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SEMTEST - PART 1

o Our best-ever discrete semiconductor tester
o Check:diodes, BJTs, MOSFETs and much more
* PIC-controlled withian LCD display
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|l"l!!!!““||" ' ! catalogue link on our homepage. Or

alternatively, give us a ring on 01733

3 Thousands of low cost, high quality products
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Spiratronics.com # Same day dispatch on orders before 3pm Splrabronlcs

# Low, flat postage cost (£1.49 for UK) on all
= for our comprehensive range orders with no minimum order value
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Mechanical Festive Fun
Motorised Electronic
Wooden Kits Project Kits

Future engineers can Choose from 500 plus
learn about the opera- electronic kits. Solder-
tion of transmissions ing required.

steered through gears

or pulleys. Easy to

build, no glue or sol-

dering required.

Electronic

Project Labs
An electronics course

in a box! All assume no

previous knowledge Electronic Bell Kit
and require NO solder. Robot Sensor 20 Lab £6.95 (Code EAKEB)

See website for full £21.95 (Code EPLR20)
details

Electronic Motor Kit
£6.95 (Code EAKEM)

Digital Recording Musical LED Jingle
. . Laboratory Bells Kit
30in ONE ProjectLab 559 95'(cogde EPLDR) Automech Kit £21.95 (Code 1176KT)
Solderless ) Flashing
i Generator Kit LED
Electronic £6.95 (Code EAKEG) Christmas
2 Tree Kit
Projects £495
(Code
) ) Coptermech Kit MK100
130 in ONE PrOjeCt Lab £14.95 (Code C21-604) )

£49.95 (Code EPL130)

Room Alarm Kit
£4.95 (Code EAKRA)

AM-FM Radio Kit
£9.95 (Code ERKAF)

Riding Santa Kit
Trainmech Kit £13.95 (Code MK116)
£14.95 (Code C21-606)
Hand Held Metal

300 in ONE Project Lab Detector (Assembled)

£79.95 (Code EPL300) £7.95 (Code ELMDX7)
Short Wave Kit
£9.95 (Code ERKSW)
Robomech Kit
£15.95 (Code C21-603) 60 LED Multi-Effect LED
Star Kit
£14.95 (Code MK170)
See our website
Metal Detector Kit
500 in ONE Proiect Lap  CTystal Radio Kit £7.95 (Code ELMD) Tyrannomech Kit foF even niore
) £7.95 (Code ERKC) £14.95 (Code C21-601) great gift ideas!

£179.95 (Code EPL500)

www. QuasarElectronics.co.uk

Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads




Credit
Card
Sales

Tools &

Equipment

Sound LED Star Kit
£11.95 (Code MK172)

01279
467
799

QUASAR

electronics

Get Plugged In!

Soldering Set
£12.95 (Code SOL939) 0-30V/0-3A Regulated
Bench Power Supply

£159.95 (Code PSU676)

LED Roulette Kit
£13.95 (Code MK119)

Robot Kits

These educational
electronic robot kits
make a great introduc-

tion to the exciting
world of robotics. Some
require soldering. See
website for details

Robotic Arm Kit
£44.95 (Code C9895)

Crawling Bug Kit with Case
£16.95 (Code MK165)

Crawling Bug Kit
£13.95 (Code MK129)

Running Microbot Kit
£10.95 (Code MK127)

Solar Bug Kit
£9.95 (Code MK185)

NN

gKITS

Hobby Tool Set
£20.95 (Code HTK300)

20 Piece Electronics
Tool Set
£34.95 (Code HTK368)

Rectangular llluminated
Bench Top Magnifier
£74.95 (Code HTM018)

48W Digital Soldering
Station
£69.95 (Code SOL050)

Advanced Personal
Scope, 2 x 240MS/s -
Probes, Cables, Battery
Pack, PSU & User
Manual Included
£274.95 (Code APS230)

Hobby Test Meter
£7.95 (Code DMM006)

Digital Clamp Meter
£14.95 (Code DMC616)

Helping Hands Tool
£4.95 (Code 710.165)

Universal Battery
Tester
£2.95 (Code 690.393)

More Projects

& Gadgets

Soldering Starter Pack
(inc. 2 electronic kits &
soldering tools)
£23.95 (Code EDU03)

Solar Energy
Experimenter Kit
£15.95 (Code EDU02)

Digital Echo
Chamber Kit
£13.95 (Code MK182)

Oscilloscope Tutor
Project
£17.95 (Code EDUO06)

One Chip AM Radio Kit
£15.95 (Code 3063KT)

Stereo Valve Amplifier
Kit (Chrome Version)
£899.95 (Code K4040)

Pocket Beta & Gamma
Radioactivity Monitor
£149.95 (Code VM200)

MP3 Jukebox Module
£14.95 (Code VM202)

USB Tutor Project
£54.95 (Code EDUO05)

USB 3D LED Cube Kit
£23.95 (Code MK193)

Classic TV Tennis
Game with Analogue
Bats Kit

£20.95 (Code MK191)

3 x5 Amp RGB LED
Controller (+RS232) Kit
£29.95 (Code 8191KT)

This is a small

selection from

our huge range
of electronic

kits & projects.
Please see
website for full
details.

. www.QuasarElectronics.co.uk

Secure Online Ordering Facilities e Full Product Listing, Descriptions & Photos e Kit Documentation & Software Downloads




Everyday Practical Electronics Magazine has been publishing a series of popular kits by the
acclaimed Silicon Chip Magazine Australia. These projects are 'bullet proof°’ and already tested

Down Under. All Jaycar kits are supplied with specified board components, quality fibreglass
tinned PCBs and have clear English instructions. Watch this space for future featured kits.

Kits Featured this Month! 20A 12/24VDC Motor

Switching Regulator Kit
Cat. KC-5508

Outputs 1.2 to 20V from a

higher voltage DC supply

at currents up to 1.5A. It

is small, efficient and

with many features

including a very low

drop-out voltage,

little heat generation,

electronic shutdown, soft start, thermal,
overload and short circuit protection.
Kit supplied with PCB, pre-soldered
surface mounted components.

® PCB: 49.5 x 34mm
Featured in EPE February 2013

Speed Controller Kit

Cat. KC-5502

Control the speed of 12

or 24VDC motors from

zero to full power, up to

20A. Features optional soft

start, adjustable pulse

frequency to reduce motor noise, and low battery
protection. The speed is set using the onboard
trimpot, or by using an external potentiometer
(available separately, use RP-3510 £0.77).

e Kit supplied with PCB and all i

onboard electronic components
® Suitable enclosure UB3 case,
HB-6013 £1.50 sold separately

Featured in EPE November 2011

The 'Flexitimer' Kit

Cat. KA-1732

Now in it's 3rd revision by Jaycar, the flexitimer
remains one of our most versatile short form
projects. The flexitimer runs on
12-15V DC and switches

the on-board relay once

or repeatedly when the
switching time is

reached. Switching

time can be set

between 7 seconds and

2 hours in fixed steps.

® PCB size: 74 x 47 mm
Featured in EPE September 2012

433MHz Remote Switch Kit

Cat. KC-5473

The receiver has momentary or toggle output and
the momentary period can be adjusted. Up to five
receivers can be used in the same vicinity. Short-
form kit contains two

PCBs and all

specified

components.

® 200m range

* PCB:
Tx: 85 x 63mm Rx: 79 x 48mm

Featured in EPE November 2012

Garbage and Recycling Reminder Kit
Cat. KC-5518

Easy to build kit that

reminds you when to

put which bin out by

flashing the

corresponding brightly

coloured LED. Up to

four bins can be

individually set to weekly,

fortnightly or alternate week or

fortnight cycle. Kit supplied with £11.00*
silk-screened PCB, black enclosure

(83 x 54 x 31mm), pre-programmed PIC, battery

and PCB mount components.
® PCB: 75 x 47mm

Note: Product will vary from photo shown

dycar
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Mains Timer Kit for Fans & Lights

Cat. KC-5512

This simple circuit provides a

turn-off delay for a 230VAC

light or a fan, such as a

bathroom fan set to run

for a short period after the

switch has been tuned off. The

circuit consumes no stand by power

when load is off. Kit supplied with PCB, case and
electronic components. Includes 100nF capacitor for
1 min to 25 mins. See website for a list of alternate
capacitors for different time periods between 5
seconds to 1 hour.

® Handles loads up to bA

e PCB: 60 x 76mm m

High-Energy Electric
Ignition Kit for Cars

Cat. KC-5513

Use this kit to replace a failed ignition module or to
upgrade a mechanical ignition system when
restoring a vehicle. Use with virtually any ignition
system that uses a single coil with points, hall
effect/lumenition, reluctor or optical sensors (Crane
and Piranha) and ECU. Features include adjustable
dwell time, output or follow input
option, tachometer

output, adjustable

debounce period,

dwell

compensation

for battery voltage

and coil switch-off

with no trigger signal.

e Kit supplied with silk-screened m

PCB, diecast enclosure (111 x 60 x 30mm),
pre-programmed PIC and PCB mount
components for four trigger/pickup options

USB Power Monitor Kit
Cat. KC-5516

Ultrasonic Antifouling Kit for Boats
Cat. KC-5498

Marine growth

electronic antifouling

systems can cost

thousands. This project

uses the same

ultrasonic waveforms

and virtually identical

ultrasonic transducers

mounted in a sturdy

polyurethane housings. By

building it yourself (which includes some potting) you
save a fortune! Standard unit consists of control
electronic kit and case, ultrasonic transducer, potting
and gluing components and housings. The single
transducer design of this kit is suitable for boats up to
10m (32ft); boats longer than about 14m will need two
transducers and drivers. Basically all parts supplied in
the project kit including wiring. Price includes epoxies.

e Suitable for power or sail
® PCB: 104 x 78mm

Featured in EPE January 2013

10A 12VDC Motor Speed
Controller Kit
Cat. KC-5225

Ideal for controlling 12V

DC motors in cars such as

fuel injection pumps,

water/air intercoolers and

water injection systems. You

can also use it for headlight dimming and for
running 12V DC motors in 24V vehicles. The circuit
incorporates a soft start feature to reduce inrush
currents, especially on 12V incandescent lamps.
Includes PCB and all electronic components.

e Kit includes PCB plus all electronic
components to build the 10A version.
® PCB: 69 x 51mm

Featured in EPE November 2012

Speedo Corrector MKkl Kit
Cat. KC-5435

When you modify your gearbox, diff ratio or change
to a large circumference tyre, it may result in an
inaccurate speedometer. This kit alters the
speedometer signal up or down from 0% to 99% of
the original signal. The input setup selection can be
automatically selected and features an LED indicator
to show when the input signal is being received. Kit
supplied with PCB with overlay and all

electronic components.

e PCB: 105 x 61Tmm
* Recommended box:
UBS3 (use HB-6013 £1.50)

Featured in EPE m

Best

January 2013 Seller!

Plug this kit inline with a USB device to display the current that is drawn

at any given time. Check the total power draw from an unpowered hub
and its attached devices or what impact a USB device has on your
laptop battery life. Displays current, voltage or power, is auto-ranging

and will read as low as a few microamps and up to over an amp. Kit
supplied with double sided, soldermasked and screen-printed PCB with
SMD components presoldered, LCD screen, and components.

e PCB: 65 x 36mm

Laptop not included



Theremin Synthesiser Kit Mkll

Cat. KC-5475
Create your own eerie
science fiction

sound effects by
simply moving your
hand near the antenna.
Easy to set up and
build. Complete

kit contains PCB

with overlay,
pre-machined

case and all

specified
components.

® PCB: 85 x 145mm

"Minivox" Voice Operated Relay Kit
Cat. KC-5172

Voice operated relays are used for 'hands free' radio
communications and some PA applications etc.
Instead of pushing a button, this device is activated
by the sound of a voice. This tiny kit fits in the
tightest spaces and has almost no turn-on delay.
12VDC @ 35mA required.
Kit is supplied with

PCB electret mic,

and all specified
components.

® PCB: 47 x 44mm

Universal Stereo Preamplifier Kit
Cat. KC-5159

Based around the low noise LM833 dual op-amp IC,
this preamp is designed for use with a magnetic
cartridge, cassette deck or dynamic microphone.The
performance of this design is far better than

most preamps in many stereo amplifiers, making it
a worthy replacement if your current

preamp falls short of

expectation. It features

RIAA/IEC equalisation,

and is supplied with all

components to build

either the phono, tape or

microphone version.

* +/-15VDC

your equipment use MM-2007 £3.00 m l

e |f power is not available in
e PCB: 80 x 78 mm

IR Remote Extender MKII Kit
Cat. KC-5432

Operate a devce using its

remote control from another

room. This unit is a two

transistor two stage

transmitter that has the

benefits of being VERY COMPACT.
The kit contains PCB, 9V battery and
all components, and makes an

ideal inexpensive beginners

kit. Requires 2-wire cable

(WB-1702 £0.17 per metre)
® PCB: 45 x 23mm

NOW SHIPPING VIA DHL
* FAST DELIVERY ¢« TRACK SHIPMENT

Post & Packing Charges

Jacob’s Ladder High Voltage
play Kit MIK2

Cat. KC-5445

With this kit and the

purchase of a 12V

ignition coil (available

from auto stores and

parts recyclers),

create an awesome

rising ladder of noisy sparks that emits the
distinct smell of ozone. This improved circuit is
suited to modern high power ignition coils and will
deliver a spectacular visual display. Kit includes PCB,
pre-cut wire/ladder and electronic components.

® 12V car battery, 7Ah SLA or
> 5A DC power supply required £1 5.75*
e PCB: 170 x 76mm

Crystal Radio Kit £4.75%
Cat. KV-3540

Enjoy AM broadcasting without using battery or
other power sources. Ideal for entry

level students or hobbyist with

little electronics experience.

Includes circuit explanation.

Kit supplied with

silkscreened PCB, crystal,

prewound coil, earphone
and all components.

e PCB: 81 x 53mm

“The Champ” Audio Amplifier Kit

Cat. KC-5152

This tiny module uses the

LM386 audio IC, and will

deliver 0.5W into 8 ohms

from a 9V supply making it ideal

for all those basic audio projects. It
features variable gain, will happily run from

4-12VDC and is smaller than a 9V m

battery, allowing it to fit into the
tightest of spaces.

e PCB and electronic components included
® PCB: 46 x 26 mm

Miniature FM Transmitter Kit
Cat. KE-4711

Ref: Silicon Chip October 2006

Operate your DVD player or digital decoder using its
remote control from another room. It picks up the
signal from the remote control and sends it via a 2-
wire cable to an infrared LED located close to the
device. This improved model features fast data
transfer, capable of transmitting Foxtel digital
remote control signals using the Pace 400 series
decoder. Kit supplied with case, screen printed front
panel, PCB with overlay and all electronic
components.

® Required: 9VDC and
2-wire cable for
extending the
IR-Tx lead
(use WB-1702).

e PCB: 79 x 47mm

5-10

working day
delivery

How to Order

(Monday - Friday 09.00 to 17.30 GMT + 10 hours)
All prices in Pounds Sterling. Prices valid until 28/2/2013

Order Value Cost / We ship via DHL WEB:

€10 £49.99 £5  / Expect5-10days PHONE:

£50  £99.99 €10 forqjr parcel FAX:

£100 £199.99 £20 delivery EMAIL:

£200 £499.99 £30 }
/ Track & Trace parcel :

£500+ B0 P POST:

. ote: Products are

* Max \.Neu;ht 350lb despatched from Australia,

® Heavier parcels POA 5o [ocal customs duty &

® Minimumorder £10 taxes may apply.

www.jaycar.co.uk

08000327241*

+61288323118*

techstore@jaycar.co.uk

P.O. Box 107, Rydalmere NSW 2116 Australia
*Australian Eastern Standard Time

‘The Champion' Audio Amplifier
Kit with Pre-Amplifier
Cat. KC-5519

Suitable for general-purpose audio projects

and supports microphone and electric guitar

input. It uses the AN7511 audio IC to deliver 2W
music power into 8 ohms from a 9 to 12V supply.
Features low distortion, two inputs (mixed 1:1),
mute and standby control. Power from 4 - 13.5VDC.
See website for specifications.
Kit supplied with

silk-screened PCB,

heatsink and PCB

mount components.

e PCB: 101 x 41Tmm

-]

High Performance 250WRMS
Class-D Amplifier Kit

Cat. KC-5514

High quality amplifier boasting 260WRMS output
into 4 ohms, 150W into 8 ohms and can be bridged
with a second kit for 450W into 8 ohms. Features
include high efficiency (90% @ 4 ohm), low
distortion and noise (<0.01%), and over-current,
over-temperature, under-voltage, over-voltage and
DC offset protection. Kit supplied with double sided,
soldermasked and screen-printed silk-screened PCB
with SMD IC pre-soldered, heatsink, and electronic
circuit board mounted components.

® Power requirements:
57V/0/+57V
see KC-5517
* S/N ratio: 103dB
e Freq. response:
10Hz - 10kHz, +/- 1dB
® PCB: 117 x 167mm

Also available:

Stereo Speaker Protector Kit to suit
KC-5515 £11.00

+/- 57V Power Supply Kit to suit
KC-5517 £11.00

Clifford The Cricket Kit

Cat. KC-5178

Clifford hides in the

dark and chirps annoyingly

until a light is turned on - just like a real

cricket. Clifford is created on a small PCB,

measuring just 40 x 35mm and has cute little LED
insect eyes that flash as it sings. Just like a real cricket,
it waits a few seconds after darkness until it begins
chirping, and stops instantly when a light comes back on.

* PCB, piezo buzzer, LDR plus all
electronic components supplied
® PCB: 40 x 35mm

The Super Ear Kit
Cat. KA-1809

This kit assists people who have difficulty in hearing
high audio frequencies, or for those who want to hear
more than their normal unaided ear. By amplifying these
high audio frequencies, not only will conversations be
made clearer, you will be able to hear noises not
normally heard such as insects or a watch ticking, for
example. Built into a small case and powered from a 9V
battery makes this kit totally portable. Use it as a
hearing aid or for a fun & educational purpose.

e Kit supplied with Case, Front label, PCB, 9V
battery, and all electronic components.

® Headphones required.

® PCB: 56 x 26mm

Note: Not a replacement
for a proper

hearing aid. m

daycar

ORDER ONLINE: www.jaycar.co.uk I
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UK’s No 1 source for VELLEMANCP Kits
™

Self Assembly Kits & Ready made
Modvules - See our web site for

N:w Available - Cebek Modules
Il modules assembled & tested.

’/Isigiiul Record/Player

A compact sound effects kit, with A Non volatile flash memory, Single 20
built-in mic or line in, line out or details on the whole range, sec recording via integro?,mic, W
speaker (500mW). 4 Adjustment con- output to 8Qspeaker.
rols Data sheets, Software and more. | Power: 5Vdc 100mA
Power: 9Vdc 150mA k
L MK182 Velleman kit £11.43 ) WWW.esr.co.v \€-9701 Cebek Module  £7.89 4
. 3rd Brake Light Flasher Kit N Multifunction Up/Down Counter | [ 2 Digital Counter »
Works with any incandescent or LED An up or down counter via on-board Standard counter, 0 to 99 from
rear centre brake light. Flashes at button or ext input. Time display fea- input pulses or external signal.
7Hz for 5 or 10 times, adjustable re- ture. Alarm count output. O-g99é dis- ith reset input, 13.5mm Displays,
tnggerln%, lay. Power: 12Vdc 90mA.
Power: 12Vdc max load 4A Bower: 9-12Vdc 150mA
MK178 Velleman kit £6.30 K8035 Vell kit £17.85 / CD-9 Cebek Module £12.99 /
~ - ~
Digital Clock Mini Kit , | (Nixie Clock Kit (1.8W Mono Amplifier '
Red 7 Segment display in attractive Gas filled nixie tubes with their dis- Compact mono 1.8W RMS 4Q
enclosure, automatic time base selec- tinctive orange glow. HH: is- power stage, short circuit & re-
tion, battery back-up, 12 or 24Hr lay, automatic'power sync 50/60Hz verse polarity protection, 30-
modes. Bower: 9-12Vac 300mA 18kHz, Power: 4-14Vdc 150mA
Power: 9Vac or dc
\_MK151 Velleman kit £15.09 / \K8099 Vell kit £64.96 _/ \E-1Cebek Module £5.87
Proximity Card Reader Kit A Mini USB Interface Board ( 20W 2 Channel Amplifier b
A simple security kit with many appli- New from Velleman this little inter- Mono amplifier with 2 channels (Low &
cations. RFID technology activates a face module with 15 inputs/outputs High frequecY), 20W RMS 4Q per chan-
relay, either on/off or fimed. Supplied inc digital & analogue in, PWM nel, adjustable high level. 22-22kHz,
with 2 cards, can be used with up to 25 outpufs. USB Powered 50mA, Soft- short circuit & reverse polarity protection.
cards. Power: 9Vac or dc ware supplied Power: 8-18Vdc 2A
. MK179 Vell kit £14.25 / \_ VM167 Module £26.80 ) E-14 Cebek Module £22.11
% o~ ~ ~
/Runnin Microbug Kit | (Thermostat Mini Kit \ [ SW Stereo Amplifier A
Powered by two subminiature mo- General purpose low cost thermostat Stereo power stage with 5W RMS
tors, this robot will run towards kit. +5 to +30°C Easily modified tem- 40, 30-18kHz, short circuit & re-
an I|%ht source. Novel shape PCB erature range/min/max/hysteresis verse polarity protection.
with LED eyes. . gA Rela Power: 6-15Vdc 500mA
Power: 2 x' AAA Batteries Power: iIZVdc 100mA
\MK127 Velleman kit £9.02 _/ \MK138 Vell Kit  £4.55 _/ ‘ES-2 Cebek Module £21.54 W
' 200W Power Amplifier N Velleman Function Generator | | 12Vdc Power s"(5’I’|Y h
A high quality audio power amp, PC Based USB controlled function Single rail rpﬁ;ulote power su pk
200w music power @ 4Q 3-200kHz enerator. 0.01Hz to 2Mhz Pre- complete with transformer. 130m
Avolladblle as a oi? WI“"IOUJ !'!ekoisln e inledd&swavef%rm ec]l(ifo?. |Slofﬂware max, low ripple, 12Vdc with adjust-
or module including heatsink. ied. it t ment.
K8060 Velleman kit £12.85 [P AR g L S
Heatsink for kit £9.
U VM100 Module £38.54 ) \_ PCGU1000 Vell £118.38 / \_ FE-103 Cebek Module £13.16
1 MP3 Player Kit o ’/ilellemun PC Scope P '1-180 Second Timer ]
Plays MP3 files from an SD card, PC Based USB controlled 2 channel Universal timer with relay output.
supports ID3 tag which can be dis- 60Mhz oscilloscope with spectrum Time start upon power up or push
ﬁlqyed on optional LCD. Line & analyser & Transient recorder. 2 button. LED indication. 5A Relay
eadphone output. Remote control Scope probes & software included. Power: 12Vdc 60mA
add-on. Power: 12Vdc 100mA See web site for full feature list.
\K8095 Vell kit £39.99 _/ \PCSU1000 Velleman £249.00 / \1=1 Cebek Modul £12.92
~
DC fo Pulse width Modulator | Velleman PC Scope/Generator | Cyclic Timer A
A handy kit to accurately control DC PC Based USB controlled 2 channel Universal timer with relay output.
motors etc. Overload & short circuit oscilloscope AND Function genera- Time start upon power u ush
rotection. Input voltage 2.5-35Vdc, tor. Software included. See web site button. On & Off times 0.3-60 Sec-
Max output 6 BA. for full feature list. onds, LED indication. 5A Relay
Power: 8-35Vdc Power: 12Vdc 80mA
\. K8004 Vell kit £9.95 PCSGU250 Velleman £113.67 / ' 1-10 Cebek Module £14.12 /
"Audio Analyser Kit RF Remote Control Tr itter ™\ (Light Detector )
A small spectrum analyser with LCD. Slnﬁle channel RF keyfob transmitter Adjustable light sensor operating
Suitable for use on 2, Xor 8Q sys- with over 13,122 combinations. Certi- a relay. Remote sensor & termi-
tems. 300mW to 1200W(2Q) 26- ied radio frequency 433.92MHz. nals for remote adjustment pot.
20kHz Panel mounting, back-lit dis- Power: 12Vdc 2mA (inc) For use with 5A Rela
play. Power: 12Vdc 75mA TL-1,2,3,4 receivers. Power: ¥2Vdc 60mA
. K8098 Velleman kit £31.65 TL-5 Cebek Module £14.64 1-4 Cebek Module £13.98
. USB DMX Interface Y4 RF Remote Control Receiver | [ Liquid Level Detector N
512 DMX Channels controlled by PC Single channel RF recejver with relay A liquid level operated relay. Re-
via USB. Software & case included. output. Auto or manual code setup. mote sensor operates relay when
Avaijlable as a kit or ready assem- Momentary output, 3A relay in contact with a I|<}\U|d. 5A Relay
bled module. Power:; 12Vdc 60mA For use with TL-5 Power: 12Vdc 60m
or TL-6 transmitters.
K8062 Velleman kit £47.90
N VM116 Module £67.15 L TL-1 Cebek Module £23-25/ L 1-6 Cebek Module £13.08,
'USB Interface Board /I(ey ad Access Control ‘Thermostat A
Featuring 5 in, 8 digital outputs, 2 in An electronic lock with up to ten 4 A temerature controlled relay. Ad-
K e e outputs. Supplied with digit codes. Momentary or timed (1- justable between -10 to 60°C Sen-
R TS B i o ready 60ec/1-60min) output. Relay 5A sor on remote PCB. Connector for
assembled module. Power: 12Vdc 100mA Keypad includ- external adjustment pot. 5A Relay
- - ed. Power: 12Vdc 60mA
K8055 Velleman kit £24.80
"VM110 Module £34.90 / \DA-03 Cebek Module £54.26 / \I-8 Cebek Module  £12.80 Y,
. ~ ~ €
8 Channel USB Relay Board | [ AC Motor Controller N Start / Stop Relay )
PC Controlled T16A relays with Io%- A 230Vac 375W motor speed con- Simple push button control of a
gle, momentary or timed action. Test trol unit giving 33 to 98%00{ full relay. Either 1 or 2 button opera-
uttons included, available in a kit ower. tion 5A Rela
or assembled. Bower: 230Vac Power: 12Vc(c 60mA
K8090 Velleman kit £39.95
VM8090 Module £58.40 & R-8 Cebek Module £12.14/ ' 1-9 Cebek Module  £12.83/
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www.esr.co.uk

Tel: 01912514363

UK Carriage £2.50 (less than 1kg)
Cullercoats 06,50 oD
.50 greater than Tkg or >£30
Fax: 01912522296 Tyne & Wear Cheques / Postal orders payable to
sales@esr.co.uk NE30 4PQ ESR Electronic Components Ltd.

