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element14 aims to start each New Year by 

discovering new ways of providing high-quality 

components and services to its customers. 

The company believes in innovation not 

only for products but within its overall value  

offering. In 2014, element14 aims to continue 

to drive change in the electronic component 
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DETERMINING	SUITABLE	

PCB	TRACK	WIDTH
Eddy Zulian, Managing Director

Each	 PCB	 design	 is	 unique	 and	 requires	 the	 skills	 of	 the	 designer	 to	 adapt	
the	 design	 to	 fall	 within	 PCB	 manufacturing	 capabilities.	 One	 of	 the	 key	
aspects	of	PCB	development	is	determining	appropriate	trace	sizes	for	current	
requirements.	This	 article	 provides	guidelines	 that	 designers	 should	 follow	 to	
determine	 the	 trace	 width.
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PCB	design	is	the	art	of	design-
ing	a	PCB	layout	by	graphically	
locating	 components	 within	 a	
CAD	package	onto	a	layout	and	

then	 connecting	 appropriate	 pins	 from	
one	component	to	the	other	with	tracks.	
This	 appears	 to	 be	 a	 technical	 process	
that	utilises	simple	 formulas	and	 rules.	
But,	 as	 we	 all	 know,	 in	 the	 real	 world	
nothing	 is	 ever	 black	 and	 white.	 The	
PCB	 layout	 is	 usually	 a	 compromise	
between	conflicting	requirements.	These	
compromises	are	often	multidimensional	
in	 nature.

As	an	example,	how	do	you	determine	
the	 width	 of	 the	 PCB	 trace,	 in	 order	
to	 carry	 the	 current	 imposed	 by	 the	
circuit?	 This	 is	 one	 of	 the	 most	 basic	
questions,	yet	there	is	no	clear	formula	
or	answer.	The	best	answer	is	“as	wide	
as	possible”.	But	this	is	not	a	quantifiable	
parameter.	 It	 is	 not	 a	 number	 that	 you	
can	 enter	 into	 the	 PCB	 CAD	 package.	
Board	 designers	 need	 	 numbers	 that	
they	 can	 work	 from.

The	 current	 carrying	 capacity	 of	 a	
PCB	 track	 is	 fundamentally	 determined	
by	 two	 parameters:

•	Heat	 generated	 by	 the	 track.	 This	
is	 a	 product	 of	 the	 current	 flowing	
through	the	track	and	the	voltage	drop	
across	 the	 track	 (P=IV),	 essentially	
the	electrical	resistance	of	the	track.

•	The	 ability	 of	 the	 track	 to	 dissipate	
the	heat	generated	in	itself	as	a	result	
of	 its	 electrical	 resistance.
The	first	parameter	(track	resistance)	

can	be	easily	calculated	and	compensated	
for	 by	 increasing	 copper	 thickness	 and	
track	thickness.	Copper	tracks	are	resis-
tive.	 As	 a	 result,	 any	 current	 travelling	
through	the	track	will	produce	a	voltage	
drop	which	will	 cause	 the	 track	 to	dis-
sipate	heat.	Unless	the	track’s	resistive	
characteristics	are	specifically	required	
and	form	part	of	the	electronics	design	
of	 the	 circuit,	 power	 dissipation	 by	 the	
track	 is	 undesirable.	 As	 a	 result,	 the	
lower	the	dissipation	and	the	 lower	the	
voltage	 drop	 the	 better.	 Hence,	 making	
the	trace	as	wide	as	possible	should	be	
the	 design	 directive.

Temperature	 rise	 is	 used	 to	 derive	
the	 minimum	 trace	 width.	 One	 would	

think	 from	 this	 point	 that	 it	 is	 simply	
a	 matter	 of	 determining	 an	 acceptable	
temperature	 rise	 for	 the	 track	 in	 ques-
tion,	entering	the	numbers	into	the	trace	
width	calculator	and	presto,	 there’s	the	
answer.	 But	 it	 is	 not	 so	 simple.	 The	
second	 parameter	 is	 more	 complex	 as	
a	 number	 of	 elements	 come	 into	 play.	
These	 include	air	moisture,	mechanical	
orientation	 (which	 affects	 convection	
airflows),	cumulative	heating	affects	from	
adjacent	 tracks	 and	 components,	 and	
copper	distribution	adjacent	to	the	track	
and	on	other	parallel	layers	to	the	track.

For	this	reason,	calculating	the	exact	
current-carrying	 capacity	 for	 a	 copper	
track,	 given	 a	 limiting	 temperature	 rise	
for	 the	 track,	 is	 complex.	 Most	 trace	
width	 calculators	 are	based	on	 the	 IPC	
2221	 (ANSI	 /	 IPC-D-275)	 standards.	
These	 standards	 were	 extracted	 from	
charts	produced	by	 the	US	Department	
of	 Defense	 over	 half	 a	 century	 ago.

Track	 spacing	 should	 be	 20%	 more	
than	track	width,	ie,	8	mil	tracks	should	
have	a	10	mil	spacing;	5	mil	tracks	should	
have	6	mil	spacing;	15	mil	tracks	should	
have	 18	 mil	 spacing.

To	determine	the	track’s	temperature	
the	designer	needs	to	recognise	that	the	
temperature	rise	of	a	track	is	dependent	
on	the	heat	generated	by	the	track	-	as	
measured	 against	 the	 characteristic	 of	
the	track’s	ability	to	dissipate	that	heat.	
The	ultimate	stabilised	temperature	rise	
will	be	the	temperature	at	which	equilib-
rium	 is	 established	 between	 these	 two	
parameters.	 The	 heat	 generated	 by	 the	
track	 is	a	simple	 implementation	of	the	
P=I2	x	R	formula.	However,	even	this	is	
not	straightforward.	The	resistive	value	
of	the	track	is	dependent	on	temperature.	
The	resistance	increases	with	increasing	
temperature.	The	trace	width	calculator	
resolves	this	issue.	However,	the	copper	
thickness	can	vary	substantially	from	one	
board	 to	 the	 other.	 A	 board	 specified	
with	1	oz	copper	finish	can	easily	have	a	
tolerance	of	±25%.	In	addition,	whether	
that	1	oz	of	copper	thickness	comprises	
1	oz	pure	foil	or	½	oz	foil	plated	up	to	1	
oz	(which	is	the	norm	for	double-sided/
multilayer	 build)	 also	 affects	 copper’s	
conductive	 characteristics.
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SUITABLE	 PCB	 TRACK	 WIDTH

The	 dissipation	 of	 the	 heat	 away	 from	
the	track	on	the	other	hand	is	less	straight-
forward.	 The	 heat	 conducted	 away	 from	
the	 track	 is	 determined	 by	 the	 ‘things’	
surrounding	 the	 track	 and	 the	 thermal	 re-
sistance	 to	 these	 ‘things’.	 These	 include:	
humidity,	 and	 the	 adjoining	 copper	 tracks	
and	fills	 (both	next	 to	 the	 target	 trace	and	
also	 on	 parallel	 layers).	 The	 trace	 width	
calculator	 does	 not	 take	 these	 considera-
tions	 into	 account,	 nor	 does	 it	 consider	
the	thermal	conduction	of	the	solder	mask	
over	 the	 track.	 It	 also	 doesn’t	 take	 into	
account	 cumulative	 heating	 effects	 from	
adjacent	 tracks	 and	 components.	 In	 short,	
the	 trace	 width	 calculator	 provides	 some	
sort	of	approximation	of	power	dissipation	
and	 provides	 the	 engineer	 a	 figure	 that	 is	
more	 of	 a	 guess	 as	 to	 the	 temperature	
rise	 above	 ambient,	 which	 the	 track	 will	
experience	 on	 a	 typical	 PCB.

What	 does	 a	 temperature	 rise	 above	
ambient	 actually	 tell	 us?	 If	 the	 optimum	
track	 size	 (as	wide	 as	 possible)	 has	 been	
determined,	 does	 it	 matter	 what	 the	 tem-
perature	 rise	 above	ambient	will	 be.	What	
really	 matters	 now	 is	 the	 reliability	 and	
the	 mean	 time	 between	 failures	 (MTBF).	
The	 designer	 needs	 to	 consider	 how	 the	
temperature	 rise	 of	 the	 track	 will	 affect	
the	 reliability	 of	 the	 track	 as	 well	 as	 the	

components	on	the	board	that	will	be	sub-
ject	 to	 the	 heat	 conducted	 away	 from	 the	
track.	 This	 is	 the	 primary	 consideration	 in	
determining	 the	 track	 width.

Extremely	high	temperatures	will	 cause	
the	solder	mask	protecting	the	track	to	break	
down	and	 fail.	Prolonged	exposure	 at	 high	
temperature	 will	 then	 cause	 the	 exposed	
track	 to	 oxidise	 and	 eventually	 corrode;	
however,	 this	 is	 the	 unlikely	 extreme	 end	
of	the	scale.	The	temperature	rise	 is	more	
likely	 to	 be	 moderate.	 The	 failure	 mode	
then	presents	itself	as	metal	fatigue	due	to	
expansion	and	contraction	of	the	track	and	
of	 the	 thermal	 cycles	 it	 has	 encountered.	
So	 we	 are	 now	 moving	 away	 from	 the	
conclusion	that	temperature	rise	is	the	key	
element.	 The	 other	 important	 factor	 is	 the	
thermal	stress	induced	by	the	magnitude	of	
the	 temperature	 rise	 alongside	 the	 timing	
and	 number	 of	 cycles	 of	 the	 temperature	
changes.	This	is	extremely	difficult	to	calcu-
late	 as	 the	geometry	of	 the	 tracks	and	 the	
end	 connection	 points	 of	 the	 track,	 along	
with	 the	 coefficient	 of	 thermal	 expansions	
of	 the	 dielectric	 as	 compared	 to	 the	 track	
itself,	 are	 key	 factors.	All	we	are	 trying	 to	
determine	is	what	width	we	need	the	track	
to	be	and	given	that	the	design	may	contain	
100s	of	tracks,	we	cannot	procrastinate	on	
this	one	design	consideration	 for	 too	 long.

What	 we	 are	 really	 trying	 to	 achieve	 is	
to	design	a	product	which	is	as	reliable	as	
practicably	 possible	 and	 this	 is	 achieved	
by	 making	 the	 tracks	 as	 wide	 as	 possible.

Physical	 constraints	 and	 creepage	 and	
clearance	 distances	 impose	 restrictions	 on	
the	maximum	track	width	that	can	be	utilised,	
and	tools	such	as	the	‘trace	width	calculator’	
provide	 approximate	 guidelines	 as	 to	 what	
temperature	 rises	will	 be	 encountered.	The	
designer	needs	to	understand	that	these	are	
approximation	 tools	 only	 and	 that	 the	 real-
world	 elements	 which	 determine	 what	 the	
minimum	track	width	needs	to	be	are	complex.

In	 reality,	 PCB	 technology	 has	 changed	
very	little	for	over	half	a	century.	Tolerances,	
dimensions	 and	 techniques	 have	 been	 im-
proved	but	fundamentally	the	technology	is	
the	same.	Complex	considerations	discussed	
above	 have	 not	 imposed	 significant	 limita-
tions	 on	 the	 reliability	 of	 PCBs	 because	
the	 technology	 and	 material	 used	 in	 PCBs	
is	 inherently	 robust	 and	 resilient	 to	 poor	
design	practices.	For	this	reason	a	designer	
needs	 to	 use	 intuition	 as	 much	 as	 pure	
theory	 to	 determine	 track	 widths	 in	 order	
to	ultimately	produce	a	high-quality	design.

The PCB Company

Contact info and more items like this at 
wf.net.au/V851
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HIGH-SPEED CONNECTORS
The Deutsch brand D-MAX high-speed copper con-

nectors support 10G ethernet and beyond, and are 

compatible with high-speed categories 5e, 6, 6a, and 

7, USB, and IEEE 1394 cables.

