distortion. If we go
back to the 1960s when capacitors were
expensive it might have been worth it.
Nowadays, capacitors are cheap, but
switches are still expensive, so I would
use it today where I wanted switchable
pivot point frequencies, because it would
halve the number of gangs.

50kQ
Lin

(] o——AA
l
4.7nF
10kQ
TLO71 O
aF Output
Mé
50kQ
Lin

Sia

CBass
100nF

Fig.7. Budget two-capacitor Baxandall
tone control.
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Fig.8. Proper four-capacitor Baxandall tone control designed by Mike Grindle, the
circuit for the PCB will be discussed next month in Part 2 (Fig.19).
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Fig.9. The effect of the Dinsdale 1961 mod
in the Delta 70 circuit in Fig.14.)

Four-capacitor Baxandall

For the design we're going to build
we’ll stick with Baxandall’s original
four-capacitor version. Combining the
two sections to get the circuit in Fig.8.
A PCB will be provided in Part 2. Note
an additional resistor (R5), which is

to give a better treble boost. (This was used

necessary to prevent interaction between
the controls. There is a Y-A (wye/delta)
trick developed by Toby and Dinsdale
(Wireless World, December 1961) in
their pioneering transistor Baxandall
design that can be employed with the
two-capacitor bass circuit to give extra

AN
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Fig.10. A valve Baxandall circuit, notice the centre-tapped pot, which produces the
‘passive-style’ pivot point. The impedances are also much higher than are typical today.

treble boost. They added a 10nF capaci-
tor to ground from the wiper. The effect
is shown in Fig.9 and the circuit is in
Fig.14. It works by preventing the HF
shunting effect of the bass capacitors.

Stop resistors

All pots need stop resistors in series with
both ends of the track to limit their range.
It’s not a good idea to allow the circuit
to go to zero-ohms input impedance,
producing very high, unstable values
of gain. The treble maximum boost cut
is limited by R6 to about +15dB and
similarly for the bass with R4 and R3.

Potentiometers action

It can be seen that when a pot is moved
there is a simultaneous reduction in the
input resistance as the feedback imped-
ance is increased. Thus, there are two
factors increasing the gain at the same
time as the pot is rotated. This gives rise
to alog action using linear pots, another
Baxandall benefit. Often, centre-detent
pots are used, which click in the mid-
dle to get a flat response. Sometimes
the pots are not perfectly equal on both
sides when set to mid position. Sugden,
the Yorkshire amplifier builder, used to
put trimmers across the pots so that the
mid position could be tweaked to give
a perfect square wave at 1kHz. The pre-
set was four times the control pot value
and simply wired in parallel.

Baxandall boffin

A deeper analysis of the Baxandall tone
control can be found in Douglas Self’s
book, Small Signal Audio Design. For
those who love number crunching, Na-
tional Semiconductor’s Audio and Radio
Handbook (1980) is recommended.

The original valve version

The original Baxandall 1952 circuit
used a pentode valve that is now hard
to source. However, a later version uses
the still-available ECC81 — see his Inex-
pensive Pre-Amplifier design (Wireless

Fig.11. You can buy cheap valve-based
Baxandall PCBs on eBay.
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Fig.12. Single-transistor version of Baxandall tone control used No Header!  No Brainer!

in the Colorsound Powerboost pedal.

World, May 1957). The circuit is shown in Fig.10. The speci-
fied centre-tapped pot is hard to obtain, but can be emulated
to a degree by tying two 680kQ resistors from each end of an
ordinary linear 500kQ pot to ground. The inverting feedback
principle is the same, with the path going from the anode
of the valve back to the grid, which is the virtual earth. This

b
reduces the input impedance with the valve juSt as with an Our patented range of Plug-of-Nails™ spring-pin cables plug directly
inverting Op amp circuit. For this reason it is necessary to into a tiny footprint of pads and locating holes in your PCB, eliminating
feed all Baxandall tone controls from a buffer amp or low-im- the need for a mating header. Save Cost & Space on Every PCB!!
pedance source. (Vintage Hi-Fi fans will be pleased to know Solutions for: PIC . dsPIC . ARM . MSP430 . Atmel . Generic JTAG . Altera
that PCBs for this circuit are available on eBay — see Fig.11.) Xilinx . BDM . C2000 . SPY-BI-WIRE . SP1/ IIC . Altium Mini-HDMI . & More
Colorsound Powerboost WWWw. PIugOfNalls.com
The guitar pedal version of a Baxandall tone control is shown Tag-Connector footprints as small as 0.02 sq. inch (0.13 sq cm)

in Fig.12. It uses a single transistor, which is not recommend-
ed for Hi-Fi, since the distortion on full boost is in the order
of 1%. No problem for a guitar pre-amp

Low distortion version

The design in Fig.14, used in the well-re-
garded Leak Delta 70 Hi-Fi amplifier had
a relatively high rail voltage of 48V, and
with the addition of an emitter follow-
er reduced distortion to about 0.1%. A
further refinement by PM Quilter (see
Wireless World, April 1971) was to add
a bootstrap capacitor on the collector Fig.13. Frequency response curves for the circuit in Fig.12.
load of the first transistor. This greatly

though. Fig.13 shows the curves — quite | ossursous | mga 51 2 o 2 L [y mrensresa e
brutal for a Baxandall. TR i JP:“:?_—%N- o) _[E_:'_ o EEI_EB m o
Y B 1‘ 1 1t — ;')_,.:_‘:1':_: — !..__ — +

A B it J I —

increased the open-loop gain from about “Quilter bootstrap split 15kQ o
80 to 4000, giving a further reduction in into two 7.5kQ resistors e gy
distortion. Interestingly, the bass con- 7.5k0 | Dissipation

: : — 280mW
trol has a higher resistance value than VR R5 é ?gkﬂé
the treble control. I think this used to be A Soka R2 68kQ 1 oro
common practice because it possibly al- MW 1—" " WV—"W— . 15uF
lowed smaller value capacitors in the bass IJ 33F &
section. In the National Semiconductor |_'_CI2 c5 —[} o +38uF
book mentioned earlier, the treble control Input ci | toonF mi':_ I_oo
was bigger than the bass control. What | o— R i
is optimum? If anyone knows please let 3.3k0
me know. I changed a few pot values and
found this aspect of the circuit was par- Re O3 \z’gkzo %
ticularly uncritical. So if you don’t have AN ASL !
the exact value, going one value step ei- .
ther way makes little difference. o v
Next month Fig.14. Leak Delta 70 tone control. This gives good Hi-Fi performance. The Quilter
In Part 2 we will build the four-capacitor  pootstrap improvement is shown in red (R7a/R7b replace R7). Note the extra capacitor
Baxandall tone control in Fig.8. (C5) to improve the treble characteristic, emulating the centre tap pot in Fig.10.
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MOSFET power switches — Part 2

look at the topic of MOSFET power

switches in response to a post by
Michael Ferguson on the EEWeb forum
(www.eeweb.com/forum). In his post,
Michael wrote:

‘T'm working on the circuit in the at-
tached image [Fig.1]. I've quickly realised
there is not any good way to activate the
V,s of my power MOSFET with my gate
driver. I've looked online at some other
gate drivers, and all of them only output
low voltages around 20-30V max.

Every single datasheet for gate drivers
intended to be used with power MOS-
FETs describes their output in terms of
current. Sink or source, up to 4A/6A, etc.

These are two of the gate drivers that I
have [UCC20520 from Texas Instruments
and ISL55110 from Renesas], one of them
is also an isolated gate driver specifically
used for power MOSFETs.

I understand that the MOSFET gates
activate upon charging to a certain Q,,
but if the gate voltage needs to be 10V >
than Vg, and Vg is 200V+, how is it pos-
sible to turn the gate on and let current
flow from Vg to V7’

I ast month, we started to

MOSFET basics

In last month’s article we introduced some
basics of MOSFETs in general, and power
MOSFETs in particular. In the context of
power electronics, MOSFETs are used as
electronically controlled on/off switches
in which conduction between the source
and drain terminals is controlled by the
gate-source voltage. There are two types

V2 setup parameters

V1=0.1 TR=1n PER=500u
V2=10 TF=1n
TD=1n PW=250u

M1

SiHP8N50D

R1

125kQ 5

C1 R2

500pF 50Q
Load

I &

Fig.1. Michael’s circuit, redrawn from his
EEWeb post.
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of MOSFET: N-channel and P-channel.
An N-channel device requires a positive
gate-source voltage to switch on, and a
P-channel device requires a negative volt-
age. Last month, we briefly described the
basic principles of this switching operation
with reference to structure and physics,
and examined the layout of power MOS-
FETs, which allows them to handle high
currents. We also looked at Michael’s cir-
cuit (Fig.1) and discovered that the Zener
regulator was not able to provide the 220V
supply at anywhere near the 4.4A current
implied by the 50Q load. Assuming a better
220V supply, an N-channel MOSFET (as
used in Fig.1) is able to switch the load,
but requires a control voltage in excess
of the 220V supply voltage.

This month, we will look at some of
the various circuit configurations for
MOSFET switches and examine approach-
es to switching on MOSFETs in circuits
like Fig.1. We will analyse an example
of such a circuit based on the UCC20520
mentioned by Michael, and finally make
some brief comments about switching in-
ductive loads such as motors.

The circuit arrangement in Fig.1 is re-
ferred to as a ‘high-side’ switch because
the MOSFET is connected between the
supply and load (on the high-voltage side
of the load), as opposed to being located
between the load and ground (switch on
the low-voltage side of the load). For an
N-channel high-side switch, when the
load is on, the MOSFET’s source terminal
is at the load voltage. However, in order
to switch on the MOSFET, its gate-source
voltage must be above the MOSFET’s
threshold voltage, which implies the
gate must be at a higher voltage than the
load supply. Power MOSFET threshold
voltages are typically around 4V or 5V,
but in order to turn on fully enough for
use near their maximum current rating,
many of these devices may need 10V or
more. So for the circuit in Fig.1, a gate
voltage of about 230V is required.

MOSFET drivers

The 10V relative to ground used in Fig.1
as the gate control will be insufficient to
fully switch on the load. The 10V change
in gate voltage is fine, but it needs to rise

from 220V to 230V, not 0V to 10V. We
investigated this behaviour of the circuit
in detail last month through a couple of
simulation examples. This leads to the
core issue of Michael’s question — how
do you provide a gate voltage above the
load voltage, particularly when the con-
trol circuit is likely to be operating on a
much lower supply than the load voltage?
The answer is that you need a suitable
‘MOSFET driver’ circuit. Although the
high-side switching just discussed pro-
vides obvious challenges, even low-side
switches, where the switching voltages
required are more straightforward, are not
necessarily trivial. Low-side switches also
require appropriate driver circuits, particu-
larly for high performance or demanding
switching applications, and where control
circuits are running on lower voltages (eg,
3.3V rather than the voltage required for
low-side switching — eg, 10V).

The job of the driver circuit is to make
sure the MOSFET is switched between
fully on and fully off, by switching the
gate-source voltage between 0V and some
voltage well above the threshold. As dis-
cussed last month, use of voltages well
above the threshold ensures saturated op-
eration, in which the voltage drop across
the device caused by the ON-resistance
(Rps, on) and hence the power dissipation
are minimised. In order for power MOS-
FETs to switch quickly and efficiently,
sufficient current must be available to
quickly charge or discharge the input
capacitance of the device. During the
transition between the on and off states
the device may dissipate a lot of power,
a problem referred to as switching losses.
The drive circuit therefore must be able to
supply enough transient current to charge
the MOSFET input capacitance at the re-
quired rate. In some cases this current may
be quite substantial, particularly for large,
very-high-power devices, or where paral-
leled MOSFETSs are being used.

Simulation files

The LTSpice files discussed in
Circuit Surgery are available for
download from the PE website.
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Fig.2. N-channel MOSFET low-side drive.

Many low-power circuit outputs, such
as logic gates and microcontrollers simply
cannot deliver enough current to drive
the gate of power MOSFET correctly. A
power MOSFET driver is therefore a power
amplifier that accepts a low-power input
from a microcontroller or other circuit
and delivers the required high-current
gate drive to the MOSFET. Gate drivers
may be implemented as dedicated ICs,
discrete transistors, or transformers. The
circuits can be quite complex, particularly
for high-side drivers and when switching
multiple MOSFETSs in arrangements such
as bridges (see later), so the use of dedi-
cated ICs can save a lot of effort.

At first, the complexity of drivers may
seem unnecessary, but seemingly small
imperfections in the control of devices
switching very large currents or high volt-
ages can have significant consequences,
potentially causing MOSFET failure. As
w being too slow it is also possible for
power MOSFET circuits to switch too fast,
or put more accurately, for voltages or cur-
rents within the circuit to change too fast.
Very fast current and voltage changes can
damage devices and also cause more inter-
ference radiation than slower switching.
Careful design of the driver circuit may
be required to get the switching behav-
iour correct, particularly in high-speed
and very-high-power applications.

Switching configurations

As has already been indicated, there are
a number of different switching config-
urations in which power MOSFETs are
used, and these may require different
types of driver. With a single transistor
we can employ N-channel or P-channel
devices, and we can use low-side or high-
side switching. If we require the load to
be grounded, or if we are using a bridge
circuit, then we need a high-side switch.
N-channel devices are often preferred be-
cause the inherently higher conductivity

Fig.4. N-channel MOSFET high-side drive.

of n-type silicon leads to higher perfor-
mance devices. High-side switching,
however, is often easier to implement
with P-channel devices.

Fig.2 shows an N-channel low-side
switching arrangement. The driver circuit
has to switch the gate between 0V (off)
and V, (on). The power supply voltage
for the driver (V},,) will often be greater
than or equal to V;, but may be much less
than the load power supply voltage (V).
V;, is not the threshold voltage (V) but
a larger magnitude voltage, as discussed
above, which is required to fully turn on
the MOSFET. Fig.3 shows a P-channel
device used as a high-side switch. The gate
voltage is switched from V}, (off) to V4
— V; (on). Fig.4 shows another high-side
switch, in this case using an N-channel
MOSFET, and therefore requiring a gate
voltage higher than the load supply volt-
age by V; volts to switch the transistor on
— this is the arrangement required in the
circuit in Fig.1.

Bridges

Switching circuits using single transistors
are shown in Fig.2 to Fig.4. Other switch-
ing circuits, specifically the half-bridge
or full-bridge (H-bridge) configurations,
use more transistors — with at least one
on each side of the load. Drivers for these
configurations require the capabilities of
both high-side and low-side circuits. We
show two examples here — Fig.5 is a half-
bridge circuit using a complementary pair
(both N and P transistors) and Fig.6 shows
an H-bridge using just N-channel devic-
es. The half-bridge is commonly used in
switched-mode power supply designs be-
cause it allows more efficient circuits with
lower electromagnetic interference (EMI)
to be designed. The H-bridge circuit is dif-
ferent from the other circuits presented
here, in that it enables the polarity of the
voltage across the load to be reversed. It

Vor ? +Vig

Drive L

Fig.3. P-channel MOSFET high-side drive.
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Fig.5. Complementary pair half-bridge driver.

? VDr
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Drive
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L

Fig.6. Full-bridge driver using n-channel
devices.

has a wide range of uses, including motor
controllers and DC-to-AC power invert-
ers. (The name ‘H-bridge’ comes from the
shape of the schematic in which is load
is the middle bar of the ‘H’.)