Station Road

Prices Exclude Vat @20%.

PLEASE ADD CARRIAGE & VAT TO ALL ORDERS
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Happy New Year!

If all goes according to plan — and I'm sure it will! — you should receive this
issue around 3 January. So, on behalf of all the staff at EPE and Wimborne
Publishing, I’d like to wish you a very happy and successful New Year.
We’ll certainly be working hard to keep you entertained, fascinated and
busy with every facet of electronics.

This month brings an excellent collection of projects. From top quality
digital audio electronics to a nice dollop of carpentry in the form of
Julian ‘Recycle It!” Edgar’s low-cost, but high-impact loudspeaker project.
We conclude our popular USB Data Logger project with some great tips
on using this compact device. Plus, we show you how to make a high
efficiency floodlight using everyone’s favourite optical component

— the LED.

Last, but not least, I really hope you will enjoy SemTest, our PIC-
controlled component checker. It comes with a whole host of ‘bells and
whistles’, everything you could possibly want for checking the health of
your discrete silicon. You can analyse those ‘miscellaneous’ parts we all
seem to accrue as projects, repair jobs and assorted semiconductor flotsam
and jetsom come our way. Plus, of course, it’s great for checking parts as
you build circuits — or to be more realistic, troubleshoot the odd problem
which we all come across when wielding a soldering iron!

This early part of the year may be dark, grey, wet and cold (stop laughing,
our sun-drenched friends in the Southern Hemisphere), but it’s the perfect
opportunity to get down to some serious design and construction work.
Why not set yourself a target for 20137 — finally get to grips with PICs, build
that low distortion amplifier you’ve promised yourself, or maybe just tidy
up your workbench. OK, the last suggestion might be a bit ambitious, but
there is nothing wrong with setting the bar high!

Whatever 2013 brings you in electronics, I hope you are successful and that
EPE helps and inspires you to learn, build and have fun..

Keeping you informed - online subscribers

We have introduced a new and improved download system for the
online version of the magazine. All existing digital subscribers will
automatically be changed over to our new system, which is now
available through PocketMags (www.pocketmags.com).

Only the January 2013 issue onwards will be available on this system,
unfortunately we cannot offer earlier back issues, but these are available
on CD-ROM from the editorial office.

If you have any queries then please feel free to email stewart.kearn@
wimborne.co.uk.
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A roundup of the latest Everyday
News from the world of
electronics

Electronics and IT in Cuba - by Barry Fox

he electronics industry is always

looking for new markets, but
there are very few countries that
remain unexploited. Cuba is one big
hope. But Cuba and the US fell out in
1959 when communist revolutionary
Fidel Castro took over from hated
dictator Fulgencio Batista, grabbing
US companies and properties.

The next year, the US started a
‘blockade’ by making it an offence
for any American to trade with Cuba
or visit the country. In 1961, the US
clumsily backed a botched invasion
by mercenaries who landed on the
beaches of the Bay of Pigs and were
quickly routed. The following year
saw the Missile Crisis, when Russia
tried to put nuclear missiles on the
island, just 90 miles from the US.

Since then, there has been a bitter
stalemate, with many companies hop-
ing for an end to the blockade so that
they can start selling to Cuba. I recent-
ly spent a week in the capital Havana
and the Bay of Pigs area, discovering
what US electronics companies, like
Apple, HP, Dell, IBM, Kodak, Lex-
mark and Motorola can expect when
they finally land. In short, they are in
for a severe culture shock. Although
anyone on a package holiday may
be cocooned from many truths, any-
one exposed to day-to-day Cuba will
find the infrastructure very primitive,
much as it was in the Soviet Union

and East Germany before the collapse
of communism in Eastern Europe.
There are two Cuban currencies, the
Cuban peso (CUP) of low value for
locals, and Cuban convertible pesos
(CUQ) for tourists, with an exchange
rate of 1.00 CUC = $1.00 USD. Cur-
rency cannot be converted outside
Cuba, so anyone arriving at Havana
airport off a long haul flight must first
stand in long lines at the inadequately
staffed exchange booths before being
able to get a taxi into town (25 CUC).

On the phone

Foreign mobile phones connect to the
Cubacel network (run by the govern-
ment-owned ETECSA, Empresa de
Telecomunicaciones de Cuba S.A.).
Costs are high, so owners make only
brief and to-the-point calls, much as
it was in the early days of UK cellular.

My O, phone could not directly
dial; I had to dial a code (*111*#) and
wait for a call-back with instruction
prompts. An Orange phone can dial
direct, but calls cost £1.75 per minute
to make and £1 per minute to receive.
Texts cost 50p to send, but are free to
receive. Sending a picture message
costs up to £1.65, and data use costs a
staggering £8 per MB.

Driving (in a 1954 Plymouth with
Russian jeep engine) on the main
dual carriage highway from the Bay
of Pigs area to Havana there was no

mobile phone signal for tens of miles,
no roadside phones, few direction
signs and few (if any) petrol stations.
I saw no one using a satnav. TomTom
has confirmed that there is not yet
any mapping for Cuba.

On the net

Locals repeatedly complained about
the cost and difficulty of using the In-
ternet. ‘We have to go to a hotel’ said a
bookseller, ‘but it costs around 6 CUC
for half an hour’.

‘You can spend half an hour on line
and achieve nothing’ said an academ-
ic with Internet access in his home.

I ran a check at the famous Nacional
hotel, where incidentally the room
had a coffee machine with a Euro-
pean round pin mains plug, while all
the mains sockets in the room were
for US 110V flat pin plugs. My laptop
found a Wi-Fi signal (from HP repeat-
ers), but no Internet access.

The guest services paperwork offered
no advice. After some trial and error I
got Internet Explorer to display: ‘Are
you an existing user? Welcome to the

word: Please contact your Network
Administrator in case of problems.’

A small business centre, open only
during the day, sold Wi-Fi logon
details at 2.5 CUC for 15 minutes,
5.0 CUC for 30 minutes, 7.5 CUC for
45 minutes and 10 CUC for an hour.

Shopping for consumer electronics in Havana and trying to communicate is like time-travelling back to the Soviet Union and walled-off East Berlin
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Black and white printing cost 0.5
CUC per page, with colour at 2 CUCs.
As a pricing yardstick, a bottle of
Cuban rum in a supermarket can be
bought for less than 5 CUC.

‘It is obligatory to present the pass-
port, identity card or room number
to access the Internet’ a sign warned.
We presented, logged on and found
access painfully slow —so ran a series
of broadband speed checks. These
revealed the ISP to be Empresa de
Telecomunicaciones de Cuba, with
download speeds varying between
0.070, 0.047 and 0.039 Mbps and
upload speeds of 0.011, 0.017, 0.025
and 0.057 Mbps. This is equivalent to
a slow dial-up connection.

Only a handful of others were using
the system, so I asked the business
centre clerk if the speeds were always
so slow. Yes, she said, without hint of
concern or apology.

Opportunity awaits

During my week in Cuba I saw
no locals using a laptop, tablet or
smartphone and only one person (a
tourist) listening to music on head-
phones. I did, however, see a few
youngsters carrying portable ‘boom-
boxes’.

I'saw only one Apple product; an old
iPod HDD playing a movie through a
Real media player box connected to a
TV in a roadside cafe.

Ispotted only one consumer-size sat-
ellite dish, and that was mounted on
a school roof. However, a taxi driver
told me that in his housing block one
resident had a DirectTV dish, brought
in ‘illegally’ from the US. The owner
had rigged shared video feeds to sev-
eral other apartments whose owners
shared the subscription cost.

Another taxi driver was listening to
US satellite radio. He said a friend in
Texas paid the subscription. Another
local asked me to show him how to
remove the SD card from the Sony
digital camera he had got from a
friend in Europe.

These examples typify the overall
situation. Although some Cubans
may have some modern electronics, it
has almost always been imported on
the grey or black market. Only a very
few Cuban shops sell electronics and
it is over-priced and decades behind
the rest of the world.

So, the opportunities for approved
imports are huge, if the trade barriers
come down. Cuba’s first priority will
then be to build an IT infrastructure.

Tech giants humbled

t would be unwarranted

hyperbole to say that Japanese
electronics giants Sony, Sharp
and Panasonic are finished,
but they are certainly facing a
‘difficult period’.

In November 2012, the ratings
agency Fitch cut the firms’ credit
rating to ‘junk’ status; a humili-
ating first for these companies.
This means that not only does
Fitch believe these prestigious
firms may default on their ex-
isting debts, but that borrowing
will now be much more expen-
sive for them.

Where willl the next “Walkman’ come from — Japan?
Companies like Sony, Sharp and Panasonic need to

Panasonic has warned it expects rediscover their creative side to compete successfully

a 2012 loss of $10bn, while Sony
expects only a small profit after four
years of losses.

Many Japanese electronics firms
are facing a daunting four-pronged
assault on their once dominant po-
sition. The all-important domestic
economy has been stagnant for near-
ly two decades. The world’s most
important growth economy — China
— has become a much more difficult
place to sell and work thanks to
nationalist and anti-Japanese senti-
ment over territorial disputes con-
cerning tiny, but strategic islands in
the South China sea.

Smaller nimbler countries, such as
Taiwan and South Korea have eaten
into their high-tech lead, and US
companies like Apple and Google
are making all the running when it
comes to creativity and profitability.

Japanese companies such as Sony
still have many strengths, but their
period of dominance is long over,
and they have had to accept pow-
erful rivals. Whether this spurs
them to a new golden era of popu-
lar world-beating products, or they
resign themselves to being just an-
other player remains to be seen.
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Sensors from Parallax

The new toothed-wheel 36-position quadra-
ture encoder from Parallax
arallax has released a pair of
useful new sensors: a 36-position
quadrature encoder set and a proximity
SEensor.

The encoder provides rotational feed-
back for robot wheels. It was designed
specifically for Parallax’s ‘Motor
Mount and Wheel Kit’, but can be used
with your own custom robots or me-
chanical systems with half-inch axles.

The Si1143 Proximity Sensor is
handy for non-contact gesture rec-
ognition in microcontroller applica-
tions. By measuring infrared light lev-
els from the three on-board infrared
LEDs, gestures in the up, down, left,
right and centre select directions can
be detected.

Both items cost $29.99 plus p&p,
more details at: www.Parallax.com

ELECTRONIC LOCKS PICKED

Those never-seem-to-work the first
time you use them electronic card
keys, that hotels are so fond of, now
have another reason to be unpopular.
US business magazine Forbes has re-
ported that hotel rooms in the States
with electronic locks have been bro-
ken into and then robbed.

The locks were picked with relative-
ly simple digital tools, despite public
warnings from a software developer
months earlier that particular systems
were vulnerable. More on this story at:
http:/ftinyurl.com/clautch

Avoiding termination

The Centre for the Study of Existen-
tiual Risk may sound like a website
from one of the more eccentric cor-
ners of the Internet, especially as it
will look at the possible risk to hu-
mans, and indeed humanity as a
whole from artificial intelligence,
nanotechnology and robots. How-
ever, it is in fact a serious body, set
up at Cambridge University by Mar-
tin Rees, the Astronomer Royal,
Huw Price, professor of philosophy
at Cambridge and Jaan Tallinn, a co-
founder of Skype.

They wanted to create a joint initia-
tive between a philosopher, a scien-
tist, and a software entrepreneur to
deal with pressing issues that require
a great deal more scientific investiga-
tion than they presently receive. For
more details, see: http://cser.org



Constructional Project

SemTes

Check all those semiconductors in your collection
with this easy-to-build test set!

How many discrete semis have you got in your collection?
Hundreds? Thousands? Are they all good? Don’t know? With our
new Discrete Semiconductor Test Set you will be able to test a
wide range of active components: LEDs, diodes, bipolar junction
transistors, MOSFETs, SCRs and programmable unijunction
transistors (PUTs), for gain (where applicable), voltage breakdown
and leakage. You can even run tests on IGBTs and triacs!

Part 1: By JIM ROWE

F COURSE, there are lots of semi-

conductor testers out there. These
range from the handy pocket-sized
instruments produced by Peak Elec-
tronic Design Ltd to large laboratory
bench instruments made by Agilent,
costing many thousands of pounds.
The former group are not able to test
the range of semiconductors that per-
haps we would like, while the latter
instruments are beyond our reach.

10

New design
So, we set ourselves the task of pro-
ducing a new design that would be
easy to drive.

I looked at an old design from the
1960s — a bunch of rotary switches,
a 50pA moving coil meter and ‘olde-
worlde’ point-to-point wiring. Still, it
could perform most of the basic tests
that were needed on the discrete semi-
conductor devices of the day.

After a while though, that old
1968 design made me shudder: all
that point-to-point wiring — all those
switches—no PCB —an analogue meter.
Ahhhh! Definitely time for an upgrade.
Plus, of course, it was designed long
before MOSFETs were even thought of,
and we would have to include them.

In the fullness of time (a silly ex-
pression glossing over the trials and
tribulations —not to mention the blood,
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sweat and tears — of producing a com-
pletely new design), we came up with
the SemTest. It’s otherwise known as
a Discrete Semiconductor Test Set —
which is too much of a mouthful.

It’s around half the physical size of
the 1968 design and it’s controlled by
a microprocessor, with a 16 x 2 LCD
panel used to display the device to be
tested, the test to be run and the test
results. There is a minimum of front
panel controls: one rotary switch, one
potentiometer and five pushbutton
switches. The problem of catering
for all the different semiconductor
sizes and pinouts has been solved
by employing an 18-pin ZIF (zero
insertion force) socket. These sockets
are normally used for programming
microprocessors, but they are ideal
for this application.

All the parts inside the case are ac-
commodated on two medium-sized
PCBs, which are connected together
by three IDC cables.

However, before we jump into de-
scribing the circuitry of the SemTest in
detail, we need to discuss the tests it
can perform on each type of the most
commonly used discrete semiconduc-
tors. Afterall, if you are contemplating
building the SemTest, you will want to
understand all the tests that it can run.

Diodes and LEDs

Testing diodes and LEDs sounds
simple enough, but there are dif-
ferent sorts: standard silicon and
germanium signal and rectifier
diodes, Zener/avalanche diodes,
Schottky barrier diodes, LEDs and
diacs (bipolar breakover diodes, which
are actually a 2-terminal thyristor).
The new tester can perform basic tests
on all of these devices.

A simplified version of the diode
test circuitry used in the SemTest is
shown in Fig.1. It’s very straightfor-
ward, yet can be used to measure any
of four basic diode parameters:

(1) Vg - the voltage drop when con-
ducting in the forward direction

(2) Ig — the leakage current which
flows when a reverse ‘operating’
voltage (OPV) of 10V/25V/50V/100V
is applied via an appropriate series
current-limiting resistance

(3) Ig-the current which flows when
a higher ‘breakdown’ voltage (BV) of
600V is applied (again via a suitable
series current-limiting resistor)

Constructional Project

TESTS AVAILABLE ON THE DISCRETE SEMICONDUCTOR TEST SET

Device Type Test Parameter Extended description
Ir (BV) Reverse avalanche current with BV (600V) applied*
Diodes, including Iz (OPV) Reverse leakage current with OPV (10/25/50/100V) applied*
zener & schottky - -
(also Diacs) Ve (OPV) Forward voltage drop with OPV (10/25/50/100V) applied*
Vi (BV) Zener/avalanche voltage with BV (600V) applied*
LEDS Iz (OPV) Reverse leakage current with OPV (10V) applled*
Vg (OPV) Forward voltage drop with OPV (10/25/50/100V) applied*
Vigricgo (BV) Breakdown voltage with e o/c, BV (600V) applled*
Vericeo (BV) Breakdown voltage with b o/c, BV (600V) applied*
Blpolar Junction Icso (OPV) Leakage current with e o/c, OPV (10/25/50/100V) applied*
Transistors lceo (OPV) Leakage current with b o/c, OPV (10/25/50/100V) applled*
(NPN or PNP) hee WIEh 5 = 504A (OPV) Forward current gain with I = 50pA, OPV applied*
hee With I3 = 200pA (OPV) Forward current gain with Iz = 200pA, OPV applied*
hee With [z = 1mA (OPV) Forward current gain with Iz = 1mA, OPV applled*
A Vgripss (BV) Breakdown voltage with g-s short, BV (600V) applied*
(N-channel or Ipss (OPV) Leakage current with g-s short, OPV (10/25/50/100V) applled*
IPCOERAEL Iog VS Ves (OPV) (g d-s current vs Vs (0-12V), OPV (10/25/50/100V) applied*
Vigraks (BV) Breakdown voltage with g-k or g-a short, BV (600V) applied*
laks (OPV) a-k current with g-k or g-a short, OPV (1/25/50/100V) applled*
Iak With I = 50pA (OPV) a-k current with Ig = 50pA, OPV (1/25/50/100V) applied*
i.f,’;g %E‘ég Ia With Ig = 200pA (OPV) a-k current with I; = 200pA, OPV (1/25/50/100V) applied*

lag WIth I = 1mA (OPV)

a-k current with Ig = 1mA, OPV (1/25/50/100V) applied*

Vakiony (OPV)

a-k voltage drop when on, OPV (10/25/50/100V) applied*

*Both BV and OPV are always applied via appropriate current limiting series resistors

*DIODE, ZENER OR LED

RSERIES
MW +V (BV OR OPV)
A Fl_'!j =
N O R =
- vomee | Ao
h 4
b4 RELAY9 DIVIDER VOITAGE)
K =
S 1= L T
- ——
—_
OFF = FWD
ON = REV
e
ADC1
(DEVICE
CURRENT)

Fig.1: the basic diode test circuitry. It uses Relay9 to switch the polarity of
the diode under test, a shunt resistor to allow current measurements and a
voltage divider to interface with the microcontroller.

RSHUNT

(4) Vg - the voltage drop when the di-
odeis conducting in the reverse direc-
tion in ‘avalanche’ breakdown mode.

All four of these tests can be applied
to test Zener/avalanche diodes, signal
and rectifier diodes, Schottky diodes
and even diacs. The last two tests
are not available for testing LEDs as
these devices can be damaged if suf-
ficient current flows during avalanche
breakdown.

In fact, before you do an I test on an
LED, the tester warns you of possible
damage if the lowest operating voltage
of 10V is not selected.
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The diode test circuit of Fig.1 uses
RELAY9 to switch the polarity of the
diode under test. When RELAY9 is off
(not energised), the diode’s anode (A)
is connected to the test voltage source
(+V) via series current-limiting resis-
tor RSERIES.

Note that test voltage +V is
switched between the operating
voltage (OPV) and the breakdown
voltage (BV) level by the microcon-
troller, which also changes the value
of series resistor RSgRIES to suit the
various tests. In operation, the mi-
cro switches +V on only during the

11
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RELAY11

MEW

OFF = BVceo, Iceo or hre
ON = BVcbo or Icbo

RSERES
MW +V (BY OR OPV)
L — =
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VOUAGE { (DEVICC(Z)E
RELAY10 DIVIDER VOLTAGE)
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OFF = NPN
ON =PNP
—_—
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(DEVICE
CURRENT)

RSHUNT

+lbias

RELAYé RELAY5S
—bias ¢ ) € )

OFF = BVcbo, BVceo,
ON = Hfe (PNP)
*NPN OR PNP BIPOLAR TRANSISTOR

or PNP devices.

OFF = BVcbo, BVceo,
Icbo or Iceo Icbo
ON = Hfe (NPN)

or lceo

Fig.2: the basic test configuration for bipolar junction transistors (BJTs). It
uses four relays to perform all of the basic tests normally required on NPN

NOTE: tlbias LEVELS ARE
SET VIA RELAYS 3 & 4

actual test and then off again at the
end of the test.

For the ‘reverse bias’ tests, the mi-
cro energises RELAY9, which simply
reverses the diode polarity so that the
cathode (K) is connected to +V instead
of the anode.

The rest of the diode test circuit
includes a voltage divider, used to al-
low the micro to measure the voltage
across the diode under test, by means
of the micro’s analogue-to-digital
(A/D) converter input ADCO. The mi-
cro also switches the voltage divider’s
ratio to suit the voltage source used
for each test.

Finally, there’s a shunt resistor
(RsHuNT) connected between the
cathode (or anode) of the diode and
ground. The top of this resistor is con-
nected to the ADC1 input of the micro
so it can measure the voltage across
RsHUNT and then calculate the device
current. Again, the value of RSHUNT is
switched by the micro; in this case, to
suit the current range required for the
selected test.

By the way, since the voltage drop
across RsHUNT effectively adds to
the device voltage as measured via
the voltage divider and the micro-
controller’s ADCO input, this has
the potential to introduce a small error
in the device voltage measurement.
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This voltage drop across RSHUNT is
quite small, with a maximum of 2.0V
for a ‘full-scale’ current reading of
20mA (or 200pA on the low range).

To eliminate this problem, the
firmware automatically corrects the
reading. It does that by subtracting
100mV for each 1mA of device cur-
rent on the higher range, or for each
10pA of current on the low range (ie,
it automatically subtracts the voltage
across the RSHUNT).

Testing diacs
Before we move on, let’s look at how
a diac can be tested with the SemTest.
It should be connected to the diode A
and K terminals (either way around)
and first given the diode V test with
the lowest (10V) setting for OPV. This
will show you whether the diac is
shorted (which will give a reading of
no more than about 0.25V and a cur-
rent of about 2.5mA) or ‘OK’ (which
will give a reading of close to 10V).

If you do get a reading of very close
to 10V, you can repeat the above test at
25V or 50V until the diac breaks over
into conduction. Typical diacs break
over at between 25V and 35V, with a
current of less than 200uA.

When the diac does switch into
conduction, the Vp reading suddenly
drops to amuch lower level — probably

around 5V to 10V — while the current
jumps up into the 3mA to 10mA region.
If the diac behaves as described, you
then do the test in the other direction:
ie, switch back to the 10V setting for
OPV and then test it with the Iz (OPV)
test selected.

This will let you check the diac’s
operation in the reverse direction. You
should again see it drawing a current
of less than 200pA with only 10V ap-
plied, with the current jumping up to
between 5mA and 15mA when you
select an operating voltage of 25V or
50V, so that it ‘breaks over’ again.

A diac that gives these expected re-
sults in both tests is working correctly.

Testing transistors

Testing bipolar junction transistors
or ‘BJTs’ is more complex than with
diodes, because there are NPN and
PNP types and they have three leads
rather than two. Fig.2 shows the test
configuration for BJTs. This uses four
relays to perform all of the basic meas-
urements normally required for NPN
or PNP devices:

(1) Iggo — the leakage current passed
between collector and base, with a se-
lected operating voltage (OPV) applied
and the emitter open-circuit

(2) Igep — the leakage current passed
between collector and emitter, again
with a selected operating voltage
(OPV) applied, but this time with the
base open circuit

(3) Vigr)cBo — the breakdown voltage
measured between collector and base,
with the emitter open circuit, but with a
breakdown voltage (BV) source applied
via a series current-limiting resistor

(4) V(gr)ceo — the breakdown voltage
measured between collector and emit-
ter, with the base open-circuit, but
with a breakdown voltage (BV) source
applied via a series current-limiting
resistor

(5) hgg-the common-emitter forward
current gain, measured at any of three
base current levels (Ig = 50pA, 200UA
or 1mA). The choice of base current
levels is provided to cope with small
and medium-power devices.

Asyou can see from Fig.2, RELAY10
is used for setting up the BJT circuit
for testing either NPN or PNP devices.
RELAY11 is used to perform the base/
emitter switching for the various tests,
while RELAY5 is used to switch on
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Fig.3: the MOSFET test circuit. Only three relays are used; these allow all the main tests normally required for both
N-channel and P-channel MOSFETs. The positive Vgg (gate-source) voltage is derived from Zener diode ZD3 and varied
by VR10a, while the ‘negative’ Vgg voltage is derived from ZD4 and varied by VR10b.

positive base bias current (+Igjas) for
hpg testing of NPN devices. RELAY6
is used to switch on negative base bias
current (—Igjag) for hyg testing of PNP
devices.

Additional relays (RELAY3 and
RELAY4, not shown in Fig.2) are
used to switch both +Igjag and —Igjas
between the various current levels.

As with the diode testing circuit,
either operating voltage (OPV) or
breakdown voltage (BV) can be applied
to the transistor being tested, via se-
ries current-limiting resistor RSERIES.
Again, the micro switches the OPV/
BV source on only for the actual test,
and then off when the test is ended.
It also changes the value of RSERIES to
suit each kind of test.

As before, there is a voltage divider
across the device being tested, feeding
the micro’s ADCO input so that the
micro can measure the device voltage
Vpgyv. Again, the micro changes the
divider ratio to suit each kind of test.
The device current is also measured
in exactly the same way as for diodes,
with shunt resistor RsgunT used to
effectively convert the device current
into a small voltage for measurement
via the micro’s ADC1 input. The micro
can also switch the value of RsHUNT

to provide two current ranges: 20mA
and 200pA.