The connectors support current and future high-

speed protocols in demanding aerospace and military 

applications. The connectors were designed as a high-

performance alternative to RJ45 connectors. RJ45s 

housed in military connectors have been widely used 

in military ground vehicles, but have shown intermit-

tencies in combat deployment conditions due to the 

commercial-grade contact system.

TE Connectivity
For	more	info	on	this	product	wf.net.au/V376

ANALOG POWER CONTROLLER
The MCP19111 is a mid-voltage (4.5-32 V), 

analog-based PWM controller range with 

an integrated 8-bit PIC microcontroller.

The product combines the per-

formance of a high-speed analog 

solution, including high-efficiency 

and fast transient response, with 

the configurability and communi-

cation interface of a digital solu-

tion. This combination creates a 

range of devices that maximises the 

strengths of each technology to create 

a configurable, high-performance power 

conversion solution.

Microchip Technology Hong Kong
For	more	info	on	this	product	
wf.net.au/V549

PROCESSOR RANGE
NextComputing has added Intel Xeon E5-2600v2 processors 

to its line portable workstations, compact towers and high-

density rack-mount computers. The processors offer up to 

12 processor cores per CPU, allowing power users in many 

industries to work fast and efficiently.

Metromatics Pty Ltd
For	more	info	on	this	product	wf.net.au/V709

VIRTUAL PLATFORM SUPPORT FOR 
MICROCONTROLLERS
VLAB virtual platform support for Renesas microcon-

trollers (MCUs) now extends to the RH850 family for 

automotive applications. The product comprises the 

VLAB virtual prototyping system, an RH850 MCU Virtual 

Platform Toolbox with RH850 virtual prototypes and 

a wide selection of tools and toolboxes for software 

and system development, debug and analysis.

The virtual platforms enable early ECU software 

development long before hardware is available. 

After hardware is available, they provide a means 

for software development, analysis, test and regres-

sion. This allows both reduced time to market and 

improved product quality.

ASTC Design
For	more	info	on	this	product	wf.net.au/V800
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+61 2 8741 5000

Ampec Technologies 
specialises in manufacturing of 
custom design cable assemblies 
at our local factory in Sydney.

We also have overseas 
manufacturing partners to cater  
for high volume production.

Our experienced team is at  
your service.

Local manufacturing 
capabilities for cable 
assembly with a fully 
equipped factory

Production team 
trained to  
IPC/WHMA-A-620A

Fully automatic cut,
strip and crimp
machines

High mix low volume 
and quick turnaround

Cable Assembly  @ Ampec

http://www.ampec.com.au
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EMBEDDED VIDEO ENGINE 
PLATFORM
Now available from Glyn is the FTDI Embedded 

Video Engine (EVE) platform, which provides 

display, audio and touch capabilities on a 

single chip.

The product aims to change the way engi-

neers create human machine interfaces (HMIs) 

on QVGA- and WQVGA-based TFT displays. 

Due to its object-oriented approach, it allows 

more advanced HMIs to be realised across 

a broad spectrum of application areas - with 

display, audio and touch functionality all being 

included. Furthermore, it is said to do this while 

minimising the bill of materials costs, lowering 

the PCB space required and shortening the 

development process normally associated with 

such implementations.

Glyn Ltd
For	more	info	on	this	product	
wf.net.au/V316

MOISTURE-RESISTANT DMOS TRANSISTOR
STMicroelectronics’ SD4933MR is an N-channel field-effect RF 

power transistor intended for use in 50 V industrial, scientific 

and medical (ISM) applications up to 100 MHz. The diffused 

metal oxide semiconductor (DMOS) transistor benefits from 

environmentally designed packaging.

Wireless Components
For	more	info	on	this	product	wf.net.au/V777

NON-CONTACT 
SWITCHES
element14 has available 

the Limitless non-contact 

switches from Honeywell. 

Combining Micro Switch 

heavy-duty limit switches 

with wireless technology, 

the wireless switches 

can be used in top  or 

side sensing for applica-

tions requiring position 

sensing and presence/

absence detection.  

element14
For	more	info	on	
this	product	
wf.net.au/V896

10 AND 15 W DC/DC 
CONVERTERS
Recom’s DC/DC converter series 

REC10-M (10 W) and REC15-M 

(15 W) come in a 2″x1″ metal 

case and are pin compat-

ible with common industry 

standards.

The modules are available 

with an ultra-wide 4:1 input 

(9-36 VDC or 18-75 VDC) or 

2:1 input (9-18 VDC, 18-36 

VDC or 36-75 VDC) and come 

with single-output (3.3 to 15 V) as 

well as dual-output voltages (±5, ±12 

or ±15 VDC).

RECOM Asia Pte Ltd
For	more	info	on	this	product	
wf.net.au/V453

COIL FOR 7 V CHARGING CIRCUITRY
Vishay Intertechnology has announced a powdered-

iron-based, WPC-compliant (wireless power consortium) 

wireless charging receiving coil optimised for use with or 

without an alignment magnet. Offering durable construc-

tion and high permeability shielding, the IWAS-4832EC-50 

provides high efficiency greater than 75% for the wireless 

charging of 7 V portable electronics. The coil has been 

designed into a wireless power development kit.

RS Components Pty Ltd
For	more	info	on	this	product	wf.net.au/V729
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Bayswater

WEAR-FREE AND 
NOISELESS POWER 
SOLID-STATE 
RELAYS
Electrical connectivity supplier 

Weidmuller has released its latest 

range of power solid-state relays (PSSRs). 

The electronic PSSRs deliver an unrestricted 

service life because they are wear-free.

Weidmuller Pty Ltd
For	more	info	on	this	product	
wf.net.au/V819

RIO BOARDS WITH USB CONNECTIVITY
National Instruments has announced the four latest R 

Series boards (USB-7855R, USB-7856R, USB-7855R 

OEM and USB-7856R OEM) with USB connectivity, 

which help engineers add FPGA technology to any 

PC-based system.

National Instruments Australia
For	more	info	on	this	product		
wf.net.au/V687

200-1200 VDC ECONOMICAL 
PHOTOVOLTAIC POWER SUPPLY
Mornsun has launched a series of economical photo-

voltaic power products called the PV05/10(R) series, 

an upgraded series of PV05/10. Compared to the 

PV05/10 series, it has a 200-1200 VDC ultrawide 

input range (6:1) and its efficiency in the high-voltage 

input is improved by 5-12%, making it applicable for 

fields like photovoltaic power generation, high-voltage 

inverters, etc.

DLPC Pty Ltd
For	more	info	on	this	product	wf.net.au/V395

TCP/IP ETHERNET CONTROLLER
The W5500 Fast SPI Ethernet Controller IC is a hardwired 

TCP/IP ethernet controller that provides internet connection 

to embedded systems by using a single chip in which the 

TCP/IP stack, 10/100 Ethernet MAC and PHY are embed-

ded. The TCP/IP Core is composed of a fully-hardwired, 

10BaseT/100BaseTX TCP/IP stack with an integrated Eth-

ernet MAC and PHY which supports TCP, UDP, IPv4, ICMP, 

ARP, IGMP and PPPoE protocols. Advantages include eight 

simultaneous TCP/IP protocol sockets and 32 KB of avail-

able dual-ported RAM.

The product’s design features smaller geometry manu-

facturing and die size. The die has been laid out for easy 

integration with other chip dies such as MCU, DSP and 

FPGA that use SiP packaging techniques. The product offers 

a fast, versatile SPI interface (up to 80 MHz) and the ability 

for a host MCU to flexibly utilise the chip’s buffer RAM for 

general-purpose data. Product hardware design is simplified 

by the reduction of external power supply components and 

the use of firmware-setting of physical layer PHY options.

Digi-Key Corporation
For	more	info	on	this	product	wf.net.au/V740

http://www.emctech.com.au
http://www.marque-magnetics.co.nz
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One	main	reason	 for	efficiency	 increases	 in	 recent	years	
has	 been	 the	 significant	 improvement	 in	 IGBT	 perfor-
mance.	 IGBTs	 rapidly	 switch	 high	 voltages	 (1000	 V	 or	
more)	with	extremely	low	switching	losses,	making	them	

logical	 choices	 when	 designing	 inverters	 and	 boost	 converters	 in	
power	 conversion	 circuits.

In	Figure	1,	two	typical	 functions	of	 IGBTs	in	power	conversion	
circuitry	 are	 employed.	 	 Since	 DC	 voltage	 from	 the	 photovoltaic	
array	 is	 unstable	 and	 not	 maximised,	 a	 boost	 converter	 employ-
ing	maximum	power	point	 tracking	 (MPPT)	 is	used	 to	 acquire	 the	
maximum	DC	voltage	from	the	photovoltaic	array	further	improving	
performance.

However,	 this	 voltage	 is	 often	 useless	 in	 DC	 form.	 To	 make	 it	
compatible	for	transmission,	it	is	converted	into	an	AC	waveform	by	
using	two	pairs	of	bridge-connected	antiphase	IGBTs.	These	IGBTs	
are	 switched	 with	 a	 PWM	 signal	 creating	 the	 signal	 in	 Figure	 1.	
After	 passing	 over	 an	 LC	 filter,	 it	 is	 smoothed	 and	 becomes	 an	
AC	 sine	 wave	 which	 can	 then	 be	 injected	 into	 a	 power	 distribu-
tion	 network.

IGBTs	are	not	only	used	in	power	harvesting	but	in	loads	as	well.	
Motors	 control	 a	 majority	 of	 the	 world’s	 electricity,	 and	 variable-
frequency-drive	motors	 are	 often	 the	most	 economic	 choice.	 In	 a	
typical	application	(Figure	2),	IGBTs	are	used	to	adjust	the	frequency	

EFFICIENT	SWITCHING	
IN	IGBT	APPLICATIONS

of	the	AC	signal	 in	 a	variable-frequency-drive	 three-phase	motor.	
The	 six-pulse	 voltage-source	 inverter	 drive	 consists	 of	 a	 bridge	
rectifier,	DC	link	and	inverter.	The	six	IGBTs	in	the	inverter	produce	
the	 adjustable	 frequency	 pulse	 input	 to	 the	 three-phase	 motor.

For	 IGBTs	 to	 be	 an	 efficient	 solution,	 they	 must	 be	 properly	
driven.	 Since	 IGBTs	 switch	 at	 high	 frequencies	 up	 to	 300	 kHz,	
typical	 control	 circuitry	 is	 inadequate.	 Luckily,	 drivers	 were	 de-
veloped	 in	 order	 to	 allow	 IGBTs	 to	 rapidly	 switch	 with	 minimal	
losses.	Since	the	driver	 is	connected	to	 the	power	circuit	floating	
at	 high	 voltages,	 it	 is	 isolated	 from	 the	 low-voltage	 control	 cir-
cuit.	 An	 optocoupler	 isolates	 the	 feedback,	 and	 the	 power	 supply	
to	 the	 driver	 is	 galvanically	 isolated	 over	 DC/DC	 converters.	 Two	
separate	 voltages	 are	 used	 to	 meet	 the	 special	 conditions	 when	
driving	 an	 IGBT.

To	 minimise	 switching	 losses,	 an	 IGBT	 switches	 extremely	
fast,	 and	 the	 slew	 rate	 depends	 on	 how	 fast	 the	 gate	 is	 charged.	
Practically,	 it	 has	 been	 seen	 that	 +15	 VDC	 is	 sufficient	 to	 reliably	
switch	 on	 an	 IGBT,	 but	 if	 the	 IGBT	 switches	 too	 quickly,	 the	 cur-
rent	 overshoots,	 producing	 a	 destructive	 current	 spike.	 This	 not	
only	 wreaks	 havoc	 with	 regards	 to	 electromagnetic	 noise,	 but	 it	
also	 damages	 the	 IGBT	 and	 its	 surrounding	 circuitry.	 To	 dampen	
the	 spike,	 it	 is	 necessary	 to	 increase	 the	 switching	 speed	 of	 the	
IGBT	by	 increasing	gate	 resistance.	However,	 if	 switching	 time	 is	

Matthew Dauterive, Field Application Engineer; RECOM Engineering

As	renewable	energy	takes	centre	stage,	efficiently	harvesting	this	energy	becomes	increasingly	critical.	
Modular	 DC/DC	 converters	 with	 dual	 asymmetric	 outputs	 provide	 the	 positive	 and	 negative	 voltages	 as	
well	 as	 the	 galvanic	 isolation	 necessary	 for	 IGBT	 applications.
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increased,	 then	 so	 are	 the	 switching	 losses	 -	 and	 there	 is	 part	
of	 the	 dilemma.