An additional concern with half- and
full-bridge drivers is the possibility of
briefly switching on both transistors in
a half-bridge at the same time, resulting
in excessive crossover, or cross-conduc-
tion current flowing as one transistor on
is switched on and the other off. Driver
circuits must control the timing of the
switching of the two transistors to pre-
vent this from happening. Some drivers
have adjustable deadtime — that is time
during changeover when both transistors
in the half-bridge are off.

High-side drivers
For high-side switches there are a number
of techniques which can be used to obtain
the voltage levels above the load supply
voltage required to switch the transistor.
Boostrap high-side drivers charge a ca-
pacitor using a low voltage supply and
switch the capacitor to the gate-source of
the MOSFET to turn it on. This approach
cannot hold the transistor on indefinitely,
as the bootstrap capacitor has to be re-
charged periodically (while the high-side
MOSFET is off). Charge-pump high-side
drivers use voltage-multiplier circuits to
generate the high gate voltage. They can be
inefficient and slow, but allow indefinite
high-side on time. A pulse transformer can
be used to couple the control signal to the
high-side gate, this is potentially simple
and low-cost, but can be quite difficult
to get right in practice. A floating power
supply can be used for the high-side drive
circuit with switching controlled via an
opto-isolator. This is an expensive option
because a separate supply is required for
each high-side MOSFET used.

The above is not an exhaustive list of
techniques and there are a number of varia-
tions on each basic idea. Having mentioned
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Fig.7. Simplified application schematic for the UCC20520
MOSFET driver (based on Texas Instruments data sheet).

isolation, it is worth pointing out that this
will often be required for safety reasons,
to separate the low-voltage control cir-
cuitry from a much-higher-voltage load.

Design of high quality power MOSFET
driver circuits from scratch is not very easy,
except perhaps for relatively undemand-
ing situations. This is particularly true if
high-side switching is required. Fortu-
nately, there are many driver ICs available
that do most of the work for you. Further-
more, the manufacturer’s datasheets, or
associated application notes, will often
provide detailed design guidelines on
issues such as component selection and
the physical layout of the circuit — all of
which should help make sure that you
end up with a working circuit.

Example driver — the UCC20520
One example of a driver chip is the
UCC20520 4A, 6A, 5.7kVy,s Isolated
Dual-Channel Gate Driver with Single
Input from Texas Instruments, mentioned
in Michael’s post. This IC can be used for
a half-bridge driver with programmable
dead time. The wide supply range for its
interface circuitry of 3V to 18V makes it
suitable for connection to a wide range of
control circuits. The device features iso-
lation from input to output and between
the two output channels. It uses a boot-
strap approach to generating the voltage
for the high-side transistor gate control.
Fig.7 shows a typical application circuit
for the UCC20520 (from the datasheet), but
simplified to focus on the connection be-
tween the driver and the MOSFETs, which
are connected in a half-bridge. Output
channel A (VDDA, VSSA and OUTA) is
configured as a bootstrapped high-side
driver for the upper N-channel MOSFET.
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operations in which
the output is rapid-
ly and continuously
switching, it is not
suitable for designs where the MOSFETs
need to be held in the same state for long
or arbitrary periods. For simplicity, in the
following discussion we assume there is
0V across the MOSFETS when they are on.
Thus, when the low-side MOSFET is on,
the source of the (currently off) high-side
MOSFET and the VSS power connection
of the channel A output circuit (VSSA
pin) will be at ground (0V). Under these
conditions Dyyor will be forward biased
and Cyygr will charge towards Vp, via
Rpoor and Dygor- The resistor is used to
prevent excessive current flow when the
capacitor starts to charge.

When the transistors switch over, so that
the high-side MOSFET is on, the VSSA
pin will be at the load supply voltage
(Viy)- Dyoor will be reverse biased as Vi,
is much lower the V. Cyqor will have
retained its charge, at a voltage of around
Vpp (minus the forward drop of Dygop).
The positive supply for the channel A
output circuit will therefore be at about
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RLoad

Rsource
M1

Drive
Ground

v

Fig.8. MOSFET switching an inductive load.

Vv + Vpp, enabling its output (OUTA pin)
to provide this voltage to the gate of the
high-side MOSFET. This requires Vp to
be large enough to provide a gate-source
voltage which is sufficiently large to fully
turn on the high-side MOSFET. There is
also a requirement that Cyygy stores suf-
ficient energy to supply the channel A
output circuit and MOSFET drive cur-
rent for the duration of the switching
cycle when the high-side switch is ON.
The recommended range for Vp, is from
9.2V to 25V. The UCC20520 has an under-
voltage lock out feature, which prevents
operation if Vpj is too low.

Looking at the other components in
the drive circuit, we note that the capaci-
tor between the supplies of the low-side
driver (VDDB and VSSB pins) is simply a
supply decoupling capacitor. No special
arrangements are required to power the
low-side driver as long as Vpj, is sufficient
to turn on the MOSFET, as already stated
for the high-side circuit. The resistors Ry
and Ry help to prevent the ringing that
has a tendency to occur in high-speed
switching circuits, and provides con-
trol over the drive strength, limiting the
peak current between the driver output
and MOSFET gate. The diode connected
to Rygr allows the currents for turn-off
and turn-on to be set to different values.
Refining the switching in this way also
reduces the EMI produced by the circuit.
The gate-source resistors (Rgg) are gate
pull-down resistors, which ensure that
the MOSFETs are off when they are not
being driven. The 45-page data sheet for
the UCC20520 IC provides details on how
to calculate most of the component values
discussed here, as well many other design
parameters which we have not covered.

Inductive loads

While on the subject of MOSFET power
switches, it is worth pointing out that a
well-known potential cause of power tran-
sistor failure is the excessive drain-source
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Fig.9. Adding a protection diode to the
circuit in Fig.8.
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voltage which can occur when switching
inductive loads, such as relays, solenoids
and motors. A basic scenario is illustrated
in Fig.8, in which the load is primarily an
inductor (L) but which realistically has
some resistance too (R, .,4) When current
in an inductive load is switched off, the
magnetic field, which had been established
by the supplied current, collapses, induc-
ing a voltage known as the ‘back EMF’, or
‘inductive kick’. This may result in volt-
ages large enough to damage or destroy
the MOSFET. The more rapid the change
in current as the inductor is switched off,
and the larger the inductance, the greater
the back EMF generated.

The usual method of preventing the back
EMF from causing problems is to place a
protection diode across the inductor, as
shown in Fig.9 (D1). This diode is reverse
biased when the power-switching device
is on, but is forward biased by the back
EMF; so the diode dissipates the power
or feeds it back to the power supply. The
protection diode must have sufficient
switching speed and power handling to
cope with the energy from the back EMF.

Fig.10 shows some LTspice simulated
waveforms from circuits like those in Fig.8
and Fig.9. The circuits were simulated at the
same time and driven from the same pulse
voltage source to facilitate comparisons.
The specific components and values are

not important here
— they will vary sig-
nificantly in different
applications — it is
the general shapes of
the waveforms which
are of interest. The
first waveform is the
drive signal, which is
switching the device
from on to off in the
waveform shown.
In the second
waveform, we
see the back EMF,
the voltage spike
produced by the in-
ductor when it is
switched off by the
MOSFET (this is the
waveform for the cir-
cuit in Fig.8). In this
case it is around 20V (four times the supply
voltage), but can easily be much larger in
real applications. The simulation was set
up to keep the spike reasonably small so
that the final drain voltage could easily
been seen on the graph. The back EMF
appears as a positive voltage spike at the
drain of the MOSFET. If this voltage is
large enough, it will cause breakdown to
occur in the transistor and high current
will flow, possibly damaging the device.

Teach-In 8 CD-ROM

V(drain)

V{drainwithdiode

Fig.10. lllustrative waveforms in for the circuits in Fig.8 and Fig.9.

The third waveform in Fig.10 shows
the same circuit, supply and input drive
conditions, but with a protection diode
in place, as shown in Fig.9. When the
back EMF occurs, a small overvoltage
of around 1V appears at the drain — the
turn on voltage of the diode.

The fourth and final final waveform in
Fig.10 shows the diode current, which
indicates when it is conducting to sup-
press the back EMF spike.
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Designing PCBs with EagleCAD - Part 2

This month, we return to the
topic of getting boards profession-
ally manufactured for your own
projects, a task that requires the use of
a PCB CAD (computer-aided drawing)
program to specify your board design
and then generating the files required by
PCB manufacturers to turn your design
into reality. In the past, this process was
very complicated, and PCB manufac-
turers were not very accommodating
towards hobbyists. Now, with the In-
ternet providing global communication,
automated purchase systems and secure
payment services, PCB manufacturers
find it easier to engage with non-pro-
fessional users around the globe, even
for very small quantity orders. Some
manufacturers operate 24-hour facili-
ties, so you can order your board in the
middle of the night — yours or theirs!

PCB CAD programs

There are several PCB CAD programs
available on the market, many of them
extremely expensive. This cost is justi-
fied for complex commercial product
development where a professional engi-
neer’s time is valuable, and production

mistakes costly. Altium Designer and
PADS from Mentor Graphics fall into
that category. At the other end of the
spectrum you have less fully featured
tools such as EagleCAD from CADSoft
(now owned by AutoDesk), which has
low-cost licences for simple commercial
use, and free (but limited functionali-
ty) for hobbyist use.

The free version of EagleCAD is lim-
ited to board designs with an area not
exceeding 80cm? — more than enough
for many hobbyist projects. The author
has a standard paid-for licence, and the
€130 yearly cost is justified by doing
part-time professional projects (includ-
ing PIC n’ Mix articles, which would
be considered commercial use.)

An alternative to EagleCAD is the
completely free system called KiCAD, a
suite of programs designed by a commu-
nity of developers who not only release
the software for free, but also make all
the source code for the system free too.
In operation, the two programs are sim-
ilar, as can be seen from Fig.1 and Fig.2.

KiCAD has a steeper learning curve
than EagleCAD but has significantly
more features — including unlimited

board sizes. KiCAD provides 3D ren-
dering of your PCB design with the
components fitted, and you can even
integrate your PCB design into your
enclosure design, if you have the 3D
data for it. An example 3D view is
shown in Fig.3.

One of the most time-consuming ac-
tivities when designing a PCB is having
to deal with unusual components — es-
pecially connectors — for which existing
library components have not been cre-
ated. All components must have two
symbols created; one for the schematic
diagram, and another for the PCB. The
PCB symbol is very complex as its phys-
ical model must exactly match that of
the real component, as we’ll see later.
EagleCAD provides excellent tools for
creating new library components, but
using a library part definition off-the-
shelf can save hours of effort. This is
where EagleCAD excels; the company
provides a large component library as
part of the installation package, but
also many companies and individu-
als provide EagleCAD libraries for free
download, so quite often you can find
your components available on-line.
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Fig.1 KICAD user Interface
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Fig.2 EagleCAD user Interface

It’s because of this large component
library and the general popularity of
EagleCAD in the community that we
at PIC n’ Mix have standardised on its
use. If you are new to PCB CAD, we rec-
ommend starting out with EagleCAD. If
you outgrow it, perhaps due to the lim-
itations of maximum board dimensions
available in the free licence version,
then consider moving over to KiCAD.

KiCAD is being developed, enhanced
and new component libraries added
year on year, so it’s quite possible that
in the future KiCAD may become the
default choice for beginners. For now,
however, we recommend starting out
with EagleCAD.

Installation

Installing the free version of EagleCAD
is straightforward on the three major
computing platforms: Windows, Linux

and MacOS. You can download the free
version of the product here: http://bit.
ly/pe-apr19-auto

Installation is straightforward, with
the only issue being the first time you
run Eagle after installation you must
be connected to the Internet so that the
program can verify your username and
password for your account. A minor
annoyance, but annoying all the same,
as it should be unnecessary.

PCB basics
Before talking about CAD design
techniques, let’s discuss what we are
designing — a printed circuit board.
Even before drawing the schematic, it’s
good to think about the construction and
shape of your PCB, as it influences what
connectors you use, whether switches
and indicators will be mounted on the
PCB or wired to it, and so on.

PCBs can be manufac-

tured from many materials
with many layers, but for
hobbyists the typical base ma-
terial is FR4 (a flame-retardant
glass-reinforced epoxy materi-
al) with one or two conductive
layers, on the top and bottom
surface. Most manufacturers’
factories are optimised for
double-sided PCB manufac-
turing, so you are unlikely to
save any money constrain-
ing yourself to a single-sided

Fig.3 3D PCB view
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design. The FR4 base material

comes in different thicknesses, but
the usual default thickness of 1.6mm
gives excellent board stability and is
the cheapest option.

The copper layer is glued to the sur-
face of the FR4 and will be selectively
etched away to the pattern specified
in your design. On top of the copper
layer is a solder-resist coating. This is
a layer that provides a protective coat-
ing to the copper, and actively repels
molten soldering during the soldering
process. Again, this coating is placed
selectively based on your design, but
its shape is automatically generated
for you by the CAD program. You
typically have a choice of colour for
this coating.

On top of the solder-resist layer
comes the silkscreen layer. This is a
single-coloured print (again, you can
choose the colour) which you add to
your design as you see fit. Some de-
tails, such as component outline and
component numbering are added au-
tomatically, but you are free to add
any other text (such as product name)
or even bit-mapped images, such as
company logos. Finally, a surface finish
process is applied to coat any exposed
copper, typically the solder pad posi-
tions of components and connectors.
There are several surfaces finishes avail-
able, including gold plating (which
isn’t as expensive as it sounds, as the
layer is only a few microns thick.) The
cheapest (and the default) finish is
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HASL (hot air surface levelling), which
coats the exposed copper with a thin
layer of solder, followed by a blast of
hot air to leave the surface relatively
flat. This layer process is identical for
both the bottom and the top of the PCB.

Drilling, milling and printing
When thinking about the design of a
PCB it’s helpful to consider the PCB
manufacturer as a company with big
sheets of copper clad PCB boards, with
drilling machines, milling machines
and ink printing machines. You spec-
ify what sized holes go where, what
milling operations will be made, what
the various print layers will be in the
CAD program, and then your output
files form the input to the automated
drilling, milling and printing machines
within the factory. It is because all these
steps are performed by machines, not
people, that the costs for PCB manufac-
ture have fallen so low over the years, as
companies invest in more automation
equipment and connect them togeth-
er efficiently.

As aresult of this automation, drill-
ing holes and routing complex edges
in your boards adds no extra costs;
the machines are there anyway, and
your boards will pass through those
machines in the process, whether you
use them or not. Extra component pads,
even 0.1-inch plated through holes as
found on Veroboard can be added at
no cost — giving you the flexibility to
re-use a PCB for other uses, or even add
prototyping regions. If you are not in
a hurry, take the time to make use of
any vacant board space in your design.

Complex board outlines can be spec-
ified to allow fitting the board into
an existing, off-the-shelf enclosure.
PCB-mounting battery connections can
be added to allow the batteries to sit
securely on the PCB, and even strain-re-
lief holes drilled, which allow cables
to be routed safely through the board.