As before, the small voltage drop
across Rspunt will effectively add
to the device voltage measurement,
introducing a small measurement er-
ror for V(gr)cpo and V(gr)cro. Again,
the software corrects for this error by
subtracting 100mV for each 1mA of
device current on the higher range,
or for each 10pA of current on the
low range.

Testing MOSFETs
Testing metal-oxide semiconductor
field effect transistors or ‘MOSFETSs’
is not significantly more complicated
than with BJTs, even though MOSFETSs
are a voltage-controlled transconduct-
ance device, rather than a current-
controlled transadmittance device.

As with BJTs, there are again two
types, in this case N-channel and
P-channel devices, with different
polarity requirements for both drain-
source voltage and gate bias voltage.
There’s also a difference in terms of
breakdown voltage and leakage cur-
rent measurement, of course.

Note, however, that the SemTest is
only capable of testing junction FET
or ‘JFET’ devices in a limited sense,
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as these operate in depletion mode
rather than in enhancement mode, as
used by modern MOSFETs.

Whereas MOSFETs pass virtually
zero drain-source current with zero
gate bias, and need gate bias in order to
pass significant drain-source current,
JFETs work the other way around; they
pass a significant drain-source current
with zero gate bias and need gate bias
to be applied in order to ‘throttle back’
the drain-source current. This means
they require ‘negative’ gate bias, in
contrast with the ‘positive’ bias needed
by MOSFETs.

Despite this limitation, the Sem Test
is capable of testing JFETs for one quite
important parameter: Ingg — the drain-
source gate current with the gate tied
to the source (ie, the zero-bias channel
current). This is done via the same Ipgg
test used for MOSFETs (see below), the
difference being, with MOSFETs the
reading should be very low (usually
well below 200upA), while for JFETs
the reading will be relatively high
(probably 10mA to 20mA).

The MOSFET test circuit is shown
in simplified form in Fig.3, and it’s
relatively straightforward. Only three
relays are used, but these allow the
SemTest to perform all three of the
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out five basic tests.
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fre—
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—bias (VIA RLY6)

Fig.4: the test circuit for SCRs and PUTs uses two relays for switching and
is similar to that used to test bipolar junction transistors (BJTs). It carries

main tests normally needed for either
N-channel or P-channel MOSFETs:

(1) Ipss — the drain-source current
with zero gate bias (ie, gate tied to
source). This can be measured with
any selected operating voltage (OPV)
applied between drain and source, via
a series current-limiting resistor;

(2) V(grypss — the drain-source break-
down voltage, again measured with
gate tied to source, but in this case
with the higher voltage source (BV)
applied between drain and source, via
a higher-value current-limiting resistor

(3) Ip-the drain-source current which
flows at any gate bias voltage Vg (vari-
able between 0V and approximately
12V), with any selected operating volt-
age (OPV) applied between drain and
source. This allows the transfer char-
acteristic of a device to be measured,
and its transconductance worked out.

As you can see from Fig.3, the MOS-
FET drain-source voltage and drain
current are measured in exactly the
same way as for BJTs and diodes, using
a voltage divider feeding ADCO for the
voltage measurement, and shunt resistor
RsHunt feeding ADC1 for the current
measurement. The OPV/BV switching
and RsSgRIES switching are managed by
the micro as before, as is the voltage
divider ratio and the value of RSHUNT.

The main differences between Fig.3
and the earlier test circuits are in the
gate switching circuitry, involving
RELAY13 and RELAY14. The first of
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these relays carries out the primary
gate switching, shorting the MOSFET’s
gate to the source for the Inggand V(gR)
pss tests when it is not energised, or
connecting the gate to a bias voltage
source Vgg when it is energised (for
the Ip versus Vg test).

RELAY14 then performs the job of
selecting either a ‘positive’ Vgg source
for N-channel devices, or a ‘negative’
Vs source for P-channel devices.

The positive Vg source is derived
from the test voltage (OPV) via Zener
diode ZD3 and varied by potentiome-
ter VR10a, while the ‘negative’ Vgg
source is also derived from OPV, but
via ZD4 and varied by VR10b. The lat-
ter is only negative by comparison to
the MOSFET’s source terminal, which
in the case of a P-channel device is
connected to OPV.

This explains why VR10a is ad-
justed upwards from ground (0V) to
increase +Vg (for N-channel devices),
while conversely VR10b is adjusted
downwards from the device source
voltage (representing zero Vgs) to
increase —Vg for P-channel devices.

Since VR10a and VR10b are the two
sections of a dual-ganged 10kQ+10kQ
pot, they are simply wired in converse
fashion so that the effective gate-
source voltage advances from zero as
the pot is turned clockwise.

The micro is able to work out the
effective gate voltage for any setting
of VR10a or VR10b via the connection
from the Vg source, as selected by

RELAY14, to a third ADC input of the
micro (ADC2). But because this only
allows the micro to measure the ‘raw’
gate voltage V¢, relative to ground, this
means that for P-channel devices it also
has to measure the source-drain voltage
ofthe device and subtract the measured
gate voltage from it, to calculate the
effective gate-source bias (-Vgs).

With N-channel devices this isn’t
necessary, although the small voltage
developed across current measuring
shunt resistor RspunT will reduce
the effective gate-source bias for these
devices, by the same factor of 100mV
for each 1mA of current on the higher
current range, or 10pnA of current on
the lower range.

As with the hpg measurements
for BJTs, the firmware automatically
makes this correction.

What about IGBTs?

Although they’re not widely used in
general electronics, insulated-gate bi-
polar junction transistors or IGBTs are
encountered in automotive ignition
systems, fuel-injection controllers,
high power inverters and AC induc-
tion motor drives.

They can be regarded as very much
like an N-channel MOSFET and an
NPN BJT/PNPN silicon-controlled
switch combined, with a collector as
the main positive electrode and an
emitter as the main negative electrode.
However, they have a gate electrode
for voltage control instead of a base
electrode for current control.

IGBTs are usually quite high-power
devices, so the modest test currents
available inside the SemTest mean that
it isn’t really possible to use it to fully
characterise the performance of an IGBT.

However, you can perform basic
tests on an IGBT by connecting it
to the SemTest’s MOSFET testing
terminals (C to the drain terminal, E
to the source terminal and G to the
gate terminal). You then test it as if it
were an N-channel MOSFET, making
amental conversion of the test results
into the equivalent parameters for
an IGBT.

For example, the voltage reading you
get for V(gr)pss will correspond to the
IGBT’s V(gRr)cEs (collector-emitter break-
down voltage with the gate shorted to
the emitter), while the reading you get
for Ings will correspond to the IGBT’s
Ices (collector-emitter leakage current
with gate shorted to emitter).
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You’ll even be able to get an idea
of the IGBT’s gate threshold voltage
VGE(TH), by using the MOSFET Ip vs
Vs test and finding the gate voltage
where Ip (corresponding to the IGBT’s
collector-emitter current Icg) begins
rising from its Icgg ‘off’ level.

Testing SCRs and PUTs

The fourth main type of discrete semi-
conductor device that the SemTest
is capable of testing is thyristors or
silicon-controlled switches (SCSs) —
in particular, SCRs (silicon-controlled
rectifiers) and PUTs (programmable
unijunction transistors).

Note that another name for an SCR
is a cathode-gate SCS, while a PUT is
more accurately described as an anode-
gate SCS. They are both PNPN devices,
and similar apart from the different gate
connections. So, in that sense they are
essentially just two different ‘flavours’ of
SCS devices, like NPNand PNPbipolars
or N-channel and P-channel MOSFETs.

As aresult, the circuitry needed for
testing SCRs and PUTs is not all that
different from that needed for BJTs, as
can be seen from the simplified circuit
shown in Fig.4.

Despite its simplicity, this circuit
allows the following measurements
to be carried out on SCRs and PUTs:

(1) V(r)aks — the breakdown voltage for
an SCR, with its gate tied to the cathode
and a source of high voltage (BV) applied
between anode and cathode via the
usual current-limiting resistor RSERIES

(2) V(gr)aks—the breakdown voltage for
a PUT, in this case with its gate tied
to the anode and the high voltage (BV)
applied between anode and cathode,
again via RSERIES

(3) lpks — the anode-cathode current
for either an SCR or a PUT, with
its gate tied to either the cathode
(SCR) or anode (PUT), and with any
selected operating voltage (OPV) ap-
plied between anode and cathode via
a current-limiting resistor RSgRIES. In
other words, the ‘OFF’ current of the
device

(4) lpk—the anode-cathode current for
either an SCR or a PUT, with any se-
lected operating voltage (OPV) applied
between anode and cathode, and its
gate connected to any of three sources
of bias current: +504A, +2004A or
+1mA in the case of an SCR, or —50A,
—200pA or —1mA in the case of a PUT.
These measurements allow you to gain
a good idea of the device’s triggering
sensitivity

(5) Vak —the anode-cathode voltage
for either an SCR or a PUT when it has
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switched ON and is conducting. In
other words, Vx is the device voltage
drop in its conducting state.

These measurements are really all
that are needed to test and roughly char-
acterise most PUTs and low-to-medium-
power SCRs in general use. But please
note that because of current limitations,
the SemTest is NOT really capable of
testing high-power SCRs — except in a
basic ‘shorted or open’ sense.

Apart from anything else, the maxi-
mum gate bias current provided by the
SemTest is only 1mA, which may not
be enough to trigger a high-power SCR.

As shown in Fig.4, the device voltage
and current measurement arrangements
for SCRs and PUTs are exactly the same
as for BJTs. The only real differences are
with regard to gate switching, where
RELAY15 controls the initial SCR/
PUT switching and RELAY16 controls
whether the gate is connected to the
cathode (SCR) or anode (PUT), or to a
bias current source (via RELAY5 or RE-
LAY6, with the actual bias current level
selected via RELAY3 and RELAY4).

Triac testing

Triacs are another common form of
discrete thyristor device, more widely
encountered than SCRs. They’re used
to control mains AC in many electrical
appliances.
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This view shows the partially-completed top board. It carries the LCD, the ZIF socket (not yet mounted) and most of the
relays. It’s connected to the bottom PCB via three IDC cables.

Because triacs are essentially gate-controlled AC switches,
the only way to fully characterise their behaviour is in a tester
which allows them to be tested under AC conditions. However,
because a triac is very much like a pair of SCRs connected
in inverse parallel, it’s possible to use the SemTest’s SCR/
PUT tests to perform a full range of measurements on a triac.

For example, if you connect a triac to the SemTest’s
SCR terminals with its A1l electrode connected to the
cathode terminal, its A2 electrode to the anode termi-
nal and its gate to the gate terminal (where else?), you
can do all the SCR tests described earlier, ie, V(gRrjaks,

Iaks and Izk for any of the three levels of +Ig;as and even
Vak(oN)- So you can give it a fairly thorough ‘DC workout’
in its main operating ‘quadrant’.

If you then leave it connected in exactly the same way, but this
time check it as if it were a PUT, you can thoroughly test it in a
second quadrant. Finally, if you swap the A1 and A2 electrode
connections so that A2 goes to the cathode terminal and A1 to
the anode terminal, you will be able to test it in the other two
quadrants, ie, by testing it again as an SCR and then as a PUT.

So, for a quick and dirty test, you just run the SCR tests on
the triac for just one quadrant. If you want to test in the other
three quadrants, you need to run the tests three more times,
as just described.

The only limitation to this procedure is that the maximum
gate bias current which the SemTest can provide is +1mA,
which, as with SCRs may simply not be enough to trigger
high-power Triacs.

Summary

That should give you a good idea of the discrete semiconductor
devices that our new SemTest is capable of testing and measur-
ing. Next month, we will present the full circuit details and
start the construction.

16

supplier?

Everyday Practical Electronics, February 2013



Standby for
supercapacitors

jechnolalk

Mark Nelson

Do you remember when lithium batteries were a novelty, combining hefty capacity with an
amazingly long life? Well, it’s time for lithium cells to step aside, as a new contender enters
the arena. Mark offers a roadmap on energy storage trends, together with some advice on

Batteries take a battering

ITH the growing amount of
electronic gadgetry in our
homes, you’d think we’d be

buying more batteries. Not so, says
leading market research company GfK,
citing static sales and little likelihood
of change any time soon. What’s
more, despite the focus on recycling
and greater energy-efficiency, sales of
rechargeable cells have not increased.

But there’s another reason why we
might soon be buying fewer batteries.
What’s more, it’s a genuine ‘disruptive
technology’ that goes by the name of
‘supercapacitors’. These devices are not
new by any means, but their plunging
price definitely is. Back in 2001, a three
kilofarad capacitor cost US $5,000 and
now its cost is below $50.

Their relatively high energy/density is
what makes them such excellent energy
storage devices; it is also the reason
why they are not employed as general-
purpose electronic components, but
specifically for energy storage, effectively
a kind of rechargeable battery.

Up till now, applications for super-
capacitors have been in ‘energy
smoothing’ and high momentary-load
situations, for instance in vehicles and
home solar energy systems, where
extremely fast charging is a valuable
advantage. But all this is about to
change with the burgeoning growth
of multifunctional portable devices —
not merely mobilephones that handle
Internet, navigation, email and playing
videos, as well as making phone calls
and sending texts, but also Android-
based cameras with Wi-Fi Internet
capability.

Springtime for supercapacitors
Common to all these gadgets are power
requirements that vary over time, with
rechargeable batteries sufficing for
some functions and separate lithium
batteries handling occasional peak
power rushes. Lithium cells boast good
energy/density qualities, but they have
the disadvantage that their ‘energy
content’ is reduced significantly if you
need to extract the energy quickly.
Supercapacitors do not suffer
from this drawback and can deliver
a considerable amount of energy at
high power, enabling them to handle
the particular tasks in which lithium
batteries underperform. In comparison
with rechargeable batteries, they

your consumer rights.

endure higher number of cycles, can
be charged and discharged a hundred
times faster and can reach 20 years of
useful life, since their performance does
not suffer from the same degradation
processes of rechargeable batteries.

All this means that supercapacitors
are starting to stake out their own
territory in the energy storage
landscape. Prices have not yet
fallen to bargain basement levels
by any means, but as we buy more
multifunction devices, a mass market
for supercapacitors will emerge. By the
end of this decade, up-front, costs will
be far more competitive. The emphasis
here is on the words ‘up-front’ because
with a useful life of 20 years, the true
lifetime cost of ownership is already
attractive for critical applications.

If you cast your mind back to the
time when lithium cells were exotic
and expensive, the notion that they
would one day be sold in convenience
stores was unthinkable. There is no
reason why this should not happen
with supercapacitors.

Consumer rights conundrum
Buying electronic goods should be a
pleasure, not a contest. But when your
purchase ends in dispute, should your
loss be the supplier’s gain?

It all boils down to consumer rights,
a subject on which few of us are
experts. For this reason, the Office of
Fair Trading is running a campaign to
give consumers a better understanding
of their rights, and how to take action
if something goes wrong. You can
find their website at: www.oft.gov.
uk/OFTwork/consumer-protection/
campaign11-12/kycr/

Before you dash off to see their
tutorials, test your knowledge by giving
your verdict on these three scenarios.

1. Your son’s birthday is coming up
and he’s just as keen on electronics
as you. As you are ordering some
components for your own projects
online, you include a soldering iron
that will be his present. The company
operates walk-in stores as well as the
website, on which it says that goods
can be returned to their stores.

So far so good. Unfortunately, your
son has been dropping hints rather
too freely, with the result that on his
birthday he receives two irons: one from
you and one from his uncle. The iron
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you bought online is now redundant,
but when you visit one of the supplier’s
shops to hand it back, they tell you
that they return money only when the
customer has a right to a refund — for
example, where the item is faulty and
does not conform to contract. Do they
have to give you a refund?

Yes. If their online terms and
conditions state without further
qualification that goods ordered
online can be returned in-store, then
they have to deal with your return.

2. As a freelance circuit developer your
oscilloscope is a vital tool, so vital that
when it dies you buy a replacement
immediately at the local electronics
superstore. Annoyingly, you need
to return it a week later, because the
display flickers off and on when you tap
or jog the new ’scope. They accept that
it’s faulty, but they have no more of this
model in stock and are not expecting a
delivery until next week.

You need a ’scope immediately and
demand they let you have a more
expensive one as it’s their fault, not
yours, and you fulfilled your part of
the bargain by paying for what you
wanted and by returning it in good
time. Do you leave the shop with the
de luxe model?

No. Although the device was not
of merchantable quality and you
returned it in good time, the vendor
is not obliged to give you a more
expensive substitute (the legal term
for this is ‘betterment’). Your only
entitlement is either a full refund or
else a repair/replacement made in
reasonable time.

3. You fancy an Android smartphone
that is listed on a company’s website,
but when you place an order for
it, they tell you they have run out
of stock. However, they do have a
different product that has nearly all
of the same features, although it’s not
quite so compact. Are they allowed to
send you this as a substitute?

Yes, they can send out substitute
goods of equivalent quality and price
if they explained in their pre-contract
information that this might happen,
and made it clear before you placed
your order that they would meet the
cost of returning the substitute product
if you, the customer, did not want to
accept it.
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For the very performance from 24-=bit/06kiHz
recordings — uses the Crystal C$4398 DAC and &
discrete transistor output stage

This new DAC board can be substituted for the original board
used in our hifi Stereo DAC project (Sept-Nov ’11) without any
major changes, effectively replacing the Burr-Brown DSD1796
DAC IC with the high-end Cirrus Crystal CS4398.

Its harmonic and intermodulation distortion figures are significantly
lower than before, although some people will have difficulty
discerning the differences. Try it and find out for yourself.

HE INSPIRATION for this pro-
ject upgrade came from the
Marantz CD6003 CD player. Measure-
ments using an Audio Precision System
One analyser showed that it not only
had a very low harmonic distortion

18

figure for a CD player, but also, it was
practically flat across the audible fre-
quency band (20Hz to 20kHz).

We figured that this was partly due to
its Crystal (Cirrus Logic) CS4398 DAC
(digital-to-analogue converter) IC. This

ismounted on alarge PCB, among a for-
est of discrete and passive components.
So we thought, hmmm. . .. could we do
something similar for our DAC design?
We suspected Marantz were also doing
some fancy digital processing using a
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DSP (digital signal processor) to get
that level of performance, but that the
(CS4398 DAC must also be pretty good
for such an excellent result.

New board

It turns out we were right on both
counts. The CS4398 is very good, but
Marantz seem to be doing some digital
interpolation (possibly increasing the
sampling rate to 96kHz or 192kHz)
to keep the distortion so low. While
our new DAC board does not have
the benefit of digital interpolation,
it is clearly superior to the previous
design, especially when processing
24-bit/96kHz program material.

If you have already built the Stereo
DAC project and would like to try out
thisnew board, it’s pretty easy. You just
build the new PCB and swap it for the
old one. We've designed it so that it’s
the same size and the critical parts are
in the same locations. You then repro-
gram or swap the microcontroller on
the input board, and Bob’s your uncle.

Like the Marantz, we designed the
filtering hardware using all discrete
components (ie, bipolar transistors
and passives).

There was some controversy on the
Internet (unheard of!) over our choice
of op amps in the original Stereo DAC
design (EPE, Sep to Nov '11). This time,
we have avoided using those ‘evil’ little
black boxes, which should make the
extreme audiophile cognoscenti happy.

The resulting circuit has a lot more
components than it would if we
had used op amps, but they are all
cheap and commonly available. The

resulting wide bandwidth compared
to an op amp means that the output
filtering works very well.

Performance

We tested both the original and new
Stereo DAC designs extensively, using
an Audio Precision System One ana-
lyser and the newer Audio Precision
APx525 with digital processing. We
also performed numerous listening
tests, including blind A/B tests.

The first result that became clear
from all this testing is that the original
design really is very good. Its distor-
tion and noise are low (including in-
termodulation distortion), its linearity
is very good and it generally sounds
excellent. However, the new Stereo
DAC design measures even better,
with lower distortion (especially at
high frequencies), even lower inter-
modulation distortion and astounding
linearity down to —100dB.

A comparison of the harmonic
distortion between both channels of
the original and the new Stereo DAC
design is shown in Fig.1. These tests
were performed on the same unit with
just the DAC boards swapped, so they
give an ‘apples-to-apples’ comparison.

Note that noise has been digitally
filtered out of this measurement com-
pletely, for a couple of reasons. First,
both DACs have quite a bit of high-
frequency switching noise in their
output (but a lot less than some DVD
and Blu-ray players we’ve tested). This
can mask the distortion if we set the
bandwidth wide enough to capture
harmonics of high audio frequencies.

Everyday Practical Electronics, February 2013

Second, the 20Hz to 20kHz residual
noise of both the original and new
boards are similar. This also means that
a THD+N comparison would tend to
understate the reduction in harmonic
distortion obtained with the new design.

Asyou can see, harmonic distortion
with the CS4398 is substantially lower
than the original design, both at high
frequencies (above 3kHz) and low
frequencies (below 100Hz). The dif-
ferences between channels are due to
asymmetries in the PCB layout, as well
as mismatches between the two chan-
nels within the DAC ICs themselves
(eg, due to resistor ladder tolerances).

Fig.2 shows the channel separa-
tion for both units. The lines labelled
‘left’ show how much signal from the
right channel couples into the left
and the lines labelled ‘right’ show the
opposite. In both cases, channel sepa-
ration is very good and is generally
better than —100dB across the audio
spectrum. The older design is slightly
better in this respect, although the dif-
ference is largely academic.

Fig.3 compares the linearity of both
DACs. This plot shows the deviation
between the expected and actual out-
put level for a sinewave at a range of
levels between —60dB and —100dB.
Both DACs perform extremely well in
this test, but the CS4398 is especially
good, with a maximum deviation ofno
more than 0.25dB at—100dB. Its devia-
tion is essentially zero above —84dB,
while the DSD1796 still shows some
deviation up to —70dB.

Note that all of the above test results
were obtained with the Audio Preci-
sion APx525 (which can test in the
analogue or digital domain) using 24-
bit 96kHz signals fed into a TOSLINK
input of the Stereo DAC project.

Frequency spectra

The FFT frequency spectra for the
updated Stereo DAC, with one channel
in magenta and the other in khaki, is
shown in Fig.4. This was computed
with a one-million sample window, an
equi-ripple algorithm and 8x averag-
ing. The test signal is at 1kHz and the
bandwidth is 90kHz.

The harmonics of the test signal are
clearly visible at 2kHz, 3kHz and so on.
Also visible is some 50Hz and 100Hz
mains hum at around —120dB, as well
as various intermodulation products
of this hum with the fundamental and
its harmonics.
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Performance graphs
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Fig.1: harmonic distortion (ignoring noise) versus frequency
for the original (DSD1796-based) and new (Crystal CS4398-
based) DACs. The new design has lower distortion overall,
but especially above 2kHz. The channels differ slightly due
to layout asymmetries and differences in the ICs themselves.
The spikes at 1.2kHz and 9kHz are due to aliasing between
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Fig.2: acomparison of channel separation (ie, crosstalk) for the
original and new DACboards. The original is slightly superior,
but both are very good, with less than —-93dB crosstalk at any
frequency and separation of at least 100dB up to 1kHz. As is
typical, there’s more coupling in one direction (for the new
design, left channel to right channel) than the other, again

the test and sampling frequencies.

mainly due to asymmetry.

Aswe said earlier, both DACs are very
good, but the updated design gener-
ally has better figures. We also ran the
SMTPE intermodulation distortion test
on both. Thisinvolves sending a 4:1 mix
of 7kHz/400Hz sinewaves to the test de-
vice. These frequencies are then filtered
from its output (400Hz with a high-pass
filter, 7kHz with a notch filter) and the
remaining harmonics measured. These
will generally be the sum and difference
frequencies of 6.6kHz and 7.4kHz, but
possibly other harmonics too.

The old design gives an intermodula-
tion distortion level of around 0.0018%
(-95dB), while the new design gives
0.0006% (—105dB); a significant im-
provement.

Listening tests
The results of our listening tests were
somewhat controversial. We used
our 20W Stereo Class A Amplifier
(Oct 2008 — Feb 2009), a much earlier
speeker project and the 3-Input Selec-
tor presented last month, which was
used to switch between the two Stereo
DAC prototypes. The original prototype
was set to a volume of —0.5dB and the
levels matched almost perfectly, giving
seamless switching between the two.
The two DACs were fed with digital
audio from a Blu-ray player with sepa-
rate TOSLINK and S/PDIF outputs.
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Some ‘subjects’ could not tell the
difference in sound quality between
the two DACs, while others claimed
to be able to hear a distinct difference
between the two on certain passages,
although the difference was not obvi-
ous on other passages. With complex
choral music, two of the ‘guinea pigs’
were able to pick the updated DAC as
sounding ‘brighter’. On other types of
music, a difference could be discerned,
but we could not reliably pick which
DAC we were listening to.

You’ll have to make your own mind
up about whether the new design gives
an audible improvement. However, we
can be certain that this upgraded DAC
design gives far superior performance
compared to virtually any CD, SACD,
DVD or Blu-ray player on the market.
And for those people who think that
Blu-ray players are generally superior in
terms of sound quality, our limited tests
demonstrated that this is not necessar-
ily true. Cheap Blu-ray players are just
that — cheap!

Circuit description

The full circuit diagram for the new
Crystal DAC board, is shown in Fig.5.
IC1 is the CS4398 DAC chip, and this
is wired to 16-pin IDC socket CON1. Its
configuration is identical to that of the
original DAC board, carrying the 3.3V

supply from the control board, as well
as audio data (pins 4, 6, 8 and 10) and
serial control data (pins 7, 9, 11 and
13). There are also two mute feedback
lines (pin 15 and pin 16), allowing the
micro to sense output silence.

IC1 has a dual 3.3V and 5V power
supply with multiple supply pins
for each internal section. Both rails
have 100uF bulk bypass capacitors.
Each supply pin also has a 100nF
bypass capacitor for lower supply
impedance at higher frequencies
(>100kHz).