The	turn-off	behaviour	of	the	IGBT	further	complicates	the	matter.	
Again,	 the	 switching	 rate	 is	 determined	 by	 the	 gate	 capacitance.	
The	 faster	 the	 gate	 is	 discharged,	 the	 faster	 the	 device	 turns	 off.	
In	 order	 to	 further	 speed	 up	 the	 discharge	 of	 the	 gate	 to	 reduce	
the	 switching	 losses,	 a	 negative	 voltage	 is	 applied.	 Logically,		
-15	 V	 is	 considered	 so	 one	 dual-output	 ±15	 V	 DC/DC	 converter	
can	 be	 used	 for	 both	 positive	 and	 negative	 rails.	 However,	 when	
the	 device	 is	 switched	 off	 too	 hard,	 a	 large	 destructive	 voltage	
spike	 is	 created.	 It	 is	 believed	 that	 such	 spikes	 decrease	 the	 life	
expectancy	of	IGBTs.	Therefore,	it	becomes	necessary	to	moderate	
turn-off	rates	by	decreasing	the	magnitude	of	the	negative	voltage	
on	 the	 gate.	 Practically,	 -9	 VDC	 is	 considered	 to	 be	 a	 nice	 trade-
off.	Although	switching	time	 is	slightly	 increased	 leading	to	 larger	
switching	losses,	the	resultant	voltage	spikes	become	manageable.

So	 there	 is	 the	 full	 dilemma	 -	 either	 use	 one	 ±15	 or	 ±9	 VDC	
dual-output	 converter	 and	 settle	 for	 the	 compromise	 in	 either	
switching	losses	or	destructive	voltage	spikes,	or	use	two	separate		
DC/DC	 converters	 to	 provide	 the	 optimised	 15	 VDC	 and	 -9	 VDC	
which	 increases	 component	 count	 and	 design	 costs.	 However,	
there	 is	 a	 third	 option:	 use	 an	 asymmetrical,	 dual-output	 DC/DC	
converter	 specially	 designed	 for	 IGBT	 applications.

The	 asymmetrical	 output	 voltage	 of	 these	 DC/DC	 converters	
makes	 them	 suitable	 for	 supplying	 the	 rails	 which	 optimise	 the	
driving	characteristics	of	 IGBTs,	but	 additional	 information	should	
be	considered	before	selecting	the	right	DC/DC	converter.	Not	only	
are	 these	 converters	 responsible	 for	 supplying	 the	 asymmetrical	
rail	 voltages,	 they	 also	 provide	 galvanic	 isolation	 which	 protects	
the	 control	 circuit	 from	 high	 voltages	 in	 the	 power	 circuit.	 And	
without	 adequate	 isolation,	 the	 entire	 application	 fails.	 But	 what	
is	 adequate	 isolation?

The	 level	of	 isolation	 is	often	used	to	describe	the	 isolation	of	
DC/DC	 converters.	 Good	 engineering	 practice	 dictates	 that	 twice	
the	DC	link	voltage	is	a	sufficient	isolation	level.	 IGBT	applications	
may	 have	 a	 DC	 link	 voltage	 of	 slightly	 more	 than	 1000	 VDC,	 so	

it	 seems	 that	 2000	 VDC	 should	 be	 enough.	 But	 it	 is	 important	 to	
remember	the	switching	spikes	at	turn-on	and	turn-off.	Furthermore,	
the	 parasitic	 capacitances	 in	 the	 circuit	 are	 discharged	 because	
of	 the	high	slew	rate	of	 the	 IGBT,	and	the	actual	voltage	 levels	at	
switching	are	much	higher.	A	major	hurdle	 in	measurement	 tech-
nology	is	attempting	to	measure	these	spikes	in	a	real	application.	
The	 inductance	of	measurement	probes	actually	compromises	the	
measurement,	 making	 it	 nearly	 impossible	 to	 accurately	 measure	
these	 spikes.	 Since	 determining	 the	 necessary	 level	 of	 isolation	
is	 not	 an	 exact	 science,	 it	 is	 a	 good	 idea	 to	 go	 as	 high	 as	 rea-
sonably	 possible.	 For	 example,	 a	 typical	 application	 running	 with	
a	 DC	 link	 voltage	 of	 1000	 VDC	 should	 use	 an	 isolation	 level	 of	
6000	 VDC	 in	 order	 to	 provide	 continued	 isolation	 and	 extend	 the	
lifetime	 of	 the	 system.

While	the	level	of	isolation	is	obviously	critical,	the	type	of	isola-
tion	 determined	 by	 the	 construction	 of	 the	 transformer	 is	 equally	
important.	 	 Functional	 isolation	 relies	 solely	 on	 the	 transformer	
wire	 coating	 in	 the	 DC/DC	 converter.	 Once	 this	 coating	 cracks,	
the	 isolation	 of	 the	 system	 fails	 catastrophically.	 A	 better	 design	
using	basic	 isolation	physically	separates	 input	wires	 from	output	
wires	so	that	even	 if	 the	wire	coating	 fails,	 there	 is	still	adequate	
distance	between	input	and	output	circuits.	Since	IGBTs	often	switch	
at	very	high	 frequencies,	 the	 isolation	 is	heavily	 taxed.	Therefore,	
it	 is	 recommended	 that	 basic	 isolation	 is	 used	 in	 order	 to	 further	
extend	 the	 lifetime	 of	 the	 system.

When	the	right	DC/DC	converter	is	chosen,	IGBT	drive	circuitry	
is	simplified.	Additionally,	the	life	of	the	application	can	be	extended	
by	making	the	right	choice	of	switching	voltages	in	order	to	dampen	
switching	spikes.	Moreover,	 isolation	type	and	 level	are	critical	 in	
order	 to	 maintain	 isolation	 throughout	 the	 life	 of	 the	 application.	
Recom	 has	 recently	 released	 a	 family	 of	 IGBT	 converters	 which	
meet	 these	 demands	 for	 IGBT	 switching	 applications.

RECOM Asia Pte Ltd

Contact info and more items like this at wf.net.au/V835

Figure 4: IGBT switching characteristics.

Figure 1: Photovoltaic power conversion. Figure 2: IGBT driver circuitry.

Figure 3: IGBT control circuit.

SWITCHING	 IN	 IGBT	 APPLICATIONS
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HIGH-CURRENT FILTER
Schurter has announced an extension of its FMER 

SOL DC filter portfolio with a series for applica-

tions using three-phase AC.

The series is designed for rated currents from 

150 to 2500 A which are suitable for increas-

ingly powerful inverters that require filters on 

both the AC and DC sides. With UL approved 

voltage of 520 or 760 VAC, they can be used in 

high-performance systems such as inverters for 

photovoltaic, wind power systems as well as in 

industrial applications and quick-charge stations 

for electric vehicles.

SCHURTER (S) PTE LTD
For	more	info	on	this	product	
wf.net.au/V684

17″ AUTOMATION CONTROL PANEL
Following up on the 6, 10, 12 and 15″ models, 

Advantech has launched the 17″ model TPC-1771H 

automation control panel to the family of products. 

The model features a choice between a PCI-e or a 

mini-PCIe expansion slot which can be used to expand 

the functionality through third-party or Advantech 

add-on cards, such as the industrial communication 

module, Wi-Fi, 3G, Profibus, CANOpen, PROFINET, 

Ethernet/IP, etc.

The integrated digital input/output module with 

software control utility provides functionality and can 

be used in the sample application. In the event of a 

power failure, there is a battery backup 1 MB SRAM 

which ensures that important data isn’t deleted and 

important settings such as the PIT setting or log file 

are available once power has been restored.

Advantech Australia Pty Ltd
For	more	info	on	this	product	wf.net.au/V559

ETHERNET/IP ABSOLUTE ENCODERS
The Allen-Bradley 842E encoder with industry-standard ethernet/IP interface comes 

with dual-port ethernet and M12 connectors, thus providing users with an easy 

installation.

It includes an embedded ethernet/IP switch to connect additional E/IP capable 

product in series and/or support a device level ring (DLR) for ethernet media 

redundancy. Other features include an RSLogix 5000 Add-On-Profile and a protec-

tion class up to IP67.

Rockwell Automation Australia
For	more	info	on	this	product	wf.net.au/V675

INDUSTRIAL 
MOTHERBOARD
ICP Electronics Australia has re-

leased IEI’s KINO-AQ870 Mini-ITX 

industrial motherboard with support 

for the 4th generation Intel Core 

processors and the Intel Q87 system 

chipset, designed for excelling in data 

and video transmission throughput.

ICP Electronics Australia 
Pty Ltd
For	more	info	on	this	product	
wf.net.au/V373
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www.hammondmfg.com
Standard and modifi ed
diecast aluminium, metal 
and plastic enclosures

tel: 08 8240 2244

THIN ULTRA HD TOUCH SCREEN
Sharp’s 32″ LCD touch-screen monitor, the PN-K322B, 

features an ultra high definition touch screen which 

delivers 4K resolution (3840 x 2160 pixels) - four times 

the detail of full HD.

Sharp Corporation of Australia
For	more	info	on	this	product	
wf.net.au/V653

MIXED SIGNAL DEVELOPMENT BOARDS
Mouser Electronics has available evaluation boards for 

the Analog Devices high-performance ADSP CM40x mixed 

signal-control processor family. The processor is based on 

the 32-bit ARM Cortex M4 core, a superset of the Cortex 

M3 embedded processor core.

The core builds on the M3 by adding digital signal pro-

cessing (DSP) extensions that include both 16- and 32-bit 

single-cycle multiply accumulate (MAC), a single-cycle dual 

MAC, single-cycle signed and unsigned multiply instructions 

and a hardware divide. It also supports SIMD arithmetic, 

allowing multiple operations in one clock cycle. The core 

includes 16 kB of L1 instruction cache and an IEEE 754 

compliant single-precision floating point unit (FPU).

Mouser Electronics
For	more	info	on	this	product	wf.net.au/V676

INFRARED CAMERA MODULE
RS Components has available the Pi NoIR 

infrared camera module, a variant of 

the visible-light Raspberry Pi camera 

module. The product features the 

same 5 MP image sensor as its 

predecessor, with the optical light 

filter removed to enable IR light 

frequencies.

RS Components Pty Ltd
For	more	info	on	this	product	
wf.net.au/V690

CAT6A MODULES AND PATCH PANELS
CAT6A modules and patch panels from Warren & Brown 

Technologies offer performance of Class EA links. The 

system is part of the structured cabling solution of-

fered by the company and is supported by the 25-year 

Integrated Communications Solution (ICS) warranty. By 

using a standard plastic bezel, AMJ modules can also 

be mounted to HPM or Clipsal wall outlets.

Features and benefits include: Cat.6A certified by inde-

pendent testing laboratory under ISO/IEC 11801:2010; 10 

Gigabit Ethernet compliant (IEEE 802.3an); fully au-

tomated production of Cat6A  RJ45 core; universally, 

worldwide available installation dimension for mounting 

cut-outs - 19.3 x 14.7 mm; optical monitored inspection 

of the RJ45 contact heights; suitable for Power over Eth-

ernet; over-bending protection - ≥750 mating cycles with 

RJ45/RJ11/RJ12 plugs; part numbers TGJ00029K0036 

and TGJ00029A0077 modules and TGH02025A0220 

patch panel to suit.