Design flow

When creating a PCB, the steps that
you take within the CAD program are
as follows:
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Fig.5 Poorly spaced components

B Draw your schematic

B Decide on number of PCB layers

® Define PCB outline

B Place components where desired

B Route signals between components
® Validate your design

B Generate PCB files (Gerber files)

To place an order for a PCB, you visit
the website of your chosen PCB manu-
facturer and select their ‘instant quote’
page — most have this capability now.
At this point, you specify some basic
information about your design: its length
and width, the number of layers, and
how many boards you want. There may
also be an option for how quickly you
want them built. PCBWay offers a 2-to-
3-day service by default, or 24 hours,
at a higher cost. Typically, all other
process options can be left at default.
Normally at this point you will be
quoted a price. The quotation is au-
tomatically generated, which means
you can easily experiment with other
options, such as build time or differ-
ent surface finishes to see the impact
on cost. Once happy you can upload
your zip file, and within a few hours
receive a confirmation that the files
have passed review. You can now pay
online, and wait for your boards.

Design validation

All CAD programs provide tools for
validating your design. There are two
stages to this. ERC (Electrical Rules
Check) which makes sure that all com-
ponents are connected to something,
which is a vital check as it is possible
to connect wires close to a terminating
point, but not quite make a connection.
This validation is performed on your
schematic. DRC (Design Rules Check) is
a more complex set of tests, which run
against your PCB design. DRC validates
that no signals cross over or touch each
other (yes, it is possible to do this. It’s
up to you where you route signals!) and
that the gap between signals or features
is not too small. All PCB manufactur-
ing machines have accuracy limits, and
DRC checks your design against those
limits. EagleCAD’s default set of rules

work well and covers most manufactur-
ers default limits. Some manufacturers
even provide their own DRC rules file
that can be downloaded and used by
EagleCAD, but we have not found that
to be necessary. If your design really
must have very thin tracks or tiny holes
drilled, you can do this, but you will be
required to pay a higher fee.

The two views of your design, the
schematic and the PCB layout, remain
consistent with each other as you evolve
or change the design. If you add a new
component to the schematic, the out-
line of it will appear in the PCB view,
ready for you to re-position and route
in. If you delete a component it will
disappear from the PCB view —but any
tracks you have routed to it remain and
need to be deleted manually.

Auto-router

All modern PCB CAD tools provide
an automatic signal routing capabili-
ty. This performs an incredible task of
working out the most efficient way to
route all the signals between all your
components, resulting in the simplest,
electrically correct wiring of your board.
It’s a single click option, takes a few
seconds, and could save you hours
of work. Unfortunately, there is no
free lunch. While all the signals may
be connected, it is very unlikely that
your design will work as well as you
wish. High-current paths may not take
the shortest route, and the auto-router
does not understand the EMC impact
of its choices. Designers rarely, if ever,
allow the auto-router full control over
the process. Instead, a common tech-
nique used by PCB designers is to
experiment with different component
positions, running the auto-router, and
looking at the result. Did moving some
components result in fewer vias being
generated? If yes, then that was a good
choice of component placement; the
auto-router’s work is then discarded,
and the signals manually routed. For
hobbyists, manually routing the PCB is
part of the fun; holding the final product
in your hand and knowing this design
was truly yours adds to the satisfaction.
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Handling manufacturing data

To demonstrate how easy it is to take
a PCB design through to a manufactur-
er we have created a YouTube video to
demonstrate the process. You can view
it at: https://youtu.be/NGhsPEljgHQ

A full tutorial on how to use EagleC-
AD is impractical in a print magazine,
but EagleCAD’s popularity means there
are many animated and video-based tu-
torials on the Internet. One excellent
series is hosted by Sparkfun and can be
found here: http://bit.ly/pe-Apr19-pcb

We recommend looking at several
tutorials as there is always a chance
to learn something new, or you may
find that a different presentation on a
confusing topic helps clarify it. In the
end, however, there is no better learn-
ing technique than building something
and discovering your mistakes. With
the availability of very low-cost PCB
manufacturing services, these mistakes
do not need to be expensive.

Even seasoned PCB designers make
mistakes. In Fig.4 you can see a PCB,
which passed all design and engineer-
ing rules checks, was approved by the
manufacturer and looks fine (a few silk-
screen component indicators have been
truncated, but this was considered ac-
ceptable.) When it came to assembly,
however, it was found that the 10-pin

CRICKLEWOOD
ELECTRONICS

Established 1981

Your best bet since MAPLIN

connector did not physically match the
outline shown in the silkscreen —result-
ing in one corner touching the pad of a
resistor, as can be seen in Fig.5. It was
possible to deal with this when hand
assembling the boards, but a commercial
PCB assembly company would reject
it. This issue was caused by the com-
ponent library for the connector being
incorrectly designed. The moral of the
story is, always build a small quantity
of boards before committing to a large
production build!

There are many PCB manufactur-
ers available to hobbyists around the
globe now, and in our opinion one
that leads the field in terms of quali-
ty, ease of use, service and price is the
Chinese manufacturer ‘pcbway.com’.
As an example, they will produce ten
double-sided boards measuring 100mm
x 100mm for just US$5, with delivery
costing from US$10 for slow postal
service up to US$25 for three-day Ex-
press DHL. You can design a PCB one
weekend and have it in your hand the
following Friday, all for less than £24.

One thing to note, depending on
where you live, you may be subject-
ed to import tax duties if you use a
courier delivery service; we find that
around one order in three gets ‘select-
ed’ for taxation, and in our experience

this can amount to an additional 40%
charge. Orders delivered by China Post
have never been subjected to customs
duties (again, in our experience). If you
live in a country that has an afforda-
ble PCB manufacturing service, then
it’s worth comparing the manufactur-
ing fees plus delivery charges between
several suppliers.

Next month

Next month we start to explore the
versatility of Microchip’s cheapest and
tiniest microcontroller, the PIC10F200
series. With just eight pins and availa-
bility in easily breadboarded packages
we will have fun discovering what
projects we can dream up for it — and
build them. These devices are readi-
ly available from all major suppliers,
costing just £0.40 each. As delivery
charges may be significantly higher
than the cost of the device itself, it’s
worth looking around at other com-
ponent suppliers, such as those who
advertise in the magazine, or adding
some to a larger component order.
The article series will cover several
different projects using a range of com-
ponents. If you have any suggestions
for a project idea, why not share it on
the forum: www.eeweb.com/forum/
category/epe-magazine
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Part 3: Building the Micromite Development Module

ver the last two issues we

introduced the Micromite and

built a Micromite Keyring Com-
puter (MKC). This month, we will build
the accompaying Development Module
(DM), which allows us to configure and
program the MKC for all the different
projects and applications that we will
be describing over the coming months.

Development Module

The core function of the DM s to enable us
to connect a computer to the MKC. It then
allows you to write, develop and edit your
code, which is contained within the MKC
itself. It has been designed to simply plug
into the MKC when developing code, and
then it is removed once the code performs
as required. It also has the functionality
to update the MMBASIC firmware as and
when new releases are available, meaning
there is no requirement for a third-party
PIC programmer such as a PICKit 3.

DM circuit description

The circuit diagram for the DM is shown
in Fig.1. Just like the MKQ, it is a very
simple circuit thanks to a dedicated 14-pin
PIC microcontroller — the ‘MicroBridge’
— that contains all the intelligence. The
circuit essentially comprises a voltage
regulator (identical to that in the MKC), the
MicroBridge IC, two buttons (switches),
several rows of sockets and pins (to provide
connectivity to the MKC and the ‘outside
world’), and the usual small quantity of
other, mostly passive components.

The DM requires a 5V input, supplied
via J6 when it is plugged into a powered
MKC. This 5V input feeds into the voltage
regulator (IC2) which in turn provides the
required 3.3V output to the MicroBridge
(IC1). Two 10pF tantalum capacitors (C1
and C2) provide the necessary input and
output voltage smoothing.

The green Power LED (D2) is also fed
from the 5V input. Current-limiting resistor
R9 protects the LED.
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The ‘Mode’ button (S2) toggles between
the two available MicroBridge modes.
On power up, the MicroBridge defaults
to ‘Comms’ mode. This means the DM
acts as a USB-to-serial module allowing
a connected computer to communicate
with the Micromite via the TxO and RxI
Console pins discussed in Part 1. These
two Console connections from the MKC
enter the DM via pin strip J11. Resistors
R6 and R7 provide a level of protection
to the MicroBridge if an external voltage
is applied to these points on socket J10.

R5 is a pull-up resistor on the Micro-
Bridge’s serial Rx pin and prevents any
noise feeding into the MicroBridge when
plugging in the DM. R4 is a pull-up re-
sistor for the Mode button (S2) enabling
accurate detection of button presses.

When the MicroBridge is in ‘Comms’
mode, the red Mode LED (D1) is off. If
the Mode button is pressed, it will then

toggle the MicroBridge into ‘Firmware
Update’ mode — indicated by the red
LED (D1) turning on. R8 is D1’s current-
limiting resistor.

In ‘Firmware-Update’ mode, it is
possible to update MMBASIC to a newer
version by using a Windows application
Pic32Prog.exe — this will be covered in
detail later in the series. This is achieved
via a single USB lead connecting the MKC
to a computer. For the MicroBridge to
perform the update, it requires connection
to the two USB signals, D+ and D—. These
are supplied from the MKC’s USB Break-out
board (BoB) and enter the DM via the two
pins on J4. There are also three connections
required between the MicroBridge and
the Micromite to complete the Firmware
update. For advanced users, these are
the ICSP signals: MCLR, PGD, and PDC.
These three connections are made via pin
strip J11, as indicated in Fig.1. R2 and R3
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Fig.1. Circuit diagram for the Development Module (DM).
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Blue indicates header pins projecting through board to underside
(see accompanying text and photos)
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Fig.2. (Top) Stripboard layout for the DM; (below) copper track
view showing positions of where to cut tracks. (J12 — see text).

provide protection to the MicroBridge if an external voltage is
applied to these points on socket J10.

The Reset button (S1) resets the Micromite — for example, if it
gets stuck in a loop. The Reset signal is Pin 1 on the Micromite,
and pulsing this pin low (shorting it to 0V) will reset the
Micromite. R1 provides a level of protection to the MicroBridge
should the Reset button be pressed during a Firmware Update
and when there is an external voltage applied to socket J10 on
this RST signal.

Three female sockets (J2, J3, and J10) match the MKC’s three
sockets. This allows you to plug external hardware into the DM
while developing code.
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Fig.3. Component side of the assembled stripboard DM. In
this prototype J1 and J2 are combined — you should build the
version shown in Fig.2 (ie, J2 is a separate 6-way socket).

The three 4-way female sockets (J7,]8,J9) provide convenient
access to 0V, 3.3V, and 5V rails for powering external hardware.
Finally, J12 makes the reset signal, and all 19 I/Os available on
a single 20-way connector. This can be either a row of pins (as
supplied in the kits) or a 20-way socket. If you use pins, then
these could be mounted on either side. For now we recommend
leaving J12 unsoldered.

MicroBridge

Before we start construction, first a note about IC1 — the
MicroBridge. This is a 14-pin PIC16F1454 chip loaded with
the MicroBridge firmware. If you purchased a kit, then the
MicroBridge software is already installed. However, if you have
purchased your own blank PIC chip, then you will need to load
the Microbridge_firmware_V1.18.hex file, which is contained in
the ‘Construction Pack’ available for free download from geoffg.
net/microbridge.html. To program the PIC you will need to use
a suitable PIC programmer (such as a PicKit 3); alternatively,
a pre-programmed MicroBridge chip is available for £3.75 (+
shipping) from micromite.org

DM construction
Even though the DM is bigger, and contains many more wire-
links, it is actually easier to assemble than the MKC. We will
not go into as much detail as the MKC since the techniques used
here for construction are essentially the same. We will simply
guide you through, pointing out anything relevant.

Once again, there is a recommended sequence of steps that
we advise you to follow in order to help with construction:
1. Prepare the stripboard
2. Install components, starting with the wire links
3. Resistors (R1-R9)
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Fig.4. Close up of the underside of the DM
showing soldered pin strip J11.

4. Capacitors (C1, C2)

5. Buttons (S1, S2)

6. Semiconductors (D1, D2,1C2,IC1 plus
socket)

7. Female sockets (J2,]3,]10,]7,18,]9,J12*)
8. Pin strips (J4, J5, J6, J11, J12*)

Step 1: Preparing the stripboard
The DM is built on a piece of stripboard
24 strips wide, with 37 holes per strip.
As you can see from Fig.2, there are no
corner cut-outs required. If you have
purchased your DM kit from micromite.
org, then the stripboard will already be
the correct size. However, if you need to
obtain the required size from a larger piece
of stripboard, simply follow the methods
described for the MKC.

Next, using a permanent parker, mark
out all the ‘cut-points’ on your stripboard
at each location shown in the bottom
diagram in Fig.2. Take your time — they
need to be 100% accurate. Once you have
them correctly marked, then make the cuts.

Use the same techniques mentioned for
the MKC to check, and finish preparing
the DM stripboard.
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Fig.5. Pin strips J4 and J5 combined into
a single modified pin strip.
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Step 2: Install the wire links

There are many wire links to install — take
your time and check each one as you go.
Note the diagonal link G6-F9. This needs
to be installed before the 14-pin DIL socket
(which will sit on top of this wire-link).
Start on the top row (A) and methodically
work your way down to row i. Do not rush
this part of the construction!

Step 3: Resistors

Next, install the two 10kQ resistors (R4
and R5) into rows K and J. The remaining
resistors are all 470Q. Note that R8 stands
vertically, with the body of the resistor
over location C12 — see Fig.2 and Fig.3.

Step 4: Capacitors

There are just two 10pF tantalum
capacitor to install. Remember that these
are polarised, meaning they have to be
inserted the correct way round. The longer
positive leads are in D19 for one, and D20
for the other.

Step 5: Buttons

Insert the two tactile buttons into the
required positions. Prior to soldering,
check that the body of the button is flat
against the stripboard.

Step 6: Semiconductors

Begin with the voltage regulator. Ensure
that the flat part of its body is facing the
two tantalum capacitors. Next, install
the red LED, ensuring that the longer
positive lead (anode) is in position D13.
For the green LED, the longer lead is in
position D23. Next up, install the 14-pin
DIL socket, which will sit on top of the
diagonal wire link. Prior to soldering,
check it is definitely in the correct location;
and then solder two diagonally opposite
corner pins. Check the socket is level (it
won't sit totally flat on the board because
of the wire link underneath it). Once
level, solder the remaining 12 socket
pins. Install the MicroBridge IC into the
socket, ensuring pin 1 is in the lower left
corner — you may need to bend the pins
slightly so it fits into the socket. Take care
doing this, and do check that all pins are
inserted correctly into the socket.

Step 7: Female sockets
If you purchased your DM kit from
micromite.org, then you will need to cut
down the supplied 15-way socket (J10) to
convert it into a 14-way socket. Refer back
to the details given for the MKC in Part 2.
J2 and J3 are both 6-way. Insert them
into the required locations, soldering just
the end pins initially. This will allow
you to get them nice and straight before
soldering the remaining pins. Repeat for
the 14-way (J10), and the three 4-way
sockets (J7, J8, and J9). (Note that the
2-way socket (J1) shown in Fig.2 is not

required at this stage, and is not included
in the kit. Do not fit anything in positions
03 and 04.)

Step 8: Pin strips

The four pin strips (shown in blue in Fig.2)
need preparing prior to installation. Once
prepared, they are inserted upside down
through the top side of the board so that
their long pins poke out on the underside
of the board. These pins then allow the
DM to be plugged into the MKC. Note also
that pin strip J4 and J5 can be combined,
as described shortly.