VLS (pin 27) is supplied 3.3V to suit
the audio serial data levels, while VLC
(pin 14) is at 5V to match the microcon-
troller’s I/0 levels. To avoid switching
noise feeding back into the 5V rail,
which also powers analogue circuitry,
a 100Q stopper resistor is included.

VD (pin 7) is the supply pin for the
DAC’s digital core (digital filtering and
so on). This runs off 3.3V, while the in-
ternal analogue circuitry (eg, op amps)
runs off a 5V rail connected to VA (pin
22). This 5V rail is also fed separately
to Vygr (pin 17) for the DAC reference
voltage. Capacitors at FILT+ (pin 15)
and VQ (pin 26) smooth IC1’s internal
reference voltages.

VQ is the quiescent output voltage
and generally sits at half supply (e,
2.5V). We aren’t using the DSD (direct

Everyday Practical Electronics, February 2013



Constructional Project

Linearity 05/12/11 14:01:58

+1.0 a |
Left Right M

+08| = =W CS4398
= == DSD179

+0.6
+0.4
4
= +0.2 N
S YK
©
> 0 ¥\_/ E—
8 A /’\——-\"/v'—"
3 -02
3
(]
-0.4
-0.6
-0.8
-1.0
-100 -90 -80 -70 -60

Nominal Output Level (dBr)
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updated board (with the CS4398) is the best of the two, with
an astounding deviation of less than one quarter of a decibel
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Fig.4: a frequency domain plot (ie, spectrum analysis) of the
output oftheupdated DACfor a 1kHzsinewave. Eight FFTs were
averaged to reduce noise. The harmonics are clearly visible at
multiples of the fundamental (2kHz, 3kHz, etc) as well as mains
hum at 100Hz. You can also see the various intermodulation
products of the fundamental and its harmonics with 100Hz.

audio is just 96dB).

stream digital) input pins on the IC, so
they are tied to ground.

The microcontroller’s serial I/O pins
connect to header CON1 via links LK1
to LK4. These are closely-spaced pads
on the bottom of the PCB which can be
bridged with solder. The CS4398 can
operate without a microcontroller, and
to do so, pin 9 to pin 12 are connected
to either ground or VLC (+5V).

This arrangement allows those pins
to be connected to configure the DAC
correctly, even in the absence of a
microcontroller. However, if this is
done, many features of this design do
not operate properly, such as volume
control, automatic input scanning and
muting. As a result, we suggest that
constructors simply bridge LK1 to LK4
and reprogram the micro with the new
software. All the features of the origi-
nal design will then work normally.

Analogue filtering

The DAC IC we used previously
(Burr Brown DSD1796) has differ-
ential current outputs, while the
(CS4398 has differential voltage out-
puts. That means we no longer need
current-to-voltage converters; they
are internal to IC1. However, we still
need to filter the outputs to remove
the DAC switching noise and convert
the differential (balanced) signals to

unbalanced, to suit the inputs of a
typical amplifier.

We have used the recommended
filter, a two-pole Butterworth low-pass
arrangement, consisting of six resistors
and five capacitors for each channel.
These are shown just to the right of IC1.

The operation of this filter is quite
complicated, since the two RC filters
for each channel interact with each
other. Let’s look at the left channel;
the right channel circuit is identical.
The non-inverted output from IC1
comes from pin 23 (AOUTA+) and the
inverted signal from pin 24 (AOUTA-).

The waveforms from each pin are
(theoretically) identical but opposite
in polarity; ie, one swings up when the
other swings down, and vice versa. Both
signals are attenuated, with a gain of
around 0.45, by a pair of resistive divid-
ers. While the division ratios are very
similar, the actual resistor values differ:
6200Q/5109 for the non-inverted signal
and 1.6kQ/1.3kQ for the inverted signal.

These resistors also form single-pole,
low-pass filters, in combination with
the 18nF (non-inverted signal) and
6.8nF (inverted signal) capacitors. The
attenuating resistors are effectively in
parallel with each other, for a —3dB
point of around 32kHz in both cases.

These are then followed by another
set of RClow-pass filters —270Q/4.7nF

Everyday Practical Electronics, February 2013

for the non-inverted signal, and
680Q/1.8nF for the inverted signal. In
isolation, these have corner frequen-
cies of around 130kHz.

Note that the bottom ends of the
1.3kQ resistor and 1.8nF capacitor
are connected to the output of the
following differential amplifier, rather
than ground. Because the output is
out of phase with the inverted signal
from pin 24 of IC1, this acts like a
virtual ground. So there is twice the
voltage across these compared to the
non-inverted signal filter, hence the
higher resistance values (keeping the
current from each output approxi-
mately equal).

The overall filter response (deter-
mined by simulation) is—3dB at 45kHz,
which is above the 30kHz or so you
would expect if the filters operated in
isolation. This is partly due to their
interaction, and also partly due to the
connection from the differential ampli-
fier’s output to the inverting signal filter.
As we said earlier, it’s complicated!

The resulting response is —0.1dB at
20kHz. Including the DAC’s internal
filtering and the additional filtering at
the output, the overall response for the
circuit is —0.25dB at 20kHz, which is
quite acceptable.

The active filter gives around 13dB
of attenuation at 100kHz, increasing
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Fig.5: the circuit is based on a Cirrus Logic (Crystal) CS4398 stereo DAC chip (IC1). This has differential outputs (pins 23
and 24, and pin 20 and 19) which drive discrete audio output stages based on transistors Q1 to Q12 in the left channel
and Q15 to Q26 in the right channel. Q14, Q28 and dual N-channel MOSFETs Q29a-b and Q30a-b mute the outputs when
there is no signal from the DAC. Power comes from an external 15V supply, with REG1 providing a +5V rail for IC1.
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at around 12dB/decade. This is ulti-
mately limited by the bandwidth of
the differential amplifier circuit, and
so the filter is ineffective at very high
frequencies (many MHz).

This means that the 1.8nF capacitorin
the filter network can couple very high
frequencies through to the output, but
their level is too low to cause problems.

Discrete op amps

We noted earlier that we have used
discrete transistors in this circuit,
instead of op amp ICs.

Again referring to the left channel
only, the base of NPN transistor Q1 is
the non-inverting input of the differ-
ential amplifier, while the base of Q2
is the inverting input. Both transistors
have 100Q emitter-degeneration resis-
tors to improve linearity.

Transistor Q5 (PNP) acts as a con-
stant current source for the long-tailed
pair, and this is set to around 3mA by
a 220Q resistor. NPN transistors Q3
and Q4 form a current mirror collec-
tor load, with 68Q emitter resistors to
improve current sharing.

The current into the base of NPN
transistor Q8 is proportional to the
difference in voltage between the two
inputs (ie, between the bases of Q1
and Q2). Q8 and NPN transistor Q9
act as abeta-enhanced transistor (like a
Darlington) and operate as a common-
emitter amplifier. PNP transistor Q7
acts as a constant-current collector
load at around 3mA.

Together, Q8 and Q9 form a trans-
impedance amplifier, converting the
current delivered to the base of Q8 into
a voltage at Q9’s collector. This volt-
age controls the output stage, which
consists of transistor Q11 (NPN) and
transistor Q12 (PNP) in a push-pull,
emitter-follower configuration.

Transistor Q10 (NPN) forms a Vg
multiplier. This generates an adjust-
able bias (set by trimpot VR1), so that
both Q11 and Q12 are conducting full
time, giving Class A operation.

The 100pF and 1nF capacitors be-
tween Q9’s collector and Q8’s base
provide frequency compensation. The
two constant-current sources (Q5 and
Q7) limit their charge and discharge
currents, and so set an upper limit on
slew rate and frequency, reducing gain
at very high frequencies below the level
required for sustained oscillation.

With this 2-pole compensation
scheme, the 2.2kQ resistor to the =15V
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Eeatuieskandgspecifications;

Output level ...
Signal-to-noise ratio .........ccccceeeeennen.

............................................ 1.9V RMS
................................................ -112dB
............................................. <-124dB

Idle channel noise .........cccccocoeeviienns
Channel separation ..........cccccoeeveene.
Harmonic distortion (see Fig.1) .. <0.001% @ 1kHz, <0.002% 20Hz-20kHz
................................ 0.0014% @ 1kHz
................ <0.001% (400Hz/7kHz 4:1)
............... -0.25,+0.05dB 20Hz-20kHz
Supported sampling rates ............ 32kHz, 44.1kHz, 48kHz, 88.2kHz, 96kHz

............ ~100dB @ 10kHz (see Fig.2)

THDHN e
Intermodulation distortion .................
Frequency response ............ccccoveveenne

rail increases the open-loop gain avail-
able at higher audio frequencies. At
low frequencies, this resistor shunts
much of the current passing through
the 100pF capacitor so that it never
reaches Q8’s base, but at much higher
frequencies, the capacitor’s impedance
is so low that it has no effect.

Transistor Q6 (PNP) provides the
bias and negative feedback for cur-
rent sources Q5 and Q7, keeping the
voltage across their emitter resistors
constant. Its own collector load is a
bootstrapped constant-current sink
formed from two 10kQ resistors and
a 47pF capacitor. This prevents vari-
ations in the supply rail from affecting
the current regulation, as this would
increase inter-channel crosstalk and
reduce supply hum rejection.

The signal output appears at the junc-
tion of the 10Q emitter resistors for Q11
and Q12. The output voltage hasa 2.5V
DC offset, which is removed by a 47uF
DC-blocking capacitor with a 100kQ
bias resistor. The audio signal then
passes through an additional RC low-
pass filter (100€Q/10nF) before passing
to the output RCA phono connector
CON3 (CON4 in the right channel).

Since the output signal swing is
about 2.7V (1.9V RMS), the 100Q
resistor limits the short-circuit output
current to 27mA. Otherwise, Q11 or
Q12 would quickly burn out with a
shorted output.

Muting

As suggested in the CS4398 data sheet,
we have added muting circuitry to the
outputs. This consists of a dual MOS-
FET for each channel, the MOSFETs
operating as analogue switches. These
short the output to ground when there
is no signal from the DAC.

This suppresses any clicks or pops
that may occur when the sample rate
changes, or the DAC selects a differ-
ent input and so on. It also makes the
apparent signal-to-noise ratio appear
to be better, by reducing the idle chan-
nel noise. But it doesn’t actully affect
the actual signal-to-noise ratio during
playback, since the muting MOSFETs
are then switched off.

These components are not strictly
necessary, but don’t add much cost or
complexity to the circuit.

The example circuit in the CS4398
datasheet uses 2SC2878 NPN transis-
torsrather than MOSFETs. These are a
special type of bipolar transistor with
an unusually high reverse hyg of 150,
compared to around 1-2 for a normal
NPN transistor. So they can operate
normally even with their collector and
emitter reversed; in this case, when
the collector voltage (ie, signal) swings
below ground.

The 25C2878 transistors are available
but not widely so. By contrast, the dual
MOSFETs we have used instead can be
bought from many different sources.

The CS4398 DAC automatically de-
termines the polarity of its AMUTEC
and BMUTEC outputs (for the left and
right channels, respectively) based on
the external biasing arrangement. In
this case, they have a resistive path
to ground and so the chip drives them
low to mute, and high otherwise.

When the mute output is low, cur-
rent is sunk from the base of transistor
Q14 (PNP)via the 100kQ resistor, turn-
ing it on. Q14 then pulls the gates of
Q29a and Q29b high to 5V via a 100Q
resistor. The 100Q resistor creates a
low-pass filter with the MOSFET gate
capacitance, preventing voltage spikes
due to stray inductance.
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The two MOSFETs in each pair are
connected source-to-source, with one
drain connected to the output and the
other to ground. As a result, the two
parasitic body diodes are connected
anode-to-anode so that regardless of
the output signal voltage polarity, at
least one is reverse-biased. If we had
used a single MOSFET instead, the
signal would be clipped to within one
diode drop to ground when the body
diode was forward-biased.

These diodes also clamp the sources
of both MOSFETs to no more than 1V
above ground. So when the gates are
at +5V, both MOSFETs have a gate-
source voltage of at least +4V. The
on-threshold for the IRF7905 is no
more than 2.25V, so they are turned
hard on in this situation, shorting the
output to ground.

When the AMUTEC mute output
goes high, Q14 turns off, and so the
gates of Q29a and Q29b are pulled to
—15V via a 100kQ resistor. This is well
below the lowest output signal voltage
of-2.7V, and so both MOSFETs switch
off and the signal is unaffected.

When off, the MOSFETs do have
some capacitance, due mainly to the
drain-source capacitance which is at
a maximum of about 350pF when the
drain-source voltage is zero. However,
most of the time, the two capacitances
are in series and so there is effectively
no more than 200pF additional capaci-
tance at each output. This is swamped
by the parallel 10nF capacitors, and so
has no effect on distortion.

A pair of back-to-back 18V Zener
diodes between the gates and sources
of each MOSFET protects them from
damage in the case of a voltage spike
or static discharge. Due to the low cur-
rents normally involved, the Zeners
will conduct below 18V, clamping the
gate-source voltages below the 20V
maximum rating.

The 100pF capacitor between the
emitter and collector of Q12 helps
keep it on when power is first applied,
preventing start-up clicks or pops.
Q12 is then held on by the resistors
between its base and ground until the
DAC IC begins actively driving the
mute outputs.

Power supply

The =15V supply for the amplifier
circuitry is provided by an external
power supply board (as used in the
original Stereo DAC), wired to CON2.
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This powers the output stages directly,
while the rails feeding the input stages
are applied via RCfilters. These filters
each comprise a 100Q resistor in series
with each rail, plus a 47pF capacitor
between the two rails.

This improves the channel separa-
tion by preventing supply voltage
variations to the input stages due to
current demands from the output
stages. Diodes D1 and D2 in the left
channel, and D3 and D4 in the right
channel prevent the 47uF capacitors
from pulling either supply rail to the
wrong side of ground during power-up
or power-down.

The +5V supply is derived from
the +15V rail using REG1. Diode D5
prevents REG1 from being damaged if
the +15V rail collapses faster than the
+5V rail. The associated input/output
capacitors ensure regulator stability
and reduce output noise, while the
220Q resistor reduces dissipation in
REG1 and helps filter any ripple from
its input supply.

Building it

All the component parts are mounted
on a double-sided PCB, code 886,
measuring 94mm x 110mm. This
board is available from the EPE PCB
Service. Please note itis NOT a plated-
through-hole board and will require
‘vias’ (top-to-bottom links) and some
components soldering to both sides.
The printed circuit board (PCB) com-
ponent layout is shown in Fig.6. The
DAC IC (IC1) should be fitted first.
This deviceisin a 28-pin TSSOP (thin
shrink small outline package) with a
0.65mm lead pitch and is installed on
the underside of the PCB — see Fig.7.

That’s done by first placing the PCB
copper-side up, with IC1’s pads to the
left and right (ie, with the board rotated
90°). That done, apply a very small
amount of solder to the upper-right
pad with a clean soldering iron (use a
medium to small conical tip).

Next, pick up the IC with tweezers
and position it near the pads with the
correct orientation (ie, with its pin 1
dot positioned as shown on Fig.7).
That done, heat the tinned pad, slide
the IC into place and remove the heat.

Now check its alignment carefully,
using a magnifying glass if necessary.
It should be straight, with all the pins
over their respective pads and an equal
amount of exposed pad on either side.
Ifnot, reheat the solder joint and gently
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[Parts list = Crystal DAG

1 double-sided PCB, code 886,
94mm X 110mm

1 16-pin PCB-mount vertical IDC
connector (CONT1)

1 3-way mini PCB-mount
terminal block, 5.08mm pitch
(CON2)

1 white PCB-mount switched
RCA phono socket (CONS3)

1 red PCB-mount switched RCA
phono socket (CON4)

M3 nuts and flat washers (may
be required to adjust new
PCB height to suit holes in
existing case)

Semiconductors

1 CS4398 Stereo DAC IC (IC1)
(Element14 1023397)

1 ATMega48 programmed micro
(or reprogram existing micro)
— see software panel

2 IRF7905 dual N-channel
SMD MOSFETs (Q29,Q30)
(Element14 1791580)

1 78L05 5V linear regulator
(REGH1)

14 BC559 PNP transistors
(Q1-Q2, Q5-Q7, Q12, Q14-Q16,
Q19-Q21, Q26, Q28)

12 BC549 NPN transistors
(Q@3-Q4, @8-Q11, Q17-Q18,
Q22-Q25)

5 1N4004 1A diodes (D1-D5)

4 18V Zener diodes, 0.4W or 1W
(ZD1-ZD4)

Capacitors

9 100pF 16V electrolytic
10 47pF 35V/50V electrolytic
1 10uF 16V electrolytic
6 100nF MKT

2 18nF MKT

2 10nF MKT

2 6.8nF MKT

2 4.7nF MKT

21.8nF MKT

2 1nF MKT

4 100pF NP0/COG

Resistors (0.25W, 1%)

7 100kQ 2510Q

6 10kQ 2 270Q

10 2.2kQ 5220Q

2 1.6kQ 17 100Q

2 1.3kQ 4 68Q

2 680Q 410Q

2 620Q

2 5kQ mini sealed horizontal
trimpots
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Fig.6: follow this layout diagram to install the through-hole parts on the
PCB. Take particular care with the transistors. There are two different types
(BC549 and BC559) — don’t get them mixed up.

Left: this is the
fully-assembled
PCB. Note the
orientation of
the IDC socket.

nudge the chip in the right direction
until its position is perfect.

The diagonally opposite pin should
now be soldered, after which you
can solder the remaining leads. Don’t
worry about solder bridges; they are
virtually inevitable and can easily be
fixed. The most important job right
now is to ensure that the solder flows
on to and between all leads and pads.

Once the soldering is complete, ap-
ply a thin smear of no-clean flux paste
along the leads, then remove the excess
solder using solder wick. Once the flux
is heated to boiling point, this should
happen quickly. Be sure to trim the
end off the wick if it gets solder-logged.

You should now make a final in-
spection to ensure that there are no
remaining solder bridges and that the
solder has not ‘balled” on to a lead
without flowing on to its pad. If there
are still bridges, clean them up with
more flux and solder wick.

For further information on soldering
SMD packages, refer to: How to Solder
Surface-Mount Devices, July 2010.

MOSFETs Q29 and Q30 go in next.
These are also SMDs, but they come in
SOIC-8 (small outline integrated circuit)
packages with much wider leads and
greater pin spacing than the DAC chip.
The leads can be soldered individually,
although it’s a good idea to add a small
amount of flux paste and use solder wick
toremove excess solder when you have
finished. This also helps to reflow the
solder, ensuring good joints.

Again, be extra careful with the ori-
entation. The MOSFETs may not have
a dot to indicate pin 1. Instead, SOIC
packages normally have one bevelled
edge and pin 1 is located on that side.

Links
The next step is to bridge the solder pads
for links LK1 to LK4 (see Fig.7). This
connects pins 9 to 12 of IC1 to CON1,
and it’s simply a matter of soldering
across the four pairs of closely spaced
pads. However, be careful not to bridge
adjacent links or to bridge to the OV and
5V pads on either side of the four links.
Note: if you want to test the board
without reprogramming the microcon-
troller, leave these links open and con-
nect pins 9 to 12 to either OV or +5V,
as detailed in the accompanying panel.

Through-the-hole
The larger through-hole parts can now
be installed, starting with the resistors,
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diodes D1 to D5 and Zener diodes
ZD1 to ZD4. Do check each resistor
with a DMM before installing it, as
some colours can be difficult to read.
It’s also a bit of a hassle to remove an
incorrectly-placed part from a PCB.

If you do need to remove a resistor
or diode, first cut the lead off one side,
near the body. That done, heat the pad
on the opposite side and gently pull
the body until it comes away. Finally,
grab the remaining lead with pliers,
heat its pad and again pull it out.

Once the part is out, you can then
clear the holes with a solder sucker.
Other parts can be removed in similar
fashion — cut away the body and then
remove the leads one at a time.

Check that each diode (and Zener
diode) is oriented correctly before
soldering its leads. The 78L05 regula-
tor (REG1) can now go in. Orient it as
shown, and bend its leads with pliers
to match the holes on the PCB.

Now for the transistors. There are
two different types, BC549 (NPN) and
BC559 (PNP), so don’t get them mixed
up. Crank their leads so that they mate
with their copper pads, then push them
down on to the PCB as far they will com-
fortably go before soldering their leads.

Follow with the two horizontal
trimpots, then mount the ceramic and
MKT capacitors. That done, solder the
electrolytic capacitors in place. These
are all polarised, so be sure to orient
them correctly.

Making a connection
That just leaves the four connectors
(CON1 to CON4). Make sure that the DC
socket is installed with its notch towards
the edge of the PCB and that it is pushed
down fully before soldering its pins. It’s
best to solder two diagonally opposite
pins first and check that it’s sitting flat
before soldering the rest. Similarly,
terminal block CON2 must go with its
wire entry holes towards the edge of the
PCB and must be flush against the board.
Be sure also to push the RCA phono
sockets down as far as they will go
before soldering their pins. The red
socket is mounted on the right-hand
side, as shown on Fig.6, while the
white (or black) socket goes to the left.

Chassis mounting

Once the assembly is complete, the PCB
can be mounted in the chassis. Assum-
ing you built you Stereo DAC from a
kit, it’s just a matter of removing the

Constructional Project

Fig.7: this diagram shows how the SMD parts are installed on the bottom
of the PCB. Note that you also have to install solder bridges for links LK1-
LK4, but temporarily leave these out if you want to test the completed board
without reprogramming the microcontroller - see text and panel.

old DAC board and mounting the new
onein its place (the mounting holes are
in the same locations).

Note, however, that you may need
to install some washers under the
spacers to get the RCA phono sockets
at the correct height. If so, install these
between the spacers and the bottom of
the case. If you put the washers under
the PCB, they could short some of the
component leads to earth.

The connectors are also in essen-
tially the same locations, so the new
PCB should slot straight into any case
that’s already in use for the original
Stereo DAC.

Reprogramming the micro

You will now need to either reprogram
the Atmel microcontroller on the
Input PCB or replace it with a micro
that has the new software. The hex file
(0110212A.hex) is available for down-
load from the EPE website. If you don’t
have an Atmel programmer, you can
purchase a programmed micro - see
the blue software panel.
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Input board modifications
There are other changes we suggest
you make to the input board. First, the
original design had 33pF capacitors be-
tween each TOSLINK receiver’s output
and ground. These were recommended
in the datasheet for the Jaycar Z1.3003
16Mbps TOSLINK receivers we used
originally. However, we subsequently
found that these capacitors caused some
TOSLINK receivers to oscillate under
no-signal conditions.

At first, we recommended increas-
ing the capacitor values to 100pF.
The problem then was the TOSLINK
inputs could no longer reliably receive
data with a 96kHz sample rate. As a

Software
All software program files will be
available from the EPE website at
WwWw.epemag.com.

Although we do not supply
pre-programmed microcontrollers,
you can purchase the programmed
micro featured in this project from:

parts@siliconchip.com.au

27



Constructional Project

The new DAC Board (top, right) is a drop-in replacement for the older board. Be sure to connect both the I/0 cable and the
supply leads before applying power, otherwise you could damage the DAC chip.

result, we removed these capacitors
altogether from our unit (there were
no ill effects) and were then able to
test it at 96kHz.

So, if you want to use the DAC with
96kHz data, first check that you have
TOSLINK receivers capable of 16Mbps.
The aforementioned Jaycar ZL3003. If
you do swap them over, be sure to check
that the link selecting 3.3V/5V opera-
tion is in the correct location.

You must then remove the 33pF (or
100pF) capacitors at the outputs of the
TOSLINK receivers. While you are at
it, be sure to change the 300Q resistor
across the S/PDIF input socket (CON1)
to 82Q.

Setting up and testing
The new DAC Board can now be tested,
but first a warning: never apply power
to the unit without both CON1 and
CONZ2 (on the DAC board) wired up. If
you do, you could damage IC1. Check
also that the power supply polarity to
CON?2 is correct before switch-on.

Before switching on, turn trimpots
VR1 and VR2 fully anti-clockwise,
then back clockwise about a quarter
of a turn. That done, apply power and
check the voltage between test points
TP1 and TP2 usinga DMM. You don’t
need PC pins; just push the probe tips
into the test point holes.

The reading should be below 10mV.
If it’s higher, switch off and check for
faults. Also, check the voltage between
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TP3 and TP4; it should also be less
than 10mV.

Assuming these readings are OK,
monitor the voltage between TP1 and
TP2 and slowly turn VR1 clockwise
until you get a reading of about 20mV.
That done, repeat this procedure by
monitoring TP3 and TP4 and adjust-
ing VR2.

This sets the quiescent current
through the output transistors in each
channel to around 2mA. That’s suf-
ficient for them to operate in class-A
mode for any load of 1.3kQ or more.

For lower load impedances or
highly capacitive loads, the circuit
will automatically switch into class-
B mode. If for some reason you want
to drive a 600Q2 load in class-A mode,
increase the quiescent current to 6mA

by adjusting VR1 and VR2 for 60mV
between the associated test points.
There’s no thermal feedback be-
tween the Vgg multipliers and output
stages, but at these current levels, tran-
sistor self-heating is low and thermal
runaway should not occur. Changes
in ambient temperature will be com-
pensated for though, as it will affect
all transistors more or less equally.
Finally, connect a signal source and
check that the sound is undistorted. It’s
also a good idea to check that the vol-
ume control, scanning, muting and so
on are all working correctly. This will
confirm that the microcontroller can
communicate with the DAC IC (IC1).
Once up and running, its opera-
tionisidentical to the original Stereo
DAC. EPE

festingkthe)RCBRwithouifreprogiramming|

and use it in a limited manner.