Warren & Brown Technologies
For	more	info	on	this	product	wf.net.au/V250

http://www.hammondmfg.com
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TEST AND TAG 
SYSTEM
The Seaward ProTag Elite 

System is a testing, tagging 

and asset inspection manage-

ment system. It tests portable 

appliances and RCDs, records 

asset photographs and in-

spections, prints Elite UV and 

environment-resistant test tags 

and downloads all test results, 

asset photos and inspections 

to management software.

Emona Instruments  
Pty Ltd
For	 more	 info	 on	 this	
product	wf.net.au/V502

OSCILLOSCOPE
Tektronix now offers the 

TBS1064 digital storage os-

cilloscope. The product pro-

vides good performance in a 

compact design that includes 

many features including: USB 

connectivity, 16 automated 

measurements, limit testing, 

data logging, and context-

sensitive help.

The unit offers up to 60 MHz 

bandwidth and a 1 GSps maxi-

mum sample rate. The device 

also comes with advanced 

triggers - rising/falling edge, 

pulse width and video - to 

help the user quickly isolate 

signals of interest.

element14
For	 more	 info	 on	 this	
product	wf.net.au/V392

MOTOR PRE-DRIVER
The ZXBM1021 is a single-phase, brushless, DC 

motor pre-driver. It provides a variable speed 

control solution for cooling fans, blowers, 

extractors, motors and pumps in a 

variety of consumer and industrial 

products.

Future Electronics
For	more	info	on	this	product	
wf.net.au/V674

http://www.rohde-schwarz.com.au
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Mark Shwartz*

Stanford	 scientists	 have	 developed	 a	 silicon	 semiconductor	 coated	 in	 an	 ultrathin	 layer	 of	 nickel	
that	 could	 help	 pave	 the	 way	 for	 large-scale	 production	 of	 clean	 hydrogen	 fuel	 from	 sunlight.

The	 low-cost,	 corrosion-free	 device	 uses	 light	 to	 split	
water	into	oxygen	and	clean-burning	hydrogen.	The	goal	
is	to	supplement	solar	cells	with	hydrogen-powered	fuel	
cells	 that	 can	 generate	 electricity	 when	 the	 sun	 isn’t	

shining	 or	 demand	 is	 high.
“Solar	cells	only	work	when	the	sun	is	shining,”	said	Hongjie	

Dai,	 a	 professor	 of	 chemistry	 at	 Stanford,	 and	 co-author	 of	 the	
study	published	in	the	journal	Science.	“When	there’s	no	sunlight,	
utilities	often	have	to	rely	on	electricity	from	conventional	power	
plants	 that	 run	 on	 coal	 or	 natural	 gas.”

A	greener	solution,	Dai	explained,	 is	 to	supplement	 the	solar	
cells	with	hydrogen-powered	 fuel	 cells	 that	 generate	electricity	
at	 night	 or	 when	 demand	 is	 especially	 high.	 To	 produce	 clean	
hydrogen	 for	 fuel	 cells,	 scientists	 have	 turned	 to	 an	 emerging	
technology	called	water	splitting.	Two	semiconducting	electrodes	
are	 connected	 and	placed	 in	water.	 The	electrodes	 absorb	 light	
and	use	the	energy	to	split	the	water	into	its	basic	components,	
oxygen	and	hydrogen.	The	oxygen	is	released	into	the	atmosphere	
and	 the	 hydrogen	 is	 stored	 as	 fuel.	 When	 energy	 is	 needed,	
the	 process	 is	 reversed.	 The	 stored	 hydrogen	 and	 atmospheric	
oxygen	 are	 combined	 in	 a	 fuel	 cell	 to	 generate	 electricity	 and	
pure	 water.

The	 entire	 process	 is	 sustainable	 and	 emits	 no	 greenhouse	
gases.	But	 finding	a	cheap	way	to	split	water	has	been	a	major	
challenge.	 Today,	 researchers	 continue	 searching	 for	 inexpen-
sive	materials	that	can	be	used	to	build	water	splitters	efficient	
enough	 to	 be	 of	 practical	 use.

Silicon solution
“Silicon,	 which	 is	 widely	 used	 in	 solar	 cells,	 would	 be	 an	 ideal,	
low-cost	material,”	said	Stanford	graduate	student	Michael	J	Ken-
ney,	 co-lead	 author	 of	 the	 Science study.	 “But	 silicon	 degrades	
in	 contact	 with	 an	 electrolyte	 solution.	 In	 fact,	 a	 submerged	
electrode	made	of	silicon	corrodes	as	soon	as	the	water-splitting	
reaction	 starts.”

In	 2011,	 another	 Stanford	 research	 team	 addressed	 this	 chal-
lenge	by	coating	silicon	electrodes	with	ultrathin	layers	of	titanium	
dioxide	 and	 iridium.	 That	 experimental	 water	 splitter	 produced	
hydrogen	 and	 oxygen	 for	 eight	 hours	 without	 corroding.

“Those	were	inspiring	results,	but	for	practical	water	splitting,	
longer-term	stability	is	needed,”	Dai	said.	“Also,	the	precious	metal	
iridium	is	costly.	A	non-precious	metal	catalyst	would	be	desirable.”

To	 find	 a	 low-cost	 alternative,	 Dai	 suggested	 that	 Kenney	 and	
his	colleagues	try	coating	silicon	electrodes	with	ordinary	nickel.	
“Nickel	 is	 corrosion-resistant,”	 Kenney	 said.	 “It’s	 also	 an	 active	
oxygen-producing	 catalyst,	 and	 it’s	 earth-abundant.	 That	 makes	
it	 very	 attractive	 for	 this	 type	 of	 application.”

Nickel nanofilm 
For	the	experiment,	the	Dai	team	applied	a	2-nanometre-thick	layer	
of	nickel	onto	a	silicon	electrode,	paired	it	with	another	electrode	
and	placed	both	in	a	solution	of	water	and	potassium	borate.	When	
light	and	electricity	were	applied,	the	electrodes	began	splitting	the	
water	into	oxygen	and	hydrogen,	a	process	that	continued	for	about	
24	hours	with	no	sign	of	corrosion.

SILICON	SEMICONDUCTOR	TO	HELP	PRODUCE

HYDROGEN	FUEL	
FROM	SUNLIGHT
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To	 improve	 performance,	 the	 researchers	 mixed	 lithium	 into	
the	 water-based	 solution.	 “Remarkably,	 adding	 lithium	 imparted	
superior	stability	to	the	electrodes,”	Kenney	said.	“They	generated	
hydrogen	and	oxygen	continuously	for	80	hours	-	more	than	three	
days	 -	 with	 no	 sign	 of	 surface	 corrosion.”

These	 results	 represent	 a	 significant	 advance	 over	 previous	
experimental	 efforts,	 added	 Dai.	 “Our	 lab	 has	 produced	 one	 of	
the	 longest	 lasting	 silicon-based	photoanodes,”	 he	 said.	 “The	 re-
sults	suggest	that	an	ultrathin	nickel	coating	not	only	suppresses	
corrosion	 but	 also	 serves	 as	 an	 electrocatalyst	 to	 expedite	 the	
otherwise	 sluggish	 water-splitting	 reaction.

“Interestingly,	 a	 lithium	addition	to	electrolytes	has	been	used	
to	 make	 better	 nickel	 batteries	 since	 the	 Thomas	 Edison	 days.	
Many	years	 later	we	are	excited	to	find	that	 it	also	helps	to	make	
better	 water-splitting	 devices.”

The	 scientists	 plan	 to	 do	 additional	 work	 on	 improving	 the	
stability	 and	 durability	 of	 nickel-treated	 electrodes	 of	 silicon	 as	
well	 as	 other	 materials.	 Other	 authors	 of	 the	 study	 are	 Ming	
Gong	 and	 Yanguang	 Li	 (co-lead	 authors),	 Justin	 Z	 Wu,	 Ju	 Feng	
and	 Mario	 Lanza,	 all	 formerly	 or	 currently	 affiliated	 with	 the	 Dai	
Lab	 at	 Stanford.	 Support	 was	 provided	 by	 the	 Precourt	 Institute	
for	Energy	and	the	Global	Climate	and	Energy	Project	at	Stanford	
and	 the	 National	 Science	 Foundation.

 *Mark Shwartz writes about energy technology at the Precourt 
Institute for Energy at Stanford University.

PRESSURE VESSEL DESIGN 
SOFTWARE
Bentley Systems has announced the availability of 

AutoPIPE Vessel V8i powered by Microprotol. The 

flexible software extends information mobility across 

vessel manufacturer, engineering, procurement and 

construction (EPC) contractor and owner-operator 

workflows, improving engineering collaboration and 

supply chain efficiency. This results in reduced itera-

tions and errors, and safer, higher-quality, optimised 

designs for both greenfield and brownfield projects.

The product shares data with plant design software, 

further streamlining project workflows. In addition, it 

automates the entire vessel design process - from 

design and analysis to drawing production, procure-

ment, detailed cost breakdown and manufacturing 

process, including full vessel optimisation - improving 

productivity.

Bentley Systems Pty Ltd
For	more	info	on	this	product	wf.net.au/V730

POE EMBEDDED COMPUTER
Neousys Technology’s quad-core power-

over-ethernet (PoE) embedded computer, 

the NUVO-3005E Series, is designed for 

rugged fanless applications, video analytics 

and surveillance applications.

Backplane Systems Technology 
Pty Ltd
For	more	info	on	this	product
wf.net.au/V546
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MOBILITY SOFTWARE 
FOR ERP/WMS 
SYSTEMS
ASP Microcomputers has re-

leased ASPluris - mobility soft-

ware to integrate with enterprise 

resource planning/warehouse 

management software (ERP/

WMS) systems. The mobility suite 

of modular solutions provides 

a robust, real-time mobility link 

to the user’s existing ERP/WMS 

systems.

ASP Microcomputers
For	 more	 info	 on	 this	
product	wf.net.au/V651

MICROCONTROLLERS
Renesas Electronics has expanded its RL78 Series of 

microcontrollers (MCUs) with 40 RL78/L1C devices that 

integrate LCD display functions, USB functions and 12-bit 

A/D converters on a single chip. The MCUs can interface 

to a wide range of sensors such as pressure, temperature 

and proximity sensors, and are suitable for portable monitors 

and mobile healthcare applications, such as blood pressure 

and blood glucose monitoring equipment.

The use of sensor modules in manufacturing equipment 

and consumer healthcare devices to increase system func-

tionality and intelligence continues to grow. This results in 

an increasing need to support the communication of data 

acquired by the manufacturing and consumer equipment 

so that the measurement results can be managed on host 

equipment and personal computers. Furthermore, healthcare 

equipment such as blood pressure and glucose meters are 

becoming more widely used in homes, driving demand 

for devices that are easy and convenient to use at home.

Renesas Technology Singapore Pty Ltd
For	more	info	on	this	product	wf.net.au/V711

SPDT RF SWITCHES
Peregrine Semiconductor Corporation has released its two latest RF single-

pole-double-throw (SPDT) switches. They are designed for LTE and 3G 

small cells, other wireless infrastructure systems and land mobile radios 

targeting LMR to LTE conversion.

The switches deliver 30 W power handling and good linearity across the 

UHF/VHF through LTE frequency bands. They are therefore said to reduce 

board area, power consumption and design-in complexity compared to 

traditional, discrete solutions.

Wireless Components
For	more	info	on	this	product	wf.net.au/V673

ELECTRONIC PRESSURE TRANSMITTER
The ATM/GR is a robust electronic pressure transmitter (0/4-

20 mA) featuring two independent switching contacts that are 

adjustable across the full range of the sensor. Available with 

numerous user-defined configurations (eg, connection and output 

signal), the transmitter has long-term stability and is capable 

of providing safety features in a range of industrial or process 

applications where pressure or level limits are critical.