J6 is a 6-way pin strip, and J11 is a
14-way pin strip. For J4 and J5, simply
use a single 10-way and remove the third
and fourth pin (see Fig.5). Once you
have these three lengths, take each one
in turn and push each short end down,
so its end is flush with the plastic. Use a
hard, flat tool such as the blade of a flat
screwdriver. Now drop J6 (6-way) into the
board, hold it in place while turning the
board over and solder the two end pins.
Repeat for the combined 10-way for J4
and J5. Check these two are in line, and
if necessary reheat and reposition. Once
these two pin strips are perfectly in line,
solder the remaining pins. Repeat for the
14-way pin strip (J11) — see Fig.4.

Testing

You could simply take the DM that you’ve
just completed and plug it into your MKC
in the hope that everything works properly;
however, it is strongly recommended that
you don’t do that in case of any errors.
Instead, let’s take a step-by-step approach
so that it’s easier to pinpoint any issues.

Testing is best done with a multimeter
(reading voltage), but if you don’t have
access to one, then a simple LED test
circuit can be used instead (as described
for the MKC testing).

First, power up the just MKC and check
its Power LED comes on. If not — check
your power source.

Remove power and have another visual
check on the solder side of the DM board
for any shorts. If everything appears to

ago Device Manager

File Action View Help
oo @ E Hdm B b
~ > B Monitors, =

» 3P Network adapters
» B Portable Devices
v i Ports (COM & LPT)
T USB Serial Device (COMA)
» ™ Print queues

Fig.6. You can find which Virtual Com
port has been assigned to the DM via
your PC’s Device Manager — COM4 in
this example.
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Tera Term: New connection

O TCPAIP - Y
History
Telnet £
SSH rsion: |SSH?
Other
I: | UNSPEC
® Serial [Pnrt: |COM: USB Serial Device [COM4) T]
| OK | | cancel | | Help |

Fig.7. TeraTerm start-up screen — note highlighted Port selection.

be fine, carefully plug the DM into the
unpowered MKC, ensuring you line up
all the pins correctly.

Now power up the MKC and check
that the MKC’s Power LED still lights
up. If it doesn’t, immediately remove
power because something is wrong.
Carefully unplug the DM, then power
up the MKC once again to ensure it still
powers up correctly. When unplugging
the DM, do check that all the pins were
lined up and inserted correctly. If they
weren’t, then this is the likely reason that
the MKC did not power up with the DM
incorrectly inserted. Reinsert it correctly,
and try powering up again. If the MKC
still fails to power up then it is time to
power down and do a thorough check as
something is wrong somewhere with the
DM — check all aspects of construction:
position, track cuts, shorts and polarised
component orientation.

If you were successful with the MKC
power up when the DM was plugged in,
then check that the green Power LED (on
the DM) lights up. If not, then take your
multimeter (or test LED) and check the
voltage between the 4-way sockets J7 (0V)
and J9 (5V) —remember, the LED’s shorter
lead is the one that goes to 0V. If the test
LED lights up, but the green Power LED
doesn’t, then you either have the Power
LED the wrong way round, or a wire
link in the wrong place. Next, if the test
LED lights up (between sockets J7 and
J9), check for a voltage between sockets
J7 and J8 — it should be 3.3V. If the test
LED fails then this implies an issue with
the voltage regulator circuit — check for
shorts, position and orientation.

Once you have both the MKC and DM
Power LEDs lit, briefly press the Mode
button (S2) and check that the red Mode

B COMA Tera Term VT
File Edit Setup Control Window Help

Micromite MKIL MM
Copyright 2011-20

Fig.9. Success! — the Micromite welcome
message in the TeraTerm window.
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Tera Term: Senal port setup
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LED lights up. If not, check that the
MicroBridge IC is inserted correctly (Pin
1 bottom left, no pins missing their socket
hole). Note that this test will only work
if the MicroBridge software is installed
on the DM PIC (IC1) — it will not work
on a ‘blank’ PIC. DM kits purchased from
micromite.org will have the MicroBridge
software installed.

If the red LED (D1) did not light up when
S2 was pressed, then check the voltage on
Pin 8 (top right corner) of IC1. If there is
approximately 3.3V present, then chances
are the red LED is the wrong way around.
You can use your test LED circuit if you
do not have a multimeter — if it lights up
when the test-probe touches pin 8, then
D1 is the wrong way round.

If you were unsuccessful with the S2/
D1 test, then the thing to do is carefully
unplug the DM and then take a break! Come
back when you feel fresh and perform a
thorough check on the DM. First, examine
all the wire link locations, then component
positions. If all these check out, then turn
the module over and check all the track
cuts are located correctly.

If you are still stuck, then we are here to
help you. Simply take two high-resolution
photos; one of the component side (directly
above), and the other of the soldered side.
Make sure these are sharp, and that it is
possible to zoom in on the detail. Then
email them to: contactus@micromite.org
(make the subject: ‘HELP needed with
MKC/DM’).

We will do our best to help you out via
email. However, if we cannot see anything
obvious from the photos, then we offer a
‘repair service’ whereby you can send in
your MKC and/or DM and we will get it
going for you. (If you purchased any of
the kits from us, then please quote your
order number.)

Finally, do check our blog at micromite.
org as there may be something posted
there that will help resolve any issues.

Connecting MKC and DM

to a computer

If you have a working MKC and DM (ie, the
Mode LED lights when the Mode button
is pressed), then it is time to prepare a

Fig.8. TeraTerm serial port set-up screen.

computer and establish communication
with the Micromite.

The majority of Micromite users we
speak with are Windows Users so we
will explain here the steps required when
connecting to a Windows computer. If you
are a MacOS user then we will explain
what to do in a future issue and blog.

In simple terms, we have two things
to prepare on a PC: a device driver (to
allow the PC to communicate with the
DM), and a Terminal program (to allow
us to view and edit the code in the
Micromite). This is a one-time setup,
and is probably the only thing you’ll
find a bit confusing in this whole series,
so follow along closely. The tricky part
is configuring the PC.

Device driver

If you have Windows 10, then you can
skip this section as the device driver is
already installed. For all other versions
of Windows, you will need to install the
necessary device driver so that Windows
can communicate with the MicroBridge
(the PIC inside the DM). Visit http://
geoffg.net/microbridge.html and scroll
to the bottom of the page where you will
see a ‘Downloads’ section. Click on the
Windows download link to download the
Windows Driver. Once downloaded, use
the Driver Installation Tool, and follow
the on-screen instructions.

With the device driver installed
correctly, the MicroBridge will appear
as a ‘USB Serial Port’ to your computer
when it is plugged in. Go ahead and
connect your MKC to your computer
(with the DM plugged in). The first thing
to check is that both Power LEDs are lit.
Also ensure that the red Mode LED (D1) is
OFF. If the Mode LED is on, then press the
Mode Button (S2) for three seconds, by
which time it will flash, and then go out.
Windows should automatically assign
the MicroBridge with a Virtual COM
port number. You can find out what this
number is by checking Device Manager
-> Ports (COM & LPT) — see Fig.6. It will
show as a USB Serial Device (COMXx).
Make a note of the number ‘x’ — we will
need this in the next step.
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Terminal program

In Part 1 we recommended downloading the Getting Started With
the Micromite guide; and also the Micromite User Manual. Go
back to them and read the section about configuring TeraTerm;
the Windows Terminal program that we will be using to
communicate with the Micromite. At the time of writing, the
current Micromite User Manual is version 5.05; and the TeraTerm
(Terminal Emulator) section starts half way down page 9. Refer
to this for the following step.

If you have not already done so, download TeraTerm from:
https://tera-term.en.lo4d.com/

When you run TeraTerm, select the Serial radio button (as
opposed to TCP/IP) — see Fig.7. Then use the drop-down to
select the COM Port number from the previous step — it should
automatically be there in the list. Hit the ‘OK’ button and TeraTerm
should then connect to the MicroBridge via the Virtual COM
port assigned by Windows.

The last thing we need to do is set the correct speed (baud
rate) for the connection. Go to the Setup > Serial Port option to
show the screen, as illustrated in Fig.8. Ensure the Baud rate
is set to 38400. Check the other settings match the screen shot
(they will likely be the same if it is the first time you are running
TeraTerm). Hit ‘OK’ to save these settings.

If everything is set up correctly, then anything typed on your
computer’s keyboard will be sent via the serial interface of the
MicroBridge, and anything received on this interface will be sent
to the TeraTerm screen window. To aid in fault finding, the red
Mode LED on the DM will flash for every character sent or received.

Now for the moment of truth — press the Reset button (S1) on
the DM and a welcome message should appear in the TeraTerm
window (see Fig.9). If so, then Congratulations; you have
successfully built and set up your MKC.

If you purchased the MKCkit then there will be a test program
pre-installed. This program automatically runs when power
is applied to the MKC. As a final test of the kit, hold down the
‘Ctrl’ key and press ‘C’. This will stop the program running
and you will see a cursor appear in the TeraTerm window.
If you type LIST and hit the Enter key, then you will see the
program code.

Recommended reading

We have covered a lot of construction over the last two months
and hopefully everything is working for you. If things are not
quite working yet, then don’t despair — get in touch with us and
we will help you out.

If everything has tested out OK, then why not have a play
with your new Micromite Computer. Have a read of Chapter
2, and Chapter 3, from Getting Started With the Micromite and
try some of the many examples described.

LASEE MW o ianeissnsuics

@ o=

Home Automation
C-Bus Shop
b KATS AV transmission C-Bus and
v and IR control system C-Bus Wireless

Barix Ethernet based

m" MP3, communications

and control systems

www.cbus-shop.com

Laser Business Systems Ltd
www.laser.com Tel: +44 (0) 20 8441 9788
Fax: +44 (0) 20 8449 0430
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e e i« 16 Garthland Drive, ENS 388
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To stop the ‘test-program’ which is on your Micromite (and
automatically runs on power-up), first press Ctrl-C (as mentioned
above), and then type NEW at the cursor (and hit enter). This
will clear the program from memory. Now, if you press the
Reset button (S1), you should see the Micromite ‘Welcome’
message, along with a cursor which indicates the Micromite is
waiting for you to type something. You can then work through
Chapters 2 and 3.

Preparations for next month

Next month, in Part 4, we will start to explore MMBASIC. We
will learn about how to use digital inputs and outputs, and show
you just how easy it is to control things with MMBASIC. We
will build some simple circuits on a breadboard, and connect
these to the MKC with jumper wires.

Do make sure you have a breadboard and some jumper wires.
Or, for a chance to get these items for free, enter the competition
below. Also grab
some 3mm or 5mm
LEDs and some
current-limiting
resistors (any value
from 470Q to 1kQ).

Questions? Please email Phil at:

contactus@micromite.org

S Micromite‘e
(€

*INTERACTIVE-FUN 47

Competition!
Something slightly different this month. For those of you following the

Make it with Micromite series, we would really like to see a photo of your
Micromite Keyring Computer (MKC) and Development Module (DM) working.

The first 10 people to send us photo(s) of their MKC connected to TeraTerm
will recieve a breadboad and a set of jumper wires.

To enter the competition, email your photo(s) to epe@micromite.org with
email subject MIWM3’.

Please ensure you email before the competition closing date: 31 March 2019

We really want to encourage you to follow and enjoy this series. If you
run into any issues, or just need some help, then drop us an email at:
contactus@micromite.org

Terms and conditions

1. Maximum of one ‘Breadboard and Jumper set’ per person

2. All entries must be received by the closing date

3. Winners will be notified by email within one week of the closing date

4. Winners will need to confirm a valid shipping address to which their
prize will be shipped

5. UK winners — prizes sent via Royal Mail’s Signed-For service

6. Overseas winners — prizes sent by Royal Mail’s International Tracked
& Insured service.

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

STEWART OF READING
17A King Street, Mortimer, near Reading, RG7 3RS
Telephone: 0118 933 1111 Fax: 0118 933 2375
USED ELECTRONIC TEST EQUIPMENT
Check website www.stewart-of-reading.co.uk
(ALL PRICES PLUS CARRIAGE & VAT)
Please check availability before ordering or calling in

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

HP33120A
HP53131A
HP53131A
Audio Precision
Datron 4708
Druck DPI1 515
Datron 1081

LAMBDA GENESYS PSU GEN100-15 100V 15A Boxed As New £400 Marconi 2305
LAMBDA GENESYS PSU GEN50-30 50V 30A £400 Marconi 2440

IFR 2025 Signal Generator 9kHz — 2.51GHz Opt 04/11 £900 Marconi 2945/A/B
IFR 2948B Communication Service Monitor Opts 03/25 Avionics POA Marconi 2955

IFR 6843 Microwave Systems Analyser 10MHz — 20GHz POA Marconi 2955A
R&S APN62 Syn Function Generator 1Hz — 260kHz £295 Marconi 2955B
Agilent 8712ET RF Network Analyser 300kHz — 1300MHz POA Marconi 6200
HP8903A/B Audio Analyser £750 — £950 Marconi 6200A
HP8757D Scaler Network Analyser POA Marconi 6200B
HP3325A Synthesised Function Generator £195 Marconi 6960B
HP3561A Dynamic Signal Analyser £650 Tektronix TDS3052B
HP6032A PSU 0-60V 0-50A 1000W £750 Tektronix TDS3032
HP6622A PSU 0-20V 4A Twice or 0-50V 2A Twice £350 Tektronix TDS3012
HP6624A PSU 4 Outputs £400 Tektronix 2430A
HP6632B PSU 0-20V 0-5A £195 Tektronix 2465B
HP6644A PSU 0-60V 3.5A £400 Farnell AP60/50
HP6654A PSU 0-60V 0-9A £500 Farnell XA35/2T
HP8341A Synthesised Sweep Generator 10MHz — 20GHz £2,000 Farnell AP100-90
HP83630A Synthesised Sweeper 10MHz — 26.5 GHz POA Farnell LF1
HP83624A Synthesised Sweeper 2 — 20GHz POA Racal 1991
HP8484A Power Sensor 0.01-18GHz 3nW-10uW £75 Racal 2101
HP8560E Spectrum Analyser Synthesised 30Hz — 2.9GHz £1,750 Racal 9300
HP8563A Spectrum Analyser Synthesised 9kHz — 22GHz £2,250 Racal 9300B
HP8566B Spectrum Analsyer 100Hz — 22GHz £1,200 Solartron 7150/PLUS
HP8662A RF Generator 10kHz — 1280MHz £750 Solatron 1253
Marconi 2022E Synthesised AM/FM Signal Generator 10kHz — 1.01GHz £325 Solartron S| 1255
Marconi 2024 Synthesised Signal Generator 9kHz — 2.4GHz £800 Tasakago TM035-2
Marconi 2030 Synthesised Signal Generator 10kHz — 1.35GHz £750 Thurlby PL320QMD
Marconi 2023A Signal Generator 9kHz — 1.2GHz £700 Thurlby TG210

Function Generator 100 microHz — 15MHz
Universal Counter 3GHz Boxed unused
Universal Counter 225MHz

SYS2712 Audio Analyser — in original box
Autocal Multifunction Standard

Pressure Calibrator/Controller

Autocal Standards Multimeter

Modulation Meter

Counter 20GHz

Communications Test Set Various Options
Radio Communications Test Set

Radio Communications Test Set

Radio Communications Test Set
Microwave Test Set

Microwave Test Set 10MHz — 20GHz
Microwave Test Set

Power Meter with 6910 sensor
Oscilloscope 500MHz 2.5GS/s
Oscilloscope 300MHz 2.5GS/s
Oscilloscope 2 Channel 100MHz 1.25GS/s
Oscilloscope Dual Trace 150MHz 100MS/s
Oscilloscope 4 Channel 400MHz