Communications between the DAC (IC1) and the microcontroller on the other board (via
CON?1) go via links LK1 to LK4, which are closely spaced pairs of pads on the underside
of the PCB. These are normally shorted with solder.

We could have used permanent tracks instead, but this way, it’s possible to test the
DAC board without having to reprogram the microcontroller. This is because the CS4398
has multiple different configuration modes, and the simplest involves tying pins 9 to 12
either high to +5V (VLC) or tying them low (0V). These are the same pins used for serial
communications and they are connected to LK1-LK4.

Most constructors should just short the four links as shown on the overlay diagram, then
reprogram the microcontroller. However, if you want to test the new board out first, you can
instead connect pins 9 to 11 of IC1 to the small, nearby OV pad and pin 12 to the adjacent
5V pad. In this mode, many DAC features do not work properly (eg, the volume control,
input scanning and muting), but you can at least verify that the new board is functioning
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VERYDAY PRACTICAL ELECTRONICS is offering its readers the chance to win a Microchip

mTouch Projected Capacitive Development Kit. The Kit (part #DM160211) includes a 3.5-inch sen-

sor mounted on a sensor board, a projected capacitive board with the PIC16F707 MCU and fully
functional firmware. The kit enables users to connect sensors to up to 24 channels, without modifying
the firmware. The open-source code supports sensors with up to 32 channels, and the kit includes a
graphical user interface (GUI) tool that enables customers to easily adjust key parameters that are impor-
tant to their design.

The kit contains:

* Projected capacitive board, including a PIC16F707 fully functional firmware
® 12 x 9 sensor board

* Projected capacitive 12 x 9 touch sensor, size 3.5-inch

e USB/communication cables

HOW TO ENTER

For your chance to win the mTouch Projected Capacitive Development Kit from Microchip, please visit:
www.microchip-comps.com/epe-mprocap, and enter your details in the online entry form.

CLOSING DATE
The closing date for this offer is 28 February 2013
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S governments announce their restrictions and But, as we show in our measurements, even those figures
even bans on incandescent lamps, one of our first can be quite deceiving! (See the panel ‘How bright?’).
thoughts was ‘what are we going to do for floodlights?’.
Mainly powered by halogen lamps of 150W and LED array
500W ratings, these floodlights have become incredibly The majority of high-power LEDs these days are made from
popular in domestic, industrial and public lighting anumber of individual LEDs forming an ‘array’. In this case,
installations. it’s a 3x3 matrix of pure white LEDs, each one rated at 1.2W.
Until recently, there wasn’t a viable alternative to the The net result is a single LED light source rated at roughly
halogen lamp, often called a ‘QI’ lamp, which stands 10W (there are some losses).
for quartz iodine (the construction and gas inside). But The array itself measures about 1cm square, but with
with the recent spectacular developments in LEDs, there mounting, the whole assembly measures about 2cm square
is now a very effective replacement for power-hungry — still pretty small compared to a halogen lamp. Attached
halogen lamps. to each side are tabs for soldering power leads.
The good news is that if you opt for a kit, the LED ar-
Strike a light ray is already fitted to the lamp housing (which acts as a
To get this into perspective, halogen floodlights heatsink) and a reflector drops into place around the LED
comparable in size to this LED floodlight generally array. So the hardware side is easy!
use 150W lamps; 15 times the power!
Their light output varies depending on Driver circuit
type, but a typical figure is about 2300 The downside of an LED, especially
lumens, or about 15 lumens per watt an ultra-high-brightness type, is that
(2300/150). And that really only hap- you cannot simply connect power to
pens with a new lamp, as light output it. LEDs need to be ‘driven’ by an ap-
drops with age. propriate supply or they will burn out
The light output from this LED flood- very quickly.
light output is not as high, at 720 lumens With low-power LEDs, it’s easy; a suitable
and therefore, 72 lumens per watt. A close-up view of the LED array, current-limiting resistor will do the job. But

OK, so that’s about one third the light already mounted in the lamp case. high-power LEDs need a driver circuit to
output of the halogen, but almost five times  You can quite clearly see the 3x3 suit the type of LED/number of LEDs. And
as efficient. pattern of LEDs in the centre. this project has the answer to this question
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as well: a tiny (30mm x 23mm) PCB, which contains the
constant current driver circuit.

It’s a simple circuit, but quite adequate for the purpose.
Many (probably most) high-power LED drivers use a
switch-mode driver, but they are more complicated and
usually generate some (and some a lot!) radio-frequency
interference, which must be suppressed.

This two-transistor circuit, shown in Fig.1 doesn’t have
this drawback, yet still manages about 80% efficiency, when
used with a 12V source. It has only two connections, power
in and power out and it can be connected in series with
the positive or negative side of the LED array.

Ideally though, it should be in the negative side (ie, between
the LED array and the negative supply) because that way the
collector of the main regulator transistor (a PNP TIP42C) will
not need to be insulated from the lamp housing (the collector
and the lamp housing will both be at the negative potential).

How it works
As mentioned, the TIP42C is the current control transistor,
biased on by a BC327 (Q2). It works in the following way:
the base-emitter junction of Q2 effectively monitors the
voltage developed across the two 1.2Q resistors connected
in parallel. These act as a sensing resistor for the current
passed by the TIP42C (Q1) and therefore, the LED array.

Since the two resistors in parallel give an effective re-
sistance of 0.6Q, and the base-emitter junction of Q2 has
a nominal voltage across it of 0.6V, this sets the emitter
current of Q1 to 1A — exactly what we want for this array.

You may ask why there are two 100Q resistors connected
in series with the collector of the BC327? There is no magic
in this; these two values provide sufficient base current for
the TIP42C under all voltage conditions to which it is likely
to be connected.

You may also wonder why we present an analogue regula-
tor when we could use a highly efficient switching regulator?
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Fig.1: the driver circuit, which is a simple constant-
current regulator, drives the 3 x 3 LED array with a
current of about 1A.
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The photo
doesn’t really do it
justice: it’s so bright, it’s dazzling!

Most switchers are voltage regulators, and we need
a current regulator for this application. The analogue
current regulator has several advantages; cheaper, smaller
and simpler. And in any case, we are not too worried about
efficiency which, as already noted, is above 80%.

That means that it will dissipate between 2W and 3W, but
thatis not an issue, since we have a good heatsink available
in the form of the lamp housing; fastening the TIP42C to
the case will provide the cooling required.

Parts List — 10W LED Floodlight

1 PCB, code 885, available from the EPE PCB Service, size
30mm x 23mm

1 hardware pack, consisting of lamp housing, gland, cable
and pre-mounted 3 x 3 LED array

1 two-way screw terminal block, PCB mounting

1 TIP42C PNP power transistor (Q1)

1 BC327 PNPtransistor (Q2)

2 4.7nF ceramic capacitors

2100 0.5W resistors

21.2Q 0.5W resistors

1 length 2-core insulated power cable (to suit)

1 M3 x 10-15mm screw with nut and washer.
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Fig.2: the PCB component overlay with a
same-size photograph at right. Be sure to
orient the transistors correctly.
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In this and the photo at right, we’ve disassembled the lamp
housing to show how it all goes together. The reflector ‘drops
into’ the space above the LED array - but be careful that it
doesn’t short the two solder connections (on each side of the
array). If there is any doubt, we’d be inclined to put a washer
or two under the reflector where the screws hold it in place.

Some current regulators of this configuration can be prone
to oscillation, so 4.7nF capacitors are included between the
collector and base of both transistors.

Construction

The Floodlight circuit is built on a small printed circuit
board (PCB) measuring just 30mm x 23mm. This board is
available from the EPE PCB Service, code 885. The PCB
component overlay (Fig.2) clearly identifies the location
and where appropriate, the orientation of polarised com-
ponents. Of the latter, there are only two, the transistors,
and of these, only one might cause any confusion.

This is the TIP42C power transistor (Q1), which must
be soldered into the board with maximum length of legs
emerging, then folded down 90° so that it can be screwed to
the case/heatsink. It should be obvious which way around
it goes, even if you don’t identify the legs: when laid flat,
its metal tab should be in direct contact with the case.

The other (smaller) transistor is soldered in so its orienta-
tion matches the overlay on the PCB.

Leave the PCB-mounting terminal block until last, if only
because it’s big. Solder this in so that the lead access is to
the edge of the PCB.

This photo shows the disassembled lamp housing from the
rear. Note that in this shot, neither the holes for the PCB
mounting screw nor the cable gland have been drilled (the
cable gland hole can be seen in the pic at left). The blue item
second from front is the reflector, again seen in the photo at
left. Don’t be tempted to leave out the gaskets — they keep the
whole thing waterproof when used outside.

The LED array

As noted earlier, the LED array should be supplied already
mounted in its heatsink (complete with heatsink compound),
with two terminals ready for soldering the power leads on.
The ‘+” and ‘-’ terminals are clearly marked, though may not
be immediately obvious in some light. Ensure that you get
them correct and you don’t make the joins too high.

PCB mounting

As mentioned earlier, the driver PCB can be mounted
between the +12V (power) terminal and the LED array, or
between the LED array and the 0V power terminal.

Because the metal tab of the power transistor (collector)
is connected to 0V anyway, it makes sense to mount it in
the negative line. Therefore, the case itself will be at 0V and
no insulating washer will be needed between the collector
tab and the case.

Obviously, if you do want to mount the PCB in the posi-
tive line, an insulating washer and bush will be required if
you want to avoid having the case at +12V.

The photo on the next page shows how the PCB is mounted
flat in the rear portion of the case. A single 3mm screw and

Comparison between the 10W LED Floodlight featured here and a typical mains floodlight fitted with a 150W QI lamp. These
unretouched photos of my fishpond (ignore spiders on bird net!) were shot within moments of each other late at night, at the
same speed and aperture (2sec, f4.0), with lamps in the same spot. Inset top right are the images of the two floods. Voltage on
the LED was 12.4V, while the mains voltage on the QI was 237V. Incidentally, the QI attracted many more fish than the LED!
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The PCB mounts in the ‘bottom’ of the rear of the lamp
housing by means of a single screw and nut through the tab
on the power transistor. There is an insulating washer in this
photo - this is only necessary if you want to mount the driver
PCB between +12V and the LED array. Place some dollops of
neutral-cure silicone sealant underneath the PCB to prevent
any short circuits to the case.

nut through the power transistor tab is all that is necessary
to hold the board in place (there are no mounting holes on
the PCB itself). The hole for this screw will need to be drilled
in the case, but position is not overly important, as long as
the PCB fits. To prevent the bottom of the PCB shorting to
the case, place a few dollops of neutral-cure silicone sealant
underneath the PCB.

A waterproof cable gland (which also requires a hole
drilled through the case) secures the 12V power cable.
You should use 2-core mains flex (red and black) for the
12V power supply cable. If you do use 3-core mains cable,
the green/yellow is not used; the brown lead is used as the
+12V lead and the blue becomes the 0V.

How bright is it?

Halogen floodlights are popular because they are so bright;
much brighter than ‘traditional’ incandescents and streets
ahead of anything fluorescent — that might be about to change!

Late at night on a fishpond we set up two mini floodlights —
the one described here and a standard 150W halogen. These
luminaires are roughly the same physical size, hence the choice.

The first observation was just how yellow the halogen was
in comparison to the LED — and we had always thought that the
halogen lamps gave a nice, white light, especially compared to
standard incandescents (see photos opposite for comparison).

But the second observation really surprised us. Using our
Nikon DSLR as a light meter, we measured the output from
both at the same distance and axis. To ensure accuracy of
reading, we set the speed to 1/1000s and filled the frame with
the floodlight from a distance of 2m.

Guess what! The in-camera meter read exactly the same with
both floodlights. That’s to within plus and minus half a stop.

Given the fact that the LED Floodlight draws 10W and the
halogen 150W, that’s a pretty powerful message!

Finally, after about 15 minutes (the time it took us to make
the measurements), the LED Floodlight was warm, but not
uncomfortably so. The halogen floodlight? Anyone got any
eggs to fry?

Here it is completely assembled and ready for use. It’s close
to the same size as a 150W halogen floodlight, but has the
advantage of using much less power. Another big advantage
over halogen lamps is that LEDs aren’t fussed which way
you angle them (halogen lamps need to operate very close
to horizontal for longest life). The bracket on the rear can be
rotated to suit any mounting position.

Wiring up

Remove about 150mm of outer insulation from the cable
and cut off (but retain) all but about 40mm of the red
(brown) wire. Bare about 5mm of wire from both the red
(brown) and black (blue), pass the cable through the gland
so there is about 15mm or so of outer insulation inside
the gland.

Connect the short red (brown) wire to the ‘+’ terminal
on the PCB.

There are two holes already drilled in the lamp case
which line up pretty well with the two terminals on the
LED array. Pass the black (blue) wire through the hole
which lines up with the terminal on the LED array and
carefully solder it on. The length of red (brown) wire
which you previously removed goes through the other
hole and solders to the ‘+’ terminal on the LED array.
Make sure there are no stray strands of wire which can
short to the case.

The other end of this red (brown) wire connects to the ‘~’
terminal on the PCB. That’s right, the ‘-’ terminal. All you
need do is connect to a 12V power source, preferably with
a switch to turn on and off.

And that’s it: the lamp housing comes with a rotatable
bracket if you wish to mount the LED Floodlight perma-
nently. With a rather modest current draw of just over 1A,
a solar-backed battery supply makes a lot of sense —and the
amount of light you get would be rather more than other
‘solar’ systems. EPE

Where from, how much?
This kit comes from Oatley Electronics who hold the copyright
on the PCB design. A complete kit of parts which includes all
those components listed in the parts list is available from Oatley
Electronics for around £20.00 + P&P. Contact Oatley Electronics
via email (sales@oatleyelectronics.com) or via their website
(www.oatleyelectronics.com).
* Branko Justic is manager of Oatley Electronics.
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1 ® Ginormous 7-segment LED Panel Meter
Display ® Using A Wideband O2 Sensor In Your
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Surgery ® PIC N’ Mix ® Max’s Cool Beans ® Net Work.

PROJECTS ® GPS Car Computer—Part1® WIB —
WebServer In A Box — Part 2 ® A Balanced Output
Board For The Stereo DAC ® Ingenuity Unlimited
FEATURES ® Techno Talk ® Practically Speaking ®
Circuit Surgery ® Recycle It! ® Net Work.

PROJECTS ® Air Quality Monitor ® GPS Car
Computer — Part 2 ® WIB — WebServer In A Box —
Part 3 plus Add-on ® Programming PICs: How It's
Done ® Ingenuity Unlimited

FEATURES ® Recycle It! ® Techno Talk ® Interface ®
Circuit Surgery ® PIC N’ Mix ® Net Work.

PROJECTS ® High-Quality Digital Audio Signal
Generator — Part 1 ® Accurate Thermometer/
Thermostat ® Internet Time Display Module (WIB) ®
Solar-Powered Intruder Alarm ® Ingenuity Unlimited
FEATURES ® Techno Talk ® Practically Speaking ®
Max’'s Cool Beans ® PIC N’ Mix ® Net Work.

PROJECTS ® EHT Stick ® High-Quality Digital Audio
Signal Generator — Part 2 ® Capacitor Leakage
Adaptor For DMMs ® WIB FAQs

FEATURES ® Techno Talk ® Circuit Surgery ® Interface
® Max’s Cool Beans ® PIC N’ Mix ® Net Work.

MAY ’12

PROJECTS ® Compact High-Performance 12V
Stereo Amplifier ® High-Quality Digital Audio Signal
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Charger ® Solar-Powered Lighting Controller — Part 1
FEATURES ® Techno Talk ® Jump Start — Moisture
Detector ® Circuit Surgery ® Practically Speaking ® PIC
N’ Mix ® Net Work.

PROJECTS ¢ Digital Insulation Meter ® Dual
Tracking = OV To 19V Power Supply — Part 1 ®
Low-Power Car/Bike USB Charger ® Solar-
Powered Lighting Controller — Part 2

FEATURES ® Jump Start — Quiz Machine ® Techno
Talk ® Pico 2205 MSO PC oscilloscope ® PIC N’ Mix ®
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® Raspberry Pi Review ® Techno Talk ® PIC N’ Mix ®
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Ingenuity Unlimited
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Talk ® Review — Picoscope 3406B ® Practically
Speaking ® Circuit Surgery ® Max’s Cool Beans ®
Net Work

PROJECTS ® Universal USB Data Logger — Part 1
® Hot-Wire Cutter ® Digital Lighting Controller — Part
3 ® Hearing Loop Level Meter — Part 2 ® Ingenuity
Unlimited

FEATURES ® Jump Start — Mini Christmas Lights ®
TechnoTalk ® PIC N’ Mix ® Circuit Surgery ® Interface
® Max’s Cool Beans ® Net Work

PROJECTS ® 3-Input Stereo Audio Switcher ®
Stereo Compressor ® Low Capacitance Adaptor For
DMMs ® Universal USB Data Logger — Part 2 ®
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Talk ® PIC N’ Mix ® Raspberry Pi — Keypad
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Speaking ® Max's Cool Beans ® Net Work
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mikromedia

workStation”

for PIC18F]’, dsPIC33", PIC24", and PIC32

price:

$12900

workStation v7 is

perfect for multimedia

development. It features on-board

debugger, mikromedia socket, button, LED

and three headers for each pin group. Four mikroBUS

host sockets provide an elegant way for adding desired Click

boards. Use large breadboard area to assemble your custom
electronics. This miracle board is fantastic for education as well. We
made sure to provide a rich set of libraries and examples for our mikroC,
mikroBasic and mikroPascal compilers which facilitate development.

- LIBSTOCK

Download and
install FREE Board
Support Package
libraries from the
Libstock website.
www.libstock.com

PIC18F), dsPIC33, PIC24 or PIC32?

i workStation v7 supports all mikromedia boards with Microchip®

microcontrollers. Easily switch to the one you need.

7 MikroElektronika

DEVELOPMENT TOOLS I COMPILERS 1 BOOKS

GET IT NOW

www.mikroe.com

Main picture includes: mikromedia workStation v7, mikromedia for PIC32, WiFi PLUS click, THERMO click, RTCZ click and SHT11 click.

mikromedia and click boards are sold separately!



Built-in

Speakers!

By Julian Edgar

Do you want unobtrusive speakers in your

house? One approach is to build the speakers
into the walls and floor. It sounds radical, but if
you are already doing some renovating, it’s quite
achievable. Julian Edgar shows how he did it in

his house.

An effective way of getting good sound from a small

speaker enclosure is to use a ported box. This will
typically produce deeper bass and be more efficient
than a design using a sealed enclosure. With this in mind,
I decided to build custom ported enclosures that fitted
within the walls.
The starting point was a pair of older Wharfedale Atlantic
speakers I already had. In standard form, each
Atlantic uses three 8-inch drivers and a
tweeter. The two lower drivers are housed
in their own ported enclosure, and the mid/
bass unit in a separate upper enclosure that
is also ported. (The ports are on the back of
the box.)
The upper enclosure has a volume of
about 15 litres — a pretty good size for a
custom-built in-wall enclosure. I removed
the mid/bass units, tweeters and crossovers
from the Wharfedales, and built them into

a pair of new 15 litre enclosures, sized to
fit in the walls.

Wall box construction
To provide an internal volume of about 15
litres, the wall box dimensions are about
540mm x 380mm x 100mm. Note that
the depth was dictated by the thickness
of the wall framing (max
100mm), and the
width by the distance between
adjoining studs (400mm).
The boxes were assembled from
9mm-thick medium density fibre
board (MDF) using butt joints, nailed
and/or screwed into place. Pine cleats
(40mm x 20mm) were then placed
at the internal corners of the box.
Water clean-up building adhesive
was used on all joins.

Wadding

To give clearance for the grille
frame, I used a recessed front panel

to mount the Wharfedale woofer,
tweeter and the port. The woofer hole
was cut with an electric jigsaw, while
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the port and tweeter
openings were made
by holesaws. Internal
surfaces of the enclosure
were covered in a single
layer of polyester quilt
wadding, held in place with
building adhesive.

Lots of of glue was used on all
joins, so that it squeezed out as the panels were screwed or
nailed together. A wet finger was then used to smooth this
glue along the seams, better sealing them.

Internal port

The ports of the Wharfedale donor speakers were 50mm in
internal diameter and 85mm long. However, a port of this
size in the in-wall enclosures would put the internal end of
the port too close to the back wall of the box. To achieve
the required clearance, I formed new ports of the same
diameter and length from curved PVC plumbing sections.
The internal ends of the ports were ‘bell-mouthed’
by being heated until the plastic softened
and then forced down over an inverted
small ceramic bowl. Part of the bell-mouth
needed to be ground away to provide

clearance to the back wall of the enclosure.

In the wall

The existing wall plasterboard was cut back so
that the joins between old and new plasterboard
would be located over timber studs (verticals)
and noggins (horizontals). A new noggin was
nailed between two of the existing studs — the
enclosure was then placed on it, sitting on two
packing pieces. Additional MDF board packing

was used on one side of the enclosure.
Building adhesive was then liberally applied
underneath and on both sides of the box, effectively gluing
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the box in place between the studs.
The front face of the box was located
flush with the wall surface.

Plastered
To fill the gaps, plasterboard
was cut to size and glued
in place. Finishing plaster
was then trowelled over all
the joins and then sanded
smooth. The drivers were
removed, the enclosure and
wall painted, and then the
drivers re-installed.
To obtain paintable, prof-
essional looking metal grilles,
I bought the cheapest 8-inch in-
wall speakers I could find on-
line. When the speakers arrived,
I removed the cheap drivers and
crossovers, and then cut out the
internal plastic panels with an
electric jigsaw. This resulted in plastic
frames and metal grilles that could be
easily installed within the recessed front
panels, giving a professional finish.

Finished
The sound quality from the wall speakers is excellent.
Driving the speakers from a frequency generator shows that
there is good response down to about 70Hz, and audible
response down to about 50Hz. At the other end of the
spectrum, the sound goes well above my hearing ability —
but my 8-year-old son can hear 20kHz being reproduced.
Note that the location of the wall speakers is very
important — testing showed that good results came from a
speaker location near the ceiling, but when the speakers
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were located half way between the ceiling and floor, the
sound was much poorer. For many people, the sound
quality would be fine with just these speakers installed —
but I also wanted lots of bass, which meant more speakers,
this time located under the floor.

Floor speakers

My house uses a wooden floor with an under-floor crawl
space, accessible through a small door about 50cm square.
There’s less than sitting-up room under the floor — but that
still leaves space for some large underfloor speaker boxes!

GT5-15

I decided to build two underfloor enclosures, each equipped
with a 15-inch JBL woofer — the GT5-15. These drivers
have a continuous power handling of 300W and a resonant
frequency of 27Hz. With full Thiele-Small parameters for
these drivers available, various enclosure designs could be
modelled — I use BassBox Lite software.

The software indicated that with a 200-litre enclosure
volume and two ports, each 100mm in diameter and
330mm long, I could expect a —3dB point of just under
21Hz! However, more difficult than the modelling was
building enclosures that would fit through the access door
and would acoustically connect to a floor-mounted grilles.

Completed

One of the two finished underfloor enclosures is shown
here. The spacing of the floor joists means
that the main body of the enclosure
sits under the joists, with an

extension protruding upwards

and connecting to a floor

grille. The side parts of

the extension are

largely formed

in-situ by the

floor joists,

while the ends

of the extension

comprise pieces

attached to

the box.

The
two ports enter
one of the extension
pieces form the side.

The ports are formed from

curved plumbing fittings with

flared extension pieces inserted in

each end. The speakers are driven through simple inductor
CTOSSOVETS.

When tested with a frequency generator, there is audible
bass down to 25Hz, and strong bass from about 35Hz. (In
fact, the bass response may go lower than that, but perhaps
I am unable to hear it — I can excite ornaments in other
rooms of the house at about 18Hz!)

Braces
The enclosures are made from 19mm-thick MDF flooring.
Butt joints (rather than mitres) were used; however, full-
length cleats were added to strengthen every butt join. These
cleats were made from 40mm x 20mm pine. Every joint
was both glued and screwed, with the screws connecting
to the cleats rather than to the MDF board. As with the wall
speakers, the ends of the ports were flared.

To reduce panel vibration, two internals braces were used
(arrowed). These connect the largest side panels, with one
brace one-third of the way along the panel, and the other
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two-thirds along the length. The braces
were made from 25mm diameter, solid-
cored bamboo broom handles cut to
appropriate length — these are very

stiff.

Internal filling
All  internal walls were
covered with polyester quilt
wadding, glued into place
with building adhesive. In
addition, two larger pieces
of wadding were rolled
and then inserted into the
box, one at the end furthest
from the driver and the other
immediately below the driver.
I chose not to use a speaker
terminal, the cable simply being
run out of a hole in the box that
was then sealed. The JBL driver
was held in place by screws at each of
the provided holes; in addition, a polymer
sealant was applied under the lip of the frame.
Soft rubber strips were placed on the surfaces that contact
the underside of the floor.

Final grille
To provide an opening through which the drivers could fire,
holes were cut in the floorboards. Because the floor was to
be tiled, cement sheets had already been laid on top of the
timber — so the holes were cut through both the sheets and
the floorboards. Tiles were later laid around the holes.
Powder-coated steel floor grilles were then placed over
the holes. The grilles are removable, sitting in the recesses
only under their own weight. Self-adhesive felt strips were
placed under the grilles so that they wouldn’t rattle.

Jacked

To place the enclosures into position, they were slid along
the ground on long, narrow piece of scrap particle board,
until they were located directly under their respective floor
grilles. Each enclosure was then lifted, with bricks at each
end being used to hold the enclosure above the ground.
A brick was then nestled into the dirt under the middle
of the enclosure, a piece of strong timber placed under
the enclosure and a surplus scissors-type car jack placed
between the brick and the added timber support.