Automated Control Pty Ltd
For	more	info	on	this	product	
wf.net.au/V745

http://www.pca-aus.com.au
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PANEL-MOUNT CONNECTORS
Switchcraft has introduced the DE Series Panel 

Mount XLR Connectors. Both male and female 

versions use the same size housing, simplifying 

installation and modification.

They have a rugged metal construction, available 

in nickel or black finish, and three to seven con-

tacts, plated in silver or gold. The series are RoHS 

compliant, have large solder cups and the chassis 

ground terminal feature comes with all versions.

Clarke & Severn Electronics
For more info on this product wf.net.au/V843

FANLESS EMBEDDED SYSTEM
Axiomtek’s rackmount fanless embedded system 

IPC122-833-FL, with dual core Intel Atom processor 

N2800, is designed as an all-in-one, mission-critical, 

industrial-grade computer which enables users to 

deploy power plant solution quickly and efficiently.

Braemac Pty Ltd
For more info on this product wf.net.au/V695

http://www.erntec.net


22														JANUARY/FEBRUARY		2014	 WWW.ELECTRONICSONLINE.NET.AU

SILICON-BASED

QUANTUM	COMPUTER
Electrical	 engineer	 and	 quantum	 physicist	 Andrea	 Morello	 has	 won	 the	 2013	 Malcolm	 McIntosh	 Prize	
for	Physical	Scientist	 of	 the	Year	 for	 his	 intellectual	 leadership	 in	 developing	 the	 silicon	components	 to	
make	 quantum	 computing	 possible.

UNSW	Associate	Professor	Morello,	along	with	Professor	
Andrew	 Dzurak,	 an	 expert	 in	 the	 nanofabrication	 of	
semiconductors	 and	 director	 of	 the	 NSW	 node	 of	 the	
Australian	National	Fabrication	Facility,	has	constructed	

the	means	to	 read	and	write	 information	 in	terms	of	the	spin	of	
an	 individual	 electron	 or	 nucleus	 of	 a	 single	 phosphorus	 atom	
in	 a	 silicon	 chip.	 The	 phosphorus	 atom	 is	 implanted	 in	 the	 chip	
by	 a	 team	 led	by	Professor	David	Jamieson	at	 the	University	 of	
Melbourne,	using	techniques	developed	for	the	electronics	industry.

Quantum	computers	promise	exponential	increases	in	processing	
speed	 over	 today’s	 computers	 through	 their	 use	 of	 the	 spin,	 or	
magnetic	 orientation,	 of	 individual	 electrons	 or	 atomic	 nuclei	 to	
represent	data	 in	their	calculations.	The	work	depends	on	quan-
tum	physics,	the	field	of	science	that	describes	what	happens	at	
the	 level	 of	 elementary	 particles,	 atoms	 and	 molecules.	 At	 that	

tiny	 scale,	 materials	 show	 infamously	 strange	 properties	 -	 this,	
says	Morello,	makes	quantum	physics	very	difficult	to	explain	 in	
plain	 language.	 “It	 doesn’t	 connect	 to	 any	 prior	 experience.	 It’s	
something	 you	 have	 to	 grow	 into,	 like	 riding	 a	 bicycle.”

The	 quantum	 characteristics	 that	 have	 most	 relevance	 to	
computing	 are	 known	 as	 ‘superposition’	 and	 ‘entanglement’.	
Superposition	 means	 that	 a	 quantum	 system	 can	 be	 in	 several	
different	states	at	the	same	time	-	and	resolves	into	one	particular	
state	only	when	someone	examines	it.	Entanglement	describes	a	
special	 type	 of	 correlation	 between	 multiple	 quantum	 particles.

Ultralow	 temperatures	 are	 important	 to	 harness	 the	 quantum	
behaviour	of	spin.	Just	as	you	can	change	the	natural	orientation	
of	a	compass	 from	north	to	south	by	adding	energy	-	physically	
moving	it	against	the	grain	-	you	can	change	the	spin	of	an	elec-
tron	 from	 up	 to	 down	 or	 vice	 versa.	 But	 the	 amount	 of	 energy	
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it	 takes,	 even	 under	 a	 strong	 magnetic	 field,	 is	very	 small	 -	 the	
equivalent	 of	 a	 temperature	 rise	 of	 about	 1°C.	 So	 under	 normal	
conditions,	 electrons	 flip	 back	 and	 forth	 spontaneously.	 But	 at	
a	 temperature	 of	 less	 than	 one	 degree	 above	 absolute	 zero,	 the	
spin	can	be	 frozen	 in	place.	And	that	 is	what	Morello	has	spent	
many	 years	 doing.

In	normal	computers	the	basic	unit	of	information,	the	bit,	ex-
ists	either	as	a	1	or	a	0	(power	on	or	power	off).	But	a	quantum	
bit,	 or	 qubit,	 can	 be	 in	 both	 states	 at	 once.	 This	 means	 that	 a	
computer	operation	using	a	single	qubit	can	give	results	for	both	
of	 its	 values	 at	 the	 same	 time.	 The	 quantum	 computer	 actually	
performs	 the	 operation	 on	 the	 two	 different	 values.

Using	 two	 qubits,	 the	 operation	 can	 be	 performed	 on	 four	
values,	 three	qubits	 on	eight	values,	 and	 so	on.	As	 you	add	qu-
bits,	 the	 computer’s	 capacity	 to	 perform	 operations,	 and	 hence	
its	 power,	 increases	 exponentially.

Morello	grew	up	 in	 the	historic	 town	of	Cumiana,	near	Turin,	
at	 the	 foot	 of	 the	 Alps	 between	 Italy	 and	 France.	 He	 was	 the	
first	 member	 of	 his	 family	 to	 go	 to	 university	 and	 undertook	 a	
degree	in	electrical	engineering	at	the	Politecnico	di	Torino.	The	

solid	grounding	this	provided	enabled	him	to	do	an	honours	year	
equivalent	at	 the	Max	Planck	High	Magnetic	Field	Laboratory	on	
the	 other	 side	 of	 the	 Alps	 in	 Grenoble,	 France.

He	 had	 discovered	 his	 career	 -	 and	 he	 was	 good	 at	 it.	 As	
Professor	 Gerhard	 Klimeck,	 Director	 of	 nanoHUB.org,	 the	 Net-
work	 for	 Computational	 Nanotechnology,	 at	 Purdue	 University	
in	 the	 US,	 writes,	 “The	 depth	 and	 breadth	 of	 his	 understanding	
of	 spin	 physics,	 and	 his	 ability	 to	 devise	 experimental	 methods	
to	 observe	 and	 control	 their	 quantum	 nature,	 has	 few	 parallels	
in	 the	 world.”

Morello	studied	 for	his	PhD	at	the	world’s	 foremost	ultralow-
temperature	 laboratory,	 the	 Kamerlingh	 Onnes	 at	 Leiden	 in	 the	
Netherlands.	This	was	the	place	where	helium	was	first	liquefied	
and	superconductors	discovered.	Morello	performed	breakthrough	
experiments	 to	 study	 nuclear	 spins	 inside	 magnetic	 molecules	
that	 behave	 in	 a	 quantum	 mechanical	 manner.

From	Leiden	he	moved	on	to	a	postdoctoral	 fellowship	at	 the	
University	of	British	Columbia	(UBC)	in	Vancouver,	Canada,	where	
he	went	 from	working	on	nuclear	 spin	 to	 electron	spin.	At	UBC	
he	developed	a	theory	of	the	quantum	dynamics	of	electron	spins	
and	attempted	a	challenging	experiment	to	test	it.	The	equipment	
to	 which	 he	 had	 access	 could	 not	 make	 conditions	 cold	 enough	
to	 succeed,	 but	when	his	 theory	 finally	was	 tested	 in	 the	US,	 it	
proved	 entirely	 correct.

In	 2006,	 he	 was	 attracted	 to	 Australia	 both	 by	 the	 quest	 of	
building	a	quantum	computer	and	the	setting.	He	understood	that	
the	ambitious	idea	of	quantum	computing	would	not	only	draw	on	
his	expertise	of	low-temperature	physics	and	spin,	but	would	also	
expand	his	horizons	into	the	world	of	engineered	nanostructures.	
And	he	found	the	cosmopolitan	society	of	Sydney	very	attractive.

The	quantum	computer	Morello	 and	his	 team	set	 out	 to	 build	
will	 use	 the	 spin	 of	 individual	 electrons	 for	 calculations.	 But	 in	
order	 to	 employ	 electron	 spin,	 the	 computer	 needed	both	 a	way	
of	 changing	 the	 spin	 state	 (writing	 information)	 and	 of	measur-
ing	 that	 change	 (reading	 information).	 Together	 these	 two	 form	
the	 heart	 of	 the	 qubit.

Things	 moved	 quickly.	 By	 Christmas	 2008	 they	 were	 well	
on	 the	 way	 to	 developing	 a	 single	 electron	 reader.	 “Our	 device	
detects	the	spin	state	of	a	single	electron	in	a	single	phosphorus	
atom	 implanted	 in	 a	 block	 of	 pure	 silicon.	 You	 can	 watch	 the	
spin	 orientation	 directly,	 in	 real	 time,	 because	 it	 controls	 the	
flow	 of	 electrical	 current	 in	 a	 nearby	 single	 electron	 transistor	
circuit,”	 Andrea	 says.	 The	 paper	 announcing	 their	 success	 was	
published	 in	 Nature in	 September	 2010.

In	a	second	Nature paper	 last	year	-	of	which	the	first	author	
was	 his	 PhD	 student	 Jarryd	 Pla	 -	 Andrea	 announced	 that	 they	
could	 control	 the	 spin	 state	 of	 an	 electron,	 by	 using	 a	 special	
nano-antenna.	 The	 antenna	 comes	 extremely	 close	 to	 the	 phos-
phorous	 atom	 allowing	 fast	 and	 accurate	 encoding	 of	 quantum	
information.	That	result	was	also	covered	in	The New York Times.

This	 year,	 the	 team	 has	 been	 able	 to	 create	 an	 even	 more	
reliable	qubit	using	a	single	nuclear	spin,	a	very	challenging	feat	
because	 of	 the	 extremely	 weak	 magnetism	 of	 the	 nucleus.	 That	
achievement	resulted	in	a	third	Nature paper	in	three	years.	And	
the	 UNSW	 group	 now	 has	 the	 ingredients	 of	 both	 an	 electron	
and	 a	 nuclear	 silicon-based	 qubit.

The	student	 involvement	 in	Andrea’s	research	 is	no	accident.	
Students	 are	 integral	 to	 the	 success	 of	 the	 research	 program,	
Andrea	 says.	 “One	 day	 my	 research	 may	 change	 the	 world	 of	
information,	but	in	the	meantime	teaching	and	motivating	outstand-
ing	 students	 is	 a	 tangible	 and	 immediate	 outcome	 of	 my	 work.”

DESIGN	 SOLUTION
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USB FLASH DRIVE
The Lexar JumpDrive M10 Secure USB 3.0 flash 

drive is designed for safe and high-speed file 

transfer. The drive offers EncryptStick Lite software, 

an advanced security solution with 256-bit AES 

encryption for comprehensive data protection, the 

ability to create a single password-protected vault 

that automatically encrypts data, and a file shred-

der feature that permanently deletes files from the 

device so they cannot be restored.

Additionally, the drive includes an easy-to-read, 

always-on capacity meter to determine available 

storage space at a glance, even when discon-

nected. Offering read speeds up to 100 MBps on 

all capacities, the drive features write speeds up 

to 20 MBps on 16 GB capacity, up to 30 MBps 

on 32 GB capacities, and up to 55 MBps on 64 

and 128 GB capacities. Such speeds allow us-

ers to transfer a 3 GB HD video clip in less than  

90 s, 13 times faster than the 20 min it takes using 

a standard USB 2.0 drive. JumpDrive designs are 

compatible with PC and Mac systems. 