PSU 0-60V 0-50A 1kW Switch Mode

PSU 0-35V 0-2A Twice Digital

Power Supply 100V 90A

Sine/Sq Oscillator 10Hz — 1MHz
Counter/Timer 160MHz 9 Digit

Counter 20GHz LED

True RMS Millivoltmeter 5Hz — 20MHz etc
As 9300

62 Digit DMM True RMS IEEE

Gain Phase Analyser 1mHz — 20kHz

HF Frequency Response Analyser

PSU 0-35V 0-2A 2 Meters

PSU 0-30V 0-2A Twice

Function Generator 0.002-2MHz TTL etc Kenwood Badged

£350
£600
£350
POA
POA
£400
POA

£250
£295
POA
£595
£725
£800
£1,500
£1,950
£2,300
£295
£1,250
£995
£450
£350
£600
£300
£75
£900
£45
£150
£295
£45

£75
£65/£75
£600
POA
£30
£160 — £200
£65

ENI 325LA
Keithley 228
Time 9818

HP/Agilent HP 34401A Digital
Multimeter 6"z Digit £325 — £375

RF Power Amplifier 250kHz — 150MHz 25W 50dB
Voltage/Current Source

POA i

POA
POA

- Marcon! 29558 Radio
Communications Test Set — £800

DC Current & Voltage Calibrator

£8.99

ON SALE in WHSmith and other | EECTRONICS

independent newsagents Ser

PRICE £8.99

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

S
‘GUIDE TO THE BB
costart okED

Teach-In 9

Get Testing

=)

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.
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.epemag.com
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By Max the Magnificent

ost non-engineers and
Mmany junior engineers are

under the impression that
when they flip a toggle switch or press
a push button, it transitions between
the OFF and ON states in a smooth and
seamless way. Take a light switch on
the wall, for example. When we activate
the switch, the light appears to turn
on cleanly. It’s as simple as that... or
is it? In reality, the switch can bounce
on and off like a ping-pong ball being
dropped on a wooden table. The only
reason we don’t notice this is that it
happens too quickly for the human eye
to detect. Things are different when
we are talking about microcontrollers
(MCUs) with system clocks running
at millions, tens of millions, or hun-
dreds of millions of cycles per second.
If we don’t do something to mitigate
the switch-bounce effect, our micro-
controller might see a single flick of a
switch as representing a large number
of transitions.

Switch bouncing around

For the purpose of these discussions, let’s
consider an SPST (single-pole, single-
throw) switch, where the number of poles
refers to the number of separate circuits
the switch can control, and the number
of throws refers to the number of contacts
(wiring paths other than ‘open’) to which
each pole can connect. Furthermore, let’s
consider this in a typical configuration,
with its ‘main’ (pole) terminal connected
to GND and its ‘secondary’ (throw) termi-
nal connected to the positive Vpp supply
via a pull-up resistor (Fig.1).

When the switch is in its inactive/off
position, the NO (‘normally open’) termi-
nal is pulled up to a logic 1 value. When
we close the switch (we use the term
‘make’ as in ‘make the connection’), the
‘spring-loaded’ mechanical contact may
bounce back and forth between 0 and 1
values a number of times before finally
settling into a 0 state. Similarly, when we
subsequently reopen the switch (we use

Fig.1. SPST (single pole, single throw) switch.
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the term ‘break’ as in ‘break the connec-
tion’), the contact can once again bounce
back and forth between 1 and 0 values
before eventually settling on a 1.

Have you ever pressed a button on
something like a TV controller and been
annoyed when the system jumped over a
number of channels? What caused this?
The answer is almost certainly switch
bounce or —more accurately — the fact that
the designer of this device didn’t take ap-
propriate precautions to mitigate against
switch bounce effects. The bottom line is
that, if you are in the business of creating
electronic projects or products, you are
going to have to deal with switch bounce
by one means or another.

Debouncing an SPST switch

If you search the Internet, you will dis-
cover myriad suggestions for debounc-
ing your switches. Unfortunately, many
of these are based on anecdotal evidence
(‘T heard from a friend of a friend that he
heard from an old engineer the tale of a
switch that ..."). For example, I've often
heard that no switch bounces for more
than 1ms (one thousandth of a second),
so if we double this to 2ms we should be
safe, right? Hold your horses...

One authoritative source is embedded
engineering legend Jack Ganssle, who
performed (and documented) a suite of
tests on a collection of switches (https:/
bit.ly/2D9KueF). Jack reported that the av-
erage switch bounce duration was 1.6ms,
with a maximum of 6.2ms. (He also found
one switch that bounced for a whopping
157ms, although he considered this switch
to be a faulty outlier.) Meanwhile, one of
my chums who was a technician in the
US air force tells me that they specified
20ms, just to make sure.

When it comes to debouncing our SPST,
we can opt for hardware or software solu-
tions. You might question why we don’t
always do things in software, but it may
be that our MCU has enough to do and
we want to offload as many tasks as pos-
sible. A simple SPST debouncer circuit
is shown in Fig.2.

The idea here is that charging and dis-
charging the RC (resistor-capacitor) combo
smooths (filters) out any bounces from
the switch opening and closing. (Choos-
ing the appropriate values for the resis-
tors and capacitors is an exercise in its
own right, but we don’t need to go into
that here because — in a little while — I'm

R1
NO R2

Vour
C1 I

Fig.2. Simple SPST debouncer circuit.

going to make you very, very happy.) The
buffer gate is used to ‘sharpen’ the edge
on Vgyr. Furthermore, as we see from
the symbol, this is a Schmitt buffer with
hysteresis, which will stop any small
ripples on the input from being seen as
switching events.

If we decide to debounce our switch
in software, then one approach is to use
a counter to time how long the switch has
been in its new state. Let’s assume that the
Vaur signal in Fig.1 is connected to one of
the inputs on our MCU. Let’s also assume
that we start off with our switch in its open
state, which means Vgt = 1. In this case,
we could wait until we see Voyr go to 0,
indicating the switch has been closed, at
which point we could reset our counter
to 0 and start sampling this signal peri-
odically (every millisecond, for example).
Every time we sample, we increment the
counter if Vyr is still 0, or we reset the
counter to 0 if Vgyr is 1. It’s only when
the counter says the signal has remained 0
for a specified amount of time — say 20ms
— that we consider the switch to be truly
closed, at which point we could initiate
whatever task(s) we wish to perform. We
could perform a similar sequence of ac-
tions to determine when the switch has
been well and truly opened again.

One problem with both of the tech-
niques — hardware and software — pre-
sented above is that they add an element
of delay into the proceedings. This delay
is probably not significant if the switch
is activated by hand, but it may be more
of a problem in the case of an automati-
cally triggered limit switch on a piece of
industrial equipment. With regard to the
software approach, there is a way around
this delay, but — once again — we don’t
need to go there, because I'm about to
make you very, very happy.

Introducing LogiSwitch ICs

One of my friends, Mike Pelkey, is cred-
ited with being one of the grandfathers
of base jumping (parachuting or wing-
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LogiSwitch IC
(1 channel)
v\/
N NL/HS
Ic/o— p—O
— ——
Make Break ‘
Raw switch m
input —0
4
NL/HS output
without handshake
— 0
1
NL/HS output
with handshake
— 0

Fig.3. Single channel of a LogiSwitch IC.

suit flying from a fixed structure like a
building, bridge, antenna, or cliff). Mike
is also an engineer of renown; whose
experience goes all the way back to the
dawn of the microprocessor.

Like almost every engineer  know, Mike
wrestled with switch bounce throughout
his career, which encompassed more than
40 years of designing digital systems.
Having employed almost every version of
traditional hardware and software switch
bounce mitigation techniques, Mike de-
cided there had to be a better way. The
result of Mike’s cogitations and rumina-
tions was the LogiSwitch concept (https://
bit.ly/2GnufxA). Boasting adaptive bounce
detection algorithms and a unique 1-wire
handshaking protocol, LogiSwitch ICs re-
flect the state-of-the-art in switch bounce
mitigation technology.

Low-cost LogiSwitch ICs (they start at
$3.40; volume pricing is available) are
presented in 3-, 6-, and 9-channel vari-
ants, where each channel can accommo-
date a single SPST switch. All variants are
available in both surface-mount technol-
ogy (SMT) and lead through-hole (LTH)
packages, the latter making them perfect
for hobbyists. The best way to illustrate
how these devices work is to consider
a single channel, as illustrated in Fig.3.

The LogiSwitch IC is powered via a
pair of Vpp and GND pins. Each channel
on the LogiSwitch IC has a single input
pin (equipped with an internal pull-up
resistor), which is connected to the raw
switch input signal, and a single NL/HS
(normally low with handshake capability)
output, which is connected to the MCU.

First consider the NL/HS signal without
the handshake protocol being employed.
In this case, the MCU pin to which it is
connected always acts like an input. The
main thing to note here is that the NL/HS
signal responds almost instantaneously
to the initial make or break transition on
the incoming signal, so the MCU sees the
switch event as soon as it occurs without
any artificial delays.
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Now let’s consider an example scenar-
io in which we have a program loop that
waits for the switch to be activated and then
performs some action like incrementing a
counter; something like: if (pinNLHS ==
1) counter++; The problem is that the
switch could be active for quite some time,
so — if we aren’t careful — we will end up
incrementing our counter multiple times.

There are two ways in which we typi-
cally handle something like this. The first
is to keep track of the switch’s state (‘open’
or ‘closed’), and to only increment the
counter when the switch is first closed.
The second is to wait for the switch to be
closed, then increment the counter, and
then wait for the switch to be opened again
before restarting the sequence.

LogiSwitch ICs offer another possibil-
ity. As soon as the MCU sees that the NL/
HS input has transitioned to 1, in addi-
tion to performing any tasks like incre-
menting the counter, we can change the
mode of the pin to OUTPUT, pull the
NL/HS signal to 0 for 50pS (that’s 50 mi-
croseconds), then return the mode of the
pin to INPUT.

When the LogiSwitch IC sees that the
MCU is pulling its NL/HS signal low (this
pin is driven by an open-collector output
with internal pull-up), it will itself start to
drive it to 0. This means that the next time
the MCU reads this pin, it will seea 0. In
turn, this means that the MCU no longer
has to keep track of the switch’s state.

I have to say that when I first saw this,
I thought, ‘Wow! That’s clever! Why did

Fig.4. A rainbow of colours.

I not think of this myself?” Suffice it to
say that I'm now using LogiSwitch ICs in
all of my projects (for example, I have a
3-channel device in my Audio-Reactive
Artifact and three 6-channel devices in
my Inamorata Prognostication Engine).

There’s so much more to say about the
switch bounce topic, but no time to say it
here. Maybe in a future column...

Somewhere over the rainbow
I've been receiving a lot of interest from
last month’s column regarding my Au-
dio-Reactive Artifact project, so I thought
I'd provide a brief update. Once I'd fin-
ished wiring the LEDs and making sure
they all lit up as planned, I decided to
run a quick rainbow test pattern to see
how the defunct vacuum tubes looked
when illuminated from below with dif-
ferent colours. The way I did this was
to divide the tubes into thirteen vertical
groups (columns) in software, and then
cycle a rainbow of colours across these
groups. I must admit that I was a little
worried that the structures in the tubes
would block too much of the light, so I
was very pleasantly surprised with the
result (Fig.4.)

You can see a short video of this on You-
Tube (https://bit.ly/2ZRAmC9g), but I have
to apologise for the quality; this was the
best I could obtain with an iPhone and it
really doesn’t do the artifact justice. You
can also peruse and ponder my Arduino
code for this effect if you wish (https://
bit.ly/2BkmKEe).

Hot bean Max Maxfield (Hawaiian shirt, on the right) is editor-
in-chief at EEWeb.com — the go-to site for users of electronic
design tools and askers of electronic questions.

Comments or questions? Email Max at: max@CliveMaxfield.com
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PRACTICAL ELECTRONICS IS PLEASED TO OFFER YOU THESE

ELECTRONICS CD-ROMS
@CSE ELECTTRONICS ==

| Suitable for any student who is serious about studying and who wants to achieve
S UCC E S the best grade possible. Each program’s clear, patient and structured delivery will

{ | aid understanding of electronics and assist in developing a confident approach to
answering GCSE questions. The CD-ROM will be invaluable to anyone studying
electronics, not just GCSE students.

PC coron e

EDUCATIGNAL

* Contains comprehensive teaching material to cover the National Curriculum
syllabus * Regular exercises reinforce the teaching points * Retains student
interest with high quality animation and graphics * Stimulates learning through interactive exercises * Provides
sample examination ques-tions with model solutions * Authored by practising teachers * Covers all UK
examination board syllabuses * Caters for all levels of ability * Useful for self-tuition and revision

: SUBJECTS COVERED
£12.50 Electric Circuits — Logic Gates — Capacitors & Inductors — Relays — Transistors — Electric Transducers — Operational
inc. VAT and P&P Amplifiers — Radio Circuits — Test Instruments

Over 100 different sections under the above headings

CIRCUIT WIZARD

Circuit Wizard is a revolutionary software system that combines circuit design, PCB design, simulation and CAD/CAM
manufacture in one complete package. Two versions are available — Standard or Professional.

By integrating the entire design process, Circuit Wizard provides you with all the tools necessary to produce an electronics project from start to
finish — even including on-screen testing of the PCB prior to construction!

* Circuit diagram design with component library (500 components Standard,1500 components Professional) * Virtual instruments

(4 Standard, 7 professional)* On-screen animation * Interactive circuit diagram simulation * True analogue/digital simulation

* Simulation of component destruction * PCB Layout * Interactive PCB layout simulation * Automatic PCB routing * Gerber export

* Multi-level zoom (25% to 1000%) * Multiple undo and redo * Copy and paste to other software * Multiple document support

This software can be used with the Jump Start and Teach-In 2011 series (and the Teach-In 4 book).
Standard £61.25 inc. VAT. Professional £75 plus VAT.

From

TINA Design Suite V11

£A9' Analogue, Digital, Symbolic, RF, MCU and Mixed-Mode
Circuit Simulation and PCB Design with TINA

TINA Design Suite V11 is a powerful yet affordable software package for analysing, designing and
real time testing analogue, digital, MCU, and mixed electronic circuits and their PCB layouts. You can
also analyse RF, communication, optoelectronic circuits, test and debug microcontroller applications.

Enter and analyse any circuit up to 100 nodes (student), or 200 with the Basic (Hobbyist) version
within minutes with TINA’'s easy-to-use schematic editor. Enhance your schematics by adding text
and graphics. Choose components from the large library containing more than 10,000 manufacturer
models. Analyse your circuit through more than 20 different analysis modes or with 10 high tech
virtual instruments.

Present your results in TINA’'s sophisticated diagram windows, on virtual instruments, or in the live
interactive mode where you can even edit your circuit during operation.

Customise presentations using TINA’s advanced drawing tools to control text, fonts, axes, line
width, colour and layout. You can create and print documents directly inside TINA or cut and paste
your results into your favourite word procesing or DTP package.