The enclosure was raised by the jack until the rubber seal
of the extension piece contacted the underside of the floor,
and then adjusted up another 5mm or so to give positive
contact. The jacks stay in place: with heavily greased
threads, they will be useable should the enclosures ever
have to be lowered for repairs or replacement.
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Conclusion

So how well does it all work? Well, firstly the
intrusion of the speakers into the room space
is effectively zero. The wall and floor
grilles, while they can obviously be seen,
are unobtrusive and blend in well with
the decor. (Cue: wife acceptance factor

comments!)

And the sound? Considered in
terms of the cost and the fact that the
speakers are completely hidden, the
system sounds quite fantastic. Treble
is transparent, mid-range uncoloured
and upper bass tight. Bass and lower
bass are faithful and ‘there’ — the

system sounds full-bodied and natural

at different loudnesses. Crank it up and

the biggest problem is stopping the room’s
aluminium window frames from rattling!
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PIC Training Course

P931 Course £148

Imagine trying to teach English grammar to a child before allowing him or her
to speak!. Yet that is how most books approach a technical subject. We know
better. We know that practical experience makes learning the theory an interesting
proposition. The success has been proven with time. We have been selling PIC
training courses for so long we are recommended by Dick Turpin. Richard has
been our customer since 2002 and regularly updates. He recently bought our
Easy USB and PICs and Power add ons.

We started in 2000 using the PIC16F84, updated in 2007 to the PIC16F627A,
and updated in 2010 to the eXtremely Low Power PIC16F1827.The course follows
the same well proven structure with two real books which lie open on your desk
while you use your computer to type in the programme and control the hardware.
Start with four simple programmes. Run the simulator to see how they work. Test
them with real hardware. Follow on with a little theory.....

Our PIC training course consists of our PIC programmer, a 320 page book
teaching the fundamentals of PIC programming, a 306 page book introducing the
C language, and a suite of programmes to run on a PC. Two ZIF sockets allow
most 8, 18, 28 and 40 pin PICs to be programmed. The programming is performed
at 5 volts then verified at 5 volts and 2 volts or 3 volts.

P931 PIC Training & Development Course comprising.....

USB powered 16F and 18F PIC programmer module

+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with PIC C 6th Edition

Serial Coms Extension £31

This third stage of our PIC training course starts with
simple experiments using 18F PICs. We use the PIC to
flash LEDs and to write text to the LCD. Then we begin
our study of PC programming by using Visual C# to create
simple self contained PC programmes. When we have a
basic understanding of PC programming we experiment
with simple PC to PIC serial communication. We use the
PC to control how the PIC lights the LEDs then send text
messages both ways. We use Visual C# to experiment with
using the PC to display sinewaves from simple mathematics.
Then we expand our PC and PIC programmes gradually
until a full digital storage oscilloscope is created. For all these
experiments we use the programmer as our test bed. When
we need the serial link to the PC we flip the red switches to
put the control PIC into its USB to USART mode.

In the second part of Experimenting with Serial
Communications 4th Edition we repeat some of the serial
experiments but this time we use a PIC18F2450 with its
own USB port which we connect directly to a USB port of
your PC. We follow this with essential background study
then work through a complete project to use a PIC to
measure temperatures, send the raw data to the PC, and
use the PC to calculate and display the temperature.

290 page book + PIC18F2450 test PIC +USB lead..... £31

P942 Course £173

This has the same books and features as the P931
course. The P942 programmer/development module can
be powered from a separate PSU (programming verified
at 5.5 volts, 5 volts and 2 or 3 volts) or powered from USB
(programming verified at 5 volts and 2 volts or 3 volts).
The P942 can programme 3.3 volt as well as 5 volt 16F
and 18F PICs, and has an RS232 port as well as the USB
port for experimental use. See website for details.

Ordering Information

Our P931 & P942 programmers connect directly to any USB
port on your PC. All software referred to operates correctly
within Windows XP, NT, 2000, Vista, 7, and Windows 8
etc. telephone for a chat to help make your choice then
go to our website to place your order (Google Checkout or
PayPal), or send cheque/PO, or request bank details for
direct transfer. All prices include VAT if applicable

+ PIC assembler and C compiler software on CD

+ PIC16F1827, PIC16F1936 & PIC18F2321 test PICs

+USBcable. ... .ooooooiiiiiiiiie .£148.00
(Postage & insurance UK £10, Europe £20, Rest of world £30)

Experimenting with PIC Microcontrollers

This book introduces PIC programming by jumping straight in with four easy
experiments. The first is explained over seven pages assuming no starting
knowledge of PICs. Then having gained some experience we study the basic
principles of PIC programming, learn about the 8 bit timer, how to drive the

liquid crystal display, create a real time clock, experiment with the watchdog

timer, sleep mode, beeps and music, including a rendition of Beethoven's
Fur Elise. Then there are two projects to work through, using a PIC as a
sinewave generator, and monitoring the power taken by domestic appliances.
Then we adapt the experiments to use the PIC18F2321. In the space of 24
experiments, two projects and 56 exercises we work through from absolute
beginner to experienced engineer level using the very latest PICs.

Experimenting with PIC C

The second book starts with an easy to understand explanation of how
to write simple PIC programmes in C. Then we begin with four easy
experiments to learn about loops. We use the 8/16 bit timers, write text and
variables to the LCD, use the keypad, produce a siren sound, a freezer
thaw warning device, measure temperatures, drive white LEDs, control
motors, switch mains voltages, and experiment with serial communication.

Web site:- www.brunningsoftware.co.uk

= ; . y

White LED and Motors

Our PIC training system uses a very practical approach.
Towards the end of the PIC C book circuits need to be built on
the plugboard. The 5 volt supply which is already wired to the
plugboard has a current limit setting which ensures that even the
most severe wiring errors will not be a fire hazard and are very
unlikely to damage PICs or other ICs.

We use a PIC16F1827 as a freezer thaw monitor, as a step up
switching regulator to drive 3 ultra bright white LEDs, and to control
the speed of a DC motor with maximum torque still available. A kit
of parts can be purchased (£31) to build the circuits using the white
LEDs and the two motors. See our web site for details.

Mail order address:

Brunning Software

138 The Street, Little Clacton, Clacton-on-sea,
Essex, CO16 9L S. Tel 01255 862308
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Things are racing along so fast with regards to electron-
ics in general and computer systems in particular that my
head is spinning.

it's all in the cards...

It's really not so long ago that I was at university working
on my BSc in control engineering. Well, admittedly it was
in the late 1970s, but that really isn’t all that long ago in
the grand scheme of things. Believe it or not, we did a lot
of our real-world modeling experiments using a human-
gous analogue computer, similar to the one shown here
(no, that’s NOT me in the picture!).

The university did have a digital mainframe computer,
but that was in a special building across town. We would
capture our programs in the FORTRAN programming lan-
guage by writing them down in our logbooks with a pencil.
Then we would use a Teletype machine (like a mechanical
typewriter) to transfer the program to 80-column IBM-style
punched cards. Then we would carry our ‘card deck’ (from
‘deck of cards,’ get it?) over to the computer building.

Someone on the reception desk would take the deck
and say ‘Come back next Tuesday.” When you did return,
you were anticipating a computer printout showing you a
plot of your results. Instead, you were presented with your
original cards wrapped with an elastic band and augment-
ed with a small piece of paper bearing a message along the
lines of ‘'SYNTAX ERROR, MISSING COMMA LINE 2.’

Good grief! If they could detect a missing comma, why
couldn’t they add it in for you? So you went back to your
building, retyped that card adding the comma, returned to
the computer building, and started all over again. Some-
times it took an entire semester to get the simplest pro-
gram up and running.

My memory isn’t what it used to be

My first job was with International Computers Limited
(ICL) in West Gorton, Manchester. I was a junior member
of a team designing CPUs for mainframe computers. This
was a fantastic position and I learned a lot, but after a year
or so two of the managers left to form their own company
and they invited me to join them. My mother was horri-
fied when she discovered that I was leaving a company
like ICL (in which she could see a life-time career progres-
sion for me) to join an unknown startup. Now she tells
everyone that it was the best decision she ever made for
me (at 82, she has a mind like a trap; her memory is so

Max’s Cool

Beans

By Max The Magnificent

good that sometimes she remembers things that haven’t
even happened yet!).

I was number six in the new company. I arrived the
day after the desks and chairs, so the other guys all said
that I was a lucky ******* (person). The firm’s computer
was a rinky-dinky PDP 11/23 manufactured by the Digital
Equipment Corporation (DEC). Next to this computer was
a cabinet the size of a small fridge, which housed the hard
disk drive and its associated power supply and cooling
systems. This drive was actually formed from a number of
platters mounted one above the other with gaps between
for the read/write heads. If you wished to remove the disk
for any reason, you used something that looked like a glass
wedding cake cover with a handle on the top.

All in all, the part of the disk assembly that actually
stored the data was about a cubic foot in size. How much
memory did it hold? I'm glad you asked. It was just one
megabyte, which was shared by everyone in the compa-
ny. Furthermore, we all shared the same directory/folder
(the file management system didn’t support a hierarchy
of folders) and all of the file names were in the old 8.3
format (eight alphanumeric characters for the name, a pe-
riod, and a three-alphanumeric-character extension). So
we used the first letter of the file to identify the owner (‘M’
for ‘Max’ in my case).

I was looking at my iPad a while ago contemplating the
fact that it contains 64 gigabytes of Flash memory. Since I
had a few free moments on my hands, I calculated that if we
were to store the same amount of data on 8-inch diameter
(1-inch wide) paper tapes, then they would occupy 24,000
cubic feet — that’s 24 rooms each 10’ x 10’ x 10’ in size.

Blowing a raspberry

I remember when I saw one of the first microprocessor-
based home computers advertised in Practical Electronics
(the illustrious ancestor of EPE) sometime in the mid-to-
late 1970s. This was a single board computer with a hex
keypad for input, a few seven-segment displays for out-
put, one kilobyte of ROM, and one kilobyte of RAM ...
and this little beauty was so expensive that there was no
way I could ever afford it. Now there are things like the
credit card-sized Raspberry Pi, the B version costs only
$35 (plus local taxes and shipping/handling fees), boasts
512Mb RAM, 2 USB port, and an Ethernet port; and can be
plugged into your TV and connected to a keyboard to give
you a very respectable computing system that can be used
to do all sorts of fun stuff. If I'd had access to one of these
little scamps when I was a young lad, I would have been
walking around with a grin from ear-to-ear.

Now, I certainly don’t want you to think that this is
sour grapes, or imagine me blowing a raspberry, or any
other fruit-related saying that pops into your mind (‘“Why
so glum, sugar plum?’ ‘It’s peachy keen, jelly bean.” Good
grief, I think I'm ‘going bananas!’), but the thought that
“Young folks have it so easy these days’ does occasionally
pop into my mind. What do you think? Please share your
own experiences as to how electronics and computers
have changed over the years by writing to the editor at:
enquiries@wimborne.co.uk .

=~
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In this final article on the USB Data
Logger, we describe how to use the
accompanying Windows host software.
This software allows you to edit and test
scripts, upload them to the logger and

By MAURO GRASSI

'St D
4® /D)

S explained previously, ‘scripts’

are used tell the USB Data Logger
which sensor(s) are attached, how to
query them, what the readings mean,
how often to log the data and the data
format to use.

If you have not already prepared a
memory card, you can format it with
a FAT or FAT32 file system (a quick
format is OK) before plugging it into
the Data Logger, with the power off.
Having installed the host software and
driver (see Part 2, last month), plug the
Data Logger into your PC and launch
the software by double-clicking the
.exe file.

What the software does
Essentially, the Windows host software
isa‘development environment’ that al-
lows you to write scripts, upload them
to the Data Loggerand test them. It also
allows you to monitor scripts as they
run and download logged data over
the USB interface. In addition, you can
change the Logger’s settings from the
host software.

Since complex scripts can be difficult
to debug when running on the Loggerit-
self, the software allows you to ‘simulate’
the scripts, running them on the host PC

to see what they do. Scripts can be simu-
lated at an accelerated rate, which is use-
ful for those which involve long delays.
Note that because simulated scripts are
run on the host PC, they cannot access
the sensors as they can on the Data Log-
ger. For example, if a simulated script
reads from an analogue input, the result
is always zero.

User interface

The interface for the Windows-based
host software is shown in Fig.11. When
plugged into a USB port, the USB Data
Logger is detected automatically. Its
firmware version and the connection
status are shown in the window title
bar, at top.

The main window has a number
of sub-windows. The script editor
sub-window is at upper left, and this
is where scripts can be created or
modified. The log sub-window below
it allows you to keep track of program
actions as they take place. There are
some buttons between the two which
clear the log window and perform other
common actions.

At lower right is the console sub-
window, which has a grey background.
It allows you to see what a script is
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logging as it runs or is simulated,
which is useful for testing complex
scripts (see later). Above the console
are several buttons, used to control
the simulation.

At far upper right are the Logger set-
tings and below them the Host Settings,
which apply to the PC host software.

To the left of the settings are four
additional sub-windows (two red, two
green), which allow you to see the files
and scripts stored on the USB Data
Logger and on your host computer
(respectively). They also allow you to
manage scripts, including transferring
them to and from the Logger.

Settings

The device settings (at upper right of
Fig.11) are stored on the Logger, both
in a file on the memory card and in its
internal Flash memory. If the file on
the memory card becomes corrupted
or the card isremoved, the Data Logger
relies on its internally stored settings.
Otherwise, the settings on the memory
card are used.

You can copy the settings between
the Loggerand the host PC via the Host
and Device menus. Itis also possible to
restore the settings to the defaults using
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Fig.11: this is the user interface for the PC host software. This lets you edit, compile and upload scripts to the USB Data
Logger via the USB interface. It also allows you to change settings and to download log files.

these menus, which work as follows:

Auto Time: when enabled, the PC host
automatically sets the real-time clock
in the Logger whenever they are con-
nected. Without this option you can
synchronise the time manually via the
‘Time’ menu.

System Log: when enabled, the Logger
will note special events in a log file on
the memory card (syslog.txt). This is
useful for troubleshooting, but slows
the Logger down and increases its
power consumption. The contents of
this file can be read or cleared through
the host software via the Device menu
when the Logger is plugged in.

System Log USB: when enabled, as
well as logging to the ‘syslog.txt’ file
on the memory card, the Logger also
sends system log messages over the
USB serial interface and the host
software diplays them in the console
sub-window.

Undervoltage: when this is enabled
and the battery voltage drops below
the specified level, the Logger goes
into sleep mode, minimising power
consumption. This is recommended
to avoid over-discharging the battery.
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Remember that this voltage does not
take into account the voltage drop across
the Schottky diode from the battery (the
default setting is 1.8V, as shown).

Editor window

You can use any text editor you like
to write scripts, but for convenience,
the host software has a built-in editor,
allowing small script changes to be
made and then immediately simulated
or uploaded to the Logger for testing.
The script is shown in the upper left
window, and most of the associated
commands are located in the ‘File’
menu above it. The editor font size
can be set via the ‘Window’ menu to
provide the best legibility with your
display.

If you are using a third-party text
editor, the easiest way to upload the
script is to paste it into the text editor
window and then proceed from there.

File browser

As mentioned, the two red and two
green sub-windows towards the upper
right are the file and script browsers.
The red windows show directories, log
files and scripts on the Data Logger,

while the green windows show the
same information for the host com-
puter. Using these windows, you can
browse the contents of both devices
and transfer files between the two.

In each case, the left-most window
shows the file system directory struc-
ture and files (including log files),
while the right-most window shows
the loaded scripts (more on that later).
Up to eight script files at a time can
be loaded on the Logger; each is as-
signed a unique number, which is
also shown.

Local files are stored in the same
directory as the host software. In both
cases, the file lists are sorted alpha-
betically. Directories are shown in
square brackets, and directories and
files can be opened by double-clicking
them. Scripts are opened in the editor
window. Right-clicking on a file gives
a context menu with additional op-
tions. This includes options to initiate
file transfers between the Data Logger
and host PC.

Note that while this is a very con-
venient way to access log files on the
Logger, for large log files (15MB or
more) it can be faster to remove the
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Fig.12: this interface appears if the PC host software is
launched with the bootloader running. This then allows you
to update the firmware in the USB Data Logger.

memory card and use a USB card
reader to transfer them instead. This
is because the Logger’s USB transfer
speed is limited by the PIC18F2753’s
small modest RAM and clock speed.

Compiling scripts

Before a script can be tested or used,
it must be loaded into the editor win-
dow and then compiled. When it is
compiled, the software checks that
the script is valid. If there is anything
wrong with it, the Compile button
turns red, one or more error entries
appear in the log window and compila-
tion is aborted.

If errors are reported, the first invalid
line in the script code is highlighted.
The location of the error is also shown
in the log sub-window, as a line and
column reference. Once the problem
has been fixed, you can attempt to
compile the script again.

The compiler can also generate
‘warnings’. As with errors, these are
noted in the log sub-window, but they
do not prevent successful compilation.
Such warnings indicate possible errors
in the script, but they can sometimes
appear when the script is correct.

If the script is correct (ie, there are
no errors), the Compile button turns
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green and the script is added to the
list of available local scripts.

Rather than pressing the ‘Compile’
button, you can also press the F10 key
on your keyboard. The compiled script
can be transferred to the USB Data Log-
ger by right-clicking on it in the green
‘Host Scripts’ window and selecting
‘Send PC Script’. For convenience, you
can press F11 instead, which compiles
the script and then automatically sends
it to the Logger, assuming the compi-
lation was successful. You can also
send all local scripts to the Logger by
pressing Shift+F11.

There is a handy ‘help’ window at
the right of the user interface (with
a grey background) which lists all
defined constants, global functions
and global variables in the script.
Each global function is listed with
a number in parentheses indicating
the number of arguments that the
global function takes. Global define
constants are shown with their values,
while global variables are shown with
their size.

The ‘Optimize Code’ option, above
the log window, is enabled by default.
This allows the compiler to remove
any redundant portions of the script
or simplify it where possible. This
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Fig.13: after selecting a hex file and clicking ‘Yes’ (see Fig.12),
the new firmware is uploaded to the logger and a progress
bar is displayed at the bottom of the window.

reduces the memory and processing
required to run a script on the USB
Data Logger.

Simulating scripts

Once a script is compiled, it can be
simulated in the console sub-window
(lower right of Fig.11) using the Run,
Stop, Reset and Step buttons. Pressing
Run, begins the simulation and the
script output is shown in the console
window (this would normally be
stored in the log file on the memory
card). If you click Stop, the script
pauses and the next line about to be
executed is highlighted in the editor
window.

You can then use the Step button to
proceed through the script, one line ata
time. This is good for debugging — you
can observe the program flow and see
the log output from each individual
line in the script. The Reset button can
be used to start the script from scratch
and the Clear Console button blanks
the console sub-window.

During simulation, the Scale Time
option can be adjusted (upper right) to
change the speed at which the simula-
tion runs. For example, if Scale Time
is enabled and set to 10, a scripted
delay of 25 seconds actually takes
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2.5 seconds. This makes debugging
scripts with long logging periods far
less tedious.

You can also use the console sub-
window to observe data being logged
to the memory card in the Logger as it
occurs. This is useful for the final test
of a script, with real sensors attached.

Status bar

The status bar, at the bottom of the
window, indicates what the host
software is doing at any given time.
This shows USB data transfers, the
time from the Data Logger and so on.
At the right of the status bar are two
flexible displays which can show
various statistics. They are selected
by clicking on that portion of the
status bar.

The first (left-most) flexible display
shows information about time synchro-
nisation. The second shows various
voltages from the Logger, including the
supply and battery voltages.

Updating the firmware

The Logger’s firmware (the software
running on the microcontroller) can be
updated from the host computer over
USB. To do this, first you must acti-
vate the bootloader by holding down
pushbutton switch S2 on the USB
Data Logger, while applying power
(normally from USB). To do this, the
battery must be removed, as there is
no way to switch it off.

With the bootloader activated and
the Logger plugged into the host PC
via the USB port, launching the host
software will display the bootloader
interface instead of the usual develop-
ment environment (see Fig.12).

In bootloader mode, the blue LED
(LED3) flashes at around 1Hz. Once
the USB interface has been recognised,
the flash rate increases slightly and is
faster again when the firmware is being
read or written.

Typically, firmware updates are
supplied as a hex file (“.hex’ file ex-
tension). You can then use the ‘Write
HEX’ option to transfer this file’s
contents into the microcontroller’s
Flash memory (Fig.13). It will check
that the file is valid, then ask you to
confirm that you want to overwrite the
existing firmware. After rewriting the
program memory, a verify operation
is automatically performed to ensure
that it was successful.
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Tips flor installing the USE driver

when a card is present.

Here’s atip for installing the USB driver. The USB Data Loggerwill go into standby
(and detach from the host PC’s USB interface) when there are no custom scripts
loaded. This is done to save power and since initially there are no scripts loaded,
this will be the state of the Logger after it is first switched on.

This can affect the installation of the driver (since the USB connection may
be lost during the driver installation), so it is advisable to install the driver with
no memory card inserted in the socket. When switched on, if no memory card
is present, the USB Data Logger does not enter standby as quickly as it does

This gives you around two minutes to plug it in and install the driver, which
should be long enough in most cases. If not, you can always press S2 to keep
it out of standby for another five seconds. This feature is provided as a fail-safe
feature in case the Logger is used with a very old system.

7

Note that if later you use the USB
Data Logger and then attempt to verify
the firmware manually, using the Verify
Memory button, the verification will
fail, because the Logger also uses the
Flash memory to store its settings. This
also means updating the firmware re-
sets the Logger’s settings to its defaults.

Using the logger

When operating, pushbutton S2 and
blue LED3 are used to control logging
and provide feedback. A short press of
S2 tells you the logging status: LED3
will flash once if at least one script
is running, or three times if there are
no scripts running (and therefore no
logging is taking place).

A longer press of S2 pauses all
scripts, in which case the logger flashes
its LED three times to confirm that log-
ging is paused. A second long press
results in a single flash and logging
resumes.

Theblue LED also flashes to indicate
USB activity when the USB interface
is in use by the host software.

Standby mode
The logger automatically goes into
standby mode when:

1) There are no custom scripts loaded

2) All the custom scripts that are
loaded are paused or not running

3) There is a time delay of at least five
seconds, during which no custom
scripts need to run

4) The under-voltage protection is ena-

bled, and the battery voltage is below
the set threshold.

In standby mode, the Logger’s USB
interface shuts down (the PC host
will show it as being ‘disconnected’)

and the LED glows dimly, but does
not flash.

As mentioned in Part 1 (Dec 2012),
the full power savings will not be made
unless the minimum logging period
of all executing scripts is above the
threshold for going into standby — 5s.
Below this threshold, the microcon-
troller does not switch off power to
certain components, including the
memory card, because otherwise the
initialisation sequence would take
too long. You will, therefore, get the
best battery life if your logging scripts
execute sleep periods of greater than
or equal to this time.

In standby mode, the current drain
from the battery is around 560pA to
850pA. If the battery voltage is very
low, the PIC enters sleep mode, which
is at the lower end of this range (5601 A)
and it stays in sleep mode until the
device is power cycled.

This does not include the current
consumed by any sensors powered
from the USB Data Logger. Typically,
sensors will not consume much
power when they are idle, but for
long-term logging, even a small
amount of additional power can
reduce battery life.

If the Logger goes into standby
mode while plugged into USB, it will
disconnect from the host PC (unless
the host program is running). Press-
ing push-button S2 or inserting a
memory card exits the Logger from
standby mode.

While writing to the SD card, instan-
taneous power consumption from the
battery can be 25mA or more, but ifthe
scripts have long sleep periods, this
averages out to a much lower value in
the long term.
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Sample exeerpt from syslog-txt

Time unavailable: USB Data Logger version: 9.60. Global PORs: 4. Local PORs: 1.
Time unavailable: Memory card detected, Total size: 2.0GB free size: 2.0GB.
Time unavailable: VM(s) running: 1 of 2.

Time unavailable: The following VM(s) are loaded: { oneScript, csvScript }

System log

As mentioned earlier, the USB Data
Logger can store events in a system
log for troubleshooting purposes. A
sample excerpt from the syslog.txt file,
as created when the Loggeris switched
on, is shown in the accompanying
panel.

The first line shows the USB Data
Logger firmware version and the num-
ber of power cycles (power on resets
or PORs) that the Logger has under-
gone. The Global reading indicates
full resets, while the local reading
shows the number of times the scripts
have been reset by the software. This
can happen if the memory card is
removed.

The second line shows information
on the memory card, and the third
shows how many virtual machines
(VMs) are actively running scripts
(there are up to eight). The fourth line
shows the names of the scripts that are
loaded. Here are some more example
system log entries:

Thu 23 Dec 2010 05:42:01: Destroy 2 VM(s).
Thu 23 Dec 2010 05:42:11: Holding.

The first line indicates that two
scripts were reset, resulting in their
virtual machines being ‘destroyed’.
The second indicates that script execu-
tion has been paused by a long press
on pushbutton S2.

Digital sensor requirements
When using an input for frequency or
event counting, you must make sure the
signal is within 0V to 5V (for DO to D3)
or 0V to 3.6V (for D4 and D5).

For I2C sensors, their SCL (clock)
line must be connected to DO and the
SDA (data) line to D1. While the pin
connections for the I2C bus are fixed,
multiple scripts can access sensors on
the one bus.

One Wire sensors can connect to any
of the six digital pins DO to D5. You
must configure the correct pin number
in the script. The same applies to the
serial port; you specify the Transmit

and Receive pin numbers, the baud rate
and the mode. The serial port supports
baud rates up to 0.5Mbps.

Multiplexed peripherals

While the PIC18F27]53 microcon-
troller has just two serial peripherals,
each of the eight possible scripts can
configure its own serial port with
whatever configuration it requires
(pin connections, baud rate, and so
on). The PIC’s peripheral pin select
(PPS) feature allows the software to
re-map the UARTs as appropriate
for each script as it runs. This is the
same feature which allows One Wire
sensors to be connected to any of the
I/0 pins.