Avnet Electronics Marketing
For	more	info	on	this	product	
wf.net.au/V355

VIDEO ENCODER
The CNVETX1 Video Encoder has an 

operating temperature of -40 to 75°C 

and is industrial-hardened for extreme 

shock, vibration and temperature. The 

product supports numerous VMS solu-

tions and its multiencoding supports 

H.264, MPEG-4, MPEG-2 and MJPEG 

video compression standards.

Other features include: video decod-

ing software and ComNet IVS GUI; 

local onboard video storage; live video 

monitoring and optional mark-ups with 

on-screen display; integrated premium 

video analytics engine with onboard rules 

management and responses and video 

overlay display.

ComNet Europe Ltd
For	 more	 info	 on	 this	 product	
wf.net.au/V742

ENCLOSURES FOR CREDIT CARD-SIZED 
COMPUTERS
Hammond Electronics has launched a range of design-specific moulded 

enclosures to support the credit card-sized, bare board computers which 

provide basic functionality across a wide range of applications.

Although broadly similar in size and shape, there are differences in 

the positioning of I/O, power and expansion ports on each design. The 

enclosures are available in translucent blue, grey or black, and each 

version is configured for the particular design of board, with machined 

slots, cutouts and apertures in the cover and end panels. In 

some variants, the covers are moulded with the 

required access points.

Hammond Electronics Pty Ltd
For	more	info	on	this	product	
wf.net.au/V780

HIGH-CURRENT FEED-THROUGH TERMINAL
Phoenix Contact’s PWO 16-POT high-current feed-through terminal 

is a moulded terminal with a push-in connection. It consists of 

inner and outer parts which interlock through the housing panel 

without requiring any tools.

The outer part provides wire connection via a push-in spring 

at a 45° angle; the inner part provides connection via a straight 

ring cable lug. The high-current feed-through terminal can handle 

currents up to 76 A and voltages up to 1000 V.

Rittal Pty Ltd
For	more	info	on	this	product	wf.net.au/V907
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SOFTWARE PLATFORM BUILDER
Altium’s Software Platform delivers ultra-rapid pro-

totyping and development for ARM Cortex-M based 

microcontrollers. The product includes a compre-

hensive range of middleware functionalities such as 

RTOS, CAN, USB, TCP/IP, I2C, HTTP(S), file systems, 

graphical user interface and touch-panel control.

Altium Limited
For	more	info	on	this	product	
wf.net.au/V699

THERMOMECHANICAL ANALYSIS SYSTEM
With the industrial test requirements and the material 

changes needed to meet RoHS regulations, understand-

ing the thermal expansion of material is integral to the 

manufacturing process. PerkinElmer has introduced the 

TMA 4000, a thermomechanical solution to measure ther-

mal expansion in electronic materials and other products. 

Additionally, the product can detect potentially harmful 

materials to ensure all electronic products are safe.

The system is designed for the accurate measurement 

of the coefficient of thermal expansion to ensure optimal 

manufacturing processes and to avoid unnecessary ex-

penses as a result of wasted material.

PerkinElmer Pty Ltd
For	more	info	on	this	product	wf.net.au/V705

http://www.microchip.com
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ELECTRONIC LOAD
The Kikusui PLZ1003W Electronic Load, available 

to rent from TechRentals, has a 1000 W power 

rating with a voltage range of 1.5 to 120 V and 

current range from 0 to 200 A. The unit is used to 

simulate and carry out actual load tests on power 

supply units, such as alkaline and other types of 

batteries, printers and motors. It is 

also an automatic test system for 

DC current.

TechRentals
For	more	info	on	this	product		
wf.net.au/V583

LIGHTED SENSOR
The Banner Engineering EZ-

Light K30 Touch is a smaller 

version of the company’s K50 

Touch. Featuring a compact, 

rugged design, the single-

point device is designed for 

efficient machine activation 

and pick-to-light operations.

Micromax Pty Ltd
For	more	info	on	
this	product	
wf.net.au/V741

TRACKER
The SkyWave IDP 800 is 

a low-profile IsatData Pro 

terminal with an integrated 

battery compartment and a 

line power option.

With near global coverage 

over the Inmarsat satellite 

network, the tracker allows 

near real-time coverage with 

a download message size 

of up to 6400 bytes from 

any device and an upload 

maximum message size of 

10,000 bytes to the device. 

It is suitable for tracking fixed 

and mobile assets including 

trailers, containers, vehicles, 

rail cars and fishing vessels.

M2M Connectivity
For	 more	 info	 on	 this	
product	wf.net.au/V618

http://www.npa.com.au
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Patented printed electronics 
process could support  
wafer-thin paper keyboards

The	technology	would	support	brand	new	mass-market	applications	such	as	interactive	posters	and	books,	

personalised	greetings	cards,	and	entertainment	and	control	apps	using	embedded	Nordic	Semiconductor	

nRF51822	system-on-chips	and	any	Bluetooth	v4.0-enabled	smartphone	or	gadget.

The	manufacturing	technology	-	which	has	just	won	'Flexotech	International	Print	Award'	-	employs	a	single	

embedded	Nordic	Semiconductor	nRF51822	system-on-chip	 (SoC)	with	end-user	 interactivity	provided	via	a	

smartphone	or	tablet	app,	and	requires	very	little	manual	assembly	or	wiring:	it	essentially	comprises	little	more	

than	a	small	nRF51822-based	electronics	module	attached	to	the	desired	material.

A	demo	application	of	the	technology	to	be	displayed	at	the	International	Consumer	Electronics	Show	(CES)	at	

Las	Vegas	in	January	comprises	a	fully	functioning	QWERTY	keyboard	printed	with	conductive	ink	on	a	regular	

sheet	of	UK	A4-sized	photo	paper	(11.7	x	8.3″)	that	weighs	just	30	g	(not	including	batteries).	A	4.7	x	1.0″	(120	x	

25	mm)	control	module	with	battery	(2	x	CR2016	watch	batteries)	and	electronics	housing	is	just	0.08″	(2	mm)	

deep,	while	the	keyboard	area,	according	to	Novalia,	can	be	as	thin	as	50	microns	(0.005	mm).	Novalia	says	that	

this	is	about	10x	thinner	than	any	other	keyboard	ever	produced	and	can	be	printed	at	100	metres/minute	on	a	

standard	print	press.

In	operation,	the	QWERTY	keyboard	keys	are	printed	on	a	regular	sheet	of	70	gsm	A4-sized	paper	layered	on	

a	20x8,	X-Y	touch	matrix	substrate	printed	on	the	photo	paper	that	can	be	reconfigured	in	software	to	represent	

any	 language	or	 indeed	other	user	or	developer-assigned	 functionality.	The	nRF51822’s	onboard	32-bit	ARM	

Cortex	M0	based	processor	manages	the	capacitive	touch	side	of	the	application,	while	the	SoC’s	ultralow-power	

performance	supports	a	battery	life	of	up	to	18	months	(9	months	for	a	single	CR2032).

A	simpler	version	of	 this	keyboard	has	already	been	developed	by	Novalia.	Called	

Switchboard,	it	comprises	eight	capacitive	touch	buttons	printed	onto	an	ultralightweight	

(28	g	including	a	single	CR2032	battery)	piece	of	UK	A5-sized	printed	paper	mounted	

on	foam	card	that	can	be	configured	to	control	(or	be	controlled	by)	apps	running	on	any	

Bluetooth	v4.0-enabled	iOS	device.

A	free	demo	app	from	Novalia	used	in	conjunction	with	the	switchboard,	as	an	illustrative	

example,	can	conduct	an	8-piece	Jazz	or	Latin	music	band	(audio	being	replayed	through	

a	smartphone	or	tablet),	control	iTunes	(play,	pause,	skip,	±	volume),	select	up	to	eight	

specific	tracks	from	an	iTunes	playlist	and	even	send	Tweets.

“The	really	clever	bit,	however,	is	being	able	to	literally	print	touch	sensors,	with	no	

metallic	wiring,	using	local	existing	print	processes	anywhere	in	the	world,	and	so	at	very	

low	cost.	And	the	functionality	of	all	of	these	devices	is	defined	in	software	and	so	could	

be	shipped	digitally,”	Novalia	CEO	Dr	Kate	Stone	said.

Stone	continues:	“In	particular,	I	would	love	to	see	this	technology	being	used	to	make	

everyday	physical	objects	we	all	know	and	 love,	such	as	books	and	traditional	music	

packaging,	that	have	recently	been	in	terminal	commercial	decline,	perhaps	being	updated	

and	possibly	even	made	relevant	again.

“And	low-cost	keyboards	made	of	paper	could	also	form	part	of	charitable	and	NGO	initiatives	to	enable	even	the	

poorest	people	in	the	developing	world	to	access	modern	technology	for	the	first	time.	The	possibilities	are	endless.”

Developers	kits	are	available	from	Novalia,	which	is	actively	inviting	and	partnering	with	interested	companies	

to	begin	developing	groundbreaking	applications	based	on	its	patented	technology.	“The	application	potential	of	

this	technology	is	mind-boggling	and	if	successful	could	possibly	form	the	basis	of	a	number	of	brand	new	market	

and	product	categories	that	simply	did	not	and	could	not	exist	before	now,”	comments	Geir	Langeland,	Nordic	

Semiconductor’s	director	of	sales	and	marketing.

Avnet Electronics Marketing

Contact info and more items like this at wf.net.au/V813
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LITHIUM-ION BATTERY FOR POWER 
TOOLS
Panasonic Australia has released a range of power tools 

featuring the S Series long-lasting 4.2 Ah lithium-ion battery. 

The battery offers up to 27% more working capacity per 

charge compared to Panasonic’s 3.3 Ah battery and is 

built for heavy use, long runtimes between charges and 

a long life cycle. It features protection against overheating 

and other damage.

The company has refreshed its line-up of dual-voltage 

tools which offer the flexibility of using either a 14.4 or 

18 V 4.2 Ah battery. The range includes a drill and driver, 

reciprocating saw, rotary hammer and impact power tools. 

In testing with the drill and driver, the battery drilled 120 

holes/charge compared to 95 with the 3.3 Ah battery. It 

has also been tested to drive 340 screws, 350 bolts and 

cut 80 pieces of wood. The battery is compatible with the 

company’s previous range of dual-voltage tools.

Panasonic Australia
For	more	info	on	this	product	wf.net.au/V715

MIXED DOMAIN OSCILLOSCOPE
The MDO4000B oscilloscope is said to offer 

significantly enhanced spectrum analyser per-

formance and WLAN testing capabilities, to ad-

dress the growing need of wireless everywhere.

With the steadily increasing integration of 

wireless interfaces into everyday applications, 

engineers face the challenge of debugging a 

device with integrated RF. When paired with the 

company’s SignalVu-PC and its live link, the 

oscilloscope is said to become the industry’s 

widest bandwidth (≥1 GHz) vector signal ana-

lyser. It can be used for advanced modulation 

analysis of commercial wireless standards such 

as 802.11 and many more RF applications.

Tektronix Southeast Asia Pte Ltd
For	more	info	on	this	product	
wf.net.au/V802

SMART MANAGED SWITCHES
The Factory Line smart managed switches from Phoenix 

Contact are designed for Profinet and EtherNet/IP applica-

tions and offer up to 16 ports. The switches come in a 

16-port twisted-pair-only version or with 14 twisted pairs 

and two 100-Base FX fibre-optic ports.

Phoenix Contact Pty Ltd
For	more	info	on	this	product	wf.net.au/V353

TEMPERATURE-CONTROLLED SOLDERING TOOL
The Weller W60D 60 W, 240 V soldering iron with magnastat 

temperature control is for precise work on the workbench. The 

magnastat system operates through a ferromagnetic sensing 

device which changes its characteristics when specific tempera-

tures are reached.