TINA includes the following Virtual Instruments: Oscilloscope, Function Generator, Multimeter,
Signal Analyser/Bode Plotter, Network Analyser, Spectrum Analyser, Logic Analyser, Digital Signal
Generator, XY Recorder.

This offer gives you a CD-ROM - the software will need registering (FREE) with Designsoft (TINA),
details are given within the package.

Get TINA Basic V11 (Hobbyist) for £129 or Student V11 version for £49
Prices include VAT and UK postage

+ get a 1 year free subscription for TINACloud the breakthrough cloud version of TINA which you can run on
most operating systems and computers, including PCs, Macs, thin clients iPads and other tablets — even on many i
smart phones, smart TVs and e-book readers. == =

To order please either fill out and return the order form, or call us on 01202 880299 (=2 [ 4 T a
Alternatively you can order via our secure online shop at: Www.epemag.com
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PICmicro TUTORIALS

PICmicro Multiprogrammer Board
and Development Board

Suitable for use with the three software packages
listed below

This flexible PICmicro microcontroller programmer board and
combination board allows students and professional engineers
to learn how to program PICmicro microcontrollers as well
as program a range of 8, 18, 28 and 40 pin devices from the
12, 16 and 18 series PICmicro ranges. For those who want to
learn, choose one or all of the packages below to use with the
hardware.

o Makes it easier to develop PICmicro projects

e Supports low cost Flash-programmable PICmicro devices

e Fully featured integrated displays — 16 individual LEDs, quad
7-segment display and alphanumeric LCD display

e Supports PICmicro microcontrollers with A/D converters

e Fully protected expansion bus for project work

o USB programmable

o Compatible with the E-blocks range of accessories

ASSEMBLY FOR PICmicro V6
(Formerly PICtutor)

Assembly for PICmicro microcontrollers V3.0 (previously known as PICtutor) by
John Becker contains a complete course in programming the PIC16F84, 16F88
and 16F877a PICmicro microcontroller from Arizona Microchip. It starts with
fundamental concepts and extends up to complex programs including watchdog
timers, interrupts and sleep modes.

The CD makes use of the latest simulation techniques which provide a superb tool
for learning: the Virtual PICmicro microcontroller, this is a simulation tool that allows
users to write and execute MPASM assembler code for the PIC16F84 microcontroller
on-screen. Using this you can actually see what happens inside the PICmicro MCU
as each instruction is executed, which enhances understanding.

e Comprehensive instruction through 45 tutorial sections

Includes Vlab, a Virtual PICmicro microcontroller: a fully functioning
simulator

Tests, exercises and projects covering a wide range of PICmicro MCU
applications

Includes MPLAB assembler

Visual representation of a PICmicro showing architecture and functions
Expert system for code entry helps first time users

Shows data flow and fetch execute cycle and has challenges (washing
machine, lift, crossroads etc.)

Imports MPASM files.
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PRICES
Prices for each of the CD-ROMs above are:
(Order form on next page)

(UK and EU customers add VAT to ‘plus VAT’ prices)
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HARDWARE

AND PROGRAMMING

€ -

£118 including VAT and postage

SOFTWARE

FLOWCODE FOR
PICmicro V8

Flowcode is a very high level language programming system based on flowcharts.
Flowcode allows you to design and simulate complex systems in a matter of
minutes. A powerful language that uses macros to facilitate the control of devices
like 7-segment displays, motor controllers and LCDs. The use of macros allows
you to control these devices without getting bogged down in understanding the
programming. When used in conjunction with the development board this provides
a seamless solution that allows you to program chips in minutes.

e Requires no programming experience

o Allows complex PICmicro applications to be designed quickly

e Uses international standard flow chart symbols

e Full on-screen simulation allows debugging and speeds up the development
process.

e Facilitates learning via a full suite of demonstration tutorials

e Produces code for a wide range of devices

e 16-bit arithmetic strings and string manipulation

e Pulse width modulation

e |2C.

Please note: Due to popular demand, Flowcode is now available as a download.

Please include your email address and a username (of your choice) on your order.

A unique download code will then be emailed to you.
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Single License £99  plus VAT

&2 L2503 0000 00000000000000000000000000a000 £499 plus VAT
Flowcode Contact us for pricing

(choose PIC-8b, PIC-16b, PIC-32b, AVR/Arduino,ARM)
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ELECTRONICS TEACH-IN 2

ELECTRONICS TEACH-IN 3

ELECTRONICS TEACH-IN 4

ELECTRONICS TEACH-IN 2 CD-ROM
USING PIC MICROCONTROLLERS A PRACTICAL
INTRODUCTION

This Teach-In series of articles was originally published
in EPE in 2008 and, following demand from readers, has
been collected together in the Electronics Teach-In 2
CD-ROM.

The series is aimed at those using PIC microcontrollers
for the first time. Each part of the series includes breadboard
layouts to aid understanding and a simple programmer
project is provided.

Also included are 29 PIC N’ Mix articles, also republished
from EPE. These provide a host of practical programming
and interfacing information, mainly for those that have
already got to grips with using PIC microcontrollers. An extra
four part beginners guide to using the C programing language
for PIC microcontrollers is also included.

The CD-ROM also contains all of the software for the
Teach-In 2 series and PIC N’ Mix articles, plus a range
of items from Microchip — the manufacturers of the PIC
microcontrollers. The material has been compiled by
Wimborne Publishing Ltd. with the assistance of Microchip
Technology Inc.

CD-ROM

Order code ETI2 CD-ROM

£9.50

ELECTRONICS TEACH-IN

BUNDLE - FOR PARTS 3,4 &5

CD-ROM

Order code ETIB3 CD-ROM

£18.95

Please send me:

O Assembly for PICmicro V6
O ‘C’ for 16 Series PICmicro V6

CD-ROM ORDER FORM

Version required:
O Single Licence
O Site licence

ELECTRONICS TEACH-IN 3 CD-ROM

The three sections of this CD-ROM cover a very wide range of
subjects that will interest everyone involved in electronics, from
hobbyists and students to professionals. The first 80-odd pages
of Teach-In 3 are dedicated to Circuit Surgery, the regular EPE
clinic dealing with readers’ queries on circuit design problems —
from voltage regulation to using SPICE circuit simulation software.

The second section — Practically Speaking — covers the
practical aspects of electronics construction. Again, a whole
range of subjects, from soldering to avoiding problems with
static electricity and indentifying components, are covered.
Finally, our collection of Ingenuity Unlimited circuits provides
over 40 circuit designs submitted by the readers of EPE.

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, TINA
circuit simulation software (a limited version — plus a specially
written TINA Tutorial).

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.

CD-ROM

Order code ETI3 CD-ROM Jg:t:X11]

ORDERING
ALL PRICES INCLUDE UK
POSTAGE

Standard/Student/Basic (Hobbyist)
Version price includes postage to most countries
in the world EU residents outside the UK add £5 for
airmail postage per order

Note: The software on each version is the same, only the licence for use varies.

[ Circuit Wizard — Standard
[ Circuit Wizard — Professional

[0 GCSE Electronics

O TINA Design Suite V11 (Student)

Card Security Code ... .......

(The last 3 digits on or just under the signature strip)
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O PICmicro Multiprogrammer Board and Development Board (hardware)

O TINA Design Suite V11 Basic (Hobbyist)

Fullname.............. ... ..........
Address . ...

O I enclose cheque/PO in £ sterling payable to Practical Electronics for£.........
O Please charge my Visa/Mastercard: £ . . .

[ Teach-In 2

[ Teach-In 3

[0 Teach-In 4

[ Teach-In Bundle
(3,4 and 5)

ELECTRONICS TEACH-IN 4 CD-ROM
A BROAD-BASED INTRODUCTION TO ELECTRONICS.

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 all those
interested in learning about electronics or brushing up on
their theory, be they hobbyists, students or professionals.

Order code ETI4 CD-ROM Jg:t:E:E]

CD-ROM

ELECTRONICS TEACH-IN 5

%mwﬂ@g o0

JUMB STARTE
biskiogiarandou,

TWOTEACH: INs FOR
THE PRI CE OF ONE!
oz

ELECTRONICS TEACH-IN 5
JUMP START

15 design and build circuit projects
dedicated to newcomers or those
following courses in school and
colleges. The projects are: Moisture Detector, Quiz Machine,
Battery Voltage Checker, Solar-Powered Charger, Versatile
Theft Alarm, Spooky Circuits, Frost Alarm, Mini Christmas
Lights, iPod Speaker, Logic Probe, DC Motor Controller, Egg
Timer, Signal Injector Probe, Simple Radio Receiver, Tempera-
ture Alarm.

PLUS:

PIC’ N MIX — starting out with PIC Microcontrollers and PRAC-
TICALLY SPEAKING — the techniques of project construction.

FREE CD-ROM - The free CD-ROM is the complete
Teach-In 2 book providing a practical introduction to PIC
Microprocessors  plus  MikroElektronika, ~Microchip and
L-Tek PoScope software.

Order code ETI5

160 Pages £8.99

Single License and Site License Versions
— overseas readers add £5 to the basic price
of each order for airmail postage (do not add
VAT unless you live in an EU (European Union)
country, then add VAT at 20% or provide your
official VAT registration number).

Send your order to:
Wimborne Publishing Ltd
113 Lynwood Drive
Wimborne
Dorset BH21 1UU

To order by phone call:

01202 880299. Fax: 01202 843233

Goods are normally sent within seven days
E-mail: stewart.kearn@wimborne.co.uk
Online shop:

www.epemag.com
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DIRECT BOOK SERVICE

Introducingthe
BBCmicro:bit

E e

For Beginners of Any Age

Getting
Started

with the

BBC microbit

THEORY AND

REFERENCE

PRACTICAL ELECTRONICS HANDBOOK - 6th Ed

lan Sinclair
440 pages

Keith Brindley
296 pages

Mike Tooley
400 pages

PRINCIPLES - 3rd Ed
C.R. Robertson

368 pages

Robert Penfold
142 pages

Owen Bishop
228 pages

Order code NE21 £33.99

STARTING ELECTRONICS - 4th Ed

Order code ELSEV100 £18.99

ELECTRONIC CIRCUITS - FUNDAMENTALS &
APPLICATIONS - Updated version

Order code TF43 £32.99

FUNDAMENTAL ELECTRICAL AND ELECTRONIC

Order code TF47 £21.99

A BEGINNER’S GUIDE TO TTL DIGITAL ICs

OUT OF PRINT BP332 £5.45

UNDERSTANDING ELECTRONIC CONTROL SYSTEMS

Order code NE35 £36.99

PYTHON CODING ON THE BBC MICRO:BIT
Jim Gatenby

Python is the leading programming language, easy to learn and widely used by
professional programmers. This book uses MicroPython, a version of Python adapted
for the BBC Micro:bit.

Among the many topics covered are: main features of the BBC micro:bit including a
simulation in a web browser screen; various levels of programming languages; Mu Editor
for writing, saving and retrieving programs, with sample programs and practice exercises;
REPL, an interactive program for quickly testing lines of code; scrolling messages, creating
and animating images on the micro:bit's LEDs; playing and creating music, sounds
and synthesized speech; using the on-board accelerometer to detect movement of the
micro:bit on three axes; glossary of computing terms.

This book is written using plain English, avoids technical jargon wherever possible and
covers many of the coding instructions and methods which are common to most program-
ming languages. It should be helpful to beginners of any age, whether planning a career in
computing or writing code as an enjoyable hobby.

Order code PYTH MBIT £7.99

GETTING STARTED WITH THE BBC MICRO:BIT
Mike Tooley

Not just an educational resource for teaching youngsters coding, the BBC micro:bit is a tiny
low cost, low-profile ARM-based single-board computer. The board measures 43mm x 52mm
but despite its diminutive footprint it has all the features of a fully fledged microcontroller to-
gether with a simple LED matrix display, two buttons, an accelerometer and a magnetometer.

118 Pages

Mike Tooley’s book will show you how the micro:bit can be used in a wide range of applications
from simple domestic gadgets to more complex control systems such as those used for light-
ing, central heating and security applications. Using Microsoft Code Blocks, the book provides
a progressive introduction to coding as well as interfacing with sensors and transducers.

Each chapter concludes with a simple practical project that puts into practice what the reader
has learned. The featured projects include an electronic direction finder, frost alarm, reaction
tester, battery checker, thermostatic controller and a passive infrared (PIR) security alarm.

No previous coding experience is assumed, making this book ideal for complete beginners
as well as those with some previous knowledge. Self-test questions are provided at the
end of each chapter, together with answers at the end of the
book. So whatever your starting point, this book will take
you further along the road to developing and coding your
own real-world applications.

Order code BBC MBIT £7.99

108 Pages

All prices include UK postage.

(Visa or Mastercard) to:
WIMBORNE PUBLISHING LIMITED,

The books listed here
have been selected by
the Practical Electronics
editorial staff as being
of special interest to
everyone involved
in electronics and
computing. They are
supplied by mail order
direct to your door.

FOR A FULL DESCRIPTION
OF THESE BOOKS AND
CD-ROMS SEE THE SHOP

ON OUR WEBSITE
www.epemag.com

All prices include
UK postage

MICROPROCESSORS

INTERFACING PIC MICROCONTROLLERS - 2nd Ed

Martin Bates
Order code NE48 £34.99

298 pages

PROGRAMMING 16-BIT PIC MICROCONTROLLERS
IN C - LEARNING TO FLY THE PIC24
Lucio Di Jasio (Application S
Microchip, USA)

496 pages + CD-ROM

Order code NE45 £38.00

INTRODUCTION TO MICROPROCESSORS AND
MICROCONTROLLERS - 2nd Ed

John Crisp
Order code NE31 £29.99

222 pages
THE PIC MICROCONTROLLER YOUR PERSONAL
INTRODUCTORY COURSE - 3rd Ed

John Morton
Order code NE36 £25.00

PIC IN PRACTICE - 2nd Ed

David W. Smith
Order code NE39 £24.99

MICROCONTROLLER COOKBOOK

Mike James
Order code NE26 £36.99

270 pages

308 pages

240 pages

BOOK ORDERING DETAILS

For airmail, add £3 per book to Europe, £4 for rest of the world per book.
CD-ROM prices include VAT and/or postage to anywhere in the world.
Send a cheque, (£ sterling only) made payable to: Practical Electronics or credit card details

113 LYNWOOD DRIVE, WIMBORNE, DORSET BH21 1UU

Books are normally sent within seven days of receipt of order.

Please check price (see latest issue of Practical Electronics or website) before ordering from old lists.
For a full description of these books please see the shop on our website.
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ARDUINO

See opposite for our popular
introduction to the Arduino

A sl s o S £

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!

H 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

H Get social — teach your Arduino to communicate with
software running on a computer to link the physical world
with the virtual world

Order code ARDDUMO1 £19.99

438 Pages

ARDUINO

EXPLORING ARDUINO

Jeremy Blum

Arduino can take you anywhere. This book is the roadmap.
Exploring Arduino shows how to use the world’s most
popular microcontroller to create cool, practical, artistic
and educational projects. Through lessons in electrical
engineering, programming and human-computer interaction,
this book walks you through specific, increasingly complex
projects, all the while providing best practices that you can
apply to your own projects once you've mastered these.
You’ll acquire valuable skills — and have a whole lot of fun.