For example, you can have one
custom script sending data to a se-
rial port on pin DO at 9600bps, while
having another script sending data to
an independent serial port on pin D1
at 115,200bps. The hardware state is
saved and changed as required by the
firmware for the currently executing
custom script.

As well as selecting the pin connec-
tions and baud rate for the serial port,
scripts can choose to invert the receive
or transmit logic, or to have an open
drain output.

Writing scripts

Finally, for those who build the USB
Data Logger, we have prepared some
detailed information on writing logging
scripts, including a complete descrip-
tion of the language’s syntax and global
functions and variables.

This information is available as a
PDF file from the February 2012 section
of the EPE website. It is named ‘USB
Data Logger User Manual.pdf’. EPE

Reproduced by arrangement
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Jump Start

Logic Probe

By Mike and Richard Tooley

Design and build circuit projects
dedicated to newcomers, or
those following courses taught
in schools and colleges.

ELCOME to Jump Start — our new series of seasonal
W‘design and build’ projects for newcomers. Jump

Start is designed to provide you with a practical
introduction to the design and realisation of a variety of
simple, but useful, electronic circuits. The series will have
a seasonal flavour, and is based on simple, easy-build
projects that will appeal to newcomers to electronics, as
well as those following formal courses taught in schools
and colleges.

Each part uses the popular and powerful ‘Circuit Wizard’
software package as a design, simulation and printed circuit
board layout tool. For a full introduction to Circuit Wizard,
readers should look at our previous Teach-In series, which
is now available in book form from Wimborne Publishing
(see Direct Book Service pages in this issue).

Each of our Jump Start circuits include the following
features:

® Under the hood - provides a little gentle theory to
support the general principle/theory behind the circuit
involved
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® Design notes — has a brief explanation of the circuit,
how it works and reasons for the choice of components

® Circuit Wizard - used for circuit diagrams and other
artwork. To maximise compatibility, we have provided
two different versions of the Circuit Wizard files; one
for the education version and one for the standard
version (as supplied by EPE). In addition, some parts
will have additional files for download (for example,
templates for laser cutting)

® Getreal - introduces you to some interesting and often
quirky snippets of information that might just help you
avoid some pitfalls

® Take it further - provides you with suggestions for
building the circuit and manufacturing a prototype. As
well as basic construction information, we will provide
you with ideas for realising your design and making it
into a complete project

® Photo Gallery - shows how we developed and built
each of the projects.

This month, we shall be moving into
the world of digital electronics with a
useful item of test equipment that you
will find invaluable for troubleshooting
and general fault-finding. Our Logic
Probe will help you to diagnose faults
on a wide range of digital circuits.

The Logic Probe combines both
analogue and digital circuit techniques.
The analogue part of the circuit is based
on two comparators, while the digital
part involves the use of a circuit that is
able to detect a sudden change in voltage
level (ie, a pulse) and stretch it so that its
presence can be detected.

We start our design notes with an
explanation of the way in which ‘logic
levels’ are represented by voltages in
digital circuits.

Under the hood

The simplified block schematic of our
Logic Probe is shown in Fig.1. The
circuit is able to detect, and provide
indications of, voltage levels that
correspond to the logic 1 (high) and
logic 0 (low) states for both CMOS and
TTL logic. It is also able to detect and

ignal go07?
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provide an indication of the presence
of one or more narrow pulses, which
might otherwise go undetected when
using a more simple logic probe
design. To aid portability, our Logic
Probe is built into a small hand-held
case and makes use of the power
supply available from the circuit on
test (more of this later).

Design notes - Logic levels
The voltage levels that we need to be
able to detect are simply the range
of voltages associated with the logic
levels that represent the logic 0 (low)
and logic 1 (high) states. It’s important
to note that the logic levels for CMOS
logic gates differ markedly from those
associated with their TTL counterparts.
In particular, CMOS logic levels are
relative to the supply voltage used,
while the logic levels associated with
TTL devices tend to be absolute, as
shown in Fig.2. Note that V is the
positive supply voltage associated with
CMOS devices.

Fig.2. Logic levels for typical CMOS
and TTL devices

It is well worth explaining Fig.2 in
a little more detail, as this has a direct
impact on the design of a logic probe
that can be used with both of the major
logic families. A standard TTL logic
circuit will operate from a +5V power
rail. Thus any voltage level greater than
+2V is equivalent to a high or logic 1

Logic Probe

Fig.1. Simplified block schematic of our Logic Probe

state, whereas any voltage level less
than +0.8V is used to represent a low or
logic 0 state, as shown in Fig.2(a).

By contrast, CMOS logic is designed
to operate over a wide range of supply
voltages (typically between +5V and

as the difference between the minimum
values of high-state output and high-
state input voltage and the maximum
values of low-state output and low-
state input voltage.

+15V). Consider the
case of a CMOS logic
device operating from
a +9V supply. In such
a circuit, any voltage
level greater than +6V
is equivalent to a high
or logic 1 state whereas
any  voltage level
less than +3V will be
equivalent to a low or
logic O state, as shown
in Fig.2(b).

The high and low
state comparators used
in our Logic Probe will
need to be designed so
they are able to correctly
distinguish between
the high and low states
used for both TTL and
CMOS logic. This has
to be something of a
compromise but, in
general, a low state range
extending from zero to
one-third of the supply
voltage and a high state
range extending from
two thirds of the supply
voltage to the supply
voltage will work for
both types of logic.

Noise margin

Finally, it’s worth
mentioning the noise
margin (shown shaded
in Fig.2). This is a
measure of the ability
of the device to reject
noise; the larger the
noise margin the better
is its ability to perform
in an environment in

which noise is present.
Noise margin is defined
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Hence:

noise margin = Vo0 = Vi
or

noise margin= "V, ... =V,

where V.., is the minimum value
of high-state (logic 1) output voltage,
Vi 18 the minimum value of high-
state (logic 1) input voltage, V..
is the maximum value of low-state
(logic 0) output voltage, and V. is
the minimum value of low-state (logic
0) input voltage. The noise margin for
standard 7400 series TTL is typically
400mV, while that for CMOS is %4V, .

as shown in Fig.2.

Monostables

In many logic circuits, the logical
conditions do not remain static but
change all the time. Thus, as well
as having to detect steady voltages
(which can be either low, high or
indeterminate) we also need to be able
to recognise the presence of very rapid
changes in logic state (pulses), which
might otherwise go undetected.

This can be achieved by incorporating
a circuit that can stretch a narrow pulse
so that it is ‘remembered’ for a period
of time that’s long enough for it to
produce a visible display. The circuit
that we use is known as a monostable
pulse stretcher.

Monostables (or one-shots) provide
us with a means of generating precise
time delays. Delays become important
in a variety of logic applications and
particularly where logic states are
constantly changing.

The action of a monostable is quite
simple — its output is initially logic
0 until a change of state occurs at its
trigger input. The level change can be
from 0 to 1 (positive-edge trigger) or 1 to
0 (negative-edge trigger). Immediately
the trigger pulse arrives, the output of
the monostable changes state to logic
1. It then remains at logic 1 for a pre-
determined period before reverting
back to logic 0.

A standard 555 timer, operating as
a monostable, is shown in Fig.3. The
monostable timing period (ie, the
time for which the output is high) is
initiated by a falling-edge trigger pulse
applied to the trigger input (pin 2).
When this falling-edge trigger pulse is
received and falls below one third of
the supply voltage, the 555 output (pin
3) goes high. The capacitor, C, then
charges through the series resistor, R,
until the voltage at the threshold input
(pin 6) reaches two thirds of the supply
voltage (V) and the output (pin 3) then
goes low, remaining in the low state
until another trigger pulse arrives. The
time for which the output remains high
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Fig.4. Using Circuit Wizard to check the 555 monostable circuit

following the arrival of a trigger pulse
is given by the relationship, t= 1.1 CR.

Comparators

We’ve already seen how an operational
amplifier (op amp) can be used to
compare two voltages (see July EPE
page 49 and November EPE page 49),
and in this month’s instalment we will
be exploiting this principle again. If
you need to know how a comparator
works, just take a quick look back at
these two previous issues of EPE.

Get real
You might now be ready to check the
operation of a monostable circuit for
yourself. Fig.4 shows a simple 555
monostable circuit displayed as a
virtual circuit using Circuit Wizard (you
might like to compare this arrangement
with the circuit shown in Fig.3).

The problem of being able to generate
a trigger input pulse can be easily
resolved by using a pushbutton switch

Fig.5. Assigning a key (‘A’ in this case)
to the trigger input switch, SW1

and assigning a key to it, as shown in
Fig. 5. The trigger-pulse waveform can
be displayed using Circuit Wizard’s
virtual oscilloscope, as shown in Fig.6.
When the assigned key (‘A’ in this case)
is depressed (even if only momentarily)
the LED (D1) will become illuminated
for a time determined by the product
of R3 and C2. You might like to check
that the circuit and the formula quoted
earlier really does work!
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Fig.6. Momentary trigger pulses generated by switch SW1
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Logic Probe - using Circuit Wizard

OW we're ready to put our circuit

into action. Our complete Logic
Probe circuit diagram is shown in Fig.7.
Note that, when converting to a printed
circuit board (PCB), the variable
voltage source is converted to a single
pin for external connection), while the
battery is replaced with a two-way PCB
mounting terminal block.

Probe case
We want our logic probe PCB to fit into
a small handheld probe case. These are
readily available from electronic

Logic Probe

component suppliers like Rapid and
RS, and are supplied with the metal
probe ‘pin’. The enclosure that we
selected also includes a removable

face plate, making marking out and
drilling easier. Do be warned that some
probe cases are very narrow and only
allow enough space to fit a small, slim
PCB; this may make designing a layout
difficult or impossible using through
hole components and depending on
your skill.

If you’d prefer not to spend out on a
pre-manufactured probe case, a simple
and effective home-made probe case
can be made from a short length of box
section electrical conduit. A further
alternative is to mount the PCB into a
standard table top case and include a
wired probe. Similarly, the battery is
converted as a two-pin terminal block
for connection to the power supply of
the test circuit (see also later).

Fig.7. The complete circuit of our Logic Probe

Circuit board

In order to fit all of the components
and connections onto a PCB small
enough to mount into a small hand-
held enclosure you will need to
employ some of the design skills
that you learned earlier in the series.

Producing a compact design requires a
high component density (components
mounted closer together to get more
in to a given space) and thinner
copper track widths. It’s also more
important than ever to use the space
efficiently, taking extra care to place

(You will need...

Logic Probe

1 PCB, code 887, available from the EPE PCB Service,

size 70mm x 36mm

1 Two-way PCB mounting terminal blocks

1 PCB solder terminal pin

2 insulated crocodile clips (one black and one red)

3 8-pin low-profile DIL sockets

1 probe case, size 104mm x 44mm x 20mm (Rapid 31-0330)

Semiconductors

2 741 operational amplifiers (IC1, IC2)
1 NE555 timer IC (IC3)

1 Red LED (D1)

1 Green LED (D2)

1 Yellow LED (D3)

Resistors

2 15kQ (R1, R4)

1 10kQ (R5)

3270Q (R7, R8, R12)

Capacitors

4 4.7kQ (R2, R3, R9, R10)
1 470kQ (R6)
1 22kQ (R11)

~

2 100nF 50V mini polyester or ceramic (C1, C2)
1 22pF 25V radial electrolytic (C3)

N

J

Fig.8. Printed circuit board (PCB) component layout and track
layout viewed ‘through’ the board for the Logic Probe. Final
size is 70mm x 36mm
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the components appropriately prior to
routing.

You will probably want to reduce the
grid divisions in Circuit Wizard to permit
more intricate routes and allow smaller
track gaps. Of course, you always need
to keep in mind that as you design more
elaborate circuit boards with smaller
gaps and tracks, this must be matched
with more care and precision when you
physically manufacture the board itself
and this may impose limits depending
on the quality of your processes. Our
final PCB design in shown in Fig. 8.

In our prototype, the PCB was
mounted modestly by using a short strip
of double-sided foam pad. There is just
enough height in the case to fit the taller
components and therefore traditional
feet/stand-offs would not be possible.
When designing the circuit, we also
allowed space for the tall capacitor C1
to be bent over at 90° towards the probe
connection, so as to reduce the height.

A short piece of insulated wire was
soldered to the probe pin, via a solder
tag, as shown in our ‘Photo Gallery’.
You may need to pre-heat and/or tin
the probe to make connection easier.
Make this connection before attaching
the probe to the case; do not attempt
to solder the pin when ‘in position’ in
the case as the metal probe will get hot
enough to melt the plastic.

Power supply

We cannibalised a pair of crocodile
clip leads to use for the power supply
connections (black for negative, red for
positive). This makes it really easy to
clip it to a convenient point to pick up
the supply on the test circuit.

Note that you must use the power
supply from the circuit on test, as the
probe does not have its own power
source. It is also worth using a small
plastic insert to provide strain relief
for the two power leads at the point at
which they exit the probe case.

Lowering the cover plate (drilled to
accept the three LEDs) and then clicking
it into place in the upper section of the
probe case will ensure that everything
is a snug fit when the two case halves
are brought together. Finally, when
connecting the Logic Probe to a circuit
under test, it is essential to make sure
that you observe the correct polarity!

Using the Logic Probe

We bring this instalment of Jump Start
to a close with a brief introduction to
using the Logic Probe. Fig.9 shows how
a simple logic arrangement (in this
example, a two-to-four line decoder)
can be quickly and easily tested using
the Probe. The expected truth table for
our example logic circuit is shown in
Table 1.

Logic Probe

f/

\S

Fig.9. A two-to-four line decoder on test

\\

2

Before any measurements can be
carried out, the two power leads (red
and black) will need to be connected to
appropriate points on the circuit under
investigation. The voltages supplied to
the Logic Probe (0V and +V) must be
the same as those used to power the
logic circuit on test, and they MUST
be connected with the correct polarity!
Fig.10 shows a typical connection
to a circuit, with the probe tip being
connected to the particular point under
investigation.

Point-to-point testing

In the example shown in Fig.9, the
probe tip is moved systematically from
point-to-point, starting at the input
and moving towards the output. The
logic level at each point is noted and
compared with that which should be
expected (see Fig.11).

In Fig.9(a) the probe tip is connected
to one of the inputs which is found to be
in the high (logic 1) state. In Fig.9(b) the
probe tip is transferred to the output of

Table 1: expected truth table for the
two-to-four line decoder

the first logic gate (G1), which is found
to be in the low (logic 0) state. Since
G1 is an inverter this is what would
be expected and it confirms that G1 is
operating correctly.

In Fig.9(c) the probe tip is moved to
the output of the next logic gate, G2. If
this gate is operating as expected, the
logic level at this point should once
again be high (logic 1). However, if it is
low (logic 0) as shown in Fig.9(d) this
will indicate a fault condition in which
either G3, G5 or G6 has developed a
problem.
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f Photo gallery...

The Gallery is intended to show readers some of the
techniques that they can put to use in the practical
realisation of a design, such as PCB fabrication
and laser cutting. This is very important in an
educational context, where students are required to
realise their own designs, ending up with a finished
project that demonstrates their competence, skills
and understanding.

The techniques that we have used are available
in nearly every secondary school and college in the
country, and we believe that our series will provide

Fig.10. A typical connection to a logic circuit on test teachers with a tremendously useful resource!

x|y x|y
—D— ofo —Do— of1
1]1 1]0

Buffer Inverter or NOT gate

| |
A a2 o o>
= o 2 ol
- © o o|=<

| |
A a o o|»
- o a2 olm
© 2 a4 al<x

AND gate NAND gate
A B|Y A B[Y
0 ofo 0 o1
:[>_ 0 1)1 :[>O— o 1o Case parts for the Logic Probe
1 0|1 1 0fo0
111 1 1o
OR gate NOR gate
A B|Y A B[Y
0 ofo 0 o1
0 1|1 0o 1o
1 01 1 0fo0
1 1)o 1 1|1
Exclusive-OR gate Exclusive-NOR gate
PCB assembled in the lower case half. Note the
Fig.11. Truth table for some common types of logic gate probe solder tag and white lead to the circuit board

Assembled Probe ready for labelling

Special thanks to Chichester College for the use of
their facilities when preparing the featured circuits.

Fig.12. A further example of a logic circuit fault

A different fault is illustrated in Fig. 12. In this case, both of Next month
the inputs to the AND gate, G7, are in the high (logic 1) state, Next month we shall be describing a Simple DC Motor
but the Logic Probe indicates that the output is low (logic 0). In Controller that is ideal for use with a wide range of models
this case, either G7 or G11 must be considered suspect. and other motorised projects.
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Hands-On Project

Raspberry Pi

Software investigation

Time for some Pi

Mike Hibbett

E putthesolderingironaway thismonth and investigate

different software approaches for developing software
on the Pi. We also take a look at recent developments in the
Pi operating system and the hardware itself, explaining the
issues found and improvements made.

PCB header

As you may have noticed over the last few articles, we
are fans of the ‘Slice of Pi’ prototyping board. While it is
very useful for putting together robust prototypes, you
will at some point want to build your own boards. A key
ingredient for doing that will be the 26-way header, shown
in Fig.1.

It’s been a difficult part to track down, but we have
finally found a cheap supply. Available from Tandy (www.
tandyonline.co.uk) part number 276-0000. At 69 pence
each, and with a delivery charge of less than a pound, it’s
excellent value. Expect some more advanced hardware
projects soon!

Hardware problems

One of the main complaints raised about the Pi has been
with devices connected to the USB ports either not working
or locking up after a short time. This has been tracked
down to a pair of polyfuses in the USB

has these fuses replaced by zero-ohm links. If you are
comfortable with de-soldering SMD components, then this
is a modification that you can do yourself — or simply solder-
bridge across the parts. It’s a little challenging and not
something we are prepared to do until our second P1i arrives!

Memory upgrade

The latest version of the Pi is now fitted with 512MB
SDRAM rather than 256MB, and this will be the most
significant change that people will notice. We will report
on the impact of this additional memory next month
(assuming our device arrives in time. Delivery times are
still unpredictable.)

The new board also comes with an additional, smaller
I/O header (P5) and a two-pin socket for a reset switch
(P6), as shown in Fig.2. For our hardware designs we will
stick with the original 26-way header, so as to support all
Pi owners. Expect the older 256MB versions of the Pi to
become available on eBay as people rush to swap their
‘older’ models for the new revision. Hopefully, the price
of these lower memory Pis will reduce as they are seen
as inferior for use as a PC. For embedded projects, where
a GUI is not required, they will, of course, be perfectly
adequate.

supply rails. Polyfuses are self-resetting
fuses, but have the unfortunate side effect
of having a significant internal resistance.
With USB devices, such as Wi-Fi dongles
that draw large amounts of current, this
caused the 5V supply to drop below the
minimum level required by the
attached device.

The fuses have been
seen as ‘overkill’ by the
designers, and the
latest revision
of the board

Fig.1. The 26-way
I/O connector

Fig.2. The new Pi — new on the right, old on the left
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The new version of the Pi is referred to as ‘Raspberry
Pi Model B Rev 2.0°. It’s available now from Farnell and
RS. Delivery dates are still variable however, and you are
advised to check before placing an order. The cheaper
Model A (which comes without the Ethernet interface and
a single USB port) is scheduled for release in 2013.

As a final point on hardware this month, we can expect a
camera module to become available soon. This promises to
be a very interesting peripheral because it connects directly
to the processor rather than through USB — so it should be
fast, and low power. This will be of particular interest to us
because we are looking to create a battery-powered night-
time wildlife video recorder. Watch this space!

New OS image
October 2012 saw the release of an updated Linux
distribution for the Pi, called ‘Raspbian Wheezy’. This
release makes use of the hardware floating point co-
processor within the Pi’s ARM SOC (system on chip).
Previous releases used software instructions to emulate the
co-processor, reducing the speed at which floating point
calculations can be made. This has a noticeable effect on
the speed of graphical applications.

Using software to perform floating point calculations is
a common approach for ARM software development, since
not all ARM processors contain a hardware floating point
co-processor. As the Pi does, the Raspbian Wheezy image
is a welcome upgrade.

Fig.3. The processor simulator QEMU running on a PC

Development environment
While it’s quite a novelty developing software directly on
the Pi, it does have several drawbacks. First and foremost,
it’s very slow. Unless you have a high quality LCD monitor
the text quality is poor and strains the eyes after just a
few minutes. Another concern is that compiling programs
results in a high level of writes to the SDMedia card, which
can wear it out — potentially in a few months of intense use.
And as your code is stored on the SDMedia card, that’s a risk
if you cherish your work and don’t back it up frequently.
There are several reasons why it’s slow; the processor is
running at only 700MHz, there is relatively limited SDRAM
(for a desktop computer) and, more significantly, the
‘harddisk’ is a slow Flash memory device connected over a
serial interface. It’s amazing that it works as well as it does.
For the development of very simple programs, this is
not a significant issue, but as your designs become more
challenging, a faster and more enjoyable method is required.
Fortunately, there are several alternative techniques
available, and some of them are easy to set up.

Processor simulation

It’s not necessary to possess a Pi to run the operating
system and develop software for it. ‘Processor Simulator’
programs exist that can run ARM programs, translating
them into the native PC processor instructions. They also
provide a simulation of a video interface, keyboard, mouse
and network interface to a level of accuracy that means
the Raspbian Wheezy Linux image will boot up without
modification.
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This has been done for the Pi using the processor
simulator QEMU, which is freely available. There are
a number of projects on the Internet that have packaged
QEMU with the Pi’s boot image; one of them can be found
at: http://sourceforge.net/projects/rpigemuwindows/

You can see an example of QEMU running the Pi image
in Fig.3.

There are drawbacks to using a processor simulator.
First, it’s very slow — slower even than the Pi itself. Second,
it does not support the peripherals on the Pi’s I/O header.

Processor simulation is a poor alternative to developing
on the Pi itself, but if you would like to explore the software
on the Pi before buying one, it’s better than nothing.

Cross compilation

Cross compiling refers to the technique of writing and
building software for a processor that is different to the
processor used on your development machine. It’s how
we develop software for microcontrollers — the code you
create can only run on the target processor.

This is the fastest and most convenient way to build
software for the Pi, but it does require you to download the
software to the Pi once it is built (just as you do with a PIC
microcontroller.) Fortunately, as the Pi is such a powerful
system this is quite easy to do with a network connection
between the Pi and your PC.

The cross compiler is simply the gcc compiler tool set,
built to run on the PC, but instructed to generate ARM
output code. Configuring gcc to do this is a complex job
best left to the experts, and at the time of writing this article
there are a number of projects on the Internet attempting
to achieve this. A cross-compiler has already been made
available for people using Linux-based PCs; for those of us
who use Microsoft Windows, it’s still a work in progress.
We will report on progress later in the year.

Remote terminal session

The easiest approach (and the approach we are using
at the moment) is to store and edit the code on a PC,
transfer the source files to the Pi and then run the
compiler on the Pi itself. Although this does not solve
the ‘wear’ concern for the SDMedia card, it does mean
that you can back up your source code on your PC, and
use your favorite editor.

To set up a remote terminal development environment,
we start by installing the latest version of the Pi operating
system, Wheezy. There are a few other tools that we need
too, so we will install those at the same time. All of these
are free, and available on the Internet.

Several of these installation steps will require
administrator privileges on your PC, so make sure you
are running in an admin account before starting. Once the
software has been installed you may return to a standard
user account if you wish.

The latest Pi OS image can be downloaded from the Pi
Foundation website at: www.raspberrypi.org/downloads.
Although a zip file, it’s large at 500MB, but on a broadband link
it takes just a minute or two to download. Once downloaded,
extract the single .img file inside it to the desktop.

The image must be copied to the SDMedia card using
a special program; you cannot simply copy it to the card
using normal Windows tools. We use the Win32DiskImager
application to do this. The link to the program is on the
Foundation download page too. Once downloaded, extract
the contents to a sub-directory somewhere convenient. We
will probably need this again in the future, so don’t delete
it once we have finished.

Connect your SDMedia card to your PC through any
interface adaptor and run the Win32DiskImager.exe
application. Select the correct drive letter for the SDMedia
card and click the folder icon to navigate to the Pi .img
file. Select the file, and click ‘Save’. Now click the ‘Write’
button, followed by ‘Yes’. The write will take up to a
minute, so be patient. Click on ‘Exit’ when done, and then
remove the SDMedia card.

55



To run and download programs remotely to the Pi, we
need two applications — a remote terminal application and
a file transfer utility. We are going to use two simple utilities
Putty and WinSCP. There are many other programs available,
we’ve chosen these for simplicity of use and familiarity.

Putty is a simple single executable file. It can be
downloaded from: www.chiark.greenend.org.uk/~sgt atham/
putty/download.html. Download it to a convenient location.

WinSCP is a GUI file transfer program, with a user
interface that looks like a standard file explorer. It can be
downloaded from: http://winscp.net/eng/download.php,
selecting the ‘Installation Package’. Once downloaded, run
the program, which presents a standard installation dialog.
(On the ‘WinSCP recommends’ dialog you may want to
disable the two Chrome add-ons it recommends, unless
you really want a new browser installed. We didn’t.)

We now have all the tools we need. It’s time to set them up.

Environment set up

We need to set the Pi up to enable remote access. On first
starting the Pi with a new image — as we are about to do
— the Pi will display a handy configuration screen. From
here select the ‘SSH’ option, and select ‘Yes’. You may
also want to enable the ‘Start desktop on boot?’ option, to
automatically run startx at power up, but it’s not necessary.
Cursor down to the bottom of the list, then press the right
cursor key to select finish. The Pi will now reboot.