Apex Tool Group
For	more	info	on	this	product	wf.net.au/V722

MINI-COMPUTER SERIES
SolidRun’s CuBox-i mini-computer series comprises the 

CuBox-i1 entry-level computer, CuBox-i2, CuBox-i2ultra and 

CuBox-i4pro. All are based on Freescale’s i.MX6 SoC series 

and offer configurations ranging from single, dual and quad 

ARM processors running up to 1.2 GHz. Featuring an open-

source SDK and several available software packages, the 

computers can be used in an array of scenarios, including 

embedded, multimedia, education, cloud client, HMI and more.

Spinefex Pty Ltd
For	more	info	on	this	product	wf.net.au/V649
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LIGHTWEIGHT 
PIEZORESISTIVE 
ACCELEROMETER
Bestech Australia introduces the light-

weight piezoresistive accelerometer 

Endevco 727, designed for accurate 

shock measurement during drop testing 

of consumer electronic devices among 

other shock and impact testing environ-

ments. Ranging from 2000 up to 60,000 

g, the product can measure shocks in 

g ranges well above current drop test 

sensors. It is designed to be mounted 

with adhesive.

Bestech Australia Pty Ltd
For	 more	 info	 on	 this	 product	
wf.net.au/V654

ETHERNET SWITCHES WITH MMS DATA 
MODELLING
Moxa has announced the PowerTrans PT-7528 series 

- ethernet switches designed to fulfill IEC 61850-90-4 

requirements and equipped with built-in MMS servers. 

The series is suitable for power substation automation 

applications in extremely harsh environments.

Moxa Systems Co Ltd
For	more	info	on	this	product	wf.net.au/V786

http://www.entechelectronics.com.au
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NEW	SUPERCAPACITOR	
STORES	ENERGY	ON	SILICON	CHIPS

Scientists	at	Vanderbilt	University	have	developed	a	supercapacitor	out	of	silicon	so	 it	can	be	built	 into	a	
silicon	chip	along	with	the	microelectronic	circuitry	that	it	powers.	In	fact,	it	should	be	possible	to	construct	
these	 power	 cells	 out	 of	 the	 excess	 silicon	 that	 exists	 in	 the	 current	 generation	 of	 solar	 cells,	 sensors,	
mobile	 phones	 and	 a	variety	 of	 other	 electromechanical	 devices,	 providing	 a	 considerable	 cost	 savings.

Instead	 of	 storing	 energy	 in	 chemical	 reactions	 the	 way	 batter-
ies	 do,	 ‘supercaps’	 store	 electricity	 by	 assembling	 ions	 on	 the	
surface	 of	 a	 porous	 material.	 As	 a	 result,	 they	 tend	 to	 charge	
and	 discharge	 in	 minutes,	 instead	 of	 hours,	 and	 operate	 for	 a	

few	million	 cycles,	 instead	of	 a	 few	 thousand	 cycles	 like	 batteries.
These	properties	have	allowed	commercial	supercapacitors,	which	

are	 made	 out	 of	 activated	 carbon,	 to	 capture	 a	 few	 niche	 markets,	
such	 as	 storing	 energy	 captured	 by	 regenerative	 braking	 systems	
on	 buses	 and	 electric	 vehicles	 and	 to	 provide	 the	 bursts	 of	 power	
required	to	adjust	the	blades	of	giant	wind	turbines	to	changing	wind	
conditions.	Supercapacitors	still	lag	behind	the	electrical	energy	stor-
age	capability	of	lithium-ion	batteries,	so	they	are	too	bulky	to	power	
most	consumer	devices.	However,	they	have	been	catching	up	rapidly.

Research	 to	 improve	 the	 energy	 density	 of	 supercapacitors	 has	
focused	on	carbon-based	nanomaterials	like	graphene	and	nanotubes.	
Because	these	devices	store	electrical	charge	on	the	surface	of	their	
electrodes,	 the	 way	 to	 increase	 their	 energy	 density	 is	 to	 increase	
the	 electrodes’	 surface	 area,	 which	 means	 making	 surfaces	 filled	
with	 nanoscale	 ridges	 and	pores.

“The	big	challenge	for	this	approach	is	assembling	the	materials,”	
said	Cary	Pint,	the	assistant	professor	of	mechanical	engineering	who	
headed	the	development.	“Constructing	high-performance,	functional	
devices	 out	 of	 nanoscale	 building	 blocks	 with	 any	 level	 of	 control	
has	 proven	 to	 be	 quite	 challenging,	 and	 when	 it	 is	 achieved	 it	 is	
difficult	 to	 repeat.”

Pint	and	his	research	team	used	porous	silicon,	a	material	with	a	
controllable	and	well-defined	nanostructure	made	by	electrochemically	
etching	 the	 surface	 of	 a	 silicon	 wafer.	 This	 allowed	 them	 to	 create	
surfaces	with	optimal	nanostructures	 for	supercapacitor	electrodes,	
but	it	left	them	with	a	major	problem.	Silicon	is	generally	considered	
unsuitable	 for	use	 in	supercapacitors	because	 it	 reacts	 readily	with	
some	of	chemicals	in	the	electrolytes	that	provide	the	ions	that	store	
the	 electrical	 charge.

With	 experience	 in	 growing	 carbon	 nanostructures,	 Pint’s	 group	
decided	 to	 try	 to	 coat	 the	 porous	 silicon	 surface	 with	 carbon.	 “We	
had	 no	 idea	 what	 would	 happen,”	 said	 Pint.	 “Typically,	 researchers	

grow	 graphene	 from	 silicon-carbide	 materials	 at	 temperatures	 in	
excess	 of	 1400°C.	 But	 at	 lower	 temperatures	 -	 600	 to	 700°C	 -	 we	
certainly	 didn’t	 expect	 graphene-like	material	 growth.”

When	the	researchers	pulled	the	porous	silicon	out	of	the	furnace,	
they	 found	 that	 it	 had	 turned	 from	orange	 to	 purple	 or	 black.	When	
they	 inspected	 it	 under	 a	 powerful	 scanning	 electron	 microscope,	
they	 found	that	 it	 looked	nearly	 identical	to	the	original	material	but	
it	was	 coated	by	 a	 layer	 of	 graphene	 a	 few	nanometres	 thick.

When	the	researchers	tested	the	coated	material,	they	found	that	
it	 had	 chemically	 stabilised	 the	 silicon	 surface.	 When	 they	 used	 it	
to	 make	 supercapacitors,	 they	 found	 that	 the	 graphene	 coating	 im-
proved	energy	densities	by	over	two	orders	of	magnitude	compared	
to	 those	made	 from	uncoated	porous	silicon	and	significantly	better	
than	 commercial	 supercapacitors.

The	graphene	 layer	acts	as	an	atomically	thin	protective	coating.	
Pint	and	his	group	argue	that	this	approach	isn’t	limited	to	graphene.	
“The	 ability	 to	 engineer	 surfaces	 with	 atomically	 thin	 layers	 of	
materials	 combined	 with	 the	 control	 achieved	 in	 designing	 porous	
materials	opens	opportunities	 for	a	number	of	different	applications	
beyond	energy	 storage,”	 he	 said.

“Despite	the	excellent	device	performance	we	achieved,	our	goal	
wasn’t	to	create	devices	with	record	performance,”	said	Pint.	“It	was	
to	 develop	 a	 road	 map	 for	 integrated	 energy	 storage.	 Silicon	 is	 an	
ideal	material	to	focus	on	because	it	 is	the	basis	of	so	much	of	our	
modern	 technology	and	applications.	 In	 addition,	most	of	 the	silicon	
in	 existing	 devices	 remains	 unused	 since	 it	 is	 very	 expensive	 and	
wasteful	 to	 produce	 thin	 silicon	wafers.”

Pint’s	 group	 is	 currently	 using	 this	 approach	 to	 develop	 energy	
storage	that	can	be	formed	in	the	excess	materials	or	on	the	unused	
back	 sides	 of	 solar	 cells	 and	 sensors.	 The	 supercapacitors	 would	
store	 the	 excess	 electricity	 that	 the	 cells	 generate	 at	 midday	 and	
release	 it	when	 the	 demand	peaks	 in	 the	 afternoon.

“All	 the	 things	 that	 define	 us	 in	 a	 modern	 environment	 require	
electricity,”	said	Pint.	“The	more	that	we	can	integrate	power	storage	
into	 existing	 materials	 and	 devices,	 the	 more	 compact	 and	 efficient	
they	will	 become.”

NEW	 SUPERCAPACITOR
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- IEC Connectors with integrated cord retaining mechanism
- Prevent the unintentional disconnection, suitable for mobile equipment 
-  Ease of use and no additional parts required
- Suitable for safe power supply in mobile equipment

V-lock Cordsets with Australian plug are available 
Request for FREE sample now !
email us: info@schurter.com.au

Connected with Safety

v-lock

Tel  +61 2 9807 7081    
satcam@satcam.com.au 
www.satcam.com.au

from 
budget …

… to fully-
featured

CIRCUIT BOARDS?
For all your prototyping 
requirements

Quick Circuit allows 
you to make your own 

prototype circuit boards 
and perfectly machined 

panels in next to no time.

Shouldn’t 
there be 
one on your 
bench?

TRACKING DEVICE
The Re-Placer Gold is a cus-

tomised TM3000 tracking device 

which simulates the Trimble Plac-

er 450/455 and Gold products.

It offers enhancement over the 

Placer series through improved 

position accuracy (2 m), cold start 

times (32 s), extensive inputs and 

outputs and reduced power consump-

tion (15 mA typical). The product also houses a 

built-in GPRS modem (upgradable to 3G/LTE) 

that can be used to communicate directly with 

the user’s central monitoring application and take 

the burden off radio networks.

Step Global Pty Ltd
For	more	info	on	this	product	
wf.net.au/V510

MICROSERVER
Super Micro Computer has released an extreme-density 

server platform targeting hyperscale data centre and cloud 

environments. MicroBlade is a power- and space-saving 

6U microserver featuring 112 ultralow-power 8-Core Intel 

Atom Processor C2000-based servers in 28 hot-swap micro 

blades. The modular blade-based architecture maximises 

rack space with power-conserving servers in easily service-

able, front-access, hot-swap Blade trays.

Compute and storage are integrated in the individual 

blades and shared networking, power and cooling are 

located at the rear of the system. The product’s enclo-

sure incorporates redundant Platinum-Level high-efficiency 

(95%) Digital Switching power supplies, optimised airflow 

with redundant energy-efficient cooling fans, an integrated 

chassis management module (CMM), Intel high-bandwidth 

network switches and reduced cabling. It is suitable for 

web hosting, cloud services and extreme scale-out HPC 

and data visualisation environments.

Digicor Pty Ltd
For	more	info	on	this	product	wf.net.au/V703

http://www.satcam.com.au
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SCIENTISTS	DEVELOP	SELF-HEALING	BATTERY	USING	

STRETCHY	POLYMER

Researchers	 have	 used	 a	 stretchy	 polymer	 to	 coat	 the	
electrode,	 bind	 it	 together	 and	 spontaneously	 heal	 tiny	
cracks	 that	 develop	 during	 battery	 operation,	 said	 the	
team	 from	 Stanford	 University	 and	 the	 Department	 of	

Energy’s	 SLAC	 National	 Accelerator	 Laboratory.
Their	 findings	 have	 been	 reported	 in	 Nature Chemistry.
Chao	Wang,	 a	 postdoctoral	 researcher	 at	Stanford	 and	one	of	

two	 principal	 authors	 of	 the	 paper,	 developed	 the	 self-healing	
polymer	 and	 added	 tiny	 nanoparticles	 of	 carbon	 to	 the	 polymer	
so	 it	 would	 conduct	 electricity.

“We	found	that	silicon	electrodes	 lasted	10	times	 longer	when	
coated	with	 the	self-healing	polymer,	which	 repaired	any	cracks	
within	 just	 a	 few	 hours,”	 Bao	 said.