H Explore the features of commonly used Arduino boards

® 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

Order code EXPARDO1 £26.99

357 Pages
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COMPUTING AND ROBOTICS

NEWNES INTERFACING COMPANION

Tony Fischer-Cripps
Order code NE38 £41.00

HOW TO BUILD A COMPUTER MADE EASY

Robert Penfold
Order code BP707 £8.49

EASY PC CASE MODDING
Robert Penfold

192 pages + CD-ROM (Ol Igele e W =107 V] £8.99

FREE DOWNLOADS TO PEP-UP AND PROTECT

295 pages

120 pages

YOUR PC
Robert Penfold
128 pages Order code BP722 £7.99

WINDOWS XP EXPLAINED
N. Kantaris and P.R.M. Oliver

Order code BP514 £7.99

THE INTERNET - TWEAKS, TIPS AND TRICKS

Robert Penfold
Order code BP721 £7.99

eBAY - TWEAKS, TIPS AND TRICKS

Robert Penfold
Order code BP716 £7.50

AN INTRODUCTION TO eBAY FOR THE OLDER
GENERATION
Cherry Nixon

120 pages

264 pages
128 pages

128 pages

Order code BP709 £8.49

HOW TO FIX YOUR PC PROBLEMS

Robert Penfold
Order code BP705 £8.49

AN INTRODUCTION TO WINDOWS VISTA
P.R.M. Oliver and N. Kantarris

Order code BP703 £8.49

WINDOWS 8.1 EXPLAINED

Order code BP747 £10.99

AN INTRODUCTION TO THE NEXUS 7

Order code BP744 £8.99

128 pages

120 pages

180 Pages

118 Pages

VALVE AMPLIFIERS - 4th Ed
Morgan Jones

(o] (I YIRS ATRKY £46.99

288 pages

AUDIO & VIDEO

COMPUTING FOR THE OLDER GENERATION

Jim Gatenby
Order code BP601 £8.99

ANDROIDS, ROBOTS AND ANIMATRONS
Second Edition - John lovine

308 pages

224 pages Order code MGH1 £16.99
ROBOT BUILDERS COOKBOOK

Owen Bishop

366 pages Order code NE46 £26.00
INTRODUCING ROBOTICS WITH LEGO
MINDSTORMS

Robert Penfold

288 pages + Order code BP901 £14.99

MORE ADVANCED ROBOTICS WITH LEGO MINDSTORMS

Robert Penfold
Order code BP902 £14.99

298 pages
HOW TO FIX YOUR PC PROBLEMS

Robert Penfold
Order code BP705 £8.49

128 pages
WINDOWS 7 - TWEAKS, TIPS AND TRICKS

Andrew Edney
Order code BP708 £8.49

GETTING STARTED IN COMPUTING FOR
THE OLDER GENERATION

Jim Gatenby
Order code BP704 £8.49

WINDOWS 8.1 EXPLAINED

Noel Kantaris
Order code BP747 £10.99

180 Pages

COMPUTING WITH A LAPTOP FOR THE OLDER
GENERATION

Robert Penfold

120 pages

120 pages

120 pages Order code BP702 £8.49
AN INTRODUCTION TO EXCEL SPREADSHEETS
Jim Gatenby

18 pages Order code BP701 £8.49

KINDLE FIRE HDX EXPLAINED

Order code BP743 £8.99

118 Pages

BUILDING VALVE AMPLIFIERS
Morgan Jones

Order code NE40 £29.00

368 pages

RASPBERRY PI

Raspberry Pi
DUMMIES

400 Pages

RASPBERRY Pi MANUAL: A practical guide to the
r i y small p

Order code H001 £17.99
RASPBERRY Pi USER-GUIDE - 4th Ed

Order code JW001 £20.90

176 pages

262 pages

RASPBERRY Pi FOR DUMMIES

Sean McManus and Mike Cook

Write games, compose and play music, even explore electronics — it’s easy as Pi! The Rasp-
berry Pi offers a plateful of opportunities, and this great resource guides you step-by-step, from
downloading, copying, and installing the software to learning about Linux and finding cool new
programs for work, photo editing, and music. You'll discover how to write your own Raspberry
Pi programs, create fun games, and much more!

Open this book and find:

What you can do with Python; Ways to use the Raspberry Pi as a productivity tool; How to
surf the web and manage files; Secrets of Sonic Pi music programming; A guide to creating
animations and arcade games; Fun electronic games you can build; How to build a 3D maze in
Minecraft; How to play music and videos on your Raspberry Pi.

Order code RPiDUMO1 £17.99

PROGRAMMING THE RASPBERRY Pi

Order code MGH4 £10.99

192 pages

GETTING STARTED WITH RASPBERRY Pi

Order code ORO1 £11.50

164 pages

Practical Electronics | April | 2019



ELECTRONICS TEACH-IN 6

£8.99

gfp‘
ELECTRONICS ™
TEACH-IN 6

RASPBERRY Pi 9
A COMPREHENSIVE GUIDE TO RASPBERRY Pi

START - SPECI RAMIMING TOPICS.
cess o

v
[InTerracemmy=ereolo)
O Bl G

ONLY AVAILABLE ON CD-ROM

ELECTRONICS TEACH-IN 6
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 education and
computing world by storm.

This latest book in our Teach-In series will appeal to
electronic enthusiasts and computer buffs wanting to get to
grips with the Raspberry Pi.

Anyone considering what to do with their Pi, or maybe
they have an idea for a project but don’t know how to
turn it into reality, will find Teach-In 6 invaluable. It covers:
Programming, Hardware, Communications, Pi Projects, Pi
Class, Python Quickstart, Pi World, and Home Baking.

The CD-ROM also contains all the necessary software for

the series so that readers can get started quickly and easily
with the projects and ideas covered.

Order code ETI6 £8.99

160 Pages

TEACH-IN BOOKS

ELECTRONICS TEACH-IN 8

&
CELECTRONICS

AUDIO OUT
w msog ot
fr=r=y
PRACTICALLY SPEAKING
s gDl

bl

s

RUNNING LOW — ORDER NOW!

ELECTRONICS TEACH-IN 7
DISCRETE LINEAR CIRCUIT DESIGN

Mike & Richard Tooley

Teach-In 7 is a complete introduction to the design of
analogue electronic circuits. Ideal for everyone interested in
electronics as a hobby and for those studying technology at
schools and colleges. Supplied with a free cover-mounted
CD-ROM containing all the circuit software for the course,
plus demo CAD software for use with the Teach-In series

Discrete Linear Circuit Design* Understand linear circuit
design* Learn with ‘TINA’ — modern CAD software* Design
simple, but elegant circuits* Five projects to build: Pre-
amp, Headphone Amp, Tone Control, VU-meter, High
Performance Audio Power Amp.

PLUS

Audio Out— an analogue expert’s take on specialist circuits
Practically Speaking — the techniques of project building

Order code ETI7 £8.99

160 Pages

VISIT OUR WEBSITE FOR MORE BOOKS
AND FAST, EASY ONLINE ORDERING
WWW.EPEMAG.COM

Full name: ...

BOOK ORDER FORM

AdAreSS: .eoiiiieeie e

Valid From Date ................ Card Security Code

............... (The last three digits on or just below the signature strip)
Please send booK Order COOES: ...

Please continue on separate sheet of paper if necessary

ONLY AVAILABLE ON CD-ROM

ELECTRONICS TEACH-IN 8
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

This exciting 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 will provide a one-stop source of ideas and prac-
tical 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 through wireless or the Internet. Teach-In 8 is based
around a series of practical projects with plenty of informa-
tion to customise each project.

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 files for Teach-In 8 plus Microchip
MPLAB IDE XC8 8-bit Compiler and PICkit 3 User Guide.
Also included is Lab-Nation Smartscope software.

Order code ETI8 £8.99

160 Pages

THE BASIC
SOLDERING
GUIDE

LEARN TO SOLDER
SUCCESSFULLY!
ALAN WINSTANLEY

The No.1 resource for
learning all the basic
aspects of electronics
soldering by hand.

With more than 80 high quality colour photographs,
this book explains the correct choice of soldering
irons, solder, fluxes and tools. The techniques of
how to solder and desolder electronic components
are then explained in a clear, friendly and non-
technical fashion so you'll be soldering successfully
in next to no time! The book also includes sections
on reflow soldering and desoldering techniques,
potential hazards, useful resources and a very
useful troubleshooting guide.

Also ideal for those approaching electronics
from other industries, the Basic Soldering Guide
Handbook is the best resource of its type, and
thanks to its excellent colour photography and
crystal clear text, the art of soldering can now be
learned by everyone!

Order code AW1 £9.99

86 Pages
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Hand-cranked LED torch

These days, wind-up torches are every-
where — and they’re inexpensive, too.
So why would you want to make the
one shown here?

Well, here’s some very good reasons.
First, low-cost store-bought wind-up
torches use cheap and nasty rechargea-
ble batteries. A torch that has excellent
performance straight after you bring
it home from the shop (you know, 30
seconds of winding and it stays on for
minutes) becomes less and less effec-
tive as time passes. In fact, I've had
store-bought wind-up torches which,
after a year, hold no charge at all —
it’s a wind-up torch that you need to
keep winding all the time — which is
a wind up!

In comparison, the design shown
here uses a super-capacitor pack that
should last for a very long time. I
didn’t want to wait a decade before we
could run this story — but I can refer

The hand-cranked LED torch uses a
super-capacitor pack and a geared-

up stepper motor as an alternator.
Performance is very good, especially the
length of time the LED will stay bright
after you’ve stopped winding.

to capacitor-based wind-up torches I
made 15 years ago that still work per-
fectly. This is a torch that should last
for years and years... and years.

Second, most wind-up torches stay
illuminated for quite a brief time — one
minute, for example. In contrast, after
winding, this design will stay bright
for 10 or 15 minutes —and the LED will
stay visible for something like seven
or eight hours!

The torch is ideal for your bedroom,
or to lend to a visitor so they can find
the bathroom at night. It’s not a su-
per-bright searchlight, but it is great
for moving around after lights out.

Design

The starting point for the torch was the
bicycle lighting system covered in the
November 2018 issue of EPE. That de-
sign used a hub dynamo, a buck/boost
converter and a super-capacitor pack.
On the EPE/PE Chatzone, a reader
wrote enthusiastically about the bike
lighting system, but asked if it could
be done without the bike? Serendip-
itously, at the same time as that post
appeared, I was looking for off-the-shelf
parts that could be used to make an LED
wind-up torch. (I wanted to avoid the
route taken in the past of simply test-
ing a heap of salvaged stepper motors
until a good one was found.) The out-
come of those ideas can be seen in the
mini project presented here.

To develop power, the torch uses a
tiny stepper motor (one with doubled
windings) that acts as an alternator.
This small unit (mounting centres
are just 31mm apart) comes complete
with a gearbox. The one I chose costs
just £1.99 including delivery — search
on eBay using ‘20mm 12V Reducer
Stepper Stepping Motor Full Metal

e

The project is ideal as a bedroom torch
or similar. After a few minutes of winding,
the LED will stay visible all night!

Gear Reduction Ratio 36:1°. (For ex-
ample, at the time of writing, eBay
item 173585069531.) The motor’s tiny
gearbox uses metal gears, and the 36:1
step-up ratio means that when the
input shaft is being turned twice a
second, the internal stepper motor is
rotating at over 4,000 RPM!

We connect a crank (handle and
knob) to the shaft of the motor, al-
lowing it to be easily turned. This is
alittle trickier than it sounds, because
the shaft uses a D-shape cross-section
and it is very small in diameter. The
easiest way of connecting a handle
is to use high-density polypropylene
(the plastic that kitchen chopping
boards are made from) to form the
handle, then drill a 2.5mm hole at
one end. The handle’s crank then be-
comes a tight push-fit on the shaft,
gripping it quite securely. At the other
end of the crank, we use two parallel
ball-bearing races to form a spinning
knob, fixed with a bolt. Drill the hole
for the bolt slightly undersize so that
the threads cut into and grip the poly-
propylene. The bearings we used were

76
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The stepper motor — that we use as

an alternator — uses a 36:1 gearbox
equipped with metal gears. Turning the
torch handle a few times a second results
in an alternator speed of over 4000 RPM.

15mm OD and 5mm ID — any similar
size will work fine.

Inside, the outputs of the stepper
motor alternator are rectified using di-
odes, with the DC output fed to both a
white LED and the pre-built super-ca-
pacitor module. The capacitor pack is
available on eBay and is usually called,
‘16V1F/2F Farad Capacitor Module
2.7V 10F Supercapacitor With Protec-
tion Board’ (for example, at the time of
writing, eBay item 232879025831). It
will cost you about £5 delivered. The
board uses six 2.7V, 10F capacitors,
plus some protection circuitry (mount-
ed on the rear of the board).

Despite trialling different circuit
approaches that used a buck/boost
converter and an LED driver board,
best results came from keeping it sim-
ple. The design uses a white LED sold
for use on 12V, and so is equipped
with an appropriate dropping resistor
— see Banggood ID item 82464 (10 off,
prewired 5mm bright white for £1.57

4 x 1N4001
rectifier diodes
Orange

12V 5mm white LED
with in-built resistor

fffffffffff

Yellow

,,,,,,,,,,,

Stepper
motor

Super-capacitor board

Carefully follow these colour codes for the
stepper motor wiring, and the orientation
of the diodes. The selected LED uses a
pre-wired resistor.

— delivered!). The LED was wired
in parallel with the super-capacitor
board. In the final design, a buck/boost
module was not used — interestingly,
when trialled, it gave no benefit.

An on/off switch was not fitted,
and the torch was housed in a strong
utility plastic box of 83 x 58 x 34mm
outside dimensions.

Building the torch

Mount the stepper motor in the lid of
the box, and make and fit the handle.
Polypropylene can be cut with nor-
mal woodworking tools —and you did
need a new kitchen chopping board,
didn’t you...?

The stepper motor has six connections
that can be subdivided as follows:
Winding 1 orange, yellow and green
Winding 2 brown, white and blue

For the rectifier, I used cheap-as-chips
(actually, cheaper) 1N4001 diodes.
Connect the orange, yellow, brown and
white wires to individual diodes — cath-
ode (band on diode body) nearest the
stepper. The other ends (anodes) of the
diodes are connected together — this

forms the negative

output. You can
mount the diodes
on a small piece
of pre-punched
board, or wire
them in free space,
covering them in
heat-shrink. Con-
nect together the
green and blue
wires from the step-
per — this forms
the positive out-
put. Now turn the
input shaft and use
your multimeter to
check you have a

The stepper motor / alternator AC output is rectified with the
diodes and then fed to the pre-built super-capacitor board
and, via an in-built dropping resistor, to the LED. This simple
approach works really well with the specified components.

DC voltage across
the output.

Drill a hole in the
case for the LED,

and wire the LED and capacitor pack
into place. Wrap the capacitor board in
insulating tape (and also do the same
for the diode board, if you’ve used one)
and fit all the parts in the box. You
might need to juggle the components
to get them in — the capacitor pack is
a tight fit. A small piece of foam rub-
ber inserted into the box will help stop
any components rattling.

In use

It’s simple — you wind the handle,
and the LED quickly lights up. If you
wind the handle for a minute or two,
the capacitor pack will be charged to
about 7.5V. With the capacitor pack
driving the LED, after around five min-
utes the voltage will have dropped to
about 4.3V, after 10 minutes to 3.4V,
and after 30 minutes to 2.7V. Such is
the quality of modern LEDs, the light
will still be quite useable in a dark area
for all this time.