To connect to the Pi, we will, of course, need some kind
of network connection. The simplest way is to connect
the Ethernet interface of the Pi into a router, such as your
broadband access router if you have one. By default, the Pi
is configured to automatically request a network address
from a router, and it is a simple case of rebooting the Pi once
you have made the connections to have it join your home
network.

To discover what network address has been assigned to
your Pi once it has started up, open a terminal shell on the
Pi and type the command:

ifconfig

The command will list details of your two network
connections, ‘eth0’ (the Ethernet connection) and ‘lo’ (an
internal local loopback connection.) Under ethO look for
the line starting with ‘inet addr:’. The network address will
follow this text. It should look something like 192.168.1.67.

Logging in remotely
Now we have the Pi configured for remote access and we
know it’s address on our home network, it’s time to get
connected.

First, we will start a remote terminal shell. Start the Putty
program, and in the dialog that is displayed (see Fig.4) click

Fig.4. Configuring the Putty program
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Fig.5. Running WinSCP

on the ‘SSH’ radio button and then type the Pi’s network
address into the ‘Host Name’ field. Then click ‘Open’. You
may be warned about a ‘key’ on first connection; you can
ignore this warning for now, as we are connecting through
a local home network.

You will be presented with a request for username
and password; these are whatever you have set for your
standard ‘pi’ account login (the password is ‘raspberry’ by
default.) Once entered, you will see a terminal window
identical to that displayed on the Pi itself. You can run
programs from here and navigate through the file system
as normal; the only restriction is that you cannot run the
GUI — that only runs on the Pi’s display.

So, we can now compile and run programs — but if we
are editing our source files on the PC, how do we get them
to the Pi? This is where WinSCP comes in.

If you start WinSCP you will be presented with a dialog
very similar to Putty. Enter the Pi’s network address in the
‘Host name’ field, and then the username and password
in the fields below. After clicking ‘Login’, you will again
be presented with a warning about keys; just click ‘Yes’ to
continue. You will then be presented with a familiar file
explorer dialog, as shown in Fig.5. Files may be dragged in
either direction between the Pi and the PC.

Software development is now a breeze — store and edit
your source files on the PC, drag them to the Pi using
WinSCP, and then compile and run them through the Putty
terminal window. We’ve found this a far more pleasant
development environment, and results in less clutter on
the table — no need for two screens, two keyboards and two
mice. You are still developing the software on the target
device — the Pi — but editing and backup of your source
code is now much easier to do.

Advanced debugging

Developing software on the target device — either directly, or
via a network connection — does allow for some advanced
debugging techniques. Just as we have a debugger built into
MPLAB for looking at the internals of our program when it’s
running on a board, Linux has a similar tool, called GDB. This
program provides similar capabilities to MPLAB’s debugger,
allowing breakpoints to be added to the program under test.
Variables can be viewed or changed, and information about
the general state of the processor can be interrogated.

It’s not as easy to use as MPLAB, but is well worth
investigating. We will dedicate an article or two to
GDB later in the year. GDB can run on the Pi itself, but
a Windows PC version is also available that can debug a
Linux program across a serial or network connection, and
it makes an excellent companion to Putty and WinSCP.

Next month

Next month, we will look at how to get your program to
start automatically on power-up, and take a closer look at
the new 512MB Pi.
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Sorting out your bits and pieces? Check out our E-shop...
...We offer components, modules, kits, Led lighting, musical
stuff, Industrial, Contract design, device programming,
short-range radio, scientific items ...and some really weird things!

And if we don’t have what you need... let us know...
we just might add it.

COAST ELECTRONICS
8 HOLWORTH CLOSE
BOURNEMOUTH
BHI I 8PF
Tel:01202 244309

www.coastelect.co.uk

SHERWOOD ELECTRONICS

Buy 10 x £1 Special Packs and choose another one FREE

SP1 15 x 5mm Red Leds SP131 2 xTLO71 Op-amps

SP2 12 x 5mm Green Leds SP133 20 x 1N4004 diodes

SP3 12 x 5mm Yellow Leds SP134 15 x 1N4007 diodes

SP5 20 x 5mm 1 part Led clips SP135 5 x Miniature slide switches
SP6 15 x 3mm Red Leds SP137 4 x W005 1.5A bridge rectifiers
SP7 12 x 3mm Green Leds SP138 20 x 2.2/63V radial elect caps
SP8 10 x 3mm Yellow Leds SP142 2 x Cmos 4017

SP9 20 x 3mm 1 part Led clips SP143 5 Pairs min. croc.clips (Red+BIk)
SP10 100 x 1N4148 diodes SP144 5 Pairs min. croc. clips (assorted
SP11 30 x 1N4001 diodes colours)

SP12 30 x 1N4002 diodes SP146 10 x 2N3704 transistors

SP18 20 x BC182B transistors SP151 4 x 8mm Red Leds

SP20 20 x BC184B transistors SP152 4 x 8mm Green Leds

SP23 20 x BC549B transistors SP153 4 x 8mm Yellow Leds

SP24 4 x Cmos 4001 SP154 15 x BC548B transistors

SP25 4 x 555 timers SP155 6 x 1000/16V radial elect. caps
SP26 4 x 741 Op-amps SP160 10 x 2N3904 transistors

SP28 4 x Cmos 4011 SP161 10 x 2N3906 transistors

SP29 4 x Cmos 4013 SP164 2 x C106D thyristors

SP33 4 x Cmos 4081 SP165 2 x LF351 Op-amps

SP34 20 x 1N914 diodes SP166 20 x 1N4003 diodes

SP36 25 x 10/25V radial elect caps SP167 5 x BC107 transistors

SP37 12 x 100/35V radial elect caps SP168 5 x BC108 transistors

SP38 15 x 47/25V radial elect caps SP172 3 x Standard slide switches
SP39 10 x 470/16V radial elect caps SP173 10 x 220/25V radial elect caps
SP40 15 x BC237 transistors SP174 20 x 22/25V radial elect caps
SP41 20 x Mixed transistors SP175 20 x 1/63V radial elect caps
SP42 200 x Mixed 0.25W CF resistors ~ SP177 8 x 1A 20mm quick blow fuses
SP47 5 x Min. PB switches SP178 8 x 2A 20mm quick blow fuses
SP49 4 x 4 metres stranded core wire SP181 5 x Phono plugs — assorted
SP102 20 x 8 pin DIL sockets colours

SP103 15 x 14 pin DIL sockets SP182 20 x 4.7/63V radial elect caps
SP104 15 x 16 pin DIL sockets SP183 20 x BC547B transistors
SP109 15 x BC557B transistors SP186 6 x 1M horizontal trimpots
SP112 4 x Cmos 4093 SP192 3 x Cmos 4066

SP115 3 x 10mm Red Leds SP195 3 x 10mm Yellow Leds

SP116 3 x 10mm Green Leds SP197 6 x 20 pin DIL sockets

SP118 2 x Cmos 4047 SP198 5 x 24 pin DIL sockets

SP124 20 x Assorted ceramic disc caps SP199 4 x 2.5mm mono jack plugs

SP130 100 x Mixed 0.5W CF resistors SP200 4 x 2.5mm mono jack sockets

Catalogue £1.25 inc. P&P or

FREE with first order.
RESISTOR PACKS — C.Film P&P £2.50 per order. NO VAT
RP3 5 each value - total 365 - 0.25W £3.65
RP7 10 each value - total 730 - 0.25W  £4.95
RP10 1000 popular values - 0.25W £7.00
RP4 5 each value — total 305 - 0.5W £4.65
RP8 10 each value - total 610 - 0.5W £7.40
RP11 1000 popular values - 0.5W £10.15

Sherwood Electronics,
10 NEWSTEAD STREET,
MANSFIELD, NOTTS.
NG19 6JJ
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DEEP MEMORY
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OSCILLOSCOPES

NEW from Pico Technology
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Technology
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Channels 2 Analog 16 tal
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Buffer memory “ 32 MS 128 MS

Resolution 8 bits
(enhanced) 12

Signal generator Function generator + AW

ALL MODELS INCLUDE ADVANCED DIGITAL TRIGGERS, SERIAL DECODING
(I2C, SPI, RS232, CAN, LIN, FLEXRAY) MASK LIMIT TESTS, SEGMENTED MEMORY,
DIGITAL FILTERING, FREE SOFTWARE UPDATES AND 5 YEAR WARRANTY

www.USBmso.com/Ps19¢
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Our periodic column for PIC programming enlightenment

Miix

Reducing power consumption

how interrupts, though difficult to

set up, can make our programming
tasks easier. We showed how they
could consign unessential tasks to the
background, de-cluttering the main ap-
plication. In the real world, interrupts
play a much more vital role in ensuring
that a system is responsive and draws
as little power as possible — conserving
battery power on mobile phones, and
minimising heatsinking requirements
on desktop computers.

Microcontrollers (which by their
nature are low-speed, low-power de-
vices) perform relatively simple tasks,
typically running a ‘main loop’ control
program that continually spins round a
loop looking for triggers, such as vari-
ables changing values, that cause it to
temporarily branch off to some other
subroutine. The processor is running
continuously, spending most of it’s time
doing nothing worthwhile.

If a laptop or standard desktop were
to run continuously like this it would
quickly overheat and shut down. (It’s a
rather sad indictment of modern com-
puter design — you may think you are
buying a 1.8GHz quad core laptop, but
it can only provide that power in very
short bursts.)

IN last month’s article we looked at

Power play

Power management is one of the many
facilities provided by an operating sys-
tem, and a programmer should make
use of it to ensure that the system as a
whole remains responsive when their
program is running. While this is of no
concern for hobbyists with relatively
small microcontroller projects, where
our designs have total control of all
CPU resources (ie, we do not have to
worry about how well other programs
run), using those resources appropri-
ately does become important when low
power consumption is an objective.

Using processor resources in a power
efficient manner requires a mind-set
change for the developer more used to
running the processor continuously at
full speed, reacting to changes in the
‘state’ of the system such as a key press
or time intervals occurring. The guid-
ing principle is to keep the processor
effectively switched off, turning it on
only to respond to changes in the state
of the system and then immediately
turning the CPU back off.

A common concern when this ap-
proach is discussed with beginners is
‘but my system is constantly updating
the display, I can never turn the CPU
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offl’” This miss-understanding is born
from our biologically limited percep-
tion — a system that updates the dis-
play once every 100ms may appear to
be reacting continuously, but as it may
take the CPU only a few milliseconds
to write to the display, the processor is
actually idle for more than 95% of the
time. We forget just how quickly a mi-
crocontroller can accomplish the tasks
we set it, and overlook how much time
it spends idling in ‘busy wait loops.’

To take advantage of this idle time
and enable the processor to fall into a
low power mode, CPU manufacturers
provide a number of hardware features
on-chip. Used in conjunction with a re-
vised approach to software design, these
can increase the battery life of a design
from hours to days or even months.

The processor we are currently ex-
perimenting with comes from the
‘nanoWatt XLP’ family — clearly em-
phasising the low power nature of the
device. But this low-power does not
come enabled ‘out of the box’ — we
have to incorporate the features into
our design, right from the point of cre-
ating the circuit if we want to make the
most of them.

Power consumption

Before we look at these features, let’s
take a look at the sources of power con-
sumption in a processor, referred to as
static and dynamic.

Static power consumption is due to
the leakage current that flows through
each and every transistor within a mi-
croprocessor IC when it is held in the
‘off’ state. Although this leakage current
is tiny, there are tens of thousands of
transistors in even the smallest proces-
sor, and these leakage currents add up.

Dynamic power consumption refers
to the temporary surge in current flow as
transistors switch modes (such as when
a flip-flop changes it’s output level from
high to low). The size of this current is re-
lated to the transistor’s gate capacitance
and the rate at which it is switching.

In both cases, the higher the voltage,
the higher the power consumption.

There is nothing we can do about
the static power consumption or the
transistor’s gate capacitance, so the
only variable we have to play with is
the switching rate. In summary, when
the processor is not required to per-
form any calculations, turn the clock
off, and you will get minimum power
consumption.

That’s great in theory, but turning
the clock off means that timers will not

run, serial ports won’t receive data, and
so on — not very useful to a real world
application! So, to solve this dilemma,
processor manufacturers have added
hardware features to let us have a range
of partial shutdown options, so we can
choose what is best for us — typically
a compromise option, depending on
your design requirements.

CPU features

The most significant contributor to power
consumption is the system clock. When
your code is running, tens of thousands
of transistors are switching, millions of
times per second. Turning this clock off
will have a major impact. Unfortunately,
it will also have a major impact on the
ability to process any events, so there
are a number of clock operation modes
made available — RUN, IDLE and SLEEP.

RUN is the normal operating mode
when the processor is executing in-
structions. IDLE is where the clock to
the CPU is turned off, but the clock is
still provided to the hardware periph-
erals of the device — which means the
serial port will still receive data, tim-
ers will still run and analogue-to-dig-
ital conversions can still take place.
In SLEEP mode, the clock is turned
off completely, which means the only
peripherals that function are the exter-
nal interrupt pins, (and the on-board
watchdog timer, if enabled.)

Entering the low-power mode is a
simple case of calling the SLEEP in-
struction. To enter IDLE mode rather
than SLEEP, set the bit IDLEN in the
OSCCON register before calling the
SLEEP instruction.

Waking from sleep

On waking from the SLEEP or IDLE
mode, the CPU will start executing
instructions immediately following
the SLEEP instruction. So what causes
the wake up? Interrupts. Any enabled
and active interrupt source will cause
the processor to wake up. If the GIE bit
(global interrupt enable) is set then the
corresponding interrupt routine will
be called first. If the bit is cleared, ex-
ecution will proceed with the instruc-
tion immediately following the SLEEP
instruction.

What interrupt source you need to
be the trigger to wake the processor up
will determine what sleep mode you
can use. If it will be an external inter-
rupt (such as a button press) then you
can place the processor in full SLEEP
mode; if you want to wake periodically
from a timer, then you must use IDLE.
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Fig.1. Source code, before and after

Testing it out

Let’s return to our example circuit and
software design from last month —a sim-
ple LED flasher. To re-cap, this circuit is
a basic processor with an LED attached,
which is flashed once every 10s by an
interrupt routine. The ‘main loop’ is a
simple busy loop that does nothing. You
can see the code in Fig.1, on the left.

For a design like this, the choice of
low-power mode is simple — it uses a
timer to wake periodically, so we must
use IDLE. The corresponding code
changes are very simple too in this case,
and are shown on the right in Fig.1 —the
addjition of just two instructions.

We did a simple current measurement
before and after by inserting a DVM in
the supply to the board. In the original
example it consumed 2.44mA when the
LED was off. In the second example, tak-
ing advantage of the IDLE mode, it con-
sumed 1.16mA. No change in operation
of the system, but a significant power
saving. Don’t be fooled by a reduction
of ‘only’ 1.28mA - this is a reduction to
1.28mA. If you were running the pro-
cessor at a higher clock speed, the dif-
ference would be even greater.

Obviously, this is a contrived exam-
ple, and with the addition of alterna-
tive clock sources, the time lag in start-
ing different oscillator types and the
multitude of interrupt sources this is
a complicated subject, but the rewards
can be considerable. It does require
careful planning at the early design

stages to address how you can keep the
processor in a low-power mode for as
long as possible.

It is possible, however, with exam-
ples like ours, to make significant dif-
ferences in current consumption with-
out major surgery on one’s design.

Further improvements

Controlling the processor power con-
sumption in the processor is not the
end of the story. To achieve the lowest
current consumption it’s also necessary
to look at the rest of the circuit.

If you have an LCD attached, con-
sider controlling the supply to the LCD
from a FET switch. Ditto for radio mod-
ules — it’s not enough to hold a radio
module in reset; stick a FET switch in
series with the supply. It may take a
few tens of milliseconds longer to pow-
er up, but if you are only sending data
once a minute or so, the power saved
can be significant.

Even flashing LEDs can have an im-
pact — consider using higher value se-
ries resistors, and experiment with the
width of the pulse that you apply to the
LED to illuminate it. The less power
your circuit consumes, the more impor-
tant current sources like these can be.

If your circuit is drawing an average
current of, say, 100mA then an LED
drawing 10mA for half a second every
ten seconds is not significant. How-
ever, if your average current consump-
tion is 100u4A (quite possible with a

PIC microcontroller design) then the
average current consumption of that
LED does have an impact — it’s aver-
age current consumption is 10000 x
(0.5/10) uA, which is 500uA — five
time more than the rest of your circuit!

Designing circuits and software for
minimal current consumption can be-
come a fun intellectual challenge in
it’s own right, and Microchip provide a
vast range of tools for you to play with.

We’ve only touched on the options
available for reducing current consump-
tion; the more advanced technique in-
volves making use of the multitude of
oscillator options available. Even on our
device, you can run the CPU from an
internal RC oscillator, external crystal
oscillator and an external watch crystal
oscillator, and you can make use of all
three in your design if required.

The watch crystal oscillator is the
more interesting option, as it runs at a
very low frequency (32kHz) and the
drive circuit has been optimised for
very low power — specifically to enable
battery-powered devices that require an
accurate time source. We will pick up
on this in a future article, when we add
a real-time clock circuit to our board.

Sleep time

As a final point, an obvious question
about designing for low power circuits
is: ‘is it better to run off a slow clock,
or run off a fast clock? This is asked
in connection with a design that may
wake up periodically to perform some
operation and then return to sleep.

Should you run fast, at high power,
and then quickly return to sleep, or run
at a slower clock rate and take longer
before returning to sleep? We did some
research on this in the 1990s and found
that running at high speed resulted in
the lower average power consumption.
Possibly due to the increased quiescent
power consumption that is constant
while running the CPU.

If you are looking for ways to im-
prove an already well-designed low-
power system, reducing the supply
voltage is the simple answer — even if
it means putting a diode in series with
the supply rail.

May you enjoy fewer battery pur-
chases!

Use Tandy Components To Bring Your Ideas To Life!

Tane

Standard UK Delivery Just £1 ! - Any Order Any Size
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HIS month we have a question
about rectifier circuits posted on
Chat Zone by quornhog

Some circuits for mains adaptors
use a pair of diodes for rectification,
others use a bridge rectifier. How do 1
decide which method to use?

In response, we look at various
arrangements of transformer and
diodes which can be wused for
obtaining unregulated DC voltages
from the mains. To produce
illustrative waveforms for the circuits
discussed in Circuit Surgery, use is
often made of circuit simulations.

Typically we employ LTSpice, a
tool which is also used by a number
of regular Chat Zone contributors. In
this case, we encounter the issue of
using transformers in the simulation
— you will not find a transformer
in the list of LTSpice components.
Therefore, this article will discuss
creating transformers in LTSpice, as
well as looking at some rectifier and
related circuits.

A step-down

Mains supplies in most countries are
AC, with voltages of either around
110V to 120V, or around 220V to 240V,
and with frequencies of either 50Hz
or 60Hz. For many applications, we
need much lower DC voltages, so we
need to step down the mains voltage
and convert it to DC. As indicated in

Fig.2. Half-wave rectifier simulation waveforms
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Rectifier circuits

the question, the conversion of AC
to DC is called rectification and is
typically achieved using one or more
diodes.

Traditionally, voltage step-down is
provided by a transformer connected
to the mains; however, this is not the
only approach. It is possible to make
transformerless step-down supplies
using resistive or capacitive voltage
dividers, particularly for applications
with low current demands. Diodes are
still used for rectification.

Transformerless circuits are lighter,
smaller and lower cost than transformer-
based designs and are, therefore,
popular in commercial products. Lower
voltage supplies can also be made using
switch-mode techniques, but this is not
really relevant to quornhog’s question.

The downside, however, is that
transformerless  supplies  provide
much less isolation from the mains
than trans-former-based circuits and
therefore, present a potentially higher
risk to the user. There is also greater
risk of component damage from
voltage spikes on the mains. Touching
any part of a transformless circuit may
result in shock.

This should not be an issue when
used in suitable commercial designs,
which are fully encapsulated, and where
appropriate safety measures are included
in the circuit. However, for home-brew
designs the reduced safety MUST be
seriously thought through. For these

reasons we will only
consider transformer-
based circuits in this
article.

Basic rectifier

circuit

The most Dbasic
transformer and
rectifier circuit is

shown in Fig.1. This

BY IAN BELL

and is known as a half-wave rectifier,
because only half of the AC waveform
is involved in producing the DC output.
The diode, D1, only conducts in
one direction, so current only flows
into the load when output A of the
transformer is positive with respect to
output B. This occurs during one half
of the AC cycle, so the load receives a
series of half-sine-shaped pulses.

D1
A _a k
AC >t
MAINS
LOAD
B

Fig.1. Half-wave rectifier circuit
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The simulated waveforms are shown
in Fig.2. The upper (green) trace is the
mains. The middle (blue) trace is the
transformer secondary output, and
the lower (red trace) is the rectified
output.

Asindicated, simulating the circuitin
Fig.1 is perhaps not as straightforward
as with many otherbasic circuits. Thisis
because you will not find a transformer
listed in the components and circuit
elements available in LTSpice. You
have to build the transformer from
individual inductors. We will explain
this in a moment. The LTSpice circuit
used to obtain the waveforms is shown
in Fig.3.

LTSpice simulation

For the benefit of readers not already
familiar with it, the LTSpice analogue
circuit simulator can be downloaded
free in its full form from the Linear
Technology website at: www.linear.
com/designtools/software/.

The ‘Spice’ part of the name refers to
the acronym Simulation Program with
Integrated Circuit Emphasis — a de-
facto industrial standard for computer-

only uses one diode aided electronic circuit analysis,
Mains KL1l21  ouput P Rectified
>t
Vmains 11 2
10 25m RE
Rser=100 Rser=0.5 1k
SINE(0 339 50;
Reero1 0 ° e
‘ ‘ .tran 0 600m 0.1m

Fig.3. LTSpice simulation schematic for Fig.1.
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with many commercial versions. It
was originally developed in the early
1970s at the University of California,
Berkeley. There is plenty of LTSpice
tutorial material available online to
get you started if you have not used it
before.

To create a transformer for simulation
in LTSpice, put an inductor on the
schematic for each winding (L1 and
L2 in Fig.3). You will probably need to
rotate the symbols and move the labels
around to get everything in the right
place for a conventional transformer
symbol (but the relative position of the
inductors on the schematic does not
change the simulation).

When placing the inductors, it is
useful to be able to see the phase dot,
which is not shown by default. You
can opt to show it by right clicking on
the inductor symbol. The ends of the
windings with the dot will be in phase
when the inductors are coupled to
form a transformer. This is particularly
important when dealing with a
transformer with multiple or centre-
tapped secondary windings.

As LTSpice does not have any
transformer symbols, you will have to
draw lines for the core lines manually
if you want them on the schematic (use
draw from the edit menu and select
line). You may need to set the line type
to solid. By default, the lines may snap
to the drawing grid, which may be too
far apart; holding down the Control key
while moving the lines will override
the snap-to-grid, allowing the core
lines to be more closely spaced.

As we are using individual inductors
to create the transformer, there isno way
of directly specifying turns ratio (there
is no ‘turns’ parameter in LTSpice). The
inductance of the windings must be set
in proportion to the square of the turns
ratio.

So, for example, a mains transformer
with a 240V primary and a 12V
secondary, which has a turns ratio of 20
(=240/12), will require two inductors
with an inductance ratio of 400 (=202?).
If the primary inductance is 10H the
secondary needs to be 25mH. These are
the values used in Fig.3 — they are not
meant to represent the actual values of
a particular real transformer, as we are
aiming for a close to ideal model here.

Mutual inductor

We couple the inductors together using
a mutual inductor Spice directive
(command statement) — this creates
a transformer from what would
otherwise be completely independent
inductors. To do this, click the .op
button in the schematic editor tool bar.
This will open a window in which
you can type the text of the command.
When you click OK, you can place the
Spice directive on the schematic.

The mutual inductor directive starts
with the keyword ‘K’ followed by a list
of all the inductors involved (separated
by spaces). You can couple several

inductors in one statement, not just
two. If you have multiple individual
transformers in a circuit, use K1, K2,
K3, etc for each separate transformer.
The final item of the statement is the
coupling coefficient, which indicates
how well coupled the inductors
are. This is a value ranging from 0
(uncoupled) to 1 (perfectly coupled).

Linear Technology advise starting
all simulations with the coupling
coefficient equal to 1, adjusting it
later if needed. In our case, we can
stick with 1, particularly as real iron-
cored mains transformers have very
good coupling.

1
[LS
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D
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AC >
MAINS |
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B

Fig.4. Half-wave rectifier with smoothing
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Fig.5. Smoothed waveform from circuit in Fig.4 (red trace)
together with unsmoothed output from circuit in Fig.1

(green trace)

To couple two inductors, L1 and L1,
to form a transformer the Spice directive
is:

KL1L21

Adding the mutual inductor
statement causes the phase dot to be
shown automatically, if this was not
already done manually.

Mains modelling

The mains can be modelled as a
voltage source configured to produce
a sinewave of 50Hz or 60Hz as
appropriate. The voltage specified for
the mains is RMS (root mean square),
whereas LTSpice requires the peak
value. You need to multiply the RMS
mains voltage by /2 (square root of
two = 1.4142) to get the peak voltage
(amplitude). For example, for 240V
RMS mains use 339V amplitude in
LTSpice. For a 12V RMS secondary
output we would expect about 17V
peak.

We want to look at waveforms,
so we need a transient simulation
— this is set up by ‘edit Simulation
Command’ from the Simulate menu.
One cycle of a 50Hz wave takes
20ms, so a simulation time of 100ms
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should be sufficient to see a few
cycles. However, it is better to run
it for longer in case the circuit takes
a few cycles to settle. Unexpected
long-term changes may also indicate
problems with the simulation set-up,
so it is useful to be able to see this.

If you simply connect an LTSpice
voltage source to an inductor and run
a transient simulation, you will get
an error: ‘Voltage source Vxxx and
inductor Lxxx are paralleled making
an over-defined circuit matrix.” There
has to be some resistance in th