“Their	 capacity	 for	 storing	 energy	 is	 in	 the	 practical	 range	
now,	 but	 we	 would	 certainly	 like	 to	 push	 that,”	 said	 Yi	 Cui,	 an	
associate	 professor	 at	 SLAC	 and	 Stanford	 who	 led	 the	 research	
with	Bao.	The	electrodes	worked	for	about	100	charge-discharge	
cycles	without	 significantly	 losing	 their	energy	storage	capacity.

“That’s	 still	 quite	 a	 way	 from	 the	 goal	 of	 about	 500	 cycles	
for	 [mobile]	phones	and	3000	cycles	for	an	electric	vehicle,”	Cui	
said,	 “but	 the	 promise	 is	 there,	 and	 from	 all	 our	 data	 it	 looks	
like	 it’s	 working.”

Making a more flexible battery
Researchers	 worldwide	 are	 racing	 to	 find	 ways	 to	 store	 more	
energy	 in	 the	 negative	 electrodes	 of	 lithium-ion	 batteries	 to	
achieve	 higher	 performance	 while	 reducing	 weight.	 One	 of	 the	
most	 promising	 electrode	 materials	 is	 silicon;	 it	 has	 a	 high	 ca-
pacity	 for	 soaking	 up	 lithium	 ions	 from	 the	 battery	 fluid	 during	
charging	and	then	releasing	them	when	the	battery	is	put	to	work.

But	 this	 high	 capacity	 comes	 at	 a	 price:	 silicon	 electrodes	
swell	to	three	times	their	normal	size	and	shrink	back	down	again	

each	time	the	battery	charges	and	discharges.	The	brittle	mate-
rial	soon	cracks	and	falls	apart,	degrading	battery	performance.	
This	 is	 a	 problem	 for	 all	 electrodes	 in	 high-capacity	 batteries,	
said	 Hui	 Wu,	 a	 former	 Stanford	 postdoc	 who	 is	 now	 a	 faculty	
member	at	Tsinghua	University	in	Beijing,	and	the	other	principal	
author	 of	 the	 paper.

To	 make	 the	 self-healing	 coating,	 scientists	 deliberately	
weakened	 some	 of	 the	 chemical	 bonds	 within	 polymers	 -	 long,	
chain-like	 molecules	 with	 many	 identical	 units.	 The	 resulting	
material	breaks	easily,	but	the	broken	ends	are	chemically	drawn	
to	 each	 other	 and	 quickly	 link	 up	 again,	 mimicking	 the	 process	
that	 allows	 biological	 molecules	 such	 as	 DNA	 to	 assemble,	
rearrange	 and	 break	 down.

Researchers	 in	 Cui’s	 lab	 and	 elsewhere	 have	 tested	 a	 num-
ber	 of	ways	 to	 keep	 silicon	 electrodes	 intact	 and	 improve	 their	
performance.	Some	are	being	explored	for	commercial	uses,	but	
many	 involve	 exotic	 materials	 and	 fabrication	 techniques	 that	
are	 challenging	 to	 scale	 up	 for	 production.

The	 self-healing	 electrode,	 which	 is	 made	 from	 silicon	
microparticles	 that	 are	 widely	 used	 in	 the	 semiconductor	 and	
solar	 cell	 industry,	 is	 the	 first	 solution	 that	 seems	 to	 offer	 a	
practical	road	forward,	Cui	said.	The	researchers	said	they	think	
this	approach	could	work	 for	other	electrode	materials	as	well,	
and	 they	 will	 continue	 to	 refine	 the	 technique	 to	 improve	 the	
silicon	 electrode’s	 performance	 and	 longevity.

The	 research	 team	 also	 included	 Zheng	 Chen	 and	 Matthew		
T	McDowell	of	Stanford.	Cui	and	Bao	are	members	of	the	Stan-
ford	 Institute	 for	Materials	 and	Energy	Sciences,	 a	 joint	SLAC/
Stanford	 institute.	The	 research	was	 funded	by	 the	Department	
of	 Energy	 through	 SLAC’s	 Laboratory	 Directed	 Research	 and	
Development	 program	 and	 by	 the	 Precourt	 Institute	 for	 Energy	
at	 Stanford.

SELF-HEALING	 BATTERY

Glennda Chui

Stanford	 and	 SLAC	 researchers	 have	 developed	 a	 self-healing	 battery	 electrode	 that	 could	 be	 used	 in	
electric	 cars,	 mobile	 phones	 and	 other	 devices.	 The	 development	 is	 expected	 to	 significantly	 increase	
the	 life	 of	 lithium-ion	 batteries.
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EMBEDDED VISION 
SYSTEM
ADLINK Technology has re-

leased the EOS-4000, a com-

pact Camera Link embedded 

vision system featuring a 3rd 

generation Intel Core i7/i5 

quad-core processor, two 

independent PoCL ports and 

rich I/O capability.

ADLINK Technology Inc
For	more	info	on	
this	product	
wf.net.au/V645

ENERGY-EFFICIENT MICROCONTROLLER
Energy Micro has released the EFM32 Wonder Gecko micro-

controller - with devices and development kits now available. 

The MCU includes the ARM Cortex-M4 processor that provides 

a full DSP instruction set and a dedicated floating point unit 

(FPU). The device also uses the eLL (extreme low leakage) 

process for low-power operation in active and sleep modes.

Glyn Ltd
For	more	info	on	this	product	wf.net.au/V847

LED LIGHTING
The LUMOluce LED series al-

lows users to quickly replace 

halogen lighting with efficient 

LED lighting. The ‘click and go’ 

driver and connector system 

makes installation simple.

LUMOluce Power LEDs have 

an output of 125 lumens for 

warm white and 190 lumens 

for cool white. The lens/reflec-

tor combination will produce 

a light output of 650 lux at a 

distance of 1 m with a viewing 

angle of 40° for a 2.5 W cool 

white LED module.

Aerospace & Defence 
Products
For	more	info	on	
this	product
wf.net.au/V530

http://www.semikron.com
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WHAT’S	THAT	NOISE?
Mike Smyth, specialist technical writer

Where	has	all	the	silence	gone?	Is	it	 just	me	or	has	the	world	become	an	increasingly	
noisy	 place	 and	 electronics	 are	 to	 blame	 for	 some	 of	 it?	 We	 are	 daily	 bombarded	
with	 noise.

If	you	are	waiting	for	a	bus,	for	instance,	there	is	the	background	chatter	of	the	street,	the	
rattle	of	diesel	engines,	 the	duff-duff	pavement-shaking	vehicles	being	driven	by	starry-eyed	
individuals	who	are	well	on	the	way	to	deafness.	The	same	vehicles,	usually	with	a	 ‘spot	the	
P-plates’	 challenge,	 often	 have	 exhausts	 akin	 to	 a	 power	 station	 chimney	 and	 are	 designed	
to	 tear	 at	 the	 air	 in	 a	 cacophony	 of	 sound	 that	 sets	 the	 ears	 trembling.

Closely	following	the	starry	eyes	and	often	gyrating	set	come	the	Harleys	and	their	leather-
covered	riders	who	have	their	own	program	of	peace-shattering	devilment,	much	to	the	delight	
of	the	riders.Then	there	are	the	music	and	promotion	announcements	in	supermarkets	urging	
us	 to	 tap	our	 feet	 and	 skip	 down	 the	 aisles	waving	our	wallets	 in	 the	direction	of	 the	 latest	
absolute	 bargain.	 Outside	 individual	 shops	 stand	 the	 spruikers	 in	 bow	 tie	 and	 straw	 boater	
plus	 other	 inappropriate	 clothing	 who,	 with	 a	 wireless	 microphone	 coupled	 to	 a	 PA	 system,	
urge	 you	 not	 to	 let	 this	 day	 pass	 without	 enriching	 your	 life	 with	 one	 of	 the	 best	 products	
this	 side	 of	 Bourke.

And	while	you	are	 in	 the	shopping	centre,	 take	no	notice	of	 the	wandering	people	appar-
ently	raving	to	themselves,	their	mouths	going	at	top	speed	and	hands	going	at	top	speed	like	
an	orchestra	conductor	as	they	chat	with	someone	who	 is	hopefully	on	the	other	end	of	this	
mobile	 phone	 conversation.	 Listening	 to	 or	 hearing	 a	 one-sided	 telephone	 conversation	 has	
become	 a	 21st-century	 entertainment	 in	 which	 anybody	 can	 participate	 and	 it’s	 totally	 free!

It’s	 no	 better	 at	 home.	 If	 you	 can	 rise	 above	 the	 sounds	 of	 television,	 the	 hi-fi,	 radio	 and	
computer	 games	 and	 are	 looking	 forward	 to	 just	 the	 murmur	 of	 gentle	 family	 chatter,	 think	
again.	 A	 plethora	 of	 home	 machinery	 from	 lathes	 to	 the	 screaming	 angle	 grinder	 will	 have	
you	 reaching	 for	 the	 earmuffs.

In	 the	 garden	 it's	 just	 as	 bad.	 Next	 door	 is	 cutting	 the	 grass	 with	 a	 two-stroke	 mower	
while	his	son	works	the	whipper	snipper	at	about	4000	rpm	above	where	 it	needs	to	be	and	
just	across	the	street	a	clipper	clatters	a	hedge	 into	shape	closely	 followed	by	a	blower	that	
cruises	 along	 like	 a	 jet	 on	 low	 power	 taxiing	 to	 the	 runway.	 Overhead,	 the	 peak	 hour	 is	 on	
for	aircraft	hurrying	 like	blowflies	 to	carrion.	Then,	 as	 if	 in	competition,	nature	 takes	a	hand	
with	the	white	cockatoos	who	have	selected	your	place	to	carry	out	circuits	as	they	screech	
in	squadrons	of	 feathered	dive	bombers	seeking	a	target	to	destroy.	And	a	 lull	 in	their	aerial	
activities	 will	 be	 filled	 by	 a	 chorus	 of	 kookaburras	 who	 perch	 and	 laugh	 scornfully	 at	 your	
predicament.	 No	 wonder	 you	 run	 for	 indoors	 with	 hands	 over	 ears.

Three	 streets	 away	 a	 house	 alarm	 goes	 off,	 wailing	 its	 invitation	 to	 small	 boys,	 and	
perhaps	 bigger	 ones,	 to	 throw	 stones	 at	 the	 flashing	 beacon,	 which	 wouldn’t	 stop	 it	 wailing	
anyway.	 The	 alarm	 will	 be	 on	 one	 of	 those	 houses	 where	 what	 there	 is	 to	 steal	 is	 on	view	
to	everybody	like	a	smug	statement	of	‘don't	you	envy	us?’	The	blue	flashing	light	looks	good	
and	 contrasts	 well	 with	 the	 white	 boat	 and	 silver	 Porsche	 four-wheel	 drive	 sitting	 outside.

There	 is	 little	that	 is	 likely	to	change	our	noisy	world	-	 in	 fact,	 it	will	probably	get	worse.	
Audiologists	 may	 get	 richer	 and	 hearing	 aid	 makers	 could	 also	 develop	 more	 than	 a	 cottage	
electronics	 industry.	 It	 brings	 to	 mind	 that	 old	 question	 asked	 by	 someone	 new	 to	 silence:	
what’s	 that	 noise?

While	 youth	 may	 be	 blamed	 for	 much	 of	 the	 noise,	 it’s	 not	 all	 their	 fault	 as	 we	 older	
generation	 make	 our	 own	 fair	 share	 of	 sounds	 unwanted.

For	 me,	 I’m	 in	 the	 market	 for	 a	 pair	 of	 designer	 earmuffs	 with	 a	 built-in	 low	 noise	 gen-
erator	 just	 so	 that	 I	 don’t	 feel	 that	 I’m	 totally	 on	 another	 planet.
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