And how long does the LED stay vis-
ible — that is, bright enough that you
can find the torch in the dark? Depend-
ing on the LED, something like seven
or eight hours!

One reason for using the 12V LED
(and its appropriate dropping resis-
tor), and the 16V capacitor pack, is that
you cannot over-wind the torch — the
maximum available voltage does not
exceed 12V.

You could, of course, fit an on/off
switch, but after I stop winding the
torch, I find the ever-so-slow dulling
of the LED fascinating. (The lack of
switch also reminds me that there are
no batteries going flat.)

If you wind the torch nightly, every
six months or so you might want to
pull the gearbox apart and apply some
very thin oil — this sort of oil is sold
for use in sewing machines. On the
other hand, at just £2 each, you could
also buy some spare stepper motors!
Swapping them should take less than
five minutes — the wiring just plugs in.

So there we have it, a high-perfor-
mance, easy-to-build LED torch that
never needs batteries and is always
ready for action.

Next month
In May 2019’s Electronic Building
Blocks we’ll have some fun looking at
a very useful multi-purpose variable
duty cycle and frequency driver — a
multi-pulser.
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Practical Electronics PCB SERVICE

PROJECT CODE PRICE
APRIL 2017

Microwave Leakage Detector...........c.cccoevvviicviciiiciccnnns 04103161 £8.00
Arduino Multifunctional 24-bit Measuring Shield ............... 04116011 ] £17.75

+ RF Head Board..........cccccoiiiiiiiiiiiiiicis 04116012 ’

Battery Pack Cell Balancer............ccccooeieinicciicniiiceene 11111151 £9.00
MAY 2017

The Micromite LCD BackPack...........ccceeeiviiiiiicincnne, 07102122  £11.25
Precision 230V/115V 50/60Hz Turntable Driver ................ 04104161  £19.35
JUNE 2017

Ultrasonic Garage Parking Assistant 07102122  £10.45

Hotel Safe Alarm........ccciieiiiieieece e 03106161 £8.00
100dB Stereo LED Audio Level/VU Meter..............cccueeee. 01104161 £17.75
JULY 2017
Micromite-Based Super Clock.............cccceviiiiiciiiicicinns 07102122  £10.45
Brownout Protector for Induction Motors...........cccccvvcveenene 10107161  £12.90
AUGUST 2017
Micromite-Based Touch-screen Boat Computer GPS ....... 07102122  £10.45
Fridge/Freezer Alarm.........ccooiieoeneneeeeseeeee e 03104161 £8.00
SEPTEMBER 2017
Compact 8-Digit Frequency Meter...........ccccovreveiiienceennens 04105161  £12.88
NOVEMBER 2017
50A Battery Charger Controller ..........coceeivereencienceennens 11111161 £12.88
Micropower LED Flasher (45 x 47mm) .....ccoeoevvreeninnns 16109161 £8.00
(36 x 13MM) ..o 16109162 £5.60
Phono Input Converter ... 01111161 £8.00
DECEMBER 2017
Precision Voltage and Current Reference — Part 2............ 04110161 £15.35
JANUARY 2018
High-Power DC Motor Speed Controller — Part 1.............. 11112161 £12.88
Build the SC200 Amplifier Module...........ccccoviieeiiinieens 01108161 £12.88
FEBRUARY 2018
GPS-Syncronised Analogue Clock Driver ..............c.......... 04202171 £12.88
High-Power DC Motor Speed Controller — Part 2
+ Control Board............coueiiiiiiiiiiieeceee 11112161 £12.88
+ Power Board........cccoveiiiiiiiiiieeeeee 11112162 £15.30
MARCH 2018
Stationmaster Main Board .. ..09103171 ] £17.75
+ Controller Board 09103172 ’

Build the SC200 Amplifier Module — Power Supply 01109111 £16.45

APRIL 2018

Spring Reverberation Unit ...........ccocviiiiiiiiniencecee 01104171 £15.30
DDS Sig Gen Lid.. £8.05
DDS Sig Gen Lid .. . £7.05
DDS Sig GEeN Lid ......cviiiiiiieeiiiiciee e £8.05
MAY 2018

High Performance RF Prescaler............c.ccoccoviviiiiiicinns 04112162  £10.45
Micromite BackPack V2.........c.cccccviiiiiiiiiiiicee 07104171 £10.45
MICIrODIAGE ...t 24104171 £5.60
JUNE 2018

High Performance 10-Octave Stereo Graphic Equaliser... 01105171 £15.30
JULY 2018

Touchscreen Appliance Energy Meter — Part 1 ................ 04116061 £17.75
Automotive Sensor Modifier ..o, 05111161 £12.88

PCBs for most recent PE/EPE constructional projects are available.
From the July 2013 issue onwards, PCBs with eight-digit codes have silk
screen overlays and, where applicable, are double-sided, plated-through
hole, with solder mask. They are similar to photos in the project articles.

Earlier PCBs are likely to be more basic and may not include silk screen
overlay, be single-sided, lack plated-through holes and solder mask.

Always check price and availability in the latest issue or online. A large
number of older boards are listed for ordering on our website.

We do not supply kits or components for our projects. For older
projects it is important to check the availability of all components
before purchasing PCBs.

Magazine back issues of articles are available — see the Back Issues
page for details.

PROJECT GODE PRICE
AUGUST 2018
Universal Temperature Alarm ..........cc.ccccoeiiininnininnnnne 03105161 £7.05
Power Supply For Battery-Operated Valve Radios ........... 18108171
18108172
18108173 | 2750
18108174
SEPTEMBER 2018
3-Way Active CroSSOVer .........cccccvvviiiiiiiiiiiicicnicciecs 01108171 £22.60
Ultra-low-voltage Mini LED Flasher .............cccccooviiiinnnne 16110161 £5.60
OCTOBER 2018
6GHz+ Touchscreen Frequency Counter ............c.ccccceueee. 04110171 £12.88
Two 230VAC MainSTIMErs ........cccuvviiiiiiiiiiiieieniecieeis 10108161
10108162 ] £1288
NOVEMBER 2018
Super-7 AM Radio ReCeiVer..........ccooevioiicciciiniccee 06111171 £27.50
FEBRUARY 2019
1.5kW Induction Motor Speed Controller...............cccceneee 10105122  £35.00
MARCH 2019
10-LED Bargraph Main Board............cccccceviieiiiiniciicnnnne 04101181 £11.25
+Processing Board ...........ccoccoviiiiiiiiiiice 04101182 £8.60
APRIL 2019
Heater CoNtroller ... 10104181 £14.00
| :
. PE/EPE PCB SERVICE :
1 1
1 1
1 1
' Order Code Project Quantity Price
| |
R Sy PR PP E R PERE R PP !
1 1
e 1
1 1
1 1
L T T T T T T I I T TR R T R 1
1 1
1 1
| et e e e e e \
1 1
1 1
b e e e e e ,
1 1
1 1
v Name . !
1 1
! AJAreSS ... |
1
1 1
| et e e e ,
1
Tel oo !
1
Email ... '
| enclose paymentof£.............. (cheque/PO in £ sterling only)

payable to: Practical Electronics

ValidFrom................. '
Card Security No

You can also order PCBs by phone, Fax, Email or via the

1

1

1

1

1

1

1

1

1

:

1

! Card NO . ..o
1

1

1

1

1

1

|

i shop on our website on a secure server: www.epemag.com
1

All prices include VAT and UK p&p. Add £2 per board for airmail outside
of Europe. Orders and payment should be sent to:

Practical Electronics, Wimborne Publishing Ltd

113 Lynwood Drive, Merley, Wimborne, Dorset BH21 1UU
Tel 01202 880299 Fax 01202 843233

Email: stewart.kearn@epemag.wimborne.co.uk

On-line Shop: www.epemag.com

Cheques should be made payable to Practical Electronics (Payment

in £ sterling only).

NOTE: While 95% of our boards are held in stock and are dispatched
within seven days of receipt of order, please allow a maximum of 28 days
for delivery if we need to restock.




CLASSIFIED ADVERTISING

Practical
Electronics

If you want your advertisements to be seen by the largest readership at
the most economical price 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 word
(minimum 12 words).

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

The British Amateur Electronic Club at:
baec.tripod.com

( COASTELECTRONICS
BREAKOUTS-COMPONENTS-
CONTRACT DESIGN-3D PRINTER PARTS-

MUSICAL-MICROCONTROLLERS
WWW.COASTELECTRONICS.CO.UK

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

Has many interesting articles on
computers; digital electronics
and analogue electronics.

Andrew Kenny - Qualified Patent Agent
EPO UKIPO USPTO

PIC DEVELOPMENT KITS, DTMF kits
and modules, CTCSS Encoder and
Decoder/Display kits.

Visit www.cstech.co.uk

VALVES AND ALLIED COMPONENTS
IN STOCK. Phone for free list. Valves,
books and magazines wanted. Geoff
Davies (Radio), tel. 01788 574774.

Circuits Electric Machinery Mechatronics

Web: www.akennypatentm.com
Email: Enquiries@akennypatentm.com
Tel: 0789 606 9725

ADVERTISING INDEX

CRICKLEWOOD ELECTRONICS . ................... 61 Advertisement offices

ESR ELECTRONIC COMPONENTS. .. ... .. 61 Wimborne Publishing Ltd
HAMMOND ELECTRONICS Ltd . .. ..o 9 113 Lynwood Drive
JPGELECTRONICS ..o 80 Merley

LASER BUSINESS SYSTEMS . ...\ 66 Wimborme,

MICROCHIP. . ...\ Cover (i), Cover (iii) & 5 Dorset BH21 1UU

PEAK ELECTRONICDESIGN. .. .............. Cover (iv) Tel 01202880299

POLABS D.O.0.. .o eveee e e 30 Fax 01202 843233
PICOTECHNOLOGY. ... 11 Email stewart.kearn@wimborne.co.uk
QUASARELECTRONICS . ... oo 2 Web  www.epemag.com
SOUNDTRONICS ..ot 3

STEWARTOF READING. ...t 67 For editorial contact details see page 7.
TAG-CONNECT ... oo e 53
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Next Month - in the May issue

USB Port Protector

Using a laptop to power a 5V project is very convenient — but
make a small slip while plugging something into a breadboard
and then...oops! This simple, economic device will swat the zaps!

2x 12V Battery Balancer
Two 12V batteries can be much cheaper than a 24V one, but you need to
be careful wiring batteries in series as their state of charge may differ. This
compact device keeps them balanced so that they last a long time.

Deluxe Frequency Switch
Turn things on or off if they're too fast ... or too slow... This super design will switch
devices according to the frequency of just about any sensor signal up to 10kHz.

Low=-cost Electronic Modules - Part 16
Learn to use a programmable frequency module that can produce a sinewave
from 35MHz to 4.4GHz, with crystal accuracy.

Teach=-In 2019 - Part 6
In Part 6 of Teach-In 2019 we will introduce voltage multipliers and our
Practical Project will be a simple low-current 9V-to-15V supply converter.

Backing Baxandall - Part 2
In Part 2 of this Audio Out project we'll show you how | =7 e
to build a four-capacitor Baxandall tone control. )

PLUS!

All your favourite regular columns from Make it with
Micromite and Circuit Surgery to Electronic Building
Blocks, PIC n’ Mix, Techo Talk and Net Work.

Content may be subject to change

eter R L dioy L | Calling all subscribers!
Selling Electronics in Chesterfield for29ek

]
Open Monday to Friday 9am to 5:30pm [ - ;i Practlcal
And Saturday 9:30am to 5pm e
+ Aerials, Satellite Dishes & LCD Brackets = - Ele ctron ICS
« Audio Adaptors, Connectors & Leads R ey )

« BT, Broadband, Network & USB Leads

: E‘J"E‘p”.ter Mi’“L9r’;tHa’i'35rivesl.& Pl ) | If you are one of our valued subscribers then

o uipment, Li n u 1es | Y

Bt A Cgmporfe‘:]ts ] i}, please note that we have changed the way
- ICs, Project Boxes, Relays & Resistors ( i we send subscription renewal reminders.

« Raspberry Pi & Arduino Products

Instead of sending you a renewal card, we
now print a box on the address sheet that
comes with your copy of Practical Electronics.

+ Replacement Laptop Power Supplies
- Batteries, Fuses, Glue, Tools & Lots more...

T: 01246 211 202 ' ; This box will advise you of the last issue of

E: sales@jpgelectronics.com - your current subscription.

JPG Electronics, Shaw’s Row, . .
Old Road, Chesterfield, S40 2RB b To renew, you have three easy choices:

W: www.jpgelectronics.com kg 1. Call us on: 01202 880299
£ (@ 1P Eiactronics 2. Visit our website at: www.epemag.com

Britannia . Maison Mes Amis

Inn > k . .
ouread -, = 3.Send a cheque with your details to:

d oJohnsonsk ) /JPG Electron Publishing Limited
U\A‘swo' Morrisons < 113 LanOOd Drive
() & \. Electronics Wimborne
Retail & Trade Welcome ¢ Free Parking ¢ Google St,".' v«i"'our: Dorset BH211UU

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: £25.00 (6 months); £47.00 (12 months); £89.00 (2 years). EUROPE: airmail service, £30.00 (6 months); £56.00 (12 months);
£107.00 (2 years). REST OF THE WORLD: airmail service, £37.00 (6 months); £70.00 (12 months); £135.00 (2 years). Payments payable to ‘Practical Electronics’, Electron Publishing Limited, 113 Lynwood Drive,
Wimborne, Dorset BH21 1UU. Email: stewart.kearn@epemag.wimborne.co.uk. 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.




Discover Your Power

Flexibility to Choose the Desired Power Solution

As a leading supplier with a comprehensive power management and monitoring
portfolio, Microchip gives you the power, flexibility and confidence to choose the
right solution for your design.

Managing your system’s power usage is crucial to achieving the performance that
your design requires. Our product portfolio of power monitoring devices allows you
to accurately measure active, reactive and apparent power, Root Mean Square
(RMS) current and voltage, line frequency, and power factor. Our broad selection of
power management devices including DC-DC controllers and regulators, MOSFETs
and MOSFET drivers, voltage supervisors and references, and power modules
enables you to efficiently design a solution to manage the power requirements of
your system.

From reference designs to evaluation boards to simulation tools, you’ll reduce
design-in time and minimize risk with the comprehensive support Microchip
can offer.

Discover your power at
www.microchip.com/PowerSolutions @

MICROCHIP




(¢ ﬁ@[f’ Use code
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electronic design Itd Liniited tiime dthr only

DC A7 5 Advanced Semiconductor

Analyser and Curve Tracer

A versatile instrument that you’ll love
using for testing a huge range of
. semiconductor components.

Supports MOSFETSs, transistors, diodes,
LEDs, JFETs, IGBTs and more.

Connect any way round and let the

DCA Pro identify the component type,
pinout and lots of parameters.

Can be used standalone or connected to
a Windows® PC (XP up to Win10).

NPN Darlington
Transistor C

Common Anode Bicolour
LED

4 | NCh Enhancement mode
1 =1 MO SFET

o |
“A very capable analyser”

RadCom

It's only possible to show summary specifications here. Please ask if you'd like detailed data. Further information is also available on our website. Product price refunded if you're not happy.

Tel. 01298 70012 Atlas House, 2 Kiln Lane

Harpur Hill Business Park
www.peakelec.co.uk Bintor: Darbiyshire

sales@peakelec.co.uk SK17 9JL, UK




